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PREFACE

The 2™ Conference "Isotopic and Molecular Processes’ held in Cluj-Napoca,
Romania, on September 27-29, 2001, was organized by the Nationa Ingtitute of 1sotopic
and Molecular Technologies together with Babes-Bolyai University Cluj-Napoca.
There were more than 100 participants, including 9 foreigners from 7 countries.

The scientific program of the conference included papers on original research
and covered the full range of isotopic and molecular processes and their application in
physics, chemistry, chemical physics and hiophysics. Except lectures by invited
speakers, there were oral communications and poster sessions. The plenary lectures
were held in the morning, followed by oral communications presented in two parallel
sessions. The papers scheduled as posters were presented in the afternoon at the poster
session arranged in the Hall of the "Raluca Ripan" Chemistry Institute, Cluj-Napoca.
All the received materials are published in this volume, which, unfortunately, does not
contain any trace of our fruitful discussion upon the presented works. This opportunity
of personal exchange of ideasis, in our opinion, the most stimulating and indispensable
part of any successful meeting.

At the opening ceremony the Governor of Cluj County, Prof. Dr. Ing. Vasile
Soporan welcomed the participants. The conference was then opened by the Director of
the National Institute of Isotopic and Molecular Technologies, Dr. Mircea Bogdan,
after which Acad. Marius Pecul ea addressed the conference.

During the conference a reception was held in the Glass Hall of the Institute
and a Conference Dinner in the "Stadion" Hotel restaurant.

The research laboratories of the Ingtitute were open to visitors during the
conference.

On behalf of the Organizing Committee we wish to express to everyone who
helped in the successful organization of the 2™ "Isotopic and Molecular Processes"
conference, our most cordial thanks for their hard work, enthusiasm and co-operation.
Finally, we wish to thank the chairmen, plenary lecturers and all the participants who
made the Conference a stimulating scientific event.

Mircea Bogdan and Viorel Cosma
Chairman-Organizing Committee
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INSTITUTUL NA TIONAL DE CERCETARE - DEZVOLTARE PENTRU
TEHNOLOGII IZOTOPICE SI MOLECULARE, CLUJ-NAPOCA
- 50 DE ANI DE EXISTENTA -

GHEORGHE VASARU

INCDTIM
E-mail: infovision@mail.dntcj.ro

Institutul Naional de Cercetare - Dezvoltare pentru Tehnolamitdpicesi
Moleculare din Cluj-Napoca, principalul organizatak conferinelor "PIM", a
implinit, in anul 2000, 50 de ani. Jatate de secol de exist@mreprezini un bun
motiv pentru a trece in revistfie si fugitiv, etapele mai importante ale devenirii
sale.

Institutul &i are originile in anul 1950 cand a luat flina Cluj, o sege a
Institutului de Fizig de la Migurele. Tn anul 1952 ace#asBegie a trecut sub
patronajul Filialei din Cluj a Academiei Romane. prerioada de Tnceput a
functionarii, au fost abordate tematici de cercetare cu wonuyrtat caracter
aplicativ, solicitate, Tn majoritatea cazurilor, dedustrie. Un exemplu este
realizarea unei tehnologii detolere a acetilenei prin cracarea gazului metamdn a
electric. Aceadt tehnologie gt la baza unui procedeu industrial detiobre a
acetilenei utilizate ca materie pdmin sinteza cauciucului. Pentru gerea
randamentului reaiei, metanul nedescompus, evacuat din reactorseparat de
celelalte gaze printr-un procedeu de difuzietirdmdu-se astfel randamente de
recuperare de 90 %. Pentru monitorizarea procedelgeparare, au fost elaborate
metode de analiza amestecurilor de gaze, realizandwiseparatura analitic
necesat.

In anul 1956, dupinfiintarea Institutului de FizicAtomica din Bucuregti-
Magurele, Sega din Cluj a fost trecétin cadrul acestui institut, cu un profil de
cercetare axat pe fizigachimia izotopilor stabili, tematicin care se putea valorifica,
la un nivel superior, experiem cgtigata in domeniul sepdrilor. Activitatea de
cercetare s-a destirat abordand probleme legate de abutedeatural a izotopilor,
separarea, analizaaplicaiile izotopilor stabili ai elementelorsoare, fiind singura
unitate de cercetare diara cu acest obiect de activitate.
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in paralel cu preocujpile legate de izotopii stabili, Tn cadrul $iet si-a
Thceput activitateai un laborator de radioactivitate, destinat apliitma industriale
ale radioizotopilor in Transilvania, precumi studiilor de abundea a
radionuclizilor in mediul ambiant.

in anul 1970, Seia din Cluj a Institutului de Fizic Atomici a devenit
Jnstitutul de Izotopi Stabili", unitate depend&nde Comitetul de Stat pentru
Energia Nucledr (CSEN), iar in anul 1976 a fost denumit ,Instiludle Tehnologii
Izotopicesi Moleculare”.

Tn anul 1999, Institutul a fost acreditatioatitut national de cercetaresi
dezvoltare devenind actualul ,Institut Nimnal de Cercetare - Dezvoltare pentru
Tehnologii Izotopicei Moleculare”.

De-a lungul celor 50 de ani de exigterau fost abordate cateva domenii
de cercetare, de importardeosebit pentru dezvoltarea econoriia Romaniei. Tn
continuare sunt descrise cateva dintre acestea.

1. Fizico - chimia deuteriului

In comparge cu celelalte seit din cadrul Institutului de Fizit Atomica,
tematica de cercetare a 8eicdin Cluj avea un caracter aparte. Acesteiisies-a
trasat sarcinaisabordeze fizico-chimia segaii deuteriului, respectiv a apei grele,
materiale nucleare de importanvitala pentru reactorii nucleari energetici,
moderai si riciti cu afi grea, de tip CANDU.

Cercetfrile au inceput in contli grele: pe de o parte, posibitile de
informare erau foarte precare din cauza secrefolite sever memut asupra
cercelrilor legate de separarea acestui izotop, pe deaite, dotarea Sgei era sub
nivelul cerut de atacarea unei ceficetle o asemenea anverguiEste meritul
conducerii de atunci a S din Cluj &G, bazandu-se probabil pe Tadnealasi
exuberar unui colectiv tafr, a stiut sa-i insufle acestuia increderea in giéa
cercetrilor.

Tn prima etap s-a pornit la drum pe trei dirgic

- prospectarea surselor de deuteriutelra;

- elaborarea de metode de analiztopica H/D;

- elaborarea de metode de separare a deuteriului.

Pe lang utilizarile din domeniul energeticii nucleare, au fosttéuan
considerarei alte aplicaii. Astfel, studiind gspandirea deuteriului Tn nafirs-au
explorat principalele rauri, sondele de megaftitei dintard, punandu-se baza unor
cercelri de hidrologiesi geologie izotopig. Datele culese in decursul anilor relativ la
distribuia deuteriului Tn circuitul natural al apei au p&ralucidarea unor aspecte
legate de origineai evolutia diferitelor cursuri de ape sau a unor surse e a
minerah.

Prin misurarea coimutului de deuteriu aigzamintelor de hidrocarburi, s-a
constatat existea unor ,curbe de nivel" izotopic (izoconcentrate)zicimintele
dintr-o anumi zora. Cu ajutorul acestor ,curbe de nivel" s-a putuiedaina care

6
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este punctul de maxirconcentrare de hidrocarburi din regiune. De asemesra
putut determina dirgia si viteza de deplasare a masei de hidrocarburi,adapt
cauzai de procesul de exploatare (care introduce deziechibarice)i de injecia
de ap. Acest gen de cercet a deschis un camp larg de apficdn industria
extractiva detitei si gaze.

Pentru a duce la bun s§arcercetrile legate de determinarea abungen
naturale a deuteriului In sursele dam, precunmsi pentru controlul origrui proces
de separare, trebuia rezolvgroblema analizei izotopice H/D. Cerade initiale
legate de analiza deuteriului s-au axat pe metoslgpattrometrice, deoarece
achiziionarea unui spectrometru de makn import era imposihil la data aceea.
Astfel au fost puse la punct:

- metode densimetricepentru analiza izotopictotak a apei (D/Hsi
180/°0) utilizand o variarita metodei pigturilor, capabi si determine diferee de
densitate in domeniul abundentelor naturale, |afopmarte superioare celor
obtinute pe plan mondial la acea #@at

- metode optice construindu-se un spectrometru Fabry-Perot ceidjal
magnetostrictiwi prin varigie de presiune, care a dat rezultate comparabildteu
metode;

- cromatografia in faza gazoad, folositi pentru analiza camutului de
deuteriu, atat din amestecuri de hidrogersiadih hidrocarburii substare marcate cu
deuteriu. Cercétile, incepute in anul 1958, s-au soldat cu praieetsi construtia
a numeroase tipuri de gaz-cromatografe, presuen accesoriilor necesare acestei
tehnici analitice (coloane de separare, umplutigtiectori, etc). Ulterior, cerceile n
domeniul cromatografiei Tn fagyazoas - pentru dezvoltarea de metode analiice
pentru proiectaresi realizarea de aparafir au constituit o direée cu mare pondere n
activitatea institutului. A fost luatin considerare realizarea de cromatografe de gaze
pentru industria chimicsi petrochimid, industria farmaceutic pentru laboratoarele
de chimie, biologie, etc.

In paralel cu cercatile legate de determinarea cu precizie a abueilen
naturale a deuteriulyi de analizele izotopice H/D, a fost demagiatin program
amplu in vedereaepatirii acestui izotop. Pe plan mondial, pentru noua @éeer
de uzine de apgrea care se construiau in perioada anilor 19850, ca metode
competitive pentru imbagirea primaé a deuteriului s-au impus metodele bazate
pe reactiile de schimb izotopic Procedeul de separare ales era titerit de la
tard latarda. Tindndu-se seama de posilalile tarii noastre, s-a optat pentru metoda
schimbului izotopic dintre a@psi hidrogen, catalizat eterogen, in fade vaporisi
catalizat omogen in fadichida. S-a elaborat un proces elementar de separare care
combirid un schimb izotopic intre hidrogen si vapori da @@ un strat catalitic
poros, cu o evaporare-condensare de pe suarafai film de ap. Procesul a fost
studiat atat in etapele lui intermediare g&ta proces global. Rega catalitia in
faza gazoas s-a studiat cu ajutorul catalizatorilor de niclpel supoi oxidici,
determin&ndu-se procesele de la interf&-a constatatimichelul este elementul
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catalitic activ, suportul avand doar rolul de &rinsuprafaa metalului. Catalizatorii
utilizati Tn proces au fost la randul lor stuilig prepara in laboratoarele institutului.
Aceste cercdti s-au dezvoltat in timp, in institut formanduge puternic colectiv
in domeniul catalizatorilor metalici supaita

Procedeul de separare a fost experimentat pe ondallaborator, compus
dintr-o coload de separare cupfatu un electrolizor cai convertor de faz Desi
pilotul nu s-a dovedit competitiv pentru o imigge primaé in deuteriu, totsi
experimentarea lui a constituit ggoak pentru atacarea problemei sepi@rapei
grele la nivel de pilot industrial. Experi@nacumulat a permis colectivuluiassi
adud o contribuie importani la proiectarea pilotului de amgyrea de la Uzina G,
din R&mnicu-Valcea.

Un alt grup de cercét legat de sistemul H-D a vizat procesul de steear
izotopilor hidrogenului in neaua cristalim a unui metal sau a unor aliaje, prin
formarea de hidruri metalice. S-au dezvoltat céricieigate de utilizarea hidrogenului
ca surg de energie. S-a studiat procesul de electratiz randament amit, ca
posibil generator de hidroggnstocarea acestuia sub forma de higliarmetalesi
aliaje adecvate in vederea arderii lui catalitice.

2. Sepaitiri de izotopi ai elementelor yoare

Preocugrile privind separarea izotopilor s-au amplificaecandu-se de la
cercelrile legate strict de separarea deuteriului la s@pa altor elementeaare.
Astfel au fost efectuate studii teoretice privintbgesele de separare, au fost
elaborate tehnologii de separare-au redactai publicat peste 20 de monografii
si bibliografii In acest domeniu, atat farad catsi in st@inatate.

Dssi prezing unele inconveniente (cartitmici de produsi consum relativ
ridicat de energidermodifuzia a fost una dintre primele metode de separare adopta
in institut. Pentru aceasta meiostau efectuat studii legate de calculul factorilor
de separarai de stabilire a timpului de echilibrare pentruedife amestecuri
izotopice gazoase (H/D?C/C, “N/™N, **0/*°0). S-au construiti experimentat
coloane de termodifuzie de diferite tipuri, alear performare de separare au fost
stabilite atat in condi de operare izolate cétlegate, in regim de cascad

Primul izotop stabil separat in perioada 1967 -8196n aceastmetod: a
fost izotopul greu al azotului®N, folosind ca materie prifnazotul de Tnait
puritate chimié si concentrge izotopici naturai. In acest scop s-a proiectat
construit o cascadcompud din 4 coloane, cu o lungime tatale 10 m.

Ulterior s-a realizat o imbéiire a izotopului greu al carbonuldifC, parn la
20%, folosind ca materie pritmetanul natural (1,196C). Pentru aceasta s-a folosit
o cascad compud din 19 coloane.
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Termodifuzia estgi in momentul de f@ una din cele mai bune metode
pentru separarea izotopilor gazelor nobile. Toh @teast metodi s-au separat
izotopii neonului PNe, #Ne) cu ajutorul unei cascade compudin 8 coloane,
obtindndu-se o imbagjre de 99 % pentru ambii izotopi.

Pentru separarea izotopildiAr, "°Kr si %°Kr s-a utilizat o cascadcu 36
coloane, ofinandu-se o imbdijre la 99 % &°Ar si la 90 % a°Kr, materia prind
fiind argonul respectiv kriptonul de Tnalpuritate.

Dezvoltarea apliaélor bazate pe utilizarea substaelor marcate cu
izotopul N Tn agriculturasi biologie au determinat o cerere tot mai mare stéeh
de substate, atat pe pia interrd cat si pe plan mondial. Aceastcerere a
determinat abordarea investiiijar legate de separarea acestui izotop prin neetod
schimbului izotopic dintre acidul azotic oxizii de azot (metoda Spindel-Taylor).
A fost realizat un pilot in institut, compus dinudcetaje de separare care asigoir
Tmbogitire a'°N de peste 99,8 %.

Prin schimbul izotopic dintre oxizii de azot in fagazoas si soluia de
acid azotic in faz lichida s-a realizatsi separarea izotopulut?O. Instalaia
respecti a fost cuplat pe instaléia productii de™N, utilizand astfel, ca materie
prima, acidul azotic furnizat de aceasta.

Tn institut s-a elaborai o metod de separare 8B, necesar unor cerdeit
nucleare. Metoda se bazégee schimbul izotopic dintre trifluorura de bgrun
complex organic al acesteia. S-atimit concentréi de 80 %'%B.

Un alt sistem studiat a fo&ti - 'Li, punandu-se la punct o tehnologie de
separargi optimizarea procesului.

Cercelrile In diregia sepairii izotopilor au impus, pe laragrealizarea
instalgiilor de separsai studiul, proiectarea construirea unei serii de instélasi
utilaje anexe, standuri de pitige a materiilor prime, de preparare a cogijou
marcai, pompe de vehiculare a fluidelor capabifeapereze in congi speciale,
debitmetre, aparatiide control.

Tn anul 1980 s-a abordat o rotematid, legati de separarea izotopilor
prin excitare selectivcu radigie laser. Aceastcercetare a concentrat o inserinat
forta umara si mijloace materiale, atat in institut gafn cadrul a numeroase colabor
cu unititi specializate dinari. In cadrul acestui program s-a construit o ingiala
laser cu CQin impulsuri, cu excitare transversala presiunea atmosfeficcu
care s-a pus n evidgnefectul izotopic de separare pentru izotopii dulfyi
carbonului. Pentru elucidarea procesului elemedéaseparare, laserul cu €@
fost incorporat intr-o instai@ complex. Ca domenii conexe cerdedtor legate de
separarea izotopilor prin tehnici laser, d@rap necesitatea elakiii unei serii de
detectori piroelectrici pentru domeniul IR, careusiizeaz ca energimetre. Pentru
asigurarea ferestrelor necesare celulelor de analiza celorlalte componente
optice In IR s-au construit instédlade cratere de cristale transparente in acest
domeniu spectral, elaborandusséehnologiile de prelucrare a lor.
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in perioada 1987 — 1995 a fost elabsmtbaz de date privind metoda de
separare izotopica uraniului prin tehnic laser, varianta atomic(AVLIS - U),
materializai in 20 de rapoarte interne.

3. Construdia de aparatura si dezvoltarea de metode de analize izotopice
si structurale, studii de fizica ionilor

Separarea izotopilor stabili, sinteza comilon marcai cu acati izotopi si
dezvoltarea metodelor bazate pe concéatraotopilor stabili presupun metode de
analiz de mare acurae Abordarea acestui domeniu a dus la extrapolarea
cercelfrilor de la elaborarea de metode de adaliotopia, la investigarea unor
structuri moleculare complexe, studiul fragnaeintmoleculelorsi a ionilor, reagi
ion -molecuf, studiul ionilor metastabiki al efectelor izotopice ce pot interveni in
aceste procese. A fost demarat un program de oofstde aparatdr menit &
compenseze dificditile existente la vremea aceea in ac¢linarea de echipament
analitic din import. Efortul de cercetare a foshal&zat pe do#i direaii principale:
realizarea de aparafude cromatografie in fdzyazoas si realizarea de spectrometre
de mas.

Pe parcurs s-au realizat diverse tipuri de gaz-atografe, incepand cu
cele destinate analizelor de deutediia altor amestecuri gazoase, pda aparate
complexe capabileiefectueze analize solicitate de industria chiingigpetrochimia,
industria alimenta; industria farmaceuti¢c etc. Dintre aparatele complexe realizate
mertionam cromatografele M9, M94i apoi GCL-90, instrumente indeplinind
toate fundunile unor aparate moderne, existamgbosibilitatea interfeirii lor cu
echipament de calcul. Institutul a devenit un feonide gaz-cromatografe pentru
analize chimice, acoperind, in acest domeniu, @e&esiitile din institut catsi
solicitari din economie. De asemenea eviilem realizarea pentru Centrala
Nuclearo-Electrig de la Cernavada unui aparat complex pentru analiza gazelor din
atmosfera reactorului.

Demararea cercailor n  domeniul constryei de aparatdr
spectrometrit de ma¥ se datoredz de asemenea, nevoii de a dispune de
instrumente de analizzotopic pentru controlul instatalor de separare.

Inca din anul 1956 n institut s-a format un colectev@krcetare Tn domenii
de varf ca: optica ionic tehnica vidului, deteia si prelucrarea semnalelor,
proiectareasi realizarea de uriditi electronice de mare stabilitatg fiabilitate.
Pornind la inceput cu o ecliipe céiva oameni preocupiade exploatarea t@nalk
a unui spectrometru de niade tip Dempster, de joagezoluie, institutul si-a
cladit treptat, in aceastdiregie, un grup puternic de cercetare de congycde
exploatare. Au fost studiate numeroase geometrarddizoare de masu simph
si dubla focalizare, staticgi dinamice. Institutul a fost a rimas singurul constructor
de spectrometre de maglin tard, servind o gam larga de cerceiri, atat n
domeniul nuclear c&i in cel al chimiei. Metionam, Tn ordine cronologit cateva
tipuri mai importante de spectrometre de frai®iectatesi realizate in institut:
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- spectrometrul de masautomat, pentru asuritori de concentrd de
deuteriu in domeniul concentiibor naturale, in regim dinamic. Spectrometrul are
0 suré de ioni cu impact electronigi sistem de introducere a probei cu #ou
derivgii, permitdnd ohkinerea unei precizii de #aurare de 1,4 % pentru deuteriu, n
domeniul concentgalor naturale;

- spectrometrul de madandem cu camarde ciocnire, destinat studiului
reagiilor ion - molecul. Aparatul congtdintr-un spectrometru primar, monocromator,
cu sistem de retardare a ionilor primari, o caimde ciocniresi un al doilea
spectrometru care analizagzrodusele de rege.

- spectrometrul de mascu simph focalizare pentru analize izotopige
chimice in probe gazoaselichide. Este un aparat de congepmodulai realizat
si Tn varianta cu cuplaj de gaz-cromatograf. Domedéumas este de 2 - 400 uam.
Limita de detetie este de 10 ppm, iar precizia désorare de 0,5 %.

- spectrometru de masu dubd focalizare, a fost o realizare deosglzit
institutului. Aparatul poate opera in cuplaj cu-gaamatograf. Rezotia masurat
la 50 % din Taltimea picului atinge valoarea 10.000. Lucteazdomeniul de mase
1 -1000 uam cu o reproductibilitate de 1 %. Pemtalizarea acestui aparat s-au efectuat
studii conexe de opticionica a filtrului Wien, cu campuri magnetice neomogene,
precumsi studii teoreticei experimentale asupra abgilar de imagine;

- spectrometrul de maspentru analiza deuteriului, realizat pentru
echiparea Combinatului Chimic de la Drobeta-Turmwe®in (Uzina de apgrea,
ROMAG). Aparatul este destinatasuirii abundeiei izotopice a hidrogenului
atat in probe gazoase gatichide.

- prin participarea institutului la programul de adid spgiale
"Intercosmos” s-a realizat un tip de spectromeeunthd cuadrupolar, destinat
analizei compoziei straturilor superioare ale atmosferei. Aparatudbst lansat in
cosmossi a cules date ih domeniul de mase 1-50 uam. Aoralizacestui aparat a
fost perfedonatsi folosit pentru realizarea unor spectrometre deinda laborator.

- spectrometrul de mas detector de neetgeitati, cu heliu. Este destinat
detectrii si localizirii neetaneititii unor sisteme vidate, putandu-se evakiia
marimea fluxului de scurgere;

- detector de neetggitati portabil. Este un aparat destinat datéci localizarii
neetageitatilor pentru instalai presurizate cu orice gaz, exceptand aerul.

- spectrometrul de mascu ionizare termic Este destinat analizei
izotopice a elementelor chimice care nu au cainpolatili sau la care compii
volatili sunt instabili ori greu de manipulat (I4, Cs, Ru, Sr, U, Pb, etc) Domeniul
de mas pentru care se poate folosi este cuprins Ingie5B0 uam. Se pot efectua
analize izotopice prin ionizare termiitncepand cu izotopii litiulugi terminand cu
cei ai uraniului.

Aparatul este conceput pentru dmnnea unor procese de separare
izotopic, pentru misuratori de interes n geologia izotopi¢datri, etc), precunsi
pentru controlul gestiunii combustibilului nuclear.
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Tipurile de spectrometre de mia®alizate in Institut, cu unele modiig
se pot adaptai pentru alte domenii de cercetare decéat aceletripeare au fost
concepute. Un exemplu Tn acest sens 1l constipgetometrul de mascuadrupolar,
care a fost adaptat pentru analiza gazelor respiratirmarindu-se procesul de
desorhie al azotului dintesuturi pe parcursul aducerii scafandrilor la sfgpia

4. Aplicatii ale izotopilor stabili

Utilizarea izotopilor stabili pentru rezolvarea urfrobleme specifice n
diferite domenii de cercetare este laigpandid si de o importata deosebit.
Preocuparea Institutului Tn acest domeniu a foseaale a introducg largi aria
acestor aplicd.

O utilizare eficient si-au disit-o izotopii stabili mai ales in domeniul
stiintelor agricolesi biologice. Iné din anul 1964 Institutul a fost solicitati s
efectueze analize izotopice, precedate de prekererimi@ a probelor marcate cu
>N provenite din experimeiiile efectuate in cadrul Programului de cercetare
coordonat de FAO-AIEA privind utilizarea izotopilda urmirirea eficienei
fngrasamintelor. Acest program de cercetare cortipa plan interngonal de peste
20 de ani.

Pentru a-i face f&, in institut s-a pus la punct o tehhide prelucrare
chimici a probelor, precumsi o metodologie de analiz izotopica (prin
spectrometria opticsi spectrometria de mays Au fost sintetiza compui marcai
cu N, ohiinut In instalgia proprie de separare. In acest scop s-a consiruit
instalaie de conversie a acidului azotic Tn amoniac marcaistalade de olinere a
sirurilor de amoniu (sulfat, azotat, clo#iyira ureei, ureoformului marcat, etc.

Cercetrile privind aplicaiile *°N Tn domeniul agriculturii au fost efectuate
in colaborare cu diferite institute de cetteagronomice dirtara. Scopul acestora
a fost acela de a stabili randamentul de utilizairéngisamintelor azotoase la
diferite culturi.

Institutul a mefinut relaii de colaborare cu Institutul Medico-Farmaceutic
din Cluj, legate de utilizarea aminoacizilor mar@ai °N in procese biomedicale.
In acest scop, in institut, s-au preparat aminoanarcai cu acest izotogi s-a
efectuat analiza izotopi@ probelor biologice.

In momentul de fa se merine o preocupare permangfegat de krgirea
sortimentului de compil marcai cu izotopi stabili. Astfel, s-au preparat soltien
organici cu deuteriu pentru utilizarea lor in RMDe asemenea, au fost prepara
la cerere, compii marcai cu N, °Li, ‘Li, B si s-au oferit, pentru cercat,
izotopi ai gazelor nobile.

Experiena analitia dobandii de colectivele de cercetare ale institutului au
permis prestarea de servicii constand in identéi@aunor compyl necunoscti,
determirdri de structuri moleculare, analize ale unor anestemulticomponent,
etc. Colabairi fructuoase s-au stabilit cu Institutul de pehiogie, pentru analize
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cromatografice, studii de catalizatori, etc. Cdatraedicamentului, a fost partener
in cercelri pentru studii de testare a unor medicamente negtia prin tehnica
RMN. Institute geologice din Baia Marg Bucursti au colaborat cu institutul
nostru in domeniul geologiei izotopice. Institutld cercetri pentru Delta Dudrii
din Tulcea a colaborat cu colective de cercetameirdititutul nostru, pentru studi
privind dinamica apelor subterane in zona Deltei.

5. Reldiile institutului cu comunitatea stiin tifica internationala

in decursul timpului Institutul a stabilit refiade colaborare cu diferite institute
din stiinatate. Dintre aceste contacte, foarte fructd@a dovedit colaborarea pe o
perioad de mai bine de 20 de ani dintre institutul nostiastitutul de izotopi stabili
din Leipzig. In cadrul conveiei de colaborare cu acest institut au fost efdetua
schimburi de cercatori, lucrari de cercetare in comun, parti@ipla congreselsi
conferirtele cu caracter interfianal, organizate de cele doustitute.

Cerceitori din institutul nostru au efectuat stagii dedplizare in institutei
universitti de renume din Europg SUA (Departamentul de Izotopi Stabili, Saclay,
Institutele de cercati nucleare din Toulousg Grenoble, Institutul Max-Planck din
Mainz, Scoala Politehni& din Lausanne, Universitatea din Canberra, Unitages
Princetonsi MIT-Boston, Institutul de Tehnologigi Universitatea din Tokyo,
Institutele de Fizit ale Academiei din Rusia, etc. etc.). Incepand afwil 1971
Institutul a participat la programul g "Intercosmos”. fn cadrul acestui program
studiile efectuate de cerétdrii nostri au vizat analiza compai chimice si
izotopice a straturilor superioare ale atmosfeheiacest scop, In Institut s-au
construit un spectrometru de raaso balani piezoelectrigé de mare sensibilitate.

Dupa anul 1989, institutul a participat la mai multeipcte sugnute de
Comunitatea Europeana (COST, Inco-Copemicus, BREHURAM), participa la mai
multe programe interguvenamentale de cooperareifimediul cerceirii stiintifice
(Roménia - Spania, Romania - Ungara)are convetii bilaterale de cooperare
stiintifica cu institutesi universiati din Ungaria, Austria, Germania, Eliee Frana,
Anglia, Statele Unite, Africa de Sud, Republica Hapa ChineZ, Japonia.

Tn ultimul deceniu, pe largcontinuarea cercéilor in domeniile care I-au
consacrat, Institutul a abordat diieaoi de cercetare, in special in domeniul fizicii
molecularssi biofizicii.

In incheiere, se cuving £logiem memoria celor care, in decursul acestei
jumatati de secol,si-au inchinat o parte importandin viga si activitatea lor
dezvoldrii Institutului si prin aceasta progresulgtiintei romansti: Prof. Dr. Doc.
Aurel lonescu, Prof. Dr. Doc. Victor Mercea - memloorespondent al Academiei
Romane -, Ing. Alexandru Mifia, Dr. AlexandruStefan Olaru, Dr. Constantin
Mirel, Dr. Costi@ Ungureanu, Dr. Mircea Beaku, Dr. loan Deac, Fiz. Flaviu
Baliban, si altii.
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ABSTRACT. Cryogenics object as well as its application domaiclusively the
development in Romania of oxygen/nitrogen produrct@apabilities by liquid air
distillation, are described. Five criteria are preged which differentiate cryogenics
from the refrigeration processes based on vapadersation: the lamination process /
adiabatic expansion; vaporization heat; radiatiemergy; heat exchange. The main
cryogenic refrigeration processes are characteripednstance the cold gas cycle, for
which the cooling stage and the heat pump usedistillation are defined. the
hydrogen isotopes distillation plant and the heliextraction and production plant are
exemplified. The most important experimental reswbtained at ICSI Rnnicu
V>Icea were: the determination of the heat trangfecanvection and boiling, the
testing of the isotopic equilibrium elements in togken distillation; the determination
of the behavior of a filled column for the isotomdcstillation of hydrogen and its
equivalence with a wet wall distillation column aiexchange for thermic regenerators
operated in nonstationary regime. The accumulatgpéreence was the basis for the
construction of an industrial pilot for deuteriumdztritium separation.

Obiectivul Uzinei G din Ramnicu Valcea a fost elarea tehnologiei de
separaresi producere a apei grelg asimilarea echipamentelor specifice, obiectiv
convergent la aatui finalizare institutul urmaassi reduc drastic activitateaazmanand un
consultant al fabricii de @pgrea pentru a-i meime competitivitatea. A fost momentul
ca, bazandu-ne pe toate cgtitoele ohinute pentru separarea deuteriuldine indreptm
preocugrile catre cel de-al treilea izotop al hidrogenului, tritiin vederea separii lui
din moderatorul reactorilor nucleari de la C. N.r@@odi. Tehnologia aledsa fost
cea de distilare izotopica hidrogenului lichid, o tehnologie criogehicriogenia fiind
o disciplira cu perspective de dezvoltare divergente.

Domeniul criogeniei Tncepe cu temperatura de vapogi a metanului n
condtii normale (111,7 K)si tinde dcitre zero absolut. Domeniui obiectivele
criogeniei pot fi urrarite in figura 1. In figura 2 este desére/oluia produgiei de oxigen,
respectiv de azot, din industria romand@adehnologia de lichefiergi de distilare a
aerului lichid fiind una dintre cele mai reprezeiviatehnologii criogenice ditara [1].

O remard referitoare la figura 1: "Arborele criogenic” esteparat In partea de
jos (ridacina) destiintele care sum criogenia, iar in partea de sus (coroana) apare
dezvoltarea, valorificarea ei. De observat tehnologiile criogenice sunt mari
consumatoare de energie spedific operarea lor impune reguli de stéicdecuritate
deoarece trebuie luat In considerare faptlna se poate vorbi despre ingineria
criogenia fara a stipani lichefierea gazelor, separasepurificarea lor Thaintat
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ARBORELE CRIOGENIC
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Fig. 2. Produgia de oxigeryi azot din industria chimicdin Roméania

Cu o dotare de ultimora a laboratorului de criogenie al Uzinei G (1981) nu
Tnsemna & persoanele cunosc criogenie, prin urmare s-a gedda un sistem — este
adevirat costisitor — de instruire, desigur citigidfacand — cu sublinierea cuvantului
facand —, adit prin experimentargi verificare. Fg de procesele clasice de tehnica
frigului bazate pe ciclul de comprimare cu vapgripcesele deacire in criogenie
prezint o serie de particulaii [2].

a) Sciderea temperaturii agentului de lucru se poatmelprin dod procese:
laminare (destindere la entalpie constgnsau prin deteit(destindere la entropie
constant). Racirea prin laminare este limitatle domeniul cuprins de curba de inversiune
a agentului; pentru diferite gaze, acest proces regtrezentat in diagrama din figura 3.
Racirea prin detetreprezini o adiabat care nu este limitatde un anumit domeniu,
dupi cum rezult din figura 4. In majoritatea proceselor deire si in toate care
reprezind o lichefiere, sunt utilizate ambele procese: fmieea gazului prin detehi
lichefierea propriu z&prin laminare.

b) de &cire si in toate care reprezihb lichefiere sunt utilizate ambele procese:
preficirea gazului se face utilizdnd detentoare, ligheéi propriu-zis se realizeai prin
laminare.

c) O particularitate a agelor criogenici (gaze lichefiate) esteaderea aldurii
latente de vaporizare odatu séderea temperaturii. Diagrama din figura 5 ilustéeaz
aceasta, 1iso reprezentare mai sugedétin partea de jos a figurii este cea a catitit
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de lichid vaporizat pentru introducerea in sisteomai watt timp de 24 de ore. De aici

rezuléi pe de o parte consumul mare de energie spggéatru lichefiere, pe de alt
parte importata izolgiei termice.
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Fig. 3. Curbele de inversiune pentru azot, hidragéeliu
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d) Condudia este controlat prin reducerea la minim a dimensiunilor
echipamentelor; convga este practic anukatprin introducerea echipamentelor n
incinte vidate (10 torr); problema este ridicate radigie, care este propgonaki cu
puterea a patra a temperaturii:

Qg =prop(T, -T) (1)

si cum temperatura de lucry Tinde dtre zero, temperatura mediului ambiant care este
T, = 300 K practic controleazradigia, respectiv @ = prop.- 8.1-10. Remediul este
ecranul de radige [3] (aceasta fiind una dintre primele lagrcu care am inceput
instruirea noasl). Experimentele realizate la nivelul azotului litl= 80 K) au aitat
capacitatea de reducere a pierderilor #fidura prin radiaie in fungie de nunarul de
ecrane, experimente ilustrate in diagrama din &dur
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Fig. 5. Varia- ia cildurii de vaporizare cu temperatura, ~ Fig. 6. Efectul ecranelor de radiae
respectiv cantitatea de lichid evaporat pentru i flergie asupra pierderilor deildura
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e) Analiza energetit a pierderilor in schimitoarele de @dura prin creterea
de entropieAE ; =T, [AS,, descrise in final de relde:

Ir?

AEQ = TO ﬂ )
TZ |:rl
pentru transmiterea déldura, si:
AP
—_ Vl
AE, =T, ! fd(AP) ©)

pentru é@derea de presiune, ne arah, datorit tinderii temperaturii T citre zero,
ambele pierderi devin foarte mari. Minimizarea amepierderi Tnseanintransmiterea
caldurii la diferene cat mai mici de temperaiu(T, = T; reprezini un proces
reversibil) si segiuni mari de curgere pentrfdlP cat mai mic. S-au elaborat Tn acest
scop schimitoare de #&ldura multistrat cu aripioare, din aluminiu, executate c
competem tehnic la fabrica de radiatoare din Bis&i Acest tip de schinabor de
cildura, pe unitatea de maseste caracterizat de o suprafmare de schimki cideri
minime de presiune. Testele efectuate asupra adgsid de schimbtoare de #gldura
ne-au permisistragem urritoarele concluzii:

- reldiile de calcul din literatura de specialitate cuvipe la transmiterea
caldurii prin convede la curgerea in contracurent sunt utilizate aultate bune, lucru
atestat de experimentele proprii la nivele de teatpé cuprinse intre 2@i 80 K,
prezentate comparativ in diagrama din figura 7.

- la transmiterea deiltlura cu schimbarea #&ti de agregare, la condensare
se respedtlegea lui Nusselt, in schimb la fierbere, @ligum se poate observa n
reprezerdrile din figura 8, se recomandverificarea experimental Masuiatorile
noastre efectuate la fierberea hidrogenului lickight marcate cu semnul *; sunt de
remarcat difereiele mici de temparatirrealizate la schimbul termic, care vin in
sprijinul observailor de mai sus.

Ohtinerea de temperaturi joagefoarte joase in congli economice se realizeaz
prin cascadarea procesului criogenic, cascadageseaplig cu succes la ciclurile déaire
cu gaz (Brayton). Prin asé@mare cu cascadarea proceselor de separare izp®idefinit
elementul de cascadriogenid (etaj) ca fiind format dintr-un detentgrun schimlitor de
cildura, conform schei si diagramei de funi@nare din figura 9. Procesul décire
dezvoltandu-se intre daizobare (psi p), nundrul de etaje ale cascadei pentru realizarea
diferertei de temperatérintre T, si cea a mediului ambinap Este:

T T,

In T—O In T—O
N, = —L = o (4
Ind In it
Ti
marimea adiabatei fiind constaint
k-1
T, Kk
o=—"1= {&J =const (5)
T P,
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In practia, elementul de cascadcu fungionare rea (cu pierderi) este
prezentat in figura 10.
Numiarul real de etaje al cascadei este dat de:

Ng =N (¢ (6)
unde
¢_InE
1-n.(1-
E:w (7)
1-a
szi;B:E;a:ﬂ

T3 Tl T5

relgiile (7) descriu ireversibilitatea procesuliiinfluenta recuperatorului deildura
S2.
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/y - Fig. 9. Cascada criogenitealk si elementul (etaj)
/x " al cascadei; D, G - debite de gaz
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Fig. 10. Etajul al unei cascade criogenice cu funionare
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CRIOGENERATOR

Dacdi la toate acestea ad
gam elaborarea de absorhiaselectivi
si testarea lor p&nla nivelul tempe-

+ raturii hidrogenului lichidsi implicit
utilizarea lor pentru separargiaultra-
purificarea gazelor, se poate afirmia ¢

¥iG instruirea noasirin domeniul crioge-
niei a atins nivelul careime permii
studiul si elaborarea tehnologiilor de
separare a deuteriulgiia tritiului prin
distilarea criogenic a hidrogenului
lichid [4].
Obiectivul principal al cerce-
tarilor din domeniul criogeniei a fost

*elaborarea unei tehnologii de separare
a izotopilor hidrogenului, respectiv a
deuteriuluisi tritiului, prin distilarea
hidrogenului lichid.

Primul pas a fost definirea
elementului de contact intre fazele li-
chick si gazoas (vapori), care &echi-
peze coloanele de distilare. S-au testat
un taler cu clopei, un taler perforai

Fig. 11. Criostat pentru testarea elementului atecpla O UMPIUtuli cu geometrie ordonatea-

distilarea izotopi a hidrogenului lichid; 1 - element de lizatd din plag din sarn de ael inoxi-

contact lichid - vapori; 2 - fiettor; 3 - condensator; dabil. Testele s-au efectuat pe o coloa-
4 - vizori; 5 - ecrane de radide na cu un singur taler introdasntr-o
NTT/m ap/m  INCiNtd vidati, protecia la radigia de
o] caldura fiind asigurai de dod ecrane
on  concentrice. Criostatul a permis vizua-
lizarea (fotografierea) comparti
w ele-mentului de contact. Schema
insta-laiei experimentale este
*  prezentatin figura 11.

Circulatia pe elementul de
contact era asigugaprin fierberea con-
trolati a hidrogenului lichici conden-
sarea lui total la captul superior.
\ . lestele asupra celor trei elemente de

0,40

\ contact au demonstrat superioritatea
‘ oo umpluturii ordonate, aledcei perfor-
0 — marte pot fi urnarite Tn diagrama din
15 20 25 30 5 40 45 50 55 60 65 70 . ]
Qe (Watt) figura 12 [5].
Fig. 12. Diagrama de performari pentru o umplutr Pasul urnitor a fost testarea

ordonat in procesul de distilare izotopia hidrogenului lichid compordirii umpluturii ordonate in pro-
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cesul de distilare a izotopilor hidrogenului inteoloari cu diametrul de 27 mrgi
Tnaltimea umpluturii de 550 mm [6]. In figura 13 se matrndri schia instalsiei
experimentale cu sistemele décire (condensare}i incalzire (vaporizare)si Tn
totalitate punctele de &muf pentru determinarea circtilei, a skrii fluidelor si a
concentréilor lor izotopice. Umplutura ordonata fost astfel concepufncat lichidul
sa curca sub fornd peliculati (strat foarte sufre), astfel & rezistema la transferul de
izotop ntre fazeisfie preponderetitin faza de vapori. Urinind schema din figura 14
si tin@nd cont & procesul de schimb este controlat de coeficiem¢ulransfer de mas
raportat la faza de vaporiyK se poate scrie rela de bilan izotopic sub forma:

Vdy =K,, @A(y-y“')Xz (8
cu
1 1 m

= +
K k,(P k_ [p,

©)

descris de coeficiem pariali de transfersi proprietiti ale substatei. Prin integrarea
relaiei (8) se poate determinailtimea de umplutdr;, Z, care & realizeze o crgere de
concentrée izotopic in faza gazoasde la y la y:

Y2
= mVEIK j dy —=(HTU),, ONTU),, (10)

oV y;
respectiv produsul dintredhimea uniltii de transfer, (HTU),, care descrie performgn
umpluturiisi numarul de unititi de transfer, (NTU,),.
Determinarea experimeniiab iriltimii unitatii de transfer se face in baza
relaiei (10), respectiv:

- <
(HTU)ov - (NTU)OV (11)

unde

(NTU),, = 23035 AoY0)Ye 550 17Ys )
a-1 (1_y2)y1 1-y,
a fiind factorul de separare, iax ¥i y, concentrdile izotopice nisurate la capetele
coloanei.

In lipsa unor msuratori, predigia comporirii unei umpluturi este riscaiitasa
ca s-a @utat o asednare cu un proces de distilare &u comportare poate fi
determinat prin calculsi aceasta a fost coloana de distilare cu film deidi. Cele doa
tipuri de coloane sunt reprezentate in figura 15.

Comune se gstrea2 iniltimea coloanei, Zsi viteza vaporilor w (incarcarea coloanei).

Inaltimea unitii de transfer pentru coloana cu film de lichideedtd de:

V
HTU) =—1' (@13
( )ov K (13)

unde Ky, este descris de (9)
dZ
V. =V —! 14
. DI (14)

C
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Fig. 13. Schema instataiei experimentale pentru distilarea criogérécizotopilor hidrogenului
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N
N\

7/
//‘ Z Fig. 14. Schema de calcul pentru o instala

de distilare izotopitcu coloaa cu umplutuit

@ ®

Fig. 15. Schema de calcul pentru a&eanea coloanelor de distilare cu umplaitur
(a)si a coloanelor de distilare cu film de lichid (dgtaliu pentru coloana b (c)

32



CUM AM INV ATAT CRIOGENIE
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Din literatura de specialitate [7],,Kdin relgia (9) poate fi calculat, astfel incat
problema cheieiméanea determinarea luj diametrul coloanei (tubului) cu film de lichid.
Tindnd cont & pentru ambele coloane curgerea lichidului esteyleas, iar umplutura
ordonai are o forni geometrié bine determinat practic geste un diametru hidraulic:

4e
dt = dech = ? (15)

unde a este suzpra;mspecifidi a umpluturii (M-m?), iar ¢ este volumul liber al
umpluturii (nf-m).

Comportarea umpluturii ordonate in procesul detildie izotopid a
hidrogenului lichid a fost determiriapentru trei regimuri de operare caracterizate de
presiunile 2, 3i 4 barisi un domeniu de Triccare caracterizat de viteza wupring
intre 0.5+4 cm$ Rezultatele msurtorilor sunt reprezentate in cele trei diagrame din
figura 16, unde prin linie contifiueste reprezentatvariaia fundiei (13), respectiv
comportarea coloanei de distilare cu film de lichiZbncordata dintre nisufitori
(umplutura ordond) si variatia fungiei (13) ne permiteasafirmim ca se poate face o
predigie a compottrii unei umpluturi ordonate — pentru procesul dgitdire izotopié
a hidrogenului lichid — prin intermediul coloaneil dilm de lichid, atunci cénd
determinarea diametrului hidraulic al umpluturiieeposibif.

In strdnd legatura cu lichefierea hidrogenului s-a studiat compodatmui
regenerator temic aii mas era format din bile de plumb cu un diametru de 8 mm
n numar de 6095, dispuse intr-o col@gaou diametrul de 77 mri inaltime de 770
mm. Schema instaiai experimentale poate fi utirita in figura 17.

O instalaie criogeni@ C, prin by-pass-ul R3 - R4, permitécirea masei
regeneratorului M1 péirla temperatura de 80 K, diipare, prin deschiderea circuitului
de testare, hidrogenul de la temperatura mediahltiant era #cit in regeneratorul M1;
regeneratorul M2 era utilizat doar ca recuperatogittlura pentru a permite o furionare
normakh a compresorului K. Regeneratorul M1 era prew cu 11 puncte pentruasurarea
temperaturilor in lungul fluxului de hidrogen. Penteterminarea coeficientului de
transmitere aaddurii, experimentarea s-adut in regim nestmnar descris de sistemul:

oTy _a . _
(_]t - C(Tm T)

of
T 2 h & (16)
( j - (T-T,)

ot ), p,[C,H

in conformitate cu schema din figura 18, unde eldim se refet la masa regeneratorului.

Problema cheieamanea determinarea luj, dliametrul coloanei (tubului) cu
film de lichid. Tindnd contZpentru ambele coloane curgerea lichidului estepeadg,
iar umplutura ordonétare o forni geometrid bine determinat practic d este un
diametru hidraulic:

4e
dt = dech = ? (15)

unde a este supradaspecifia a umpluturii (Mi-ni°), iare este volumul liber al umpluturii
(m*-mi3).
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Comportarea umpluturii ordonate Tn procesul detildie izotopid a
hidrogenului lichid a fost determiriapentru trei regimuri de operare caracterizate de
presiunile 2, 3i 4 barisi un domeniu de iriccare caracterizat de vitezg wupring
intre 0.5+4 cm8 Rezultatele @surtorilor sunt reprezentate n cele trei diagrame din
figura 16, unde prin linie contifiueste reprezentatvarigia fundgiei (13), respectiv
comportarea coloanei de distilare cu film de lichi@bncordata dintre ndsufitori
(umplutura ordond) si variatia fungiei (13) ne permiteaafirmim ci se poate face o
predigie a compo#trii unei umpluturi ordonate — pentru procesul dgtilfire izotopia
a hidrogenului lichid — prin intermediul coloaneil dilm de lichid, atunci cénd
determinarea diametrului hidraulic al umpluturiieeposibié.

In strdnd legatura cu lichefierea hidrogenului s-a studiat compodatmui
regenerator temic ai mas era format din bile de plumb cu un diametru de 8 mm
n numar de 6095, dispuse intr-o col@gaou diametrul de 77 mri inaltime de 770
mm. Schema instaiai experimentale poate fi ugrita in figura 17.

O instalaie criogeni@ C, prin by-pass-ul R3 - R4, permitécirea masei
regeneratorului M1 péina temperatura de 80 K, diipare, prin deschiderea circuitului
de testare, hidrogenul de la temperatura mediahltiant era #cit in regeneratorul M1;
regeneratorul M2 era utilizat doar ca recuperatogittiura pentru a permite o furionare
normakh a compresorului K. Regeneratorul M1 era prew cu 11 puncte pentruasurarea
temperaturilor in lungul fluxului de hidrogen. Pentleterminarea coeficientului de
transmitere aadurii, experimentarea s-adut in regim nestmnar descris de sistemul:

oty o,
(_Jt - C(Tm T)

of (16)
oT, _ 20 & (T-T.)
ot ), p,C,H
in conformitate cu schema din figura 18, unde eldim se refet la masa regeneratorului.
Cu notaiile:
g=f
17
n= Z[h[& t
P (€, [D

din sistemul (16) s-au @hut relgiile pentru temperaturi [8]:

g
T=Ty—(To ~Tpo) j exp-(& + N3, (2i4/En )dE 8

T, =T = (T, — T,o) exp-(€ + )13, (2i/EN)
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Fig. 17. Schema instataiei experimentale pentru deter-
minarea transferului deildura al regeneratorului

Determiririle experimentale s-awadut pentru 6 debite de hidrogen, véda
temperaturilor T+Ty; fiind exting pentru un interval de timp de 20000 sec.
Determinarea luidd s-a ficut prin ajustarea profilului de temperaturiisarat cu cel
calculat, in figura 19 putandu-se dinnca exemplu, concordarea celor dquiofile.

Valorile determinate pentr@l (W-mi?-K™) in fungie de debitul de hidrogen G
(N-m-H%) Tn domeniul de temperaturi 80 - 300 K sunt datt@belul de mai jos:

G [N-n-hY 2.6 3.9 5.19 6.49 7.79 9.74
T (W-m?KY 16 20 23 27 28 30

si au fost grupate in raia adimensionat
N, = 0.825[Re"*[Pr®  (19)

*
* *
Cunagitintele ohinute prin experimentarea lichefierii hidrogenuguidistilarii
lui izotopice ne-au permisiselabodm o tehnologie pentru separarea deuterigiui
tritiului, tehnologie adecvatextragiei tritiului din moderatorul (apa grea) Centralei
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Nucleare de la CernavadPentru verificarea tehnologiei, care practic egprti sase
instaldii nseriate, s-a construit la I.C.S.1. - RGmnicalééa, fosta Uzina G, o insta&@
pilot semiindustrial, a crei scherti bloc poate fi urririta in figura 20.

T(K) T(K)
310 R 310 o
* ) J . .
- " : G =974 N/ h
270 G=6, l.mm /h -
1 230
‘190 190
‘ .
t= 2000s t= 2000s
‘150 150
110 110
\
y(m) y{m)
70 + 70 : .
0 0.2 04 0.6 0.8 0 0.2 04 0.6 08

o - Les donndes expérimentales -
. P
e - Lles données calculées

Fig. 19. Corelarea modelului matematic cu datgieementale pentru regeneratorul termic

Intrata in teste Tn ultimii ani, spelasavem picerea de a asculth aprecia la
viitoarea sesiune PIM rezultatejéintifice si tehnologice la valoarea cu care ne-au
obisnuit pari acum colegii din Ramnicu Valcea.
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Introduction

After showing why "normal” isotope effects are ecigel to vary regularly
with mass | will characterize mass independentcéffd shall then briefly review the
discovery of variations in isotope abundances, enegal, and particularly of mass
independent ones. | will explain why they were disgred so late, and treat separately
effects observed in nature and produced in therédbry.

Finally interpretations of mass independent isoteffects, uses in research
and eventually for separations will be discussed.

Mass dependent and mass independent isotope effects
Theoretical calculations of isotope effects in exupe reactions and
equilibrium processes were made by H.C.Utey(), and J.Bigeleisen and M. G.
Mayer €). Their dependence on masses is given here, \fston R.).on the easily
generalized example of oxygen.
Let ™O be eithet’O or*®0, and consider the exchange reaction
X™0 + Y*0 = X0 + Y"O (1)
The isotopic fractionation of oxygen min (1) isgm by
am = (Y"O)/(Y*®0) / (X"0)/(X*°0) (2)
= (1 +10°%3Y™M0) / (1 + 105 X™0) (3)
With the usual definition
3Y™O = 1G( RYm/Rstm - 1)., RYm = [{0) / (°O)}v.
and similar definitions fodX™O , and for RXm and Rstm.
Let mm be the mass of isotofi© :theory leads to
(m16*- m17%) *23_, [aii(YO) - aii (XO)]
Ina,7/Ina,g= (4)
(m16™* - m18Y) *=3_, [aii(YO) - aii (XO)]
= (W0 - 5=Y0) / (3W*0 - 8="%0) = 0.529 (5)
Using XO as reference makes@XO zero, and (5) becomes
dYor/eY o = 0.529 (6)

' H.C.Urey et a].J.A.C.S193557 pp.321-327

% Urey H.C.J.Chem. Sot947,562

3 Bigeleisen, J.; Mayer, M.@. Chem. Phy4.947 15,261
* Weston RChem. Review4999 99, pp.2115-2136
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In practice, except for hydrogen reaction& are always close to unity, and
can be written 1 <€ thus I is equivalent te Also aii's, force constants for three
orthogonal motions of the isotopically substitutethms, are constants, and (4) is
calculated by (7)

Ina7/Inag= (M17 —m16)/ (M18- m16)* m18/ m17 (7)

In mass dependent processess are equal per unit mass difference. When
this relation is not fulfilled, one speaks of masindependent effects. They are
guantised byA's A =& measured- dcalculated

Assuming equad's by unit mass difference, calculatdd for all isotopes of an
element are derived frommeasured for only one isotope.

Historical background

Isotope abundances variations up to 1973

In his Nobel lecture, Frédéric Joliot said thatiations in isotope abundances
of lead were the only ones observed in nature.dddia spite of the prophesying paper
by Urey and Greif (i), it took a long time befotenias generally recognized that many,
if not all, polyisotopic elements could be expectedand did, exhibit variations of
their natural isotope abundances. And this wassyafier separation of isotopes by
physical-chemical processes were achieved in therddory and in plants, and
explained by theory based on mass differenceéfi)),

Of course lead isotopes are end products of sepaagioactive "families”
starting (now) with uranium isotopes and thoriuBifferences in initial proportions of
uranium and thorium, or naturahemicalseparation of intermediate decay elements of
these families, explain large variations in leamtape proportions. They are so large
that they cause readily detected atomic weighteéfices between lead samples of
different provenance. Natural variations were digted next in isotope abundances of
light elements that are more easily altered by jghyshemical means because of their
greater relative mass differences. (Only centrifiogaseparates isotopes on basis of
absolute mass differences). Several difficultiesl hmatarded the discovery. Firstly
nature, by giving H, C, N, O one overwhelmingly praderant isotope had made the
discovery of the minor isotopes difficult, and d=iten of variations in abundances was
not made to a precision better than a few per efibfe the fifties. Consequently, by
the early sixties these variations were only recgh for the four lighter elements.
Now IUPAC's tables shogweochemicatanges of isotopic compositions for isotopes of
at least 12 more elements. In addition, a numbesabpes undergo nuclear decay
with half lives long enough to have a stable abuandabut short enough to produce
daughter isotopes which alter isotopic compositiohdaughter elements according to
their geological age. Finally isotopically exceptb occurrences exist, the most
famous being tied to the spectacular discoveryatfinal nuclear reactors, at Oklo, in
Gabon in 1972. This discovery was a consequenistufpe abundance measurements
on uranium samples. In this unique site , up to 28wfission product elements have
shown exceptional isotope compositions. Five ofs¢hare also elements having
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geochemically induced isotope abundance rangesntitm is an element showing
both, variations due to decay of rubidium 87, axckgtional values at OkIg)(

When natural isotopic abundances of polyisotopgeneints were first studied,
geochemically induced variations of isotopes weyentl to follow the theoretical
separation laws that involve mass differences dral dquare of masses. Isotope
separation and production using physical chemieattions obeying these laws had
long been accomplished, and it was surmised tlestetttaws were always followed.
Therefore when investigating isotope effects ofctieas in nature, or even in the
laboratory,very rarely did authors bother to analyse abundanoé more than one
isotope. In addition inaccuracies in the use otrefice samples made, and still make,
interlaboratory comparisons difficult.

Some laboratories still use "identical" standardading to deltas differing by
several units, a few neglect addition rules¥sf

And when comparing a sample to a standard, diftegnexpressed aeltas
() are usually given only for the isotope pair whisteasiest to measure.

Mass independent isotope abundance variations of ghical chemical
origin in nature

In 1973 a discovery should have altered this reuti Clayton9) found that
inclusions in the Allende meteorite showed equihge negative deltas fdf O and
180, of about - 40.

Later Thiemens and Heidenreich found non mass dependent enrichments of
the heavier isotopes of oxygen in atmospheric atrdtospheric ozone. Mass
independent isotopic composition of oxygen is atdmserved in atmospheric and
stratospheric Cg N,0, CO and sulfate aerosofs.(

Farquhar et al’f described mass independent effects of sulfurath S and
3. that have mass numbers of different parity dmivscapital deltas of opposite
signs. Farquhar claims have been contestdd ut convincingly confirmedf). A
similar effect, but with reversedls on both isotopes, had been reported beforedn th
laboratoryt?). Such effects can only occur etements having three or more isotopes.
These are all elements of even atomic numbers dredhan oxygenNo mass
independent isotope effect in terrestrial sampbegetyet been reported that is not now
assigned to reactions occuring initially in the asphere or stratosphere.

One may add a comment. When studying isotope sffecie must be sure of
the nature of the rate determining step, and megapecies should be well identified.

® See e. g. Roth B.Radioanalyt. Cheni97737,1, pp. 65 -78, andS Report NUREG/CP1978
® Clayton R. N. et aSciencel973182,p.485
" Thiemens M. H. et al. J. E 11983Science, 219.1073
8 Thiemens M. Hsciencel 999283, pp.341-345
® Farquhar J. et abcience2000289,pp. 756 - 758
12 Ohmoto H.et alScience001,292,pp 1959a
" Farquhar J.et abid.( Scienc€001,292,pp 19593
2 Colman J.J. et abciencel 996273pp. 774 -776
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One should not e.g. overlook formation af0S(*¥) when oxidizing sulfur under low
oxygen pressure.

Mass independent isotope effects and separationstime laboratory

--Nuclear spin effectln 1979, Galimov ) pointed out that differences
between isotopes of even and odd masses coulddecltemical isotope effects. He
demonstrated the validity of his hypothesis by pidg, in the laboratory, a hud&®
enrichment effect (+ 13%) during oxidation of ethgthzene with molecular oxygen. At
the same time'®0 underwent a negligibly small depletion. He esshigld the validity
of his hypothesis in the case8€ by several experiments, especially by showing tha
the recombining reaction accompanying the photoatedrdecomposition of dibenzyl
ketone produced an enrichment ifC depending on the intensity of an external
magnetic field.

--Enrichment of isotopes in stratospheric atmospkgexperiences have been
carried out in the laboratory in order to studyctems leading to anomalous effects
(see ref vii).

--Work on isotope separationsy 1989, Y Fujii et al. described excess
enrichment of**U with respect t6*®U over a value interpolated from enrichments of
234y and®*%U, during ion chromatography’l. At that time separation of strontium by
ion exchange separation did not show anomalouspseatffects. In 1993, Nishizawa et
al. trying to prepare Zinc free froffzn, by complex formation with dicyclohexano-18-
crown-6, found a larger isotope effect 8fzn than on Zinc isotopes of even
massesf). In 1994 during extraction of strontium and bariusing a crown ethéf{,
isotopes of odd mass number behaved differently thase of even mass number. The
odd/even effects were even larger than the unitsnemsichment factors. The latter
were of different magnitude and opposite signs diwontium (- O.0009), and for
barium (+ O.004). These differences were relatedh&ir concentrations in the
aqueous phase. During extraction of magnesium idelanto an organic phase by the
same crown ether'®, varying concentrations in the aqueous phase fieddi
dramatically the absolute values and even sigrikeofinit mass enrichment factor and
of the odd/even effect which was of same order afgmitude. Various similar
extraction, or chromatography processes produckgmas effects on separations of
isotopes of many even numbered elements (Mg, SF€liNi, Zn, Sr, Zr, Mo, Br, Nd,
Sm, Gd, Hf, U) (humerous recent pappessimpy Fujii Y., Nishizawa K., Fujii T, al.)

--Dimer effect:Joyes et al'{) showed that, in mass spectra of liquids produced
by emission, under the action of a strong eledigtd, from the Au-Cu tip of an

13 Botter R. et al1966Advances in Mass Spectrometry vol(Tihe Institute of Petroleum)

14 Galimov E. M.Geokhimiyal 979N°2, pp.274-284. Translated Beochem. Internatl979 pp.155
-163

'3 Fyjii Y.et al.Z. Naturforschl98944a,395

'8 Nishizawa K. et aSolvent Extraction and lon Exchant@93,11 (3), 389-394

" Nishizawa K. et aSolvent Extraction and lon Exchant@94,12 (5), 1073 - 1084
'8 Nishizawa K. et aSeparation Sci. And Technolab§9631 (5) 643 - 654

¥van de Walle J. et d@hys. Rev;R99654 (1) pp. 261 - 265
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electrode, diatomic ions of polyisotopic elemeritse Icopper or germanium were
exclusively monoisotopic.
Interpretations of non mass dependent effects

In the laboratory

-- Nuclear spin effectsThey were not considered in early calculations of
isotope effects by Urey (i), because they did rwitgbute to distribution (partition)
functions. Galimov discovered and interpreted thele. Some chemical processes,
especially those involving radicals, are associatild changes in the electron spin of
the system. Interaction between electron spinsnartbar spins can influence e.g. the
energy of transition from triplet to singlet stakéence differences in reaction rates or
equilibria can occur between isotopes of odd (withlear spin) and even (zero nuclear
spin) masses. Galimov (xiv) showed that nuclean,spnaking a triplet singlet
transition possible during oxidation of ethylbenzamith molecular oxygen, induced
selectively an enrichment O, observed later in oxygen after decompositiorthef
intermediate tetroxide. Such effects are diffidoltobserve in elements having only
two stable isotopes, because they superpose withah@ffects. This is why Galimov
had to use discrepancies between theory and exgetirand the influence of an
external magnetic field to establish their existeircthe case dfcC.

--Other non mass dependeb¢havior. On %°U it was first thought by its
discoverers to be a nuclear spin effect. Calculatioy J. Bigeleiserfy) disproved this
interpretation and related quantitatively thesedf to the field shift. Isotope shifts in
atomic orbitals result from changes in nuclear gbatistributions 4, i. e. nuclear
size and shape. They affect the ground electronargy of an atom or molecule.
Initially they were thought to produce isotope effeonly in heavy elements, those
with the largest volume isotope effects. Effectamtyextraction by a crown ether were
attributed, for strontium and baryum, to the largéability constant of the aquo-
complex for odd mass numbers. For magnesium it eeasidered that the ion pair
electrons of the ligand coordinate to a vacantrBgal of the magnesium ion and form
a sp orbital. The resulting energy shift for indival isotopes in the 3s3p -%3s
transition, was a starting point for a qualitativeerpretation.

Field shifts are now considered for every elem@mnt.example of evaluation
of their contribution, and of that of the nuclepirs is found in a recent study of zinc
isotope fractionation using liquid chromatographighwa cryptand ). The isotopic
effect on charge distribution, obtained from tterhture, is added tos derived from
equation (4). Scaling factors a and b are usedantify each term:

Emm = L/TdM/mm**a + 1/B<r’>>mm"*b (5)

Zinc has five stable isotopes of mass numbers 6468, 68, 70; because of
possible interferences withiNi, ®*Zn is not used. Isotope effects 8&n and°zn
respective t0°®Zn are free of nuclear spin effects. Their meagives a and b.

2 Bjgeleisen J.J. Am. Chem. Sot996 118 pp. 3676 - 3680
2L Euijii T. et al:Phys; Chem. Chem. Phy01, 3, pp. 3125-3129
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Applying equation (5), the difference between clitad and measured effect gives the
nuclear spin effect. oHzn.

--The dimer effectthe exclusively monoisotopic character of dimensio
emitted from an alloyed electrode under a hightgteeoltage, is not fully understood.
It could result from a combination of the fact: tth&teronuclear ions are more fragile
than homonuclear ones, and that there is a strasagéace electric field around the
alloy than around pure CE&

In Nature

-- MeteoritesAll oxides of meteorites have anomalous isotopendbunces ( in
O, Ca, Ti, etc) they are usually assigned to nucpracesses. Thus the Clayton
discovery was first related to nucleosynthesis. Nownsidering later findings it may
be better explained by mass independent effecighpéical chemical origin than by
nucleosynthesis. One of the reasons is that ther lavolves mixing oxygen from two
separate sources, where physical chemical exch@uggres only oneSome authors
question as well nuclear interpretations of otleEgesvations on meteorites

-- On terrestrial sampleMechanisms of mass independent isotope effect have
been investigated for nearly 20 years, especiallpzone formation. No other effect
has yet been reported that is notfine due to reactions occurring initially in the
atmosphere or stratosphere.

Outstanding work has been accomplished by seveeahs, and progresses
achieved are reviewed by several authé)’,s(f%. However explanations do not meet
yet complete consensus. Those based on consideratio differences of reaction
probabilities due to differences in symmetry of misotopic and substituted molecules
proved finally unable to explain observations gitatively. In the latest theoretical
treatment 7, the principal factor affecting the enrichmersgsai deviation from the
statistical density of states of the ozone isotogoitself which differs for vibrationally
excited symmetric (XYX) as compared with asymmefX¥'Z) ozone molecules. Rate
constants, in ozone formation reactions, usingghty modified kinetic theory, and
isotope enrichments, calculated from this startipgint, very well agree with
experiment. However adjustment of a parameter ¢essary. A theory, based on the
fact that the differential reaction cross sectionsld be different for distinguishable
and indistinguishable isotopes, in molecules, agedso with experimental results, but
also requires adjustment of a parameter. Compax$dheories is underway by the
authors of the lattefY)

22 Joyes PPersonnal communication
% \Weston RChem. Review4999 99, pp.2115-2136
Thiemens M. Feciencel999283, pp.341-345, See also xvii
# Gao Y. Q.and Marcus R. Scienc€001293pp.259, 263, Thiemens Nhid. p..226
% Robert Fpersonnal communication
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Benefits of the study of mass independent effects

Let us first recall briefly benefits of the studff mass dependent isotope
effects that have been reaped for more than half a cgntur

--Results from nuclear origiThey provide firmly established informations.
Decay schemes of more than twenty isotopes have beelied and put to use as
geological clocks). lon probe”U and?*®U images of Oklo samples established the
fate of plutonium that had completely decayed ntbam 1.5 billion years ago.

Isotopic analysis of lunar, and later martian sa®plor of samples from
meteorites, enable to evaluate exposure times &y s0nd, to build nucleogenesis
schemes, etc..

--Effects of physical chemical origin Mass dependent isotope effects provide
data on a number of subjects in nature. The lepsritaint are not data on the evolution
of climates obtained by isotopic analysis of coresm polar ice caps, or
paleotemperatures from carbonates.

Benefits of non mass dependent effébtey provide unique information on
atmospheric and stratospheric gases, not only @milch studied ozone problem, see
(viii).

--For instance, at an altitude around 30 km,,Q@ssesses a large mass
independent isotopic composition. TR0 of CQ, provides an ideal tracer of
atmospheric - stratospheric mixing.

--The recent study of archean sulfides comes irfficoation of the view that
studies of non mass dependent effects are of cemadile potential interest for
geochemistry. The first authors studying sulfutage abundance in the formation of
archean pyrites, found a range &6 for %S, greater in archean pyrites than in
magmatic HS (¢”.). They concluded that instead 03 bacterial reduction of oceanic
sulfates had produced, even 3.4 billion years #gosulfur for pyrites. Later the work
by Farquhar that revealed mass independent effectoth®*s and*®s, @), ruled out
that mechanism, because bacterial action can ramt te such mass independent
effects, and disqualified that proof of existenEbacteria.

--The influence of nuclear spins on the behavioisofopes of odd and even
mass humber has been amply examplified. And theryhaf isotope effects has gained
in sophistication, by taking into account the iefice of nuclear size and shape.

-- Finally, the study of non mass dependent efféetsl to refinements of
reaction rates theories when calculating effectsiolecular symmetry changes due to
isotope substitutions..

Conclusion
-- Much work is still required before non mass degent phenomena are well
understood

%6 Roth. E., Poty B.( edsuclear Methods of datind989Kluwer, Method. Nucl. de Datatioh985
Masson

2" Ohmoto H.et a1993Science262pp.555 — 557
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-- Considering the wealth of information that noass dependent effects may
furnish, at least laboratories engaged in isotagmigemistry should be encouraged to
analyse all the isotopes of elements under studgeé&ally work on atmospheric and
stratospheric phenomena should continue.

--It might be worthwhile to investigate odd/everfeefs with the purpose of
finding a large effect for production of isotopdsodd mass number. These isotopes, e.
g. *®Ca , could be used as spikes for medical diagrmdtiecause, using NMR, they
could be followed in vivo and in situ, even whetutéid by physiological processes;
but their natural abundance being very low theytrfitst be enriched. Up to now no
method does it economically.

--To allow inter laboratory comparisons, laborategference materials should
be accurately characterized with respect to intemnal standards, ands carefully
calculated.
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ABSTRACT. As part of a systematic study of the modes of isiciu of organic guests in
cyclodextrins in the solid state, some observatians presented which indicate the
possibility of predicting inclusion complex strucdurom X-ray powder diffraction patterns
alone. However, the occurrence of 'unusual' modlegiest inclusion, sometimes associated
with novel crystal packing arrangements, emphadiseslimitations of this approach to
structure prediction.

INTRODUCTION

This paper addresses aspects of solid-state mddeslusion of organic guest
molecules in native cyclodextrinsi-( - and y-cyclodextrin, containing 6, 7 and 8 D-
glucopyranoside residues respectively) as wellhasome of their common methylated
derivatives (e.g. heptakis(2,3,6-tri-O-meth§dyclodextrin or TRIMEB). Such hosts are
commonly used to complex drug substances in omegnhance their solubility and
chemical stability. Extensive research on cyclodextrin (CD) inclugias indicated that a
prerequisite for formation of a stable inclusiomgdex is tight fitting of the guest in the
hydrophobic host cavity and that this is determieedentially by geometric and steric
factors? Small guest molecules containing, for example, lastituted benzene ring are
common complexing partners with andf3-CD hosts owing to compatibility between their
volumes and those of the respective host CD caviiach guests are also known to form
complexes by inclusion in the larger cavityyo€D, but the fit is a much looser one as
indicated by molecular modelling and confirmed byaX crystallographic analysis.
Prediction of the mode of inclusion of a given dguesa given CD molecule requires
consideration of other factors in addition to tlitsize compatibility. For example,
regioselectivity of inclusion, referring to the snof a guest ‘head-first’ or ‘tail-first’ into
the CD cavity, depends to some extent also on thatignment of host and guest
molecular dipole moments. Lipkowitz has recentlywieeed the applications of
computational methods to the prediction of inclasitodes of guests in CDgointing out
that while many studies have been successful, Cleames are deceptively simple and
that molecular modelling is hampered by the langmlmer of internal degrees of freedom
associated with the inclusion process. This is@albpethe case if induced-fit mechanisms
are postulated. A critical summary of tlatus quo by Lipkowitz highlights the
inadequacies of many modelling studies in theirssian of solvent (either as discrete
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molecules or as a continuum) or their reliance amputed energies of single minimized
structures for comparison with experimental freergies. At the same time, it is
emphasized that new developments in computatiardiare and software together with
their responsible application should improve thecsss rate in predicting modes of guest
inclusion in CDs.

Our interest has focused on the mode of inclusiodreg guests in solid CD
inclusion complexes since these species have hesoga as candidates for incorporation
into solid drug dosage forms. Recent examples afy dyuests investigated include
cyclizine? acetaminopheh,and (S)-naproxeh.Complete structural elucidation of such
complexes by X-ray analysis has been a primary igoaur laboratory, not only for the
purpose of providing unequivocal structural chamdzation of species intended for
medicinal application, but also to contribute newsights as regards complex formation.
Harata has recently reviewed crystallographic studif cyclodextrins and their inclusion
complexe<. He has emphasised the importance of X-ray difracis the primary source
of detailed information regarding the nature ofgjueclusion. We have followed Harata's
recommendation that in order to gain a better wtaleding of complex formation,
emphasis should be placed on the systematic doggtgbhic investigation of as many new
inclusion complexes as possible.

This paper is divided into two parts. The firsiates to a previous study which
described the systematic classification of CD isicn complexes into isostructural
families, based on close similarities in powdera)-diffraction (PXRD) patterns for the
members of such a serfe€xamples are presented here showing that witHectsel
isostructural families there may be common featassociated with the guest inclusion
which can be quantified by simple geometrical patans. The point that emerges is that
for a newly prepared complex containing an analsgpuest, it might thus be possible to
make a more informed prediction of the mode ofusicn using information from the
PXRD pattern only. In the second part of this papestances of guest inclusion are
described which suggest that predicting the modgueét inclusion is in general a difficult
problem. Examples are described where X-ray straictiudies reveal unusual modes of
guest inclusion arising from an unexpected factmhsas direct participation of water
molecules in the host-guest binding or a speciairgdrical feature of the guest molecule
which results in unusual host-guest stoichiometry.

Crystal isostructurality and trends in guest inclios modes
A recent studf/described a survey of crystal structures of pa@ds and their

inclusion complexes lodged in the Cambridge StratDatabase The single crystal data
retrieved from the Database were used to compufRCPpatterns for parent CDs (both
native and O-methylated), as well as their inclusiomplexes with organic guests. Visual
comparison of the computed patterns enabled thaitersatic classification into 17
isostructural series, each corresponding to afsebraplexes with nearly equal unit cell
dimensions, identical space groups and close gumelence of atomic co-ordinates of
common CD atoms. Details for two of these seriesyhich the guests contain substituted
benzene rings, are listed in Table 1. A specifastisictural series is characterized by
remarkably similar PXRD patterns for its membetswas consequently possible to
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generate an ‘average’ or ‘reference’ PXRD patterrefich of the 17 series. The utility of
these reference patterns was illustfated demonstrating how visual matching of the
PXRD patterns of putative CD inclusion complexeseffpred by kneading and co-
precipitation techniques) with the references ¢edrtequivocal proof of inclusion complex
formation. This method of definitive characteriaatiof CD inclusion complexes was
recommended for routine use owing to the easecofdang a PXRD pattern.

The purpose of the above study was a pragmatic ramagly to exploit the
isostructurality of known CD inclusion complexesespin order to identify new species as
genuine inclusion complexes. Little reference waslento the detailed modes of guest
inclusion in the various isostructural series. diswhowever, pointed out that the procedure
yielded also crystal unit cell data and space gnoigsmation. The significance of knowing
the cell data and space group is that these pasr@table an accurate reconstruction of
the crystalline host ‘scaffolding’ which accommaaatthe guest molecules and hence
reveal channels or cavities with well-defined tagyl which could be used to model guest
inclusion in the solid state. This point is notadissed further in the present report but
instead we draw attention to similarities of guestusion modes associated with their
isostructurality in the solid-state. This is desed for the two series listed in Table 1.

Table 1
Cell data and geometrical parameters for inclugidwo isostructural series

Isostructural series 4% Host: a-CD Complex space group: P2;2;

Guest a(A) bA [c@ Enteringgroup  [¢(®) [d(A)
p-hydroxybenzoic acid 13.356| 15.342 24.896 -COOH 883/-1.3
p-nitrophenol 13.455 | 15.296| 24.740 -NO 806 |[-14
p-iodophenol 13.477 | 15.373| 24573 -l 81.3 -1.2
2-fluoro-4-nitrophenol 13.431| 15.299] 24.780 -NO 80.8 |-1.3
p-iodoaniline 13.681 | 15475| 24569 -l 89.0 -14
Isostructural series 15 Host: TRIMEB Complex space group: P22,2;

p-iodophenol 14997 | 21.368| 28.208 -l 58.0 -2.2
(R)-flurbiprofen 15.092 | 21.714| 28.269| 3 63.7 |-0.6
4-biphenylacetic acid 14.890| 21.407 28.54D ¢HL 65.0 |-0.6
(S)-ibuprofen 15.232 | 21.327| 27597 -2EH(CHy), 69.1 |-3.7
(S)-naproxen 15.179| 21.407] 27.670 -QCH 67.4 |-1.9

The two parameterg and d are defined here with respect to the mean plane
through the six{-CD) or seven{-CD, TRIMEB) glycosidic oxygen atoms linking the
glucose units in the host molecules (Fig.1). Tt fiarameter refers to the angle between
this plane and the plane of the guest phenyl rihdevthe second is the distance from the
glycosidic oxygen atom plane to the center of dgyawf the guest phenyl ring. The
parameted is a measure of the depth of guest phenyl ringtpation into the CD cavity
and is positive if the center of gravity of the pylering lies above the glycosidic oxygen
atom plane toward the primary side of the macrecycl

As shown in Table 1, for one seriesofCD inclusion complexes, the angte
spans a fairly narrow range of 80.6-891idicating a preference for the guest phenyl ring
plane to parallel the pseudo-sixfold axis of thethas far as possible. As pointed out by
Harata’ the diameter and depth of theCD cavity (~5A and ~8A respectively) are ideally
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Fig.1 The geometrical parameters ¢ and d describing inclusion of a guest phenyl ring in TRIMEB.
Theleft view is along the normal to the plane of the seven O atoms defining the reference plane.

suited to accommodate a benzene ring in this atient The centre of gravity of the
phenyl ring invariably lies towards the secondade ©f the hostd < 0) andd is fairly
constant in this series despite some variatiotnase substituents which enter the cavity
‘head-first’. In contrast, in the series of TRIMEBmplexes listedp lies in the range 58.0-
69.1°. This is again a fairly narrow angular range desgery significant variations in guest
chemical structure and the nature of the enteriogpg The latter does however affect
parameted significantly. This parameter is close to zeroyamhen the entering group is -
CeHs. The host TRIMEB with its larger cavity size tharCD is thus seen to allow
significant tilting of the included phenyl ring. kaddition, isostructurality in the above
series of complexes is maintained even though feagensiderable variation in the guest
molecular bulk which protrudes from the host seeongide. The paucity of structural data
for complexes in these isostructural series (Tdblallows no more than indications of
trends for guest inclusion. More crystal structufeterminations are desirable for
establishing firmer rules which could be used irpradictive fashion. Nevertheless,
consideration of geometrical trends such as thaledted above may be useful and should
be taken into account when attempting to prediet ifode of guest inclusion using
analogies based on isostructurality (i.e. using tré PXRD pattern of the complex).

An obvious limitation to the use of diffraction rhetls for predicting inclusion
modes arises when the complex is amorphous. Watheceported the characterisation of
an inclusion complex formed between a novel lausateof the bronchodilator albuterol
(salbutamol) and hydroxyprop@-CD (HPBCD)™® Due to their random degrees of
substitution, CDs of this type generally do notnfocrystalline inclusion complexes.
Inclusion of albuterol laurate within the cavity af CD was found to be feasible by
molecular modelling studies and the formation ofsaid HPBCD complex was
subsequently proven by a combination of technignelsiding thermal analysis and IR
spectroscopy. Details of the mode of inclusion laogyever, unknown.

'‘Unusual' modes of guest inclusion

Although it may be possible to derive predictivde’s’ of guest inclusion modes
from trends observed for isostructural CD complexegh rules can only be seen as
guidelines. Various factors may intervene to predac 'novel' inclusion mode (e.g.
unforeseen participation of water molecules initiofusion process). For new complexes
whose PXRD patterns cannot be matched with thosestablished isostructural series,
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prediction of the mode of guest inclusion is reedenore difficult and full X-ray analysis
is necessary to settle the question. Examplestindadegories are described here. The first
example refers to the intervention of a water mdie@s a bridge linking the host to an
organic guest molecule. Water molecules are uloigsitin crystalline cyclodextrin
inclusion complexes of the native CDs. Howeversghevater molecules are generally
located outside the CD cavity and serve mainlyyasdgen bonding bridges between CD
molecules. Methylated CDs and their complexes gédlipearystallize with few or no water
molecules. Harata and co-workers reported thathin penitrophenol complex with
permethylatedi-CD, one water molecule is located within the CRitgawvhere it links the
enterinlg1 guest -OH group to two methoxy O atomghef host via hydrogen bonding
(Fig.2):

Fig.2 Left: Inclusion of p-nitrophenal in permethylated a-CD. Right: inclusion of clofibric acid in
TRIMEB. Isolated circles represent water O atoms and dotted lines hydrogen bonds.

The water molecule plays a pivotal role in detemgjrthe guest inclusion mode in
this case. We recently reported an analogous isituatcurring in the TRIMEB complex
of clofibric acid [2-(4-chlorophenoxy)-2-methylprapoic acidf> This complex is
isostructural with the TRIMEB-menthol complExWe expected to find the more
hydrophobic chlorophenyl residue inserting into taity and the hydrophilic -COOH
group projecting from the host secondary side.c@tents for this are e.g. the TRIMEB
complexes of ibuproféfand naproxetwhere the -COOH group lies outside the secondary
side of the CD molecule). Instead, for clofibrigdamclusion, the -COOH group enters
'head-first', each oxygen being hydrogen bonded teater molecule which in turn is
hydrogen bonded to a primary methoxy O atom ohthst (Fig.2). These examples clearly
vindicate the remarks of Lipkowitzegarding the need to include water in molecular
modelling of guest inclusion in cyclodextrins.

Unusual modes of inclusion may be associated wifpiGal host-guest
stoichiometries arising from a special featurehef guest molecule. We recently reported
the X-ray structure of ap-CD complex with cyclizine (1-diphenylmethyl-4-
methylpiperazine, Fig.3a) which has a 4:3 hostig(itS) ratid’ instead of the usual 1:1
ratio observed fop-CD complexes. PXRD showed that this complex didoetong to an
established isostructural series and it was therefecessary to determine the guest
inclusion mode by full X-ray analysis. A possibkplanation for a 4:3 H:G ratio is guest
disorder with guest sites being partially occupiedthe crystal. However, th@-CD
complex with cyclizine is ordered and the guestssire fully occupied. The structure is
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based on two crystallographically distingtCD dimers, one of which contains two
cyclizine molecules and the other only one, thumacting for the 4:3 ratio. The guest
molecule is bulky and cannot be completely encapedl within thep-CD cavity.
Invariably it is the methylpiperazine ring whiclrsants into the cavity leaving the bulky
diphenylmethyl residue protruding from the macrdeyGuest entry from both the primary
and secondary sides characterize#@D dimer containing two cyclizine molecules. The
second host dimer contains only one cyclizine mddéeavhich enters from the more
favourable secondary side, leaving the o@D cavity empty, a most unusual structural
feature. We have rationalised the formation of th& system on the basis of the known
strong tendency fgB-CD to form head-to-tail dimers in complexation amwhcluded that
the resultant structure represents a compromiseebat an attempt to maintain a
guest:cavity ratio as close to 1:1 as possiblettemdequirement of a stable crystal structure
with the highest possible packing efficiedfcgyclizine also forms a stable inclusion
complex withy-CD in which the H:G ratio is 3:1. The crystal stire has been elucidated
despite the tendency fg¥CD complexes to be disorderedhis structure is tetragonal,
space group P42, which is characteristic of all knowpCD inclusion complexes.
Because the fourfold rotation axis coincides with thannel axis of the stackedD
molecules, an included guest is invariably dis@deamless it possesses inherent fourfold
symmetry (e.g. 12-crown-4). TheCD complex structure was resolved by identifyihg t
two N atoms of the methylpiperazine ring on therfidd axis. Subsequent refienement
enabled the placement of the phenyl rings in aangement consistent with the space group
requirements. This represents a unique instansaagkessful crystallographic modelling of
guest inclusion in-CD.* The mode of inclusion of cyclizine can be ratise using a
similar argument to that used to explain the foiomaof its3-CD complex.

Prediction of the mode of inclusion in a CD of eg&aor moderately large guest
molecule is rendered difficult by the many possibdégrees of guest conformational
freedom. In solution, reaction of such a guest With molecules could yield one or more
complex species with large H:G ratios associateth wncapsulation of various guest
hydrophobic residues in different host moleculeswelver, crystallization might favour
one of the more common arrangemé&nitstcing the guest to fold into an unexpected
conformation which can be fully encapsulated witkig. ap-CD dimer. We recently
elucidated the structure of such a complex in witehguest molecule consists of three
rigid residues linked via four principal torsiontglgrees of freedoff Initially, from PXRD
it was deduced that this complex belonged to astiegiisostructural series in whihCD
forms head-to-tail dimers, but it was difficult teconcile the complexity of the guest
molecule with this host arrangement. Full X-raylgsia subsequently revealed that in the
complex, the guest adopts an unexpected U-shapedbriemtion, stabilised by
intramolecularmillit interactions between the terminal residues, anthi;yway is fully
accommodated within tH&CD dimer.

As a final illustration of sources of unusual modéguest inclusion, we refer to
complexes of acid salts, specifically those of lalkeetal salts of non-steroidal anti-
inflammatory drugs (e.g. diclofenac, meclofenans aniflumic acid, Fig.3b,c,d). The
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presence of metal ions and a carboxylate group masg profound effects on the guest
inclusion mode compared with the situation invavthe neutral guest. In cases we have
investigated, such complexes are not isostructidl known series but instead have
unique packing arrangements. For example, in tbiefdhac sodium complex witp-
CD,* strong hydrogen bonding between the carboxylatepyand an oxygen atom Bf
CD anchors the phenylacetate group to the hoseitid sodium ions link adjacepiCD
molecules by co-ordination to their respective @wyglonor atoms. This results in a
complex crystalline structure with no precedent irtlusion of the anion of niflumic acid
in B-CD has recently been investigated, both in salutiad in the solid stat.High-
resolution nmr data revealed that the guest triflon@thylphenyl residue is included in the
host cavity, but no preference for entry from thienpry or the secondary side could be
discerned. The crystal structure of €D complex with caesium niflumate shows that
eachB-CD cavity is simultaneously occupied by two ticifamethylphenyl groups, one by
guest entry from the primary side and the otheglgst entry from the secondary side.
This novel mode of inclusion is associated wittesslcommon H:G ratio of 1:2 and a
hitherto unknown crystal packing arrangement.

CH3

N

o &b B o

Fig.3 Chemical structures of cyclizine, and alkali metal salts of diclofenac,
meclofenamic acid and niflumic acid.

Concluding remarks

Our studies on the isostructurality of CD inclusioomplexes suggest that certain
geometrical regularities of guest inclusion maydssociated with specific isostructural
series. This was illustrated with reference to demgs occurring in two such series.
However a sufficient number of instances of ‘unlisnades of guest inclusion has been
cited to indicate that prediction of the geometinhhast-guest interaction in the crystalline
state in general may be compromised by unforeseor§. This underscores the statement
of Lipkowitz that the cyclodextrins are deceptivsignple moleculed Our studies confirm
the rich variety of structural possibilities theselecules present and with the accumulation
of more X-ray structural data, we expect to encaufirther novel modes of guest
inclusion as well as new crystal packing arrangesaen
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ABSTRACT: We analyse the EPR linewidth in RI(CN)(FHF),, as a function of
temperature. Above 60K the results are interpraged superposition of spin-phonon and
spin-spin relaxation mechanisms.

The dominant contribution to the relaxation raf&,,lhas a dipolar origin in contrast
to the spin-phonon origin observed in KCP(Br). Thiference could arise from different
anisotropy ratios of the transfer integrals. THeié@mce of the inter-chain coupling is also
discussed.

1LINTRODUCTION

Quasi-one-dimensional (Q1D) conductors have redemach interest since the
pioneering work by Krogmann [1] who suggested tmated-valence planar®dmetal
complexes should exhibit 1D-metallic properties.e Thextensive research has been
developed in systems containing square planaectetnoplatinate ion [Pt(CH¥ which
builds along the c axis of the crystal to form afinite platinum atom chain with an
overlap between the Bdplatinum orbitals [2]. The outstanding featuresoatated with
many Q1D molecular complexes are anisotropic phigcoperties, Peierls transition
accompanied by a giant Kohn anomaly and a Frobhelnge density wave (CDW) [3].

Among the Q1D conductors ;Rt(CN), Bro43.2 HO,KCP(Br), is the most
prominent example. The crystal structure consisgarllel linear metal strands with a Pt-
Pt separation of about the same size as in Pt.nTétal Coulombic inter-chain coupling
takes place via the hydrogen bonded network ofnmaddecules. Partial oxidation of the Pt
ions from Pt to PE** results in a partial depletion of the Q1D valebeed which is
characterized by an occupation number of 0.3 holesPt atom [4]'*Pt Mossbauer
experiments suggest that all the Pt atoms are ch#ynequivalent and consequently the
fractional valence charge is delocalized [5].

Unfortunately the platinum chains compounds familhich is very large,
remains far less explored. The investigation oflpesmilar compounds appears as a clue
for understanding the effects of dimensionalityvamious physical properties. Therefore
we will focus on anhydrous RPt (CN), (FHF) 4 ,Rb CP(FHF), for the following reasons:
(i) Despite a smaller inter-chain distanceg fthan in KCP(Br), there is no coupling of
adjacent chains by hydrogen bonding [6], (ii) Tlegree of partial oxidation, (DP0O=0.40)
is much larger than the characteristic one for KOs accounts for a shorter intra-chain
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Pt-Pt separation (d compared with KCP(Br) and implies stronger PtBhding [7].
(i)The presumed linear bifluoride anions (FHFpuld produce a different random
potential along the Pt-chains [8].

EPR spectroscopy offers the opportunity to studyntiagnetic interactions and to
obtain informations about the spin-dynamics in QXoAnductors. Earlier EPR
investigations of KCP(Br) have revealed the presesicbound - like hole states
associated with a valence band g¢icharacter [9,10].The temperature and the angular
dependence of the EPR linewidth in the region abt®@K were interpreted as a
superposition of the spin-phonon and spin-spirkagian component in Q1D within the
framework of the mixed-valence model [10].

A theory of soliton formation in KCP(Br) and RbCP{F) within the one-electron
approximation was proposed by us [11].Recently, hage analyzed the temperature
dependence of the EPR linewidth in terms of motipmearrowed hyperfine interaction of
an unpaired spin soliton delocalized over sevdedinpm nuclei [12]. It has been shown
that some of the relaxation and lineshape phenomieserved by NMR in KCP(Br) may
be caused either by spin carrying solitons via Hiypmeinteraction or by spinless solitons
via quadrupolar and chemical shift interactiong.[13

In order to obtain further insight into the meclsamé responsible for the spin
relaxation in Q1D platinum compounds, an EPR ingason of RbCP(FHF) single
crystals was carried out. The results are compaitid the previous reported ones for
KCP(Br) and a discussion of the influence of irtleain coupling is given.

2EXPERIMENTAL

Single crystals of anhydrous RbCP(FHF) were obthibg an electrolytic
procedure [14]. Lustrous metallic gold-colored tadssup to 3-4 mm in length were grown
in this manner. X-ray diffraction analysis confimnthe body-centered tetragonal structure
(space group 14/mcm) [7,8].

EPR measurements were carried out using a Brukband- spectrometer
operating with a Tk, cavity. It is equipped with a helium gas-flow csjat and a home-
built 2-axis goniometer.

The lineshape has been found to be Lorentzian eadyrsymmetric throught the
investigated temperature range and for both otientof the external field B || ¢ and B
¢, where c is the crystal axis of highest eledtrozanductivity). The almost symmetric
shape for small single crystals proves a non-skptkd limited lineshape.In order to
evaluate the EPR-parameters the derivative speetia fitted with the known Lorentzian
lineshape, the fit parameters being the half-walthalf-height (HWHH),0B, of the
corresponding absorbtion line and the resonants Bg. The relaxation rate 1fTwas
calculated frond®B,,, by means of the standard expression [15] .

3.COMPARISON BETWEEN 1D AND 3D CHARACTERISTICS OF RBCP(FHF)
AND KCP(BR)
Apart from KCP(Br), no other platinum chain compdumas been studied by a
variety of complementary techniques. In this paper present an EPR study of
RbCP(FHF) and compare the results with the correlipg ones for KCP(Br). The
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similarities and differences could be understootims of simple changes of the physical
parameters, correlating well with expectations dasechemical arguments.

In the mean-field scenario, the Peierls instabilitgds to a second-orderphase
transition (metal-insulator or semiconducting gtatiethe temperaturerTWhen T<F a
fundamental instability will occcur in the sistefperiodic lattice distorsion (PLD) results
accompanied by a CDW. Also an energy gdp,ll appear in the electronic spectrum at

the Fermi-vector K corresponding to a Fermi energy E hzki /2m,where m is a

effective mass of the charge carriers [4].The Regap gives rise to an activated electrical
conductivity o”(T) along the Pt-chains.At high temperatures the é&ataundistorted and

O'”(T) appears to be rather temperature independent. Etallim conductivity,crm is

shown in Table 1, together with the other releviabt parameters for both RbCP(FHF) and
KCP(BF).

Tablel.
One-dimensional parameters for the Q1D compoun@iEHF) and KCP(Br)
Parameter Unit RbCP(FHF) KCP(Br)
dy A 2.798(7] 2.888(28]
d; A 8.972[7] 9.906(28]
DPO - 0.10[7] 0.30[28]
Tp K 118[28] 400[3]
Ag eV 0.018[28] 0.072[28]
ke (n/dy) 0.80[28] 0.85[28]
E; eV 2.80[28] 3.29[28]
Cmax Q'em’ 1600-2300[24] 300-350[18,29]

In the real Q1D compounds the chains are not cdefplseparated from one
another but are present in a crystal lattice aacktts, therefore, finite transverse electronic
coupling between conducting chains. The 1D fluamatat low temperatures will create
correlated domains over fairly long parts of undedpchains. This introduce a 3D
character into the system which suppresses fliohsgaand leads to a phase transition at
Tsp, Often referred to as the transition temperattirehéch the Peierls instability manifests
itself [3].Introducing a relative electronic traesse coupling constantthe dependence of
Tap onn has been computed by Horowitz et al.[16]

In principle one can determing from the ratio §p /Tp and for smaln the
following expression was derived [16]:

25T /T)
1T, )

The alternative way of deriving comes from work of Soda et al. [17] where,
assuming the electron transport by hopping, the ohthe conductivity perpendicular and
parallel to the c axis is given by:

forn<4(T/Tr) (1)
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with interchain spacing-dand intrachain distancg. d’he interchain coupling may occurs
either through static coulombic coupling or by &tee hopping from chain to chain
depending on the chemical nature of the crystdicéat The results concerning 3D
characteristics are summarized in Table 2.

Table2.
Three-dimensional parameters for RbCP(FHF) and BE§Hte upper and lower parts
relate to the teoretical analysis [16] and condifgtdata [17], respectively.

RbCP(FHF) | KCP(Br)

Too 80 K [24] | 100 K [24]
To/Te 0.004 [24] | 0.007 [18]
n 0.020 [18] | 0.017 [18]
o) /oL — 10* [2]

(d./dy)? 10.28 [18] | 11.77 [18]

n — | 0.003 [18]

The high DPO in RbCP(FHF) will result in a differelegree of band filling and hence
a different value of Eand of the wavelenght of the associated latt&®rmdion compared with
KCP(Br) (Table 1). The much smaller value of thdivation energy determined for
RbCP(FHF) could indicate a weaker electron-phomaplang. As one can see from Table 2,
Tsp for the bifluoride complex will occur at lower tperature than in KCP(Br) because of the
diminished coupling between the adjacent chairRb@P(FHF) g¢is [0,1A less in KCP(Br)
and no hydrogen bonded network of water molecuistsédetween the platinum atom chains.
Thus, the observed lowering ofsplcould confirm the suggestion that Coulombic itesin
coupling is enhanced by the presence of a hydrbgading accros the conducting chains
[18].Because of the lowerd value for RoCP(FHF) there is only a very limitechperature
range available for studying the semiconductoprebelow Fp,

One has to consider the above differences betRb&iP(FHF) and KCP(Br) in
determining the characteristic behaviour of tha dgnamics in Q1D platinum compounds.

4.SPIN RELAXATIONSIN Q1D PLATINUM COMPOUNDS

It is well established that the relative magnitofithe dominant processes causing
spin relaxation, the spin-phonon and the spin-ggieractions, depends strongly on the
dimensionality of the band structure [19,20].One sammarize the theoretical results in
the following way.

The EPR linewidth is in principle a superpositidraspin-phonon and spin-spin
contributions:
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1 1 1
2 2 2

In isotropic metals, the former is caused by the-8ip scattering of conduction
electrons by acoustical phonons, Elliot mechangsrd,the spin resonance is determined by
the electron-phonon scattering rate [21].I1t was al®own that for a given scattering rate as
determined from the transport properties and fgivan spin-orbit coupling, the rate of
spin-flip will be much smaller in 1D metals than3D systems [19].For systems with flat
energy surfaces, it arises from the sharp redustiome-dimension of the forward [kk’)
and backward (KI- k)scatterings. Deviations from this very smiakwidth are allowed by
the introduction of 3D character due to the intaicihopping motions of electrons.

The high anisotropy of the conductivity in Q1D campds has an opposite effect
on the spin-spin dipolar component of the linewidthe effects of dimensionality on
motional narrowing of dipolar broadening were iriggged for magnetic insulators [22]
and organic conductors [19].The result is the falhg: the anisotropy can significantly
increase the dipolar linewidth i.e. 1D narrowing $pin diffusion is much less effective
than 3D spin diffusion having the same correlatiome.

The Q1D nature of platinum chain compounds haggefiie, two opposing
effects on the effective linewidth: reduction otthate of spin-phonon relaxation and
enhancement of the dipolar contribution. Which naeidm dominates the linewidth will
depend on the deviation of the Fermi surface fréemaity and on the magnitude of the
spin-orbit coupling.

In what follows we examine the spin-phonon and -spin relaxation rates in
terms of the discussions given in [10,19].

@3)

4.1 SPIN - PHONON RELAXATION

A strong spin-orbit coupling, as evidenced in plath compounds by the large
anisotropy of g factor [9],contributes to the 3Dinsglaxation through the Elliot
mechanism and the corresponding spin-phonon redaxaite is given by

1 2 1
W = a(Ag) TR 4.)
2
where Ag is the isotropic g - shift, a is a constanthef order of 1 or 30 in 3D metals and
Tr is the 3D scaterring tim&g was evaluated to be of the ordig (A / AE where is the
spin-orbit coupling constant amdE the separation to the nearest band with the same
transformation properties.

In Q1D case one could assume m_g?tcan be expressed [23] by

=] 2t (5.)
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where T is the scattering time which contributes to 1D emtidn along the chains and

V_ and VI are the inter and intra-chain hopping rates, rdisgde If the golden rule

O |

applies [17], then
_2n, |2 _2n|, |?
vD_EﬁJrugy wfﬂthNﬁg (6)
where t; and j are the transverse and longitudinal transfer rategrespectively and N¢§
is the density of states at the Fermi surface. \G@dnlike to mention that due to the highly
anisotropic nature of the*platinum orbitals, the overlap integral in thexisalirection, is
ty much bigger thamt
In terms of the above discussion, Eq. (4) becomes
2

1 tl(a) 4
—— =—a—||—1T 7.
T t (AE) v ()
where
2
VD tD
2=z @8)
Y t

Il Il
can be considered as the reduction factor of thenpeter a due to the one-dimensionality.

The temperature dependenceldl ;”’h is attributed to that otv which can be
derived from the longitudinal conductivity [17]:

2
o=, ©)

where n, e andn” are the density of carriers, the electron chargkthe effective mass,
respectively. In the Peierls regime n is exprebsed

A
n=n, exp{—?j (10.)

where g = 0.4 per Pt-ion corresponds toRbCP(FHF) Aiglthe activation energy.
In the metal-insulator transition regime of KCP(Brvas found thaU”(T) can

be well approximated by an equation given as

OII(T) Il w (11)

Combining Egs. (9) - (11) it results tha\;[ is proportional to T,

The same behaviour holds for RbCP(FHF) in the teatpes range 60 - 100K. A
fit to Eq. (11) of the correspondingI”(T) data [24] results inT_= 4.5 10’ sectk?® /T
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andA= 664 K (CI”max = 2300Q™ cmi* and free electron mass were considered). It dueild

compared with the value of 320" seclK® /T® which was evaluated for KCP(Br) [10].
Therefore, the temperature dependence of the jBospin-phonon contribution

to the Iinewidth,17l';"ph , can be rewritten as:

1

=CT? (12)
s—ph
sz 1

where
t ’ 2
A _

C=a-2||—|@TH™* 13
b (A .

42 SPIN - SPIN RELAXATION
It case of 3D conductors, the spin-spin correlatiorction decays exponentially

1/2
with a correlation timeT and when the conditi0|<Aoo2> T <<1(<A002> is the

second moment of the resonance line) is met, thesHiape is Lorentzian and the
motionally narrowed linewidth is given by [25]

Voo = (87T, a9

Considering 1D systems in which the spin-spin datioe function obeys a diffusion
equation, the narrowing process leads to a nomtzea lineshape with a halfwidth of [22]:

4 2/3 o
V., =(§) (Aw?) T (15)

Since the ratiole/ y3D>>1 (where the samet is considered), the narrowing

mechanism is less effective in 1D than in 3D réwylin the enhacement of the dipolar
contribution to the effective linewidth.

The influence of the inter-chain hopping rate wn has been investigated for
Q1D conductors [19,20]. Depending on the magnitfdeoth Yo and v . ,three different

regimes exist.Appropriate for our investigationsttie casey, / vV, =1 (it will be

justified a posteriori) which leads to a LorentZiaeshape and the spin-spin relaxation rate
expressed by [19]

1
T S-S
2

whereT_=(T_/v_)"?is the effective spin correlation time.

= <Aw2 >TC , (16)
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If the dominant contribution to the dipolar intdian is consideed totake place
only along the Pt-chains and considering an ayiainsetry for the g-tensor, the angular

dependence 06‘sz> reads [10]

2 2

2 2
o _1S6+D(29, %95 , 6| 53 _
<Aoo >_% 3 5 B Zrij 3g—2coszv 1|, @7

where
9° :gﬁcoszv+gzIj sin®v (18)

S is the spin of the magnetic ionsare the vectors connecting spins i and j anid the
angle between the chain axis ¢ and the magnditic fie
Within the framework of the mixed valence model wehé¢hermally excited
carriers through a finite energy gap contributethtomagnetic properties, the temperature
dependence of the mean distance of sgiosuld be written as [10]:
-1

F—l— 04 expA/T
n d|| 1+expEA/T)

with n derived from Eg. 10.
Considering Egs.(16)-(19) ,one arrives at the ¥alg expression for the

temperature dependenceld 25"5

(19)

2

2
g 2
L C, {—”J cody 1| _SXPCAIT) (20)

T g 1+expA/T)
where
202 + g2 2
1 Ss+1p| 49,79, _,| 08_
=z B™| 5T
2 h 3 2 d|| ¢
andT is assumed to be temperature independent.

Finally, the effective relaxation rate as a supsitjgm of the two mechanisms
of relaxation reads

C

(21)

2

2
g .
1 _criic |42 cogyo1| _EXPEAIT) (59
T, ! 2l 0 1+exp(A/T)

5.RESULTSAND DISCUSSIONS

EPR spectra were observed in the 30 - 90 K temperaange and can be
interpreted by an axial-spin Hamiltonian with s@ire 1/2. At the lowest temperatures all
electrons are expected to be in the CDW condesatahés could be the reason of the
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complete vanishing of the electronic paramagnetigtow 30 K. At high temperatures
close to F= 118 K, the EPR signal fades out and its detettecame difficult.

As in the case of KCP(Br) the anisotropic g - fati@s an axial-symmetry
with the major axis parallel to the c-axis. Thenpipal g-values are consistent with those
expected for the 8 - like hole states mixed due to the spin-orbitpting with the
degeneratel, d,, states and are expressed by [26].

g, = 2N” ~3N*(\/ AE)®

9, =2N? +6N(A/AE) -6N*(A/ AE)? (23)

where N is the normalization coefficient of theazerder wave function following spin-
orbit interactionA is the spin-orbit coupling constant anfiE is the energy separation
between g,(dzz) and the degeneratg (€, d,,) states.

The measured g values for RoCP(FHF) together witmtIA / AE parameters
deduced by means of Eq.(23) are given in Tabled3 aompared with corresponding
KCP(Br) data [10].The results show that in both pormds the carriers are holes i d
like states. Since no temperature dependence of ttiactor can be observed in the limits
of experimental accuracy@.002) the energy differenéd is temperature independent. It
could means that the atomic displacements areffeatted by the presence of localized
anharmonic vibration modes, described by a gemethMorse potential [27].

Table3.
Comparison between principal g values, N AWdAE parameters (Eq.(22)) for
Q1D platinum compounds

RbCP(FHF) | KCP(Br)
q) 1.951 1.945
' 2.313 2.341
N 0.99 0.99
M/ AE 0.063 0.068

The temperature dependence of the spin suscdpfigilicould be evaluated from
the corresponding dependence of the EPR integiesity |, as determined by double
integration of spectra. In Fig.1, I¥T) is plotted as a function of 1/T above 60 K. Tihe
of the data to the following equation

texp(—A/T)

| =cons (24)

gives an activation energy @= 305 K. It is smaller than the value obtained from
OH(T) analysis (see Sec.4.1). The reason could be teakxpects the conductivity to

decrease as fast or faster than the spin sustigptigicause any electron that can conduct
can flip its spin but not vice versa. However th&ies of the activation energies should be

treated with some reservation because of the natemperature range of the fits and the
possible sample dependence.
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We would like to mention that the experimentallgetyed trend b decreasing
from KCP(Br) (=501 K) to RbCP(FHF) is a consequence of the incrgd3PO and
decreasing glin this series [24,28].

20 T T T
195 | © N
YA\
yay
5 19k i
&)
= S
T 185¢ -
o)
18 F -
17.5 ' 1 !
10 12 14 16 18

10%T K]

Fig. 1. Temperature dependence of the EPRintegral intensity. The straight line shows the best fit to
Eq.(24). The relative intensity | ;was normalised to theratio g/ g 5in order to comparewith | ;.

With decreasing temperature the EPR linewidth iCR@-HF) decreases rapidly,
goes through a minimum at,#=55K and than starts increasing. Such a behaviasr w
also observed for KCP(Br) wheregyF= 85K [9,10]. A comparison of the linewidths
681/2 as a function of temperature for RbCP(FHF) and @2Hs shown in Fig.2.

As one can see, the temperature range where tbearees are observed for
RbCP(FHF) is narrower than the corresponding on&@P(Br) in accordance with the

previously mentioned difference in the characteri$gp and T values between these
compounds (Sec.3).
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The temperature dependence of the linewidth in IBORgas assumed to arrise
from two competing processes which determine thewlidth minimum: a hole-phonon
collision broadening and a motional narrowing ghtsind low temperatures, respectively [9].

T T T T
600 F O .
A
°
A o
2 400 - .
L0 A
Q A °
[aa]
[4e)
A [ ]
200 A . ° —
S tete’ *
220 00
0 00868$ °© I 1 ]
20 60 100 140 180
T [K]

Fig.2 Comparison of the temperature dependence of the experimental linewidths 681/2 withB|| c(4)

and B /7c (o) for RbCP(FHF) (open symbols) and KCP(Br) (full symboals). The KCP(Br) data were
taken from[9,10]

In the following analysis we restrict ourselvesthie high temperature regime
above 60 K where EPR linewidth could be interpretsda superposition of the
isotropic spin-phonon and anisotropic spin-spiaxation mechanisms as discussed in
Sec.4. The temperature dependence of the effectlagation rate, 1/4 is shown in
Fig.3 for both orientations of the external magnédield. The fits to the data (solid
lines) using Eq.(22) are consistent with the folloegyparameters: G= (250+ 14) set
K® and G= (18.8+0.9) 10sec’. Here we have takef=305K as resulting from the
temperature dependence of the EPR integral injemdiese could be compared with
the corresponding values of 8003é¢° and 5.6 19sec' reported for KCP(Br) [10].

Considering our results and making contact with( B@) and (16), one has to
conclude that the dominant contribution to theuiiokth is of spin-spin origin{85%)
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By using G -value, A / AE shown in Table 3, & 30 appropriate for alkali metals and
T as evaluated before, one gsts / V”: 0.945[10° for the reduction factor due to the

one-dimensionality. We estimate for the effectbagrelation time,T_= (TCTD)” > a
value of 1.610"° sec by means of Eq.(21) ang SinceTc is the correlation time of the

dipolar field acting on an individual spin, one lnbuonsiderrcas the intra-chain hopping

-1/2

time. This leads tdl = (anu) which allows us to determing and v _separately.

Il

The anisotropy ratio of the transfer integrals\a=tifrom Eq.(8) together with the inter and
intra-chain hopping rates as resulting from thevabanalysis are given in Table 4 in
comparison with KCP(Br) values [10] .

/T, [10° sec’]

TK

Fig.3 Temperature dependence of the experimentalréldxation rates with B || &)
and B[ ¢ (o) for RoCP(FHF).The solid lines representdbst fit to Eq.(22)

The finding that the spin-phonon relaxation mectrandoes not dominate the
relaxation rate, as it was the case for KCP(Bryuie surprising. Since the spin orbit
coupling and the scattering times are comparableoifily justification for this difference is
a reduced anisotropy ratio of the transfer intsg[%llt” in RoCP(FHF) (Table 4). It could

arise from two processes.
One might immediately think of a smaller-tvalue because there is no coupling
of adjacent Pt-chains by hydrogen bonded netwrkater molecules. A weaker interchain

interaction in RbCP(FHF) than in KCP(Br) shouldufesn a smaller hopping rate) ,
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and exactly such a behaviour can be seen from Bafleis will not only reduce the spin-
phonon interaction but will increase the dipolantcilbution. Next one has to consider
that the shorteryTable 1) implies a stronger Pt-Pt bonding whictid increase

Undoubtedly, our results are in agreement with ttreoretical model of the
linewidth dependence on dimensionality which foaBra/t; precludes the possibility that
the spin-phonon contribution to the relaxation tatbe dominant . The significant increase
of the dipolar linewidth can be related to a higlisotropy in the band structure. It could
imply that the band structure of RbCP(FHF) is mame-dimensional than the
corresponding one for KCP(BFr).

Tabd 4.
Experimentaly determined t t;, voandv) values for RoCP(FHF) and
KCP(Br) as discussed in the text.

RbCP(FHF) | KCP(Br)
£ /4 0.030 0.043
v [sec!] 1.9-108 5.5-108

v [sec™] | 2.1-10" | 3.1-101

We would like to mention that a similar behaviouaswfound in organic
conductors. Here, the spin-relaxation mechanisiiTif - halides and pseudohalides was
shown to have a dipolar origin in contrast to thi@-phonon dominated linewidth in TTF-
TCNQ [19]. The one-dimensionality of TTF-TCNQ istbé same orderdt t; = 0.042) as
that of KCP(Br) [17].

We are ready now for justifying posteriori the conditiony1D /v 5= 1 used to

derive the expression of the motionally narrowepoldir line in the presence of the
interchain coupling Eq.(11). Considering the estédavalue ova (Table 4) one gets

Y, /Y, = 025and 1.4 at60 Kand 90 K, respectively. The ctmdé(sz )>1/2Tc <<1lis
also fulfilled in the measured temperature range.

6. CONCLUSIONS

The spin-relaxation mechanism and the influendbefnter-chain coupling were
investigated by EPR in the anhydrous Q1D compoub@HRFHF) and compared with
KCP(Br). The g factor analysis shows that theiemrare holes in,# like states mixed
with the degeneratgld,, states through the spin-orbit coupling.

EPR linewidth can be measured in the temperatagerbetween 30 and 90K and
goes through a minimum at,§ = 55K The temperature dependence of the effective
relaxation rates, 15lin the high temperature regime above 60K couldrmerstood as a
superposition of the isotropic spin-phonon and aropic spin-spin relaxation
mechanisms. Taking into consideration the expetiahgasults and theoretical analysis,
the dominant contribution to the relaxation rats ¥veand to have a spin-spin origi86 %)
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in contrast to the spin-phonon dominated linewiltiserved in KCP(Br).This difference
between the mechanisms of the relaxation could &osn different anisotropy ratios of the
transfer integralst/ t;, the one-dimensionality of RoCP(FHF) being higifren that of
KCP(Br). A weaker interchain interaction (small@pping rate) due to the absence of
coupling between Pt-chains by hydrogen bonding h€RFHF) will reduce the spin-
phonon interaction and increase the spin-spin iboriton.
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COMPARISON BETWEEN WATER DISTILLATION PROCESSAND
HYDROGEN ISOTOPE EXCHANGE PROCESS FOR DEPLETION
AND ENRICHMENT OF TRITIUM IN LIGHT WATER
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" |sotope Science Laboratory 1198 Issiki, Hayama, Kanagawa-ken 240-0111, Japan
Dept. of Environmental Chemistry and Engineering, Tokyo I ngtitute of Technology,
4259 Nagatsuda, Midori-ku, Yokohama 226-8502, Japan

ABSTRACT. The dimensions of typical tritum separation psses, water distillation
process and the hydrogen-isotope exchange proda#sshydrophobic Pt-catalyst, were
evaluated numerically for the recovery of tritiumorh wastewater generated by the
decommissioning of Magnox reactor. Both the coluiimmeter and the column height
required for the hydrogen-isotope exchange prosess much smaller than these for the
water distillation process. The application of login-isotope exchange process to the
treatment of the tritiated wastewater is effectioe not only the reduction of process
dimensions but also the depression of energy cqptiam

1. Introduction

When a 165-MWe Magnox reactor is decommissionddrgee amount of tritiated
wastewater is generated by cutting the concreteransteel structure of reactdr Then,
the quantity of tritiated wastewater and the conbdéritium in the wastewater are given
as 7600 rhand 2.2<10" Bq, respectively?). If tritium is recovered by operating an
appropriate separation process for 5 yrs and tieenperating time of separation process
per year is given as 8000 hly, the waste water flte, F, and the tritium concentration
of the waste waterx are evaluated as

_ 7600<10°kg 1

= =10.56kmol /h
5y x800th/y 18kg /kmol (1-1)
1 -10 ~~3 H
Xp = (22x107Bq)(312x10°m _/C') = 244x107T - atomfraction
(760am®)(3.7x10'°Bq/ Ci)

(1-2)

respectively. In this study, typical separationgesses, the water distillation process and
the hydrogen-isotope exchange process using Rissttaere applied for the recovery
of tritum in the wastewater. The dimensions ofstheprocesses were evaluated
numerically under the following same initial cornalits,
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- tritium concentration of T-enriched waste watgy= 10 = 2.44x 10° T-atom fraction
- tritium concentration of T-depleted waste wates < 1X 104 T-atom fraction.

Namely, the ratio of (/ x5) = 10 and that of (s / x¢) < ( 10™) / ( 2.44X

10™) = 0.041. When tritium concentration of the wastater % is less than I¢
T-atom fraction, the wastewater is dischargeai&ztly to the atmosphere. When either
the water distillation process or the hydrogendpetexchange process is applied for the
recovery of tritium from the wastewater, it is nesa&ry to remove the impurities in the
wastewater as a pretreatment of the wastewatehidrstudy, the process dimensions
will be evaluated for the wastewater without imges.

2. |sotope Separation factors
Two isotope exchange reactions between hydrogénraium,
H,0(g9)+HT(9) -~ HTO(g)+H,(9) (2-1)
H,O(l) + HTO(g) -~ HTO(l) + H,0(9g) (2-2)
have to be considered for the numerical evaluatbrproposed processes. In the
previous paper$®, the isotope separation factor for Reaction (266, ", is given as

o < IHTOOMHO 205001279+ 395 106y (23
' R20@iHT(g) | PORORINN AT g T0s (29
and that for Reaction (2-2j '™,
[HTqI)] [H O(g)] HZO_eXp{ 0.00791- 47'98+ 23122

ot (2-4)

i [H,O(0] [HTO@)] Piro t+273 (t+273

where t denotes Celsius temperature. From Eqgs.&2@®)2-4), the separation factors of

ay'Tand o' can be calculated as the function of temperature.

3. Water digtillation process

Fig.3-1 shows the schematic description of water diskillatprocess. Tritium is
enriched at the bottom of column. The separatierfopmance of tritium in water
distillation column was described mathematicallytia previous papét The ratios of
tritium fraction between bottom and feedy/k¢) and that between top and feedy/k¥),
are given as

Xo | _ (PIV)+(Q-a)

Xe ) (PIV)+(@-a)(a/p)"™ (3-1)
[)(D J _ (@/)a@-1y)+(@ly)"" (-a) (3-2)

Xe (a'l/}/)Na'l(l—l/y')+(0’1/}/)(1—0'1)

respectively.
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In the conditions that
Condenser the process is operated at
T 70°C, the separation factors
D(1) (R+1) are calculated as
H/T
Xy (= %p) (Ls/ D=R) X Vs =1.062
N and
Ls , stripping a, =1/al’T =1/1.062=0.942
Hp T Y1 1 section
v X, As shown in Eq.(1-2), the
F ] x4 ym atom fraction of tritium in
XF ix the feed solution is estimated
T v M as % = 2.44x10". When
leXZ ty, Enriching  the overall separation factor
¢ " section for the enrichment of tritium
1 is given aslf) the atom

'y fraction of tritium in the
production and the fraction
ratio of (% /Xg) are given as

Xp= 2.44X10° and 0.041,

(R+1) | (R=V/ P)

still
P22 respectively, from the mass
Xo Heg T ox0) balance equations of tritium,
o =Xp

Fxe=Px+Dxp and F=P+D.
Therefore, the molar flow
Fig. 3-1Schematic description of water distillation column rates of product water and
stripped water are calculated
as

p=F e~ X0) - 1056x(050x10%) =1.013x0° kmol/h
(Xp=Xp)

D=F-P=1056-1.013x10° =10559 kmol/h
The molar ratio of the production flow to the vajflow, (P/V), is given as

P
PIv)= D(1+R))

where R’ denotes the reflux ratio at the top ofiliégion column. The molar ratio of the
production flow to the depletion flow is describesl

1-(Xp/Xg)
(Xp/xg) -1
from the overall mass balance equation of tritietnem (> /xg)=0.041 and (pdxF)=104,

(P/D) =

1-0041 1
- (0591x10°%)—

T a0y R @)
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As shown in Appendix (A), the reflux ratio at thogtof the distillation column,
R’, has to be given as more than 23.@ble 3-1 shows the relations among the reflux
ratio (R’), the number of theoretical plates of grgiching section (M), the vapor flow
rate (V) and the measure of process dimension (Ma¥ijch were calculated from
EqQ.(3-1). The optimum reflux ratio, R’, and theiopim number of theoretical plates of
the enriching section, M, are evaluated as 24 &0 respectively. Then, the number of
theoretical plates of the stripping section, Ngiigen as 111 from Eq.(3-2) substituting

y’, which was calculated by the relationyo= L/ V = (D*R’) / [D(R'+1)].
When a commercial

pack-ing, Sulzer Pack- Table3-1 The relations among the reflux ratio (R’), thener
ing, was used in the of theoretical plates of the enriching section (g vapor flow

distillation column, the rate (V) and the measure of process dimension (M-V)
HETP of distilltion

column was reported to R'[-] 24 25 26

be 0.1m at the operat- M -1 170 169 168

ing conditions that the

column temperature is V [kmol/h] 264 - 275 285 -
70°C and the linear M [kmol/h] 440x10 | a65x10 *| 470x10
velocity of vapor is 1.0

m/s (op.c)®. There- Table3-2 Summary of water distillation process
fore, the heights of the

enriching section and Operating 70 C Remarks

the Stripping section are temperature

evaluated as 17m and | vapor pressure 233.7 mmHg

11.1m, respectively. As

shown in Appendix ~HIT 1.062

(B), the cross-sectional

area of the distillaion No.of Theor .. Plates

column, A, is calcu- M 170

lated as 2.06 frin the N 111

conditions ofr=233.7 (M+N) 281

mmHg and V=264 : _
kmol/h. as shown in H=(0.1)(M+N) [m] | 28.1 HETP=0.1m
Ref. (5). Thus, the col- u[m /s (op.c.)] 1.0

umn diameter, Di, is F [kmol / h] 10.56

given as 1.62 m.. As the V/F 25.0

latent heat of evapora-

tion, L, is given as V[krf“’l/h] 264 .

1.0x1d kcal/kmol at Alm’] 2.06 Appendix(B)
70°C, the energy con- D. [m] 1.62 Appendix(B)
sumption for the phase Cev [kw] 3062 Appendix(B)

conversion between lig-
uid and vapor, &, is calculated as 3062 kW from the relation gf0v-L/860 (1kw=860
kcal/h). The operating conditions and the calcatatresults were summarized in
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Table3-2.
4. Hydrogen isotope exchange process

4-1 Separation system

Zp Np xn N
- A
W N Exﬁﬂ
\ 4 |
— 4 scrubbing bed :
e
N | eyt bed | g bedy |
N I |
NW G AG i W : (n+1yP
4L‘ i n+l : unit
2V |
il e atalyst bed
F N ;, A ¥ T : ‘I
NIELTN Bvivd _x'g i 5 :X?
T‘ ¢ \ 4 i i
| Scrubbing bed | ?
%  Scrubbingbed |
N.  Ng _Nlé : ) : .
? i o : unit
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Fig.4-1 Schematic description of hydrogen- ~ Fig.4-2 Schematic description of
isotope exchange proces exchange colun

Figures 4-1 and4-2 show the hydrogen-isotope exchange process usiogtalyst,
which consists of an exchange column with Pt-cataynd an electrolyser. It should be
noted that the process does not have a phase tem¢fO,-recombiner at the top of
column. Natural water is fed to the top of thela@ge column and the tritium-depleted
hydrogen gas is discharged to the atmosphere. [€bt@yser plays a role as a phase
converter, in which BD is decomposed electrochemically tpathd Q. The hydrogen
gas obtained is transferred to the bottom of exgbaolumn. The exchange column has
many units, which consists of a packed bed withydrdphobic Pt catalyst and a
scrubbing bed with a commercial packing, Dixon pagkThe hydrophobic Pt-catalyst
is a porous_tylene-avinyloenzene apolymer impregnated with 0.5 wt% Pt (0.5wt%
Pt/SDBC) and is 4 mm in diameter. Tritium is ti@nsed from HB(g) to HO(l) in the
exchange column. The overall exchange reactiogdibigen isotope can be described as
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HT(9) + H,O(I) ~ H,(9) + HTO(I) (4-1)
The hydrogen-isotope exchange reaction betwegn) ldnd HO (v),

HT(9) + H,O(v) - H,(9) + HTO(v) (4-2)
takes place in the Pt-catalyst bed and that betig@n(l) and HO (v),

HTO(v) + H,O(I) « H,O(v) + HTO(!) (4-3)

in the scrubbing bed. Tritium is enriched at th&dra of exchange column.

4-2 Numerical calculation of hydrogen-isotope exchange process

In the n-th unit, the exchange efficieney; of Pt-catalyst bed and the scrubbing

efficiency n, of scrubbing bed are defined as

D e PR (b

and X =) C O (4-4)
respectively, where the suffix, e, denotes equilibr As seen in Figs.4-1 and 4-2, the
relationships among™xy" and #' are obtained as follows,

s

Xp = AX;, + By,

Xp =Cx_y + Dynly

yY =Ez" +Fx (4-5)
2%, =Gz +HxY

n+l

where the coefficients of A to H are defined asofeb,

A=1- agnc B= nc — agygnc D=1- er]C E= nb
dg+V Ug*Yy ' agty, Og+Yy "~ Ay =y,
2
F=@-n,)-—2b_ g=_O ancH = —2ahalls.
Ay = VYiMy a; —YiNy a; = YN,

Eqs.(4-5) are transformed to the following finiietence equation concerning.x
Ho+rxt =0 (4-6)

n+l

H
n+3

X ez
where, the coeficients of p, g and r deonte as-{ A+ DF + G ), q = (ADF — BDF +
AG + DFG + DEH ) andr=(BC — AD )(FG — EH ). Thkelution of Eq.(4-6) is given as

follows,

+pX +qX

X:I = Ky0; +K,05 +Ksg; (n=0) (4-7)

where, g, & and g denote the real roots of the following charactirisquation,
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gpg+qg+r=0 (4-8)
K1, K> and K mean constants to determine the boundary conditgfrown in the

Section 4-3. By Combining Eqgs.(4-5) with Eq.(4-the atom fractions of tritium in
hydrogen gas, water vapor and water are given as

3
=1

XY =Y KIC + 2 (@, - Alg)!

| ) (4-9)
3
_ 0 -A n
Yo —Z:l:KI( =l (n=0) (4-10)
3 .
W _ Ki _ o o n-1
zy = ;E{(gi A)g; - F[BC +D(g; -~ A)l}g] (e1) (4-11)

The concentration profiles of tritium in hydrogeasg water vapor and water of the
stripping section of the multiunit hydrogen isotagpechange column are calculated by

Egs.(4-7) to (4-11). Similarly, these of the enimchsection are calculated by the
following equations,

S VTN

(4-12)
—-w S — D~ — . -n1
Xn = K[C+=(g —A .
le [C+5O Mg oy (4-13)
W &0, A -n
n =) K= i
’ le TP (®0) (4-14)
2 =3 K g, -Ri. ~FiBC + D, - g
n £ ﬁ i i i i (4_15)
where the bars on these symbols denote the engiskiction.
4-3. Boundary conditionsfor calculation
The boundary conditions for the exchange columiRigi4-1 were given as
(1) Zg (N, +Ng) =N, +XgNg (4-16)
(2 2" =V +a-y)ayy (4-17)
(3) Xo = U ag)z, (4-18)

for the enriching section and
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(4)
()
(6)
()
(8)

Xy =Xy (4-19)

Yo =Ym (4-20)

ZVNY +z N =2 (NY +N,) (4-21)
Xe =20, (4-22)

Zyy (N =2, IN, +y{ IN§ (4-23)

for the stripping section. Then, the separatiatdiaof tritium in the water electrolysis,
ag,is5.6 at 3", Thevalues oK, K,, K, K,, K,and K ,are calculated by
way of the above boundary conditions and Eqs.(#-44-15).

4-4 Summery of calculation conditions and results

The calculation conditions and results were sunmedrinTable 4-1. The flow
rate of natural water from the top of columm, Nvas assumed as a half of feed rate.
Namely, the molar flow ratio, (NNg), was given as 0.5 instead of the minimum flow
ratio, 0.183, which is required to

Table 4-1 Summery of calculation results

Calculation
Item conditions&results Remarks
Ngkmol/h] 10.56
Z¢[T atom-fraction] 2.44010%5 2.89510° Bg/nt water
Na[kmol/h] 5.26 Assumed as half of feed rate
ZA[T atom-fraction] 2010% Concentration of tritium in natural water
Ng[kmol/h] 15.84
Xg[T atom-fraction] <10 Dischargeable directly to the atmosphere
No[kmol/h] 1.0310°
ZJZ¢ 1mo Enrichment factor of tritium
P[mmHg] 760 Operating preasure
t°C 70 Operating temperature
Ug(H+V)[Nm/s] 0.6 (H+vap.) gas velocity
Nn-] 0.9 Ref.(8)
Nol-] 0.9 Ref.(8)
Hg[m] 0.1 Height of catalyst bed
H,[m] 0.15 Height of scrubbing bed
ng 13.8 No. of unit in enriching section
Ng 7.7 No. of unit in stripping section
Height of enriching section. Height of unif
Helm] 4.14 assgmed as 0.3 m?unit. ’
Hs[m] 231 Height of stripping seption. Height of unit
assumed as 0.3 m/unit
Dem] 0.55 Eq.(4-24)
Veadm] 0.57 Eq.(4-25)
Cei[kw] 1774 Eq.(4-26)
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obtain the enrichment factor of %.0rhe column diameter @), the total volume of
Pt-catalyst (\a) and the energy consumption of electrolysey J@ere evaluated as

(N +N, = Np)@24)(———) [m] (4-24)
DEX - H20

314,
36OODIJQ(H-v-V) (T)

Voo = Hy (g +ng)(DZ,)(314/4) [ (4-25)

Co =Ng 2240k (k =5kwh/Nm® —H,) [kKW] (4-26)
5. Conclusion

Table 5-1 shows the comparison of calculation results betvtee hydrogen-isotope
exchange process and the water distillation prodess found that the diameter and
height of hydrogen-isotope exchange process arehmuowller than those of water
distillation process and the energy consumptioale€rolyser is reduced to about 55%
of that of still of water distillation process. it concluded that the hydrogen-isotope
exchange process is suitable for the treatmenit@téd wastewater generated by the
decommissioning of Magnox reactor.

Table 5-1. Comparison between hydrogen-isotope exchange process and water
distillation process

F or NF [kmol/h] 10.56 Feed flow

XF or ZF [T atom fraction] 2.44%10° Tritium in feed

R’ or ya[-] R’=Lg/D=24 Ya =Na/Ni=0.5 Reflux ratio

D or N [kmol/h] D=10.559 Nr=15.839 Depleted flow

Xp or xg [ T-atom fraction] xp 107 xg 1077 Release to atmosphere

Nj [kmol/h]) 5.28

za [T-atom fraction] 2107 Tritum in  Natural
water

P or Np [kmol/h] P=1.01% 10~ N=1.03 10" Production

Xp/Xp OF Zp/Zp 1%10* Enrichment factor

(Operating conditions)

Pressure [mmHg] 233.7 760

Temperature (°C) 70 70 .

Uy OT Ugs+y) uy=1.0 m/s (op.c) Ugrvy=0.6 Nm/s

(Operating constants)

HETP [m] 0.1

Ne [-] 0.9 Sulzer packing (Ref.5)

My [-] 0.9 Ref.8

Hg [m] 0.1 Ref.8

HI [m] 0.15 Ref.8

(Results of calculation)

No of theor. plates 281 M=170 N=111

No of units 22 n~14 n=8 units

Height of Colum [m] 28.1 6.6 Height of unit=0.3 m

Diameter of Column [m] 1.62 0.55 App.(B), Eq(4-24)

Vea [m3] 057 Eq(4-25)

Cgy or Cg, [kw] 3062 1774 App(B), Eq(4-26)
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Appendix (A) Reflux ratio, R’, at the top of the water disttibn column
From Eq.(3-1), the following equation

[G] i} (%Xl—XKJ +-a) (A-1)
U=

is obtained. Asg./y)""is pisitive, the numerator of Eq.(A-2 )

\F/)] 1—XPJ+(1—a1) >0

Xe (A-2)

has to be positive. From the mass balance equdBdv) is expressed by

1.062
XD
(ij_( KF]'( 0
v Xp/ \_q (@+R'
(o5
From these results, the limitation of reflux rafi®, is given as
R'>2317 (A-3)

and (1-1)) is (1—0(1):(1— 1 J:0.058

Appendix (B) Cross-sectional area of distillation column
The cross-sectional area of distillation column barcalculated by

A= (V)(ZZA)(%I%J [d] (B-1)
(3600 (1,

When = 1.0 m/ s ( op.dY for Sulzer Packing (op.c),
A= (U(&;J(ﬂy t)(227920¢10°)  [nT] (B-2)

The column diameter calculated from Eq.(B-1) wasashin Table B-1.
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Oceratinaressure 77 [mHdl 2337 Renarks
Oceratina Temerature t [°C /0
Vaoor flowrate V Tkod/hl 264
Vaoor sucerficial velocity uV [md's (aac)l 10 Reference (4)
Sectiordl area A [nf] 206 Ea (B-1)
Dianeter of cdum D [ 1.62

TableB-1 Evaluation of column diameter, Di, by Eq.(B}

SYMBOLS
P : T-enriched water flow rate [ kmol / h ]
V : Vapor flow rate [ kmol / h ]

y : flow ratio = Le / V

y "flow ratio = Ls/V
Le, Ls : Flow rates of water in the enriching s&tiand stripping one [kmol /h]
M, N : Numbers of theoretical plate in enrichsggtion and stripping one [-]

xH,xV,y"and z)': T-atom fractions of hydrogen and water vapor ieguthe '
catalytic bed and those of water vapor and liqeiaving the # scrubbing bed
respectively [-]

Yg =04 /0y =(M-Py0)/Pio Vi =0y/0y

HIT a :qu/T

ag:ag

o, 0y and oy : Hydrogen, water vapor and water liquid flow ritenol / nth]
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ABSTRACT. The paper reviews some less known but repreaentatamples where the
NMR study of two isotopes of the same element giétdportant information on very
different characteristic features of the compouwée will discuss the following examples:
(i) Determination of the type of molecular movensenita transient Xe molecule in the gas
phase (by using the Xe isotogé¥e and™**Xe). (i) Classical nature of the isotope effect
of the Li diffusion coefficient in Li metal (i and°Li in solid Li). (iii) Dynamics of Cu-O
chains in a high-temperature supercon-duct6f€y and®Cu). (iv) Isotope shift of the
opening temperature of the spin gap in the supdtmtor YBaCu,Os using*®0 and™®0
exchanged samples; in this example only one NMRyisg**Cu, is studied.

1. Introduction

Nuclear Magnetic Resonance (NMR) is essentiallyjuelear Zeeman effect,
i.e. the splitting of the magnetic energy levels of metic nuclei in a static magnetic
field. Applying a radio-frequency field at the per frequency induces transitions
between these levels and gives rise to an NMR kigiach stable element of the
periodic table (except for Ar and Tc) has at least isotope which possesses a nuclear
magnetic dipole moment and hence can be employad MMR experiment. This fact
gives rise to the power of NMR as a spectroscamtwhich allows one to study static
and dynamical aspects of materials in all phasas, (gjuid, solid) at the atomic level.

As an additional “gift by nature”, 36 chemical elemts have even several
magnetic isotopese.g H, Li, B, N, Cl, K, Cu, Xe, Ba. Furthermore, theare 62
elements which posses at least one isotope havinglaar quadrupole moment and
thus, in addition to NMR, allow Nuclear QuadrupBlesonance (NQR) experiments.

Given this rich supply of isotopes, no wonder ttia¢mical compounds with
different isotopes of the same element, for ingaAg® and DO , play an important
role in NMR studies. Well known are the structuralestigations in liquids by NMR
(high-resolution NMR) wheree.g, hydrogen is replaced by deuterium if a certain
bond is of special interest. The hydrogen bondlistuin ferroelectrics using also
deuterium substitution are a typical example fratidsstate physics.

In our review, we will present less known but resgretative examples where
the NMR study of two isotopes of the same elemégidy important information on
very different characteristic features of the compub (structure, dynamiesc,).
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2. Transient Xe moleculesin Xegas

Xenon has two nuclear magnetic isotogé¥e with nuclear spin | = 1/2 and
131xe with | = 3/2. If xenon gas can be regardedrasre-atomic and diamagnetic gas,
the interaction between the nuclear moments isotilg mechanism for spin-lattice
relaxation. This is the process which brings fie system into thermal equilibrium with
its surroundings, the “lattice™. In other wordkjs relaxation changes the nuclear
magnetization that isarallel to the external magnetic field. The process asigint about
by local magnetic fields which fluctuate at the foar frequency; the time constant of
the process is called spin-lattice relaxation tife,

In the case of the simple xenon gas, one calcutatekaxation rate of

1 2y*hA®n

T. R'<v®>
wherey is the gyromagnetic rati® is the atomic diameten, is the number of atomic
collisions per time unit, and < is the mean quadratic molecular velocity. e t
131xe isotope in xenon gas with a pressure of aboMiP&, one calculate®, = 10 s
compared to an experimental value of about 401,2].

The discrepancy is resolved if one considers aiitiaddl and very powerful
relaxation mechanism: the interaction between'tf¥e nuclear electric quadrupole
moment and the fluctuating electric field gradietrsated during a molecular collision
and being present at the nucleus. But what atmit?Xe isotope which lacks a
quadrupole moment because of its | = 1/2 and wbae measure$; values of the
order 18 s [2]? The solution had been found by [3]. Hepkayed for his calculation a
density-proportional “chemical shift” of the Xe cemnce found by Carr and his
associates [4,5]. Torrey used this shift as a medrcalibrating the spin-rotational
coupling which exists in diatomic xenon system duringollisions of xenon atoms.
Torrey showed that diatomic xenon molecules arg ééfective than atomic collisions
in producing relaxation.

3. Isotope effect of the Li diffusion coefficient in Li metal

Due to the lack of a suitable isotope, self-diffusin lithium cannot be studied
by the common radioactive tracer technique, heneasorements so far of the tracer
self-diffusion coefficientD" have been carried out only by mass spectroscopiieof
stable isotope€Li and ‘Li. There are, however, several determinationsthef
macroscopic self-diffusion coefficieBt® from measurements of the NMR spin-lattice
relaxation times. In all these studies one prilmasbtains the Li hopping rates and
determineD®P via the Einstein diffusion equatioB>" does not include the effect of
spatial correlation of successive jumps and differs1 D' by the correlation factdt

We have performed the first direct measurementiditfusion coefficients
D"™Rin solid Li [5] by the NMR pulsed magnetic fieldaglient (PMG) technique [6].
The PMG method differs from the tracer techniquéhwiespect to the following
points: (i) In the PMG method, it is the nuclear gmatic moment rather than
radioactivity or mass that labels those atoms widiféegsion is studied; (ii) the labelled
atoms are “natural” constituents of the solid arelreot artificially introduced,; (iii) the
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energies dissipated on the atomic scale during RNES experiment are totally
negligible; (iv) the experiment itself is non-destiive. The PMG method therefore
allows one to measure either the true self-diffussoefficient,i.e. the isotope under
observation has the same mass as the atoms afytalcfor instance the diffusion of
"Li in pureLi metal), or impurity diffusion where a solute sjes such a4.i diffuses

in a °Li matrix. The PMG method which we have employedseveral diffusion
studies of superionic conductors [7] yields thdugdifon coefficient in a straightforward
way without anyapriori knowledge of the diffusion mechanism. Since thGP
method and tracer techniques essentially measersaime physical quantity defined
via Fick's first law, we do not distinguish betwe@!{"? andD™ any more and denote
both byD for short.

We have measured for both®Li and Li in three samples differing by their
isotopic composition. This allows us to check if@opic dependence of the diffusion
coefficient and to settle the long-standing questib the possible existence of a non-
classical isotope effect in Li diffusion. Furthesra, by combining ouD data with
results forD®® from spin-lattice rela-xation measurements, shatial correlation
factorf could be extracted.

The NMR signals of both lithium isotopes were okedr with pulse
spectrometers. The conventiomé® — 1t radio-frequency (rf) pulse sequence yields the
spin echo. The magnetic field gradient pulsesygfldude G and widthd, separated by a
time A, are applied between the rf pulses and the e8yoperforming the experiment
once with and once without the gradient pulseddiyig the echo amplitude&, andA,
respectively, the diffusion coefficieBt can be inferred from the equation

In(Ao/A)=-D(y3G)?[a-(1/3) 3] (1)

The equation is valid if the steady background igmdG, is much smaller thafs.
Typical values folGoandG are 8 T/m and 0.01 T/m, respectively, @i of the order
of 10 ms A defines the time during which diffusion is obsetve

Fig.1 shows part of the results, for details deefigure caption. The errors
quoted for an individudD value result from a fit of Eq. (1) to the echo ditndes at a
particular temperature. Thus, the error bars refhort term fluctuations occurring
during the measurement of a sinflevalue which takes about one day. Within the
limited temperature range of our measurements dlee sliggest an Arrhenius behavior

of the diffusion coefficient for each of the fivets ofD values: D =D, exp(— E/KT),

whereE is the activation energy. Fur further detailstlod data evaluation see Ref.
[5], which, among others, yields new prefact@s,

To discuss our results in view of the isotope dffeee use the short-hand
notation™D(n) which denotes the diffusion coefficient of thetagme "Li in a matrix
consisting principally ofLi. Among others, we got the result

°Do(7)/ "Dy (6) = 102+ 012
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Figure 1: Temperature dependence of the diffusion coeffisieffLi in natural Li (open and full
circles, sample I: 92.6 %i, 7.4 %°Li) and in enrichedLi (triangles, sample 1I: 99.97 %i) and of
®Li in enriched®Li (crosses, sample IIl: 95.5 8hi, 4.5 %'Li). The open circles refer to a magnetic
field of 2.11 T, all other symbols to 5.17 T. Tiveb are fits of an Arrhenius law to tfé data in
natural Li and to théli data in enrichedLi, respectively, using a constant E = 0.561 e\ Thata
around 400 K are shown enlarged to better distheserror bars. From Ref. 5.

The corresponding results from mass spectroscoparé81.27 + 0.03 (above
383 K) and 1.35 £ 0.03 (below 383 K) which exhihitstriking isotope effect and
which do not overlap with our result.

On the other side, one obtains, according to clisstatistics, prefactoB, 0 m™2.
For instance®Dq (6) / "Dy (6) = 1.08 which agrees very well with our expezital
value 1.07 £ 0.008. We therefore concluded thaigbwpe effect can be explained in
terms of classical statistics.

4. Spin and charge dynamicsin the Cu-O chains of YBa,Cu,Og

The high-temperature superconductor (HTSC) compeigis,CusO7 (Y123
for short) and YBgCuw,Og (Y124) contain single and double Cu-O chains, getipely.
Even though these compounds are among the mostywstiedied of the HTSC, no
established consensus has been reached for thedgsiate and the low energy
excitations of the single and double chains. Bseaf the anisotropy of the electronic
properties suggested by the crystalline structaceanfirmed experimentally, the Cu-O
chains present a good example of a quasi one-diomath$1D) electronic conductor.

If probed by NMR or NQR, the chains of Y123 and ¥1@o not exhibit
simple metallic behavior. For instance, the Cu dfiishift varies linearly with
temperature, and the spin-lattice relaxation rafB,, increases approximately with the
temperature cubed, while, in a simple metal, theighin shift is temperature
independent and Ty increases linearly with temperature.
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We have performed new studies of the Cu-O chain¥1g4 [9]. Among
others, we have measured fiéu and®>Cu NQR spin-lattice relaxation ratesTi/as
a function of temperature. Experience tells us i, can be written as a sum of two
contributions:

1UT, =Ry + Ry (2)

The “magnetic relaxation rateRy, is related to magnetic field fluctuations at
the nuclear site induced by the valence electroimsspwhile the “quadrupolar
relaxation rate”Rg, is associated with electric field gradient (ERf@gtuations which
can arise from valence electron and/or ionic charde general, in NQR, the magnetic
contribution,Ry, is given by the expression [10]:

Ru =3keT(Y* /2u5)Y. F(0) X (0, 00)/ wq,
q

whereF(q), called the form factor, is the square of the Fetiansformed hyperfine
coupling constant, ang(qg,wy) is the imaginary part of the dynamic spin susodjty .

First, we decompose the Culifaw data into the magnetic and quadrupolar
contribution. This can be accomplished sifgeis proportional to the gyromagnetic
ratio squaredy?, and Rq is proportional to the quadrupole moment squafe®)?.
Writing Eq. (2) for both Cu isotopes, the followinatio can be formed

65T1_63RM+63 _ 1+y
63T]_ 65 RM +65RQ a+by

where the quotiens =R,/ “Ry = fEV/ Gyf = 1.1477 ant = *Ry / Ry = Q1 Q) =
0.8562 are known. Hencg,= “Ry / “Ry can be calculated. The results of the
decomposition are shown in Fig. 2. Note tRatis about one order of magnitude
smaller tharRy. The dashed line is a guide to the eye whilestiliel curve represents
a fit to be discussed later.

In view of the 1D character of the band and of #gieable electronic
correlations, we consider the 1D electron gas mdii#] as most appropriate to
analyze our data. In this model, the direct ebeetiectron interaction is parameterized in
terms of four coupling constargsfor left and right moving fermions. In the linaf the
Hubbard model, these coupling constants all redace single interaction parameter,
U. A peculiar characteristic of this model is themplete separation of long
wavelength charge and spin excitations, a phenomenmmonly called spin-charge
separation.

In a 1D metal, there are only two channels of mtgnelaxation: those
induced by quasiparticles withd0 andq O 2ke. We thus writeRy = Ry (q £ 0) + Ry,

(g U Zkg). We have shown that thelqO channel is dominating; it is related to the

uniform spin susceptibilityxo(T), by the following equations:

3MHA ke T

— 22— x5(M) ®)
4hpp

where Hys is the hyperfine field at the Cu nucleus. We sdréhat Eq. (3) is a
consequence of the dimensionality and electronitetation of the system, and it
should not be confused with the Korringa relation.

Ry [q 00] =
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Figure 2.Temperature dependence of the magnBif #nd quadrupolaiRy,) spin-lattice relaxation
rate. The solid line is a fit to the data, the éadine is a guide to the eye.From Ref. 9.

We have fitted the Cu relaxation and Knight shifbt(shown here) data to our
theoretical expressions [see Ref. 9], the resuthé solid curve in Fig. 2 whose fit
parameters agree very well with data obtained disesy for details see Ref. 9. The
quadrupolar contributionRg, is relatively small compared to the total Cu xatéon
rate. We can safely exclude the phononic origirthef quadrupolar relaxation. We
believe thatR, is due to the charge carrier&y and Ry have different temperature
dependences which is not expected for a simplelmetds difference is an indication
for the separation of spin and charge excitatioqueeted in the framework of the 1D
electron gas model.

5. Isotope shift of the opening temperature of the the spin gap

One of the central and heavily debated questionshigh-temperature
superconductivity research concerns the origirhefdo-called pseudogap occurring in
the normal state of underdoped superconductors.pshadogap refers to the transfer
to higher energy of the density of low-energy eeetistates. In NMR and neutron
scattering experiments, the pseudogap reveal§ ésa spin gap. For instance, the Cu
spin-lattice “relaxation rate per temperature uniff,T)?, increases with falling
temperature and reaches a maximurfi atwhich is a proper scale for the temperature
dependence of the spin gap. For YBaOs (Y124), the corresponding values @ge= 81 K
andT" = 150 K.

We detected anomalies in the temperature depend#nseveral NMR and
NQR quantities measured in the normal state of Ylf&4 instance in NQR
frequencies, Knight shifts, line widths, and relé times [12]. These anomalies,
which occur around " = 180 K, are the signature of an electronic cressavhich
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involves enhanced charge fluctuations in planesciraihs. Because of the proximity
of T"andT", we have argued that the spin gap effect in Y$2aised by a transition
due to a charge density wave (CDW) instability [13Jmong others, we predicted a
dependence of ~ on the isotope mass. Thus, corresponding measatsrallow one
to check the consistency of the CDW model.

We reported a high-accuracy NQR study [14] of thenar ®*Cu nuclei in
Y124, supplemented by susceptibility measuremem20 and*®0 exchanged Y124
samples which revealed the presence of an isoftem en bothT. andT . Both isotope
exponents, defined as= —A In(T ") / A In(m) and correspondingly foF,, are finite
and have, within the experimental error, the saalee: This result is contrary to a
study [15] which reported the absence of an isotdfext in the pseudogap of Y124 as
determined by®Y NMR.

Fig. 3 presents ouff{T)™* results whose general behavior is consistenterittier
measurements. However, we were able to reducerthes on theT,T)* data to the
extremely low values of approximately 0.3 %. Thaximum of the T,T)™ data of the
80 sample is higher than that of tf® sample and it is shifted to lower temperature.

-11 T T T T T T
107k, ;
C \§o\° ]
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Figure 3: ®Cu spin-lattice “relaxation rate per temperatui&, (i, T)™*, of ®0 () and™® (o) exchanged
Y124 samples. The data is fitted to Eq.(4). InZeom of the [;T)" data around” From Ref. 14.

Since at present no theoretical derivatiompéxists which takes into account

the presence of the spin gap and its isotope effet must analyze thd)™ data
with the help of a phenomenological function. V¢ed the relation

(,T)*" = CT'a{l— tant? (ZTAH (4)
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which is frequently used in describifg data [16] and which is based on a function
used to describe properly the dynamic susceptiliktta in the presence of a spin gap,
as determined by neutron scattering measurem&htsfactorCT #, with a [0 1, takes into
account the high-temperature Curie-like divergenée(T;T)*, and the hyperbolic
tangent describes the temperature dependent fyap.a measure for the gap and it is
the only parameter allowed to differ for the twessef data. To improve the confidence
level, we have replacedby the expressiol' =T +ap + a/T + afT 2 \where each of these
three parameters is required to have the same faltige two data sets, i.4, which is a
measure for the gap, is the only parameter alldeéiffer for the two sets. Itis important
to stress that *, defined as the maximum of Eq. (4) , andre strictly proportional, so
that alsoT  can be used as a proper parameter for the tempesatale of the gap.

The best value of the~ shift is 0.96 K resulting in an isotope exponent =
0.061(8) which agrees quite well with the corregfing exponentir, = 0.056(12) for
T, as determined by SQUID magnetization measuremdittis. fact seems to confirm the
growing evidence for a common origin of the supedrativity and the pseudo gaps.
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The exchange rate law experimentally observed®af*N exchange in NO -
HNO; system at low nitric acid concentration, both tat@spheric pressure [1] and at
low pressure of NO [2]: R = k[H[NO3][HNO], is identical with the rate law for the
reaction between NO and HNQvhen HNQ is formed.

The rate of nitrogen isotope exchange between NOHNO; has been measured
as a function of nitric acid concentration of .8 M.I". The exchange rate law is shown
to be R = k[HNQ]?N,0;] and the measured activation energy is E = 67J78rk[3].

It is concluded that )Ds participates in°N/**N exchange between NO and Hj&x
nitric acid concentration higher than 1.5 ¥.1

The rate of the same isotope exchange in NO - HdGtem has been also
measured as function of nitric oxide pressure=0014 M.Pa for 1 and 2 MYHNO:. It
is demonstrated tha®N/**N exchange in this system has a linear dependehi®©o
pressure as indicated by rate measurements atrediffédNO partial pressures and
constant overall pressure, by adding helium intmadJsing the rate law presented
above the nitrogen isotope exchange rate for récid concentration 1.5 10 M.I*
were calculated [4]

Nitrogen isotope exchange between nitric oxide emcentrated nitric acid
with a single stage separation factor= 1.055, for 10 M nitric acid, at 2% C,
provides the bases fdPN separation process that is most widely used aptesent
time, i.e. the method of Spindel and Taylor [5].

In order to know what happens’iiN separation at higher pressure, when the
isotopic transport is improved, a stainless stabbtatory experimental plant with a
1000 mm long and 18 mm i.d. column, packed wittangular wire springs
1.8x1.8x0.2 mm, was utilised. At 1.5 atm (absolute) anda8.cmZmin flow rate,
HETP was 7% smaller than at atmospheric pressuteld@times smaller flow rate.
The operation of°®N separation plant at 1.8 atm (absolute), instetdospheric
pressure, will permit doubling of the 10 M.hitric acid flow rate and®N production
of the given column [6].

Chemical exchange of nitrogen between nitric oxade nitric acid provides
the bases for nitrogen separation process thabss widely used at the present time:
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™NO + H*NO; « ¥NO + H*NO; (1)

The exchange rate law experimentally observeddotopic exchange (1) at
low nitric acid concentration, both at atmospheriessure and at low pressure of NO:

R = k[H[NO3][HNO] )

is identical with the rate law for the reactionwetn NO and HNg when HNQ is
formed.

On the basis of the experimental data [7] theofeiihg mechanism folPN/*N
exchange was proposed:

NO + NG, - N,Oj3 (rapid reversible) 3
N2Os + H;O « 2HNGO; (rapid reversible) 4)
HNO, + H" + ’NO; « ®™NNO, + H,O (rate determining) (5)
NNO; o NO, + NG, (rapid reversible) (6)
N0, + NO ~ '*NNO; (rapid reversible) (7)
NNO; + H,O o H™NO, + HNO, (rapid reversible) (8)
H®NO, + 2HNG; « ®™NO + NO + H + *NO3 + H,O (rapid) 9)

NO + H®NO;3; « HNO; +*NO (10)

The rate determining stage is reaction (5), a$s the case for the formation
of nitrous acid in solution [8]. The others (6)),(18), (9) are reversible reactions
taking place more rapidly, as well as reaction (¥®cording to this mechanism the
dinitrogen tetroxide, dinitrogen dioxide and nitsoacid are intermediates in nitrogen
exchange between NO and HMQ@O). Returning to Eqgn.(5), it may be written in
another form:

HNO, + H*NO; - ®NNO, + H,O (11)

implying the participation of undissociated molexoff nitric acid. This reaction may
also be written as:

NO*".H,O +*NO; - >NNO, + H,0 (12)

in which the hydrated nitrosyl cation, easily fodni@ solution from HNG and H,
appears. The last reaction (Egn.12) indicates thssiple role of an assymetric
molecule NO, (nitrosyl nitrate NONQ@ ) which should be rapidly isomerised to the
symmetrical stable form JO,.

When nitric oxide and nitric acid are mixed a nemlof reactions occur,
resulting in several chemical species in both theid and gas phases. At low nitric
acid concentration HNgGs formed in the liquid according to:
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2NO + HNG + H;0 ~ 3HNO, (13)

At acid concentration above 4 1,5 M.I*, HNO, rapidly decomposes, via
several reactions such as [9]:

2HNO; « N;Os + H,0 « NO + NG, + H,0 (14)
HNO;, + HNO; o N,O, + H,0 (15)

The NO is relatively insoluble and goes into the ghase and NQN,Oy) is
continually hydrated and thus removed from the ldzjia. The concentration of HNO
decreases as the nitric acid concentration incses@ehe Eqn.(13) is no longer a true
equilibrium and the secondary species formed inlithéd at high acid concentration
is NbOs rather than HN@ As the nitric acid concentration is further iresed above
11M.I"Y, N,O5 decomposes according to:

N203 + 2HNQ5 - 2N204 + Hgo (16)

In the kinetic measurements HR®olution was preequilibrated chemically
with NO gas, and the system was then desequilitbfayeaddition of a small quantity
of H®NO; solution of 18.55 at.9%°N. In order to eliminate the possibility that phase
mixing imposes a rate limitation, aqueous solutiohsitric acid were brought into
contact with NO gas by vibration of reaction cetldathe exchange of nitrogen was
followed by sampling the gas phase for mass speetric analysis. The exchange
data were treated by use of McKay law in the form:

_dinl-F) A+B
dt A[B

where R is the nitrogen isotope exchange rate’(8t) and F is the exchange fraction
at time t:

(17)

Xt_XO
X, =X,

(18)

the values of X represent th®N content of NO at time 0,t arvd,isotopic equilibrium,

A is the initial nitric acid concentration (M) and B is the total moles of nitric oxide
in the gas phase (\gpand in the liquid (NQ divided by solution volume (MY.Using
these definitions for A and B we assume that nd@rogxchange is limited by the rate
of NOs” - HNO; exchange, this being reasonable for nitric acldtem under 1 M,
when the liquid may be considered as consistingtadte (NQ and HNQ),HNO, and
gas of NO. Above this concentration®§ presence in liquid is considered and A and
B values undergo some changes.
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If all NO absorbed in liquid is transformed in® [Eqns.(2),(3)], according
to equilibrium:

4NO + 2HNQ « 3N,0; + H,0 (19)

the NO consumed to give>0; was calculated by taking % of the nitric oxideabgd
in nitric acid solution (N©).

The equilibrium NOs; concentrations were calculated from nitric oxide
concentrations in liquid,[NQ, at 730 torr pressure and°€5 and are given in column
4 of Table 1 and Fig.1. [)D;] determined by chemical analysis and calculatedhfr
thermodynamic data [9] are given in column 5, resipely column 6 of Table 1.

Tablel
T =25°C; pno = 730 torr
*(9.9M.I1); ** (11.8M.I71)
[HNO3];, NO ( absorbed at [N2O3] [N2O3] [N-O4]
M.t equilibrium,[NOJ ) (calculated from | (chemical |(calculated,[4
[NO]L), analysis)
M.Itg.I?t M.It M.t M.l
1 0.139 417 0.104 0.063 -
2 0.230 6.90 0.172 0.124 -
4 0.340 10.20 0.255 0.221 -
6 0.420 12.60 0.315 0.263 0.360
8 0.520 15.60 0.390 0.290 -
10 0.630 18.90 0.470 0.350 0.430"
12 0.760 22.80 0.570 - 0.520”

0.7 |

-1
N203, M-l

0.6

05}

04}

03}

T=25C
p =730 torr NO
02}

0.1F

0 2 n 6 8 10 Te
HNO,, M-It
Fig.1. Equilibrium NOs concentrations
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[NO]L, measured at 91.25 torr NO pressure and 25¢N20O3] calculated
from it and determined by chemical analysis aresgméed in Table 2; [N203],
calculated from [NO]L is also given in Fig.2.

Table2
T =25C; pno =91.25 torr
[HNOg];, NO [N2O4], [N2O4,
absorbed, [NQ] calculated from [NQ], (chemical analysis)

M.L* M.I_* M.I_* M.L*
1 0.0320 0.0240 0.020
2 0.0422 0.0316 0.038
3 0.0646 0.0485 0.042
4 0.0770 0.0578 0.054

< A

=
2: 0.06 |

0.04 |

T=25C
p =91.125 torr NO

0.02

0.01 »

0 0.5 1 1.5 2 2.5 3 35 4
HNO,, M-It
Fig. 2. Calculated pD; concentrations

For chemical analysis of ; a known quantity of 0.5 N KMngsolution,
and 10 ml of 25 % sulphuric acid solution wereoduced in the reaction cell then the
excess of permanganate was titrated by 0.1 N fFe®{tions. The permanganate
consumed by NO from the gas phase was also detdmin

In [N,Og] calculus the liquid was assumed to consist orflyitrate (NQ,
HNOs;) and NOs, the presence of small amounts of other speci€sNR, and NO,
was neglected.
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There is a good agreement betweeglijl calculated from [NQ] and those

determined by chemical analysis especially at agune of 91.25 torr NO.

The results of the kinetic measurements of nitnogeechange are summarized
in Table 3; for [HNQ];: 1.5+ 2.5 M.I* R was determined at 730 torr NO and for
[HNOg];: 3+ 4 M.I'* at 91.25 torr NO pressure.

Table 3
T=25°C
[HNO3]; R [HNOg]e [N2Os] R Pno
M.l M.I1st M.t Y/ T S —— torr
[HNO3]¢*.[N;05
1.5 6.21.10° 1.400 0.1500 0.021 730
2.0 1.49.102 1.885 0.1725 0.024 730
2.5 2.31.10 2.370 0.1850 0.022 730
3.0 8.83.10° 2.968 0.0485 0.021 91.25
4.0 2.03.10° 3.961 0.0578 0.023 91.25

We note the approximate constancy of the R/ ([HINO[N,Os] as shown in

column 5,Table 3, which would imply the rate law:
R = k [HNGy]? [N2Og]

(20)

for N/“N isotopic exchange in NO - HN@®ystem, in the concentration ranged 4 M.I™*

nitric acid.

From Eqgn.(18) the role of 43 in nitrogen isotopic exchange at nitric acid
concentration higher than 1.5 M.is obvious when pD; appears in the liquid instead

of HNO..
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The rate of°®N/**N exchange between NO and HN@ different nitric oxide
pressure [4] was measured using a stainless steetor designed to work at pressure
up to 0.5 MPa.

The nitrogen exchange rate (R ) for 1Mihitial nitric acid concentration
versus nitric oxide pressure is presented in Fign8 R dependence of NO partial
pressure, the measurements done at the same opersdure (0.4 MPa) by adding
helium or nitrogen in the reactor, are presenteBign4 (a), respectively (b) for 1Nt
HNO; and Fig 5 (a) and (b) for 2 MLHNO;.

We conclude that theN/*N exchange rate in NO - HN@ystem has a linear
dependence of NO pressure as indicated by rateumggaents at different NO partial
pressures and constant overall pressure, by atidiingm in reactor, ( Fig 4 and Fig 5).

We did not obtain a linear dependence of nitroggnhange rate of NO
pressure (Fig. 3) because the measurements have dmee at different overall
pressures in reactor (0:10.4), when diffusion rate in the gas phase (wllichinishes
with pressure increasing) influenced the kinetitaddhis assumption was confirmed
by measurements at the same overall pressure bypgatielium in reactor, when
isotopic exchange rate limitation by diffusion iasgwas diminished.

A 1 M- HNO,

18}

(a) Overall Pressure 0.4 MPa with He

Rx 103 MIts?

12

08} (b) Overall Pressure 0.4 MPa with N,

0.6 1 1 1 1 1 1 1 1 )_
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

PNO’ MPa

Fig. 4. Nitrogen isotope exchange rate versusalaniiric oxide pressure for 1 M-HNO;;
(a) overall pressure 0.4 MPa with helium; (b) ollggeessure 0.4MPa with N
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By adding nitrogen in reactd?N/**N exchange rate was diminished (Fig 4
and Fig 5) according to the smaller diffusion rategas phase N+ NO) which is
similar to that in pure NO.

The linear dependence of nitrogen exchange ratgtudied system of NO
pressure is a new argument for exchange rate 18}y f2cause absorbed NO quantity
in the liquid phase (HN©solution) has a linear dependence of NO presjrard
between absorbed nitric oxide concentration theré¢he same dependence. Using
Eqn.(20) the'*N/**N exchange rate (R ) in NO - HN®ystem, at 2% and 730 torr
NO pressure were calculated for nitric acid conegiun 1.5+ 10 M.I* (Table 4),
considering [HNG|e, [N2Os] and k = 0.022 M.I2.s [4].

0 2 M1 HNO,

(a) Overall Pressure 0.4 MPa with He

Rx 103 M.ILst

10

(b) Overall Pressure 0.4 MPa with N,

! ! ! ! ! ! ! ! »
»

0
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

PNO’ MPa

Fig. 5. Nitrogen isotope exchange rate versusaaritiric oxide pressure for 2 M-HNO;: (a)
overall pressure 0.4 MPa with helium; (b) overadigsure 0.4MPa with N

Table4
Rate of nitrogen isotope exchangein NO - HNO3; system
[HNOg; [HNOze, [3] [N2Os], [3] R
M. M.l M.I*2 M.Its?
15 1.40 0.150 6.47.10°
2.0 1.90 0.170 1.36.10
3.0 2.89 0.210 3.86.10
4.0 3.68 0.245 7.30.102
5.0 4.85 0.280 1.45.10
6.0 5.90 0.320 245107
8.0 7.77 0.395 5.25.10*
10.0 9.72 0.470 9.77.10"
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The kinetic data presented above are of intereSNrseparation by chemical
exchange in NO - HN@system.

At the Institute of Isotopic and Molecular Techogy, Cluj-Napoca, Romania
a >N production plant using the method of isotopic famge in NO, N@- HNO;
system began to operate in 1968 at atmosphericymesTacking into account that
recent kinetic data presented above showed'thg@t’N exchange rate in this system
has a linear dependence on NO pressure, it is taptoto know what happens during
the >N separation process at higher pressure than atradspne, when the isotopic
transport between the two phases is improved.

The schematic diagram of the laboratory experialerglant for the
determination of°N separation process at different pressure is ptedén Fig.6. On
the top of the stainless steel column (1),(1000 long, 18 mm i.d., packed with
triangular wire springs 1>8.8x0.2 mm, thermostated at 26), 10M nitric acid solution
was supplied. In the hastelloy refluxer (2) (700 namg, 52 mm i.d., with 3 - 4 mm
ceramic packing ) nitric acid is quantitatively gented into nitrogen oxides:

2HNO; + 3SQ + 2H,0 — 2NO + 3HSO, (21)
2HNO; + SGQ — 2NO, + H,SO, (22)

The ratio between nitric oxide and nitrogen diexidoncentrations in the
gaseous mixture depends on the water flow rateartap of refluxer (2) (3) [10]. The
increase of nitric oxide concentration leads toittoeease of the effective overall single
stage separation factor [9], while the nitrogerxitle concentration decreases under a
certain value [10],diminishes the chemical exchamage in the separation column.

The exothermic reactions (2) and (3) take placéhenrefluxer (2) Fig.6, on
the ceramic packing, the height of the reactionezisn5 to 10 cm; the refluxer wall
temperature, which attains 40 to°80 is continuously registered using platinum
thermoelement (T) connected to the recorder (R)6Fi

The plant pressure was fixed by a regulator (3neoted to a SOcylinder
and measured with a gauge (4). At the bottom otttilemn the gas samples are taken
off in evacuated glass ampoules for nitrogen isictapalysis.

After the nitrogen oxides leave the top of theuowh (1), they enter into
flowmeters (5) and (6), each of them have reguatialves, which allow the plant to
operate at desired pressure. The main nitrogerediot (about 90 %) passes through
the flowmeter (5) and the rest through the solenaige (7), automatically control by
means of recorder (R ) and controller (C). By progpdjustment of the main and by -
pass flows of nitrogen oxides, a fair control of thlant can be achieved. Finally the
NO,NQO, gaseous mixture is converted into nitric acid 8ofuin an oxidation and
absorption tower.

Before starting operation of the exchange systestynin (1) was flooded
with 10M nitric acid to ensure proper wetting oetpacking. Then the column was
drained slowly with a flow of 10M HN® When the column was free of excess nitric
acid solution, S@was introduced into refluxer (2). For all experitted measurements
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presented in this paper a water flow, represer80% of the nitric acid flow rate flow,
was fed to the top of the refluxer.

NO, NO,
HNO,
NO,
to oxidation and
adsorption tower
] _—>
1
\\
™~~~
|
|
H,0 — vacuum |
] D |
|
|
|
l
> gas sample :
— l
2 :
4 \\\:: :
: e (R}
() T
> ><]
\/
/\
H,SO,
SO

Fig. 6. Schematic diagram of the experimental plant stainless steel column, 2 — hastelloy
refluxer, 3 — pressure regulator, 4 — pressure ga@ — flowmeters, 7 — solenoid valve,
C — controller, R — recorder, T — platinum therneoeént
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In Table 5 the experimental data are presentedséiparation carried out at
atmospheric pressure in the plant (Runs 1, 2, BleTa) allowed the determination of
steady -state overall separation,\@nd that of the height equivalent to a theorética
plate (HETP),which were calculated from the follagirelations, valid for total reflux:

S, = ol\?l,fs= (23)

S,=0" (24)
H

HETP = - (25)

where N is the'®N concentration at the bottom of the column, (atB9; 0.365 is the
isotopic concentration of the nitric acid fed oe thp of the column; H is the height of
the packed column,1000 mm; n is the number of tdiges.

Tables.
Experimental data for °N separation
Run 10M 10M HNG; H,O Pressure| Isotopic Overall HETP
No. HNO; flow flow rate flow atm.abs.| Conc. | separation

ml.h? ml.cm®min® | ml.h? at.%"N (S0 cm
1 240 157 80 1 1.338 3.665 413
2 380 2.49 100 1 1.024 2.80 5.20
3 480 3.14 150 1 0.919 2.52 5.79
4 360 2.36 110 15 1.470 4.02 3.85
5 480 3.14 145 18 1.320 3.61 4.17
6 600 3.93 200 2.5 1.007 2.76 5.27

It is considered that for pressure range utilisethis paper the single stage

separation factof], is constant[11].

At atmospheric pressure and 2.49 mizomin® 10M HNQ; flow rate, HETP
increased 25 % in comparison with the value measaird.57 ml.crd.min’ (Table 5),
optimum flow rate determined for the same packirap &.86 ml.crd.min™ [12]. At
1.5 atm. (absolute), (Run 4) and 2.36 mi‘omin™ flow rates HETP was 7% smaller
than at atmospheric pressure and 1.5 times snfl@ierate (Run 1).

HETP at 3.14 ml.ciAmin? flow rate and at 1.8 atm.(absolute), (Run 5) is
practically equal with that obtained at atmosphpr&ssure and two times smaller flow
rate (Run 1).

At 2.5 atm.absolute and 3.93 ml:émin™ there is a 26 % increase of HETP
in comparison with that obtained at 1.8 atm.absodutd 3.14 ml.ctimin™ flow rate.
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For all pressures and nitric acid flow rates sgitl in this paper the nitrogen
oxides refluxer did operate well with a stable teaczone, the sulphuric acid was free
of nitrogen losses and $@id not enter in the separation column.

The pressure increase in thdl separation plant using chemical exchange in
the system NO, NO- HNGO; improved the isotopic transport between the twasgls
circulated in countercourrent in a packed coluntris Tvas possible owing to chemical
exchange rate increase at higher nitrogen oxidespre.

The operation of th&N separation plant at a pressure of 1.8 atm. (absol
instead of an atmospheric one, will permit doublofghe 10M nitric acid flow rate
and of the™®N production of a given column.

The improved performance at higher pressure igifignt for a large scale
15N separation, which would be utilised for produstiaf nitride fuels for FBRs.

An experimental plant with hastelloy refluxer, teed of a glass unit, does
operate well, the reaction zone position beingraatally controlled at higher pressure.
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ABSTRACT. Review of the atomic and nuclear data evaluattdifIN-HH is carried out
along with research priorities of European Commis¢EC) Fifth Framework Programme
(FP5). Integration of basic research and objectofesuclear safety and environmental
protection is thus ensured as well that of scisntism Central and Eastern Europe (CEE)
into the EC research programmes, e.g. EURATOM andi@nt Research Center (JRC)
projects. Recent experience of IFIN-HH receiving//#5 Support for CEE Centres of
Excellence, is discussed with the aim of furthecréase of the above-mentioned
integration.

1. Introduction

The objective of consolidation of the scientificstgfor, e.g., atomic and
nuclear data is a research priority of the EURAT®If Framework Programme
(FP5). Thus, advanced low-activation and radiatesistant materials, as well as the
precise definition of a reference material withueed activation are main lines BP5
Key ActionsHowever, since it is costly and virtually impdssito measure all atomic
and nuclear data required by these applicatiomsgdévelopment of the corresponding
computing methods are essential. On the other tspatific experimental data do not
impose sufficient constraints on the theoreticallear reaction models. Most of them
could be equally well reproduced in terms of difer approaches by adjustment of
parameters always involved even in the "parameés” fmodelsin order to increase
the predictable power of model calculations, conspéon of opposite effects due to
various less accurate parameter values can beealbigl means of (a) unitary use of
common model parameters for different mechanish)sjge of consistent sets of input
parameters determined by various independent dalgsis, and (c) unitary account of
a whole body of related experimental for isotopaiieh of neighboring elements.

Improved nuclear model calculation methods for eaclactivation data have
been carried out at IFIN-HH by using the excitod #me Geometry-Dependent Hybrid
(GDH) semi-classical models for the pre-equilibrivemission (PE) and Hauser-

"Lecture atThe 2-nd Conference on lIsotopic and Molecular Psses Cluj-Napoca, September 27-
29, 2001. Work supported in part under the MEGGxe. 1366/2001.

I'm. Avrigeanu, M. Ivascu, and V. Avrigeanu, Z. Phys 329 , 177 (1988); ibid.335, 299 (1990);
Atomkernenergie-Kerntechni9, 133 (1987)
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Feshbach statistical model within the computer cBHAPRE-H95. Since PE models
have been recently provedot able to reproduce the decrease of (thp) reaction
excitation function in the energy range above tbmmon 15 MeV value, additional
work has had to be devoted to this objective. Furtadvance is possible by the
development in the meantime within IFIN-HH of thevel partial level-density
formalisnt of the recent IAEA Reference Input Parameter Lip@&IPL) as well as
an improved version of the corresponding computeledLL.

It should be noted that the statistical-model patans are involved beyond the
reaction cross-section calculations also in varigtuslies of nuclear phenomena from,
e.g., elastic scattering to cold fission, which nisey used for their analysis {db
Moreover, since completion of the EURATOM-FUSION jattives has recently
requested nuclear-data evaluation for D incident i for D energies up to 50 MeV,
we have analyzed the possibility to work on it RIN-HH. The previous IFIN-HH
results concerning both the realistic effective lean-nucleon (NN) interactidnand
the use of the double-folding (DF) model for micmsic optical-potential calculatiéh™
may be helpful in this respect.

We have thus looked for the integration of basgeagch and objectives of nuclear
safety and environmental protection within the E€3earch programmes such as
EURATOM and ECJoint Research Cent¢dRC). A fruitful cooperation is established
in this respect between IFIN-HH and the EC/JRSlitute for Reference Materials and
Measurement§IRMM) based on previous IFIN resulfs®® our group working now
under the following projects:

¢ Association EURATOM - NASTI-Romania (2000-2002),

¢ EC/JRC/IRMM project “Neutron Data Measurement and Evaluation

Activities”, (two senior scientists and two open positionBtd3-student), and

¢ EC/FP5/INCO2Support for Centres of Excellenceder Contract ICA1-

CT-2000-70023 with IFIN-HH
The last action was initiated and largely guided B@/JRC/IRMM-Geel, leading
finally to the only one successful atomic-physia®pmsal from EEC under the
corresponding FP5 call. Basic points of our grooptébutions to these projects are
given in the following.

M. Avrigeanu and V. Avrigeanl8TAPRE-H95 Computer CodENE Report NP-86, Bucharest,1995; in
E. Sartori (Ed.)Nuclear Model Code€QECD NEA Data Bank, Saclay, 1992, p. 102; News NEata
Bank 17 (1995) 22, 25.
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TECDOC-1034, IAEA, Vienna, 1998 [ http://www-ndsiaor.at/ripl/ ].
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V. Avrigeanu, P.E. Hodgson, and M. AvrigearRhys. Rev. @9, 2136 (1994).

8 V. Avrigeanu, A. Florescu, A. Sandulescu, and \eir, Phys. Rev. 62, R1765 (1995).

9 M. Avrigeanuet al, Phys. Rev. G4, 2538 (1996); ibid56, 1633 (1997).

10M. Avrigeanu, G.S. Anagnostatos, A.N. Antono\Gikpitzakis, Phys. Rev. 62, 017001 (2000).

11 M. Avrigeanu, A.N. Antonov, H. Lenske, and |. $tetNucl. PhysA693, 616 (2001).
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2. Double-folding method for calculation of nuclear potential

In order to establish the correctness of variossimptions considered within
the DF methot! for the few-nucleon systems, the large densitgatéf on the elastic
scattering of®°He on*He within microscopic optical potential have beealgzed. The
comparative analysis of the experimental and meopE elastic scattering angular
distributions of*®He on*He has been carried out. The calculated angulgitditions
have been obtained employing a microscopic reétagtotential based on (a) Tanihata
and COSMA models (seefor references) for the density distributions @flibim isotopes
(Fig. 1), and (b) the M3Y, BDM3Y, and DDM3Y Parifeetive NN interactions (Fig. 2).
The sensitivity of the calculated cross sectiorth wéspect to both density distributions
and effective NN interactions have been analyzethisrbasis.

b — Tanihata _
107} ... cosma

r [fm]

Fig. 1. Neutron and proton density distributions'fdHe nuclei by Tanihata and COSMA models.

Finally, it results that Tanihata's density digitibns and the density dependent
DDM3Y Paris effective NN interaction led to betigreement with the experimental
data (Fig. 3). Based on these results it becomssilge the use of DF method for
calculation of the nuclear potential for complextistes (e.g.>*H, >*He) emitted in
fast-neutron induced reactions on medium nucleiwal as for evaluation of the
nuclear data for D incident &riLi.
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Fig. 2. Comparative analysis of the microscopibaptical potentials, fot*He scattered oftle calculated
with Tanihata and COSMA densities, and M3Y, BDMBROM3Y effective NN interactions.
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Fig. 3. Comparison of the elastic scattering défgial cross sections 8fHe on’He, calculated
with Tanihata and COSMA parametrization and withWyiBDM3Y and DDM3Y-Paris
effective NN interaction, and the experimental d#t@ganessiagt al (1999).
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3. Improved model calculation of nuclear activation data

In the frame of the cooperation between IFIN-HHdBarest) and EC/JRC/IRMM
(Geel) it was carried out recently the analysisiefv IRMM accurate measurements,
being establishéd that an improper consideration of the normalizatioethod was
involved by all recent international evaluated eacidata files in the case of the
reaction >*V(n,n’a)*’Sc. Work on new evaluated file for fast-neutronctiems on
vanadium, of further interest for EAF-99 becomesthacessary.

Next, during theWorkshop on Activation Data — EAF-2008-7 Nov. 2000,
CE de Cadarache) it was stated that extensioneoimtbdel calculations, requested by
the development of the next library version EAF-200s conditioned by their
validation in various mass regions. It is why th®we-mentioned consistent model
calculations have been carried on also for the 8&topes. The first step of this work
has been the study of the activation cross sectionseactions induced offMo,
namely,*Mo(n,p)Nb™, *Mo(n,a)®°zr®™ **Mo(n,2ny*Mo®™ and**Mo(n,n’p)**Nb™,
for which there is also a large amount of measudiagd. However, there are yet many
discrepancies between even recent data sets, thiele basic evaluations performed in
the last decade at well-known laboratories showewdifferences, e.g. up to ~50% for
the (n,p) reactioli'*and ~65% for the (o) reactiod®* In order to obtain confident
calculated cross sections under these conditioaiave had to enlarge the parameter
analysis carried out already in this respect caringrthe following quantities which
are most important for calculation of the isomeriass section ratios:
3.1. Ratio between thauclear moment of inerti& - the third parameter of the back-
shifted Fermi gas (BSFG) model for the nuclearlleemsity - and the rigid-body value
I, has been obtaingtby using the method of Weigmddret al. and the corresponding
recent experimental neutron and proton-resonarecrggs (RIPL), as shown in Fig. 4.

10°F

102k

E'=10.646 MeV

E'=10.646 MeV
10'F o vonach+ (1988)
& RIPL (1998)

(a) \
0 3 6 9 12 0 3 6 9 12 15

o vVonach+ (1988)
& RIPL (1998)

p(E*J) (Levels/MeV)

10°

Fig. 4. Comparisafi of the spin-dependent level densities of the ruscidy.
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15 N. Yamamuro, Nucl. Sci. Eng09, 128 (1991).
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3.2. The analysis of thauclear-level densitparameters andA of the back-shifted
Fermi gas (BSFG) model was carried out for 70 gesoin the atomic-mass range
A=79-111. The fit of the most recent experimentaldying discrete levels (ENSDF
file on the BNL-Brookhaven web site) and theave nucleon resonance spacings (the
corresponding RIPL file on the NDS/IAEA-Vienna weite) was done in this respect,
corresponding to the values 0.5, 0.75, and 1 ferdtiol/l, (Fig. 5).
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Fig. 5. Values of the level-density paramet@btained by fit of the ENSDF and RIPL data

3.3. The BSFG model has been used forrthelear level densitat excitation energies
lower than 12 MeV, which is the excitation regiom which the corresponding
parameters are obtained by fit of experimental .dettahigher excitation it has been
adoptedthe realistic analytical formula of Schmidt al’®. This approach has been
revised on the basis of all available data for ltheel density at excitation energies

above the binding enertfy(Fig. 6).

3.4. The optical model potentialOMP) for calculation of proton transmission
coefficients on the residual nucled®\b, for energies up to 20 MeV, has been
established through the analysis of the availai(p,n)**Mo reaction cross sections
up to £=5.5 MeV, and total proton reaction cross sectemosind =10 MeV (Fig. 7).

3.5. The systematics of the correction factor of yhray strength functions shown in
Fig. 8(a), used for thgrray transmission coefficientalculation in the framework of a
modified energy-dependent Breit-Wigner model, hesrbestablished by analyzing the
RIPL average radiative widths of tisevave neutron resonance. At the same time the
yray decay schemes have been considered most cara$uslyown, e.g., in Fig. 8(b).

18K -H. Schmidt, H. Delagrange, J.P. Dufour, N. @arand A. Fleury, Z. Phys. 308, 215 (1982).
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Fig. 6. Experimental and calculated observabld tet! densitie¥.
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Finally, the calculated excitation functions for activation reactions
“Mo(n,py”Nb™, %Mo(n,a)®zr*™  %Mo(n,2n*Mo?™, and “Mo(n,n’p)”Nb™ are
shown in Figs. 9-11.
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Fig. 9. Comparisdf of experimental and calculatéap) and(n,n’p) cross sections dfMo.
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Fig. 10. Comparisdf of experimental and calculatéal,2n)reactioncross sections 6fMo.

19M. Avrigeanu, V. Avrigeanu, and A.J.M. PlompeniNiicl. Sci. Eng. (to be published).
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The agreement between calculated and the avaiéadperimental data could
be considered good in the limit of experimentabesr It is thus proved the GDH
specific account of the nuclear-density distribntidVioreover, one of the main
assumptions of the model is intra-nuclear tramsitéde based on average imaginary OMP,
so that no free parameter comes in and the comdimpresults become more confident.
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Fig. 11. Comparisdh of experimental and calculatéu,a) reactioncross sections 6fMo.

4. International collaboration by networking and twinning

Civil nuclear power is a major component of thergmgroduction in Europe and
in the world. The scarcity of R&D funds and marketsnpels to co-ordination of the
nuclear research undertaken by the various actustries and organisations. A “durable”
European structure in this respect is proposec ta hetwork of “centres of excellence”,
of technical topics that, each one in his turn| b# organized in networks The
strategic orientation should be given by a Stee@ogimittee of the network, which will
be assisted by a more operational structure (arabpe agent, e.g. EC/JRC).

Reliable theoretical models and their associatewmeters are needed for
computation of physical quantities that cannot asilg measured but are essential for
the design of advanced nuclear energy productiatesys (e.g. fusion reactors and
accelerator-driven systems) as well as for analg§ishe performance of systems
intended to reduce the inventory of long-lived aghtopes in nuclear waste. Therefore it
is important to harmonise the policies and starslaofl safety and environmental
protection of EEC countries and EU member statestarintegrate all activities in the
domain of nuclear energy.

The IFIN-HH successful projetinter-Disciplinary Research and Applications
based on Nuclear and Atomic Physi¢§fDRANAP) under the EC/FP5/INCOZStupport
for Centres of Excellencé® is actually a useful experience in this respelis proposal,
largely guided by EC/JRC/IRMM-Geel and being finahe only one successful atomic-

20 MICHELANGELO Network: R&D needs of nuclear-enerigglustry and also long-term planning, EC,
Brussels, October 2000.

2L EC/FP5/INCO2 (Confirming the international role ®@mmunity research, 1998-200%upport for
Centres of ExcellenceCall identifier: ICFP599A1AMO03, 1999-06-15 (deairi999-10-15)
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physics project from EEC under this FP5 call, hag the following scientific, social

and economical main objectives:

o promotion in Romania of applications deriving fraomic and nuclear physics
research;

0 interdisciplinary research in fields such as egglbgalth, biology, science of materials;

O to ensure conditions for scientific activities wéstudents from Romanian or regional
universities may find PhD programmes and an insgirscientific climate to
improve their training that counteract their tenceaf migration in the West.

However, negotiation of the actual contract didtake into account that the "excellence"
does not characterize the work conditions of thét wabmitting the proposal
IDRANAP but the results of the staff obtained eweisuch conditions. Therefore, real
helpful assistance should be provided firstly foprovement of the work conditions at
the own site.

Nevertheless, development of international collabon by networking and
twinning is decisive in order to enhance the exgerf our researchers as well as our
research infrastructure so that we may be ablaticfpate in European programmes.
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ASPECTS REGARDING COMPUTER CONTROL OF
ISN SEPARATION PLANT

KAUCSAR M., V.COSMA, D.AXENTE, A. BALDEA, H. BENDEA, V. BUNEA

National Institute for Research and Development
of Isotopic and Molecular Technologies
P. O. Box 700, 3400 Cluj-Napoca 5, ROMANIA

In order to improve the efficiency of a separation plant the whole process must
be automatically controlled. A computerized control system is imposed by the high
complexity of the isotopic separation process. The role of the data acquisition and
control system is to keep automatically the separation process at an optimal level in all
external conditions, eliminating the influence of the perturbing parameters. Regarding
the separation plant from the point of view of the control engineering, the plant has one
single useful output - the isotopic product. This output is characterized by a complex
function, which involves qualitative (isotopic concentration) or/and quantitative
(amount) properties of the product. There are two important inputs into the system: one
is the amount of the substances and compounds, which supplies the plant, and the other
is the electric power energy. Our first aim is to reduce to minimum the input/output
ratio of the separation plant. On the other hand, applying this automatic control system
we can reduce to minimum the operating personnel also. The hardware of the
developed data acquisition and control system can be adapted to other separation
plants, too, by the appropriate change of the sensors and the actuators. In this case the
control software must be rewritten.

The isotopic product is sampled and analyzed using a dedicated mass
spectrometer. An overall closed loop through the separation plant including this mass
spectrometer could be very efficient, but the theoretical analysis is too complex and it
is very difficult to realize in practice. Therefore multiple local control loops are
preferred to apply for each important and with product strongly correlated parameter.
Between these parameters there are complex interdependencies, governed by
differential equations.

The simplified block diagram of the computer controlled '°N separation plant
is shown in figure 1. The process is based on the well-known Spindel-Taylor isotopic
exchange:

NO+H"NO; «> “NO+H'*NO3
with a single stage separation factor o =1.055 for 10M HNO3, atmospheric pressure
and room temperature [1], [2].

In chemical processes the temperature is one of the most important parameters.
Thus, the temperature Oc; and ¢z of the separation columns must be maintained at
constant level. Therefore the columns are surrounded by auxiliary water with
controlled temperature at 26+0,5 °C, using a three positional control system. In
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Fig. 1 Simplified block diagram of the computer controlled I°N separation plant

114



ASPECTS REGARDING COMPUTER CONTROL OF "*N SEPARATION PLANT

refluxors Ry and R, the exothermal chemical reactions take place in about 10 to 20 cm
zone. These zones must be maintained at a given optimal height, and are localized
measuring the temperature gradient over the height of the refluxors. Therefore each
refluxor is provided by a temperature sensor array based on LM335, integrated circuit
precise temperature sensor with easily calibration. This sensor operates as a 2-terminal
zener with the breakdown voltage directly proportional to absolute temperature. The
developed temperature measuring circuit (fig. 2) is 4-20 mA current transmitter and
measures the temperature between 0 and 100 °C. The current transmitted to the
computer is linearly proportional with the temperature:

l,=1,+1,-0
where 6 is the measured temperature expressed in degrees Celsius, /, =4 mA is the

output current at 0 °C and 7, =0.16 mA / °C is the measuring slope.

R1_49.9k1%

I1=4-20mA
Vet—-i—— VS=14-30V
D

1
1N4148

R2
110kM1%
GND

0 X 3.01K1%
LM329 RO
=-GND

LP324N  BC107
ut.c

GND R11
511/1%
GND

Fig. 2 Detailed circuit diagram of the temperature transmitter circuit

T2
BC107

The position of the reaction zone is controlled by means of two main
parameters: the flow of the nitric acid (Lci and Lcz) and the flow of the sulfur dioxide
(G1 and G»). The flows Lci and L, are maintained at an optimal level using two
constant flow rate feeding pumps. Two precision flow regulators control the flows G;
and G; in such a manner that the height of the reaction zones falls in the predefined
zone for optimal isotopic exchange [3], [4]. For this purpose the computer uses the
thermal information obtained across the height of the refluxors by the mean of the
sensor array.

The flow regulator delivers a flow, which depends only from its control input
and is independent from its load resistance. The block diagram of the developed flow
regulator is represented schematically in figure 3. For this purpose a valve (type VMC
from Jouvenel & Cordier SA), developed for corrosive gases with fine and very
reproducible flow setting capability is used. The output flow is measured with DM-100
thermal mass flowmeter, developed and manufactured in our institution (maximum
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measured flow: 100 ml/min sensibility: 0.05 V/ml/min, response time: 10 sec). The
driver of the servomotor of the valve is a phase controlled thyristor circuit. In order to
improve the overall performance of the entire flow regulator system the nonlinear
transfer characteristics from servomotor to flow is linearized using a nonlinear circuit
with inverse nonlinear transfer characteristics [5], [6]. The detailed regulator circuit is
presented in figure 3.

230 V¢

!

Flow rate

A

Controlled
S0, feed —> } —> S0, Flow

Valve Flow meter

Fig. 3 Block diagram of the precision flow regulator

The industrial PC controls the separation plant through the input/output
hardware. The PC is equipped with standard input/output ports, but in order to use it in
the complex feedback loops, extra input/output hardware — dedicated input/output
module cards — must be added to it. The structure of a single closed loop serving the
automatic control of one single parameter of the separation plant is shown in figure 5.
The whole control system is a complex combination of such simple control loops.
Between the individually controlled parameters there are complex interdependencies,
which must be taken into consideration.

Depending on the operating principle of the detectors and actuators the signals
involved in the whole system are analog and digital. The majority of the sensors and
transducers generate analog signals and only a few of them have digital output. The last
case is typical for transducers specialized mainly in the detection of the level of a
parameter. Actuators also need analog or digital control signals, corresponding to their
operating principles. The analog signal is transmitted using the industrial standard 4-20
mA current. Where possible, digital data transmission is preferred. The separation
process is relatively slow, thus instead of parallel digital data transfer the serial digital
data transfer is preferred.
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Fig. 4 Detailed circuit diagram of the flow regulator
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Control Input 2
Fig.5 Controlling one of the multitude of significant parameters with a PC

The computer control of isotopic plant has a great advantage being very
flexible in implementing all adequate control software with operator friendly
interfacing routines. In the development of the control software one of the RAD
systems is taken under consideration. A Rapid Application Development (RAD)
system allows the programmer to produce a stable Windows program (application)
relatively quickly and without a detailed knowledge of the inner workings of Windows
itself [7]. Common RAD packages include Visual Basic, Visual C++ and Delphi. For
this application we use Delphi. Delphi generates fast compiled code without sacrifying
the execution speed. In creating with Delphi Win32 console applications or Win32
graphical user interface (GUI) programs we have all the power of a true compiled
programming language (Object Pascal).
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Introduction

The detection of the fragments resulted from dofis of high energy multiply
charged ions is connected with the extraction efahalysed charged particles from an
increased volume. This implies some specific cammit concerning the time-focusing
conditions. Therefore some modifications can blidfedl in the design of the time-of-flight
mass spectrometer constructed for fullerene ioectien. The ion source (Fig. 1) was
adapted to accomodate the high energy ion beam.sfrtieture of the ion extracting
electrode system was redesigned with this purpggeropriate diameter opennings were
provided to obtain the desired reacting gas thmpughThe eflectron was adapted to the
deeper analysed ion forming region. With this pegxthe system was recalculated for
second order focusing conditions. A solution wamébaccounting for the insertion of an
additional grid in the former reflectron design. @btain the best configuration, with a
minimal modification of the field free spaces atal lacate the detector closely to its initial
position a detailed ion optical study of the tinmeudsing conditions was worked out.
Other possible improvements are outlined.
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Figure 1. The ion source
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The time-of-flight mass spectrometer for fullerearel recoil ions was already
described briefly in the preceding of the PIM coafiee series [1]. The basic geometric
parameters to remember are:

- The extracting field is established in a regiéd®7 mm depth.

- The incidence angle of the ion packet axis todleetric field limit is of 2
degrees.

- The total length of the field-free path is 236MnThis distance was established
for the original design intended to ensure an gnfrgusing in time of first order. The
use of this instrument to detect fragments fromtichérged ion collisions implies
more harsh focusing conditions for the ions ofalight energies as the space region
producing ions to be analyzed is deeper.

This kind of focusing problems are solved by idahg two stage mirrors
inside the time-of-flight mass spectrometer. Theoad order focusing in time for ions
gaining different energies inside the source isaioled if a number of conditions,
geometric as well as electric, are satisfied. Tat@ rof the electric fields inside the
second stageEand inside the first stage; Eespectively must satisfy the following
relationship:

Eo/E1 = (L - 39){(1-p*)(1-p + Pus/d)}
Here besides Fand g the following symbols were used:
p = (U/U)"? is a parameter connecting the ion energy in thie firee space U to its
energy at the boundary of the second stagenith U, = U - egd; where the ion of
charge e penetrated through the first stage ohdigptl is the depth of the ion extracting
region, identical in this case of a single stagesimurce, with the accelerating field extent.

The field free space of length L, needed to ens@eond order energy

focusing in time is given by the expression:

L = 2[2ch + (1 - P))(L - 3F)

The mass dispersion in time of the mass spectrogtes given by the formula:

Dy = (LV)(L - )
while the third order aberration can be written as:
Ap = (1 - B)/(8F)(LIV)(eEss +myq/2)U°

Based on the knowledge of the above quoted paeasnend these formulas a
solution to switch from first ordr energy focusiimgtime to second order focusing of
this kind was devised.

The first criterion in searching the appropriatkiSon was to be so selected to
need the smallest number of changes in design. \Basi decided to try the position of
the ion source and of the detector, both unchangsehing in this way the field free
space length also unmodified.

To determine the position where a second grid rhasinserted calculations
were made:
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The second grid can be inserted between two catigeaings of the mirror
(Fig. 2) As the width of a ring is 20 mm, this letstep we can increase the distance of
the first stage depth.
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Assuming d= 16.7 mm and L = 2360 mm, the other parameters wvaculated
for various positions of the intermediate grid. e the depth where the second grid
must be located inside the 640 mm long (32 ringiral mirror, the second stage depth
was calculated for each case. The second stagé deptas calculated with the
expression:

di/d; = P°/(E,/EY)
which results from the definition of p.

The variation of the first stage depth as functdérihe parameter p ensuring
the second order energy focusing in time, keepiagtd value for L, is represented in Fig.
3.

As function of the same parameter is given theregfce ion velocity-flight
time product in another figure (Fig. 4).

The third order aberration coefficient variatismpresented in Fig. 5.

The depth of the second stage is illustrated gn &i

The third order aberration coefficient increasematonically with the depth
of the first stage. Accounting for this reason gra&l must be placed closer to the
mirror's entry limit.

To not allow field penetration through mesheseafodnate the stage structure
itself, the second grid must be inserted not tselo the entry limit. So it was decided
to insert it at 120 mm from the entry face of thieron. For this geometry the value of
the parameter p is 0.511914, the aberration cé&fti@31 and the depth of the second
stage 17.976 mm.

1. Dana Dumitriu, D. loanoviciu, C-tin Ciortea, Szilagyi, Gh. Baciu, N. Gligan
Conference on Isotopic and Molecular Processeh23eptember 1999 Cluj-Napoca.
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SUMMARY . SIRA of carbon has developed rapidly into a pduwemalytical technique
in food industry. An isotopic analysis 8F°C frequently will provide valuable information
about the source (sources) of the carbon.

Carbon SIRA has found broad applications in thé faice industry where isotopic
standards of identity are firmly established foplapjuice and orange juice, and guard
against the addition of sugars from corn or cangcss. Isotopic standards to assure the
quality of honey and pure maple syrup are also egtiiblished. Governmental agencies use
the standards for detecting fraudulent productdevitidustry uses the isotopic method for
quality assurance.

I ntroduction

The purpose of the paper is to present through searaeples the practical
applications of carbon isotope analysis in foodustdy. Carbon isotope analysis is a
powerful tool in monitoring the identity, origin @urity of foodstuff of various typdd].
Most of the isotopic analysis are performed forligpaontrol in the food technology.

Measurement of stable isotopic composition of ligater elements allows
evaluation of food adulteration of natural sweetsngith high fructose corn syrup
(HFCS). Is that the product really honey, mapleigyorange juice, apple juice...etc.?
SIRA will tell you.

What's SIRA? SIRA is the abbreviation of stabléboarisotope ratio analysis.
The overall process of carbon SIRA consists ofdlstages. The first stage is the
selection of the sample or the isolation of thdipalar compound to be analyzed. The
second stage involves the conversion of this comganto CQ gas. The third stage is
the analysis of the C{by mass spectrometfg].

Carbon SIRA is performed on carbon converted to, @@m for mass
spectrometry. All types of compounds therefore nhestconverted quantitatively to
carbon dioxide for analysis. There has been quilet &f research related to the
different techniques used in the last decade fovesion[1-3]. In our laboratory C®
was obtained by a microcombustion technique. Thap&ss were loaded into Sn
capsules and moved into the quartz tube of an eien@nalyzer (NA1500 NCS, Carlo
Erba Instruments) where the samples were combustdtream of oxygen at 120D
The quartz tube was filled with tungstic oxide adO where the excess of oxygen
was reduced. On the PORAPAQ column the resultingiuré of combustion gases
were separated (due to the different retentionhencblumn). The Céobtained was
trapped in an ampoule at liquid nitrogen tempegatdihe water resulting from the
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combustion reaction was absorbed by a MgQi@p. CQ was purified and before
connecting the ampoule containing the sample torthgs spectrometer a gas pressure
adjustment was made.
3¢ to '°C ratio was measured in a McKinney-Nier type masscsometer

developed in the INR-HAS. The spectrometer has a ihlet system and triple ion
collector (the ion signals are measured simultasighuThe carbon SIRA values are
customarily reported with respect to the PDB stathdBlowever the lab utilize our
own working standard gas in daily operations.

Generally speaking, the isotopic content of natomallecules is the result of:

- climatic and geographical conditions

« the photosynthetic metabolism of plants

The ranges 05'C values for the major carbon reservoirs of impweato the
food sciences are shown in Fig. 1.:

plants

I marine carbo

[ terrestrial atm. Cy,
] animals
coal
natural gas
|
-50 -40 -30 -20 -10 O 10

3"°C (%o)

Fig.1. Range of carbon isotope variations in selectedoarcycle reservoirs

The largest reservoir of carbon is the ocean, wiiterecurs primarily as
dissolved carbonate and bicarbonate. The ave¥a@evalue of the total carbon in the
ocean is about 0 %0 on the PDB scale.

The isotopic ratio’fC/*°C), measured by the isotopic ratio mass spectrgmetr
can be used to discriminate between plants of rdifiephotosynthetic metabolism of
CO,. Each metabolic group can be characterised byffarelit isotopic deviation of
3"C. The following metabolic groups can be differateil: C3, C4 and CANA].

The 3"3C values found in C3 plants range from about —220%bout —35 %o,
while carbon from C4 plants are somewhat heavérging from about —8 %. to about
—20 %0[3-5]. Values for CAM plants, which use features of kbt C3 and C4 pathways,
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spread throughout most of the ranges of valuesdfidoinC3 and C4 plants. Pineapples
and cactus are notable examples of CAM plants.

Avoiding the biochemical fractionation of carbootigpes during photosynthesis,
one thing has to be mentioned: depending on tHerdift ways of fixing C@green
plants are using more or less energy and are mdes® efficient in its utilization of
the available atmospheric carbon dioxXjfeg].

Carbon SIRA in food technology

The vast economic size of the market for food sffgreat temptations for the
production and sale of fraudulent products, adatést products and synthetic products
that are labeled as natural ones. Conventionahigabs of chemical analysis have
served the food industry well for many years b émited in their ability to detect
certain types of fraudulent or mislabeled produttse aversion to added sugar and the
demand for "all natural" food products among coretsrhas led to a great deal of
mislabeling on the part of food processors in otdexchieve greater economic gain.

The nature of deceptions detectable by carbon SiRidod technology falls
into three broad categories. The most common isathdteration of an expensive
natural product, such as apple juice, with a much cheaper napraduct such as
cane sugar or high fructose corn syrup (HFCS). Sduend iutright falsification of
a food. An example is maple syrup produced by simpletadof maple flavoring to
a sugar syrup or HFCS. The third general categotlyel sale of synthetic materials
as natural onesor the addition of synthetic materials to nataraés in order to increase
the volume of the product. The procedure for usiaghon SIRA in monitoring food
products involves two stages. It must first be Eithed that the product to be
analyzed, or some specific component of it, hasréiqular isotopic composition that
can be distinguished from that of the materialg thight be used to adulterate it.
Potential adulterating components are then analyzedtablish their isotopic identity.
The carbon SIRA method cannot, in general, be tsedtablish purity unequivocally
but it can be used to establish impurity or adatten with a high degree of success.

Most of the well-established carbon SIRA procedumgbich have found
application in food science, are related to thestautiial isotopic difference between
products formed by C3 or C4 photosynthesis. Angase in the isotopic deviation of
the 3"°C of the ethanol produced by the fermentation gfassi from a fruit juice (C3),
leads to the conclusion that cane or corn sugarti@4 been added.

In Table 1. some products of the food industry presented together with
their source, number of analysis performed ana#nbon isotope composition found:

For regulatory purposes the official Association Offficial Analytical
Chemists (AOAC) set a conservative limit of carli@stope composition as a proof of
adulteratiorn{7].

The clear-cut isotopic standard of identity for0%® pure maple syrup was
traced at —24 %o with a standard deviation of leasit 1 %eo.

The standard of identity of apple juice with regpe carbon isotope composition
was set at the value of —25.4$4..2 %o (adulteration limit accepted —23.5 %o)
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Table 1.
Carbon isotopic analysis of different food products
Material Source No. of |Averaged™C| Standard deviatio
(plant type) analysis (%) (%)
C3
Maple syrup 20 -24.0 +0.2
Apple juice 20 -25.4 +0.2
Orange juice 10 -25.7 +0.2
Grape juice 10 -27.0 +0.4
Cellulose 5 -24.9 +0.1
Cane sugar or HFCS 10 -9.8 +0.2
Subfossilic wood 5 -23.96 +0.2
Vanilin  (CAM) Madagascar 10 -20.4 0.2
Java 6 -18.7 0.4
Mexico 3 -20.3 +0.1
Tahiti 3 -16.8 10.2
Synthetic (lignin) 14 -27.4 +0.7
Synthetic (eugenol) 4 -30.8 +0.2
Synthetic (guaiacol) 3 -32.7 +0.4
Citral (C4) Lemon grass 3 -11.6 +0.7
Synthetic citral 3 -27.6 0.5

In case of orange juice (orange which is a C3 &nd its juice consists almost
entirely of fruit sugars with minor amounts of atheomponents) the standard of
identity for the isotopic composition was set ab+#2%o0 +1 %o (the limit for quality
assurance purposes is —24.5 %o).

The isotopic composition of grape juice is of $pleioterest because of the large
amount of such juice used in the production of wane other spirits. The grape juice
shows a larger spread of ##éC values than that of most fruit juices, but prevh isotopic
standard of identity of —27 %2 %o. The reason for the somewhat less negativalues
for grapes is not clear but may relate to the peesef other organic compounds in the juice.

Natural vanillin is derived from a genus of plangng the CAM pathway. Is
obtained by solvent extraction from the vanillameand is traded as an extract. The
synthetic vanillin of identical character to natucan be made from lignin, eugenol
(clove ail) or guaiacol (a coal tar distillate)amuch lower price that of natural vanillin.
Natural vanillin ranges i8**C from —16.8 %o to —20.4 %o, which is typical for CAM
plants, while synthetic vanillins gives values moegative than —26.8 %o- -32.7 %o.
Any vanillin, which gives &'C value more negative than —21 %o must be considered
to have synthetic additives. The different specigewing in different geographical
places can be easily distinguished, based upodiffieeent isotopic ratio foungB].

Citral derived from lemon grass was found to hea4 composition of —11.6 %o,
while synthetic citral had an isotopic composit@-27.6 %o.

Honey
HFCS became in the early seventies a widespread ciseap sweetener
commonly used in liquid form for honey adulteratisecause it could not be detected
reliably by conventional chemical techniques.
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Normally honey is derived from flowering plants, ialln are almost
exclusively C3 in their photosynthetic behavior.G8-is derived from corn, which is a
C4 photosynthetic plant.

In Table 2. the result of carbon isotope ratio wsial of 30 honey samples
originating from different parts of Hungary werepented:

Table 2.
Carbon isotopic analysis of honey samples from tdung
Material No. of analysis Averaged'°C (%o) | Standard deviation
(%0)
c3
Honey 30 -24.4 +0.1
Cane sugar or HFCS 10 9.7 +0.2

The samples represent all commercially importarmelgosources and all
geographical regions in Hungary. We analyzed 10 S$iIB@mples, as well. Statistical
analysis of the pure honey data indicated thabif@ of honey showed a coefficient of
variation of only 3.86 %, which was the smallestiatility yet encountered for any
constituent or physical property of honey.

A histogram of3'*C analysis of commercial honey samples submitteoluto
laboratory is presented in Fig.2.:

i 20 i 30%  50% l 75%  90%

{ +

15
HFCS

No. of samples

-25 -20 -15 -1C
Fig.2. Carbon isotopic analysis of pure honey and HFCS

It is especially interesting that the distributiohdata suggests fixed levels of
adulteration. The histogram shows pronounced almasdaeaks at 30, 50, 75, 90%
adulteration. It seems reasonable that frauduldditian of HFCS would be done
according to a simple mathematical formula and sndeed seems to be the case.

Although this procedure of detecting corn or camgas adulteration of honey
was validated and adopted in 1977 as an officisthot the wide range of values
found for pure honey (mean —-25.4 %. range —22.5 %¢-23.4 %.) produces a
considerable area of uncertainty within which ngifiee judgment can be made about
purity without other testing.
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For regulatory purposes the method for detectingC&IFn honey set a
conservative limit 06"“C = -21.5 %o as a proof of adulteration.

The need for improved testing became apparentlifinate these difficulties
a new procedure was developed in which each ofdimey samples provided its own
natural internal standard. The purity of the hosaynple is judged by the difference
between the isotope ratio value of the whole haayple and the isotope ratio value
of its separately prepared protein fraction. Thisgiple was proposed by Parker and
was further examined by Bricout and KoZi@t1(.

A candidate component for this approach should hermal constituent, present
in sufficient quantity and easily isolated. The mmaisundant constituent in honey after
the sugar, oligosaccharides and gluconic aciceipthtein, which averages 169 mg/100 g
and ranges from 58 to 786 mg/10Q1d]. It originates largely from the honeybee.

The procedure consists in diluting a known amodifitomey in distilled water
adding sodium tungstate solution and sulphuric tcjgrecipitate proteins. The centrifuge
tube is immersed in a 80 water bath until visible flocculates form (10-fSn). The
sample is centrifuged 5 min at 1500 rpm, decanstigernate and wash pellet 5 times
with water. After drying the protein at 75 for 24 h, the protein samples are weighted
into Sn boats, combusted and measured'ti@ by the same method used for honey.

The apparent corn/cane sugar content might belagdcluas follows:

Adulteration (%) = 100* (8"*C protein —8"C honey) / 8 C protein — (-9.7)
reporting negative values for % adulteration as 8%7 %o is considered the mean
3C value of HFCS. The method permits the objectivaluation of possible
adulteration especially in case of small quantitiesorn/cane sugar (7-20%).

Whether the apparent corn/cane content of samates result of their
deliberated addition by the producers or is redultem feeding sugar in the absence
of a nectar flow is not addressed here.
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Introduction

Mass spectrometers are among the most precise amsltige tools for
chemical and isotopic analysis but the laboratastruments are very expensive and
bulky.

Our paper is aiming to develop mass analyzersramiasystem with reduced
size, rugged and transportable. These analyzeitseamg designed for applications that
include in-situ environmental monitoring and indpa@t. Therefore, it allows the rapid
detection of hazardous chemical compounds in @ilrasd water.

This paper presents the concept of a few masszanajywhich were specifically
designed for the small dimensions, instrumentsaighs way that they would be able to
detect with sufficient sensitivity and accuracytgtle of environmental pollutants.

Theory

There are many publications dealing with the fooy®f charged particles in
magnetic sector analyzers. The methodology usedifi¢hat of Cotte (1938) and Penner
(1961), i.e., the matrix representation (the adsgatof the matrix formulation is that
the total transfer matrices for a complete magpstesn can be computed as products
of individual matrices for each component includihg spaces of free flight between
the magnets). However, our starting point is theaidocusing field, determined from
the simple geometry. In practice, magnetic fieldsthe ideal shapes may not be
achieved, for various reasons, including difficutfiymachining the pole pieces, field
inhomogeneities, and fringing-field effects. We gquicthe straight-line approximation
(because of the low resolution required by our pse) and the asymmetric case
(Fig.1). There are obviously a very great numbemsymmetric lenses with linear
boundaries, which might be considered. Three paeameere selected to make a design
criterion suitable to help overcome the problersggion the case of the miniaturized
magnetic sector.

1) Sensitivity: in order to maximize transmissidnians through the analyzer,
only geometries with simultaneous focusing (doulifection focusing) in horizontal
and vertical planes were considered.

The condition of point focusing is:

tan (¢- ¢) - 2 tang" = (cot n- @) *
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where tann=tané&- R/l
tany=tan &+ R/l

2) The path length of the ions from the ion soticcthe collector. Any reduction
in path length that the ions take will result ipraportional decrease in the probability
of collision with a molecule and corresponding @ase in ion beam broadening. In
addition, a short ion pathway is necessary forcttrapactibility of the instrument

3) The mass resolving power (RP).

Y
Rm
Im"
T 0
£ 0 b
Im'
S i)
Fig.1 Geometry of asymmetric case
Many mass spectrometers use simple, symmetricahgey wherd’ = " and

the ion beam enters and exits the magnetic fietchabto the pole faceg = &' = 0).
However, the dispersion of such instruments isdfigg the radius of the sector so that
high dispersion requires a large instrument witihglpathway; they are also unable to
perform double direction focusing. In order to sigtithe above criteria, it is necessary
to use asymmetrical geometry where the optic axisdn-normal to the magnetic
boundaries and entrance and exit angles are notssatly equivalent. These
geometries allow double direction focusing and mgaater dispersion than a normal
geometry instrument of the same radius sector.

Using just simple geometrical relationships madde first optimization. We
fixed &' = 0 ;I"/R = 0.75 and we searched the optimal valuessf@and ¢ taking into
account our criteria.

The next step was to consider the casé'6f0. The equations describing the
focusing properties of a magnetic sector are ektenso solving them manually is a
tedious, laborious task. Using the Matlab prograngmianguage, we wrote some
programs that allow the calculations to be perfatnhy computer and facilitate a
systematic search for favorable solutions.
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Three parameterg, I' and £ were varied systematically and the program
yielded solutions fol", &' , MyandM, . The search area wgs= 60° to 140, £= - 45°
to +45° andl’ from 0.Rto 1.R . However, we already knew that the optimal area was
@= 120 and &= 20° to +45° which was then investigated on a finer scale.

A final solution, picked from an optimum compromidor the criteria
discussed above, yielded a geometrypef 12C, I' = 1.32R, I'= 0.971R, &= 34.T7°
andg' =47.8.

The design and theoretical performance is compiardéble 1 with a known
geometry (reported by Cross) for stable isotope smegectrometers. The Cross-
geometry has an upper magnification coefficieng gath length of our analyzer is
considerably shorter than in the case of the CrBsgh extended geometries have
double direction focusing.

Table 1
Parameter As (opt.) Cross As (trig.)
¢deg) 120 90 120
I'(R) 1.326 2.0 0.67
" (R) 0.971 2.0 0.75
£(deg) 34.1 26.57 40.0
£'(deg) 47.8 26.57 0.0
Radial angular coeff. atl"( a) 0.00 0.00 0.00
Axial angular coeff. atl"( 7) 0.00 0.00 3.77
Dispersion 3.94 4.00 2.15
Magnification 0.99 1.00 0.73

We also investigated another geometrical arrangemamely, a double focusing
analyzer with an electric deflector and a magndegflector in a reverse-geometry

(Fig.2).

Fig. 2
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To calculate the ion-optical properties of thiackiof analyzers the following
transfer matrices are to be used: the source-arafigld-free space, the electric and
magnetic fields, the field free space between #woss and the last field-free space
and the fringing fields at the entrance, respebltiaethe exit side of each sector.

The over-all transfer matrix [T] of this systeneigpressed as follows:

[T] = [L e] [D:resﬂl [[E] [l]:re,lﬂ EEA] [[Frm.34] [EM] [[Frm.12] EE [L m]

The condition of the first-order focusing is givieyn T, = T13,= 0.
Assuming the electric field is homogeneous andgttaffective boundaries a
computer exploration gives the following combinato

Nr I’ g g" Om A ¢ R 2
Rw | (deg) | (deg) | (dew) | (R e I,

@9 | R | my

m,
1. 0.833 0 -24 120 0.155 104.85 1.50 9.46
2. 0.632 0 - 28.6 65 0.75 129.6 1.166 0.24
3. 0.121 10 28.6 103 0.10 147.3 1.50 0.25
4. 1.10 17 -24.77 119.5 0.25 81.36 1.50 0.97

where:R,= 6cm.

We already construct a double focusing analyzeh wi¥ien filter and
magnetic deflector (both located in the same palgrgPart of the homogeneous
magnetic sector is transformed in a Wien filter wheo plane condenser plates are
immersed into the gap. The entry and exit pole baties are to be cut in such a way
that the beam enters and exits at the same asgkHg.3)

pole piece’

Lre

| 7 __ Pole piece
E" £ projection

B =

ion
source

collector

Fig.3
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To calculate the ion-optical properties of thiackiof analyzers the following
transfer matrices are to be used: of the sourdgzandield-free space, of both the electric
and magnetic fringing fields at the Wien filter'stey, including oblique incidence, for
the Wien filter unperturbed crossed-fields, thet ekectric fringing field of the filter,
for the homogeneous magnetic sector part, for xiteregnetic fringing fields, oblique
incidence, and for the last field-free space.

The first-order radial angular and energy focusiogditions give:

L = 1/(tang-tan¢) , z=¢
My=-1,D,=Ltang

where L is the length of first and last field-free spad®, the mass dispersion
coefficient,z the Wien filter effective length, all in units tife main path radius.
Stigmatic focusing is obtained if the followingdaiional condition is fulfilled:

tane= (1/p+ tan@/2 forMy = +1
or
tane = (tang)/2 if My=-1

Assuming the electric field is homogeneous andgitaffective boundaries,
a computer exploration gives the following basicapaeters for a particular geometry
with My = +1:
@=88, £=86.09,L=0.071

and for another witivy = -1:
=60, £=40.89, L = 1.1547

This design ensures stigmatic focusing enhancargigvity by an order of
magnitude, additionally, it ensures energy focusiraking the instrument’s resolution
insensitive to increased energy spread. While #molution increase by energy
focusing is not always spectacular for such smedtruments, this kind of focusing
offers a dramatic sensitivity improvement by usithick ionizing electron beam and
increasing the ion extraction from the ionizatidamber.

Conclusion

The new analyzers have shown improved performamnaedevelop mass
spectrometer as a mini system, i.e. portable, ogerventional designs. The ion optical
design (short ion pathway and high dispersion) ngdrtant here. A substantial
sensitivity and resolution increase were obtained also possible to build compact
double focusing mass spectrometers, by using a Wienand a magnetic deflection
sector, both included in a common pole-gap.
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ABSTRACT. The deuteration of organic molecules is a veryartgnt tool for the
assignment of their vibrational spectra. This &gtideals with the theoretical and
experimental problems of the effect of deuteratom the vibrational spectra. The
authors introduce several examples, the resultgheir own measurements and
calculations and interpret the effects observaidse vibrational spectra.

1. Introduction

The deuteration of organic compoundseans the change Of atom for?H
ones. From the point of view of deuteration of Bhe@toms of organic molecules can
be divided into two groups.

The hydrogens belonging to the first grogwe easily changed. Simply, one
have to shake the solution of the compound in heatgr for a longer time or boiling
the solution with reflux for a longer time. Thesgdiogen atoms participate in very
polar bonds and therefore they are ,mobile". On fiath such kind hydrogens e.g. in
OH, NH or COOH groups.

The deuteration with heavy water has a great drekibthe result is an
equilibrium between the hydrogenated and the datgdrcompounds.

The mentioned process does not act onsbeond type hydrogertbat are
.Stable" in comparison of the first type ones. Th@rogen atoms of these type take
part in slightly polar bonds. The hydrogen atomshim CH groups are representatives
of these group. The deuteration of these H atommdee complicate. One have to
synthesize the deuterated compound starting theap#on with simpler deuterated
compounds. This method is more complicate than litht heavy water, however, it
yields a compound deuterated theoretically pesfeptiactically near to 100 %.

The hydrogens are very stable in the C-H bonds. é¥ew sometimes the
electronic effect of the neighbouring N atoms act on thesedboand the C-H
hydrogen can be changed for deuterium through sgakith heavy water.

This article deals with our own results in thiddie

2. Vibrational spectroscopy and deuteration

The deuteration redouble the atomic mas¥bénd this has a very large effect
on the vibrational spectra of the molecule.

According to thetheory of the vibrational spectra [1] the calculation tbg
fundamental frequencies of a molecule can carrigtdaccording to the equation for
the matrix eigenvalues

GF-AE|=0

where G is the so-called inverse kinetic energy matrixpeteling on the atomic
masses and the geometric parameters of the moldeudenotes the force constant
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matrix representing the intramolecular forces.eimation is difficult. The best way
for the determination of is the calculation applying quantum chemical md¢hf2].
Besides, the equilibrium geometry of the molecuseslso calculable in this wait is
a unit matrixA: containing the vibrational frequencies,

A =4m°c’ob
where ¢ stands for velocity of light in vacuum ahé vibrational wavenumbers are
denoted with.

In the case of isotopomers very good approximatiame widely applied: the
intramolecular forces (matrik) and the molecular geometry are independent of the
isotopic change. Of course, this is applicable &sdhe deuteration, too. That means,
during the calculation of the vibrational frequesxcof isotopomers only the changes in
the atomic masses in the mat@xare considered.

The most important methods of te&perimentalvibrational spectroscopy are
the infrared and the Raman ones.

How does act the deuteration on the experimentadtsg?

Compounds with ,mobile" hydrogens build oftentermolecular hydrogen
bonds This self-association is reflected in the egpeeyels of the molecule. The
hydrogen bond building causes electronic shifthémolecules. This effect decreases
the energy levels of the molecule and in this wawkens the XH bonds.

The environments of the XH (X=0,N) bonds are veiffecent, i.e. the energy
levels of molecules in the molecular ensemble defggyhtly each from the other. The
result is a nearly normal distribution of the malkec energy levels.

The effect of association on the infrared and Raspeattra is different.

The characteristic XH stretching bands shift to dowirequencies in both
infrared and Raman spectra.

The intensities ofinfrared spectral bands depend on the changes in dipole
moments during the vibration of the vibrational raathere the XH stretching motion
dominates. The association increases the dipoleantanAs a result of the hydrogen
bond building the XH stretching bands shift to lovileequencies and broaden. Very
strong, sometimes very broad association bandslaserved, sometimes they cover
other weaker bands.

The intensities of th&kamanbands depend on the changes in the molecular
polarizability during the vibration of the vibratial mode where the XH stretching
motion dominates. The XH stretching bands shifted laroaden similarly like in the
infrared spectrum but he bands are less intense.aBBociation structure is hardly
observable, the bands covered in the infrared spacby association bands are here
quite well observable.

The deuterationchanges th& matrix , some of its diagonal elements decrease.
Thereforethe characteristic wavenumberd the XD stretching bands are in good
approximatiorny/1/ 2 fold the wavenumbers of the XH stretching bands.
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The deuteration of ,mobile" hydrogeratoms decreases the self-association.
Since, however, the deuteration results in an g this is useful only in the cases
if the equilibrium is shifted to a large mannerthe deuterated compound and/or the
association is not very strong. Otherwise, thithoe is not very effective.

The deuteration of the stable hydrogen atoms cémihehe assignment of the
spectral bands, with its shift and intensity changéhe deuteration ceases also Fermi
resonance and so the Fermi bands disappear amddteeit helps in the elucidation of
the Fermi resonance.

3. Examples

The next figures illustrate the mentioned effedtshe deuteration. The effects
are introduced on the vibrational spectra of fivelenules. The structure of furan,
phenol, pyrrole and tetrazole are presented in Eigwvhile the same of bilirubin is
shown in Fig. 2.

Furan Phenol

Pyrrole

Tetrazole

Fig. 1. The molecular structure of furan, phemmitrole and tetrazole.
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BILIRUBIN
Fig. 2. The molecular structure of bilirubin.

Fig 3 gives the vapour infrared spectra of phepbgnol-d5 and phenol-d6 in
the 3700 to 2100 cthregion [3]. The spectrum of phenol-d6 shows thatune of
phenol-d5 and phenol-d6, the OH stretching bandie®850 crit is more intense than
the OD stretching band at 2700 nhe equilibrium is shifted to thiH isotopomer.
However, the deuteration of the CH hydrogens idegérthe broad band of the CH
stretching shifts from about 3150 to about 2250'cm

Fig. 4 contains the neat infrared spectra of pgirplrrole-ND and pyrrole-D5
[4]. The N-deuteration shifts the NH stretch barmhf 3400 crit to 2520 crit. The
equilibrium is shifted to théH isotopomer. It is interesting, the last bandhia $pectrum
of the D5 compound shifts to 2560 ¢rAt the same time the decrease of the intensity
of the NH stretch band indicates the shift of tigeikbrium to ND. This fact proofs
that the deuteration of the CH hydrogens affedthenequilibrium of the isotopomers.

Fig. 5 introduces the infrared and Raman spectr@tcdizole-dO and tetrazole-
ND [5]. The ND deuteration was carried out with \eavater. The infrared spectrum
of the non-deuterated tetrazole reflects the veng intermolecular interactions. The
deuteration of the ,mobile" hydrogens decreasetila the intensity of the association
band but shows that the equilibrium is shifteddwazole-NH isotopomer. However,
with this deuteration the CH stretching band itatiifrom the position about 3150 ¢m
to about 2300 crhindicating the perfect deuteration of the CH grafipetrazole. The
deuteration of the CH group is observable similarighe Raman spectrum. Comparing
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the infrared and the Raman spectra one can condhatethe Raman spectrum is
hardly sensitive to the association.

Vapour infrared spectra

0.06-
0.04 Phenol-DO
0.02-
0.00 : : : /‘f\\ : : :
© 00107 3600 3200 2800 2400
§ 0_005_- Phenol-D5
5 J
£ 0.000-
< 4
-0.005 . . . . : : :
0.025+ 3600 3200 2800 2400
88%2: Phenol-D6
0.0104
0.005

0.000- T . T . T T T
3600 3200 2800 2400
Wavenumber / criy

Fig. 3. Infrared spectra of vapour phase phenokrgit-D5 and phenol-D6 in
the 3700 - 2100 chregion.

Liquid infrared spectra
0.6- q p
0-4‘_ Pyrrole-DO
0.2
0.0 T T T T T T T
0.8- 3600 3200 2800 2400
0.6 Pyrrole-ND
0.4
0.2
0.0
T T T T T T T
0.8+ 3600 3200 2800 2400
0.6 Pyrrole-D5
0.4
0.2
0.0

Absorbance

T T T T T T T T 1
3600 3200 2800 2400 2000
Wavenumber / cri

Fig. 4. Infrared spectra of liquid pyrrole, pyrreleD and pyrrole-D5 in the 3650 - 2000 ¢megion.
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Fig. 5. Infrared (4000 - 400 chhand Raman spectra (4000 - 200 rspectra
of tetrazole and deuterated tetrazole.

Fig. 6 presents the infrared and Raman spectrdarfy@ molecule, the bilirubin
[6], see Fig. 1. The molecule contains NH and COgblips as proton donors and
acceptors and C=0 groups as proton acceptors. €néerdtion of the ,mobile"
hydrogens decreases the intensity of the stretchangd of the non-associated NH
groups (about 3400 ch and a new band appears about 2500 telonging to the
stretching of the non-associated ND groups. Thédimgi of intermolecular hydrogen
bonds by the NH and COOH groups is spatially hiadeffhe NH and OH stretching
band region of the Raman spectrum is practicalbgmsitive to the deuteration.

08 Bilirubin Bilirubin
MIR FIR 64 RAMAN
0.64
44
0.41
0.2 7
g oo 07 -
£ 4000 3000 2000 1000 0 4000 3000 2000 1000 0>
I} [}
@ 0.8 64 2.
o <
< Deuterated Deuterated o
0.6 MIR FIR 4 RAMAN c
0.4
24
0.29
0.01 01
4000 3000 2000 1000 0 4000 3000 2000 1000 0

Wavenumber /cré
Fig. 6. Infrared (4000 - 100 chand Raman spectra (4000 - 200 9rof bilirubin.
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Figs. 7 and 8 show the infrared and Raman spetfiaan, respectively [7]. The
effect of deuteration is introduced on both experital and calculated (simulated)
spectra. Since the molecule contains only ,stabjelrogen atoms the efficiency of the
deuteration is practically perfect, as it was ae@itThe calculated band positions are
very close to the measured ones both in infrared Reman spectra but the calculated
intensities differ sometimes from the measured oNasnely, the approximation used
for the band intensities by the quantum chemicahods is weak. However, better
method does not exist so far.

Furan infrared spectra

0.6
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0.5
0.8
0.4+ DO measured DO calculated
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o ] =4
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Fig. 7. Experimental and calculated infrared spadaif furan and furan-D4
in the 4000 - 400 cfrregion.
Furan Raman spectra
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Fig. 8. Experimental and calculated Raman spectfaran and furan-D4

in the 4000 - 200 citregion.
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With Fig. 9 we return to the spectra of phenol [Bhe infrared spectra of the
CCl, solutions of the parent molecule and its full @eated derivative were recorded
and the corresponding spectra of the isolated mutdeavere calculated. The
calculations cannot consider the existence of thglibrium and the association. Of
course, these are also absent in the spectra adufor isolated molecules. The
diluted solutions show very weak association baftie equilibrium is shifted to the
direction of the deuterated isotopomer, in conttarthe vapour phase (see Fig. 3).

Infrared spectra /CCI4 solutions

0.4+
0.34
031 Phenol, measured Penol-D6, measured
0.2
0.2+
0.14 0.1
=1
8 004 0.01 z
% >
; v ; T T T )
2 4000 3000 2000 1000 4000 3000 2000 1000 é’
@ 359 3.5 =
el =
< 3.0 3.04 3
2.5 Phenol, calculated 2.5  Phenol-D6, calculated g
<
2.04
1.5
1.04
0.5
0.0
4000 3000 2000 1000 4000 3000 2000 1000

Wavenumber /crh

Fig. 9. Experimental ( in C¢bkolution) and calculated infrared spectra of pheno
in the 4000 - 400 ciregion.

4. Conclusions

The examples tried to support the effects explaineithe theoretical part. The
deuteration of ,mobile” hydrogens are in close raxmtion with the investigation of
hydrogen bonds. The deuteration of the ,stable'rbgens can help in the assignment
of the vibrational spectra. Calculated (simulateffared and Raman spectra show the
spectrum of the isolated molecule. The calculateshuencies are close to the
experimental ones, while the intensities are saometifar from the measured ones.
The calculations cannot reflect the associatiordba@and the isotopic equilibria but
can help in the assignment of the spectra.
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The synthesis of N labelled uracil, using CO(**NH,), as starting isotopically
labelled material, is presented.

The experimental procedure is an adaptation of the synthesis methods for the
corresponding unlabelled compounds.

Urea - °N, used as starting material was obtained from H®NO; (99 at. % °N)
produced at the Nationa Institute for Reasearch and Development of Isotopic and
Molecular Technologies.

The uracil structure was confirmed using the mass spectrometry method and
the isotopic label was determined by mass spectrometry on the molecular compound.

Experimental
[1, 3 - ™N,] uracil synthesisis presented in next scheme:
NaQCO3
KCN + Cl-CH,-COOH — NC-CH,-COOH + KCI
40-50°C

NC - CH,- COOH + NH,- CO - *®*NH,— ®NH,- CO-®NH,- CO-CH,-CN
(1)

CeHa - NHz"CI”
(1) + CgHa- NH - CH=CH - CO-®NH, - CO - ®*NH,
Raney Ni : H, (2)
ethanolic HCI
(2) + CeH40,"°N,
4°C (3)

[1, 3 - ®N,] cyanoacetylurea
[1, 3 - ®N,] B-phenylaminoacryloylurea
[1,3 - ™N] uracil

Synthesisof [1, 3 - ¥*N,] uracil (3)
Chloroacetic acid (3.46 g) was dissolved in a minimum amount of water and
neutralised by addition of anhydrous sodium carbonate. 1.96 g KCN in 10 ml of water
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w%re added to the sodium chloroacetate solution and the temperature allowed to rise to
60°C.

The reaction continued until the temperature ceased to rise, then the mixture
was alowed to stand for twelve hours at room temperature. The resultant pale yellow
solution was acidified and the excess of HCN, water and HCI were removed under
reduced pressure at 50°C. The residue was taken up in absolute acohol and the solvent
removed.

A suspension of urea - N, (1.86 g) in freshly distilled acetic anhydride was
added to the dried residue and the mixture was heated at 100°C for 30 minutes. Water was
then added to the solution and upon cooling a crystalline solid was isolated, that proved to
be (1) in82% yield relative to urea. The melting point of the product is 211 - 2°C.

Cyanoacetylurea [1, 3 - N, (292 g) and activated Raney Nickel
(approximatelly 1.0 g) were suspended in water (115 ml) containing anilinel®Cl (3.5
0). The suspension was exposed to hydrogen (1.5 atm.) and agitated for ten hours at
room temperature. The resultant paste was extracted with alcohol severa times. The
filtrates were combined and the volume reduced on a rotary evaporator. Upon cooling
a crystaline solid was isolated and identified as product ( 2) (1.86 g, 40% yield). M.P. =
208°C. This product was dissolved in absolute alcohol which has been saturated with
HCI gas at room temperature. The suspension was stored at 4°C for four days, filtered,
and the solid washed with cold ethanol (3 ml), then with NH,OH. The filtrates was
combined and the pH was adjusted to 3 with conc. H,SO,. The precipitate that resulted
was identified as[1,3 - °N,] uracil ( 3); (0.480 g, 48% yield).M.P. = 309-315.

The uracyl structure and purity was confirmed using the mass spectrometry
method and the isotopic label wass determined by MS analysis.
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By replacing the high natural isotopic abundartoenawith one of its isotopes
one can obtain isotopic isomer molecules. The itgpae of these isotopic isomers
consists in their structure and chemical propertiggch are identical. The differences
between molecules are: molecular mass and magmatlear properties. Our work is
relating to hydrogen and its stable isotope — diemte The isotopic isomers are deuterated
molecules, which have one or more hydrogen atorpkced by deuterium atoms.
Deuterated compounds are helpful in molecular &irat investigations by Nuclear
Magnetic Resonance (NMR) and Mass Spectrometry (MBYeaction mechanism
studies. Thus isotopically labeled molecules becomdispensable because the chemical
disturbances are lower in the studies of chemigadgsses.

The synthesis of these labeled compounds it candake by one of two paths:

- the molecules with simple structures will be ol#dirby isotopic exchange
with heavy water or deuterium gas in homogenousheterogeneous
catalyzed reactions;

- the more complex molecules, are usually obtainedhgmical synthesis.
In these techniques, deuterated chemical reagamstb be used, depending
on the place and the number of hydrogen atoms,hwhilt be replaced.

Some classes of deuterated substances are miagsadnteresting, depending
on their reactivity in chemical synthesis.

Many drugs are in the class of superior amineghé process of chemical
drug syntheses it is important to establish amugittechnique for the intermediate and
the final products analyses.

For the successful use of NMR and MS methods,matestandards are
needed. The deuterated compounds with a well-krmmwwnber and molecular position
of deuterium atoms are suitable for such intertaidards.

Generally the primary amines are actives and ‘ddisaprecursors in the
synthesis of other more complexes compounds. Thdaghine O corresponds to this
purpose. The synthesis of ethylamine can be maderitgonium alkylation with Et-X
or by catalytic reduction of acetonitrile. For quurpose the most suitable method is
the acetonitrile Breduction with D.

There are two methods to obtain the deuteratedlagtiiye by acetonitrile
reduction:
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1. Natural acetonitrile catalytic reduction by.DI'wo kind of reactions take places
over the same catalyst, the CN group reductiontaedi/D isotopic exchange of
hydrogen atoms from the methyl radical.

2. Acetonitrile D; catalytic reduction by P

The first method has a disadvantage: the rate tdlyzeed H/D isotopic
exchange reaction is lower than the reduction oit€N group. Thus, the methyl
hydrogen is not totally replaced by deuterium. #as reason, the second method was
chosen. [1]

The process steps are:
l. The obtaining of acetonitrileD
1. The catalytic reduction of acetonitrile withp.D

| The obtainining of acetonitrile D3

The molecular structure of acetonitrile (§N), indicates that a good method
for the deuteration is the catalysed isotopic emghaH/D between the natural acetonitrile
and a deuterium supply. The chosen donor is heatgrvand the reaction is:

2CHCN + 300 - OP poN + 310 1)

The CN group is strongly attractive for electram&l mobilizes the CH bonds
from the CH group. The consequence is an increasing H/D exghaate for the
reaction between acetonitrile and heavy water.

If we note with X, Y the numbers of acetonitril@daheavy water moles
respectively, and with X, y the isotopic concemdrafin % at. D), the isotopic balance
equation is [1]:

1,5X1X1 + Yly]_ = 1,5)§X2 + Y2y2 (2)

The ratio of the numbers of exchangeable atomwedmst the two reagent
molecules is 3/2 =1.5

At the equilibrium % = xe and ¥ = Y = X, and:
X _ 1-Y, 3)

e

=a
1-X, Y

e

The isotopic exchange constanis roughly 1, and may be used as such in
mathematical modeling. In this assumptiony " which is the initial molar ratio of
reagents necessary for obtaining gfcan be calculated: [2]

Yi_q5Xe™Xs

Y=
X1 Y1—Xe @)
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Two kinds of H/D isotopic exchange process willgresented:
1. Each isotopic equilibration stage uses 99.8% dite&vy water
2. Different concentrations of waste heavy water aedun earlier stages of
the process and in the final stage 99,8% at. Dyheater.

1. The isotopic exchange process can be assimilatdd avcountercurrent
cascade where the product of the first stage ige¢hgent for the second
stage.

Experimental results are shown in tabel 1.

In this case we have a little number of stagesthmitheavy water consume is

high. Thus, wastéeavy water, with isotopic concentration betweefoBO— 95%D,

with low economical value, results for every stage.
Tabel 1.

Acetonitrile deuteration using natural acetonitaled 99,7% at. D heavy water

Concentration (%Dat
| Il 1l 1\ V VI VI
Ac-r Nat. 50 80 90 95 97 99
Ac-p 50 80 90 95 97 99 99.5
% 1.51 2.28 1.55 1.60 1.11 4.29 3.75

2. In the same experimental arrangement the prasestarted with different
deuterium concentration of waste heavy water sanplene deuterium concentration
of the heavy water used in the first step is 65%Datin the next steps the deuterium
concentration of the used heavy water is risec§9t8% at.D.

Table 2
Acetonitrile deuteration using waste heavy water
Concentration D)
I I I v V VI VI Vil IX

D,O 65 65 80 90 95 98 99 99.7 99.7

Ac-r Nat 50 60 75 85 92 96 98 99
Ac-p - 60 75 85 92 96 98 99 99.5
y 50 6 4.5 6 35 3 3 2.14 3.79

When the isotopic exchange equilibrium is reaahedvery stage, the reaction
mixture must be separated. The separation by ldigtih is not adequate because, the
water and the acetonitrile make an azeotrope.

Increasing the natrium deuteroxide content in thaction mixture, the
solubility of acetonitrile is diminished until treparation of the mixture in two layers.
The upper layer is acetonitrile. In this way, themical degradation remains insignificant.

Il Catalytic reduction of acetonitrile D 3 to ethylamine D..

The ethylamine BPis a useful intermediate in the synthesis of samganic
compounds specifically deuterium labeled (as mebajnwith five deuterium atoms in
well-known positions.
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The reaction of catalytic reduction of acetonitfileto ethylamine Bis:
CD:CN + 2D, Ni/Cr203 CDs—CDy-ND» (5)

The catalytic reduction of acetonitrile can be daven in liquid phase on
metal catalyst e.g. — Ni Raney — or in gaseousgbasanetal / support catalyst. In this
work we present the reduction in liquid phase ortamé support catalyst, more
precisely Ni / oxide support catalyst.

The reaction products are: monoethylamine, diethila and triethylamine.
So, it is very important for the catalyst to havgand activity and a good selectivity
too. A good selectivity for the primary amine givasless complicate separation
process of the reaction mixture.

The catalysts were prepared by coprecipitation. Tiethod consists in
coprecipitation in aqueous solution of nitrate mies of nickel and support metal with
natrium carbonate (or natrium hydroxide). The gmitatie was washed, dried, calcinated in
N, flow at 350°C and then passivated by reductiod.flow at 350°C.

The catalysts were characterized by total and ecivface measurement. The
active surface, respectively the Ni surface, waasueed by hydrogen chemosorption
at room temperature. Assuming that each metal $itdra hydrogen atom and the Ni
cross section area is 6,54he nickel surface can be calculated from the arhofi
adsorbed hydrogen.

O
p
R

,\ '

e D
T

Figure 1. The experimental set up for the catalytic reduction of acetonitrile

G — deuterium supply, D — flowmeter, S — {IN vapors saturator,
R — catalytic reactor, T — freezing trap
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The catalysts were tested into the experimentaligethown in figure 1. The
hydrogen flow is saturated with acetonitrile vapair9°C. The hydrogen and acetonitrile
mixture passing through the catalyst bed in thetogaat 70 °C. The catalytic reactor is
on line with a gas chromatograph with flame iorimatdetector, to analyze the
reaction products.

The most appropriate catalyst for our purpose #CKD;, which combine the
activity and selectivity requested.

The practical conditions to obtain ethylamine -fidm deuterated acetonitrile
were studied for this catalyst. The reduction waslenin the same experimental setup
(figure 1). The deuterium gas was supplyed by heeater electrolysis. A deuterium
flow of 6-8 I/h was saturated in deuterated acetibmiat known temperature (stabilized
with a thermostat). The deuterium and acetonitnigture was passed through NifOg
catalysts £3.69) at 80 — 100°C. The reduction reaction wasngfly exoterme, so the
catalyst temperature was difficult to control.

In these conditions the acetonitrile was totallpnsformed in products.
Selectivity in monoethylamine was strongly dependéithe saturation temperature.

The results concerning the dependence of the sétgatersus the saturation
temperature are presented in table 3.

Table 3
The dependence of the selectivity versus the saiareemperature
Saturation temperature

MEA % DEA% TEA%

18 93.8 4.95 1.25

20 90.7 7.2 2.1

25 84.4 12.5 3.1

30 78.2 16.7 5.1

25 62.4 23.5 14.1

& _ after 400 hours

The reaction selectivity for ethylamine — & lower when the acetonitrile
vapor pressure is high. The reaction takes plac¢éhercatalyst surface between the
adsorbed species of acetonitrile and deuterium.iAthe catalyst surface is covered
with acetonitrile (high vapor pressure) multipldlisins take place and the results are
DEA and TEA.

The aim of our activity is to produce relative lhigiount of ethylamine —-n
a reasonable time. Working at low saturation tejpee is not indicated — even if it
provides a good concentration of EA — becausedhetion rate is very low. In practice
we are led to a compromise solution of 25°C séiumaemperature- which provides a
big amount of EA in short time and a good seletstifor EA.

An interesting experimental result is presentethilast row of table 3. The
catalyst selectivity for EA is lower after a few ekes. We don't have yet an explication
for this behavior.
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ABSTRACT. The beam divergence of high-order harmonics getkia Helium by an
ultra-short Ti:sapphire laser (7 fs and 30 fs)xigegimentally characterized by means of a
flat-field, high-resolution spectrometer. The haniedeam divergence is also analysed as a
function of the gas-jet position relative to theelabeam waist. Results, which are partly
different from previous measurements performedregdr laser pulse duration, are discussed.

1. INTRODUCTION

High-order harmonics as a coherent XUV radiatiomrse exhibit unique
properties, such as high brightness, due to gawoghdeal and spatial coherence [1,2],
and extremely short pulse duration [3]. Thanksheseé unique features, high-order
harmonic sources lend themselves as interestindjdates for applications in physics,
chemistry, and biochemistry.

The availability of extremely short pulse duratisolid state lasers [4,5] has
allowed efficient generation of harmonic pulseshdtiration in the range 30-5 fs, and the
emission of coherent radiation down to thater windowspectral region (4.4-2.3 nm)
[6,7].

Moreover, the advent of the above mentioned lasarces makes two exciting
perspectives much closa):the use of sub-10 fs laser pulses opens the waingle
attosecond x-ray pulses;) the availability of intense soft-x-ray pulses @nnear-
diffraction-limited beam, which should be focusatilepeak intensities of the order of
10" Wemi?, promises to speed up the field of x-ray nonlirsatics [8].

In the present paper we concentrate on the chaisatten of the spatial mode
of harmonic radiation generated, in the spectrglore 30-8 nm, both in Neon and
Helium by Ti:sapphire laser pulses with duration36ffs or= 7 fs. In particular, we
show the measured harmonic beam divergence actdiuf the harmonic order and
of the distancegz, of the gas jet relative to the laser beam wdiste of the most
relevant features of our observations is that thiemionic beam divergence generally
increases with harmonic order. This behaviour imedwow different from that of
previous measurements performed at longer lasse gluration [9].
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It is worth stressing that, in spite of the relativsmall number of photons per
harmonic pulse (typicallg10® at 31.8 nm which corresponds to thd”2@rmonic of
the fundamental), the spectral brightness of haron@dliation can be very high, due to
the extremely short pulse duration and to the gaaatial coherence. Correspondingly,
a’g estimate of the spectral brightness for tH2 [2&rmonic leads to 6107 photons/
(A-s-srad).

2. DESCRIPTION OF THE EXPERIMENT AND RESULTS

The Ti:sapphire laser system used for the expetigielivers 30 fs, up to 1 mJ
laser pulses (centred at 795 nm) at a 1 kHz rapetiite. Sub-10-fs pulses are generated
by the hollow fiber compression technique [4]. r get-up, the laser pulse duration
can be set to 30 fs or to 5-7 fs, depending on érehe hollow fiber is filled in with
Argon or not Amplitude and phase of the compregaddes have been monitored by
Spectral Phase Interferometry for Direct Electigdf Reconstruction (SPIDER) [10].
Typical pulses have duration of 5-7 fs and enefgy.® mJ, while the spectral phase is
generally constant over the pulse spectrum. Lagksep are focussed onto the gas jet
by a 25 cm focal length silver mirror, which ledadsa confocal parameter of about 6 mm.
The laser-gas interaction lengthCls mm, with a gas pressure[d@0 Torr. The positiorz
of the gas jet along the propagation axis can tmlye&aried by translating the
electromagnetic valve. The harmonic radiation iscsfally dispersed by a grazing
incidence, flat field spectrometer (Fig.1) consigtiof a toroidal mirror (incidence
angle 86, and radii of 6500 mm in the tangential plane 44d7 mm in the sagittal
plane) followed by a Pt-coated spherical gratireglirs of 5649 mm, average groove
density of 1200 mf). Harmonics are finally detected by means of aerisified
microchannel plate (MCP), followed by a charge dedplevice (CCD) camera. The
sensitive element of the MCP is located 235 mnirtan the grating.

A typical spectrum, obtained in He for 7 fs laselsps and at laser peak
intensity at focus o£10™ Wem, is shown in Fig.2. The harmonic spectrum develops
along the horizontal direction, and harmonics fritve 23" (rightmost) up to the 67
are clearly observable. The vertical direction aorg information on the spatial profile
of the harmonic beams. The spectrum of Fig.2 issonel when the gas-jet is placed
about 1 mmbeforethe laser focus in the converging beam: in theselitions a good
compromise between conversion efficiency and haitnbeam divergence is reached,
in order to maximize the harmonic spectral brightheAs Fig.2 clearly depicts, the
harmonic beam divergence increases almost lineaitly the harmonic order. The
corresponding quantitative analysis is reportedthia insert of Fig.2, where the
harmonic beam divergence angle (FWHM) is plottedirzg} the harmonic order. The
harmonic beam divergence increases, in this cémesathree times, from1l.2 mrad
for the lowest order harmonic observed, namely H#3,to more than 3 mrad for
harmonics at the end of the plateau, as H65. Alairbehaviour is observed also for
30 fs laser pulses, though, in this second case,h#rmonic beam divergence is
generally larger, increasing by a factor of twanfr=2.3 mrad for the lowest order
harmonics up te4.6 mrad for harmonics at the end of the plateau.
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CCD camera gate valve and MCP

differential pumping

J Laser-gas
interaction

grating

x-y linear drive
and rotator

Figure 1. Layout of the experimental apparatus: detaihefinteraction chamber, t
XUV flat-field spectrometer, and the detector.
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Figure 2. Spectrum obteained in 30 Torr of He for 7 fsiasdses and for a laser peak

intensity of=10"> Weni 2 at focus. The gas jet is placed, in this casejtabmm before

the laser focus, in the converging beam. The iskexts the harmonic divergence,
evaluated as FWHM of the spatial profile, vs thertwaic order.

In figure 3 we report the spatial profiles of hanits belonging to different
regions of the spectrum, namely H25 and H43, resmdg in the central and final part
of the plateau, and H61 in the cutoff region. Apaoim the increasing divergence
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angle, it is worth stressing that they presentlagbape without any structure. This is a
general behaviour, observed for all the investdateanges of the experimental
parameters.

————————————— The harmonic beam divergence

10} g has also been investigated as a
] function of, z. In general, the
__ o8| 4 largest harmonic beam divergence
S has been observed about 1 mm
S o6l i after the laser focus, in the diverg-
L ing beam, while the highest con-
-g oal i version efficiency has been ob-
e tained just around the laser
= .l 1 focus. Such a surprising feature,
' widely reproducible and observed
- in a large number of experimental
09, »  conditions (both for 30 fs and 7
8 (mrad fs pulses and for various gases),
Figure 3. Spatial intensity profile of h25, H43, H61 in the IS N contrast with previous meas-
same conditions as Fig.2 urements performed at longer
, ; ; ; : : laser pulse duration [9] and is
= T ® " b | s'gill unde_r study.
g ..l H43 . | Figure 4 illustrates the above men-
Tg ' o A tioned behaviour. Beam diver-
5 o6l & " | gence, photon number, and spec-
i/ / . e " tral brightness are plotted, each
- ‘/ 1 one normalized to its maximum
z - ¢ value, as a function of z, for H25
@ ozr / 1 (31.8 nm), case a), and H43

d } } } bt (18.5 nm), case b), in He. In the
figure, the valuez = 0 corre-

A ®
/. \a) sponds to the gas jet at focus,
o o and the laser propagates from
z<0 to z»0. Both harmonics
" A

0.0
10}

H25
0.8} /

A

I%

0.6 [

A
exhibit the same characteristics:
:/ \0 | the highest conversion efficiency,

I
~
T

i.e. the largest photon number
1 Nph, is obtained approximately
\* at the laser focus, whereas the
R 2 1 o 1 2 beam divergencd, is maximal
z (mm) about 1 mmmafter the laser focus
Figure4. Beam divergence, (squares), number of photong,N  (Zz=1 mm). Thus, the spectral
(circles), and spectral brightness, B (up triangisnormalized,  brightness, IB]NprIGZ, is maximal

vs the gas jet position, z, along the propagatia) for H25 (a) at z=-1 mm, namely about 1 mm
and H43 (b) in 30 Torr of He for a laser pulse tioineof 7 fs before the laser focus. in the

0, Nph, B (normalized)

158



HIGH-ORDER HARMONICS IN THE FEW-OPTICAL-CYCLE REGIE

converging beam. No satisfactory explanation has tbeund yet for such a behaviour:
additional experimental investigations and theoedtianalysis, based on a 3-D
propagation model [11] which also accounts forribeadiabatic single atom response,
are planned in order to understand this feature.

We remark that in our experimental conditions thaximum brightness is
generally obtained &= -1 mm,i.e. in the converging laser beam. It is worth noticing
that the peak value of the brightneBsof Fig.4 is 16>10°® photons/A-s-srad. It has
been estimated by the formula:

— N ?heas B7T0T
AQDALT,

where Npp is the measured number of harmonic photopst is the overall
conversion efficiency of the whole apparatd§ is the solid angle subtended by the
harmonic beamg@/} the harmonic bandwidth, arsl the harmonic pulse duration. All
the above quantities bug, have been measured, whergabhas been assumed to be 3
fs. However, this estimate is reasonable only iidispersive elements are employed
for harmonic selection or if harmonic pulse recoaggion is implemented. In our case,
the use of a diffraction grating introduces puksegthening.

meas

3.APHYSICAL MODEL FOR THE GENERATION AND
PROPAGATION OF THE HIGH ORDER HARMONICS
To understand better the above experimental restdeveloped a computer
code based on a physical model [11] for the geiwmeratnd the propagation of high
order harmonics. It includes a physical model far single atom response in intense
electric field, and the propagation equations fothbthe laser field and for the
generated radiation.

a) Single atom response:

The nonlinear dipole momedy(t) in the Strong Field Approximation formalism
is:

St T

t
xexp[—iSS,[(t',t)] El(t') }ex{— jw(t')dt}

— 00

3/2

X

0*[pgy 0 - A0 apg, (.0 - AC)

where the stationary value of momentum and actien a
] —_— 1 t n n
pg(t') = ﬁtle(t )dt
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St 1) = (t -t —= p2 (& t)(t—t')+1}A2(t")dt"
’ p 2"stt’ g
and the dipole matrix element for transitions fribra ground state to a continuum state
characterized by a momentypmnis:
i) 2221 )%
=i
T (p*+21,)°
The tunnel ionization rate from the ground stateristen in Amosov Delone
Krainov (ADK) model as:

4 21 41
w(t) = p n* h_p ex _Sh—p
W W

b) Propagation of the fundamental fiéld

The 3-D wave equation for the propagation of thelamental field, takes into
account the presence of a plasma generated bpgbeih the gas. H. is the electron
density one can write an equation of the form:

9%E (r, 21) _ e?n o1 2.)
D2E1(r z,t) - 12 E;tz 5—E(1,2.0)

Cc C
which eventually can be written in the moving fra(n’sz t'=t-z/c) as:

> 26E1(rzt)en(rzt) L
O El(rzt) . prop 5 El(r,z,t)

c

2
E
where the paraxial approximatiOH(—)%zl = 0) has been used. The temporal derivative
V4

can be eliminated by performing a Fourier transféfT), yielding the parabolic type
equation:

0 t'
02E,(r,2,0) - 22 El(gz.z D ey en(rz )El(rzt)

Due to the complex nature of the quantities invdj\ais is in fact a system of
two equations which has been solved numericallygigie Cranck-Nicolson method.

¢) Propagation of the harmonic fie:

Harmonic field E,) propagation obeys the 3-D wave equation similath&d
written for the harmonic field. A spatial polarisat P, (r,z,t) is present, due to the laser
induced dipoles of the atoms which did not iong®] plays the role of the source:
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1 0%E, (r,z1) 32P_ (r,zt)
2 _ h _ nl
O Eh(r,z,t) — =Hy
c? a2 at2
As above, it can be written in the moving frameg, t'=t-z/c) as:

,0%E, (r,Z,t) 9P (r,z.t)
02g, (r,z,t)-2—0h = nl
0™h c ooz 0 52
By performing a Fourier transform (FT), the abogeation is transformed in
system of two parabolic type equations:
ZiwaEh(r,z',a;) 5 .
c oz o7

which can be soved numerically. Note that equatieee derived without performing
the slowly varying envelope approximation in time.

After solving numerically the equations f&f and E,, the program compute
the power spectrum of the harmonics.

2 V) —
DDEh(r,z , W)

3. CONCLUSIONS

The beam divergence of high-order harmonics geegrat He by a=7fs
Ti:sapphire laser has been extensively investigat€de main and somehow
unexpected features of our results are: the haenbeiam divergence generally
increases with the harmonic order, and, its treadaafunction ofz, presents a
maximum when the gas jet is positioned in the djivey beam, whereas in previous
measurements at rather longer laser pulse dur@t®0 fs) [9] the maximum of the
harmonic divergence angle occurred in the convgrégser beam. This result, very
well reproducible and observed also for 30 fs Igseises, seems to indicate that
different phase-matching conditions for the harm@ropagation process occur in the
case of very short laser pulse duration. The dipblase, which could be very much
affected by nonadiabatic effects due to the exthgrsigort laser pulse duration, might
play a different role in the phase-matching coodii when compared to harmonic
generation by longer laser pulses.
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ABSTRACT. Davydov's soliton remains an attractive and gmssmechanism for the
energy transport in proteins. Discussed initiailyhie context of alpha-helix structure, it was
applied later in several situations. An interestygtem is the acetanilide (ACN), which has
many features in common with other hydrogen bongelypeptide structures. An
unconventional amide | band was disovered in ieffaand Raman spectra at low
temperatures, which was interpreted as a manifastaf the existence of soliton in this
structure. The theory of the infrared spectra \éemeed, with emphasize on the resonant
interaction between short waves (amide | excitg)iamd long waves (phonons), interaction
responsible for the soliton generation.

1. INTRODUCTION

The mechanism for energy transport in proteins been an active area of
research for over 30 years, but still is not yecielated. Many years ago, an attractive
model was proposed by Davydov. In this model thaarhoscillations act as baskets
for the storage of biological energy released @ adenosine triphosphate hydrolysis.
The nonlinear interaction of these intramoleculaeitations with the acoustic field,
describing the oscillations of the molecule alomg &-helix chain, provides the
mechanism for generation of self-trapped excitatialong the chain. In this way the
energy can travel over considerable molecularmisgwithout being thermally dissipated.
Many authors have discussed and tried to improigrtiodel, and in spite of many
controversial arguments it still remains in actiyalil], [2] (and references therein).

2. DAVYDOV'S MODEL

The model represents a very drastic approximatfdheoreal situation, and in
spite of its simplicity it can not be solved exgctUsually the quantum model is
discussed in a kind of coherent state approximadiwha system of coupled nonlinear
equations for the classical field variables is fdumamely

Ihé‘“ = Ean _Z‘]p(amp + an—p) + X0, 1)

p=1

Mlbn - W(pn+1 - 210n + pn—l) = X(|an+1|2 - 2|an|2 + |an—1|2) .
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Here a, is the classical amplitude of the amide | oscifiatin the n-th molecule,
E=E,-D, whereE, is the oscillation energy arldl a static shift due to lattice effects,
J , is the dipole-dipole interaction energy between Gibles (usually only nearest

neighbours interaction is consideregl), is the relative displacement of two adjacent

moleculesM andw are the mass and the elastic spring, jargdthe coupling constant
for the mode-lattice interaction.

In studying this system we have to make distimctietween two regimes of
space-time variations. The first corresponds toes@amst motions described by space
and time variables of order of the distance betwestecules and the inverse of a
characteristic frequency. These motions are destrihainly by the linearized
equations and correspond to a decoupled systemmti@iolecular excitations (A-
system) of frequencies

ha(k) = E-2>"J, coskip 2)
p=1
and a system of acoustical phonons (P-system)thétldispersion relation
. ki w
Q(k) =2Q, [sin—| , Q,=.,— . 3
(k) 0 SN o=\ M ®3)

When no kind of resonance condition exists (thik e discussed latter) the
inclusion of the nonlinear coupling terms in thesggpns of motion will affect a little
these rapid motions, an effect which can be diszlipgrturbatively.

But there is also an another regime, charactetigesbme kind of slow space and
time variables, where the small cumulative effaftsionlinearity manifest and lead to a
modulation of the amplitude of the propagating &twn (Benjamin-Feir or modulation
instability) and the creation of a spatially lozalil excitation — the soliton. In the present
paper we are interested in this regime, and taudsd we need an adequate mathematical
formalism. This is given by the asymptotic method roéltiple scales (or reductive
perturbative) method [3].

If ¢ is a small parameter the slow variables are defase

E=e(nl-vt), t,=¢%, .. (4)
wherev,, is a group velocity to be specified latter. Thiea separation of fast and slow

variables in the A-system is achieved assumindplleving asymptotic expansion far,
a, =€ OY LA (.15, (5)
i=1
As concerns the P-system one assumes that it depamlg on the slow
variable (4) (the acoustical branch is assumecettskaved” to the optical branch). As

the right hand side of the second equation (1) is’order, an asymptotic expansion
for p starting with the: 2 term has to be used

p= &P t,,..) 6)
j=2
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All these expansions are now introduced in (1) Whias to be satisfied in any
order ofe. For the A-system in ordef the equation is satisfied ifw(k) is given by
the dispersion relation (3) and in ordéiif the groupvelocity is given by

vV =doldk=0, @ ,=1/n'd" w(k)/dk").
In ordere ® the first amplitudeé? | has to satisfy the equation
1AL 0 TA L Xpa =0 @)
o, 082 T

coupling the A and P systems.
Turning now our attention to the P-system the wision starts with the

¢* order. With the notatiorc ; =, for the phase velocity of the acoustical phonons

one obtains
0°P, 0
(v -c,) =X it} ®)
0é&? M oé
If v,#c, (no resonance condition) from (1) one gets
__x 1
p=-4 9
T -|Af 9)
cp2
which introduced in (7) gives
6A1 0
Yy A+ dAlA = 10}
)(_ 1
w2

This is the complete integrable nonlinear Schroeiirequation (NLS). When
w , >0 (focusing case) the NLS equation admits solitdotgms [4], [5].

In the next ordera4 , for the A-system one obtains

B, O

o, 2 0&

0A . 0°A . 20A |, 20A
o T e A5 A o) (11)

A =2qwyv, I(c,” -v,?)
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This is an inhomogeneous linear equationAqr. In the left hand side (lhs)
one recognizes the linearized NLS equation (aroandgolution A of the NLS

equation), and the inhomogeneity in the right giths) depends only oA ;. Possible

secular behaviours appear any time if in the rhlaj are identified solutions of the
linearized NLS equation (the symmetries of the NigBation). They can be eliminated

if thet, dependence &, is determined from the next equation in the NLSdrehy
(the complex mKdV equation), namely
0 6 0
-_A1+ 6c|Ai|2 A-L) =0 (12)
ot,
)(2 1
2 2
2hwaw, 1-v,"Ic,

The remaining inhomogeneous linear equationAgr will be now free of
secularities and A is the one soliton solution it can be exactly gnéted by a
suitable transformation [6].

The previous discussion is validvf, #c ;. Now let us discuss the case when
vy=C,and show that this corresponds to a long wave -ftshave resonance
situation. Let us consider the resonance of a triad

k,=k,+k,

w,=0,+t0, (13)
and suppose th&t andk, are very closek,=k+ek, K, =k- ek. Then the wave number
triad is automatically satisfied ik, =2 ¢k , while the frequency triad is satisfied if

¢ = (k+ek)- w(k-ek) = 2K doldk = k, do/dk (14)

Butw 3/k;=c , is the phase velocity of the long wave, whde/dk=v ; is the
group velocity of the short one. Then this kindegonance takes place any time when
c,= Vg4, a condition which is easily achieved if the sheeves belong to an optical
branch, and the long waves to an acoustical oneerMthis situation happens the
equations (8) is no longer valid as the order is automatically satisfied. The Ihs is

different of zero starting with the® order, and this can be achieved if the asymptotic
expansion (5) is modified, namely

a,=e' " Je3 A (& 1,,...) 15
j=1

the definition of the slow variables remaining uacbed. Then it is easily seen that in
the order: the P-system has to satisfy the equation
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2

iapzz_ X |26|A1|

ot, 2My, o0&
The equations (7) and (16) constitute an integrapdtem know as Zakharov-
Benney equations. [5], [7], [8]. Its soliton sobrtiis only slightly modified from the

soliton solution of the NLS equation. Higher ordgproximations can be worked as
before; more details will be presented elsewhere.
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3. CRYSTALINE ACETANILIDE CASE

Different types of collective excitations in quakiD molecular crystals
consisting of weakly interacting molecules (grougdsatoms) can exist. The most
studied are the excitons. They can be generatedighy and characterize many
processes of absorbtion and luminiscence. In thabieg part of this paper a discussion
of another kind of collective excitation — the smhi — was given. It is supposed that
they can be excited in chemical reactions and terotocal actions, playing an
important role in biological processes. But thegreat be excited directly by light.

But there is a very notable exception, namely thestalline acetanelide

(CH;CONHCH ;) (ACN), an organic quasi-one-dimensional crystdipse structure
is very similar with the structure of typical pobmtide chain in protein. In the early

seventies Careri et al. found an unconventionatiarhband at 1650 ci (shifted by
about 15 wave numbers from the primary band) attemperature and assigned it to a
soliton type excitation in this system [1], [9],0]1 To explain the experimental results
a Davydov type model was used, in which the amidesdillations are interacting
nonlinearly with a low frequency optical mode (désiog the hydrogen bonded proton
motion). Treating the low frequency optical mode @s Einstein oscillator the
Hamiltonian is given by

H=) h -3V (17)
ho=[Eo+ho (b, +b)IB B +ho,b b, (18)
V=> (B,B,,+B B ) (19)

Here B; (B, ) is the creation (annihilation) operator for aniden oscillation

b; (b,,) the creation (annihilation) operator of the Egirsoscillator of frequencyw ,, A,

the coupling constant of the mode-mode interaciiod J the dipole-dipole interaction
energy between two amide | oscillations. In the AC&¢e J is small compared with

Lo, SO the problem can be solved by using a pertiarbteory in J. The unperturbed

problem is described by the energy operator of'tsplaced harmonic oscillator” for
which exact eigenvalues and eigenfunctions are knjdd]. A Bloch function can be
now written for the perturbed problem and a finstey estimate of the energy gives
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/102 _(A)Z

E(k) =E, - —2Jcoske "% . (20)
ha,
In an infrared experiment only=0 states are observed. The peak of 1650

cm ~ corresponds to &0 soliton type excitation (the name "soliton" ised in a
wider sense of a spatially localized solution) havihe binding energy

1

2 _(i)z

A
E.=29 -2J[1-e "™ 2
5w [ ] 19

One of the striking property of this peak is itory temperature dependence,

the absorbtion strength varying ex;p(;b’Tz). This fact is due to the interaction with
the acoustic phonon bath [1], [11]-[13]. In conélums the appearance and the

temperature dependence of the experimentally obdeanide | band at 1650 ctnin
ACN can be explained along the lines proposed byybav.
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ABSTRACT. Important information about anatomic functioryatif biological tissues, as
well as the presence of the tumors or of the farbigdies can be obtained using physical
parameters characterizing the ultrasound propamgitithe tissues.

The velocity and the absorption coefficient of agwund in biological tissues were
measured using a pulse method. The pulse genkeatar frequency of &z and the high
frequency generator had a variable frequency imahge (1-4) MHz. Ceramic plates were
used as generator and receiver of the ultrasounds.

The measured parameters were used to estimateittiaiic compressibility and the
internal pressure in the studied tissues.

Introduction

Ultrasound action on complex molecular media magulte in various
modifications such as: stimulation of chemical teag water decomposition in H and
OH radicals - which is followed by hydrogen peraxigeneration-polymerization and
de-polymerization, cell membrane disorganizatioa thuproteins damages (especially
enzymes), lipids and vitamins damage. Protein nubddemodifications are dependent
on the side chain and lateral chain nature as agebn the gases dissolved in protein
suspension. Protein de-polymerization could betedlao the cavitation phenomena,
precisely on the implosion forces acting on camtabubbles. De-polymerization was
noticed only when the dissolved gas was oxygen.ymafic activity of various
proteins is diminished, vanishes or it is not a#ecby ultrasound action. When
enzyme activity is affected, then a mass transfaleu ultrasound waves occurs.
Glucose, fructose and saccharine may be hydrolyneéér ultrasound action and new
compounds may be generated in the initial liquidrimaSome vitamins such as C
vitamin are destroyed while the biosynthesis okothitamin, such as Dis stimulated
by ultrasound waves.

Energy absorption in animal tissue is given by:

P=1,S[1-exp(2da)] (1)

whereP is absorbed powel; is the ultrasound intensitf is the tissue surface, is
the tissue width and@ is the absorption coefficient.

In the Table Il the absorption coefficient is givien different tissues.

Physical quantities that are able to describesdtrad propagation are velocity
and acoustic impedance (see formulas and Tabéexlllll):
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V=t (g

pB

10V

B=-y s

vor

v.p @)

wherev is ultrasound velocityis tissue densityy and P have the meaning of

volume and pressure arﬁiis the adiabatic compressibility coefficient.

Tablel.

Absorption coefficient in biological media (C. Qudose, 1997)

Frequency (MHz) Tissue Absorption coefficient (§m|
0.800 Muscle and grease 0.141
0.800 Grease tissue 0.102
800 Muscle 0.192
2.400 Muscle and grease 0.472
1.000 Water 0.0003
1.000 Sanguine plasma 0.007
1.000 Blood 0.02
1.000 Muscle 0.2-0.5
1.000 Liver 0.17
1.000 Kidney 0.22
1.000 Grease 0.13
1.000 Bone 3.2
Tablell.

Ultrasound velocity and impedance in some bioldgivedia at 24C

(Schmitt &Brown, 1970)

No Propagation medium Acoustic impedance (/s Propagation
velocity(m/s)

1 Water 1.48 1480

2 Blood 1.64 1547

3 Brain 1.56 1514

4 Muscle 1.63 1567

5 Collagen 1.68 1680

6 Soft tissue 1.55 1550

7 Bone 6.9 3550

8 Dentine 8.0+0.4 3600+200

170

Ultrasound velocity in biological media is dependéoth on the protein
concentration of biological liquids composing theldgical tissue and on the external
pressure - factors that are influencing tissue ilens
But the influence of these factors is dependingemperature so that, in the
present study, we carried out measurements on lttesaund velocity in biological
tissue for different temperatures.
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Materials and methods

An ultrasound pulse method was utilized to meaauamistic wave velocity. A
laboratory device designed and assembled in ogniets used for the biological tissue
exposure.

Pulse generator had a frequency 6fH® while the high frequency had a variable
frequency in the range 1-4 MHz. Three adiabatien®cdhaving an ultrasound generator
and receptor ceramic plates with the frequenciek, & and 4 MHz, were used in our
experiments. The cells containing tissue sampldgdiféerent lengths and are bounded
to the generator and receptor of ultrasound thrdaughacoustical adapters, in which
ultrasonic damages are negligible (fig. 1).

Trigger pulses

S

A/R range Pulse
scope gener ator

N / N

Probereceiver Probet
sample
\
crystals

Constant temperature
bath

Figure 1. Block schema for determination of the velocity and
absorption coefficient of ultrasound in mammalian tissues
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Water, rabbit blood and beef liver, were the bigdagmaterials that we tested.
Temperature was varied between “@4and 39.5°C using a Unicam Specac Digital
Temperature Controller Unit.

Resultsand discussion

Ultrasound velocity recorded for every tested terapge is given in the
graphics below. In all three cases there is a dsorg of ultrasound velocity to the
temperature increasing, a second order polynoneialghthe mathematical function that
fits better the experimental points (according Mitérature data - Naghy, ., 1984).

water
y =-0,0229x 2 + 1,0627x +
1480 21466,8
2 1478 =0,
S 1476
S 1474
2 1472
1470 T T T T T
20 25 30 35 40 45 50
temperature

Figure 2a. Ultrasound velocity (m/s) in water (RP-square correlation coefficient). Temperaturein °C.

rabbit blood
y =-0,0211x 2 + 0,9533x +
1548 1R’1R"-'\
> 1546 RZ = 0,9931
S 1544 A
¢ 1542 N
1540 : :
20 30 40 50
temperature

Figure 2b. Ultrasound velocity (m/s) in rabbit blood (R>-square correlation coefficient).

Temperaturein °C
beef liver )
y =-0,0161x 2 + 0,7091x +
1600 1590,2
R? = 0,992
2 1598
S 1596
]
¢ 1504
1592 ‘ “b
20 30 40 50
temperature

Figure 2c. Ultrasound velocity (mVs) in beef liver (RE-square correlation coefficient).
Temperaturein °C
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In the Table Il the coordinates for maximum poird6 the polynomial
approximation functions are given.
Tablelll.
Ultrasound maximum velocity values as computeddlyrmomial approximation

No. Sample t (max) (Celsius) V ay (MVS)
1 Water 23.20 1479.13
2 Rabbit blood 22.59 1547.27
3 Beef liver 22.02 1598.08

It results that velocity is reaching a maximum eafar a certain temperature
that is very closed to the 2€elsius, i.e. the lowest temperature considereduin
experiments. Some unavoidable error sources affeesilts in Table Ill, so that in the
case of water experiments the velocity obtainedementally for 24’Celsius is lower
than the maximum velocity.

In Figs. 3 a-c some mathematical correlations wevealed between the three
investigated media. It is obvious that linear fumes fit experimental data. From line
slopes, one may observe the same order relaticeviyy temperature:

Vwater < Vblood < VIiver (5)
To get an interpretation on this relation we coreliime relations (2) and (4):
1
V=E_— (6)
Zp
and look to the Table Il, where is obvious that:
Zwater < Zblood < Zsoft—tisue (7)

Correlation between velocity
in water and blood

1548 R%2=0,99
1547
1546
1545
1544
1543

1542 N
1541 &~

1540 T T T
1472 1474 1476 1478 1480

velocity in blood

velocity in water

Figure 3a. Linear dependence of ultrasound velocity (m/s)
in water on the ultrasound velacity (nmvs) in blood
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Correlation between
ultrasound velocity in liver

and w ater
y = 0,7948x + 422,24

2 _
1599 R“ =0,9904

1598
1597
1596 -+
1595 +
1594 ~
1593 +
1592

1472 1474 1476 1478 1480

velocity in liver

velocity in water

Figure 3b. Linear dependence of ultrasound velocity (m/s) in
water on the ultrasound velocity (m/s) in liver

Correlation between velocity
in blood and liver

y =0,8091x + 346,11
1599 R%=0,9859
1598 -
1597
1596 -
1595 - ®
1594
1593 -
1592 ‘ ‘ ‘
1540 1542 1544 1546 1548

velocity in rabbit blood

velocity in beef liver

Figure 3c. Linear dependence of ultrasound velocity in
blood on the ultrasound velocity in liver

So, we may say that coefficielﬂ is the one that need to take adequate values to

assure the inequality (5). Further experimentsdasggned to get this coefficient. One
can see that linear correlation coefficients aghhbut distinct from the unit, revealing
direct proportionality relationships but also péaulbehavior of the tissue couples
considered in the above graphs. This may be retatéde different values of tissue
impedance and adiabatic coefficient.

174



ULTRASOUND PROPAGATION THROUGH BIOLOGICAL TISSUES

Conclusion

1. Ultrasound velocity in the tested biological aedecreases to the temperature
enhancing, in the temperature range tested infodiceying a second order polynomial.

2. For any tested temperature value, ultrasoundcitglis higher when the
protein concentration is higher

3. Linear correlation between pairs of biologicatdia was obtained, slope
values reflecting various differences in proteixygen and glucose concentration.

Further investigations are designed in order tduet@ adiabatic compressibility
coefficient and absorption rate, since medical iappbns (diagnosis and therapy) are
requiring such information in order to compute aswund energy doses.
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X AND W ESR STUDIESOF TRANSITION METAL CLUSTERS
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ABSTRACT. The series of sodium/potassium salts of the safdiype heteropolyanions
[M™3(H,0O)(BiW¢O39),]**=" (M™ = (VO)', x = 0 and M" = C", Mn", F€", cd', Ni",
CU', x = 3) was investigated by X and W bands ESRtepsmpy. In the complex with
vanadium(IV) the unpaired electrons are trappethermparent ions (g= 1.899, g = 1.974,
AA A= 184 GIAA A= 69 G) and the Vions are prevalently dipolar coupled. In the case
of the other trinuclear clusters, the metallic dimgpis based on the superexchange
mechanism realized through the heteropolyoxometdlaime. The isotropic exchange
constants were estimated for thé' € =—4.116 cm") and M (J =-2.074 cm") clusters
from the temperature dependance of the linewidttiseoHF-EPR signals. Ttgetensor is
isotropic for the complexes with &rMn" and F& (g= 2.0), axial for the Clcluster (g =
2.080, g = 2.237) and rhombic for the Ntomplex (g = 2.201, g= 2.211, g= 2.292). The
zero field splitting tensor is rhombic for the ¢rs of M (D =-0.381 cn', E = 0.054 crit

for the spin state S = 7/2) and'ND = 1.66 cnit, E = 0.18 crii for the spin state S = 1).
Two species with different degrees of the rhomhiistortion have been identified in case
of the F€ (D,= 1.5 cm*, E, = 0.12 cr* and B = 1.5 cm", E, = 0.5 cm") and C4 (g* =
5.021, g" = 3.561, ¢ = 2.401 and g = 5.776, ¢f = 3.813, ¢ = 2.850) samples.

Introduction

During the last years, sandwich-type heteropolycstatates (HPOM)
encapsulating clusters of early transition metasehreceived much attention both
from applied (in material science, medicine, caly and fundamental research
perspectives [1,2]. The metallic clusters are ugwaicapsulated between two Keggin
or Dawson-Wells trilacunary fragments. In this @t our research focuses on the
ESR and HF-ESR investigation of "Bibased sandwich-type HPOM with three 3d
transition metals [NI3(H,0)(BiW¢O33),] 23" (M™ = (VO)", x = 0 and M* = CI",
mn", Fé", cd', Ni', cd', x = 3).

Experimental

ESR spectra on powdered solids have been recotdedra temperature and
80 K atca. 9.6 GHz (X-band) using a Bruker ESP 380 spectremét/-band ESR
spectra were recorded on the HF-ESR Grenoble speeter at 190 GHz frequency.
Powder samples were pressed in pellets to avofdrprdial orientation of the crystallites
in the strong magnetic field.
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Resultsand discussion

The powder ESR spectrum of the complex with vanBig.1), obtained in
the X-band at room temperature was simulated aspargosition of two Gaussian
components, an axial and an isotropic one. Thd egraponent exhibit the signals due
to the hyperfine coupling of the unpaired electspin with the nuclear spin of the
>y isotope (= 7/2) @i = 1.899,g5 = 1.974,°AA A = 184 G,"AAfA = 69 G). The
unpaired electrons are predominantly trapped on gaeent ions. The degree of
covalency of the in-plane AO 1t bondsp,? = 0.876 evaluated using the LCAO-MO
method for VW ion in a G, local symmetryndicates a dominant ionic character of the
in-planett bonds. The broad component of the spectrum caellidterpreted in therms
of the presence of very weak extended exchangeadiiens within the vanadyl
triangular cluster. The excited st&e 3/2 could be responsible for the appearance of
the broad component of the spectrum, because afrtbelved hyperfine structure and
possibleg andA tensors anisotropies [3].

HF-ESR spectra of the polycrystalline complex wtiree Cl' ions, obtained
in W-band (190 GHz) and-200 K temperature range (Fig.2), contain a braasl dit g=
2.0. By raising the temperature, the linewidthlé signal decreases because of small
cr'-cr" superexchange interactions. The temperature depeadof the inverse of
the linewidth was fitted (Fig.3) taking into accotime proportionality AB(p-p)) ™ O xwT,
with xu being the molar susceptibility, and in the franieaddDVV model for three
exchange-coupled high-spin'Cions (S = $= & = 3/2) [4,5]:

I T = (Nigg?/3k)(3x%® + 60x™8 +157.5%% + 252x°¥8 + 247 59%)/
(4X3/8 + 16X15/8 + 18X35/8 + 16X63/8 + 10X99/8)

where x = exp(J/kT) and all other parameters hheé usual meanings. The best fit
was obtained with J =4.116 cm* and considering the g = 1.995 mean value in the
temperature range of-85 K. The three Ct ions are antiferromagnetically coupled as
arises from the negative value of the exchangelicgugonstant. A large signaAB(p-p) =
2800 G) assigned to coupled'dons was obtained in the X-band powder ESR speatra
room temperature. The supplementary signal appeiaritie spectrum obtained at T = 80 K
atg, = 4.047 is due tAMs = £ 2 transitions.

ESR spectra of the powder complex with 'Mperformed in the X-band at
room and nitrogen liquid temperatures show anagatrsignal agy; = 2.013 typical for
coupled MA ions and a small signal at half-field,(= 4.264) due tdAMs = + 2
transitions (Fig.4). The HF-ESR spectra (190 GHg)thee polycrystalline sample
pressed in a pellet of the Meomplex in the temperature range8d K exhibits an
asymmetric signal at abogt= 2.0. The exchange coupling constant 92:074 cm*
was estimated following the same procedure ashfer@t' cluster, but for a system
with three antiferromagnetic coupled high-spin'Mans with S = S, = § = 5/2 [6].
ESR spectrum obtained at T = 5 K was simulatedyusia following parameters: S = 7/2,
g =2.027, D =0.381 cm*, E = 0.054 cn.
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Fig.1. () The experimental powder ESR spectrumof the complex with vanadyl, obtained in the
X-band at roomtemperature (normal line) and its smulated spectrum (dotted line)
(b) The components of the simulated spectrum of the complex.
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Fig.3 Temperature dependence of the inverse of
the linewidth (4B(p-p)) ™ for the HF-ESR signal
N of the complex with Cr'". The solid line is the best
4 5 & 7 % 9% 10 fit of the data.
B (T)

Fig.2 HF-ESR gpectra (190 GH2) of the poly-
crystalline complex with Cr"' pressed in a
pellet, recorded at temperatures: (a) 5K, (b) 15K,
(c) 25K, (d) 50K, (e) 85K

@)

(©

1goo 2000 3000 4000 5000

B (G) W (d)

Fig.4 Powder ESR spectra of the complex L > L 4. ,
with Mn" recorded in the X-band at 0 000 5 000 6000

T = 293K temperature

Fig.5 (a) Powder ESR spectrum of the complex with
Fe"' obtained in the X-band at T = 80 K.

(b) The total smulated spectrum as sum of the spectra
(c) and (d), assuming S= 5/2 spin state
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The powder ESR spectrum obtained in the X-banid=a80 K for the complex
with Fé" contains three main features at the effeatjwelues 8.493, 4.289 and 2.000
and a shoulder at 5.498 (Fig.5a). The ESR spectvaminterpreted using one S = 5/2
spin state. The positions of the main signals wepgoduced by simulation with an
isotropic g tensor, ¢« = gy = g, = 2.0) and a rhombic fine structure tensbr< 1.5
cm’, E = 0.12 cm) (Fig.5d). For reproducing the intensities of #ignals age; =
4.289 for transitions iMs = +3/2 doublet andje = 8.493 for transitions iMs = £1/2
doublet, the above spectrum was superposed witth@noomponent with a stronger
signal atgess = 4.289. This component (Fig.5c), present in theratio with the first
component, is characterised by an isotrgpiensor ¢, = g, = g, = 2.0) but a zero field
splitting tensor with a greater rhombici® € 1.5 cm*, E = 0.5 cm’).

The powder ESR spectrum of the complex with' Gecorded in the X-band
(9.7 GHz) afl = 80 K, exhibits a very broad sign&R(p-p) = 2160 G) centered gt=
3.582 and a small signal @& 2.00. Only the last signal remains in the spectwiman
increasing the temperature. The observation ofdigisal even at room temperature is
in good agreement with the presence of coupletli@us, with square pyramidal local
environments. HF-ESR spectra (190 GHz) of the pojistaline complex pressed in a
pellet exhibit at least four signals
(Fig.6). The ratio of the intensities for
the two signals at lower magnetic fields
is almost constant in the temperature
range 550 K, which indicates that
they originate in the same spin state.
The HF-ESR spectrum d8t= 5 K was
simulated by superposing in 2:1 ratio
the spectra of two distinct speciega(
=5.021,9y; = 3.561,9, = 2.401 andy,e
= 5.776,0,, = 3.813,9, = 2.850),
characterised by the same effective spin
S# = 1/2 for three antiferromagnetic
coupled Cb ions.

HF-ESR spectra of the poly-
crystalline sample with Nipressed in
a pellet (Fig.7) contain the most intense
signals in the 28 T magnetic field
! ! ! ! ! ! ! ! region. The intensity of the signals
o1z 3 4 35 6 7 varies with temperature so that at 25 K

E(D three sharp signals and two broader

ones are observed. The obtained spectra
were interpreted in terms of one S =1

Fig6 (a) HF-ERRspectrum (10 GH7 at T= 5K ofa g5y state for three antiferromagnetic
polycrystalline sample of the complexwith Co pressed ) 104 Ni jons. The magnetic fields
inapellet and (b) the simulated spectrum as sumof the p ) . 9 .
spectra (c) and (d) assuming S= 1/2 spin state for AMg = %1 transitions estimated
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from the spectrum at 5 K were used for supplying BSR parameters by means of
Chasteen procedure [10,11]. The cluster preseaisad rhombic distortion both ig

(g« = 2.201, g= 2.211 and g= 2.292) andD tensors (D = 1.66 cthand E = 0.18 ci).

In the case of the
) complex with Cll, the anti-
ferromagnetic coupling between
the CU ions, favorised by the
geometry of the cluster and the

spin frustration, leads to a double
Wwww (b) degenerate S = 1/2 ground state,
which is ESR inactive, and one.
A ] q ©) ESR active S = 3/2 excited state
The best fit of the spectrum
Vn . q @ was obtained with an axial spin
Hamiltonian with S = 3/2,
' : ' ' principal g values g = 2.080

and g = 2.237, the axial zero
field splitting parameter D =

=1
Fig.7 Temperature dependence of the HF-ESR spectra (190 GH2) Oj021_4 _Cm . The pa_raIIeI
of the polycrystalline sample of the complexwith Ni' pressedina. direction is along the £axis of
pellet (@0 T=5K, (b) T= 15K, () T= 25K, (d) T= 50K the trinuclear copper cluster and
also along the perpendicular
direction of the individualg
tensors.

B (T)

Conclusion

ESR and HF-ESR investigation of the sodium/potassisalts of the
[M™3(H,0)(BiW¢032),] ** 3 (M™ = (VO)', x = 0 and M* = C"', Mn", F€", Cd',
Ni", Cd', x = 3) heteropolyanions lead to the estimatiotheftype of the metal-metal
interaction, of the ESR parameters and the gropimdstates of the metallic clusters.

Vandium ions have a 4¢local symmetry and are prevalently dipolar coupled
The weak superexchange ineraction lead to the/3 gréund state and the excited S = 3/2
state. Trinuclear CF cluster has an isotropic g = 1.995 factor and@rlé ions are
antiferromagneticaly coupled (J-4.116 cmY). In the case of the Mrcluster, where
the metallic ions are antiferromagnetically couplée—2.074 cm'), one S = 7/2 state
was identified (D =-0.381 cm’, E = 0.054 cnt, g = 2.0). Two distinct species have
been identified at 80 K in the sample of the complith F&", characterised by the S = 5/2
spin state and D= 1.5 cm?, E; = 0.12 cm* and B = 1.5 cm?, E, = 0.5 cm* zero field
splitting parameters, respectively.'@tuster is characterised by the effective spin B2
and the sample is a mixture of two nonequivaleatigs (¢" = 5.021, ¢ = 3.561, ¢’ =
2.401 and & = 5.776, ¢ = 3.813, ¢ = 2.850). NI cluster has one S = 1 ground state
andg (g = 2.201, g = 2.211, g = 2.292) andD (D = 1.66 cm', E = 0.18 cri)
rhombic tensors. Trinuclear gluster has an ESR inactive S = 1/2 doublet asrgto
state and an excited state S = 3/2%.080, g = 2.237, D = 0.0214 ct).
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ABSTRACT. Eight complexes with different numbers of uraniunong
K1dU(BW1,050H);] 23H,0, KidUKAS;W,dO14d142H,0, Na[(UO)3(HO)s(XWOs4),] (H,O
X=P,m=12, n=21; X=Si,m=14,n =19; XGe, m = 14, n = 17) and
Na[U3s(XW¢Oss),] MH,0 (X = As, m =6, n = 15; X = Bi, m = 6, n = 1872%Sh, m = 6, n = 16)
have been investigated by spectroscopic (IR, UV,\HSR) and magnetic susceptibility
methods. In all complexes thé'libns are coordinated by eight oxygen atoms in aicuvhic
local environment. The ground state of tHe multiplet isI"; for the complex with one '¥J
ion, butls for that with two uranium ions. Uranium(IV) compdgion intensifies the charge
transfer in the tricentric YWO, W bonds. In the complexes with two and three uranans,
the actinides are antiferromagneticaly coupled.

Introduction

Heteropolyoxometalates (HPOM) are molecular blafksietal oxide formed by
WOg and/or MoQ octahedra sharing vertices or edges. In the ¢@sypolyoxometalates
and their metallic complexes have been intenselgiatl for the important applications
in catalysis, medicine and materials science. Bafie ions can coordinate the
polyoxometalates by occupying their lacunary sifgss is an advantage because of
the possibility of stocking the radioactive wastmithe HPOM complexes.

Experimental

IR spectra have been performed on a Specord IRpggt®photometer and
FT-IR spectra on an Equinox 55 Bruker Spectrophetenin the 4006400 cm® range,
using KBr pellets. Electronic spectra were perfatnie aqueous solutions within a
range ofA = 200-800 nm using an ATl Unicam-UV-Visible Vision SoftreaV 3.20.
The magnetic susceptibility measurements were peadd using a Faraday type
balance in the temperature range of290 K.

Results and discussion

The K 14[U(BW11039),] @5 H-,0 heteropolyanion

The K JU(BW11039),]25H,0 heteropolyoxometalate contains two monolacunary
Keggin units linked by one uranium ion.
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(@) FT-IR data. The bands of the,{W-O.~W) and v,{W-0O,-W) vibrations for
bonds of the edge and corner sharing /éCtahedra respectively are the most shifted
bands in the IR spectrum of the complex compareitheédigand spectrum (Table 1).
This fact corelated with the change of the relativensities of corresponding bands
indicate the uranium ion coordination at thga@d Q atoms in the lacunary regions of

the Keggin fragments.
Tablel

The heteropolyoxometalate frame IR bands of theBX\V 1,039 [14H,0 ligand
and Ky JU(BW1,039),] 25H,0 complex

Band Ligand (cm?) Complex (cri?)
vV.{B-0,) 993 (m,sp) 1000 (m,sp)
VadW=0y) 950 (s,sp) 950 (s,sp)

Vad W-0O.-W) 920 (s,sp); 890 (s,b); 873 (s,b) 890 (s,sp)
Vad W-0Op—W) 840 (s,sp); 818 (s,sp) 835 (s,b); 820 (s,b)
Vad{W-0,) 790 (s,sp); 753 (s,sp) 770 (s,b); 750 (s,b)

w-weak, m-medium, s-strong, sh-shoulder, b-brspesharp, vs-very strong, vw-very weak

(b) UV-spectra. The UV electronic spectra (Fig.1) exhibit two charaisiéc bands at
=210 nm and=246 nm for the ligand and210 nm and=252 nm for the complex
assigned to thedpy electronic transition in W=gand W-O, —~W bonds respectively
[1,2]. The shape of the spectra indicates the asing of the charge transfer in the
tricentric bonds after the uranium complexation.

20
lal
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0.5 |
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Flgl UV spectra of the (a) K27[ KAS4W400140] A45H,0 |Igand and (b) K14[ U(BW11039)2] .25H,0
complex obtained in 5x10° mol | *aqueous solution
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(c) Visible spectra. The visible electronic absorbtion spectrum of thmplex is typical
for the uranium(lV) ions into a cvasicubic configtion with ®°H, ground state. The
absorbtions are due to internal transitions betwieerf orbitals of uraniuntH, — °P, at
676, 691 nm°H, - "D, (646 nm) andH,— ‘G, (625 nm) andH, - *Hs (930 nm) [3]. The
last band was used for the estimation of the spiit-coupling parametei (= 978 cm’)
which confirm the presence of thé'libn.

(d) Magnetic susceptibility measurements. The monomeric character of the complex is
indicated by the Curie-Weiss behaviour of the magreisceptibility in the temperature
range 135290 K [4]. The magnetic momept; = 283 g corresponds to the oxidation

state +4 of the uranium ion. The relatively higmperature independent paramagnetism
(Xo= 2.7310° emu/mol) is due to the; ground level of théH, multiplet.

The polyoxotungstate K 19[ U2K AS{W 490140] [42H0
The [KASW4O14d?" cryptand contains four trilacunary {AsjVKeggin

fragments bound by four Wi@ctahedra.
(a) Infrared Spectra. The representative frequency range of the IR speftir the

K27 KAS W 40014q [45H,0 ligand and KJU>KAS,W40014q [42H,0O complex is given in
Fig.2. The coordination of the uranium ions to ttrgyptand is indicated by the
appearance in the IR spectrum of the complex of/tf&)-O) = 1133 cm’ vibration
and by the shift of the,dW-0y-W) (805, 785 crt for the ligand and 810, 770 ¢h
for the complex) ant.dW-0Og) (950, 970 crit for the ligand and 960 cihfor

1.2

1.0

08F

06+
(@l

Absorbance (aun)

0.4
0.2 F
(b

500 &00 700 R00 0 1100 1300 1500 1700 1900

Wavenumber (o)

0.0

Fig.2 IR spectra of the (a) Ko KAS\WigOsad] 5H,0 ligand and (b) Ko UKASWigOrag] 2H,0 complex
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the complex) vibration bands in the IR spectrunthefcomplex compared to the ligand
spectrum [5]. The analysis of the IR spectra indisdhe coordination of the uranium
ions to the oxygen atoms from the lacunary regibthe Keggin fragmnts and to the
Oq4 O0xygen atoms of Wghinding octahedra.

(b) Electronic Spectra. The UV absorption bands centered=at7390 cm' for the free
ligand and at 45040 cm' for the complex are assigned tg@y)—d(W) transitions
into the terminal bonds and the broad bands at @38%00 cm' for the ligand and
435006-40000 cm' for the uranium complex are assigned {®pJ—d.+(W) transitions in
the tricentric bonds. The presence of two shouldershe absorption band indicates
that the trilacunary Keggin anions have nonequital¢~O, —~W bonds [6]. The visible
absorption spectra of the complex (Fig.3), perfatrimeaqueous solutions at different
concentrations contain the § f transitions of the uranium ions situated in dicu
configuration (Table 3) and presents the grounts St

@k @ e

0.8 r

06

Absorbance (au)

04 r

0.2 r

0.0

30000 26000 22000 18000 14000

Wavenumber (cm™)

Fig.3 Vishledectronic spectra of the Ky U,KASW)014q] 42H,0 complex
in aqueous sol ution at different concentrations (a)10° mol 1%, (b) 25407
mol I, (¢) 5402 mol 172, (d) 7.540° mol 1'%, (€) 102 mol I%)

Table3
Electronic transitions of the U KAS;W40014q [42H,0 complex
Band v (cm™) Assignment
L 14 720 *H, - P,
0 15 440 *H, - 'DA('Gy)
R 17 670 *H, - °p,
\Y 20 160 *H,y - Y
w 23 600 *H, - %P,
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(c) ESR Spectra. The powder ESR spectrum of the complex obtainedoah temperature
exhibits the most intense signals in the 3Z8M0 G region. The fine structure of the
ESR spectrum can be interpreted by considering Ripe= 1 effective spin for the
uranium(lV) ion and &s sublevel of théH, multiplet as ground state. The principal values
of the gyromagnetic tensgrof the complex are,g 2. 045 g=2.050 and & 2 085
and the zero-field splitting parameters D = 1818 cmi* and E = 5.9940* cm™*

Sandwich-type uranium(lV)—polyoxometalates with three uranium ions

Sandwich-type uranium(lV)-polyoxometesatNa,[(UO)3(H20)s(XW gO34),] MH,O
X=P,m=12, n=21; X=Si,m=14, n = 18;= Ge, m = 14, n = 17and
Nan[U3(XWgOs3),] [AH,O (X = As, m = 6, n = 15; X = Bi, m= 6, n = 18;= Sh, m = 6,
n = 16) were investigated by FT-IR and UV-VIS spestopy. Complexes with P, Si
and Ge derives fror-A trilacunary Keggin anions, the complex with Asrf a-B-type
and complexes with Bi and Sb frofaB-type anions. The corresponding ligands are
NagH[PWyOs34 14H,0, NagSiWgOs4A5H0, NadGeWyOsq14H0, Na[AsWgOsslO
12H,0, N&[BiW gO33] 13H,O, Nay[SbWyO33] 12H,0.
(@ FT-IR spectra. The complexes FT-IR spectra contain two supplemeiviands for
N U-0) vibrations which indicate the presence of nonkeglent U-O bonds (except
for the complex with Rvhich has a single band) (Fig.4) [7]. For the caawpk with P,
Si, Ge and Asp,{W-0O.-W) bands shift towards higher frequencies apf\W-0O,-W)
towards lower frequencies compared to the ligandsdb. These indicate the
coordination of every uranium ion to terminal oxggeof edge-sharing octahedra. For
the complex with Bi, all tricentric frequencies aeal-shifted in the complex spectrum
compared to the ligand spectrum. ThgW-O.~W) frequency band, singular in the
spectrum of the ligand with Sb, is splitted in #pectrum of the uranium complex with
Sb because of the presence of nonequivalef®#W bonds.
(b) UV-VIS spectra. The UV spectra of the Y-POM complexes and of the ligands
obtained in agueous solutions present the chaagsfér bands for f0g) - dr(W) and
pPr(Op,d - d(W) electronic transitions (Table 4). The bicentric dsrare shifted towards
higher wavenumbers after the complexation by umaraitrivacant Keggin units with P, Si
and Sb and lower wavenumbers for the others [8183. enhancement of(®, o) — d{(W)
transition bands intensities compared to thosehefligands and the decrease of their
corresponding wavenumbers show that the stabffitthe lacunary Keggin frameworks
mcreases in all complexes compared to the ligafie. visible electronic spectra of the
U"Y-POM complexes performed in aqueous solutions iteltbat the local symmetry around
the uranium ions is quasicubic, with, ground level. The L band is splitted (except for
germanium complex) because of some distortionshefcubic ligand field around the
uranium ions [10].

Table 4
UV transition bands (cf) of the ligandsl(1-L 6) and the complexed+{6)
Band L1/12 L2/2 L3/3 L4/ 4 L5/5 L6/6

Upr—de) 47120sb 46480sb 46000sb  46640sb 47280sb 46640 s,b
(W=0,  47280sb 46800sb 45760sb 46480sb 46720sb 47280 sb

UpPr—dre) 41040 m,sh 41360 m,sh 41600 m,sh 40880 m,sh 41520 m,sh 40880 m,sh
(W=0p W) 39640 m,vb 39000 m,vb 38800 m,vb 39120 m,vb 40720 m,sh 39920 m,sh

%s-strong, m-medium, b-broad, vb-very broad, sh-ktesu

187



L. DAVID, C. CRACIUN, O. COZAR, D. RUSU

5 4
| ﬂ\ )
3 L
{ch )
el el
5 3
-% b2) 'g pl (f1)
[ 1 [r
| ®V 3
| (ed)
/KM/V\ @@ L (1)
1 F+
I (d2)
0 PR T T T W' (alj 1 1 1 1 (d])
500 750 10001250 f I5DD I?jﬂ IIUDDI125DI
Wavenumber (cm ') Wavenumber (cm )

Fig.4 FT-IR spectra of theligandswith (al) P, (b1) S, (c1) Ge, (d1) As, (€1) Bi, (f1)
S and uranium complexeswith (a2) P, (b2) S, (c2) Ge, (d2) As, (€2) Bi, (f2) D

(c) Magnetic susceptibility

Temperature dependance of the magnetic suscefgtitdta for the complex
with germanium is presented in Fig.5. The obtaieffdctive magnetic moment is
Leii=4.40 ug and the Curie temperatureds—73 K. The magnetic moment value and
the negativef correspond to a system with=1 ground state, obtained through
antiferromagnetic exchange between the uraniungpif)s.

Conclusions

Spectroscopic investigations ofiKU(BW1,039),]25 H,O complex indicate
the coordination of the uranium(lV) ion at two méaxunary Keggin fragments, by the
substitution of W=@units. The uranium(lV) ion is eight coordinateddyygen atoms
in a cvasicubic local environment, with®d, electronic ground state. The magnetic
susceptibility measurements show the absence o&aclyange or dipolar interactions
between the uranium ions and dneground state into thiH,, multiplet.
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Fig.5 Temperature dependence of the reciprocal molar magnetic susceptibility of the
Nay,[ (UO)3(GeWy05,)0,] 23H,0 complex. Linesare the best fit of the temperature
dependence of the measured (€) data and diamagnetic corrected (o) val ues respectively.

The IR spectrum of the KUKAS;W400:140[42H,0 complex contains an
additional bandu,dU—-0)) compared to the ligand spectrum, a proof otth@rdination of
the uranium ions to the oxygen atoms of the polyaniThe vibration bands of the
polyoxometalate are shifted in the complex spectcompared to the ligand spectrum
due to the coordination of the uranium ions at @ygtoms from lacunary regions of
the {AsWg} units and binding W@ octahedra. VIS and ESR spectra indicate the
g)resence of cubic environments around the uranaurs withT's ground state into the

H4 multiplet.

FT-IR investigation of the series of uranium(hgplyoxometalates containing
three uranium(lV) ions indicates the coordinatidnttee uranium into the lacunary
regions of two trivacant Keggin units. The UV spacthow the increased stability of
the lacunary Keggin frameworks after complexatioll uranium ions are
octacoordinated into a quasicubic local symmetry.
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'H-NMR METHODOLOGY APPLIED TO ELUCIDATE THE ADDITION
REACTION OF PYRIDINE AND IMIDAZOLE COMPOUNDSWITH a,B-
UNSATURATED CARBOXYLIC ACIDS

VIRGIL BARBOIU

"Petru Poni" Institute of Macromolecular Chemistry, Aleea Grigore Ghica Voda 41A,
lasi-6600, e-mail: vbarboiu@ichpp.tuiasi.ro

In a series of recent papéidwe reported the synthesis of carboxybetaines by
the addition reactionof tertiary amines witho, B - unsaturated carboxylic acids.
Previously, some macromolecular carboxybetaine camgs have been obtained by
one of the following reaction: alkylation of penddartiary amine group containing
polymers with halogenated acetic acids or theierestand polymerization of betaine
group containing monomers. The former chemistry apgdied using poly(4-vinylpyridine)
and poly(styrene-co-vinylbenzyldimethylamif@nd the latter using vinylimidazofe.

The present article described how t&NMR methodology was used to
establish the reaction mechanisms the kinetic dfag/betaine formation.

Experimented Data and Observations

~N ~ | N 4 | -
SN+ >C=C—CO0H —> >N'— C—CH—C00 (1a)

\|/

N + —C=C-—COOH —* }N+—$ZCH—COO' (1b)

Reaction between amines and acids were carriedab@®IC with amine
concentration of 1 mol/L. Water, methanol and aciétite were used like solvents. It
was found that the reaction yield (or transformatiegree for polymers) can be
conveniently determined as a function of the reactime by usingH-NMR spectra of
the reaction mixture. For this, reactions were quened directly in NMR tubes using
deuterated solvents.

The following amines were found to give significaoutput of betaine
products when are reacted with acrylic, maleic,dtim itaconic and propiolic acids: 4
—methylpyridine, N-methylimidazole, poly(4-vinylpgine) and poly(N-vinylimidazole).
Low amounts of betaine products resulted from Zaglednd 2,4-dimethylpyridine with
acrylic acid and from 4-methyl-pyridine with methdic and crotonic acids. No reaction
products were obtained with 2-methylpyridine anty{®vinylpyridine).

The shortenings for other reactants are obtainatiging 4MP and AA with
corresponding shortenings. The notations remaisanee.

Reaction products. The notations for reactants and reaction products a
given in Table 1. Because the structures obtaired tlifferent reactants are analogous,
only those forms resulting from 4-methylpyridinedaacrylic acid will be presented.
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Table I.
Notations for reactants and reaction products.
Chemical Name / Structure Shortening Notati
4 — Methylpyridine 4MP A
Acrylic acid AA B
+ -
Hae — W —CH,—CH,— COO AMP'- AA* X*
/ \ +_ _ S + - vt
HaC ) CH,— CH;— COOH AMP' - AA" X
H,C = CH—COO AA B
+
H3C @H A*
—/
7 N — CH.— CH — .
H3C ) CH,—CH COOH ct

The following types of reactions products weredewiced: one zwitterionic, as
betaine, another one with structure of cation-arpair, and the common salt. The
content of these products was highly dependenthensblvent and the purification
method used. The zwitterionic {Xand ions pair (XB") products were isolated as pure
compounds. They were differentiated by spectrometrethods, especially fror-
NMR spectra (Figure 1). The salt products were ntegkin protic reaction mixtures
but their isolation was not possible.

Table II.
Reaction products in protic and aprotic solvents
Solvent Species present in the Products isofated the
reaction mixture reactioixture
CDsCN AandB XB
CD;0D or D,O A A, B, B X'B and / or X
or their mixture Xand X

Experimental observations. The species present in the reaction mixture and
the reaction products are presented in Table Iwads observed that the reaction
product precipitates and shows afBXstructure when the reactions are carried out in
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acetonitrile, i.e. in an aprotic solvent. This feds to the hypothesis of the reaction 2.
Another observation of interest is that, when awetor ethyl ether is added to a
methanol or water solution of an'B compound, the corresponding X'Sompound
precipitates instantaneously. This leads to tharapton that in solution the products
X*B" are involved in the equilibrium reaction 3.

o e

HOD

N A

. 2 " M
s 4 3 2z

&=
9 (ppm) 8 6

Figure 1."H-NMR spectra in BO from 4-methylpyridine ( A ), acrylic acid ( Band their
corresponding products XB ~(C ), and X' (D).

A+ZBX++B:' 2)
X" +B X*+Be—=2 (3)
A+BA"+B T (4)

The reactions 2 and 3 happen also in protic stévike water and methanol,
therefore the reaction product is generally a mixtof X'B”and X' compounds, in this
case. Such reaction mixtures are homogeneous aifdtiNMR spectra can be used
to evaluate the concentration of the species wdiielpresent at any reaction time.

The following difference was observed between thdRN\spectra of alcoholic
and aqueous reaction mixtures.: the formers shetindt aromatic proton signals from
the species A andr X or X* while the latter display on a broad signal fortaéise
structures. This fact shows that the equilibriunneztction 4 is much more right-shifted
in water than in alcohol.

Two methods were used to isolate the reactionymtsdfrom protic reaction
mixtures: vacuum drying and precipitation with acet. The first method allowed to
obtain X B~ compounds and the precipitation gave onfyc¥mpounds.
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Reaction M echanism and Kinetics of the Betaine For mation

Reaction mechanism. It is generally accepted that the addition remucti
between a tertiary amine and an -unsaturated carboxylic acid takes place by a
nuleophilic attack of the nitrogen atom at fhrearbon of the acid double bond, and a
dipolar ion G with structure given in Table | appe&rmrotonation of this carbanion is
probably an intermolecular process involving a ra@id molecule rather than a solvent
molecule because the compound®Xand X were obtained in both protic and aprotic
solvents. The carbanion state is confirmedadbgarbon atom deuteration occurring
when the reaction was carried out in the protidel@ted solvents. Taking into account
the above experimental findings, the following téats seem to be generally implied
for the formation of betaine products:

A+BA"+B T—* 5)
A+BCt &— (6)
C*+BX'+Bg—> (7)
X" +B X*+B—* (8)

The neutralization reaction 5 is expectable fahkmotic and aprotic solvents.
Conforming to the experimental observations, itgildzrium is dependent on solvent,
in acetonitrile and methanol being left-shifteddamdds with in water. Reaction 6
excludes a direct transformation of the salt stmest AB™ into X* zwitterionic
structures. The carbaniorf & an unstable intermediary which can not be exddd in
NMR spectraKinetic model of betaine formation in aprotic solvents. Previously we
reported the kinetic model applicable for protiaggon mixtures:> Here the process
performed in an aprotic solvent will be considerg&g.in this case the reaction product
precipitates with an ions pair structure and thactien mixture contains only the
reactants. (Table II), the reactions 6 and 7 caorihe considered. Moreover, because it
is accepted that the constant rate of reactionnfuish higher than the rate constant of
the decomposition of IC° the reversibility of reaction 6 can be neglectedsuch
conditions, the reactions 6 and 7 can be condeinséte trimolecular reaction 9 with
ka the rate constant of the addition reaction.

A+2B - X" +B 9)

By using the notations a = [A]b = [B],, and x = [X] = [B7], the reaction 9 is

described by the equation 10.

dx/dt = ky(a- %) (b -2x) 2 (10)

Determinations of addition rate. To find k, it was necessary to measure
either the quantity of precipitate or the conceraraof reactants for different values of
the reaction time. It was found that the measurésnef reactant concentrations are
easy-doing and more accurate that those of prat#pitSuch measurements can be
performed from IR, UV or NMR spectra. We used theNMR spectra recorded on
deuterated acetonitrile reaction mixtures respgdtie conditiorb = 2 a. In this particular
case the solution of the equation 10 takes theleasyling form 11 whera, =[A] =a- x.
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Obviously the equation 11 is also valuable fortiproeaction mixtures. It has
been previously used for reactions performed in;@D and CROD - DO
mixtures®®

The fact that this kinetic model is really appliats illustrated in Figure 2 for
the reactions of 4-methylpyridine and N-methylinadke with acrylic acid.

(ala)?=1+8k,a’t (11)
2y g
. 10 }
B
L ]
8}
6 F
4}
21
100 200 3(l)D t (min) 4c‘)o
Figure 2. Experimental plot of equation 11 for 4thydpyridine ( A) and
N-methylimidazole ( B ) reacted with acrylic aciddcetonitrile.
Table III.
The values of kdetermined for reactions carried out in O at 56C
Reactants Kmol” L*> min™)
4-methylpyridine + acrylic acid 0.0053
N-methylimidazole + acrylic acid 0.0009
4-methylpyridine + crotonic acid 0.00002
N-methylimidazole + crotonic acid 0.00003
4-methylpyridine + methacrylic acid 0.000003
N-methylimidazole + methacrylic acid 0.000004
poly (4-vinylpyridine) + acrylic acid 0.0018
poly (N-vinylimidazole) + acrylic acid 0.0053

The values of kobtained for several systems are given in TalleQhe
observes that, indifferently of amine reactantréaetivity of acids decreases drastically in
the order acrylic acid crotonic acid methacryliégdawhat evidences the influence of
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substitution and substitute site. Relating to thina reactant, the reactivity changes in
the order AMAIPNVI > P4VP > NVI. It is rather strange that theeepted rule "that
the reactivity of a functional group is lower in cnemolecular compounds than in
corresponding low molecular models" is not respkdte imidazole compounds. It is
as if a reacted imidazole group promotes reactioisoneighbors, i.e. the addition
reaction would be of "zipper" type. This fact midig explained by the acidity of the
N-CH-N" group which is much higher for polymer than ferritodel.

Conclusions

The reaction between pyridine and N—substituteidlaaole compounds with
o, B-unsaturated carboxylic acids could offer ions pa@rducts as well is betaines. The
salts structures were observed (but not isolately)in aqueous reaction mixtures.

The synthesis of betaine compounds consists ofréaotions: the addition,
which implies two molecules of acid and leadingatgpair of ions XB’, and an
equilibrium reaction between the productBX and the zwitterionic (betaine) product
X*. In protic solvent, the equilibrium reaction isupted to addition, to which supplies
acid, so that there is a global accumulation ofttenionic structures. The addition is
the only one to take place into aprotic (polaryeats.

The process of betaine formation was experimgnt@ifirmed. Its kinetic
model was proved for aprotic solvents and the amditate constant was determined
for several systems.
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ABSTRACT. FT Raman and SER spectra of 5-(3-nitro-4-methyhphéduran-2
carbaldehide at different pH values were recordetheoretical vibrational analysis was
made and compared with FT Raman spectra. At lowgdties both samples present a good
SER spectra. The shift to red of SERS bands by51@t' is an indication of
chemisorption of these species, which are bondetiecsilver surface via nonbonding
electrons of ring oxygen.

Keywords: Raman spectroscopy; SERS; 5 substituted-furaar2atdehide

Introduction

Furan-2 carbaldehide derivatives are very importatégrmediates in organic
synthesis. The bacteriostatic effects of these comgs were checked up with good results.

Surface Enhanced Raman Scattering (SERS) was elstw many molecular
species. Because of suppression the of fluorescehise nonradiativ transfer being
determined by the roughness of the silver surtagetechnique is very useful for molecules
that present this phenomenon, especially for mt#eaf biological interest [1,2].

In this paper we present the investigation of %if8s-4 methyl-phenyl)-
furan-2 carbaldehide (5-(3-N-4MP)-F-2C) from analgt (FT-Raman spectroscopy)
and theoretical (DFT calculation) point of view. Wecorded SER spectra of this
specie adsorbed on silver particles at differentvaldies in order to elucidate the form
in which the adsorbed molecules may exist in adsbdiate. To our knowledge these
data are not yet present in literature.

Experimental

The compounds were obtained from the correspondiagsonium salt and
furfural in aqueous medium using CyChtalyst. [3] The products were purified with
column chromatography on silica gel.

The FT Raman spectra were recorded using a BruieEed20HR spectrometer
with an integrated FRA 106 Raman module and a uéisal of 2 cni'. Radiation of
1064 nm from Nd-YAG laser was employed for excitatiA Ge detector, cooled with
liquid nitrogen, was used. SER spectra were redordéh a Spex 1404 double
spectrometer using 514.5 nm and 300W output of t&pebtysics argon ion laser. The
detection of Raman signal was carried out with etdthetrics model 9000 CCD camera.
Spectral resolution was 2 @mA citrate reduced Ag colloid was employed as SERS
substrate. Ag citrate was prepared according tditérature [4]. Small amounts of 10
of sample 18mol L™ ethyl alcohol solution were added to 3-ml colld@dL ml 10'mol L™
NaCl solution was also added for producing a staltibn of the colloidal dispersion and a

*Corresponding author. Tel.: +40-64-405300; fax:6-64-191906. E-mail address: ilitra@phs.ubbcluj.ro
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considerable enhancement of the SER spectra. fillectincentration of the sample were
approximately 3.2 IOmol.I*. NaOH and KHSO, were used to obtain different pH values.
The density functional theory (DFT) calculations reveperformed using
GAUSSIAN9S [5]. Using a fully optimized geometry merence geometry performed
all calculation of harmonic wavenumber. The DFT mgetry optimization was carried
out with the combination of Becke's 1988 exchaiugetional [6] and the Perdew-Wang
91 gradient-corrected correlation functional [7P{91). The 6-31+G* basis sets for all
atoms has been employed in the geometry optimizatia the vibrations calculations.

Results and Discussion
By rotation of the (CHO) group in 5-(3-N-4MP)-F-2to rotational isomers,
synform and anti-form, were obtained. Theoretical calculations la BPW91/6-
31+G* level of theory were performed for both isomeThe optimized geometry of
these rotamers with the labeling of their atomssh@vn in Fig.1.
O, O

Fig.1. Structural formula for the two isomers ofBnitro-4-methyl-phenyl)-furan2 carbaldehide.
(@) syn-form isomer, (b) anti-form isomer
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The optimized structure of both conformers is nlaingr. Thus the C3NO3
and C4NO4 angles have Pwhile the dihedral angle C4C3NO3 and C4C3NO4 have
-86°and 938 respectively. Further, the analytical harmoniaaitonal modes have been
calculated in order to ensure that the optimizedctiire correspond to minima on the

potential energy surface. The total energy forsyreform isomer, including zero-point

correction, are found to be —817.825627 and —86%&2 hartree at the BPW91/6-31+G*

level of theory. Therefore, at this level of caltidn, theanti-form isomer was found
to be more stable thaynform by 2.995 KJ.mét.

The observed bands in IR, FT-Raman and SER spaghid 1 of 5-(3-N-4MP)-

F-2C together with theoretical calculation of bitbmers are summarized in Table 1.

Tablel

Experimental (infrared, FT-Raman) and calculatedenambers (cf) (anti/syn forms)
of 5-(3-nitro-4-methyl-phenyl)-furan-2 carbaldehide

IR Raman | Calanti/syr] SERS pH ] Assignment
179m 170/180 &(Cas9 +¥Co101)
267w 246/285 W(C,Cro) + W(CiChy)
386m 378/378 ring T out of plane def.
505m 505m 500/496
551sh | 558sh 560/559
560vw | 567w 598/608 ring 1 + ring 2 out of plane def
619w 620w 635/629
672m 675m 670/681
757m 756sh 741/757 724w wW(C3N)
768sh |  771m 779772 w(CH) (ring 2)
801m 800m 784/784 796w O(ONO,) +d(Cy 29 +(Cys9
810sh | 811m 817/822 w(CH) (ring 1)
934m 932m 937/937 903w V(CN) +3(0,Cr g +&(Cys59
967m 967m 964/961 (CH) (COH)
1039m | 1040m | 1031/1039 1032m (CH) (ring 2) +(CH) ( CH)
1048sh
1096w | 1106w | 1081/1081] 3(Cy29 +8(Cys9 +v(Cs0)
1211m | 1212m | 1205/1201 | 1211vw | T(CH) (ring 1 + ring 2) #(C,12) +V(Cs2) +V(Cig19
1217sh| 1218sh| 1220/1244
1250m | 1251w| 1264/127d  1224w- p(CH) (ring 1)
1278sh| 1278sH  1278/129p V(Cs-) +p(CH) (ring 1)
1294m | 1295m| 1313/1313  1294w- v(O:NO,)
1355m 1355s 1334/1331 13315 ring 1 stretching ¥(Cg o)
1391m | 1392m 1392/1391 13759 ring 1 + ring 2 sirgch
1405sh | 1402sH  1413/141% p(CH) (ring 2 + CH)
1469m | 1470s| 1469/1471  1453w- p(CH) (CHy)
1524s 1524vs 1514/1514 15199 ring 1 + ring 2 kirejc
1533s 1533s 1533/1531 V(ONOy) +V(Cg 1019 +V(Cie9
1579m | 1579m | 1571/1568 1573s ring 1 + ring 2 stretching
1620s | 1621vs | 1619/1619 1603s

199



T. ILIESCU, F. D. IRIMIE, M. BOLBOACA ,CS. PAIZS, WKIEFER

IR Raman | Caléanti/syr] SERS pH ] Assignment
1634sh

1664sh | 1665m v(CO) (COH)anti-isomer
1674s 1674vs 1687/1690 V(CO) (COH)Syn.isomer
2820m | 2820m | 2862/2844 V(CH) (COH)
2916sh
2928m | 2928m| 2999/2999 V(CH) (CHy)
3066m | 3058sh| 3066/3067 V(CH) (ring 1)
3078sh | 3069m | 3076/3077
3114w | 3112w | 3204/3199 V(CH) (ring 2)

“Abbreviation: w-weak, m-medium, s-strong, v-verjr-shoulder,v-stretching, 3-bending,
p-rocking, t-twist, w-wagging,.
Calc:; BPW91/6-31+G, ring 1-phenyl ring, ring 2furan ring.

The assignment of the normal modes of vibration tfee molecules was
accomplished mainly by comparison with related rmoles [8-11] and using the
wavenumber (unscaled values) and intensities aasingst by BPW91 method. The
theoretical results obtained with the 6-31+G* basisreproduce closest the experimental
values. A strict comparison between the experiniemtd calculated wavenumbers and
intensities is not possible in this case becausesiperimental data were obtained for
the solid state, whereas the theoretical resuif@rgas phase. It is well known that
the calculated wavenumbers are obtained by usieg hdrmonic approximation,
whereas the experimental wavenumber are anharniynicature. Nevertheless, the
quality of quantum chemical results at the pregkiiteoretical level is sufficient to be
useful for the assignment of the experimental data.

From solid state sample only strong fluorescenegdcbe obtained for visible
excitation, therefore IR excitation was necesdary.Raman (Ordinary Raman Spectrum-
ORS) of solid 5-(3-N-4MP)-F-2C is presented in E&y. SER spectra in silver sol at
different pH values (1and 13) are indicated in &igand 2c (to simplify the figure only
spectra at two pH values was chosen).

Low concentration (3.2 TbmolL™?) of utilized 5-(3-N-4MP)-F-2C to obtain
SERS is a proof that we have an enhancement of Raigaal (ORS from solutions of
such concentration cannot be obtained)

In the spectrum of 5-(3-N-4MP)-F-2C bands that appe the 1600-1500 c¢m
region are broad and split in two components (1B&2B, 1664-1674 ci). This splitting
can be explained by the presence of two rotatisoaters. Same splitting is present in the
Raman spectrum of furfural [8]. In the ORS of SN3HVP)-F-2C the bands at 1664 and
1674 crit were attributed to the(C=0) stretching vibration of anti-form and synfor
isomers respectvely determined by the substituenipg presented in Fig.1.

The significant differences between FT Raman anB Spectra concerning
the relative intensities and the bandwidth indicatstrong interaction between metal
and adsorbate, this causing a quite different divir of molecule's polarizability tensor.

There are two possibilities of molecule adsorptionmetal surface, namely
physisorption and chemisorption. The spectrum gk@orbed molecules is practically
the same as that of free molecules, small charigg beserved only for the bandwidths.
This situation corresponds to a relative largeatlisé between metal surface and
adsorbed molecules [12].
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Fig. 2. FT Raman (a) and SER spectra at pH 1 (lo) B3 (c) of 5-(3-nitro-4-methyl-phenyl)-
furan-2 carbaldehide

When the molecules are chemisorbed, there is amapping of the molecular
and metal orbital, the molecular structure beingdifired and in consequence, the
position of the bands and their intensities arenditecally changed [13].

Comparing the SER spectrum of 5-(3-N-4MP)-F-2Chie» ¢orresponding ORS
(Fig.2) a shift to the lower wavenumber could beested. Therefore, we conclude that
there is a chemisorption of 5-(3-N-4MP)-F-2C molesion the silver surface.

The enhancement of Raman signal in SERS can baiegglthrough the two
main mechanisms [13,14], the electromagnetic oréctwimplies the increase of the
electric field near the silver surface through tesonance plasmon excitation. This
mechanism explains the enhancement of the physidariolecules.

The chemical mechanism supposes the binding ofniiecules on the silver
surface, when the charge transfer between moleswdenetal can occur. In this case a
new specie metal-molecule SERS complex is forméis Tan explain the band shift
and the change in the relative intensities of tHeR Sspectra compared to the
corresponding ORS.

In our case is very difficult to separate these mexhanisms, both contributing
to the enhancement of the Raman signal. Additigna#l possible to have some
resonance Raman contribution to the total enhanterbecause the excitation
wavelength 514.5 nm falls in the wing of the absorpband of both samples.
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For 5-(3-N-4MP)-F-2C (Fig.2a) the split of the ban(d533.1-1524.5; 1664.2-
1674 cm™) suggests that both isomers are Raman activeER §pectrum of this
sample, at pH 1 (Fig.2b) the broadening of the baartl dramatically changes of the
relative intensities are accompanied by the sbithe lower wavenumber by 10-15 cm
1 especially for the bands in the 1450-1650 tmegion. These spectral changes can
be explained by the adsorption on silver surfacg lay the presence of two Raman
active isomers, the bands specific to each isomigiginot resolved after adsorption.

The absence of the bands due to the C=0 stretohiag corresponding to the
both isomers in SER spectra can be a consequertbe dfydration of the C=0 bond
according to the reaction

HO

(CHs-NO»-CeH4-C4H,0)-CHO 7> (CHNO,-CgH4-C4H,0)-CH(OH),

The shoulder at 1634.1 &mpresent in SER spectrum has no correspondence
in the bulk spectrum and is probably given by stefeomplex formed by adsorption.

In alkaline medium SER spectrum of 5-(3-N-4MP)-F-@&ig.2c) presents a
very broad bands.

Spectral modification at alkaline pH can be ex@diby transformation of the
aldehides according to reaction (Cannizzaro reajtio

2R-CHOU [?TD]—» R-CH,OH + R—-COOH

SER spectra being probably a superposition of bpéties, namely, R-GBH
and R-COOH.

The orientation of the adsorbed 5-(3-N-4MP)-F-2C lenoles can be
determined with the help of surface selection rditesRaman scattering. These rules
for roughened surface have been described by Gogighi5] and by Moskovitz and
DiLella [16]. If the molecular z-axis is normal the surface, then vibration of the
adsorbed molecules, which have a polarizabilitgeertomponent along this axis, will
be preferentially enhanced. Gao and Weaver [17¢mves significant (~25 ¢t red
shift relative to the bulk spectra in the ring baoidthe flat adsorbed substituted
benzene derivatives, due to backdonation of electtensity from the metal to the
T antibonding orbital. A similar phenomenon was obedrin the case of pyridine
derivative [18]. These conclusions could be extdrtdehe furan ring.

The 5-(3-N-4MP)-F-2C molecule has low symmetry afidvibrations will
have a polarizability tensor component along tlaeiz- .

In SER spectrum of 5-(3-N-4MP)-F-2C, at low valaéshe pH, the stretching
modes of the furan and phenyl rings (see Tableeljreore enhanced than other modes
and red shifted by 10-13 ¢hromparing to the bulk spectrum. The out of plameles
of the adsorbed molecules are weak enhanced. thittecular plane would be vertical
to the metal surface then a blue shift of the bngathing modes is expected [19]. In
our case the ring plane of the 5-(3-N-4MP)-F-2C euale is probably not perfectly
vertical but rather inclined to the silver surfatiee molecules being bonded on the
metal surface through the nonbonding electronk®fihg oxygen.
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Because of the broadening of the bands at alkpkh&r both samples is very
difficult to tell which of the species R, R'-GBH or R,R'-COOH are adsorbed and
which are the orientation of these species toitkiersurface.

Conclusions

A vibrational analysis was performed on 5-(3-nidrorethyl-phenyl)-furan-2
carbaldehide. Both isomersynand anti-form of 5-(3-nitro-4-methyl-phenyl)-furan-2
carbaldehide are Raman active. The sample preg@aid SER spectra at low pH
values but at large pH the enhancement is very vaeakbands are more broadened.
The red shift by 10-15 chof the SERS bands, comparing to the ordinary Raman
spectrum, indicates the chemisorption to the sibugface. The absence of band due to
the C=0 stretching mode corresponding to the bstimers in SER spectrum was
explained by hydration of C=0 bond. The moleculgecies are tilted oriented to the
metal surface and bonded twih nonbonding electrons of the ring.
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MAGNETIC AND STRUCTURAL PROPERTIES OF SOME
GLASSES CONTAINING RARE EARTH IONSWITH
APPLICATIONSIN TELECOMMUNICATIONS
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The xRO3(1-X)[(1-y)NaB4O;yMO] vitreous system with R=Nd, Gd, Dy and
Ho, MO= Al,Oz or PbO, y=0 or 0.05 and x = 0.01+0.25 were prapared studied
magnetic susceptibility and density measurementagridtic susceptibility data
indicate a Curie-Weiss type magnetic behaviouthefdamples. Density data suggest
that the rare earth ions play a network modifide io the studied glass matrices,@4
shows an anticlustering effect in the case of ges®ntaining holmium ions.

1.Introduction

Glasses containing rare earth (RE) ions constitbhee ideal material for
obtaining the main elements of the equipment usetelecommunications (lasers,
amplifiers, and optical fibers) [1-3]. One of th@shimportant requirements concerning
the laser active elements is to contain a highl lei/&E ions in order to ensure a high
level of the laser power. However, the increaséhefRE ion concentration is limited
by the clustering tendency of these ions, whichucat relatively low concentration.
To follow the evolution of the clustering mechaniswith respect to the RE ion
concentration and the possible anticlustering &ffef some additives, we studied
some borate glasses containing Nd, Gd, Dy and He and two additives, namely
Al,O; and PbO, using magnetic susceptibility and demségsurements. The mentioned
rare earth ions were choosen because previoustsgiid [4, 6], Gd [7-11], Dy [12]
and Ho [13, 14]) show that they appear in the oxjldss matrices in a single valence
state, namely RE".

2.Experimental

Samples of the x®;(1-x)[(1-y)NaB4sO;yMO] vitreous system (noted XxRNM)
where R=Nd, Gd, Dy and Ho, MO= A&); or PbO, y=0 or 0.05 and x = 0.01, 0.05,
0.10, 0.15, 0.20 and 0.25 were obtained using reagade NgB,0,10H,0, PbO and
Nd;Os. Appropriate amounts of BB4O; glass powder, AD; or PbO and RE oxide were
mixed and melted at 1080 for 15 minutes. The melts were quenched on actdfry
steel block.

Magnetic susceptibility measurements were perforrmada Faraday type
balance in the 80-300K temperature range. Densiasurements were performed
using the picnometric method with water as theregfee immersion liquid.
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3.Results and discussion

The magnetic behaviour of the XRNM glasses wasnasduo be due to the
presence of the RE ions. The experimental mageesiceptibility data obtained for the
XRNM glasses were corrected taking into accountdiaenagnetic contribution of the
host glass matrices.

The thermal variation of the inverse magnetic spisioiity was linear for all
the samples. Fig.1 presents the thermal variatibrthe inverse molar magnetic
susceptibilityxn* of XRNM glasses, where R=Nd. This figure is repreative for all
the samples of the XRNM vitreous system and indieaCurie type behaviour for the
samples with x,, and a Curie-Weiss type behaviour forx,, described by

Xm " = (T8p)/Cn 1)

where G, is the molar Curie §, is the paramagnetic Curie temperature agrel0x03-
0.10 depending on the rare earth ion type.

70

60

50

40

30

20

Inverse magnetic susceptibility
(mol Oefemu)x1072

10

1
]
T
L 2
AR/ XD OO
L

m
Ll
R nnnAn AN AN

0 100 200 300

Fig.1: Temperature dependence of the inverse magnetestilsility of xRNM glasses with
R=Nd, MO=PbO, y=0.05 and x=0.@5( 0.10( ), 0.156), 0.200) and 0.254).

Fig.2 presents the composition dependence of themamgnetic Curie
temperatures,, of the xRNM glasses. Note the small and negatiges obtained fdd,,.

The analysis of magnetic data for xRNM glasses ssiggthat for the glasses
containing small amount of RE oxide<f,) the magnetic RE ions are isolated and
no magnetic order is present. The glasses withkxpresent a mictomagnetic type
behaviour [15], where both isolated and exchangepleal RE magnetic ions are
present in the glass matrix. As suggested by ttadl sragatived, values, the exchange
interactions between the BHons are weak and predominantly antiferromagnetic.
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30

-Paramagnetic Curie temperature (K)

Fig.2: Composition dependence of the paramagnetic Curistant,8,, of the XRNM glasses
with y=0, R=Nd ¢), Gd@), Dy(A) and Ho X).

The magnetic data obtained for the xRNM glassesrasgreement with the
data previously reported for other oxide glasseganing the same RE ions [5-14]
and were summerized in Tabel 1.

Table 1:
Magnetic data of xRNM glasses.

R X Electronic M agnetic Paramagnetic Curie
(RE ion) configuration behaviour temperature ©,
Curie-Weiss
Nd ** 0.01-0.25 413 X¢=0.10 0< /0, <26 K
Curie-Weiss
Gd* 0.01-0.20 i X=0.05 0</0/<6K
Curie-Weiss
Dy ¥ 0.01-0.15 4t ° X;=0.03 0< /9 <6 K
Curie-Weiss
Ho ** 0.01-0.20 4f 10 X¢=0.10 0</0/<22K

Fig.3 shows the compositional variation of the dgrf®r the xRNM glasses.
A simple inspection of the data presented in tigjsré suggests that all the studied RE
ions exerted a network modifier role in the hostsglmatrices.
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Fig.3: Composition dependence of the density of xRNM @lassith y=0, R=Nd¢), Gd(A),
Dy(O) and Hog).
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Fig.4: Influence of the additives on the composition aejmnce of the paramagnetic Curie
constantg,, for the xRNM glasses with R=Ho, y=0J, y=0.05 and MO=Pb@), and
y=0.05 and MO=AIO;(A).

Fig.4 presents the compositional variation of tammagnetic Curie temperature
XRNM glasses with R=Ho and M=0, Pb and Al. The datan this figure suggests a
weak anticlustering effect of the aluminium oxidethe case of the holmium ions. For
all the other samples the influence of the additiwas neglectible.
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Conclusions

Magnetic data indicate that the magnetic behavidutRNM glasses is of a
Curie-Weiss type. For samples with small amountREfions (xx.) they appear as
isolated species, while for higher amounts of RESI@®® X;) a mictomagnetic
behaviour, due to the presence of both isolated cangbled species, was observed.
Al,O3 shows an anticlustering effect in the case ofsglaontaining holmium ions.
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1LINTRODUCTION

Many spatial and temporal processes and phenoieNature have fractal
characteristics. They have been noticed from mtde¢a Universe levels and represents
a face of the complexity.

A closely investigated subject was the fractal atpef protein structure (1).
Proteins are three dimensional structures of whschlictated by their aminoacid
sequence. Because of the compact structure of pnotgtins amino acid residues that
are at distant points in the sequence can be segooximity in the folded state. They
may interact by various type of physical forces aihtause long-range interactions
and finally the 3D structure of the molecule. Pirtdehave an intrinsic self-similarity
with regard to the compactness and packing of teurctures and this results in a
simple form of fractal behavior.

The fractal characteristics of the proteins haserbrevealed in terms ofass,
length and surface. That is all proteins form a certain pattern inpexs to theimmass,
length and surface versus some unit of structure. This pattern isaatél or, in other
words represents a long range correlation. For plathemass fractality is expressed
in terms of the radius of girationyRs MORP where D is fractal dimension. As the mass
will be proportional to the number of the units, iN the chain, NM[RP. This can be
represented as the simple power layi RN wherev is a fractional exponent. Its value
calculated for 90 proteins was found to be 0+38.05 or 1/3 similar to clasically
colapsed polymer (1). One may further look at thegth scaling of the protein
backbone measured as by the stepwise connecti@traifht lines between the
carbon atoms. the relationship istLm’ where L is the total length of the protein
backbone andh is the length for different intervals of m resigu&his scaling revaled
that classical polymers are quasi ideal with theoment being 1/2 while proteins have
a value of 1/3 therefore proteins behave diffegefrtdm classical collapsed polymers.
Another fractal property refers to the protsimfaces. For example AJM" where A is
the surface area and M is the molecular weight\ard0.72 for 14 different proteins
(1). Scaling laws were also established for memb@nteins (1).

We can notice that the fractal aspects of proted#flect either the internal
structure of proteins but also the interproteiatiehship.

Scaling in the protein dynamics is however a subjdtich has very little
been touched (1). Our own work revealed fractaladyics from experiments of totally
unrelated fields such as cell biology and cognifigsgchology (2-3).
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The aim of the present work is to look at the imsicbrrelation of the
fluctuations in a protein. The question is whettier amplitude of the fluctutions, in
other words, the mobility inside the protein chhas a random or some kind of order
or correlation. We maw priori suspect that due to the fact that the structurthef
proteins are correlated in a fractal manner, thetdlations or mobility might show a
similar fractal character. What kind of informatiae may further expect from such an
analysis ? The basic idea is that fractal strustam@ generally regarded as optimum
designed structures and according to the fractatadteristics we may check up for
some models of the protein organization as funetlgrorganized structures (2).

It has been previously suggested that the temperdactor T of some
proteins has a long-range character as found frenliiear charactersitic of the double
log plot of the spectrum (4-7). The mobility at mio level can be characterized in
terms of the temperature factonifhich is: F = 8 < i? >, where< ¥ > is the mean square
of the amplitude of vibrations.; s determined by X ray diffraction. The mobility o
protein structure is presently regarded as a katyfe for undertaking the function.

We have used in our analysis series effdr calmodulin, an ubiquitous
calcium binding protein and searched for the cati@h properties in the series.

2MATERIALSAND METHODSOF ANALYSIS

The temperature factor; of calmodulin for various species was extracted
from the Protein Data Bank. We found available datafrog calmodulin as revealed
by NMR in solution and for all the rest of the sigscfrom X ray diffraction of the
crystal form. The difference beteen the two setdaté is that NMR offer information
for the hidrogen atom while crystal data not ineéutis atom. Another problem is to
choose the data in the series as the data forttimesan the side chain of aminoacid
residues are somewhat arbitrary placed in thesdneorder to avoid this problem we
choose for our investigation only the protein bawmkd atoms or the main chain where
the natural order is kept in the series. Theretbeefollowing chain is considered all
along the primary structure:

NO C,0 CO NO C,0CON...

The series of data were subjected to Fast Fouoen FFFT) and to Detrended
Fluctuation Analysis (DFA). FFT offers the simplestd the traditional way to check
for presence of scaling in the data by fitting wéHine the double log plot of the
spectrum. If the fitting line well approximated thgectrum, the slope of the fitting line
represents the scaling exponent denominatdtl Bwever if nonstationary behavior
is present in the series the spectral analysifefltictuations introduce suplimentary
correlations which alter th@ exponent. DFA on the other hand removes nonstatiggn
and results in a "pure" exponant(8). Its value is 0.5 for random series, 1 for soe
called 1/f noise (f is for frequency) and 2 for Wwroan noise (i.e. integrated random
series or random walk). According to this methacal fthctuations are first integrated:
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V(9 =3 06 = X)

where xis the thath number and xaniS the mean value of the numbers in the series.
Further a function F(n) is calculated for incregsibox size n where local
nonstationarities are removed if exist.

F(n) = \/1/ NZ[Y(k) = Yo (K)I*

A plot of F(n) vs. n gives a line whose slope reprgs the scaling exponent

3.RESULTS

An example of the temperature factor series ferrttain chain of the bovine
calmodulin is shown in fig.1. It can be seen tlnaré are fluctuations along the chain
which jump in several places, i.e. nonstationastygresent in the series. The amplitude
spectral appearence of the series following FFirésented in fig.2. The spectrum is
of the power law type although some slight peritigis might be superposed on the
power law background. This is clearly illustihia Figure 3 as a

Fig.1 Temperature factor series of bovine calmadidi the main chain
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Fig.2 The amplitude spectrum of the temperaturefageries for bovine calmodulin

211



VASILE V. MORARIU

double logarithmic plot of the power spectrum. Bpectrum can be fitted by a line which
has a slop@ = - 1.39. Therefore the series presents a frelotahcteristic or scaling over a

three order of magnitudes. Further the DFA plahiewn in fig.3 for the same case. The
plot can be fitted by a straight line characteribgda slopex=1.39 which means that the

series fall into the category of fractal behaviolomg range correlation.
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Fig.3 The power spectrum of the temperature faszaes for bovine calmodulin on a double log
plot. The linear fit has a sloffe= -1.31.

The relationship betweem and 3 scaling exponents i = 20 -1. Therefore
we may calculate Bcacuiateavalue from the value af. In the case illustrated in fig.4,
= 1.39, therefor@caiculaes= 1.78. At the same time the value bfesulting from the
spectral analysis is 1.31. Bsacuated® B, it Clearly shows that there are nonstatioarities
in the original series which are counted by the FFdcedure. Such a situation is
common for practical all protein series and it wbplssibly seem of some interest
when comparing various proteins in terms of noimtarities. Their significance has
not until now been considered and it will be disagselsewhere.

F(n)

0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

Fig.4 DFA plot of the temperature factor seriebo¥ine calmodulin. The slope of the fitting
line is the scaling exponeat= 1.39

The results of the DFA analysis for the calmodybrotein belonging to
various species and in various binding forms dtestilated in table 1. Only the frog
calmodulin is in solution, all the other data cepend to crystal form. Some forms
have 4 calcium ions bound to the protein which lngs preliminary activation of the
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protein prior to interaction to the substrate. @na&ein is a mutant form and other is in
complexed form with trifluorperazine (TFA). The rant form and the calmodulin
complexed with TFA seems to present extrem valumpewed to the other data
although the value for rat appears unusualy higlany case the average value for all
the data in table 1 is 1.80.05. This value is very close to 4/3 = 1.33. ldeorto Table

1. Thea scaling exponents for calmodulin of different spsand in various binding
combinations further check if this figure is close 4/3, more DFA analysis was
performed on a few other proteins. The resultstifi@ra cscaling exponent are as
follows: bovine cythocrome c, 1.34; human cytocheorn 1.35; hemoglobine chain A.
1.36. If we add these few figures to the calmodstetistics we get an average value
of 1.3150.036. It is quite clear that according to thisuiesthe average value for
proteins falls within the range of 4/3.

No | Proteincodein Species Binding complex Method of a
Protein Data Bank analysis scaling exponent

1 1cfc Frog apo form NMR in solutign 1.14

2 4cln Drosophila 4 Ca X ray crystal 1.35

3 losa Paramecium | 4 Ca X ray crystal 1.31

4 lcdl Bovine 4 Ca and light chainX ray crystal 1.33
kinase

5 1cll Bovine 4 Ca and kinase |l X ray crystal 1.39

6 3cin Bovine 4Caandleq X ray crystal 1.25
trifluorperazine

7 lcdm Bovine 4Caand 2 eq X ray crystal 0.97
trifluorperazine

8 lctr Rat 4 Ca X ray crystal 1.53

9 1a29 Gallus (mutani¥} Ca X ray crystal 1.46

10 lahr Homo 4 Ca X ray crystal 1.32

11 Average value 1.31+0.05

4.DISCUSSION

As this is the first time that a DFA analysis ipoged on the protein
temperature factor series, there is no term of @vatjve analysis with other data, and
most important for interpretation. (Further datatbe same line is published in this
volume in the papers by V.V.Morariu & L.GheorghadaA.Coza & V.V.Morariu, see
ref. 9-10). As mentioned in the introduction, pm$ewere found to have a fractal
structure in terms of mass, surface and length.might possibly suspect that they
have some bearings to the present findings. Rdtith® surface to the mass (or
volume) can be expressed in terms of the ratib®¥which as a logarithmic plot gives
a straight line with a slope of 2/3. We can furthetice that our value of 4/3 is a
multiple of 2/3. This represents a possible cluetf® interpretation of the present
findings as other types of scaling such as thetquaower scaling presents various
forms of 1/4 and multiples of 1/4. The fact thaé thalue of 4/3 is proportional to
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[A/V]A where A is area and V is volume, it mightggest, the long range correlations
into the series is controlled by these parameters.

What would be the fundamental significance of tHewlings ? We might quote
from Gregory Dewey's book a sensitive questiors protein crystalographer might
well ask: What has the fractal approach told uswhado not already know?" (1). | think
that the answer can be found in some recent mddekhe quarter power scaling or
other types of scaling (cited in ref.2). All thes@dels point out to the fact that such
scalings reflect optimization of the system. Foaraple the fractal structure of the
lungs, the channels in a leaf, or a river drairggstem represent optimal structures for
the transportation and therefore feeding or drgnithe system. As always,
optimization means the best choice of conflictirergmeters. Talking in terms of
"optimization" also means that we talk in anthrof@mms but also in biological terms
as the evolution brings a system to the optimunigdes\ river drainage area can be
regarded as an optimum design of the mother NaHwwiever in physical terms and
for physical processes, there must be acting a cfoe minimum action physical
principle. For example cracking a window glass bpdking with a stome results in a
nice fractal. Why ? Because this must the mostiefit way to disipate the energy. A
colleague scientist made the point: "What is theeafdractals when we find everywhere
fractals?" The answer might be very simple and #urprising what simple it is: where
ever we found a fractal, it tells us that we ded@hwan optimum design for the
particular structure or phenomenon. After all wewrthat Nature is a great oportunist.

As far as the problem of proteins is concerned \ag say that such structures
are optimally designed to perform their task As piemature factors are related to
mobility or the flexibility, and in turn these pregiies are regarded as crucial to
functioning, it is no wonder the present findings.

Therefore if we want to answer Dewey's questionmight say: a crystal
structure tells us howhe protein is organized whereas if the proteia feactal it tells
us whythe protein is organized so.

Finally, the preliminary result of the present wdgktotally new: 1) The
temperature factor series of the protein main chairiractal, that is long range
correlation prevails over a three orders of magi@tu2) The scaling exponent is
around 4/3 for the investigated proteins.

The present work as well as the work presente@fi®-10 is intended to be
continued by the following steps: a)Gathering ofrendata for other proteins in order
to firmly establish that tha scaling exponent is around 4/3; b) The distributid the
scaling exponent willd be evaluated. We suspedittiedistribution is gaussian with a
median value centred at 4/3. ¢) The rationale f8rstaling of the protein main chain
should be further developed.

Acknowledgements: | thank Aurel Coza for calculations and helpfidadissions.
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ABSTRACT. We report a comparative study of the optical prisgenf polypyrrole (PPY)
synthesized by two methods: electrochemical andnicia¢ oxidation of the monomer
(pyrrole) in the presence of different doping ioffstoluensulfonate, dodecylsulfate,
dodecylbenzenesulfonate, perchlorate, tetraflusetep By using FTIR and UV-Vis
spectroscopy we investigated the changes of theauar and electronic structure of
polypyrrole induced by the preparation conditio@ir main goal was to find out the
relevant synthesis parameters, which have a sinfingnce on the electron delocalization
length and the molecular architecture of polypgrrol

1. Introduction

Conducting polymers are new materials that comtlieanechanical and chemical
properties of isolator polymers with the electrieald optical properties of inorganic
semiconductors and metals.

Polypyrrole is one of the most used conducting pelss for applications due to
the good stability of his properties and becauseait be easy synthesised as a
homopolymer and also as a composite. The succeB®¥fapplications depends on
the improvement of the properties and the procdgyatf this material. Therefore one
of the main research goal is the correlation betwtbe synthesis parameters and the
molecular architecture of PPY in order to obtaia thquired properties for a specific
application [1].

In this paper we report a comparative study of dipdical properties of
polypyrrole (PPY) synthesized by two methods: etettemical and chemical oxidation of
the monomer (pyrrole) in the presence of differdaping ions (p-toluensulfonate,
dodecylbenzenesulfonate, perchlorate, tetrafluocaibp By using FTIR, UV-Vis
spectroscopy we investigated the changes of theaular and electronic structure of
polypyrrole induced by the preparation conditioBsir main goal was to find out the
relevant synthesis parameters, which have a sinflangnce on the electron delocalization
length and the molecular architecture of polypyerol
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2. Experimental
2.1 Samples preparation

a) Electrochemical synthesis of polypyrrole

The electrochemical synthesis of polypyrrole wasgied out with different
electrolyte types: p-toluenesulfonic acid (HTSQ)dism toluenesulfonate (NaTSO),
lithium perchlorate (LiClIQ) and tetrabutyl-ammonium-tetrafluoroborat (BNBF,),
sodium dodecylbenzenesulfonate (DBSNa). The elgttrooncentration,gwas varied in

the range 0.01-0.15 M. The polymerization was edrout in galvanostatic conditions
at room temperature using different current deesiti0.2% j < 1.25 mA/cm.
Polypyrrole films with thickness h in the range 2®pm were obtained.

b) Chemical synthesis of polypyrrole

The monomer pyrrole and the dopant DBSNa were mixgdrously with
distilled water. The water solution of the oxidamhmonium persulfate (APS) was
added by dropping to the pyrrole-DBSNa solutione Plolymerization was performed
by using the oxidant/monomer (O/M) molar ratio @@d dopant/monomer (D/M)
molar ratio 0.5 or 0.8. The mixture was stirred autl5C for 24 hours and adding
excess methanol to the reaction flask terminatedptblymerisation of pyrrole. PPY
was formed as a black powder, which was filtered amshed successively with
distilled water, methanol and acetone, followedfitigring and drying in a vacuum
oven at 30C for 14 hours. PPY chemically synthesised usamgd-size protonic acid
dopants such as DBS is soluble in organic solMégsn-cresol and chloroform.

The polypyrrole fine black powder (100 mg) was digsd in 2 ml of
chloroform or m-cresol. As was previously reporgd].Y. Lee et al., PPY(DBS) has a
lower solubility in chloroform than in m-cresol [2To improve the solubility of PPY
powder DBSNa (100 mg) was added to the solutior gdiutions were stirred for 18
hours and then filtered through a Millipore filigaper. Thin films of polypyrrole were
cast from these solutions on glass or ITO (indiumoixide) covered polycarbonate
supports for UV-Vis transmission measurements.

2.2 Optical measurements

Specular reflectance measurements in the range -26000 cml were
performed on free-standing PPY films by FTIR spesstopy on a BOMEM MB-102
spectrophotometer. The absolute value of samplectifity was determined relative
to the reflectivity of an aluminium mirror. The agl constants for PPY films were
calculated from the reflectance spectra with Krasi€ronig (K-K) technique [3].

Infrared transmission spectra in the range 400-48®were recorded by a
spectrophotometer JASCO FTIR-610, on pressed paiégtared from the chemically
prepared PPY(DBS) powder embedded in KBr or onfilincast on KBr crystal from
the filtered solution of PPY in chloroform.

UV-Vis transmission spectra of the as-prepared putymer films on glass
support were recorded by a Lambda 9 spectropho&smet
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3. Results and discussion

3.1 Reflectance spectra of the electrochemically prepared PPY

The reflection spectra of polypyrrole samples, shamwFig.1 are sensitive to
the nature of the electrolyte and to the d.c. cotidity values. The higher reflectivity
was obtained for TSO doped PPY samples. Signifigalawer reflectivity was
obtained for sample 4, with the lowegc These results demonstrate that the surface
morphology of the sample has a significant contrdsuto the reflectance. We consider
that the roughness of the film surface dependshemature and concentration of the
electrolyte. The surface roughness is lower for T8@ped film as compared with

ClIO4 doped one and decreases with the decrease detiteob/te concentration.
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Fig.1 Reflection spectra of PPY films electrocheaiticprepared with different electrolytes:
1- NaTSO ; 2-HTSO ; 3- LiClg) 4-NaDBS

The increase of the reflectance at lower frequendéndicates a metal-like
behavior. But to find out if the electrons aregad delocalized in our samples we have
to determine the behavior of the dielectric funttiothe investigated spectral range.

The real and imaginary parts of the refractive inde) and k(y) were
calculated from the reflection spectra with the desis-Kronig technique [3], where
first the phase angkis determined using the following relationship:

o) __II (w+wjdlog\/R(7 "

Then we can determlne nandKk:
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. 1-R _ 2JRsing
1+R- 2J/R cod 1+ R- 2J/Rcosd

For this purpose we have to extrapolate the exmaah data to zero and infinite
energies (wavenumbers). For the low energies ardagabens function was used [3, 4],
as the reflectance increases to low energies fditrat investigated. To high energies
the data were extrapolated by a decay funcio?).(

The spectral dependencies of n and k for T&ped polypyrrole sample 2 are
shown in Fig.2. Similar behaviour for n and k vedsained for the other polypyrrole
samples investigated [4]. Several peaks locate®b@t 1018, 1150, 1300, 1450 and
1530 cnt, which correspond to the characteristic absorppieaks of the pyrrole ring,

can be observed in the spectral dependence ofgk?]FiThe values of kf) increase
with the increasing of the d.c. conductivity valwdshe samples. The band located at
1530 cn is attributed to the collective vibration of C=GCinter and intra-rings. The
characteristic frequency of this band is relateth®conjugation length on the chains:
the lower is the frequency, the higher is the cgafion length. We can estimate a
conjugation length of 9-10 rings for our electrocteally prepared PPY [1,4].

(@)

6

Refractive index

400 600 800 1000 1200 1400 1600 1800 2000

Wavenumber (cm™)
Fig.2 Real part (n) and imaginary part (k) of te&active index for PPY (sample 2 from Fig.1)

The complex dielectric functio,is defined by:

. . g
E=&E FIE, =& +HI— 3
& =6 o, 3)
The real and imaginary part of the dielectric fimttwere calculated from n
and k values, using the relations:
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o
g,=n*-k* ; g, =2nk=— (4)
(*EO
From Fig.3 one can observe that the real part efdiklectric functiore; is
positive in all the spectral range. This behaviati¢ates that most charge carriers are
localized in our PPY samples.
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Fig.3 Real and imaginary parts of the complex dieie function for PPY (sample 2 from Fig.1)

3.2 Optical properties of the chemically prepared PPY

UV-vis absorption spectra

The absorption spectra of PPY(DBS) thin films dasin chloroform and m-
cresol filtered solutions (100 mg PP(DBS) powder in 2 ml of solvent) are presented
in the Fig 4. It is well know that two charactedsbipolaronic absorption bands
located at ~ 1 eV and ~ 2.6 eV appears in the almjgectra of doped PPY [6]. A shift
of these bipolaronic bands could appear as a fumct the doping level.

From the Fig. 4 one can see that the bipolarongomtion band located at
2.6eV for PPY(DBS) obtained from chloroform solutits shifted to higher energies
for the sample obtained from m-cresol solution. $hit of the absorption band could
be attributed to the polymer-solvent interactiomeTnature of the solvent molecule
influences the polymer chains conformation and¢ngth of the conjugated segments
leading to a difference in the energy gaps. We idenghat PPY(DBS) cast from m-
cresol solution contain shorter conjugated segmasntsompared with PPY(DBS) cast
from chloroform solution [7].
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Fig.4 Normalized absorbance of PPY(DBS) films dawn: a- chloroform solution;
b- m-cresol solution

IR spectra

In Fig. 5 we can compare the infrared spectratferas-synthesised PPY(DBS),
spectrum A and for the soluble fraction, spectrunol@ained by the filtration of
PPY(DBS) chloroform solution. Both spectra showramease of the absorbance in the
range 1700-4000 cfn, which is attributed to the tail of the electmmiansition located
in the near infrared. The absorbance increases miorly in this region for the
soluble fraction PPY(DBS) as compared to the ash®gised sample. This behaviour
could be due to a lower oxidation degree or toaedese of thet electrons delocalization
along the chains of the soluble fraction. The lowentribution of the electronic
transitions involving charge carriers make a ckadence possible in the spectrum B
of the absorption bands located near 2900" atiributed to the vibrations of C-H
groups in the dopant DBS. Moreover, the stretchiitgations of the N-H group in
PPY can be observed as a shoulder near 3300rcthe spectrum B.

The significant differences between the spectr@nd B appear for the bands
located around 900 ¢h 1200 crt and 1550 cf, see the inset in the Fig. 5. These
absorption bands characteristic for the oxidizedf Plave been associated by Zerbi
with the effective conjugation coordination and wheensitivity to the oxidation level
and to the conjugation length of the chain [9].

The band located at 1550 ¢nin the spectrum A is attributed to C=C/C-C
stretching vibrations of the PPY chain [9]. Theftsbf this band to a higher frequency,
1569 cni in the spectrum B indicate that soluble PPY(DB&)tain mainly shorter
conjugated chains as compared with the as-prefripgd.

The absorption band located at 1198"cim the spectrum A are ascribed to
ring breathing vibrations and its shift to highexguency in the spectrum B support the
idea of the lower oxidation level for the solubledtion as compared to the as-
synthesised PPY.

221



R. TURCU R. GRECU, M. BRIE, I. PETER, A. BOT, W. GRAUPNER

From the inset in the Fig. 5 one can observe tmatritense band located at
914 cm' in the spectrum A has a significant shift to higfrequency (by 26 cil) in
the spectrum B. This band could be attributed ®P& ring vibration mode in the
oxidation state. This assignment is based on tttetffat ring vibrations are much more
sensitive to the oxidation level and to the configgelength of the chains as compared
to C-H vibrations [9].
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Fig.5 IR spectra of PPY(DBS): A-as-synthesised@anB-soluble fraction in chloroform

The comparison of the IR spectra for the chenyiqattpared soluble PPY(DBS)
and the electrochemically prepared PPY doped \ifiitreint ions (TSO, CIQ BF,, DBS)
shows that the former contains mainly shorter agatjon lengths and has a lower degree
of oxidation.
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1. Introduction

The analyses of structures and qualities of chdnsichstances is a modern
problematic with implications in many research aredahe analysis accuracy is
influenced by the utilization of some standard rooles. The specific deuterium
labeled molecules have a great advantage becaesehtive the same chemical
potential like the natural molecules, but in adutitithey differ only by their molecular
masses. These kinds of molecules can be usedcl&mal standards, into the MS and
NMR analyses. Using these internal standards, ti® Mésearch becomes more
efficient. Thus, the research laboratories, whiokdartake chemical synthesis of new
drugs, ask for these isotopically labeled molecfibeshe establishment of analytical
methods and the certification of drugs molecularcitire and properties.

2. Theoretical aspects

Deuterium labeling, generally, can be done eitlyerfD isotopic exchange or
by chemical synthesis. For H/D isotopic exchangavizavater is used and,ls used
and for the synthesis some smaller molecules wdiltetium content. To synthesize
big molecules containing deuterium in well-knowrsitions, it is necessary to establish
those reaction conditions, which doesn’t allowénerse D/H isotopic exchange.

The aim of our work is to offer a sure synthesay/wo obtain an asymmetrical
amine, which contains deuterated ethyl - D5 radi€hls amine has the possibility to
be further transformed in other bigger moleculeghout any risk of losing the
deuterium atoms from the molecule.

The mebamine (4-methoxy (2-aminoethyl) propylbeees a reagent from
the class of complexe secondary amines, used esniadliary reagent in the synthesis
process of a possible drug, called ‘mebeverine’.nfamitor the synthesis process of
this possible drug, internal standards are necgdsaMS and NMR analyses, to
establish the certification methods of the finabdarct. If the method for structural
analyses is the mass spectrometry, the introductiateuterium atoms in molecule is
necessary because these give a difference by méss units to the resulting ions into
the spectrometer ion source. This reveals the itapoe of the partially specific
deuterium labeling of some molecules.

In the next scheme we will present a method ferdynthesis of this possible
drug, and also, the role and the stage in whichpiially deuterated compound
(which is the subject of this work) is involved.

Hsco_m C2DsND,/D,0 N—C,Ds
H, pyc . HE

0 1)
p-methoxyphenilacetone Mebamine
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o]
Il Cl —
—_—

Veratric acid, 4-chlorobutylester Mebamine-D5 )
CLs 0 OCH

HSCO—C%\rN\/\/\O OCH,

Mebeverine base
In accordance with these reactions, the procemssstrom a commercial
reagent (p-methoxy phenilacetone) to obtain p&ytdduterated mebamine, and in the
last stage it is coupled with veratric acid,4-chlmrtylester and finally, a partially

deuterated drug, named "mebeverine — D5" is oldaine
The chemical procedure for the obtaining of mebanl5 is led conformingly

with the following reactions:
DN—C,Ds

I
CH304@7C|-5—|C|2—CH3 + CoDsND,—> CH304@7CHZ—(|Z—CI-E
O oD

®3)

I|3N —C2Ds lﬁl—CzD5
CH304@7€H2—$—C% —»CH304@7CH2—C—CH3 +D,0
oD @)
NH—C,Ds

iy |
CHgoA@7CH2_C_C|'b+ Hzﬂ’ CH3OA@7CH2_CH_CH3
()

These reactions take place simultaneously, intaudoclave, to 10-atmosphere
pressure, at 90°C, in the presence of a Pt/C catalyd under hydrogen atmosphere.
Thus a global equation can be written:

) H, Pt/C (6)

p-methoxy pheniacetone Mebamine

3. Experimental, results and discussions

An appropriate method to obtain molecules, like amime, is the chemical
synthesis. Generally, it can be considered thaiganrolecule is build from another
molecular rests, which are coming from the reastant
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Figure 1. Mebamine — D5 experimental setup

In the particular case of specific deuterium latbetelecule, it is very important
to choose the deuterated reagent molecule, whitte isupply of the deuterated molecule
rest that must have a good chemical stability ia trext stages of the chemical
synthesis. This synthesis takes place into therarpatal setup, presented in figure 1.

Into an autoclave from a nonmagnetic steel wasdihbslurry of 155 ml (1.01
mol) p-methoxy phenilacetone, 125 ml of 70% m/musoh of ethylamine in water
(this is about 102 g, 1.59 mol) and 0.5g of 10% mplatinum on carbon paste (this
contain about 40% m/m dry catalyst and about 60% water).

The slurry was stirred and the air was removed fileenautoclave. The vacuum
was replaced by nitrogen. This procedure was repeatee times. The autoclave was
brought under vacuum and the vacuum was removes ttimes by hydrogen. The
fourth time the vacuum was replaced by hydrogeii threg hydrogen pressure rose to
10 atm.

The stirring was started and the reaction mixtuas Wweated at 90°C and stirred
with a linear speed of at least 1400 cycles/mintitee hydrogenation was started. A
drastic stirring is necessary because the mixtifeeterogeneous and there are three
phases: a solid one (the Pt/C catalyst), a liquig @he reaction mixture) and a gaseous
phase (the hydrogen). The global reaction (6) ispmsed from three elementary chemical
reactions. The first one is the coupling of cardampup of p-methoxyphenylacetone
with the amine group of ethylamine-D7 forming a tpdamine, as it can be seen in
reaction (3). The second stage is a water elinonaf,O) shown in reaction (4), and
the third stage, as it can be seen from reactipnig3he hydrogenation of the double
bond C=N by a heterogeneous catalyzed reactionfifdderesult was partially deuterated
mebamine- D5. The synthesis time was 10-12 houdstta® end of the reaction was
reached when the hydrogen pressure remained ctnbtathis moment, the heating
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was stopped and the reaction mixture was put auh fthe autoclave. The reaction
mixture was filtered and washed with 50 ml of wa#r5 ml of water, 160 ml of
toluene and 129 ml of 50% m/m sulfuric acid werdetito the filtrate. The mixture
was very well mixed and the layers were separdted.toluene layer was washed with
30 ml of water. To the combined water layers wadedd125 ml of 50% m/m sodium
hydroxide and 390 ml of water. The pH was highemtli2. The water layer was
extracted twice with toluene, the toluene extragtse washed with water, and then the
toluene was removed by distillation in vacuum. Vied of mebeverinamine was 220
ml with a purity of about 85-90% g/g.

M.S spectroscopy and NMR were used to control shpic and chemical quality.
An example is the electron impact ionization MSctpen of our compound (fig. 2).

100

Relative intenaity(%)

g1
51 }
| L =
H

I“J |
c T T T I T T T T T T T T Ty T I T T L T I I T T I T T T O T T T T T T e T T T T T r i T T

40 80 BO 100 120 140 160 180 200
mjz

Figure 2. The electron impact ionization MS speautfor mebamine-D5
Into the experimental setup shown in figure 1,ity@rogen pressure decay inside

of autoclave was monitored. The hydrogen consumptotime is a measure of the global
reaction evolution. This kinetic approach for taation (5) is presented bellow:

N—CaDs NH—C2Ds
A CHsO@*CHz-C—C% B: CH304@7CH2—CH—CI-5
ky
HZ + Pt 2Hads
2

k
A + Pt 3 Aads
kg

k
2Hads+ Aads—5> B
228



SECONDARY AMINES SPECIFIC LABELED WITH DEUTERIUM

The reaction rate has the expression:
kKK
r=———=-=p,
kK, z
Where:6 = platinum surface coverage degree
Py, = hydrogen partial pressure
—_ k1k4k5
KoK

Because at 9 atm, the platinum surface area li<éwiered,0 = 1. In these
circumstances, the reaction rate becomes:

k

r=klp,
If we plot the experimental variation of hyi:irogere$sure vs. time, we obtain the
kinetic curve from figure 3 and figure 4 shows tagiation of log p vs. time.

12 12
10 ] 1 - .
~ 8 08
3 o .
3 6 06 L2
= 2 04
4 ; &
2 / 0,2 ¢ * R
0 ; ; ; ‘ ‘ 0 : ®
0 50 100 150 200 250 300 0 100 200 300
t (min) t (min)
Figure 3. hydrogen pressure vs. time Figure 4plog. time

k = 1.5*10% atm/min

In this work the kinetics of the total reactionsastudied and also the practical
reaction conditions were established in order ble &b propose a method to get
specifically asymmetrically deuterated secondarinasm
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STUDIES OF ADSORPTION METHODS FOR HYDROGEN
ISOTOPES STORAGE ON ZEOLITIC SIEVES
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Ramnicu Valcea, Romania
Feliciavasut@yahoo.com

ABSTRACT. Molecular sieves and active carbon were usedherhydrogen isotope
adsorption. The adsorption process occurred atlligitrogen temperature. The commercial
zeolites have the same properties as naturalegdiitit they have a regular pore structure.
They also have affinity for molecules with diffetesize and defined shapes. Experimental
results obtained at liquid nitrogen (77.4K) revdalee efficiency of the active carbon and
zeolitic sieves for temporary storage of hydrogsotapes. The storage of hydrogen
isotopes in hydride form is considered being veagiical from the point of view of a large
storage capacity. The reason for this is that daetion between hydrogen isotopes and
many hydrides forming metals is spontaneous at teonperature yielding hydrides of low
dissociation pressure at the ambient temperature.

Key words: storage, hydrogen isotopes, intermetallic comdsureolitic sieves, adsorption, gases.

Adsorption of hydrogen isotopes on zeolitic sieves and active carbon

For the transportation without losses of hydrogestapes the necessity of
their storage occures. It is necessary to takeaicttount a series of special requirements in
the case of the transportation of radioactive megwf hydrogen isotopes.

Zeolites are important materials used for the gatem of hydrogen isotopes
because they have a high adsorption capacity taléeso radiolysis under the tritium
radiation and they are more accessible than matalsntermetallic compounds.

We study the adsorption propereties of synthetaites in a wide range of
temperature and pressure. We used molecular siévesA and active carbon. The 4A
and 5A zeolites have a tridimensional structurd Wit.4A diameter. When the hydration
water is eliminated, the material has a porousctira. The porous volume represents
45% of the overall zeolite volume for 4A and 5A eTdctivation temperature of the zeolite
and carbon is very important to obtain a high gutgwr capacity. If the temperature used
for the activation is small, the structural watelt mot be eliminated and the adsorption
capacity will be low. The excessive temperaturé adbtroy the porous structure.

Physical adsorption process of hydrogen isotopes otdained at the liquid
nitrogen temperature (77.4K). The entrance flux gaghe adsorption system is
composed of dry deuterium and protium. This mixtsreooled in liquid nitrogen and
then is passed on the adsorbent getter at the teanperature (77.4K). The flux of the
gas in the adsorbent getter is 5 and 72 I/h (wétmtiespond 0.008 and 0.134 velocity
of discharge).
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The adsorption capacity for hydrogen isotopes \alsitated with the relation:
A =Vagdm (cni/g)

In the next table, the adsorption capacity andtiefficy for different materials
used in ours experiments are presented:

Adsorbent T (K) Q (I/h) A (criig)
Active carbon (IPMP| 77.4 5.90 79.443
Buzau, Romania)
Molecular sieve 4A 77.4 8.18 1.315
77.4 10.28 1.615
Molecular sieve 5A 77.4 8.00 1.226
77.4 9.47 1.456
77.4 11.25 1.340
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1. INTRODUCTION

The paper presents theoretical and experimenta dabut mass and heat
transfer on B7 type structured packing, in the eiéuin separation by distillation. The
first part of the paper is reserved to the magssfea study in the isotopic distillation of
hydrogen, and the second part is reserved to thes @nad heat transfer in the case of
water isotopic distillation.

2. MASSTRANSFER STUDIES

2.1 Multi-tubular column model

The height of the transfer unit, efficiency measofr¢he liquid-vapour contact
element, is based on the two film theory. It isuassd that at liquid-vapour interface,
equilibrium is snapshot established and the registéo the mass transfer in liquid and
vapour bulk is negligible, all the resistance te ttansfer being concentrated in vapour
and liquid boundary-layers.

At the packed distillation columns the liquid flow pellicular. If the void

space of packiné?fgtz&j is divided inN parallel tubes witltl diameter and height

equal with the packed bed heigl), one obtains a multi-tubular column. Each tube
simulates the distillation in a wetted-wall colunie calculus relationship for HTU in
wetted-wall column is the following [1,2,3]:

V [
HTU), = ———=
(HTu), DMK,

where the characteristic parameter for the stredtpacking isd, , = d, = 4[% ech The

(1)

over-all mass-transfer coefficient is reported te vapour phase, because this phase
opposes the greatest resistancgy\Kis calculated by the individual coefficients and
slope of the equilibrium curve:
1 1 m

(2
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The mass transfer coefficient in vapour phase vedsutated with Johnstone
and Pigford relation (3), and in liquid phase Witis. Levici correlation for Sherwood
number, relations (4).

23

(k, P) Elé [Eﬁ] = 0.033Re*% 3)

« =ShD _ c[Re’B¢° D, @
i 8¢

2.2 The multi-tubular column model verification

Verification of the multi-tubular column model witkxperimental data was
done. Figure 1 presents schematiclly an experifnglatat for hydrogen isotopes separation
by cryogenic distillation. The distillation colunfar H,-HD mixture, with inner diameter
of 27 mm, is equipped on a height of 550 mm with #8@e structured packing.
Experimental data are shown in table 1 and figurd-& (NTUl, calculation the

Colburn formula was used [4]:

Table 1.
Experimental data

QF Pool Tcol l:)(:Dnd Tcond Wi yl y2

(W) (bar (K) (bar) | (K) (cm/s) (ppm) (ppm)
4.6 3.01 24.7 2.88 22.7 0.53 88 703
4.6 3.01 24.7 2.91 24.58 0.53 93.7 7594
10.2 3.07 24.79 2.95 24.4 1.13 89.5 743
10.4 2.82 24.4 2.72 24.24 1.22 82 694
14.82 3.02 24.71 2.86 24.46 1.7 126.p 718
14.82 3.01 24.7 2.86| 24.4p 1.71 119 718
15.6 2.98 24.65 2.8 24.3Y 1.82 88.4 550

16 3 24.68 2.8 24.37 1.85 84 563
20.15 3 24.68 2.85 24.4 2.33 131 729
20.15 3 24.68 2.85 24.4% 2.33 115.5 733|6
20.7 3 24.68 2.8 24.37 2.39 89.9 539
20.15 2.78 24.33 2.6 24.04 2.48 70.9 558} 2
23.52 2.98 24.65 2.78 24.3B 2.74 133 563]5
24.99 3.04 24.74 2.85 24.46 2.86 150 708}5
24.99 2.98 24.65 2.81 24.3B 2.91 168 74017
24.99 2.96 24.62 2.8 24.3) 2.93 152 718]5
29.25 3 24.68 2.8 24.37 3.38 160 71088
33.28 2.97 24.63 1.69 22.2b 3.88 56 508]9
33.63 3 24.68 2.78 24.38 3.89 117 670J8

In the case of hydrogen distillation, the theomdticalues of the height of the
transfer unit, calculated by means of equivalemtrditer of packing, are closed to
those experimentally determined.
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3. MASSAND HEAT TRANSFER STUDIES

3.1. Mathematical model

A more complex study, for the mass and heat trangfas performed on water
isotopic distillation, also considering the packibgd a multi-tubular wetted-wall
column [5]. The steady-state mathematical model tfre mass and heat transfer
includes the following equations: overall mass beda isotopic balance over the liquid
or vapour volume element, the mass transfer betwapour and liquid phases, the
heat balance over the liquid or vapour volume elmthe heat transfer between
vapour and liquid phases

dL _dVv
—/=-Y 6
4z (6)

dz
1 dlx)_ 1 dv) A, _ _v¥) =K' fy— v
—A.%‘AV%%‘K%-VE@V y*)=K, ty-y*) @)
Q+Qf:%Ep|@:iEPVMZ
z A, dz

=K, ft, - )+—m 1,

(8)

The mathematical model has been completed wittisakafor the estimation
of the mass and heat transfer coeficients.
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3.2. Experimental data
The experimental plant for water distillation igpresented schematically in

figure 3. The distillation column has an inner deter of 108 mm and it is equipped
with B7 type structured packing on 14 m height. Td@umn has 12 points for

temperature and concentration measurement, whiaWved us to determine the locale
values of the mass and heat transfer coefficigmésented in figure 4 and 5. It can be
noticed, at the column top, the influence of sulkedoeflux and between stratum 4 and

stratum 5 imperfections of the column insulation.
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In water distillation the values of the height betmass transfer unit range
within 50-150 mm domain. Between the theoreticsiestion of a distillation column
functioning and the measured values one can obsemkative error ranging within 8 -
19% domaine. This fact requires correction, by mseafrthe experimental data, for the
coefficients used in the criterion relations.
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4. Conclusions

The HTU mean value at water distillation (~0.1 siriosed of the HTU mean
value at hydrogen distillation (~0.2 m).

The HTU values, experimentally or theoreticallyadbéd, constitute designing
data for the hydrogen and heavy water plants. Bated values of HTU for the 4+ HD

and HO — HDO — DO isotopic mixture distillation enter thus in priaet

The level of the mass and heat transfer coefficievdluated theoretically and
verified experimentally, are comparable with ottemparation processes from the
chemical industry. This fact justifies the uselsd tnulti-tubular wetted-wall model for
the description of the transfer processes in titbh columns equipped with B7
ordered packing.
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SYMBOLS

(HTU), — height of transfer unit reported to vapour phase

L, L', V, V' —liquid, vapour flow rate

dech— €quivalent diameter

D. — column diameter

€ - voidage of packing

K'y, K't. ki, kv - global mass and heat transfer coefficient; tiguiapour partial film mass heat
transfer coefficient

m - slope of equilibrium curve

P - total pressure

Pm, Pv - Molar liquid density, vapour density

6i - thickness of mass transfer boundary layer ofidiguhase

A, A, A, a., — area of free column section, liquid , vapounflgection area , interfacial area
D., Dy — Diffusion coeficient

Sh, Re, Sc - Sherwood, Reynolds, Schmidt number

z -height

X, Y - liquid, vapour phase isotopic concentration

C, - heat capacity

t., tv - liquid, vapour temperature
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ABSTRACT. Intrinsic association constant characterises thaifg of an antibody with a
monovalent antigen or hapten. The binding forcasden antibody and the respective
hapten are relatively weak and consist mainly afl dar Vaals forces, electrostatic forces
and hydrophobic forces. Thus, it is important t@wrthe thermodynamic parameters as
enthalpy, Gibbs energy and the entropy involvethenformation of an antigen-antibody
complex in order to characterise a certain antaggibody complex. The present paper
evaluates some of thermodynamic parameters by Rdégadioimmunoassay) method.

Introduction

According to Le Chatelier’s principle, a bimoleautaversible reaction for the
antiprogesterone antibody-progesterone systemaeanichl equilibrum is represented
by the ecuation:

K1
Ab + Pr AbPr &—»
K.y
The rate of the forming (v) of the immune complé&br) will be:
d[AbPr
v= % = K 4[Ab][Pr] - K _,[AbPr]

where [AbPr] — the concentration of the immune claxp
[Ab] — the concentration of the antibodies;
[Pr] — the concentration of the progesterone dfargtime;
K41 — the forming constant of the immune complex;
K.1 — the dissociation constant of the immune complex.
After the reaching of the chemical equilibrum (vA@)Il results:

7+1 =K = M

K_y [Ab] e[PT]
where [AbPr}, [Ab]e, [Pr]e — the concentrations system components at equilipK
beeing equilibrum constant (the affinity constant).

In the case of antibody- labeled antigene system), e equilibrum constant
will be:

« _ [AbPr g

K *
[Ab][Pr g
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The labeled antigene Pr3H is not structural different against unlabeled
antigene Pr, so one can consider that the affindfethe antibodies against the labeled
and unlabeled steroids are the same and therdfske,, this fact beeing the reason of
using of tritiate marker for antisera titre detemation.

In the case of indirect labeling of the steroide(toupling of steroid with a
carrier), the marker will be structural differembrin steroid, KK'. This can be a
disadvantage between labeled and unlabeled stemlbnding situs of antibodies.

The determination of equilibrum constant k of antiprogesterone antibody-
progesterone system using As antigene radioactiveqgesterone
At equilibrum,

s [AbPr']g
= e
[Ab][Pr e
[AbPr*]e _ B _ i.p.m...in.precipitite
[Prle F ipm.insupernant

B = radioactive activity of the immune complex;
F = the free radioactivity in solution.

If one note: [Ab}=a—[AbPI]., a = initial concentration of the antibody:;
[Prle = p — [AbPr]e, p = initial concentration of the progesterone.

*
AbPr ]a = x
[ le BiF Y
If one note B+F = T, (the total activity), then:
* BS
[AbPr ]g = T xp

K

where

0
Bg
T
E:ED ]é = % 3 é
Fla-"p 1-°S a--S(p
To o To

This relation permits the calculation of the eifpnilm constant K when the
concentration of the substances are known as heBtTy value.
Ab-Pr-*H system

_ [AbPr-H]e _ ED 1
[AblePr-Hle Fs ,_Bs b
To
where B = B - Buesp
F=To-Bs
B = specific bonding of the radioactivity;
F = free radioactivity in supernatant;
Bhesp= Nonspecific bonding.
241
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Experimental data for Ab - Pr*H system;
a = 1.7x1¢ M; dilution of antiserum (1/400); T = 296 K (X3); To = 17 500 ipm

Table 1.

Pr-*H | Total radio- Pr Bonding radioactivity in | Calculated specific| (B-Bresp) | (B-Bresp | Kx10’
(pg) activity (ng) immune complex (B) radioactivity To F (Ixmol™)
(ipm) (ipm) B-Bresp(ipm)

200 |17 500 0 10 350 8054 0.46 0.85 5.00
200 |17 500 0.5 10 009 7713 0.44 0.78 5.71
200 |17 500 1 9919 7623 0.43 0.75 5.53
200 |17 500 2 8792 6496 0.37 0.59 4.92
200 |17 500 3 7705 5409 0.31 0.45 4.7
200 |17 500 5 6081 3785 0.22 0.28 3.41
200 |17 500 10 5211 2915 0.17 0.20 5.88
200 |17 500 20 3507 1211 0.07 0.07 -
200 |17 500 50 2665 369 0.02 0.02 -
200 |17 500 200 2249 - - - -
200 |17 500 normal |2307 - - - -

serum +

0ngPr
200 |17 500 normal |2285 - - - -

serum +

200 ng Pr

Average equilibrum constant K = 5.03%1iri x mol™
Table 2.

Experimental data for Ab - Pr*H system
a = 1.7x1¢ M; dilution of antiserum (1/400); T = 277 K°%@); To = 17 500 ipm

Pr-*H | Total radio- Pr Bonding radioactivity in | Calculated specifid (B-Bresp) | (B-Bresg | Kx10’
(pg) activity (ng) immune complex (B) radioactivity To F (Ixmol™)
(ipm) (ipm) B-Bresp(ipm)
200 |17 500 0 14 200 11119 0.64 1.74 1.74
200 |17 500 1 13860 10779 0.62 1.60 1.3
200 |17 500 2 11836 8755 0.50 1.00 1.1
200 |17 500 5 6988 3907 0.28 0.28 0.5
200 |17 500 normal (3081 - - - -
serum +
0ngPr
Average equilibrum constant K = 1.16X1iri x mol™
Ab-Pr-6-S-CH,-CO-Histamin **1 (Pr'%) SYSTEM
Table 3.
Experimental data for Ac — Pr*® system; a = 3.4x106 M;
dilution of antiserum (1/200); T = 296 K (23C)
Pr-2 | Total radio- Pr Bonding radioactivity | Calculated specific| (B-Bresy) | (B-Bresp) | Kx107
(pg) activity (ng) in immune complex (B)|  radioactivity To F (Ixmol™)
(ipm) (ipm) B-Bresp(ipm)
500 |149783 0 22083 9283 0.062] 0.079 2.32
500 |147549 1 22169 9309 0.063] 0.07% 2.20
500 |148697 2 21869 9069 0.061] 0.072 2.2§
500 |150237 3 19720 6920 0.046| 0.053 1.7
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Pr-'2% [ Total radio- Pr Bonding radioactivity | Calculated specific| (B-Bpesp) | (B-Bresp) | Kx107
(pg) activity (ng) in immune complex (B)|  radioactivity To F (Ixmol™)
(ipm) (ipm) B-Bresp(ipm)
500 |149003 5 18211 5411 0.036) 0.041 14
500 |148256 10 16544 3744 0.025 0.028 1.27
500 |149274 20 14696 1896 0.013 0.014 0.7
500 |147356 50 13114 314 0.002] 0.002 -
500 |148290 200 12896 96 - - -
500 |148376 |[serum N 412817 - - - -
0ngPr
500 |151200 serum N (12781 - - - -
+200 ng Pr
Average equilibrum constant K = 1,69X1i@rixmol™
Table 4.
Experimental data for Ac — Pr*®% system; a = 3.4x108 M;
dilution antiserum (1/200); T = 277 K (4C)
Pr- | Total radio- Pr Bonding radioactivity Calculated (B-Bresp | (B-Bresy | Kx10”
(pg) activity (ng) |inimmune complex (B) specific To F (Ixmol™)
(ipm) (ipm) radioactivity
B-Biesp(ipm)
500 |149324 0 32476 15606 0.103 0.132 3.88
500 |149288 0.5 32153 15283 0.102 0.132 3.8
500 |148976 1 32032 15162 0.102 0.130 3.8
500 |149763 2 31710 14840 0.101 0.126 3.9
500 |150544 5 26588 9718 0.064 0.07¢8 3.2
500 |148054 ser N 416870 - - - -
0ngPr

Gibbs energy of Ab — Pr system

Average equilibrum constant K = 3.72X1i@rixmol ™

For a chemical reaction, the variation of the aergy QG) is:
AG =AG® + RT InK
AG® = variation of standard free energy;

where

R = constant (1.98 cal/molxgrad);
K = equilibrum constant of the chemical reaction;

T = absolute temperature of the system (graaleik).
At equilibrumAG = 0= AG® = -RT InK sauAG® = -2.3 RT IgK

Ac-PréH
T, T, a K AGS
296K - 1.7x1G M 5.3x10 litri x mol™® - 10.412 Kcal/mol
- 277K 1.7x1C M 1.16x10 litri x mol ™ - 10.172 Kcal/mol
Ac-Pri®
T, T, a K AGS
296K - 3.4x10 M 1.86x10 litri x mol™® - 8.45 Kcal/mol
- 277K 3.4x10 M 3.72x18 litri x mol ™ - 8.29 Kcal/mol
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The reaction enthalpy
For a chemical reaction at equilibrum,
- K
where: K, K, are the equilibrum constants atahd T ;
AH® — the variation of the standard enthalpy.

Ac-PréH
a Ky K, T, T, AHS
1.7x10° M[5.3x1d litrixmol 2| 1.16x16 296 K 277K -6.68 Kcal/mol
litrixmol
Ac-Pr?9
a Ky K, T, T, AHS
3.4x10% M|1.86x16 litrixmol'|  3.72x16 296 K 277K -5.954 Kcal/mol
! litrixmol

The enthropy of the reaction system
The variation of standard enthropy is:

T

whereAS® = the variation of standard enthropy of the systém absolute temperature
(Kelvin degrees).

AC-PriH
T AHS AGS AS®
296 K -6.68 Kcal/mol -10.41 Kcal/mol 12.6 cal x molx grad!
AC-Pri¥y
T AHS AGS AS®
296 K -5.95 Kcal/mol -8.45 Kcal/mol 8.4 cal x mdlx grad®
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Introduction

Natural abundance of stable isotopes is an impbst@urce of information on
each chemical species because, the isotopic camftengiven molecule depends on its
origin and the history of the processes involvele Tsotopic fractionation of those
elements in the environment, follows complex patewhich allow correlation to be
established between the final products (juice, wirmmey) and raw materials (water and
CO,) from which they have been biosynthesized [1]. Langt sweeteners, artificial or
natural flavorings, citric acid and water can béextito fruit concentrates simulating
natural juices. Pure honey is also a relativelyessive food that can be adulterated by
mixing it with the much cheaper high fructose ceymup. Adulterants such as simple
sugar solutions can be detected by chemical asaligdre sophisticated sweeteners
like high fructose corn syrup are difficult to detteby chemical analysis or by
chromatographic tests. Isotope ratio mass spectrgroecarbon and, to a lesser extent
of hydrogen and oxygen is a technique for the detecof adulteration or
establishment of authenticity in food products [2].

Thetheoretical base of the method

The method is based on different isotopic fractimme that appear in two
cases:

1.) A molecule may result from a natural or arfiaral process. The rate of
the natural process is different from the artifioiene and this results in different
isotopic fractionation. The molecule resulted fr@mnatural process will have an
isotopic composition of th€C and the molecule resulted from a synthetic pooet
have a different isotopic composition of tHe.

2.) The natural abundance B in foods is also related to how plant fixes
carbon during photosynthesis [3]. Plants using Gladvin cycle are called {plants
and plants that use the Hatch-Slack cycle are c¢calleplants. About 80-90 % of
agriculturally cultivated plants belong to the @toup. Plants that use a Calvin cycle
discriminate againstC more than plants with a Hatch-Slach cycle. ¥@zcontent of
the G plants varies between -35%. and -22%. while the spamameter of the £
plants varies between -20%o. and -8%.. Targets oftadions (honey, fruit juices, high
commodity oils) use the {plants. The adulterators such as high fructose sprup,
cane sugar and corn oil use thgplant product.
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Analytical technique and results

Carbon must be converted to £for stable™C/*“C isotope ratio measurements
[4]. The organic carbon in a sample was conveded@ gas through the dry combustion
method.

The materials required were: quartz tube, CuO,v@xe wire, Ag foil, Pt wire,
Cajon metal fittings, muffle furnance and vacuunifold for separation of C{ygas

(Fig.1)

.g
g
(5 =

penning 13 ’i
a

Fig. 1 Vacuum system for isolation and purificatafnCO,

I 1

P - preliminary pump
D - diffusion pump

1-7 -valves
a,b - sample bulls
I, 1l - traps

8 -vacuum gauge
9 - quartz tube

The organic material are placed in the quartz tuitle the CuO wire, Ag foll,
Cu wire and Pt wire. The tube is attached to thmuuen manifold via a Cajon fitting
and evacuated to remove air and water from the lkeaamul then sealed it. The sample
tube is then combusted in a muffle furnance t&®%D@or 1/2 hour and then heated to
850 °C for 2 hours. After combustion, the tubettached to a vacuum manifold and
cracked to release the combustion gases. Theda®is cryogenically separated and
purified and then collected in a sample bulb.

The CQ gas was analysed with a mass spectrometer topisaatio analysis.
The method was used for the detection of a syiathetvor from a natural one,
namely the bitter almond natural oil and the sytithbenzaldehide (sO), the
natural bergamot mint oil (linalyl acetatg-8,00,), the natural acetic acid and the
synthetic acetic acid ¢€,0,).

There is a great difference between thep@ant ( -25,92 %o and - 29.62 %o )
and the @ plant ( - 13.68 %o ). There is also, a differeneween the natural and
synthetic molecules ( -23.13 %o versus - 13.68 %o).
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The precision of the methode was 0.4 %.. For $amiges ranging between
3 ul and &ul, the linearity was very good.
The results are show in the Table 1:

Sample &C %o
synthetic tural
benzaldehide -23,24 -25.92
acetic acid -23.13 -13.68
linalyl acetate - -29.62
Conclusions

13C analysis is a key analytical technique used teaieindeclared addition of
low cost adulterants to high value foods. We dgwetba method for the analysis of
the 3C isotope content in organic samples. The orgasaeples conversion to GO
was accomplished by combustion in an oxygen exaedshe isotopic content 6iC
in CO, was measured by mass spectrometry. The precisbtireearity of the method
were tested was used for the detection of a syintfl@vour from a natural one.
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1. INTRODUCTION

The best conceivable stable tracers of waterrepresented by the isotopes
of the constitutive atoms of the water molectf@ and D (1,2). If the isotope content
changes along ground water path, it will reflec¢ thistory of the water. On the
contrary, if the isotope content does not changiwithe aquifer, it will reflect the
origin of the water. Origin deals with location,rjpel and processes of recharge and
history deals with mixing, salinity and dischargegesses (1).

The Someseni mineral water spring area is locatdlde eastern part of Cluj-
Napoca, Romania at the contact between the allpldade and the first terrace of the
Somesul Mic River (3). The therapeutical qualitiéshis water were known since the
early 1920’s. The spa was established in 1927.

Detailed physical and chemical analyses were pmadd by the Institute of
Balneology and Physiotherapy (4). The radon costaftthese waters were also
measured (5-7). Theirs chemical composition is dateid by sodium and chloride.
Higher values of radon content were noticed foresafithem.

From a geological point of view, the mineral aquiis located on the western
border of Neogene Transylvanian Basin. The Somesatig area is situated on an
anticline with salt core. Marls with frequent intetation of sandstone and volcanic
tuffs dominate the lithology of these deposits. Tdikivial deposits of the river
generally cover the Neogene formations.

From the hydrological point of view, a relativeceat research admits the
existence of two distinct circuits: a deep one Wh&following the Neogene formation
with salt contents, and a shallow one located witthie alluvial deposits which is
touching only the upper part of the salt body (8).

We believe after the hydrogen and oxygen isotapedyses of this waters that
there is a single circuit of these mineral waters.

2. MATERIALS AND METHODS

The water samples for the spring No. 1, 2, 3,53,Becas river and Someseni
well were collected monthly from July 2000 to Ma§02 at Someseni spring area.
Prior to deuterium analyses the waters were vaaistilled.
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For the determination of the oxygen isotopic conitpws of waters, the waters
was equilibrated with COand then the isotopic composition of the £gas was
measured. The equilibration time was reduced talours by shaking the samples.
When isotopic equilibration has been atteined, @@, was extracted from the
container, separated from the water vapour by meémsdry ice trap and analysed
with a mass spectrometer versus a given referéleaised as reference the same, CO
tank used in equilibration.

The deuterium analyses of water are carried ouherhydrogen gas obtained
by quantitative reduction of water sample (9). Wager sample (aboutil) is introduced
in a heated glass reservoir and a small porticin@fsample is introduced in the mass
spectrometer at a constant rate through a glasdacg@mnd a quartz tube containing
uranium ribbon at 68 connected directly to mass spectrometer ion sourc

The isotopic content is expressedaslue in part per thousand:

0=(R/Rs-1)1000
where R is the isotopic ratio of the probe angliskthe isotopic ratio of the internal
standard, SMOW (Standard Mean Ocean Water) (1, 2).

3. RESULTS AND DISCUSSION
The results of the deuterium and oxygen-18 measemés of waters from
springs, Becas river and well at Someseni Sparasepted in Fig.1 and Tablel.

-60 T T T T

lul. Sept. lan. Febr. Mai
-65 12000 2000 2001 2001 2001

—&— Izvor nr. 1
—l— Izvor nr. 2
3

Izvor nr.
a -70
Izvor nr. 8
75 | .’—ﬁ.\.* —X¥—Izvor nr. 15
- —@— Fantana

-80

Figure 1. Comparison of D antD content in Someseni springs

Table 1. Temporal variation of D antD content

Data lanuarie 2001 Februarie 2001

Proba 3D %o 5'%0%o dD%o 5"80%0
Izvor nr.1 -74.9+1.5 -8.90+0.4 -75.5+2 -9.27+0.4
Izvor nr.2 -74.9+2 -8.73+0.3 -76.1+1,5 -6.85+0.7
Izvor nr.3 -72.9+1.5 -8.65+0.7 -72.912.5 -8.95+0.5
Izvor nr.8 -71.0+1.7 -8.08+0.7 -71.6+2.4 -7.71+£0,4
Izvor nr.15 -71.0+2 -8.28+0.5 -71.62 -8.52+0,4
Fantana -67.9+1.5 -8.61+0.6 -68.4+1.5 -7.47+0.3
Becas -73.6+1 -8.65+0.5 -68.4+2 -8.77+0.4

The time period investigated by us was a dried wih insignificant
precipitations. A good stability in time and coatbn of the deuterium and oxygen
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contents for the five investigated springs, Bedasrrand well was shown by the
measurements.

In such a way it is more convenient to assumedhdhe spring are related to
a unique aquifer. The ground water trajectory isbpbly, following the previous
layers (sandstone, volcanic tuffs) intercalatedhiea Neogene pile of sediments. The
anticline structure interrupted the continuity bése formations, facilitating the water
ascension. Water found different ways to reactstivéace in the salt brecia zone. The
so called "deep waters" are not always concentiaieds.

This assumption can be sustained by the hydrogeh axygen isotopes
measurements of the waters from this area.

The measurements also confirmed the results oé studies (2), showing that
seasonal variations in the isotopic content amgelg attenuated over the water mass,
and that the shallow ground waters like the wattedied in our case, present the mean
annual deuterium content of the precipitation ¢&6he Cluj-Napoca mean deuterium
content).

4. CONCLUSIONS

In our opinion, the mineral aquifer of Somesenterapring area is a single
circuit of mineral waters. The infiltration is oacing through previous layers, as
volcanic tuffs and sandstones in a unidentifiechagging zone generating a confined
aquifer. This assumption can be sustained by tldeoggen and oxygen isotopes of the
waters from this area.
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ABSTRACT. DNA is a critical cellular target for oxidativeqresses induced by physical
and chemical stresses. It is known that the dékéectt of ionizing radiation on DNA results
mainly in base ionization and may lead to mutatiarcinogenesis and cell death. The
degradation of DNA induced by laser and ionizingjaion (photon beam), is analyzed in
this paperThelaser degradation of DNA isa singlet oxygen process, whiletheionizing
radiation degradation is a radicalic one. A series of lesions among the major bases
degradation product has been measured in isoldi&d (B-OxodGuo) exposed to gamma
radiation in aerated aqueous solution. Degradatorbe accounted for by the formation of
hydroxyl radicals upon radiolysis of water (indireffect). The relative contribution of the
two mechanisms in damaging DNA depends on the dfpadiation. Single strand breaks
and base damage seem to be mainly produced bytdbk af hydroxyl radicals on DNA,
whereas double strand breaks result predominahttirect energy deposition. The four
bases are degraded in high yield. When DNA isimtad in solution, single strand breaks
are mainly due to the abstraction of an H atom fthen4’ position of 2’-deoxyribose by
the attack of OH radicals produced by water radislyQuantification of the modified
bases showed the guanine is the preferential tdayering radiation produces very low
quantities of degradation products of DNA if congghmwith photochemical pathway.
When absorb the light, the photosensitizers reaclexaited state able to abstract one
electron from the DNA bases, producing the relatatical cation, guanine being the
preferential target. lonizing radiation induce sal/g/pes of DNA modifications, including
chain breaks, DNA-protein cross-links, oxidized DNases. A high value for 8-OxodGuo
degradation observed in control cells treated witther MB or AO by comparison with the
others conditions. lonizing radiation produces véaw quantities of 8-OxodGuo, if
compared with photosensitizers.

1. INTRODUCTION

The photodynamic therapy of cancer is a fascigatimethod for cancer
diagnosis and treatment of various types of turbgrthe combined action of oxygen,
light and sensitizer [1].

Under irradiation with light (laser) and/or iomg radiation, in the presence
of a photosensitizer (porphyrinic type), DNA suppseveral modifications including
chain breaks, DNA-protein cross-links, abasic séed oxidized DNA bases, which
have been shown to be able to induce point mus{b].
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The production of DNA damage by ionizing radiationolves two mechanisms,
direct and indirect effects. Direct effect lead itmization and excitation of DNA
molecules, while indirect effect is due to the iatdion of reactive species, in particular of
OH. radicals produced by water radiolysis, wittg&s in DNA. Single strand breaks
and base damage seems to be mainly produced lattdek of hydroxyl radicals on
DNA, whereas double strand breaks result predortinah direct energy deposition
[6,7]. Base damage may also occur from the formadioradical cation of purine and
pyrimidine components when DNA is irradiated withopon beam in solution, single
strand breaks are mainly due to the abstractiaandfl atom from the 4' position of 2'-
deoxyribose by the attack of OH. radicals produmgdater radiolysis.

lonizing radiation produces very low quantitiesdefradation products of DNA
if compared with photochemical pathway. When absbeblight, the photosensitizers
reach an excited state able to abstract one etefitin the DNA bases, producing the
related radical cation, guanine being the preféktarget.

2. EXPERIMENTAL PART

A solution of calf thymus DNA was either exposedttie photon beam of a
7 MeV accelerator, or photosensitized in a photmarradiated with an wavelength
greater than 350 nm in the presence of few seasstiziboflavin (RB), benzophenone
(BF), acridine orange (AO), methylene blue (MB) aetta-p-sulpho-phenyl-porphyrin
(TSPP).

Except TSPP which was synthesized in tha lab, thersensitizers have been
used as delivered from Fluka. Continuous air buigbiWvas mentained during all
experiments. Then, DNA was digested into nuclegsated 8-OxodGuo and 5-OHdCyt
were analyzed by reverse phase HPLC associatedawithhv detector and also by IR
spectroscopy.

The electron and photon radiation beams were seghply the 7.0 Mv Linear
Accelerator of the National Instituted for LasdgdPa and Radiation Physics, Romania.

All the irradiation processes with light were aslgid with a medium-pressure
250-W mercury lamp (Romlux-Romania).

The visible absorption spectra were recorded oREBCDRD M400 Carl Zeiss
Jena spectrophotometer. All spectroscopic studieee vperformed in the porphyrin

concentration range of 8 x Foto 1 x 108 M.

IR spectra (for KBr pellets) were run on a SPECGOR80 Carl Zeiss Jena
spectrometer with a computer command.

3. RESULTS AND DISCUSSION

The five photosensitizers were found to degradeAlddses with different
efficiencies for each type of irradiation. This wasplained first of all by the
difference in the UV-Vis absorption spectra of eatiotosensitizers and by their
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variation in electron abstraction quantum vyield.heTyields were expressed with
respect to that of 8-OxodGuo which was normalizetiG0 (Table 1).
Table 1.
Relative yield of formtion of modified bases withiiNA either exposed to photon beam (800
R) in aerated solution or photosentized by lighhimpresence of different photosensitiZers

Lesion photon bean} BF RB MB AO TSPP
8-OxodGuo 100 100 100 100 10d 100
5-OHCyt 26.2 0.7 1.3 75.6 71 80

#Yields expressed in % with respect to 8-OxodGuo

Also, by measuring the tail moment (through thealtie single-cell gel
electrophoresis) was possible to detect in a.lbit(ary units of tail moment)/ Gy for
8-OxodGuo, Table2.

Table 2.

DNA lesions by photon or light exposure, measurethbans of 8-OxodGuo degradation
Lesion photon beam| BF RB MB AO TSPP
8-OxodGuo 0.26 0.7 0.65 0.60 0.6 0.5

It's difficult to explain the high value of theiltanoment observed in control
cells treated with either MB or AO. lonizing rad@t produces very low quantities of
8-OxodGuo, if compared with photosensitizers.

The processes involving DNA are affected by phgtadnic therapy. The
damage is mediated by singlet oxygen and this speEi travel only about 0Am in
a cell before it is deactivated. The capacity fiogket oxygen generation is different
for different kind of photosensitizers used in théper, Table 3.

Table 3.
The quantum yields for singlet oxygen generatiorttiersensitizers used [8]
Photosensitizer o))
MB "~ 00
AO "00
TSPP ials
RB “h
BF “00

The SSB (single strand breaks) are mainly forntedugh the attack of OH
radicals. OH radicals react with DNA to remove amtdm, most often the H4' or the
H5' of the 2'-deoxyribose located in the minor gmoleading to strand rupture. The
kinetics for DNA degradation was observed by meaing& 270 nm (absorption of
DNA extracted from mice as previously reported}. Ei

Porphyrins and/or metalloporphyrins mediated clgavef nuclei acids occurs
via oxidative attack on the sugar moiety, nucleetrasdifications which lead to strand
scission or by photoinduced mechanism involvingegithe porphyrin excited state or
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singlet oxygen [9,10]. Further, porphyrin-inducddheges of DNA conformation could
allow for the specific probing of DNA structure. & kkontribution of the radicalic species
and of the singlet oxygen is under work and wiloged subsequently.

25
) 1
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A270 nm 4
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\I\
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0 10 20 30 40 50 60 6

timp,min

Fig.1. The kinetic of DNA degradation in differesanditions
1-BF; 2 - AO; 3-RB; 4 - AO; 5 - photon beam; 8SPP

It's difficult to explain the high value for 8-OdGuo degradation observed in
control cells treated with either MB or AO by comigan with the others conditions.
lonizing radiation produces very low quantities &0xodGuo, if compared with
photosensitizers.

Selective degradation of the guanine residues ntighthe primary damage
responsible for the formation of both alkali-labileunds and strand scission. Acridine
produces not only thymine dimers but also othesites. DNA synthesis is inhibited
by AO or MB in the presence of light. In the ligidB, RB, AO all decreased the
melting temperature of DNA, suggesting that the DNAd been degraded [9].
Photosensitization has been shown to destroy demxasine and deoxyadenosine.
Kinds of DNA damage that happens under the infleeot light include altered or
missing bases, single-strand breaks, and crosisjnk

When the DNA backbone is broken by PDT by the iogizadiation, the ends
contain 3’ terminal phosphoglycolaldehydes or 3htmal phosphates which cannot
act as substrates for DNA polymerase | or DNA lggas

4. CONCLUSIONS

Studies on the photodynamic effect coupled withizimg radiation have
concentrated on singlet oxygen. A major targetchttd by toxic oxygen species is
likely to be DNA. Also, the attack of singlet oxygen DNA will give rise to either
single stranded breaks or alkali-labile bonds. Kired DNA damage that happens
under the influence of light include altered or simg bases, single-strand breaks, and
cross-linking.

254



RADIATION - INDUCED DEGRADATION OF DNA IN PHOTODYNAMVIC THERAPY OF CANCER

From this paper a high value for 8-OxodGuo degiadatvas observed in

control cells treated with either MB or AO by comipan with the others conditions.
lonizing radiation produces very low quantities &0xodGuo, if compared with
photosensitizers and with TSPP especially.

10.
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DEUTERIUM VARIATION OF HUMAN BLOOD SERUM

P. BERDEA", STELA CUNA", M.CAZACU"", M.TUDOSE"

" INCDTIM, P.O. BOX 700, R3400 Cluj-Napoca
" Spitalul Universitar CFR, Cluj-Napoca

The deuterium content of healthy human blood ptasrabout 149-150 ppm.
Some variations of deuterium content with age axdigere observed in blood plasma.

We report for the first time the variation of dexitm content of blood plasma
of the patients with cancer disease. The deuteraamtent of blood plasma of
cancerous human is diminished by about 5-7 ppm eoadpwith the healthy one. The
tumors cell have a higher speed of growth thannibenal cell and this results in
consuming a greater quantity of deuterium. Thé&aogment of tap water with deuterium
depleted water in a drinking water for the mice idishes the growth rate of the
tumors, and the slight increase in the deuteriuntentration stimulates this growth.

1. INTRODUCTION

Some studies reveal that naturally occurring dieuteis essential for maintains
the normal cell growth rate of humans (1), anin{al®) or plants (3).The course of
deuteration in mice is documented (4).

Deuteration equilibrium in the body fluids is 95%a#ned in ten days. The
incorporation of deuterium into liver, kidney angleen reachs equilibrium by the third
week.

Similarly, variations of deuterium human fluids Bkod serum or urine
depending on deuterium contents of drinking waitel diet are also expected.

Compared with drinking water, in Central Euroges human blood plasma is
enriched by 3%y in the deuterium content. Change of location festly induces a
change in the isotopic content of the blood (5m8wariations of deuterium content
of healthy human blood with age and sex were olesk(®).

We report another variation of deuterium contriblood serum for patients
with different cancer diseases. The deuterium c¢anté blood serum of cancerous
human patients is depleted by about 5-7 ppm in esisg@n with healthy one.

2. MATERIALSAND METHODS

The results reported here are based on the asadytbe human blood serum
for 9 patients with different cancer diseases.

The serum was separated by centrifugation andiigtiled in vacuum.

The deuterium analyses of water are carried ouherhydrogen gas obtained
by quantitative reduction of water sample. The wagample (about ful) is introduced
in a heated glass reservoir and a small portictn@fsample is introduced in the mass
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spectrometer at a constant rate through a glasacg@and a quartz tube containing a
uranium ribbon at 65, connected directly to mass spectrometer ioncgour

The deuterium content is expressed:

-as deuterium ratio R=D/H in ppm units
where D is the number of deuterium atoms
H is the number of hydrogen atoms.

-aso values in "part per thousand"
0=(R/Rs-1) 1000
where R is the deuterium ratio of sample
R is the ratio of international VSMOW standard (Vienstandard Mean
Ocean Water)
The precision of the determinationatd values wat2%0.

3. RESULTSAND DISSCUTIONS
The Tablel presents the deuterium content of bkerdm for nine patients

with different cancer diseases.

Tablel.
Deuterium contents of blood plasma for the patiemith cancer diseases
Sample Code name Sampling date Neoplasm R o)
nr. location (ppm) (%o0)
1 HOR. 23.03.200tolon 140.3+0.14 -99.4+1.4
2 BAN. 23.03.200fpancreas 134.4+0.15 -137.1+1.5
3 HOL. 23.03.200fpancreas 143.3+0.17 -80.0£1.7
4 RAD. 23.03.200[ktomach 142.2+0.14 -87.1+£1.4
5 BAT. 23.03.200[stomach 145.6£0.2 -65.2+2.0
6 COL. 23.03.200tolon 144.6+0.16 -72.0£1.6
7 FIL. 23.03.200frectal 143.0+0.1 -82.0£1.0
8 PET. 23.03.20(pancreas 144.9+0.12 -69.7+1.2
9 MIS. 23.03.200ftolon 143.6+0.15 -78.1£1.5
Mean value 142.4+3.4  -85.6+3.4

The human serum in Central Europe is enriched @6 compared with
drinking water mean deuterium content. The deuterwontents of the blood serum of
healthy humans (about -37 %.) was higher comparé¢l miean deuterium content of
the mean drinking water deuterium content (abo8t%§ by about 32 %o (5,6).

On the contrary, the deuterium content of bloadisefor patients with cancer
disease is lower or very close to the mean deureciontent of the drinking water. Our
result is in concordance with some studies (1,2,384ich a study, using deuterium
depleted water, shows that naturally occurring eléwrn is essential for maintaining
the normal cell growth rate in animals, humans lan{s. Deuterium depleted water

257



P. BERDEA, STELA CUNA, M.CAZACU, M. TUDOSE

proved an inhibitory effect in plant growth or inofiferation of tumors cells bath for
animal and human.

The tumor cells are deuterium consuming. As a egnence the deuterium
content of blood serum of tumors patients is depldh deuterium compared with
healthy one.

4. CONCLUSIONS

The blood plasma for healthy human is enrichedeunterium compared with
mean local deuterium content of the drinking waker the human patients heaving
different cancer diseases the deuterium contehtoafd plasma is diminished or close
to mean deuterium content of drinking water anderdepleted compared with healthy
humans. Such a variation of deuterium content ohdiu blood serum is correlated
with the cancer disease .
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Introduction
In the Mass spectrometry, chromatography and ion physics laboratory, a
thermal ionization mass spectrometer was designed and built. It is a single focussing

instrument with a stigmatic magnetic sector analyzer. The block diagram of the
apparatus is shown below:

DC power
supply
v
Magnetic Hall —
analyser ]
lon source Collector
Secundar dectron
multiplier
SEM H.T.
H.T.1
ﬁ Command :> " Electrometer
interface
H.T.2
Acquisition
Pz board

Figure 1: Block diagram of the mass spectrometer
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The automation of the instrument concerns the scanning of the mass spectrum,
commands for the range and gain of the electrometer, data acquisition, and data processing.

The spectrometer was built with a single collector system and a secondary
electron multiplier. As we have to perform isotopic analysis of uranium, the masses we
are interested in are 235 and 238. If we would use a continuous scan of the mass
spectrum, we should scan a large mass interval 234.5 .. 238.5. This means that there
should be an important delay between the collection of the *°U isotope and the
collection of the 22U isotope. Fluctuations of the electric parameters, and/or of the
thermal conditionsin the ion source could appear in thisinterval and produce important
ateration of the analysis accuracy. To minimize these inconvenients, we perform a
magnetic scanning only over a mass peak, afterwards we realize a "jump" to the other
peak modifying the energy of the ions in the ion source and perform a magnetic
scanning between the same limits but in the reverse direction. The electrometer gain is
commuted to the right value to ensure detection sensitivity. The "zero level" and the
amplitude of the ion signa are detected and the amplitude of theion peak is registered.

The entire process is monitored by a PC computer equipped with an acquisition
board. An interface was designed and realized, to control the electrometer gain and
sensitivity and to commute the high voltage supplied to the ion source.

The command interface

The paralel port LPT1 is used to transmit commands from the PC to the mass
spectrometer. A "data’ octet is used on this purpose. The bits 1 .. 3 are acting on the
electrometer "range”, the hits 4 ..6 are used to set the electrometer gain and the 7" bit
commutes the high tension supplied to the ion source. Table 1 shows the signification
of each bit in the data octet.

Setting the bit 0 .. 5 on "0" makes its significance active. "1" of the bit D6 sets
the high tension supplied to the ion source to the value fitted for the collection of the
28 jon current. "0" on this bit brings the Z°U ion to the collector.

The electrometer was designed as a modular structure in what concerns the
measuring range and gain command. The command schema is a three states bistable
corresponding to the three measuring ranges, respectively gains. It is made-up with a
MOS 40107 circuit, gate and NOT, with two entries, open collector type.

Table 1.
The command byte
Bit Pin
DO |1 10°A
D1 |2 10°A Electrometer range
D2 |3 10™°A
D3 |4 x1
D4 5 x 10 Electrometer gain
D5 |6 x 100
D6 7 selection of the high tension
D7 8 not used
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The activation is achieved by a push button from the front panel. The circuit
commutes in the new state, which remains memorized and is shown by a LED on the
front panel. The command from the PC is connected in parallel with the push button.
The command interface is made-up aso with the MOS 40107 circuit. Thus, it is
possible to send commands for the commutation of the range and/or the gain either
manually from the front panel or from the computer.

The high voltage unit of the mass spectrometer contains two independent high
voltage supplies. These alow preselecting two independent values for the ion accelerating
voltage. A set of relays commutes one or the other presel ected voltage to the output of
the high voltage unit.

The electrical schema of the command interface is shown in figure 2 and
figure 3.

The scanning of the magnetic field in the analyzer is performed via a 12 bits
digital analog converter placed on the acquisition board. One command digit corresponds
approximately to 2 Gs. As this scanning resolution is too rough, the two excitation
coils of the analyzer magnet were separated. One coil is supplied with 10 A. constant
CC, the other one is excited by a CC power supply controlled by the digital analog
converter. Thus, the scanning resolution is better then 1Gg/digit

The softwar e interface

A software application, which controls the analytical process, was written. It
offers dialog boxes to supply the main parameters like the sample name, the
electrometer gain for each ion current, the magnetic induction in the analyzer. A very
friendly graphical interface alows the focusing of the spectrometer. During the
anaysis, the peak amplitude is graphically represented on the display. The program
takes into account the fluctuation influence of the ion current intensity, the mass
discrimination in the ion source and achieves a statistical treatment of the measured
isotopic ratios.

Conclusions

With very few hard modifications, it was possible to achieve a quasi-complete
automation of the thermal ionization mass spectrometer.

Many other "old generation" mass spectrometers with high ion optics
characteristics could be updated in this way.

The scanning method allow peak acquisition in a relatively sort time,
improving thus the accuracy of the apparatus.
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The Hewlett - Packard 5985A instrument is a quadleimass spectrometer.

Features

e mass range 10 to 1000 amu

» gas chromatograph coupling

« direct introduction probe system (DIP)

* jon source with electronic impact ionization aneéclical ionization
* ions detection with secondary electrons multiplier

» electrometer logarithmic amplifier

e HP 21 MX-E minicomputer (with 64 kB RAM) coupling

Hardwar e description of the designed interface

The HP 5985A mass spectrometer is designed to coneate with the HP 21
MX-E minicomputer through a bi-directional 16 biarpllel interface with separated
lines for the two directions. TTL integrated cinsuare used. There is no galvanic
separation between the TTL and analog circuits hia electronic units of the
spectrometer.

This upgrade aims the replacement of the old HIMXLE computer by an
IBM compatible PC. For this purpose, a new integfhad to be built.

This interface stays of two parts: an electrodack placed alongside of the
other original electronic units of the spectrometed an interface board, which is
placed the computer. The data are transmitted leetvihe spectrometer and the
electronic block in parallel on 16 bit and betwéles electronic block and the interface
board there is a serial transmission of data, elgtoontrolled by the electronic block.
The data transfer rate of 1 Mbytes/ sec. is mughdr than the transfer rate of a
standard serial interface RS232C.

The electronic block ensures galvanic insulatietwleen the spectrometer and
the computer circuits by optocouplers. These asequl on the routes of the serial
communication signals. The galvanic insulation ecessary in order to avoid the
possible perturbation of the analog circuits of gpectrometer by the disturbing
signals.
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The electronic block and the interface board sealivo communication lines

(one in each direction) between the spectrometettzainternal bus of the computer.
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The transmission of the information from the cotepuo the spectrometer is
realized via a 16 bit data register connected withift register for the parallel / serial
conversion, an amplifier for the signals transnoissby cable (the registers and the
amplifier are placed on the interface board) amdamplifier for the signals reception,
the optocoupler, the 16 bit shift register for Hezial / parallel conversion and the 16
bit buffer register (all these placed in the elecic block).

The transmission of the information from the spmoeter to the computer is
realized via a 16 bit shift register for the paghll serial conversion, the optocoupler,
an amplifier for the signals transmission by cdblkare placed in the electronic block)
and the amplifier for the signals reception, thebit&hift register for the serial / parallel
conversion (all placed on the interface board).

The electronic block, contains also - sequentiaduits which generate the
necessary command signals for the serial datantiasion in both direction. The interface
board contains circuits for the connection with ititernal bus of the computer (register
addresses decoder, the bus connection, the mitiafidata transfer and status reading).

Softwar e description

Computer programs were written for the:
- acquisition of spectra,

- calibration and

- tests.

The acquisition program is the main program which controls the analytical
process. The user can select the spectrometer gemamthe potential supplyed to the
ion source electrodes, the electron-emission cyrtbe ion source temperature, the
secondary electron multiplier voltage, the massgeamo be scanned. Once the
electrical parameters set up, the spectra acaquisian be performed. The program
monitors the scanning of the preselected mass rdhgeeading of the ionic current
values and their storage.The computer displayvidedi in two registers. The total ion
current versus time and the last mass spectrumplaited.

The tunning program allows the adjustment of the electrical parameters,
order to obtain a correct peak shape and the & migétive peak height in a known
mass spectrum of a calibration compound.

The calibration program updategshe mass scale of the quadrupole filter

The structure of the programs. The software described above is integrated
as a turbo-vision application. The object orierpteagraming led to a friendly interface
based on menus and commands accessible via the et

Test programs are used to chek the functionality of the specttemand of
the interface components.
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Conclusions

the minicomputer HP 21 MX-E, which is physicaly amdral worn out, was
eliminated from the spectrometer configuration

The interface hard and soft, has requirementdiéafby most IBM-compatible PC.
The data acqusition procedures generates files anetprocessed by the software
packet "CROMA". This program is used to procesdtadl GC-MS coupling data
form the Mass Spectrometry Laboratory of INCDTIM.
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Introduction

We have designed and built a potentiostatic syswnch is connected to a
computer from the PC family, in the same way as @thyer equipment (e.g. scanner,
printer).

The potentiostatic control is realized through toenputer, and the obtained
data are stored in the computer memory, plottetherscreen and recorded on the disk
as a file .The file data are available for latdiné processing.

The voltage value lays between -5V and +5V witlspged which can be
chosen between 2.5 mV/s and 1000 mV/s. For theegumeasurement there are five
levels with the following maximum values: 10 pAOLOA, 1mA, 10 mA, 100 mA.

The main parts of the potetiostatic system are:

» the electrochemical cell interface

* the electronic block

« the interface board from the computer.

A control and data acquisition program ensures pbéentiostatic system
function.

Hardwar e description of the potentiostatic system

The interface with the electrochemical cell comsaihe following electronic
circuits: the electrometer amplifier for the refere electrode and the current amplifier for
the current measurement through the cell. Thesaitsrwork at low - level signal.

The electrical connections from the electrocheimiedl to the cell interface
are made through shielded cables, and if it is ssz0g, even the cell can be shielded
inside the interface box. The shields are maderderoto extend the measurement
range to lower current values (nanoamper).

The electronic block has the following componeanttgr

e ad.c. amplifier for the electrochemical cell éaton

» the circuits for automatic adjustment of the cuttenp

e a2 bit digital / analog converter for numericrsca

» logic circuits for the selection of the current me@ment range

* al12 bit analog / digital converter for currentas@rement

» circuits for data transmission to the computer
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» supply sources

In the electronic block there are also circuits gatvanic isolation (realized
with optocouplers) between the potentiostat ciecaihd the computer. The galvanic
isolation was made in order to interrupt a direetyvof transmission of the possible
disturbing signals to the electrochemical cell (witthe electrochemical cell there are
low level signals).

The transmission of information (data and commartisough the cable,
between the electronic block and the interface dadrthe computer is serial. Data
transfer rate of 125 Kbytes/s is higher than thia dansfer rate of the standard serial
interface RS232C. Specific circuits placed in thectonic block assure the serial
transmission.

The logic circuits used in the electronic block &MOS type (so the supply
current is reduced). The interface board insidectmaputer achieves the connection
between the internal bus of the computer and teetrelnic block. On the interface
board there are circuits for the serial transmissind circuits for the data transmission
between data registers and computer bus.

Softwar e description

The control and data acquisition program allows to:

« adjust the values of the operation paramefecitage range, scanning

speed, scanning mode: singular or repeatedly, muraage)

« the scanning start and stop

+ data record on the disc, in a file

When the scanning is performed, the spectra @@ @btted on the screen.
Test programs are used to verify the functionatifythe potentiostatic components
(interface board, the scanner, analog - numerigeer etc.).

The programs were created using specific subpnogjifar the control of the
potentiostatic components (data transmission e scanner, analog / digital converter,
the circuits for the selection of the current meament range).

Electrochemical deposition of thin chalcogenide layer for copper cation detection

A thin chalcogenide layer was deposited by cyetitammetry on the surface
of a metallic electrode. An agqueous combinatiodgNOs;, CuSQ, H,SO, and Se IV
was used as electrolyte /7/. The potential wasedabetween 50...72 mV/SCE, at a
speed rate of 24mV/s. In order to test the respmfsehalcogenide layer, three
electrodes were prepared (I, Il and III). A numb&b0 cycles were performed on the
first two electrodes (I and Il) while on electrodamber 1ll were performed 100
cycles. Typical cyclic voltammograms obtained dgrohalcogenide layer deposition
are presented in fig.1

After preparation of the chalcogenide layer, tlecteodes were conditioned
for 15 min in 1 M CuSQ with ionic strength j=0.01 (KN§) and following they
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standard solutions were prepared from a stock atdndolution (1 M CuS®) by
sequential dilution.

-1.04
-1.54

2041

I (mA)

-254

-3041
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0080 01059 0080 00 0010 0075
E(MSE

Fig.1 Cyclic voltammograms obtained during depositdf a thin chalcogenide layer
(potential range: 50...72 mV/SCE; speed rate: 24 inV/s

E(mV)

16 155 1E4 1E3 00l 01
Goncentration (M)

Fig.2 Calibration functions for the thin chalcogdeilayer electrodes
(1, 1and 111) in Cu”* solutions
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In fig. 2 are represented the calibration functiof the three electrodes. One
can see that the electrodes have linear respone irange of 16...10° M, so the
layer is suitable for copper cation detection.

Conclusions
The potentiostat coupled to the computer has thewimg advantages:
» the data processing time is reduced
e itallows a much higher data record
* itis easier to work with it
The build apparatus is open to some improvement:
e analog scanning the elimination of the numeric scanning levels )
¢ the current range should be extended to lowerdevenoamper )

REFERENCES

1. R. Greef, R. Peat, L. M. Peter, D. Pletcher,Rdbinson, Instrumental methods in
electrochemistry , Ellis Horwood Limited , 1985

2. Electroscall! 30 - Electroanalitical System, Beckman Instrumeritgc., Scientific
Instruments Division, Fullerton, California 9263&nuary 1967

3. Bulletin 7079, An introduction to electroanal;sBeckman Instruments, Inc., Scientific and
Process Instruments Division, Fullerton, Califora2634

4. Gh. Sandulescu, Protectia la perturbatii inted@@ca industriala si automatizari, Ed. Tehnica,
Bucuresti, 1985

5. V.Caprariu, A. Enyedi, M. Muntean, M. Chiorea®istemul de operare DOS - Ghidul
Programatorului, microlnformatica, Cluj-Napoca, 199

6. T. Balanescu, S. Gavrila, H.Georgescu, M. Ghesyrdi.Sofonea, I.Vaduva, Programarea in
limbajele Pascal si Turbo Pascal, vol. 1, volE2. Tehnica, Bucuresti, 1992

7. M.T.Neshkova, Laboratory Robotics and Automat#(i2000)216, vol.12

269



STUDIA UNIVERSITATIS BABES-BOLYAI, PHYSICA, SPECIAL ISSUE, 2001

IMPROVEMENT OF ISOTOPE RATIO MASS SPECTROMETRY
ANALYSISBY CHANGING THE AMPLIFIER CHANNEL AND BY
AUTOMATIC DATA ACQUISITION

N. LUPSA, V. MIREL, STELA CUNA, ALINA N.NICA, A. CHIS

National Institute for Research and Development of Isotopic and Molecular
Technologies, P.O.Box 700, 3400 Cluj-Napoca, ROMANIA

Introduction

The goal of our work was to modernize the ATLAS Bb mass spectrometer in
order to perform much accurate and precise isot@iio analyses. The improvement
was realized by changing the old electronic unitd lay coupling the mass spectrometer
to a personal computer (PC) - with the purpose llowaall of the spectrometer
components to be controlled by the computer.

Our research was focused on the ionic current nneasent. The electronic
components realizing this are the following:

» the spectrometer interface

« the control block of the spectrometer

» the ionic currents measurement block

Hardwar e description of the electronic components
1.Spectrometer interface

The spectrometer interface is a board pluged énsite computer and it
assures the data transfer between the computeth@ndpectrometer. The data are
transmitted byte by byte (the bits of one byte taa@smitted in parallel). In fact the
transmission is realized between the interface d@ard the control block of the
spectrometer.

Through the interface view, the control block @k tspectrometer is an
ensemble of 8 bits addressable registers.

In the control block, besides the registers, theme components controlled
through similar operations with the register wigtilbut without providing the writing
information. The control block uses only the puigskich trigers the writing in a
register.
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2. The controal block of the spectrometer

The control block enssures the data transmissatwden the computer and
each electronic block of the spectrometer.
It consists of the following electronic blocks:

» for the control of the vacuum system

« for the control of the sample introduction system
» the supply block of the ions source

« for the scanning control

» the ionic currents measurement block

The data transmission between the control blodkefspectrometer and each
block enumerated above is serial, in order to bézed with less wires and to reduce
the number of circuits which make the necessaryagit insulation of the analog
circuits (they are sensible to perturbations). thermeasurement of ionic currents were
used:

- voltage - frequency conversion to determineiséopic ratios

- direct conversion, with successive approximationorder to obtain the

spectra

The measurement block contains voltage - frequenoyerter with successive
approximation with serial outputs. The control idaxf the spectrometer contains the
counters and the time base, respectively the lofite control and the data register
with serial input.

e Serial transmission control
Between the control block of the spectrometer uedelectronic blocks there
is a serial data transmission. The serial transamissontrol (realized on two boards)

generates the necessary sequence commands foe dréaysmission, from the data
register of a board interface of a block to theegponding register of that block.

« Thecounters

There are two 24 bits binary counters. For regdthgy are distributed in
three registers of 8 bits each.

3. Theionic currents measurement block
The ionic currents measurement block realizesmbasurement of the ionic

currents on two collectors ( Faraday cup type ctdies): CF1 and CF2.
There are the following measurement possibilities:
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- simultaneous measurement of the two currenthifir accuracy determination
of their ratio ;

- the measurement of one of the two currents ¢aittyem) to obtain a spectra.

The ionic currents measurement block contains:

» two channels electrometer

» the interface for the two channels electrometer

» two voltage - frequency converter for the simultzusy measurement of
the ionic currents of the two collectors (CTFA &itFB)

e analog / digital converter for the measurementra@ ourrent in order to
obtain a spectra (CAN)

« multiplexers for the connection to the convertesuis the proper signals
(measurement and calibration signals)

* scale switches

» circuits for galvanic isolation and for the signatBnsmission through the
connection cable with the control block of the dpmueter

 Thetwo channels electrometer

The two channels electrometer contains curreoltage converter designed with
electrometer amplifiers. There are two signal cem and B. Because most of the time
the ionic currents values are much different betwbem (ratios of 1 to 10,...., 1 to 100)
we chose different transfer factors for the twortteds. The channel B is more sensible.
For this channel there is the possibility to mahke zero adjustment of the electrometer
amplifier; in order to achieve this we used an @gdldigital converter. To each amplifier
the resistor from reaction can be chosen with @y rélnother relay allows to switch the
connection of the two collectors to the amplifieputs ( CF1 to channel A and CF2 to
channel B, respectively CF1 to channel B and Crhémnel A).

» Theinterfacefor thetwo channels electr ometer
The interface for the two channels electrometartha following components:

digital / analog converter for the zero adjustméme, circuits which drives the relays
and provides their status, and the necessary eegjist
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ABSTRACT. The design characteristics and techniques of UsPgC sample injectors
differ markedly. These differences affect a chrametph’s ability to provide accurate
analitycal results. The HPLC sample injectors dised in this paper are the types currently
used in high performance liquid chromatographyrtegfes. All of them transfer atmospheric
pressure sample from a syringe or vial to a sanople. The loop is then connected by
valving action to the high pressure pump-to-colwsmeaam, which carries the sample onto
column.

1. INTRODUCTION

Early liquid chromatography injectors were similer those used in gas
chromatography. A tee connected the source of m@hibse to column and one port of
the tee contained an elastomeric septum. Sampletnaasferred from syringe to
column by piercing the septum with the syringe meedhis insertion of sample
directly into flowing mobile phase exposed bothimye and septum to high pressure
solvent, compromising precision and reliability. déon designs avoid these problems,
because the sample is transferred from syringesemeple lop at atmospheric pressure
and the loop is then connected by valuing actiothéohigh-pressure pump-to-column
stream, which carries the sample onto the column.

Flow of liquid through the sample, and indeed tiglowall tubing of the
chromatograph, has a laminar flow pattern. Thalfltglocity is maximum on the axis
of the tube and decrease to zero at the wall, sdrtint end of the sample becomes
diluted. This phenomenon manifests itself in déf@r ways in the various types of
injectors discussed below.

The design characteristics divided HPLC injeciote four types. Figure 1.
presents the injector flow diagram for each type.

Type 1 Injectors - use a completely filled sample loop to determihe
injected volume. These simple, reliable devicessargort rotary valves. A syringe is
used to push or suck an excess of sample into aledoop, filling it completely.
Highly precise injections are achieved becauséoiye volume determines the injected
volume.

Type 2 Injectors - use a microsyringe to transfer sample into trapl The
sample size is always smaller than the loop voluste,it is the syringe which
determines the injected volume. No sample is trdppewasted, but the precision is
not as high as type 1.
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LOAD INJECTION LOAD INJECTION

(type 1) {type 3

Loap

Fump

wanta

o

{type 2) [fype 4)

Figure 1. Injector Flow Diagrams. | - Load; Il - Injectioffhe view is from the stator -rotor
interface, where the flow switching takes placeseesn from the front of the injector.
The small circles represent the ports in the vatagor. The bold arcs and radial lines
represent the connecting passages in the rotoghwthin 68 clockwise when the
injector is moved from the load position to inj@aisition. The large circles represent
the needle port.

Type 3 Injectors - use both complete and partial filling methodst trap
some sample. The loop is loaded by inserting thengy into the needle port and
dispensing the contents. The syringe is left imsenh the port until after the valve is
switched. The switching action inserts the loom itite stream without exposing the
syringe to high pressure. In the injection positioa syringe is removed and some sample
remains trapped in a connecting passage of thetamjeThere are three consequences
of this trapped volume: sample is wasted, the tofjeeust be flushed after each
injection and the syringe reading is in error by #imount of trapped volume.

Type 4 Injectors - also uses both methods, but does not trap sarfipis
type is similar to type 3 injector but it does wmontain a connecting passage between
syringe needle tip and sample loop. It thereforetrap sample and there is no sample
waste, no syringe reading error and no need th thesween injections, except in trace
analysis.

2. TECHNICAL SOLUTIONS

We had realise the design and the developmenthaf Syringe Loading
Sample Injector Model SIA100, belongs to type 4 mentioned above. It is a sitspo
rotary valve in which loading of the sample logpaiccomplished with the syringe
through a needle port built into the valve shaft.
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2.1 Theory of operation

Figure 1. (diagrams for type 4) shows the flow diag in the load position
the high pressure eluting solvent flows to the owiudirectly via ports 2 and 3. The
loop is loaded at the atmospheric pressure fromriage via the needle port, which
aligns with stator port 4. Excess solvent or samglis the loop via vent port 6.
Rotation of the shaft clockwise through’@vitches to the inject position. The eluting
solvent flows to the column via the sample loopciftg the sample ahead of it. Note
that the sample now travels in a direction oppdsitthat when it was loaded, flowing
to the column with minimum delay.

Figure 2. shows the needle port geometry. Whersyhimge needle is fully
inserted, the flat tip of the needle touches thé fiice of the stator so that the entire
volume of sample discharged from the syringe enlterstator passage which is part of
the sample loop. Therefore is no sample loss. Hiestator face is polished alumina
ceramic, a hard surface which cannot be damagagringe needle.

Sample loop Rotor seal Nesdkd Needle port

o

[} \ o \I
A
|
e
/
Stator Knob

Figure 2. Model SIA100 Needle Port Geometry

2.2 Sample loading methods

Two methods of loading the sample can be usedcdmeplete loop filling
method and the partial filling method. So the gatantage to the user of the Model
SIA100 is that it can be used as a conventionadfigop injector, which is known to give
the best volumetric precision, or as a variableir@ injector with zero sample loss.

3. DESCRIPTION

Figure 3. is a general view of Model SIA100. Tredat(13) is 10TiMONICr175
stainless steel and contains six ports for 1,6 mhbing. The stator face (11) is a
polished alumina ceramic disc mounted in a stasni&sel ring (16) which in turn is
held in proper alignment on stator by two pins.@&@ohed between the stator and the
alumina face stator is a seal disc (14) which fartiigh pressure seal between the two
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parts and joins the six ports to the six matingehadh the stator face. The rotor face
(10) is a Teflon rotor seal. Slots in the rotorlsaake flow paths between the adjacent
stator ports and turning the rotor’&vitches the flow paths as shown in Figure 1. Two
stop pins (17) and the rotor pin (18) limit theatiin to 68. A thrust bear (5) and four
conical spring washers (6) push the rotor (7) aotbr seal against the stator face with
sufficient force to hold the operating pressure.

s v

Pos. II - INJECTION

Pos. I - INJECTION e Pos.1 - LOAD

.
Rotor orientation
(view from stator)

Figure 3. Model SIA100 General View: 1- action gear; 2-needlide; 3-needle port tube;
4-body; 5-thrust bearing; 6- spring washers; 7mdBebearing ring; 9-isolating seal,
10-rotor face; 11-stator face; 12-stator screwssth®or; 14-seal disc; 15-set screws;
16-stator ring; 17-stop pins; 18-rotor pin; 19-knob

There is an off-axis hole through the rotor whistin line with the needle port
hole in the rotor seal. This is the hole throughahtihe sample loading syringe needle
passes. A Teflon sleeve is embedded in the rotar @ed the needle port tube (3)
pushes against the outer edge of this sleeve wpitings tension just sufficient to
compress the Teflon around the needle. This folrasneedle seal which insures that
all of the sample liquid passes into the statosags. The needle guide (2) is tight fit
over the needle port tube and holds it in placeléthe rotor shaft.

Model SIA100 allows two operating modes: manugdtion with handle and
automatic injection with an electromagnetic actuétdglt around it.
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Figure 4. shows SIA100 actuator, this is a rotawyhbie-acting electromagnetic
actuator with two electromagnets (A;B), A for lopdsition and B for inject position.
Piston (3) motion is converted to shaft rotationaliack and pinion gear (4). The state
of the model SIA100 Injector, is indicated by twgtio sensors (4) . These can signal

an integrator to start or keep a microprocessariméd of valve position.
1 2 3 4 56 7 8

Electromagnet A Electrohagnei B

Figure 4. Model SIA100 Actuator View: 1-plungers@lenoid; 3-rack; 4-gear drive; 5-photosensors;
6-support; 7-electromagnet body; 8-electromagdst li

4. EXPERIMENTAL MEASUREMENTS

The HPLC sample injector, model SIA100 was subnhittesome experimental
measurements to find the answers to the followingstjons:
a) What precision can be expected from an injector?
b) What volumetric accuracy do injectors provide ?
¢) How can the design solutions eliminate the comsgamination ?

a) Injector volumetric variance affects analityqaiecision of the system
HPLC and it depends by the method of injection:
- partial filling: the volumetric precision depends the syringe - the
observed system precision which we achieved ushwg Model
SIA100 Injector with 1Ql partial loop loading via 3@ syringe was
0.35% relative standard deviation (RSD).
- complete filling: the precision depends on thegity stability of
the sample liquid - the observed system precisibitlwwe achieved
using the Model SIA100 Injector with @Dloop, completely filled
was 0.06% RSD.
In summary, complete loop filling is the method afoice when highest
analitycal precision is required and it contribubedy about 0.03% RSD, compared to
0.3% contribution with partial filling method.
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b) The volume of sample that is actually injectatbacolumn does not always
correspond with the syringe reading in the pattating technique, or with the loop
volume in the complete loading technique. The miaghei of this error depends on the
type of injector and manner in which the loop iaded.

The accuracy characteristics of the Model SIA10@ewsvestigated using the
following method: different sample volumes wereded into the loop from a syringe,
and the resulting peak areas or peak heights wetteg, as in Figure 5. These data
indicate that the offset error is essentially zeaond that a volume of Qu can be
accurately injected.

In summary, we can state that the volume of sameleered from a syringe
in a partial filling method should be less than #wual loop volume: 50% is a safe
value. The volume of sample transferred into a loophe complete filling method
should be more then the actual loop volume: fivees the loop volume is usually
enough and this can be reduced by segmentation.

-
[=]
|
|
; |
i
a
=
i
|

L ____ - P — ?..
o B . B
— N
x f
fid H e
=i ! .
5 JEY A -
2 !
a .
% : H “/
3:, & o / B
= L
= - H
o] //
e N .
o 2 S I ! L 1 . .
2 P | B ECE
Stpeld i . i
v] L L . . . H ) . . H i |
G 20 ap ] 80 100 1 2 4 4 5
Volume Loaded Inta Loopr (ul) {mn LY

Figure 5. Accuracy of Model SIA100 sample injector. Datar@vebtained using three syringe size:
10 pl (o), 10Qul (A) and 5 ml []). The straight line correlation coefficient is @00
Departure from linearity starts aroundpl5 i.e., at about 60% of actual sample loop
volume.

c) Even thought the Model SIA100 sample injectais tbeen design to
eliminate the trapped volume, we would expect therbee a very small amount of
cross contamination if the injector is not flushextween injections. This is because of
sample traces left on the surface of the needleasebrotor seal, and in the liquid left
the needle port. After a lot of measurements wesaanthat the contamination is less
than 0.1% for a 10l injection.
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5. CONCLUSIONS

Model SIA100, presented in this paper, is an autisnsgringe loading sampler
injector with an electromagnetic actuator builtward it in a compact package. This
combination provides an injector which can be agpto every liquid chromatographic
task.

In manual operating mode it can be used with digbdioop loading for
maximum volumetric versatility, allowing accuratgection volume of 1ul to 1 ml.
And it can be used with complete loop loading faximum volumetric precision,
achieving absolute area precision as little as B8b.

The primary application of Model SIA100 is as anpmnent of automatic
injection systems . When connected to a autosantpieiused for unattended routine
analysis of different samples. When connected single sample reservoir it is used
for automatic repetitive injection of the same skafpr different purpose: automated
methods development, precision studies, preparaéiparations.

The features of Model SIA100 are listed bellow:

- Maximum versatility in HPLC sample injection.

- Two operating modes:
Automatic injection with electromagnetics.
Manual injection with handle.

- Manual injection capabilities:
Complete loop filling for precision.
Partial loop filling for flexibility.
Zero sample loss/no flushing.

- Automatic applications:
Analysis using an autosampler.
Methods development on same sample.
Prep runs via repetitive injections.
Precision studies under fixed conditions.

- 5ul to 2 ml removable sample loops.

- 450-16 Pa maximum operating pressure.

- 0.4 mm diameter flow passages.

- 15 daN-cm operating torque.
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ABSTRACT. To elaborate a HPLC system is a challenge for eagimeer in the lab: on
one hand, there are complex mechanical comporiketthe solvent delivery system, the
injector system and the detector; on the other jhandintelligent control system is
necessary to co-ordinate these various modulegnRedvances in instrument hardware
and software technology are of particular imporafar anyone who is involved in the
development and optimisation of HPLC methods. Tdpgepdescribes the "LC100" system
with particular attention given to the main compusef the HPLC system.

1. INTRODUCTION

High-Performance Liquid Chromatography (HPLC), aeparation technique
for non-volatile substances in mixtures, has a widege of applications in the
industrial world today. Over the last decade, unsientation for liquid chromatography
has evolved towards higher flexibility, greatereeaguse and higher reliability.

Designing an HPLC system requires a high degreetefaction between
various disciplines, including mechanics, matergdgence, chemical physics, optics,
electronics, firmware and software. Problems thastnive solved include the handling
of liquid having a wide range of solvent propertesflow rate from ful/min to
10,00Qul/min and pressures up to 400%1Pa, control of mechanical components,
detection of chemical substances and data handling.

2. SYSTEM DESIGN OBJECTIVES

To get a cost-effective, easily upgradable, amxXilile system, some key
objectives were decided for our "LC100" system:

- To provide the chromatographer with the necgshardware and software
tools for the methods development process in a wddge of application areas, and to
allow the user to choice various approaches tortbhods development problem;

- To provide the user with single-point control teys through a uniform,
intuitive operator interface. With this system otegrated modules, the user and
system communicate using the personal computeersened keyboard;

- Distribute the functions of the system into haadevcontrol, data acquisition,
data processing, and a user interface;

- Use a hierarchical structure that is easily usidedable;

- Use a LC-IB as the communication link to a stadgeersonal computer (PC).
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3. SYSTEM OVERVIEW

Figure 1. shows the general architecture of tHe1Q0" System. It is a typical
hierarchical structure with the PC as the head. Aieserves two purposes: the human
interface and the management of automatic muléipkdyses with variable parameters.
The separation part of LC100" System consists ef gblvent delivery system, the
column compartment with heated oven and the injeggstem. The detector part is a
spectrophotometric detector in ultraviolet domahl. this independent modules are
connected to the LC controller.

Personal Compute Peripheralg

]

|| LC Controller
Solvent Delivery Sample Column UV Filterphotometric
System Injection Compartmegnt Detector

Figure 1. The Architecture of LC100 System.

Figure 2. presents the system communication in L6800 System. The
distribution of the system into modules is dondluee levels. Level 1 can be seen by
the user. It is represented by the physical deyitke PC or the plotter, and is
connected via LC-IB. Level 2 is created by the heme design of the LC devices,
which is based on several single-processor compldgeated on different boards inside
the mainframe and connected by special hardwaseel3is implemented by software
within a single-processor computer.The applicaticsaftware is based on a
multitasking operating system. It is designed aslkection of tasks, each performing a
particular function and interacting through a cominations mechanism.

The different components at any distribution lewgthin the system are
relatively independent. Each level can be charse@rby the usable resources for
coupling the components. For level 1 it is the ragescommunication over the LC-IB
by cables and standard hardware interfaces. Thel Bvenvironment consists of
hardware designed specifically for liquid chromatgdhy. The coupling of
components at level 3 is done by the operatingesystvhich provides an intertask
communications mechanism.
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Device

LC-1B «— Levell ——

Device

Pr ocessor
*
l Level 2

|3roce5801
Task TasR

Level 3

Figure 2. Communication in the LC100 System.

4, TECHNICAL SOLUTIONS

Contained within the LC100 System mainframe are pmment modules
designed to perform as one integrated system,esagér can configure the system for
a particular type of application and each modutelmaeasy removed and exchanged.

4.1 SL.S100 Solvent Delivery System

Because the parameters for solvent delivery hawajar influence on resolution
in HPLC, great care was taken to provide flex#pilgind programmability in solvent
delivery while increasing the level of reliabilignd precision essential for the HPLC
method development chemist. The programmable foimedule as a high-performance
pump is characterised by pumping a constant flowobfent at working pressures up to
400x10 Pa. Constant flow, in the range 0.1 — 10 ml/minachieved with a pair of
specially-driven positive-displacement pumping chars. Each pumping chamber
consists of a pump head cavity in which a smatiueately machined plunger slides back
and forth. The two pistons are driven such that tieeiprocating directions are opposing
resulting in one plunger drawing in solvent white tother is expelling solvent. By this
arrangement, the pumping chambers alternately wtippkolvent.
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Figure 3. graphically illustrates how the flowrfre@ach pumping chamber may be
combined to obtain a steady flow is achieved bypiexrnpiston displacements. Noncircular
gears are utilised to drive the pistons so that foeward motion in expelling solvent
takes more time than their reserve motion in drgveiolvent.
piston delivery

Combined delivery

/_ Right piston delivery

E RiyAT oftzer delivery

Composite flow
rate

Left chamber delivery

________-_

Piston position

profiles
— P
Right piston accelerate A - C Right pistlecelerate
B

Uniform velocity

Figure 3. Combined Delivery of Pumping Chambers.

The minor fluctuations which remain as a resulthaf crossover intervals of
the pumping cycles are smoothed by a pulse darfpés.unit is a small flow-through
device in which fluid is accumulated and discharged it provides a flow rate accuracy
about £ 0.005 ml/min. The smooth solvent flow frtme high pressure pulse damper is
piped to the transducer unit, which is a flow-ttghuBourdon type pressure sensor
with a very low dead volume, that detects the mageei of the solvent back-pressure.

The electronic module of SLS100 provides the follmyvfunctions: the flow
rate control, detect and indicate the solvent g@elssure, limit pumping operation to
pre-set overpressure level and compensate forrgateenpressibility to maintain constant
flow rate.

We realised a prototype of the SLS100 System d®liwystem which is
presented in figure 4.

4.2 Model SIA100 Sample I njector

Model SIA100 is an automatic syringe loading sampijector with an
electromagnetic actuator built it in a compact @@ekan it can be applied to every
chromatographic task. This injector provides maximersatility in both methods of
loading the sample: complete loop filling and rilling. The great advantage is that
it can be used as a conventional fixed loop injectehich is known to give the best
volumetric precision, or as a variable injectorhwvitero sample loss. The injection
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volume can be chosen in the ranggl5- 2 ml and the sampling time is compatible
with high-speed LC.

The prototype of Model SIA100 Sample injector wagmitted to some
experimental measurements, and those confirmdeatsres.

Jdistem livrare solventi

S.L.S.-100

Figure 4. SLS 100 System Delivery System

4.3 DUV 100 Absor bance Detector

The model DUV100 is an UV filter-photometric ddt@cand consists of an
optics unit and an electronics unit. The schendiigram of the DUV100 detector is
shown in figure 5. Light from the mercury lamp wiis transmitted through the cell
assembly is converted into electrical signals Iphato-detector. The electrical signals
are transmitted to the amplifiers, components efetectronics unit .

An important problem in absorbance detection istinfjuishing between
genuine absorbance and a change in energy reaiti@rdgtector because of refractive
index changes in the sample cell. As the refradtidex in the cell varies, the fraction
of light which strikes the cell wall varies. Singeflection of UV light from the cell
wall is negligible, the deflected light which s&ik the cell is absorbed and appears as
an absorbance, change on the detector even inbibenee of any sample, so the
fraction of deflected light absorbed by the celllwall vary with changes in refractive
index within the cell. This problem is solved, upia taper-cell which insures that all
the light which enters the cell will leave it ifefe is no true absorbance. As shown in
figure 6.a taper-cell walls diverge to a greateieekthan the worst possible case of
light beam bending due to some of the light stritkeswall of the cell thus resulting in
false absorbance readings.

The taper-cell of DUV100 Detector is especiallyefus where RI effects
pronounced such as in gradient elution work in Wwhitany solvent pairs produce RI
curves with maximum in mid range, and RI correctisnespecially significant for
work requiring high sensitivity due to low samplencentrations.
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Defining Aperture

Mercury Lamp Lens Taper-Cell Filter

yjow etector qug Recorder Amplifier
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4 A/D Converter ———

+20000
Digital Panel
S = Sample; R= Referende= Wavelength.

Preamplifiers
PC-R322 Meter

Figure5.DUV 100 Detector Optics and Electronics Diagram
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a. DUV100 Detector Taper-Cell b. ConvemgibFlow Cell

Figure 6. Taper-Cell Versus Conventional Cell

In the designs of the flow cell we used the "IfRule" of chromatography,
which says that no more than 10% of the originagohgtion must be lost in the
detection system. This means that the volume ofitinecell, V¢, must be:

Vet <05V, /N
where Vf = retention volume; N = number of theoretical ptat
For this reasons, the DUV10 Detector designs iaadetoffs between path length, cell
volume, and total photon flux, which is controllegl the element with the smallest
light conductivity, the flow cell.
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4.4 Column Compartment
This unit must ensure temperature homogeneityinvitie column by means
of an airbath thermostat, which maintains a tentpezaprecision 0£0.5° C.

45LC Controller

The system controller provides centralized menivedrcontrol of all LC100
HPLC System components mention above. The controdietrols the parameters for:
solvent selection, solvent delivery, stream switghicolumn temperature, detection,
integration, peak identification, calibration, riésfiormat, plot format, and file translation.

5. CONCLUSIONS

OurLC100 HPL C System is designed in a modular conception, each module
can be easily removed and exchanged. The mainfigp¢icins of each component
module are presented bellow.

5.1 Solvent Delivery System SL S100:
Pump type - dual-piston pump; piston displacement
volume 10@u, each head.
Solvent delivery modes - constant flow rate amstant pressure delivery.
Constant flow rate delivery - flow rate settinggan0.1 to 10 ml/min,
incr. of 0.1 ml/min.
- flow rate accuracyx 2% or +0.005
ml/min whichever is higher.
- flow rate precision: withif0.3%.
Constant pressure delivery - pressure settingerald — 400x10Pa.
- pressure accuracy: 10% or 10x10 Pa
whichever is higher.

Overpressure limits - continuously adjustable betwd0 —
400x10 Pa.

Pressure sensor - zero dead volume flow-throughrd®a
type tube.

Liquid contact surface materials - stainless stably, sapphire, Teflon, kel-F.

5.2 Sampler Injector Model SIA100:

Operating modes - automatic injection with #lemagnetics;
- manual injection with handle.
Manual injection capabilities - complete looltirfy for precision;

- partial loop filling for flexibility;

- zero sample loss/no flushing.
Automatic applications - analysis using an aanggler;

- methods development on same sample;

- prep runs via repetitive injections;

- precision studies under fixed conditions.
Injection volume - bl to 2 ml removable sample loops.
Operating pressure - maximum 488 Pa maximum.
Liquid contact surface materials - stainlesglstceramic, Teflon.

287



GABRIEL POPENECIU, HORIA BENDEA

5.3 Absor bance Detector DUV 100:

Detector type - absorbance detector in ultdatviregion;
- detection element — double Si — photaeliod
Wavelength range - 195 - 350 nm.
Light source - mercury lamp.
Bandwidth -10 nm.
Wavelength accuracy +2 nm.
Noise level - belowt 1,5x10° AU nm.
Drift - below+ 1x10° AU nm.
Cell volume -12,51 (10 mm x 1.2 mm I.D.).

Liquid contact surface materials - stainlesslstpeartz Teflon.
Recorder output/Integrator output - 1 mV, 10 rawW V/AU, 0.8 V/AU.

54 LC Controller:

Multitasking operating system - editing of a backqd parameter file
or pretreatment file while another file is
running in the foreground is provided for.

Operation panel - display 6" monochromatic CRT,
character and graphic display.

Standard input/output terminals- start signal inprrninal for sample injector: 1;

- alarm signal input terminal: 1;
- star/stop signal output terminal for external

units: 2;

Control of LC100 - all the control is made by tbentrol
program, in each step (102).

Control of SLS100 - setting items: flow rate, uppeessure

limit, monitor nominal
pressure, select the solvent (max 3 solventssaitie).

Control of DUV100 - setting items: automating zegpand
polarity switching.
Control of column oven - setting items: oven temapgre and

upper limit temperature, nominal
temperature is monitored.

R 232 interface - for data transmission to andmfro
external computers.
Other functions - backup protection of memory iseaf

power failure;
- self-diagnostics.
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INTRODUCTORY

Some general considerations are available from litleeature about the
stabilities of the electronic units of the timefbiht mass spectrometers [1]. There are
many possible alterations of the voltages and pulapplied to the electrodes of the
ion source as well as of the electrostatic mirredt af the postaccelerating electrodes.
The possible alterations of the electric parametere examined and their effect on
the mass resolution estimated. A first class ohquarameters were those regarding the
ion source. First the effect of a deviation frome tcorrect value of the ratio of the
extracting voltage to the total acceleration \gdtén a space focusing instrument was
determined. The influence of the instabilitiestod voltage applied to such a reflectron
on the instrument resolution was calculated. Basethese results the performances of
the instruments were correlated with those of thecteonic units. Also some
improvements are suggested.

PARABOLIC POTENTIAL TIME-OF-FLIGHT MASS SPECTROMETES
THE ION EXTRACTING FIELD IN THE ION SOURCE

VAU AV A AL A A A AU AL AT 70

\

(022|720 70 2 920 1) A 0 o A 7 0 Al

(Figure 1)

Generally the ion sources are working in a unifdretd regime during the
accumulation of the ions. When the fields inside #xtracting region becomes
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different from that in the accelerating part thenperal space focusing point a
defocusing will be induced for the ions createdifferent depth inside the ionization
region. The resulted flight time difference mustdakled to that of the initial length of
the ion packet. The additional length dt of the packet depends on the ratio of the
fields inside the two regions,fE; (assumed to be constant during ion extraction) as
well as the spatial extent according to the formula

dt = s(B/E1-1)[do/d + (d/d)Y>1]/v
where s is the depth of the extraction region while the final velocity of the ions of
mass m,
d =di+dy
This formula allows us also to determine the effefcthe ondulations of the voltage

applied to the extracting electrode. Thereforeh& broom voltage period is smaller
than the extraction time length for e must use the average value.

THE FRONTS OF THE EXTRACTING POTENTIAL PULSE

During the central ion source electrode voltageraase till the nominal
extracting potential value, the ions will be suladito fields differing from that which
ensures the correct longitudinal focusing in thegltudinal space focus. If T is the
time of the extracting field increase from zercthie correct value, E, then the flight
time t of an ion extracted in this manner to the longitatifocusing point results to
be:

t = [T + (T2 + 4F}2)/2 + (4md)/(F+4F)2

where F = (2m/eE)(d + s) %/B
In this way the ion packet will be lengthened wigspect to the ideal value by dt:

dt = sP(eE/2md§'?(24d)

FOCUSING LENS

The instability of the voltage applied to the saersal focusing lens located
on the entry aperture of the analyzer changesaheacket final dimensions by the
radial transversal extension at the entry, normallyhe flight direction. Let consider
an unipotential lens of focal length f, locatedsirch a manner that the focus coincides
with the longitudinal focusing point. The increasfethe transversal dimension dD is
proportional to the initial diagmeteg: s

dD = sdf/f = 5 dV/IV
then proportional to the relative variations of tledtage applied to the focusing lens.

ELECTROSTATIC MIRROR POTENTIAL

A stable voltage, having a wrong value, betweanestimits can act on the
packet lenth only by the mixt terms resulting byntxining the effect of the incorrect
field with the position with respect the axis at #imtry into the mirror.
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If the voltage applied to the mirror electrodes hasinusoidal component of
small amplitude:

E= Eexac{1 + @ cos pt)

then finally it results a time difference for treng formed at different distances inside
the ion source and which enter at different phasése mirror:
dt = 4Na(24-p?)/[p(4cf-p?)]sin(p/2q) where the following symbols were used:

N number of double relections inside the mirros ¢eG/m}?, G the gradient of the
mirror gradient.

NUMERICAL ESTIMATIONS

The following numerical values refer to an instemmhof parabolic potential type
of 1400 mm length. If the ionization region extewodsr s = 1.5 mm depth, the extracting
field over d = 3 mm, while the acceleration happens over thaite g = 19 mm, for
ions of 1 keV energie and mass 100 u, for an ingoecof 1% for the ratio of the two
fields it results an aditional scattering of tha macket of about 1 ns, which reduces the
resolution to 2440 (if in the absence of this etinerresolution would be 2700).

For a 10 ns impulse increasing time an additioaaghtenning of 0.284 ns
results the influence on the resolution being smedluced to 2610.

An 1 % instability of the focusing lens voltagey fan ion packet lenth of 5
mm transversal extension at the limit of the aralywill induce a transversal
dimension increase of the packet of 0.05 mm invgha resolution decrease to 2376.

If on the mirror electrodes we apply a voltage watlsinusoidal component
superimposed over the continuous voltage, havirfgequency of 1.6x10Hz the
resulted lengthenning of the packet will be of 4®Xa, that is for a = Tof 4.6x10Ps,
inducing a resolution decrease to 415.

HOMOGENEOQOUS ELECTRIC FIELD MIRROR TIME OF FLIGHT M3S
SPECTROMETERS

(Figure 2)
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For the homogeneous electric field mirror timeflafht mass spectrometers
the tolerances to be enforced on electronic supman be correlated with the mass
resolution. Variations in the ion accelerating agks ofdV ., induce an additional ion
packet energy spread od\,/U which is however compensated in a first order
approximation. For single stage mirror mass spewters the stability must be better
than 1/(2RY? where R is the expected instrument mass resolufiban for a desired
resolution of 500 a stability of the acceleratingitage of better than 3.2xF0is
already satisfactory. However for second order ggndocusing time of flight mass
spectrometers results from the ratio 1/&Ryhich indicates a stability of 1.1xEdor
a 1000 mass resolution.

The mirror must be fed by a voltage of stabiligttbr than 1/(2R) that means
10 for the first, 5x10 for the second case. Other calculations state mgueous
conditions for stability: two orders of magnitudetter than the inverse of resolution,
or 2x10° for the first and 18 for the second case.

CONCLUSIONS

Based on the above presented formulas and catmdathe stabilities of the
electronic units of the time of flight mass speptaters can be predicted.
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1. Introduction

Microwaves are, maybe, one of the greatest disewef the 20’'th century.
With a vavelenght between 30 cm and 3 mm and a pbetgveen 1 mW and 500 KW
they are used practically in all fields from medito industry. Microwave thermal
and chemical tratments are well known for his hedficiency, 3 to 1000 times greater
then the conventional processes because oflitteet energy transfer into materials
and theselective compounds heating following dielectric permittivity parameters of
the materials involved in reaction or in the treamtn(equation 1):

E=E -1 e (1)
where: -£ is the real part of the permittivity, which chaexize the amount of
microwave reactive power changed with materiali{aitt absorption);

- & o IS the imaginary part of the permittivity, which arhcterize the
microwave global absorption in the material.

The permittivity is a function of the material teempture and of the
microwave frequency. In the general case, the gvity is a tensor which depends
on the homogeneity and anisotropy of the materidie. microwave power absorbed in
the material, assuming that all microwave powgnaissformed in warmth, is (equation 2):

P=aeki| [&Fi(6) EdV @

where:aF 211,
f - microwave frequency,
Ej - microwave E field in "i"
Kj - coupling coefficient for
Fi - filling factor;
& - absorber mixture relative permittivity in poifit;
& - free space permittivity;
vi - is the local volume in "i " point;
Any microwave oven is a multimodal microwave cavitywhich the incident
power (usual 700W to 70KW at 2.45 GHz ) has a paldr distribution . If the probe

to be treated has a great volume ( like drying $oodfoodstuff industry or ceramic
materials microwave drier ), this multimodal caviysuitable for a treatment because

point;

"i" point ;
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many parts of the local power distribution are riségeting the probe volume. The user
must have a total control of the microwave radralike: modifying continuously the
output power in a large range ( not only the ougnergy used in almost all home-
appliance ovens ) and controlling precisely thattreent period.

We present here, briefly, our design concernindg&/5magnetron oven with
an effective volume of 1 cubic meter, based oninaous wave CK 101 magnetron
and driven by a flash microcontroller PIC16F877.

2. The concept
In fig.1 is shown the typical structure for our lnigower microwave oven:

5 KW microwave oven — power stage operating princie

| O IO
T2
T1
3.Switching
stage
TRAFD AMIDIC
1. Filament transformer 2.Anod transformer
Fi 5.display
W1 FUSE
MAGNETROM

7.Pwm current

generation and L L= = 4.Controller
measurement | =n ENOID SOLEMOID PIC
of anodic

current 16F877

51 Ol ]
oOood

6.buttons

| C—Da PROCES

The magnetron ( microwave power generator ) is lRgphrough an anodic
transformer ( T1-6KV/1A ) and a two steps filaméransformer ( T2-7.5V/42A and
5.5V/36A ). The magnetic field of the magnetrorpisduced in two coils (L1 supplied
from a PWM based constant current source, with hd&kand 20V voltage swing and L2
supplied by a feedback anodic current ). All suipglyalgorithm are supervised by
microcontroller board (4) with a simple interfaceeu (6) consisting in four functional
buttons ( the same buttons have different functitisidayed on the second line of the LCD
as the program flow chart required) and a large Ldiplay. Because the high anodic
temperature ( 150 C ), a cooling system ( with eedder and air flow ) is required. Both
the water flow command and air flow presence gpersised by the microcontroller board
using an anodic temperature measurement. All giiemeters like door status ( open or

closed), cooling water pressure, treatment periw @utput microwave power are also
under microcontroller control.
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3. The firmware

The firmware is a software translated into a hedecby a compiler [3] or
an assembler and stored in the microcontrollerlsnigmory by a programming
sequence, assisted by the PC and by a hardwanammoer [5] board. A bootloader [2]
will allow fast low voltage programming as many ¢iras the firmware development is
requiring. For our oven, there are 14 different LE€&eens, ( the starting screen is
presented in fig.2 ) distributed in four working des of the oven’s "brain":

Fig.2 — The starting screen

a programming mode (fig.3 )in which the user can specify the outpotver and the
treatment period:

Fig3 - rogramming mode screens

a treatment mode where some specific information are displayeds fikeatment time in
progress, microwave output power and current st@tos — shut on the microwave
radiation inside the oven, by initiating first anBnutes filament heating procedure and a
priority test door status and cooling parameterth@fmagnetrorstandby - the user may
open the door unit and change the probe while thgnetron filament is still heated but
anodic current is shutdown,

off — the current process is finished and the magnéiieoment is also shutdown ),

Fig.4 — The ON screen ( treatment mode )

a measuring mode where the user may check some important plantnpeteas like
magnetron anodic current and temperature ( measuorode is active only from inside
of treatment mode),

: wa T Fig.5—The measuring screen (treatment mode)
and amabnormal ending mode,

Fig.6 — Error screen (door open in treatment
mode )
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for extremely situation, likedoor open when treatment is in progress ( situation with

maximum priority considering operator biologicabgction

, solved using microcontroller

interrupts), anotEmperature exceeded, anodcurrent out of limits or low waterpressure.

3. The microcontroller board design

, running at 4MHz

)

A simple configuration with PIC16F877 microcontssl( fig.7
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Fig.7 Microcontroller board schematic
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clock speed and 32768 Hz real time clock was choseld4780 display ( U2 ) is
connected using nibble mode transfer on PORT_D. Timocircuit programming"
connectors are used , one for HVP ( JP1) and anfathieootloader LVP ( JP2). All inputs
and outputs to plant are isolated using optocosigerelays driven by a specialized driver
( U3), except the analogic inputs which are méaguroltage signals near ground. The
temperature sensor measuring the anodic tempegatdrthe sense resistor which convert
the anodic current into voltage are carefully aguried to avoid noise interference and high
voltage leackage. A PWM signal from CCPL1 filteredhwa RC network is used for
reference to generate the magnetization constaentfior magnetron coil. A piezo-buzzer
is also used to mark all important events with uséerface ( pressing buttons or
signalizing the process end ). A RS-485 or an pptiRS-232 interface will be provided
for long distance measurements and programming.

4. Conclusions:

Our microwave oven has the following charactersstic
- output power: 3-5KW continuous mode

- output frequency: 2.45 GHz

- effective treatment volume: 1 cubic meter

- supply 220Vca/30A or 3x380V/10A
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- gauge ( height x width x deep ): 1350x1450x1120 mm
- weight: less then 250 kg
- moveable oven
Destination:
- ceramic materials fast drying
- foodstuff industry drier
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The development system designed for microcontralpglications is formed
of four subensanbles:

1. The basic Kernel.

2. The microcontroller programmer.

3. The development modules kit

4. The development software.

1.Thebasic Kernel
This is a functional construction set up of fourtpa
a) Development module for computing units based onntierocontroller from
Intel, Atmel, Philips families, accordingly the lfmlving block diagram (fig. 1).

Timing/ control Logic

- N

System P | R
bus | ‘Buffers: i UG, [*¥] pC, D¢ HCs
<P Lotches* > Socket [*®|Socket [ ™Socket
<«—> < > > ’
2
oV —] U e Serial I/O Interface
- -5

-12

25 pines serial connector
Fig. 1 The development madule for computing
One of the buffers and lotteries role is to proteet microcontroller from the
manipulation and load adaptation errors, in cantéit other modules.
In the some time these devices ensure the direatatn input / data onput
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b) System BUS
To ensure the parallel interconnection to portellenvith external world, a
system BUS was built for: DATA, ADDRESES, CONTRO&8d POWER SUPLYES
lines. This system BUS is built up of five connest@ach wits 2x32 pines.
The connection has been made with wire wrappinignslogy.
When needed they can join other types of connectors

c) The serial interface
To ensure the serial interconection with the opematonsole (data display
system) a serial interface was built up , wich emglsvith a 25 pines connector .
This interface alows the connection with the magt€r computer (master -
slave connection).
The Boud-rate of the serial comunications is progred inside the driver
interface.

d) The power supply
This delivers the stabilised voltagestobV, + 12V, required both by the central
computer module and by the developing modulesiagisin the system bus.

2.Themicrocontroller programmer
The user's code machine programms are developed B& computer and are
stocked under a filexe or file.com form.
These files have to be transferred into the mmntoller flash memory.
The transfer operation is achieved by a memoryewrits functional diagram is
the folowing (fig. 2).

25 pines
parallel
conector

A

DATA
Bidirectional
Buffers

Timing/
Controll
Logic

4
A 4

A

G

Socket

A

A 4

THoN

Socket

A

\ 4

HGCs

Socket

Fig. 2 The microcontroller programmer
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The memory programmer is connected to a PC papaiie!

The DATA, already written in the flash memory, aeadable in order to be
compared with the initial file.

Sockets for the three types of microcontrollers AHIM AT89C2051,
AT89C51, AT89C52 are provided on the programmer uted

For other types of microcontrollers, additionatlsgts may be attached..

3.Development modules Kit

For developing and testing user applications, ttyiges of modules were implemented:

1. Parallel outputs module.
This is made up by bus buffers, Cl selection logite-wraped sockets
and line analogy amplifiers. For example we uselRabits Digital to
Analogy Converter. It is possible to connect thtougire-wrapping
procedure many other 8 + 16 bits DAC-s.

2. Parallel imput module.
These modules are built up in the same way as #rallgl output
modules; the only thing that differ is the commauaticns sense. We used
a 12 bits ADC converter.
The ADC socket can be connected in different mardgpending on its
terminals.

3. The external memory module.
This consists of 4K static RAM and 4K EPROM.
The external memory module is used in user apphicatwhere the
extension of the internal microcontroller memoryeguired.

4.The development SOFTWARE resour ces

We used the ATMEL, Intel and FRAMKLIM software kifeditors assemblers,
debugers). These utility packages are set up e#theseparated programmes in DOS
operation system, or integrated in Windows devalpgnvironment. In this last case we
can write C language subprogrammes, (or Pascalthwhhrough the processing
procedures, are mixed with that subprogrammes @pfrom the assembler language.

In this way we achieved communication drivers foe tserial interface, and
developed working programmes for the parallelrit@rfaces.
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Product research, development and manufacturingvedls as experimental
work in laboratories rely on data acquisition solug for system monitoring, control
and instrument characterization. A complete datatism usually consists of sensing,
signal conditioning, data acquisition and procegsenalyzing, visualization, report
generation and actuating, as shown in figure 1.

GRAPHICAL PROGRAMMING

LahVIEW 50  HPVEE 50

|

Comp uter
(Laptop)

GFIB
1.INES IEEE
2.NI-GPIB

DAQ
Computer Boards
PCM DAS16D/12

Connection
Box

_

HF Conponents HF Devices Measurements: | |Datafile 1 (| Sensors forz

Measurement: - ¥CO(Voltage Controlled ||Datafile2 ||- Acceleration
- Directional Coupler Oscillator) - Angular Disp lacement
- 3 PorisPower Divider || Freyuency Mixer - Linear Disp lacement
- Circulator - Amp lifier Datafile n (|- Angular Velocity
- Low PassFilter - Temp exature
- Patch Antenna - Pressure

Data Analysis,
Processing

and
Presentation

Fig.1 The generic structure of virtual instrumeiotat

The direct link to an evolutionary process is acplished by the sensors
which deliver for each parameter an electric sig@brmally analog). After
conditioning (amplified, filtered, smoothed, fornaat, etc.) the signal will be acquired
by a DAQ (Data Acquisition Card), converted by &AAnalog to Digital Converter)
and transmitted to the main computer. With an gmpate software, the signal will be
analyzed and processed. To create complete anchwptidata acquisition solution
within a minimum time, dedicated hardware and safewtools are needed such that
not the development time is reduced but also thepbex functionality required for
carrying out all data acquisition tasks concurreigtlavailable.
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Most important is now to find a suitable softwacedrive the process. Until
recently, to visualize process parameter and tmecinsystem component, software
based on the standard text programming languagesiseal.

However, on account of these language complexitgh sorograms require
computer specialists which normally do not havdiceht knowledge about process
automation. System monitoring and control has todasw, more complex,
requirements resulting from the need for integmatilumerous instruments, tele-
monitoring and tele-operation, fast and complexnaigprocessing and signal
analyzing, fusing signals from various instrumeets. The fulfilment of these new
requirements is greatly facilitated by the avaligbiof cheaper and more versatile
computing facilities. Monitoring and control is antegral part of computerized
production and follows the trend towards tightestsgn integration, increased productivity
and cost reduction. Hardware evolution from minipoters to PC (Personal
Computers), embedded micro-controllers and commavorks as well as programming
evolution from assembly languages, high-level laggs, visual programming to
graphical programming languages enabled new comigedenstrumentation solutions.

A major change occurred, with the appearance dlalirinstrumentation
which replaced part of signal acquisition, procegsand display, in traditional
instruments, by personal computer based counterp&s a result of graphical
programming based solutions, the computer monits turned into a replacement of
the front panel of the traditional instruments aindiact, with enhanced features. Plug-
in data acquisition boards transform personal casrpunto digital device capable to
collect signals from sensors and to send commamnadsttiators.

Virtual instrumentation supports a variety of corgruased monitoring and
control systems which, besides plug-in Data Acdgjoisi boards (DAQ) include
General Purpose Instrument Bus (GPIB) and VXI miamgs.

The presentation of this application covers thelamental knowledge needed
for interfacing sensors with a PC using the newngwaork of virtual instrumentation.

This application focuses on the knowledge neede toon specialist in
computers to develop a modern monitoring systenta.eonnect sensors to a PC (or a
Laptop), condition their signals when required &l a&s to store and process the data
using digital signal processing subroutines avilabcommercial virtual instrumentation
packages.

The principal features of this application are:lWging the HP VEE and
LabVIEW, the two most important virtual programmitgnguage, to control the
instruments, to acquire the signals and to prottem®s; b) Signal acquisition based on
DAQ Card; c) Execution of signal acquisition frorarious sensors. The applications
contains numerous programming and numerical exanplew to measure the
temperature, angular and linear displacement aicitibns and are organized in the
following modules:
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Module 1 PCM-DAS16D/12DAQ Card-Pulse and DC Voltage Response

INES-GPIB
PCMCIA

GFIE Bus

Function
Generator

HP33144

““““ | Digital
Nulimet
s HP6622A  h---------- W e Printer: | |To File

_______ 'T

Fig.2 Experimental set-up for obtaining DAQ Cardspuand DC voltage response

In figure 3 is shown the DAQ Card response sigfailsthe inputs signals
1KHz and 100KHz, and in figure 4 the DC voltaggomsse of the DAQ Card.

The Work area of the Das2.vee program for card @age response,
presented in figure 5, contains the virtual froan@l of the instruments, the dialog
boxes, the visualizing charts, the file name artd dameric display.

PCM-DAS16D/12 Card Pulse Calibration PCM-DAS16D/12 Card DC Voltage Response
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E 3250 =) Card Voltage Range 0...+5V
3200 % 3000
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05 1 15 2 < 2500
Time [ms] ;‘
2 2000
3400 £
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3350 o 1500
. / VAT
S 3300 i 1000
= \ / \\ / < Card Voltage Range 0.-+10V
£ 3250 o
E v J/ \ 500
3200
e g
3150 0
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Time [micro s] Voltage Supply [V1
Fig.3 Card Pulse Calibration ig.# Card DC Voltage Response
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Fig.5 Work area of the Das2.vee program for cardvbltage response.

Module 2 Signal Acquisition from Various Sensors

2.1 Angular Potentiometer

Angle Sensor

INES-GPIB 40
PCMCIA
GPIB Bus 35
Lap top 525
:
H ‘Sl.otl] E 20
Power Ok ™D
Supply + Connectio DAQ Card ? 15
e -
HP6622A T+ -\ Board PCAL] DASIﬁDJ’lz/ =
O 10
¢ 7
a5
n N 0
. <
s \. . ‘
e i 0 20 40 60 80 100 120
Lop ;f Angle [Degrees]
- e
-~ B

Fig.6 The measurement block diagram
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This potentiometer type used as a sensor, conaagslar displacement into
voltage.

The block diagram presented in figure 6, contaimesrheasurement scheme of
the Angular Potentiometer whose angular displacén®nis a result of turning
manually its wiper.

The Power Supply control is achieved by the INESB3®ard.

2.2 Inductive Sensor

The inductive sensor uses variable magnetic intierato convert motion into
time varying voltage. The block diagram presented figure 8 contains the
measurement scheme of an inductive sensor exgjtadvtiborating membrane.

m %)Eesponse signal to Pulse excitation f(Rep)=100Hz; Duty factor=5%
S o2 Sensor Response Signal
S 0.
GPIB Bus Shot1 2
o TNES-GPIB 2o
| Lapiop :
L PCMCIA E02
T HHS]"“] 04 05 1 15 2
igital Sampling|” DA Q Card
Inductive Oscilloscope || PCM-DAS16DA2 !
— Pulse Excitation Signal
Sensor HP 545024 % 05
Function . £,
Generator b rating £
HP33L44 Hembrane 05
= 05 1 15 2
O L Time [ms]
[
Fig.8 The block diagram Fig.9 The response signal and theegul

excitation signal

The Function Generator control is achieved by tN&S-GPIB Card. The
inductive sensor response is measured with the @RgBal Sampling Oscilloscope.
The vibrating membrane excitation signal from thmétion Generator is measured by
the DAQ Card.

2.3 Thermocouple

The thermocouple convert temperature variations mtvoltage signal. In
figure 10 is shown the block diagram to measuretéhgperature variations of a Heat
Source with a thermocouple.

Thermocouple
\ FLUKE DAQ Card
:[ Temperaturmod ull -
: S0TK PCM-DASIGD 2
Heat Slotl

Source 410 _

Fig.10 The block diagram

Lap top
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The HP VEE Work Area shown in figure 11, contaime virtual instruments.
The top part shows the dialog boxes which pern@tgblection of the acquisition and
analyzing parameters of the DAQ Card. The bottomt phows the graph of the

thermocouple output signal in an unspecified urhis, file name, data collector and
numerical display.
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Fig.11 HP VEE work area for temperature measureméhta thermocouple

Module 3 Measuring Control for HF Components Characterization

3.1 HF Passive Components: Low-Pass Filter

An ideal Low-Pass Filter is a passive electric melwthat allow to pass
without attenuation input signals below a desireddency value, called cut-off frequency.
The signals with the frequencies greater thanuheft frequency are attenuated.

Transmission vs. Frequency

| Transmision withoutIFiter, Tmedn=1,64 [dB]
| —t

Power Meter
HP 438A

|
|¢ DF——F———F———F———F———k————
I I
Interface HP-IB Lapt i I I R A SRR A U
PCMCIA Ines GPIB | 2P [ | Printer r r r r r
I I I

g-? |
5’107777%777777777777 7777777
2 | | Transmisgion with Fiter

27157777p777p777L777L777 - — =

g | | | | |

P(in)=3 dBm ’ - I I I I \\

Sweep Oscillitor Low-Pass ower 2y il i i

> \ ] | | | | |
HF 83508 — Filter pens | | | | L
Isolator 2 e e e R

Fig.12 The block diagram

308

Frequency [GHz]

Fig.J&ismission signal vs. frequency



ANALOG SIGNAL ACQUISITION AND PROCESSING BY VIRTUALUNSTRUMENTATION

INES-GPIB Card is used in this measurement andrabstheme (figure 12)
for the instrument control of the Sweep Oscillatad for the data acquisition with the
Power Meter.

Only transmission is measured with and withougfiltin the figure 14 is
presented the HP VEE Work Area with the virtuatimsients. The top parts shows the
dialog box of the instrument control of the Sweegn€rator for the frequency range
from 4 to 10 GHz in steps of 20 MHz. The bottomtrows the dialog box of the
Power Meter with input from Power sensor. The rigaihd side of the figure contains

the data collectors, numerical and graphical displa
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Fig.14 The HPVEE Work Area with the virtual instrants

3.2 HF Active Components: VCO (Voltage Controli@scillator)

VCO produce signals of variable frequency, due taoa-linear component
(for example a varactor diode) whose capacitancmasdified by an input voltage.
Consequently, the VCO frequency is modified in sirgg range.

Power Meter
‘L HFP 4384
Interface HP-IB m
PCMCIA Ines GP-1B | L2P 10D Spectrum
Power
Analyser Sensor
HP85628 A
veo T 1048
DC Power Supply
1..18%¥ R
HP6622A Isolator
+10V -10d4B v
DC Power Frequency
Suppl Meter
el HP53528

Fig.15 The block diagram to measure the charatiterisf a VCO
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INES-GPIB Card is used in this measurement andreabatheme, shown in
figure 15 for the instrument control of the DC Powgeipply and for the data acquisition
and analysis with the Power Meter, Frequency Mater Spectrum Analyzer.

The process under measurement and control is a MPPlied by a constant
10V DC Power Supply an a variable from 1 to 18V BRlontrolled DC Power
Supply. The test consists in the measurement of \f@®er and frequency output
versus variable input voltage.
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Fig.16 The HP VEE Work Area ghRi7 The VCO Power & Frequency vs. voltage

The HP VEE Work Area (figure 16) contains the dagpdf the results of the
Spectrum Analyzer, Power Meter and Frequency Maderell as a control block, For
Range, for variable voltage DC Power Supply froto 18V in steps of 10 mV.

Module 4 Signal Processing
4.1 Signal Generation—Ramp Pattern

[ Ramp.vi =1 E3 [ = R amp.vi Diagram = JS[=] E3
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Fig.18 Front Panel Fig.19 The Block Diagram
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The LabVIEW Front Panel (figure 18) for the Rampt&a program Ramp.vi
contains controls for Samples, End and Start a$ ageln indicator for displaying
graphically the Ramp Pattern. The block diagramuf® 19) is centered around the

Ramp Pattern.vi Virtual Instrument and the corresiiag icons for the controls and
indicators.

4.2 Mathematical Operation of Signals — Differetibia & Integration of a function

! Diffest Integ.vi

[E= Differk Integ.vi Diagram
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Fig.20 The Front Panel Fig.21 The Block Diagram

The Front Panel (figure 20) shows the graphicalltesf the differentiation
and integration of a function given in Formula fine values between Start=0 to
End=10 with Number of points=40. The block diagrédigure 21) is centered around
Differentiation.vi and Integration.vi Virtual Instments and contains the icons
corresponding to the controls and indicators framRront Panel.

4.3 Filtering — Smoothing
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Fig.22 The HP VEE Work Area of the smooth.vee paogr
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Another example of Signal Processing is a smoothpregram for filtering
the noisy output of the previously presented angudéentiometer signal.

The Work Area (figure 22) contains the From Filedi with data address, the
mean Smooth block of the Filter (with the slidingndows of 50 samples) and two
Strip Charts to represents the noisy and filtergdads.

The application is specifically addressed to senimdergraduate students in
engineering and science as well as for practicingireers and researchers with
interest in using computer based instrumentatitis &pplication is an introduction by
illustrative examples to the use of Virtual Instemtation based on HP VEE and
LabVIEW.

A complete presentation of HPVEE and LabVIEW can fbend in the
references [1-5].
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ABSTRACT. The polimorphism ofIndomethacine an antiphlogistic drug, was
investigated by X-ray diffraction and FTIR spectma¢thods. The recrystallization from
various solvents has as effect the formation ofgalgmorphs and different solvates.

Keywords: polymorphismjndomethacingFTIR spectroscopy, X-ray diffraction

Introduction

An adequate selection of the drugs crystallinecstine is a major task of the
pharmacists. They should include in their invesiiyes the thermodynamical and
stability aspects and also the behavior of thesgglin living organisms.

In a crystalline material the constituent molecwdes part of an orderly three-
dimensional structure. Often, depending on theiqdatr crystallization conditions, the
molecules arrange themselves in various forms f@rykttices). This type of
crystalline material is said to be polymorphic @&aah of its crystal ordering is called a
polymorph. Inother words the polymorphs are substances withst#ree chemical
composition but presenting different crystallinernis (various crystallographic
systems, lattice parameters and position of theato the elementary cell). When the
crystal lattice include solvent molecules in iteusture, the recrystallization leads to
the formation of solvates or “pseudo-polymorphs”™.

The significance of polymorphism to the pharmaamltindustry lies in the
different properties (e.g. solubility, dissoluticate, chemical reactivity, melting point,
resistance to degradation, bioavailability) of vas polymorphs, which dictate the
biodisponibility of the active substance.

The Indomethacie i.e. 1-(p-chlorobenzoil)-5-methoxy-2-methylindol-3-acet
acid is a drug that presents antiphlogistic, arsidgand antipiretic activities. There
exist discussion in the literature concerning tloé/morphism of thendomethacine
[1]. In order to study the polymorphism of this grihe X-ray diffraction patterns and
infrared spectra are used in the present paper.

Experimental

Indomethacie was prepared in accordance to literature [2]ré&yystallization
from toluene and methanol two polymorphic formsmed | (m.p. 153-154 and
respectively Il (m.p. 159-18% were obtained. Other samples were prepared by
recrystallization from benzene, chloroform, ethaarud ethyl ether.
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X-ray diffraction spectra were obtained with a DRQNowder diffractometer
using the Cul radiation and a Ni filter. Infrared spectra weegistered in the 400—
4000 cm’ spectral range with a JASCO-610 FTIR spectromeserg KBr pellet and
chloroform solution techniques.

Results and Discussion

There are some questions concerning the numbehefpblymorphs of
Indomethacinethree ¢ with m.p. 154.5-155% 3 with m.p. 158-16€° andy with
m.p. 160-161.9 [1] or only two (form Il with m.p. 169 form | with m.p. 154) [3,4].

It is known only the fact thahdomethacinewith therapeutic efficiency, named here
form |, is a crystalline powder (triclinic crystafiraphic form [1]), m.p. 153-1584

A polymorphic transformation is characterized byclaange in which a
reorganization of ions appears, atoms or moledbhlsoccupy the nodes of the lattice.
For different polymorphs one can modify the crystaaphic system, the parameters
of the elementary cell and the mode of the distidms of the atoms in the elementary
cell. The parameters of the elementary cell deteentine positions of the diffraction
maxima whereas the positions of the atoms the sittea of the diffraction lines.

Our data evidence two polymorphs bfdomethacine One can see, by
inspection of the Fig. 1, different diffraction éis and different angular position and
intensities of the lines for the samplesloflomethacineobtained by recristallization
from toluene (form I) and methanol (form Il). Thaeans different parameters of the
elementary cell and distinct positions of the atomghe cell. The triclinic elementary
cell having the parameters given in literature iflfonfirmed from X-ray diffraction
spectrum ofndomethaciné.

Each polymorph, usually has typical, differentigldnd NIR spectra by virtue
of atomic vibrations in the molecule being influeddby their differential ordering in
the crystal lattice. Infrared spectraloflomethacind and Il registered in chloroform
solution are identical while the spectra of theamples prepared using KBr pellet
technique are different (Figure 2). This situati®icharacteristic for polymorphs and is
due to difference in crystal structure.

ForIndomethacine

HC O

Cl
infrared spectra suggest that hydrogen bonds havienportant role in structure of
polymorphs. Comparative tmdomethacind, the frequency of both C=0 stretching
vibrations is shifted to lower values.
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i lau)

Figure 1. X-ray diffraction spectra féndomethaciné and Il polimorphic forms.

The thermal behaviour and infrared spectra inditaelndomethacinesample
recrystallized by us from chloroform (m.p. 95-104 a “peudo—polimorph”; solvent
molecules are included in the crystalline latti€be position ofv(C=0) bands from
infrared spectrum is significant. We assigned ttesriollows (in bracket is indicated

the solvent used for recrystallization):

v(C=0)
Indomethaciné (toluene) 1717.3 cth
Indomethacinél (methanol) 1700.4 cth
Indomethacine (chloroform) 1696.1 cth
Indomethacine (ethanol) 1691.7 crh

v(C=0)(carboxy)

1691.7 cit
1677.8 cmt
1676.8 cit
1679.7 cit
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Figure 2. FTIR spectra of various samplesnofomethacingolymorphs (—) (form I, up; form Il,
down) and’pseudo-polymorphg---) (recrystallized from chloroform, up; fromhanol, down).

The use of benzene as solvent does not influbecsttucture ofndomethacinég.
The sample obtained by recrystallization from e#ifier has spectra alikedomethacine
Il. The existence of two colored polymorphs prepabg Borka [5] using as solvent
benzene and methanol is questionable.

Conclusions

Indomethacinéhas two polimorphic forms and the infrared speofrthe solid
samples prepared by KBr technique can be usedetuifd the therapeutic active form
(Indomethacind). The frequency of(C=0) bands is quite characteristic and distinct
from that of the other polymorphic form or solvates
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ABSTRACT. The inclusion complex of niflumic sodium salt wigkcyclodextrin has
been studied by proton NMR at 300 MHz. The contumie®ariation technique was
used to evidence the formation of A Tomplex in aqueous solution at pH = 12. The
association constant of the niflumic Na salt wittyclodextrin has been obtained at
298 K, by fitting the experimental chemical shiftfefence,Adyps = Ogps - Ofree, (fOr @
given proton) of the observed guest or host motgcwith a non-linear regression
method. Besides the effective association constduet,fitting procedure allows a
precise determination of all NMR parameters ofihiee inclusion complex which are
used for an analysis of the geometry of the mobgcedifice in solution.

Introduction

The non-steroidal anti-inflammatory drugs (NSAID&e one of the most
commonly used classes of drugs. However, at higtased dosages, most NSAIDS
cause ulcerative side effects as gastric irritaiod bleeding [1]. Several approaches
have been tested for preventing or reducing théde sffects, including prodrug
formulation, microencapsulation and addition of tnglising excipients [2]. One of the
more recent method tested is complexation of NSAWIS cyclodextrins [3]. For a
better understanding of the therapeutic propentiegshese complexes a complete
characterisation in terms of stoichiometry, stpiéind molecular conformation has to
be performed.

We report here 8H NMR study of the complex formed between nifluraizid
1 (anion form) ang-cyclodextrin in aqueous solution.

_COOH 8 9

SN |—NH— 10
N

1
\CF3
(1)

Analysis of our data by the continuous variationthod indicates that the
inclusion occurs and the complex has 1:1 stoichtom&he association constant for
the 1:1 complex was calculated by a non-lineartlsqsares regression analysis of the
observed chemical shift changes of the drug Rroyclodextrin NMR lines, as a
function of-CD concentration.
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Materials and Methods

B-CD (water content 8 mol/mol) was purchased fromn®& Chemie GmbH
(Germany), RO (deuterium content 99.7 %) from Institute of Qygnics and Isotope
Separations (Rm. Xlcea, Romania) and niflumic acid was kindly donatsd the
Chem. Department, University Cape Town, South Af(ferof. Mino Caira).

Proton NMR spectra were performed at 300 MHz usinyarian Gemini
spectrometer. The NMR spectra were recorded,@ Eblution at 29& 0.5 K and all
chemical shifts were measured relative to extefb. Typical conditions were as
follows: 32 K data points; sweep width 4500 Hz giyia digital resolution of 0.28
Hz/point. The pulse width was& (45) and the spectra were collected by co-addition
of 32 or 64 scans.

Due to extremely low solubility of the niflumic acin water, this was converted
to sodium salt by titration with NaOD in,D to a final pH = 12 (uncorrected meter
reading). At this pH value the niflumic acid wasgtically completely ionised and two
stock solution (both 10 mm) of sodium niflumate #@D were prepared in 0.

The stoichiometry of the complex was determinedhgycontinuous variation
method. The overall concentration of the two sgeaias kept constant ([H] + [G] = M =

10 mM) and the ratig = —[H][H][G] was varied form O to 1. This was accomplished by
+

using the equimolar solutions of H and G and mixingm to constant volume to the

desired ratio r. [H] and [G] are the total concatitms of the host and guest

respectively.

The quantityAS")[X] where X = H or G was plotted againstAd®) is the

obs obs
difference between the chemical shift of free X tii@observed value for a given ratio r.
For determination of association constant (K), shme set of samples as that
for the determination of stoichiometry was usede Tata were evaluated according to
eqg. (1):
1/2

ASY)

£3%) =M +%—{[M %j —4[H][G]} e

In eq. (1),A68<) represents the chemical shift difference (for\gegiproton)

between thefree molecule and the pure complex.

Inclusion of niflumic anion is shown by the charigethe chemical shift of
some of the guest and host protons in comparistdmtive chemical shifts of the same
protons in the free compounds. Partial 300 Mtz NMR spectra of the pure
compounds and of niflumiBED complex are displayed in Figures 1 and 2.

Distinct peaks are not observed for a bound ancke form, indicating that
complexation is a dynamic process, the includeldimidite undergoing rapid exchange
(on the NMR time scale) between the free and bctiate.
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Fig. 1. Partial 300 MHZH NMR spectra of (A) 10 mM Na niflumate and (B) $4la niflumate and 5 m\3-CD
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Fig. 2. Partial 300 MHZH NMR spectra of (A) 10 m\3-CD and (B) 5 mMB-CD and 5 mM Na niflumate
Only the spectral region for protons H-2 to H-@eED is displayed
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To establish the stoichiometry of the complex, ¢batinuos variation method
was used to follow the changes in chemical shiftgrotons H-5, H-3, and H-6 d¢f-
CD (Figure3) and protons 9, 10 and 12 of the nméte anion (Figure 4) which shows
the most marked variations. Although the shapé®efcurves in Figures 3 and 4 are not
highly symmetrical, the maximum does not deviagmificantly from r = 0.5, indicating
the existence of a 1:1 stoichiometry within thegeuwof concentrations investigated. On

the other hand, the changes in chemical shiftsatbps H-3 Ad % = 0.133 ppm) and H-

obs
5 (Ad = 0.131 ppm) oB-CD do not conclusively indicate which side of f#€D

cavity is involved in complex formation, because significant differences were
detected. The signals of the included niflumate siidted by complexation to a
variable extent. The piridine ring protons expecen very little perturbation.
Conversely, the phenyl ring protons are stronglfiecéd by the formation of the
inclusion complex. The chemical shift difference foe protons belonging to phenyl
ring are higher than that for piridine ring by atfar of 10. These results clearly support
the assumption that the niflumate anion is entesuith the trifluoromethylphenyl
residue in thg-CD cavity.

0.6
05 o H6
] A o H3
1 H-5
0.4 4 /D "~

0.3 1

012_: H/O/o/o”ﬁo\o\o\
/)

A8, [B - CD]
\S

0.1

/

O\
O\
0.0 4 T T T T T T T iy
.8 1.0

0.0 0.2 0.4 0.6 0
r

Fig. 3. Job plot for H-3, H-5 and H-6 protons of B-CD in the presence
of different concentrations of niflumic acid anion.

The association constant K was evaluated form theereed differences in
chemical shifts for niflumate (9, 10 and 12) é1@D (H-3, H-5 and H-6) protons, based
on eg. (1). This equation involves no approximatiand correlates the total concentrations
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of the guest and host molecules with the obserifestehce in chemical shiﬁAéggi. We

developed a computer programme written i i2ised on an iteration procedure following

specific algoritms in order to fit the experimentalues of Aégﬁl to the appropriate

equation. Each iteration sets up a quadratic pnagrato determine the direction of search
and the loss functiom\ly?, defined as the sum of the squared derivationtaheipredicted
values), until the search converges. The programmeducing one single K value for the

whole process and a set of calculatkﬂcx) values. The programme is quite flexible since

both the guest and host can be observed for spegpic perturbations as a function of
variable guest or host concentrations.

1.2+
T —o0— 12
1.0 A—D—p —A—10
4 A/ \ 9
0.8 / A
o | o—
> o O\O\
5 0.6 p o/ \A
mo
J

1 /7 N\,

0.2 O

0.0 4x . , : , : , : , :
0.0 0.2 0.4 0.6 0.8 1.0
r

Fig. 4. Job plots for protons 9,10 and 12 of niflumic acid anion (NIF)
in the presence of different concentrations of B-CD.

The overall K obtained from this procedure was BB5at 298 K, withAY? =
1.38 - 10 and the correlation factor r = 0.9992. The conpkeit of chemical shifts in
the free state and pure complex are reported iteThab

324



PROTON NMR SPECTROSCOPY STUDIES OF THE INCLUSIONMELEX ...

Table 1.
Chemical shifts (ppm) of the niflumic acid aniorddh cyclodextrin protons in the
free and complex stateA&. = O - Oee).

Proton | Stree | [ | A3,
Niflumic acid anion
2 8.182 (dd) - -
3 6.948 (dd) - -
4 8.246 (dd) - -
8 7.429 (d) - -
9 7.560 (t) 7.412 -0.148
10 7.685 (d) 7.248 -0.438
12 7.977 (s) 8.279 0.302
f - Cyclodextrin

H1 5.111 - -
H2 3.690 - -
H3 4.007 4,199 0.192
H4 3.624 - -
H5 3.907 4.090 0.183
H6 3.921 4.019 0.0981
Conclusions

Analysis of our data by the continuous variationthod indicates that the
inclusion occurs and the complex has 1:1 stoichtom&he association constant K for
the inclusion complex was evaluated from the olegmifferences in chemical shifts
for niflumate andp-CD protons. Unfortunately not conclusive indicatiooncerning
which side of theg3-CD cavity is involved in complex formation. Thestdts clearly
support the assumption that the niflumate aniceniering with trifluoromethylphenyl
residue in th@-CD cavity.
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ABSTRACT. The surface modification of Romanian silica gel gnwas performed by
organosilanization reaction with 3-mercaptopropyitthoxysilane. The obtained stationary
phase was investigated B%i and**C CP/MAS NMR and FTIR spectroscopic solid-state
techniques in order to put in evidence the presehttee modifier and the variety of bonded
silyl species on the surface as well as to findlwitmodifier effect on the surface properties.

Keywords: 3-Mercaptopropyl chemically modified silica gel, FTI8olid-State NMR

1. INTRODUCTION

Stationary phases based on silica gel chemicalbdified with organic
compounds are widely used in chromatography du¢héir practical advantages,
especially the high separation selectivity [1]. Temeral and the most used method for
the synthesis of modified nonpolar and polar stetip phases is the interaction of
superficial hydroxyl groups of silica gel with orgssilicon compounds. Owing to steric
hindrance, the modification affects only about ladlthe surface silanol groups. With
bi- or trifunctional modifiers, some Si—X reactigeoups (X = —Cl, —O—-C¥kJ remains
unreacted, that produce additional hydroxyls aoail atom due to the hydrolysis [2].

The aim of this paper was to study the 3-mercapimp chemically modified
silica gel R (Romanian silica gel) surface using tBolid-State NMR and FTIR
spectroscopic methods.

2. EXPERIMENTAL

The investigated sample was obtained by the osjamization reaction of O—H
groups of silica gel R with 3-mercaptopropyltrimetlisilane as modifier [3].

Infrared spectra of samples were registered oASCD-610 FTIR spectrometer,
using KBr pellet technique. To improve the sengipbdf IR method, the difference and
second-derivative spectra were also analysed.

s and™*C CP/MAS NMR spectra were recorded on Bruker ASX 2(id
DSX 200 spectrometers in order to study the sunfagdification of the samples.
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3. RESULTS AND DISSCUSIONS

The chemical modification of the silica gel sudds related to the presence of
the free silanol groups-Si—OH). The effects of silanization reaction are thduction
of the superficial—OH group number and a greater variety of siloxameujps
(—Si—0O—Si—). For the studied compound, the following reactakes place:

/CH3 /
o 2 2
SiO2| —OH + HC—0— Si— CH—CHzCH,~SH “crion Si02|—O—Si—CHChz-CHz-SH
CHs
silica gel 3-mercaptopropyltrilvetysilane 3-mertogypopy! silica gel
(inorganic support) (trifunctional modifier) (chemically modified stationary phase)

3.1. FTIR Study

When the samples are prepared using the well-knmethod of KBr pellet,
infrared data are useful only to confirm the exise of the bonded species. Due to the
low concentration of the organic part of modifiar the surface, the intensity of the
new bands attesting the presence of, @rbups is weak. Hardly are observed any
differences in the 2800-3000 cthrange, whera)(C—H) vibrations of the—CH,—
groups are evidenced (Figudg. In the difference spectrum of 3-mercaptopropyl
modified and unmodified silica gel R sampl&sgure 2), we can easy to identify the
VadCHy) andvs,{CH,) bands at 2930 cthand respectively 2855 ¢fn The band at
2960 cm’ is assigned to,{CHa;) and this fact confirms that, due to steric reasthe
functionality of 3-mercaptopropyltrimethoxysilare2 and 3.

12

Ahs

0
4000 3000 2000 1000 400
Weawenumber[cm-1]

Figure 1.FTIR spectra of the following samples: (------ ) 2roaptopropyltrimethoxysilane
modifier (liquid film technique),(— — -) silica g& (KBr pellet technique),
(——) 3-mercaptopropyl chemically modified silig R (KBr pellet technique).
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Figure 2. Difference FTIR spectrum of 3-mercaptopropyl maatifand
unmodified silica gel R samples.

A disadvantage of infrared spectra lies in theerietence of the strong
absorption by the skeletal modes of unmodifiedtsi([900-1300 cil) with the Si-O
absorptions of silicoorganic part. However, theme some differences that reflect the
effect of modifier and these could be evidenced maming the second-derivatives of
spectra of the unmodified and modified silica gedadples (figure 3).
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Figure 3. Second-derivative FTIR spectra for unmodified (& -and
3-mercaptopropyl modified (—) silica gel R samsple
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3.2. Solid-State NMR Study

Valuable structural information about the silical gand the chemically
modified material can be obtained by means of Setate NMR spectroscopy. In solid
state samples, due to the limited motion, strorgpldr-dipolar and chemical shift
anisotropy interactions occur. The line broademifigcts can be cancelled using magic
angle spinning M AS) technique. Other problems which arise in solatestNMR
spectroscopy related to the strong heteronucldaractions and to the existence of
very long spin-lattice relaxation timeg &f the order of minutes to hours are solved in
the cross polarizationGP) technique [4].

Silane functionality according to the used siléyy@e, bonding chemistry and
the different surface species that result can beénduished by°Si and**C CP/MAS
NMR measurements. So, the monofunctional speci¢gidear in the region from 13 to —
1 ppm, difunctional species {Dfrom —7 to —20 ppm, trifunctional specieS)(ffom —49 to
—66 ppm and signal from the starting silica getrfre91 to —110 ppm (Figure 4).

A higher degree of cross-linking of silyl specasd/or of oxygen neighbors
leads to an upfield shift in NMR spectra. Figur@resents thé®Si CP/MAS NMR
spectra of unmodified and 3-mercaptopropyl modifiita gel R. The spectrum of
unmodified silica gel R contains the signals assigto the Q species,’@-91 ppm)
and @ (=101 ppm) showing a high amount of free —OH gsoop the surface. In the
spectrum of 3-mercapto-propyl silica gel R one dsn observed the signals of
trifunctional species () assigned to *(-56 ppm) and *(-65 ppm) groups. The shoulder
at —91 ppm is assigned té-@roups which are still available on the surfadee Fignal
of the G-groups has a high intensity. This spectrum inecathigh cross linking on the
modified surface and a lower surface coverage.

(l)H
OH —O—8CHR T2  -56 ppm
%O—?i—C?Hz-R CI)
OH —O—?i—(‘,HZ—R T3 -65ppm
¢
T —0—8i~CHyR 12 -56 ppm
-48 ppm OH
i
§ OH Si-OH —O0—$i~0—
Si - 0
%‘OH Si—OH I
Q* -92ppm Q3 -101 ppm Q4  -110 ppm

Figure 4. Nomenclature and chemical shifts of some silycime
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Figure 5.%°Si CP/MAS NMR spectra of unmodified and
3-mercaptopropyl modified silica gel R samples.

The **C CP/MAS NMR spectrum of 3-mercaptopropyl modifisitica gel R
(Figure 6) indicates the presence of the modifiethe surface.

23
I
3 _SH
O_Ti_1/2\/
(6]

3-Mercaptopropyl Silica Gel R

(ppm)

Figure 6.3C CP/MAS NMR spectrum of 3-mercaptopropyl modifglita gel R.
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The high field shifted signal at 10 ppm belongsti® C-1 closest to the surface,
in the neighborhood of the silicon. The signal&and 27 ppm can be assigned to C-2
and C-3 carbons from 3-mercaptopropyl modifier.

4. CONCLUSIONS

The presence of the 3-mercaptopropyl modifier loe durface of silica gel R
was evidenced using FTIR aftC CP/MAS NMR spectroscopic methods. The type of
bonded silyl species resulted by the organosilaisizaeaction was investigated B{i
CP/MAS NMR technique. It was established the presesf different silyl species on
the chemically modified support and the coveragswface according to the results
obtained from the measurements of specific suréiaea [3].
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ABSTRACT. The results obtained by Takehiro Abe’s model fanoa-polar, isotropic
liguid and spectral measurements in the visiblerovile band of some anthracene
derivatives were used to estimate the electriclelipmments and the polarizabilities in the
molecular excited electronic states.

The study pointed out the applicability of the Tizike Abe model in the case of non-
polar solutions of the anthracene derivatives.

The value of microscopic parameters obtained udiegthree vibrational electronic
bands emphasized very closed values for the eledipole moment and for the
polarizability in the first excited state of antteae, comparable with those estimated using
the value of the wavenumber corresponding to the plectronic transition (calculated
from the wavenumbers of absorption and fluorescbaoés).

The values of the pure electronic transition inheaolvent were used to estimate
microscopic parameters of the anthracene derigtive

1. Introduction

The sounding of the local reactive field in theulip is usually achieved by
solving spectrally active molecules, at low concaliin, in a pure transparent liquid
[1-3]. The solvation energies in the electronictegaresponsible for the electronic
(absorption or fluorescence) band appearance deteispectral shifts compared to the
gaseous state of the spectrally active molecule.

In Takehiro Abe model [1] the spectral shifts expressed in function of the
microscopic parameters of the molecules. The cdration of the spectrally active
molecules is very low (I0 mol/l), thus the solution can be divided into itiel,
independent subsystems consisting from a spectsaliye molecule surrounded by
solvation spheres with identical spherical molesubé the pure liquid, having their
centers on the solvation sphere surface. The sysfespheres is considered in two
electronic states:

- ground state (g) in which all the molecules arth&ir ground electronic state;
- excited state (e) corresponding to the ground sifatbe solvent molecules and to
the excited state of the spectrally active molezule

The liquids used as solvents must be transpardheiabsorption range of the
spectrally active molecules. So, we can considgy thuring spectra recordings, the solvent
molecules do not change their electronic stat&ign1 are shown the electronic levels
participating to the absorption visible band appeee both for the gaseous and liquid
states of the spectrally active molecule. Indexesde refer to the ground and to the
excited state respectively;andv refer to the spectrally active molecule and toghee
liquid molecule respectively.



MICROSCOPIC PARAMETERS IN THE EXCITED STATES OF SGMANTHRACENE DERIVATIVES

T Welu) +
f
hcva
‘ _____ * _____ hCV_n
Gaseous sts WAlL) +
* Solution stat

Fig. 1: The spectral shift by passing from gasdowslution state

Because the solvent molecules do not change tlesitrenic state, the total energy of
these molecules interaction, %), is the same in the both state of the subsystéim
result that spectral shift can be expressed byalt@ving relation:

he(V, = 7o) = W,(u) = W,(u) (1)
Formula (1) shows that the spectral shift is diyegroportional with the solvation
energy of the spectrally active molecule in itsiesxdcand ground states.

A final formula of the type:
2 2
- + =

[ye (u) ,ug(u)} aw (4 = ¢ @
was obtained by Takehiro Abe [1] after expresshng golvation energies from (1) as
functions of molecular microscopic parameters. défation (2)x and a are dipolar

moment and polarizability of the spectrally actimelecule, anc andb are parameters
depending on the solvent characteristics:

3 I, (u) = het,

L EEIIg(V)Wg(U)[ig(V)+|g(u)_ha71 @)
3 My (& —nf)dfee, + i) 2 -1

4N, - py & [@rﬁ+2)2 g

U, -0, I, (v)0d,(u
C 'gmug ((v))+ Ig((u)) a3, (v) @ (1)
3 M, (fv-ni)fﬁszni)gﬁz—l

4N, p, & [fnd + 2)2 n

where n - refractive index, | — ionization poteltia electric permitivitya - polarizability,
u — electric dipole moment, M molecular mas$,, - density.

4
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We intend to check the applicability of relatioR) (in the case of some
anthracene derivatives [4]. Three electronic bardscharacteristic for these molecules.
They are named, p andB by Clar [5]. We refer to the longest wavelengtludmnd in
Clar’s notation, or A;— Bg," in group nomenclature [6].

2. Materials and methods

With a Specord UV-VIS spectrophotometer having & dequisition system
we have recorded the electronic absorption spettathracene (A) and two anthracene
derivatives, namely 9,10 dichloroanthracene (9,TA) and 9,10 dibromoanthracene
(9,10-DBrA) (Fig. 2). These compounds were purciasem Merck Company and
used without purification. The concentration of #tadied solutions was fomol/l.
The simple liquids were spectrally grade and cdlsetlriied by specific methods.

Br Cl
Br Cl
A 9,10 DBrA 9,10 DCIA

Fig. 2: Chemical formula of the studied anthracéesvatives

3. Results and discussion

The wavenumber of the vibronic absorption bandsaftthracene and of the
pure electronic transition for 9,10 DBrA and 9,1CIR are listed in Tables 1-3. A linear
relation exists between the parameteendb (from the equations 3 and 4) (see Fig. 3).
From this linear dependence we calculated the palaitity and the electric dipole
moment for each excited state of molecules (Tablsh&re R is the linear correlation
coefficient). The obtained values are in good agesd with the structure of the
studied compounds and with previous studies baseBakhshiev’s theory [2]. From
Table 4 it result that the electronic transitiospensible foro — band appearance
induces an increase of the molecular dipole momEmé highest value of the first
excited state has been obtained for 9,10 DBrA.

4. Conclusions

The spectral method derived from the result of hake Abe can be
successfully used for estimate some microscopiarpaters in the excited states of
anthracene and anthracene derivatives, like paldlizes and electric dipole moments.
The obtained results are in good agreement witbetlobtained by another methods.

334



MICROSCOPIC PARAMETERS IN THE EXCITED STATES OF SGMANTHRACENE DERIVATIVES

Table 1:
Wavenumbers (c'rJr) of the visible absorption bands of anthracene
Solvent V oxp. (CTTY)
1 2 3
Cyclohexane 26500 27940 29400
Methyl acetate 26540 27980 29400
Ethanol 26540 27980 29400
Acetone 26480 27920 29340
Carbon tetrachloride 26335 27740 29160
Mesitilene 26375 27810 29230
Toluene 26375 27680 29425
Ethyl acetate 26500 27935 29360
Pyridine 26230 27670 29080
m-Xylene 26375 27820 29200
p-Xylene 26315 27745 29170
o-Xylene 26355 27810 29215
Propionic acid 26585 28000 29425
Chlorobenzene 26350 27660 29130
Benzene 26290 27700 29170
Methyl ethyl ketone 26500 27915 29340
Anisole 26290 27730 29145
Table 2:

Wavenumbers (ct) of the pure electronic transition band of 9,10l8C

Solvent U o, (CMTY)
Cyclohexane 25560
Methyl acetate 25650
Ethanol 25600
Acetone 25620
Ethyl acetate 25650
Pyridine 25320
Propionic acid 25630
Chlorobenzene 25320

Table 3:

Wavenumbers (ci) of the pure electronic transition band of 9,10¢BB

Solvent V exp. (CTTTY)
Cyclohexane 24630
Methyl acetate 24730
Acetone 24680
Carbon tetrachloride 24460
Ethyl acetate 24670
Pyridine 24390
Propionic acid 24760
Chlorobenzene 24340
Benzene 24450
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Table 4:
Microscopic parameters in the excited state anditlear correlation coefficient (R)

determined from the vibronic bands (1-3) of antbrex(A) and from the pure
electronic transition of 9,10 DBrA and 9,10 DClAspectively

Anthracene and Oe He — g R Hg le
anthracene derivatives (102°cn) (D? (D) (D)
A 590.91 0.52 0.997 0 0.72
A(2) 588.77 0.77 0.998 0 0.88
A(3) 551.83 1.10 0.998 0 1.05
9,10-DCIA 514.25 2.42 0.999 0 1.55
9,10-DBrA 621.31 6.21 0.998 0 2.49
6040"7 w Bandl  Anthracene
e Band?2
A Band3
-34 A
4,0x10™"
o]
2,0x10™*
00+
T T T T T T
0,0 3,0x10™ 6,010 9,0x10™

a
Fig. 3: The linear dependence between the coefti@i@ndb corresponding to the vibronic
bands of anthracene (1-3) and to the pure electtemsition of anthracene derivatives
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ELECTRIC DIPOLE MOMENTS OF SOME BENZO-[F]-
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ABSTRACT. Electric dipole moments and polarizabilities lafee benzo-[f]-quinolinium
cycloaducts were estimated using a spectral methoded from the statistical cell model
proposed by Takehiro Abe for the simple liquids.

1. Introduction

Benzo-[f]-quinolinium cycloaducts [1,2] are orgamiempounds used as initial
substances in some chemical reactions, such astimierobial and antifunginc drug
obtaining. The values of the microscopic parametérthese compounds could help
chemists in increasing the reaction output and iphsgsto explain the cycloaducts
intermolecular interactions in their condensedestaBenzo-[f]-quinolinium cycloaducts
have some characteristic visible bands correspgnthnnst or to n-n transitions
[3,4]. The benzene rings from these cycloaducteires assure a great polarizability
and their spectral sensibility to the solvent natur

Our purpose was to check if the statistical celdeigroposed by Takehiro
Abe [5] could be applied to the benzo-[f]-quinolim cycloaducts solutions and to
determine the electric dipole moments and polailitals of these spectrally active
molecules.

Takehiro Abe developed his model in the followirsg@mptions:

1) the model can be applied only to the solutidnspectrally active molecules
in a solvent which is a simple liquid free of spiecintermolecular interactions, having
approximate spherical molecules with small valuegtieir dipole moments;

2) the studied solutions contain spectrally acthaecules solved, at very low
concentrations, in the simple, pure liquid. Sudokition can be divided into identical
subsystems consisting from only a single spectaadlyve molecule surrounded by the
solvent molecules;

3) the solvents do not absorb in the range weresthdied molecule is
spectrally active. The solvent molecules are omlgheir ground state;

4) the studied system has only two energetic states in which all the
molecules are in their ground state and anothetich spectrally active molecule is in
its excited state and the solvent molecules atledin ground state;

5) the electronic transitions are very fast, sodtrangement of the solvent molecules
around the spectrally molecule is not changed afteorption.

2. Material and Methods

Three cycloaducts with the structures from Fig.lrev@repared in the
laboratories of Organic Chemistry Department of.F'8luza” University, by the method
described in [2]. The electronic absorption spewateae recorded with a Specord UV-
VIS spectrophotometer having a data acquisitiortesys The concentration of the
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studied solutions was Fanol/l. The simple liquids were spectrally gradel @arefully
dried by specific methods.

(C) () (Cy)
Fig. 1: Structural formula of the studied benzadfrmplinium cycloaducts
Table 1:
Wavenumbers (cH of the visible absorption bands of €/cloaduct
Solvent V oxp. (€M)
1 2 3 4 5 6
Dichloroethane 18960 20160 2144( 22800 27280 28240
Methyl alcohol 19440 20960 22000 23600 27920 28800
Ethyl alcohol 19360 20840 21900 23500 27700 28800
Acetone 19000 20260 21400 - 27560 28180
Chloroform 19000 20400 21640 2278( 27520 28600
Toluene 18580 19920 21240 22580 26920 28040
Isoamil acetate 18700 20120 21500 22920 272p0 28400
Methyl ethyl cetone 19000 20120 21440 22900 27420 840Q
o-Xylene 18500 19960 21360 2290( 26750 28100
Phenyl chloride 18750 20080 2142( 22640 27120 28200
Benzene 18660 20080 2132¢ 22920 27040 28100
Anisol 18620 20040 21400 22600 27180 28300
Table2:
Wavenumbers (cH) of the visible absorption bands of &/cloaduct
Solvent U exp. (CTTY)
1 2 3 4 5 6
Dichloroethane 19240 20420 2170( 22920 27200 28200
Methyl alcohol 19700 21000 22080 23580 27700 28660
Ethyl alcohol 19600 20820 21960 23460 27500 28600
Acetone 19240 20540 21780 23160 27320 28360
Carbon tetrachloride 18920 20240 21540 22820 2666 27880
Toluene 18900 20320 2158(Q 22900 26940 281p0
Ethyl acetate 19140 20320 21580 22820 27200 28200
p-Xylene 18920 20480 21620 23000 26900 28100
0-Xylene 19000 20300 21620 2288( - -
Phenyl chloride 19000 20280 2158( 22740 26940 28000
Benzene 19000 20340 21644 22900 26920 28080
Anisol 19000 20300 21580 23160 27040 28140
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Table 3:

Wavenumbers (cim) of the visible absorption bands of &/cloaduct

Solvent V exp. (CMTY)
1 2 3 4 5
Dichloroethane 25540 26860 28160 - 32320
Methyl alcohol 25740 27080 28360 - 3242(Q
Ethyl alcohol 25720 27060 28350 - 32400
Acetone 25720 27040 28300 2975(Q -
Toluene 25440 26740 28020 29480 32120
Isoamyl acetate 25600 26940 2826( 29560 32300
Methyl ethyl cetone 25620 26920 28260 29720 -
0-Xylene 25420 27400 28120 29600 -
Phenyl chloride 25360 26700 28080 29500 32060
Carbon tetrachloride 25440 26800 28120 29580 32100
Ethyl acetate 25700 27020 28280 29680 32480
Anisol 25360 26700 27940 29560 32140
3. Resultsand Discussions

The wavenumber of the electronic absorption bafdkseostudied compounds

are listed in Tables 1-3rhe first four electronic absorption bands af &d G are
attributed to an m transition, because they have a small intensity disappear in
acid media. This transition involves the unboundsectrons of the substituents
attached to the addition cycle of the compoundar@ G. The addition cycle of these
compounds isolates the substituents from the pointiew of = conjugation with
heterocycle. Otherwise, the addition cycle of €cloaduct permits [1,2] a large
conjugation of ther electron cloud reflected in the aspect of thetadec absorption
spectra that become very alike with the specti@eozene derivatives having a number
of benzene rlngs bigger than three [6]. Visiblecetanic bands of this compound do
not disappear in the protic solutions. They argbatted to an- n transition [1,3]. Two
last peaks near UV spectral range were attribateekt transitions [3,4] because they are
very intense and do not disappear in the protictgwls. Data analysis using Bakhshiev
theory [7] indicated that, by passing from the gibto the excited electronic state, these
compound change their dipole moments and the palalities in a measurable ratio
[3,4]. The final formula from the model proposedTakehiro Abe [5]:

[,ug(u)—,ué(u)}+am'e(u) = ¢ (1)

was used to check the applicability of the moddbéazo-[f]-quinolinium cycloaducts
solutions. In equation (1)r and b are parameters dependent on the solvent
characteristics as well as on the ionization padénf the spectrally active molecule:

30 (v ! I, (u) =heg,
o 2D|g( )ty ( )D,Q(V)H (u) - her, @
3 M, f(&-nh)d2s, +n)) ne-1
4N, oy g\,[an+2) i
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¢ 28 (e, (o) T M@

b = 3)
3y (& ) des ) ne -
4N, - oy & [@n\i + 2)2 I”G

where n - refractive index,| — ionization potential,e - electric permitivity, o -

polarizability, u — electric dipole momentM — molecular massy - density. In
equations 1-3u andv denominate the spectrally active molecules andsthlgent
molecules and, on the other hand, indigesde refer to the ground and to the excited
states of the electronic transition of the spelgtrattive molecules. A linear relation
exists betweem andb (see Fig. 2) with a high degree of correlationdtrelectronic
absorption bands of the studied cycloaducts (Tab® where R is the linear
correlation coefficient). The slopes of the lingrsfy the electric polarizability in the
excited state of electronic transition and the emésequal with the differengg” - ug’.
From Table 4-6 it result that the polarizabilitythre excited molecular state are higher
for then-n transitions compared with those forn-

The positive signs obtained for the differengés- ,ugz indicate an increase of
the molecular dipole moment by excitation, excep@nUV n-r absorption band of
C..

Table 4:
Cycloaduct ¢
Excited state Oe e — g R g le
(10%°cnr’) (D?) (©) (D)
1 488.68 20.49 0.998 3.67 5.82
2 517.75 14.06 0.998 3.67 5.24
3 583.57 12.33 0.998 3.67 5.07
4 357.28 4.01 0.973 3.67 4.18
5 1341.06 1.73 0.992 3.67 3.89
6 1438.78 -7.75 0.995 3.67 2.38
Table5:
Cycloaduct G
Excited state Oe ne — g R Hg e
(10%%cn) (D?) (D) (D)
1 434.53 17.18 0.998 4.10 5.83
2 443.42 8.17 0.998 4.10 4.99
3 440.12 4.00 0.998 4.10 4.56
4 496.66 3.38 0.997 4.10 4.49
5 1227.58 3.60 0.989 4.10 4,51
6 972.99 0.51 0.995 4.10 4.16
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Table6:
Cycloaduct G
Excited state Oe He —pg R g le
(10%%cnr) (DY) (D) (D)
1 1482.16 4.58 0.999 2.34 3.17
2 1508.54 5.02 0.999 2.34 3.24
3 1416.36 2.87 0.999 2.34 2.88
4 1441.30 3.42 0.999 2.34 2.98
5 1507.36 19.42 0.999 2.34 4.98
] 1 gy Oyloaduet, L fy Oycloaduet,
A 12x10°4 4 Band3
12x10%4 ¥ v Band4
. ¢ Band5
X goxwo* * Band6

8,0x10* 1

4,0x10%
4,010

0,04 0.0+

0.0 A,Oxllo'“ is,()xllo"2 1,2;10'” 0,0 4,0x10™ s,OxIm'“ 1,2><I10"‘
a a
= Bandl  Cycloaduct C,
® Band2
1,2x10°- 4 Band 3
v Band4
¢ Band5

8,0x10°" |

4,0x10%' Fig. 2: The linear dependence between

the coefficienta andb for the

00 studied cycloaducts

T T 1
0.0 2,0x10”  40x10”  60x10”  80x10"”  1,0x10™
a

The lack ofr conjugation on the cycloadition cycle in the cafeompounds
C, and G determines an important charge separation andrehivariation of electric
dipole moments compared withy €ycloaduct.

4. Conclusions

There are a few methods that permit estimatiomefrbicroscopic parameters
in the excited states of the molecules. This spkntethod deriving from the results of
Takehiro Abe gives information on these parametard permits to estimate the
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transition dipolar moments. We are looking for &eotspecific methods permitting to
evaluate electric dipole moments and polarizabgiin order to compare them with the
values obtained by orbital molecular theories.
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SUMMARY. The popularly French paradox suggests that theuogption of wine,
particularly of red wine, reduces the incidenceairtality and morbidity from coronary
heart disease. The cardioprotective effect has atbuted to antioxidants present in the
polyphenol fraction of red wine. The aroma and améutics compounds from some
selected Romanian red wines produced in traditiaae-growing regions of the country
were investigated by GC/MS, by using two differertraction methods, LLE and SPE.
The extraction of the compounds from the matrix wasformed with ethyl acetate-
dichloromethane-hexane (5:1:1,v/v/v). The extraated wines were analysed by gas
chromatography and gas chromatography-mass spettyorA HP-5 capillary column,
30mx 0.32mm, 0.25um film thickness was used inngp&ature program from 500C to
3100C for compounds of low and high volatility.

Introduction

Many scientific studies suggest that consumptionwiafe, particularly red
wine, reduces the incidence of mortality and matpiffom coronary heart disease.
Many natural compounds such as salicylates andorilaids function as radical
scavengers and thus as antioxidants. Flavonoidsamponents of fruits, vegetables
and wines responsible for reducing heart diseagtality acting as protective nutrients,
including protection against cardiovascular dissassteoporosis and anticarcinogenic
effects. Isolation and structure elucidation ofstn&ompounds are the initial steps to
understanding their significance and action. Resdvelr (3,5,4'-trihydroxystilbene) is
thought to be thactive principle of red wines that were shown tuee heart diseases
11,2/. Gas-chromatography (GC) and gas-chromatbgrepupled with mass spectrometry
(GC/MS) are very much used methods for organic aamgs identification and
guantitative determination in wine samples /3-9¢ghHperformance liquid chromatography
(HPLC) by using RI/UV detection are also quantitatassay for major organic acids
(tartric acid, malic acid, lactic acid, acetic gcaitric acid, succinic acid), glucose,
fructose, glycerol and ethanol, most useful formfentation monitoring during wine
making.

The aroma and nutraceutics compounds from two teeleRomanian red
wines produced in traditional wine-growing regiasfsthe country were investigated
by GC/MS, by using two different extraction methodsE and SPE.
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Experimental

Apparatus A Hewlett Packard (HP) GC 5890 coupled with a M®jire
5989B in the El mode was used for compounds ideatibn. A HP-5MS capillary
column 30mx0.25mm diameter, 0.25um film thicknesed the temperature program:
50°C for 2 min, then increased to 2&80with a rate of 8C /min, then 36C /min to
310°C and kept 10min, helium flow rate 1ml/min. A HP988gas chromatograph
equipped with the same column was used in the sammgerature program. The GC/MS

interface line and the ion source were maintaine@0PC and respective 28C, and
quadrupol analyser at 18C. Electron energy was 70eV and electron emis0p 3.

Reagents and chemicals

Solvents and aroma standards. methylen chloride, hexane, ethyl acetate,
purchased from Comchim (Bucharest, Romania) werdigul by distillation, when
necessary. The aroma compounds (Sigma-Aldrich, @eyjn 1. isoamyl acetate purity
99.13%, 2. phenyl ethyl alcohol, purity 99.5% 3etbyl succinate, purity 99.7% 4.
gamma-decalactone, purity 98.7% 5. methyl myrist@s4:0), purity 99.99%, used as
internal standard 6. benzyl salicylate, purity 2941 The purity of standards and
solvents was tested by GC. The standards, 100}l éaened thestandard mixture,
with the internal standard, C14:0, added separafdy extraction for recovery study.

Wines: Commercial Romanian red wines: Murfatlar PinotirN8996 and
Cabernet Ausbruch 1999 (Vinaria), usually in 750-bdttles, were opened and
analysed within 24h or kept at@ within a 3-day period.

LLE extraction. Solvent A, a mixture of three solvents, was prepared in the
ratio 5:1:1, v/iv/v from: ethyl acetate:hexane:méthychloride. For the standards the
LLE extraction procedure was as follows: 10 gdndard mixture in 6 ml distilled
water and 1misolvent A, were mixed with 0.5g NaCl for 5 minutes and then
centrifugated 2 minutes. 1ul C14:0 was added tostigernatant and then 4ul were
injected two times by using the autosampler injecto

Wine extraction procedure was the following: 6mheviwith 1mlsolvent A,
and 0.5g NaCl were mixed for 5 minutes and thentrfegated 2 minutes. The
supernatant was separated and concentrated, thénwdye injected into the
chromatograph. The GC and GC/MS analysis was peddrin the same day of the
extraction.

SPE extraction LiChrolut RC (200mg) C18 cartridges(Merck, Germamwgre
preconditionated with 3ml ethyl acetate and 9mtiltsl water pH2. Wine samples
were diluted with equal volume of distilled watey bring the alcohol level to
approximately 6%(v/v) and 20 ml were passed ontopifeconditioned cartridge, then
1ml distilled water and drying for 10minutes folled: The aroma wine bouquet
compounds were extracted with 3ml solvent A

Method validation Linearity was studied in the range 0- 100upg. The
regression curves obtained for the standards gawd gorrelation coefficients, over
0.995. Precision gave relative standard deviatiu$s.0.) lower than 4%. The average
values are resulted from four extraction procedares two injections of each extract.
Recovery of the standard mixture for SPE extractvas 93% and for LLE was 86%.
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Resultsand discussion

Absolute recoveries were determined by using eatecalibration with the
standard C14:0. The recovery study for LLE is pné=e in Table |. Average values are
resulted from four extraction procedures and twjgdtions of each extract. The
relative standard deviation (RSD) values were beldéo for the extraction procedure.
The recovery for LLE was 86% for ttsandard mixture and 93% for SPE. The LLE
and SPE methods were used for comparative stuflide @rganic compounds of red
wines. The compounds were identified by GC/MS. &dblpresents the compounds
found in Pinot Noir Murfatlar (1996) by LLE and SkEtraction and Table Il presents
the compounds found in Cabernety Ausbruch (1999)lly and SPE extraction (pH2
and pH7, pH2, wine 6% alcohol v/v). Some phenotimpounds found in the studied
wines are shown in Fig.1. The comparison betwddn &nd SPE extractions at Pinot
Noir Murfatlar wine is presented in Fig.2

The aroma bouquet and phenolic compounds are rsigp@rior wine taste.
The antioxidants, free radical scavengers inhipitllperoxidation and exhibit various
physiological activities: anti-inflammatory, antieggic, anti-carcinogenic, antihypertensive
and anti-arthritic activities/8/.

Conclusions

The extraction methods presented show good recawen values by LLE
(86%) and SPE (93%). Precision gave R.S.D. lowan th%. Better extraction was
obtained for phenolic compounds at pH2 and for fadtio wine concentration of
6%,v/v. The method is suitable to characteriseetramounts of active principles in
plants. The polyphenolic compounds present in rie@\wn concentration of 1800-3000
mg/l are antioxidants, free radical scavengers iahibit the lipid peroxidation. The
moderate consumption of red wine have a beneféffatt on reducing coronary heart
diseases /9/.
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Tablel
Precision and recovery results for LLE extractiongedure
) ETALON recovery
compounds tR(min) mean SD RSD(%) n=3 (%)
1 i-amyl acetate(99.13%) 6.95 0.64 0.06 9.62 0.93 68.59
2 fenetol((99.5%) 11.67 1.43 0.04 3.00 226  63.29
3 diethyl succinate(99.7%) 12.73 0.87 0.03 3.08 1.05 82.71
4 gamma-decalactone(98.7%) 17.6 1.83 0.05 2.52 1.82 100.62
5 C14:0(99.99%) 21  1.00 0.00 0.00 1.00 100.00
6 benzyl salicylate((99.12%) 23.15 2.71 0.09 3.45 2.37 114.50
3.61 85.94
tg = retention time; R.S.D, = relative standard dieera
Tablell
Wine bouchet compounds from Pinot Noir Murfatla®96)
Compound LLE SPE
tr %MS %MS
1 1,3 butandiol(threo) 3.4 3.31 0.33
2 2,3 butandiol(erythreo) 3.6 1.09 0
3 isobutyl acetate 3.8 0 0.45
4 1-hexanol 4.8 0 0.10
5 gamma-butyrolactone 574 0.25 0.05
6 propylen glycol 6.06 2.87 0
7 ethyl lactate 6.13 1.08 0
8 3-methyl thiopropanol M=106 7.08 0.31 0
9 hexanoic acid 759 1.0 0.5
10 succinic anhydride 789 04 0
11 ethyl 4-hydroxy butanoate 8.6 0.22 0.40
12 glycerol 9.13 0.33 0
13 phenyl ethyl alcohol 9.87 18.34 15.39
14 sorbic acid M=112 10.95 37.44 56.79
15 diethyl succinate M=174 11.88 2341 11.36
16 ethyl mallate M=190 1255 0.25 0
17 3-methyl-3-hydroxypentanoic acid 12.92 0.26 0
18 gamma-nonalactone M=158 13.17 0.3 0
19 triacetin 139 03 0
20 decanoic acid M=172 14.39 0.68 1.16
21benzen ethanol 4-hydroxy M=138 1541 3.07 2.00
22 * M=194 1545 0 0.11
23 beta-phenethyl acetate+**M=166 158 0.1 0.1
24 (2-phenylethyl)-acetamide M=163 16.7 O 2.37
25 methyl gentisate M=168 16.94 0.1 0.1
26 **M=168 16.84 0.1 0.1
27 vanillic acid M=168 1758 04 0
28 ethyl vanillate M=196 176 0.1 0.1
29 ****\=194 18.57 0.22 0.38
30 M=228 1944 0 0.52
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31 1H-indole-3-ethanol M=161 20.12 0.37 0.65
32 ethyl phenethyl acetate M=164 206 0.1 0.1
33 M=198+226+192***** 20.95 0.34 1.05
34 benzyl salicylate 215 0.1 0.1
35 vanilmandelic acid M=198 2256 0.1 0.1
36 M=228 281 0.1 0.1
37 M=228 resveratrol? 30 0.1 1.47

tr=retention time; * ethyl-2-hydroxy-3-phenyl propate M=194

**tertbutyl catechol M=166; *** 5-methoxy-2-methoxyethylphenol M=168
*rr¥p-isopropoxyphenylacetic acid M=194

rexxxethyl m-hydroxycinnamate M=192

Tablelll
Wine bouchet compounds in Cabernet Ausbruch (Vand$09)
Compound LLE  SPE:pHPH7 pH2
tr %MS  %MS  %MS  %MS
1 1,3 butandiol(threo) 3.4 192 064 O 0
2 isovaleric acid 4.7 0.27 0.22
3 1-hexanol 4.8 153 205 176 1.2
4 isoamyl acetate 498 O 031 O 0.13
5 ethyl lactate 6.13 125 053 O 0.1
6 ethyl hexanoate 708 O 030 1.76 1.02
7 hexanoic acid 759 098 125 165 1.02
8 limonene 8 0 0.23 055 0.28
9 benzyl alcohol 8.2 0 0 0 0.02
10 ethyl 4-hydroxy butanoate 8.6 0 1.03 114 034
11 phenyl ethyl alcohol 9.87 2412 10.66 10 13.06
12 p-ethyl phenol 108 O 0 0.2 0
13 sorbic acid M=112 10.95 42.69 39.25 46.14 47.8
14 diethyl succinate M=174 11.88 1341 172 15.6 .37
15 coumarin M=120 1179 O 0 0.37 0.3
16 undecane M=184 1292 0 0 0.3 0.11
18 gamma-nonalactone M=158 13.17 O 0 0 0.23
19 decanoic acid M=172 1439 0 1.06 064 0.6
20 diethy hydroxypentadieoate 1441 O 0.5 0.3 0.5
21 tetradecane M=198 147 O 0 0 0.14
22 1,2,3-benzentriol 1545 O 0 0 0.35
23 benzene ethanol 4-hydroxy M=13%.3  0.55 1.68 0.8 1.8
24 * M=194 155 O 0.6 0.9 0
25 (2-phenylethyl)-acetamide M=1636.7 0 1.10 0.32 0.72
26 vanillic acid M=168 1758 O 038 032 0.21
27 ethyl vanillate M=196 176 O 0.22 032 0.66
28 1,3,5-benzentriol (phloroglucinol) 18.1 0 0.68 .58 0.86
29 1H-indole-3-ethanol M=161  20.12 O 048 0.2 0.36
30 p-hydroxycinnamic acid M=1620.6 0 044 0.1 0
31 M=192** 2095 O 094 0.2 0.45
32 syringic acid M=198 21.09 O 0 0 0.47
33 M=226*** 211 0 0.21 0.2 0
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34 palmitic acid M=256 2249 0 028 O 0.57
35 M=230**** 28 0 0.83 0.63 0.55
36 M=272%*xx* 289 O 0 0 0.1

37 M=228 resveratrol) 30 0 1.01 054 0.28
38. squalene M=410 301 O 062 033 0.3
39. anhydrosecoisolariciresol M=3480.2 0 0.5 0.3 0.2

tg=retention time? alcoholic concentration’6* ethyl-2-hydroxy-3-phenyl propanoate
M=194; **ethyl m-hydroxycinnamate M=192; *** 2-hydxy-4’-methoxy stilbene
M=226; **** trihydroxyphenyl lactic acid methyl est M=230; *****2-hydroxy-4'-
phenyl-stibene M=272

vanillic acid M=168 (tR=17.58) syringic acid M=89tR=21.09)
180 HO..0 168 160- OH 128
0 0.
i ~0 153 |
5@ OH 50 0~ "OH
97
51 125 - 127 ‘
79 65
TR { Vil DO O O N B B W e
18 70 1308 a 8@ 1408

C{M>Benzoic acid. 4—huydrox (M>Benzoic acid. 4-hydrox

methyl gentisate M=168 (tR=16.84) vanilmandelidadi=198 (tR=24.8)

160 153

1688

48
{M>Benzeneacetic acid. o. {M>Benzoic acid.

indole-3-ethanol M=161 (tR=20.12)

148

g%&;
L

168 1@

78

138
2,.5-dihw

ethyl phenylatetd=164 (tR=20.6)

168 138 168 1 J
OH o
| o | -
0
568 MNH 568 @
= 164
rdr] 161 65
31 163
el 51, 189 il al 51 |78 119 .l
20 E 4@ 20 128 1608

38 a
CM>1H-—Indole—3—ethanol

CM>Benzeneacetic acid,. et

Fig. 1Mass spectra and chemical structures of s@henolic compounds found in red wines
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Abundance TIC: MURFATLA.(LLE)
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Fig. 2 Pinot Noir Murfatlar LLE and SPE chromatograms
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DETERMINATION OF SOME ACTIVE PRINCIPLESOF TERAPEUTIC
AND COSMETIC USE FROM Camomile BY GC/MS

R. PODEA, M. CULEA, L. FROMONDI
S.C. Natex s.r.l. Sos. Cluj-Oradea km8 , P.O. Box 374 3400 Cluj-Napoca

ABSTRACT. In this study some extraction methods and solvargstested for the
extraction of a-bisabolol, two en-in-dicycloethers and achilinrfr&amomile. These
extraction methods and solvents are compared andhb}ective of the study is to find
the most effective way of extracting active prinegppfromCamomile. The analytical
methods chosen are GC/MS and GC-FID for qualitatespectively quantitative
determinations. Comparison of all experiments urtther chosen conditions shows
propylenglycol to be the most effective extractsmivent for these active compounds.

Introduction

Camomile is a plant that has been used in folk medicinectarturies. It is
employed in many different ways both as an aqueofusion (tea) and as oil of
camomile.Camomile has been used for a long time, in many parts ofatbed, as a
remedy against inflammation/1,2/. It has been usddrnally to heal lesions of the
skin, as a mouth-rinse, and it has been takennialigragainst irritated conditions of
the stomach and intestinal tract. Some importatiteprinciples ofCamomile area-
bisabolol which is the main responsible for theinti@nflammatory activity,
chamazulene, en-in-dicycloethers, mono and sespaites.

The objective of this work is to study the recovefysome active principle
extracts of Camomile using different solvents. The solvents are compaiwd
extraction ofa-bisabolol, two en-in-dicycloethers and achilin fraCamonile, the
most important active principles found in our study

Experimental

Extraction methods

In this study we have used different types of solseand we have compared
their efficency in extracting the most importantiae principles found itCamomile.

Al. Solvent: hydroalcoholic solution (1:1 ) at room temp.

5 extracts were prepar@u hydroalcoholic solution (1:1 ) at room temp;lig a
dried and crushed plant was mixed with 5 ml. desdilwater and 5 ml. ethanol. The
extracts were kept for 5 days at room temperature.

A2. Solvent: hot water (infusion)

5 extracts were prepared in hot water; 0.5 g agddand crushed plant were
mixed for 5 min with 20 ml hot water.
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A3 .Solvent: PG + water at room temp.

3 kinds of extracts were prepared by mixing 0.5rgd plant with three
propylenglycol solutions of 10%, 25% and 50%. Thiaxts were kept for 5 days at
room temperature.

A4. Solvent: PG + hot water.

2 kinds of extracts were prepared by mixing 0.5rgd plant with two
propylenglycol solutions of 25% and 50%. The exsaegere mixed for 5 min.

AS5. Solvent: ethanol 100% at room temp.

5 extracts were prepared by mixing 1g air dried emghed plant with 10 ml.
ethanol. The extracts were kept for 5 days at raamperature.

A6. Solvent: PG 100% at room temp.

5 extracts were prepardry mixing 0.5 g dried plant with 10 ml 100% PG.
The extracts were kept for 5 days at room tempegatu

B).

In the second part of the study we have used peogyycol (PG, 100 %) as
extraction solvent and we have prepared four kimdsextracts in different
concentrationsb % (0.5 g plant + 10 ml PG), 10 % (1 g plant +dlOPG), 15 % (2 g
plant + 13.4 ml PGY0 % (2 g plant + 10 ml PG). The extracts were kep¥? days at
room temperature. Under vacuum filtration of thdraosts we have obtained the
following amounts of liquid extract:

-solution 5 % : 10 ml PG gave 8.6 ml extract

-solution 10 % : 10 ml PG gave 7.8 ml extract

-solution 15 % : 13,4 ml PG gave 8 ml extract

-solution 20 % : 10 ml PG gave 5.8 ml extract

Sample preparation for GC-FID and GC/M S

1.5 ml of each of the following extracts B, A3, Add A6was mixed with 4.5 ml
distilled water , 1ml solvent A (ethyl acetate:hesanethylen chloride 5/1/1, viviv), 2 g
NaCl and 1333 pg/g internal, standard methyl undeate, (C11:1) for 5 min and 4ul
were injected in GC-FID.

3 ml of each of the following extracts Al, A5 wased with 3 ml distilled water,
1ml solvent A, 2 g NaCl and 1333 pg/g IS for 5 raimgl 4pl were injected in GC-FID.

6 ml of extract A2 was mixed with 1ml solvent A, R@Cl and 1333 pg/g IS
for 5 min and 4ul were injected in GC-FID.

GC-FID Analysis

GC-FID analysis was performed with a Hewlett Padka€ system 6890 with
FID. Compounds were separated on a 30m x 0.25mnb Hilsed-silica capillary
column coated with 0.25um film.

The column was maintained at °&D for 2 min after injection, then
programmed at ®/min to 250C, then 30C/min to 310C which was maintained for
10 min. Helium was used as carrier gas with a ftate of 1ml/min, split ratios 1:20.
The injector and detector temperatures weré @50

351



R. PODEA, M. CULEA, L. FROMONDI

GC-MS Analysis

GC-MS analysis was performed with a Hewlett Packarfd 5890 coupled
with a MS engine 5989B in the EI mode. Compoundsevwseparated on a 30m x
0.25mm HP-5MS fused-silica capillary column coateth 0.25um film. The column
was maintained at 3G for 2 min after injection, then programmed &C#8nin to
250°C, then 30C/min to 310C which was maintained for 10 min. Split ratio wiaS
and helium flow rate 1ml/min. Injector, interfaden source and quadrupol analyser
temperatures were 290, 280C, 200C, 100C, respectively. The mass spectrometer
was operated in electron-impact (El) mode; elecenargy was 70 eV and electron
emission 30QA. Compounds were identified using the Wiley, NB®I &NIST library
spectra.

Results and discussions

Method validation:

The extraction methods were validated. The follgviparameters were
studied: linearity, precision, recovery, limit aétection.

Quantitation of the active principles was obtaineg using the internal
standard methyl undecenoate (C11:1) and bisabd®d®% purity. The regression
curve for bisabolol gave y=0.0011x-0.006, r=0.999.

Table | shows the relative standard deviation v@kigtained for the different
extracts lower than 13%, n=2,3 or 5. Recovery fGr 0% extractions gave 70.5%.
The limit of detection was 0.5ug/g at a signal ¢ése of 10:1.

Tablel
Precision for different extraction procedures
7days 7days 7days 450C 3days 1000C S5dadays 7days
10% 25% 50% 50% 100% infusion 25% 50%PG 50% 50% 100%
PG PG PG ET. ET. PGinf inf ET. ET. ET.
Mg/l  Hg/g Ho/g  Ho/g Ha/g Ha/g Ha/g Hg/g  Hg/g  Hg/gg/gu
3.5 11.14 2.56 12.9 9.8 7.7 8.14 14.7 116 11.68
n=2 n=2 n=2 n=5 n=3 n=5 n=2 n=2 n=2 n=3 n=2
FIDLA, (RAZVANIMUSNATS0.D) .
My 5 Fig. 1 Gas chromatogram for
' hydroalcoholic extraction of
250+ HP. .
;|8 camomile: 1. spathulenol; 2. alpha-
] bisabolol oxide B M=238(20.2min);
' 3. alpha bisabolol M=220 (20.6min)
5] . 5 4. herniarin  M=176(21.46min);
) ] 5.bisabolol  oxide  A(21.8min)
109 M=238; 6. en-in-dicycloether
M=200; 7. ethyl palmitate; 8. ethyl
“ linoleate; 9.achilin M=246 (27min);
7‘5 1‘0 12‘ 5 1‘5 17‘ 5 2‘0 22‘ 5 2‘5 27‘ 5 mi
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The active principles from camomile determined hffecent extraction

procedures are presented in tables Il and III.

Tablell
Extracts in PG 100%8()
Concentration of the extract  0.5g/10ml 1g/10ml 29/13.4mi 2g/10ml
g/ml (5%) (10%) (15%) (20%)
Active principle ug/g ug/g ug/g ua/g
bisabolol 86.99 73.57 90.47 94.8
en-in-dicycloether M=200 2111.84 2059.9 2694.75 1287
en-in-dicycloether M=200 332.19 234.26 296.28 294.1
achillin M=246 198.12 235.26 297.89 305.1
Active principle pg/mi pa/mi pa/mi pg/ml
bisabolol 4.35 7.36 13.5 18.96
en-in-dicycloether M=200 105.59 205.99 402.2 514.28
en-in-dicycloether M=200 16.61 23.43 44.22 58.82
achillin M=246 9.91 23.53 44.46 61.02
recovery 86% 78% 60% 58%
Tablelll
Extracts in other solvents
Al A2 A3a A3 b
active principle ug/g ualg ug/g pa/g
bisabolol 282.20 29.03 11.78 12.12
en-in-dicycloether M=200 1493.06 170.90 114.40 @z7.
en-in-dicycloether 252.22 142.57 55.45 69.37
achillin M=246 159.73 173.34 122.87 143.91
total 2187.21 515.84 304.51 403.01
A3, ¢ A4 a A4db A5 A6
Ho/g Ha/g Ho/g Ho/g Ho/g
29.01 19.38 35.87 99.15 329.98
880.14 252.14 366.68 1221.40 1259.3
202.33 122.72 130.23 313.13 230.18
211.36 143.63 113.54 134.16 167.44
1322.85 537.88 646.32 1633.68 1986.9

Fig.1 presents the gas chromatogram of separafi@ttive principles from
camomile extracts. The quantitative variability adtive principles extracted from
camomile in different procedures is present in ZEiglhe structure of some of the

active compounds found in camomile is presentdedn3.
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ther
M=200

ther
M=200

1400 —e— 10%PG Hg/g 1400.00
1 —m— 25%PG —e— 50%ET. pg/g
1200 FChg/g 1200.00 +
1000 + 50%PG ug/g
800 | 100%FG glg || 1000.00 + #— 100%ET. Hgfg
600 800.00 + INFUZIE pg/g
400 +,
600.00 +
A
2001 | 25%PGinf
A, — 40000 1 Ho/g
0 ‘ ‘ ‘ —%— 50%PGinf
bisabolo en-in- en-in- achilin 200.00 4 Hglg
| dicycloe  dicycloe M=246

Fig. 2 Efficiency of extraction of active princiglérom camomile in different procedures

.
et w 0 0 OH
T =
Fig. 3  en-in-dicycloeter achilin M=246 bisabolol
Conclusions

The analytical methods chosen are good for quatadnd quantitative
determinations of active principles in camomile.sBeecovery for propyleneglycol
extracts was found for concentration of 10%-15% PG.

The comparison of different extraction procedutesys hydroalcoholic, alcoholic
and propylenglycol to be the most effective eximctsolvents for these active
compounds.The concentration of the active prinsiplecreases in extracts as follows:
hydroalcoholic 1:1(B1)>PG100%(B6)>ethanol 100% BHG 50% r.temp. (B3c)>
PG50% + hot water(B4b)>PG25% + hot water (B4a)=sidn(B2)> PG25% r.temp.
(B3b)> in PG10% r.temp.(B3a) (Fig.2)

The good recovery for propylenglycol extraction huet of active principles
of camomile give important application in skin-cacesmetic preparation. The
extraction procedure followed and the monitoringtef quantitaty of active principles
in herb is very important in therapeutical and stdial application.
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ABSTRACT. The effects of Mn site substitution by diamagniths on the spin dynamics
in the magnetoresistive h#a,Mn,;,D,0; (D=Al, In; x < 0.05) powders have been
investigated by EPR. The temperature and x depeadeinthe resonance linewidth and
integral intensity of the EPR signal have been stigated and discussed in terms of
exchange narrowing and small polaron hopping mddelhe paramagnetic regime, the
exchange coupling integral,J,betweeen®*Mand Mr* ions shows a decrease with
increasing x. It could arises from weakening of tlmeible exchange interaction by D-
doping which reduces the exchange field at the fids.$he activation energy,Hor the
hopping motion of small polarons as function ofwl ® was evaluated and compared with
the results of other experiments .

1INTRODUCTION

The manganese perovskites have been widely stsitiee the discovery of
colossal magnetoresistance(CMR) effects.They arednvalent containing M and
Mn** ions.Coexistence of ferromagnetism and metallicdeation in these materials
has been explained in terms of the double exchamgghanism(DE)[1,2]. However,
DE alone does not explain the CMR and an additionathanism based on the
polaronic effects was included.[3].Here a strorecebn-phonon coupling is expected
because the electronic ground state of thé*Nbns is degenerate giving rise to the
Jahn-Teller (JT) effect.There are direct experimeetidences of JT polaron formation
in La; xCaMnOz; compounds.[4,5,6]

The archetypul CMR compound 44#a,;MnO; undergoes a para-
ferromagnetic (PM-FM) transition atcT= 260K accompanied by a metal-insulator
transition.The study of substitution of diamagnetas (D) for manganese in this
system has shown that it was possible to modifyniggnetic and transport properties
[7,8,9,10]. For low replacement values of Mn by &kl In, which have no magnetic

moment and their atomic radii e{ne)Al < <r>Mn < <r>m, a decrease of thecT with

increasing D content was observed, but the magesittive properties do not change
very much. [7].
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EPR spectroscopy is a powerful tool to study tbmgex magnetic state in
the manganese perovskites [11,12,13,14,15]. Theawvidth in CMR perovskites was
considered to be caused by spin - lattice relanatfcthe exchange coupled Ririons
via Mn** JT-ions to the lattice under the condition of sy relaxation bottleneck
[11].The energy transfer is provided by the ac@dahopping of small polarons in
connection with the jumps of,eharge carriers from M ions to the Mf" ions [14].
The argument for the above assumption is based hen similar temperature
dependence of EPR linewidth and conductivity indGey MnO;z [14] . In the
paramagnetic regime the conductivity of CMR pekites arrises from the adiabatic

hopping motion of small polarons and obeyd @ exp(—Eo/kBT) law, E; beeing

the activation energy [15].

In order to obtain further insight into physicalechanisms of the spin
dynamics and the Mn-site doping effects, an X-baBBR investigation of
LayzCasMn,.«DxO3 (D=Al,In) fine powders was carried out . Some kssooncerning
the destabilisation of the Mn sublattice by Al dapias seen by EPR have been already
reported [12,13].

2. EXPERIMENTAL

Ceramic samples of LgCa;;sMn;.DxOs (D=Al,In ; x=0; 0.01 ; 0.03 ; 0.05)
were prepared by standard solid state reactionaddffh8] . Table 1 shows the K
content y, as determined by redox titration and vhkies for E defined as the
inflection point of the susceptibility curves [16].

Tablel.
Percentage of M¥ and the critical temperatureg for Lag;z:CaysMn; «DyO3
Al In
Parameter x=0
x =0.01 X =0.03 x=0.05 x=0.01 x =0.03 0.95
y(% Mn™) | 0.30 0.34 0.34 0.35 0.31 0.32 0.28
Tc (K) 263 217 203 189 232 200 107

The samples with x 0.5 and x< 0.3 for Al and In doping, respectively, are
nominally stoichiometric and in order to preseive ¢harge equilibrum the substitution of
D for Mn leads to an oxidation from to Mn** (Table 1). The T decreases with
the increase of the D content and implies weakeorfigagnetic interactions.

In the paramagnetic regime the EPR spectrum foinakstigated samples
consists of a single line with g 1.99 [12]. The line-shape of the ceramic samples
reduced to fine powders was found to be Lorenteier the investigated temperature
range and for all x. It confirms the presence & #xchange-narrowed Mn dipolar
fields [13]. Since the sample size effects due tmmnetic losses affect the spectrum
[12] we have used small amount of powder mateniedlmg, for each x. In order to
evaluate the EPR parameters, the derivative speetra fitted with a Lorentzian line-
shape with fit parameters being the half-width af-height, 8B, of the corresponding
absorption line and the resonance fielgl, B
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3.RESULTSAND DISCUSSION
The temperature dependencies of the EPR Iinew‘i&g2 are shown in Fig.1

and Fig.2 for the samples with various Al and Imaentration X, respectively.The
linewidth decreases almost linearly with decreagamgperature and goes through a
minimum at T, = 1.1 T, the behaviour similar to that observed for undbpe
compound [7] .Its increase below,Tis attributed to the usual critical slowing down
in ferromagnets.The temperaturgIlshows a decrease with increasing x in accordance
with T¢ variation.

3By, [mT]

1 x=0 " v Ry 1
o x=Q0L %
114 x=008 oA o )
v x=006 5 _ . R
A
~ VOA E o 07
i - ¢’ A“A
v o v
A g v 00
v ﬂi‘ v wo()o
A ] v A o
D 'Y ° . ™ o M VVVVO gt _
qo ot v 4 5 P X=
oO Eb.zoo n ““‘%0 0 x=00L
7ol
G " 4+ x=01
o Py v x=006
L T T T T T TT 0 I I I I I . I
B 20 X VD D 40 H 50 L 6 m m 1 a0 50 a0
TIK] TIK]
Fig.1 Temperature dependence of the Fig.2 Testype dependence of the
linewidth OB, for LaysCausMny.AlOs linewidth OB _ for LaysCaydMny.,inOs

The effect of Al substitution is to progressivelpaden the resonance line and
the linewidth at a fixed temperature shows an iaseewith increasing D concentration
[13]. It could arises from the weakening of the kledexchange ferromagnetic
interaction by D doping which reduces the exchafigil at the Mn sites and
consequently an increase of the dipolar broadenimgd be expected.

The analysis of the EPR integral intensiysl shows that all Mn spins
contribute to the EPR signal in the temperaturegeaimvestigated [17]. In the
bottleneck approach, a collective motion of the negig moments of M and Mr*
spin subsystems is involved [14]. Here the EPRgiretieintensity is proportional to the

total susceptibilityX . of the Mri* and Mr* spins:

eor = Xepr =X, T X, (1)
Wherexsand X, are the normalized static susceptibilities of the*Vand Mr* spins,

respectively [18].
357



X. FILIP, N.M. GRECU, L.V. GIURGIU , AL. DARABONTO. RAITA and J. BLASCO

We have found that at high temperaturgsyl) for LagsCaysMn;4DyxO3

samples follows a ferromagnetic Curie-Weiss (C\Wherature dependence
lerr(T) = C/(T-6) )

arising from the FM coupling of the Mh(S, = 3/2) and MA* (S, = 2) subsystems
[13].At lower temperatures in the paramagnetic megithere is a deviation from the
CW law.Fig.3 shows a plot of Efg for Al and In doped samples with x=0.05.From
the linear behaviour of Hig = f(T) for T = 1.9 Tc and the extrapolation to lower
temperatures, the CW temperat@reould be obtained.

0.6

0.5

0.4

0.3

0.2

0.1

1/ Integral Intensity [a.u.]

0.0

—T T T T 7T 777
150 200 250 300 350 400 450 500 550 600

T [K]

Fig.3. 1/ Integral intensity of EPR linewidth asdtion of T for LasCa;sMngedDg o5 ( - D=AIl ;
- D=In).The solid lines represent the bestthitshe Eq.(2) at high temperatures.

In Table 2, we prese values determined from the high temperature region
as function of D concentration. For<x0.058 is reduced as X is increased showing a
general weakening of DE interaction.

Table 2.
Variation of® and J as function of D concentration X inpk@a;;sMn1.4DyO3
X 0 T/0 J
K] [meV]
0 325 0.80 4
0.01 278 0.78 3.1
Al 0.03 263 0.77 2.9
0.05 256 0.74 2.8
0.01 270 0.86 3.1
In 0.03 267 0.74 3.0
0.05 134 0.79 1.7
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In the Weiss mean-field approximation for a syste#ntwo different spins, S
and $, the® temperature may be expressed by [12].

ksb/J = (4z/3)y (1-y) §S+1) S(S+1) /[y S (S+1)+(1-y) $(S1)]  (3)

where z is the number of nearest Mn neighboursJamregiresents the exchange integral
between Mn ions in the PM regime.

Using the evaluated values @fthe exchange coupling integrals J deduced by
means of Eq.(3) are given in Table 2. As one can e effect of D doping is to
perturbe DE coupling between Kfrand Mri* ions, causing a decrease in J [12,13]. It
could arises from the bending of the Mn-O-Mn bomdghe (a-b) plane which is
expected to slow down the carrier hopping and wedake DE.

In the following we discuss the temperature depend of the EPR

Iinewidth,éBl/2 (Fig.(1) and (2)).If one assumes that the polarchiarge carriers also

exists in La;sCaysMn; D03 (0 < x< 0.05), than the temperature dependent part of the
EPR linewidth should arrises from a thermally aatidd process involving the
adiabatic hopping of small polarons.

In Fig.4 we plot the temperature dependences ef HPR linewidth
corresponding to LaCaysMng edDo.05s Samples where the solid lines represent the best
fit to the data using the expression [14,19].

3B, (T) =3B +AT *exp-E_/k T) )

where 680 and E are the residual linewidth and the polaronic atton energy,

respectively.
100
80
=
= 60
CD;
=]
40 —
= x=0.05 Al
20 4 (e] X =0.05 In
T T T T T T T T T T
100 200 300 400 500 600
T [K]

Fig.4. Temperature dependence of the EPR lineviaitha, ;CaysM¢ 98D0.0:03 (¢ -D=Al,
0-D=In).The solid line represents the best fithe tlata aboveJ,(Eq.4)
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The fitting parameters for D=Al,In samples with<x0.05 are given in
Table 3.

Table3.
The residual IinewidtrﬁBO and the activation energy,Bs function of D

concentration X in LaCaysMn;.4DyxO3

X 680 Ea
[mT] [eV]

0 60 0.12
0.01 129 0.11
Al 0.03 139 0.10
0.05 165 0.10
0.01 379 0.05
In 0.03 153 0.09
0.05 329 0.08

As one can see, the activation energies are agdhee order of magnitude for
all Lag;sCaysMny1.4DxO3 samples within the experimental uncertainty. Thkigs of i
for In doped samples seem to be a little smallan tAl doped ones.We suppose that
this is a result of the larger ionic size of dopedons which could perturb the polaron
hopping procces.lIt is important to note that thévation energies deduced from the
present EPR linewidth data for Al and In doped @asare very close to the valug E
=0.121 eV obtained from resistivity data of a/t@a,3MnO; thin film [5].More than
that, the evaluated,Evalues are nearly the same as the values 0.10d\0.108 eV
deduced from the corresponding temperature depeadehthe EPR linewidth and
tunneling experiments on Lgla_JIMnO; samples, respectively [14, 20]

These results lead us to suggest that polaromigehcarriers should also exist
in LaysCasMnO;z perovskites doped with Al and In ions.In the csp@nding
paramagnetic regime the spin-lattice relaxationldcdne determined by the thermaly
activated motion of small polarons.

4.CONCLUSIONS

The effects of Al and In substitution in 4#a;,sMnO; powders have been
investigated by EPR. The weakening of the DE imtéma by doping reduces the
exchange field at Mn sites, which result in a beradg of the resonance lines and a
decrease of the exchange coupling integral J betwd* and Mri* ions. In the PM
regime the temperature dependences of the EPRitltitevare well describe by the
polaronic model.

From a comparison of the evaluated activation easrgr the doped samples
with the corresponding ones for undoped compouois,can suggests the presence of
small polarons in LgCa;;sMn;1.4DxOs (D = Al, In ) perovskites for x < 0.5.
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ABSTRACT. The complexing and amorphising abilities towardptssalazine of native
a- and p-cyclodextrin were determined. The inclusion comete prepared by different
methods (kneading and co-precipitation) led to @maus products. The influence of the
preparation method on the physicochemical propgedfesulphasalazine was studied by
means of IR spectroscopy and X-ray diffraction yses.

1. INTRODUCTION

Cyclodextrins have recently been recognized asiupbarmaceutical excipients,
due to their potential to form inclusion complexéth appropriately sized drug molecules.
The resulting complexes generally show some fal®retianges of the characteristics of
the guest molecule, such as increased solubildyeduced side effects [1].

Selections of the most suitable preparative meflood given drug requires
careful evaluation because it should take into astmot only factors such as
simplicity, lower cost, high yield, swiftness, easyscaling up, but also the performance of
the obtained product.

Therefore, in the present work, we considered woothinterest to investigate
the influence of preparation method and the typeasfier on the physicochemical
properties of a series of binary systems of sughaime &F) with a- andp-cyclodextrin.

HOOC
N=—

Acid 5[(4-(pyrid 2-ilsulfamoil)fenil)azo]salicylic
(Sulphasalazine)

2. MATERIALSAND METHODS

2.1. Materials

a- andp-cyclodextrin were supplied by Sigma Chemie Gmbldrrzany, and
were used without further purification. Sulphasalazwas kindly donated by AC
Helcor, Baia Mare, Romania. All other solvents wefeanalytical reagent grade.
Double distilled water was used.
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2.2.Preparation of solid binary systems

Two different methods (kneading and coevaporatiogre used for the
preparation of drug-cyclodextrin solid system.

Kneading: a physical mixture otw(p)-cyclodextrin-sulphasalazine (1:1 mole
ratio) was wetted in ethanol-water (1:1 v/v) saatiand kneaded thoroughly for 60
min in a mortar with a pestle in order to obtainrgform paste. During this process an
appropriate quantity of the solvent mixture was eatidThe paste was dried under
reduced pressure at room temperature for one day.

Co-evaporation: o(p)-cyclodextrin was solubilized at room temperafiard5 mi
of water then sulphasalazine (1:1 mole ratio) veltked with stirring. The suspension was
heated at 45 °C and stirred for 48 h until equilibrwas reached. The suspension was
filtered and the filtrate was dried under vacuumroam temperature.

2.3.Infrared spectroscopy
Infrared spectra were obtained with a Carl ZeisSepra UR 20 infrared
spectrophotometer.

2.4.X-ray powder diffractometry
X-ray diffraction patterns of powdered samples weworded using a DRON
2 diffractometer. Experimental settings: Ni-filtdr€u K, radiation { = 1.54178 A);
tube settings 40 kV, 30 mA; scan rate of 2 degrieg-over the 10 - 40 degreé Pange.

3. RESULTSAND DISCUSSION

Infrared spectra of sulphasalazine, CDs as weliase of its different systems with
CDs are presented in Fig. 1. We found no signifiddferences (comparing with the spectra
of pure CDs) in the case of inclusion compoundaintl by co-evaporation. For the kneaded
samples the IR spectra of SF-CDs products showeatarés similar to pure drug or CD. In
these cases we observed a shift of some absdpginals to higher frequency.

This effect can be attributed to the formation firclusion complex between
the monomeric drug with CD.

X-ray powder diffraction patterns, shown in Figc@nfirmed the results of IR
spectroscopy. The patterns of the products obtaliyedo-evaporation method were
practically a superposition of the patterns of tilve starting components. In this case
we presume that the complex between sulphasalanith€Ds does not form.

The spectra of the kneaded samples prove the apmeaof a new solid phase
having o lower crystallinity than the drug and CDO%$he spectra of the kneaded
sulphasalazine witlu- and B-CD were practically the same, but the spectrunsif
with a-CD showed broader and less intense peaks thaoftt@CD complex. This
indicates a much stronger interaction betweenwlmecomponents and, as a result, the
final product is transformed into an amorphous couanal.
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ABSTRACT. Raman and IR spectra of xV,0s.(1-X)B,0s glasses (with 0.05 < x < 0.8) have
been measured and analysed.

The band characteristic to boroxol groups (806 cm™) is present only at very low V,Os
content. This band has small intensity and disappears when V,O5 content increases, while
the Raman bands assigned to diborate groups and isolated BO, units are present in al
spectra. The presence of V,05 in B,O; glasses determines the agppearance of four-fold
coordinated boron atom in diborate groups and isolated BO, units. In this glasses chain type
metaborate groups are aso identified. For high V,Os content, the intensity of the band
centered at 993 cm™ does not decrease as that from 1022 cm™ (both assigned to diborate
groups). Therefore, we presume that at 993 cm™ are overlap two bands: one is characteristic
to diborate groups and the other one to vanadate structure.

IR spectrareved same changes asin Raman spectra. For samples having x = 0.6 a peak
characteristic to V,Os gppears. Thisisan indication that vanadate structure was forming.

Therefore, we conclude that the vanadium oxide acts as network modifier in these
glassesfor 0.05< x < 0.5. For 0.6 < x < 0.8 vanadium oxide acts as glass forming.

Keywords: Raman, IR, borate glasses, vanadium oxide.

1. Introduction

Raman and IR spectroscopy become effective tools for resolving the structure
of local arrangement in glasses.

The transition metal (TM) oxide glasses have been extensively studied by
severa authors during the last twenty years. These glasses are of importance due to
their semiconducting properties and the electrical conduction is due to electron hopping
[1-3] on account of the available reduced states of the TM ions. Some authors have
studied the effect of single [4] and multiple [5] TM ions as dopantsin alkali or akaline
earth oxide glasses. On the other hand some have reported the effect of glass formers
on these TM oxides as regards the glass formation and have examined the electrical
behavior [6] and performed spectroscopic studies [7].

In this paper we report the structure study of borate vanadate glasses using
Raman and IR spectroscopy.



STUDIES OF BORATE VANADATE GLASSES USING RAMAN AND IR SPECTROSCOPY

2. Experimental

Glasses of xV,05(1-x)B,03; system with 0.05 < x < 0.8 were prepared by
mixing H3BO3z; and V.05 having reagent grade purity in suitable proportions and
melting this admixtures in sintered corundum crucibles at T = 1523 K for 0.5 hour.
Vitrification was achieved by rapid cooling of the melts on stainless steel plates at
room temperature and atmospheric pressure.

The Raman spectra were obtained using the micro-Raman technique. A
Spectra Physics 166 Ar* laser (514.4 nm) was coupled with an optical microscope
Olympus U-CMAD-2 with two objectives (DPLAN 20 160/0.17 and ULWD MSPLAN
80/0.75). The laser power was 350 mW at the sample. A 180° geometry was used as
well as a Spex model 1404 double monochromator with a spectral dlit width of 2 cm™.
The spectra were recorded without a polarizer in the collection optics.

The IR spectra were recorded in 4000-400 cm™ spectral range with a Brucker
IFS 120 spectrometer using the KBr pellet technique. A MIR Glowbar source and a
MCT detector cooled with liquid nitrogen were used. The measurements were carried
out for a pressure less than 1 mbar, at the room temperature. For each spectrum 100
scans were made and the spectral resolution was 1 cm'™.

3. Results and discussion
Raman spectra

Raman spectra of xV,0s5(1-x)B,0O3 glasses with various contents of copper
oxide (0.05 < x < 0.7) are shown in Fig.1. The following bands are present in these
spectra: 407 cm™, 471 cm?, 526 cm?, 694 cm?, 806 cm™, 993 cm™ and 1022 cm™.

g & 3 -

Raman intensity(a.u.)——

T J T T T ' T Y
1200 1000 800 600 400
~~————— wavenumber/cm

Fig. 1. Raman spectra of of xV,05(1-x)B,0; glasseswith 0.05<x < 0.7
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In the spectrum obtained for lowest V,0s content, the main peaks appear at
993, 694, 526 and 407 cm™. The intensities of these peaks decrease as the V,0s content
increases. Some bands disappear at high content of vanadium oxide. The band centered
at 806 cm* is present only at very low V,Os content. The bands centered at 527 cm™
and 471 cm™ disappear for x > 0.5. For highest content of V,Os (x = 0.7) the bands
centered at 993 cm™, 694 cm™ and 407 cm™* are still observed and no new bands appear
when V,0s5 content further increases.

The Raman spectrum of vitreous B,Os is dominated by a strong band centered
at ~806 cm™. The 806 cm™ band was assigned to the boroxol ring oxygen breathing
involving a very little boron motion (boron atom coordinate is 3) [8]. (A list of borate
groups found in borate compounds is given by Meera et a. [9]. This band
(characteristic to boroxol rings) appears only for low V,Os content. Therefore, the
raising of vanadium oxide content determines a disruption of the boroxol network.

All recorded spectra exhibit peaks at: 407 cm™, 526 cm™, 694 cm®, 993 cm™*
and 1022 cm™. In order to assign these bands we took into account crystalline boron
compounds.

Crystalline ZnO-2B,0; and Li,0O-2B,0O3;, which consist only of diborate
groups, have Raman peaks at 1050 cm™ and 980 cm™ [10]. On this basis we consider
that the band at 993 cm™ and the shoulder at 1022 cm™ observed in our spectraindicate
the presence of diborate groups in studied glasses. Diborate groups consist of six
membered rings containing two BO, tetrahedra. The line occurring at 993 cm™ could
arise both from diborate groups [10] and from vanadate structures [11]. Because for
high V,0s content, the intensity if the Raman band centered at 993 cm? does not
decrease as the other band assigned to diborate groups (1022 cm'™), we presume that at
993 cm™ are overlap two bands: one typical to diborate groups and the other one
characteristic to vanadate structure.

The bands between 400 and 550 cm™* were assigned by Kamitsos et all [12] to
the symmetric stretching vibration of the isolated BO, units (tetrahedra connecting
various segments without participating in the specific borate arrangements) and anti-
symmetric stretching vibration of such BO, tetrahedra, respectively. Therefore the
band at 407 cm™ and 526 cm™ can be assigned to the symmetric stretching vibrations
of isolated BO, units. The 471 cm™ band is assigned to a ring angle bending (B-O-B)
[13] that is observed at 470 cm™* for pure B,05 [14].

Raman spectra of lithium and calcium borate glasses, which consist of chain
type metaborate groups [13] exhibit a strong peak at 710 cm™. In our spectra (fig. 1)
this band appears at 694 cm™ and indicates the presence of the chain type metaborate
groups.

Even for the Raman spectra obtained for lowest V,0s content the 806 cm? are
not dominant. There are another bands with higher intensities. These bands are
characteristic in mgjority to borate groups containing BO,4 units as we just shown.
Therefore, the addition of avery small amount of V,0s (x = 0.5) leads to the formation
of four coordination boron atoms. The incorporation of BO, units in the ring structure
resultsin aweakening of the B-O bond and as consequence the ring opening.
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Diborate groups, chain type metaborate groups and isolated BO, units are all
evidenced beginning with the lowest vanadium oxide content. The decrease of all
Raman bands intensities determined by the increase of the V,0s content indicates the
diminution of the number of these groups. At very high content of V,0s Raman spectra
indicate the formation of vanadate structure. These facts denote that vanadium oxide in
the binary system V,05-B,0; acts like a glass modifier and only for very high content
of V,0s act as a glass former. The presence of boron oxide, avery strong glass former,
permits to vanadium oxide to act as a glass former only at high concentrations.

IR spectra

IR spectra of xV,0s(1-X)B2O3 glasses with various contents of copper oxide
(0.05 < x < 0.8) are shown in Fig.2. The following bands are present in these spectra:
642 cm’™, 796 cm™, 883 cm™, 1023 cm™, 1195 cm'?, 1384 cm™, 1465 cm™, 1630 cm'”,
2260 cm™, 2360 cm™, 2520 cmi*, 3220 cm™, and 3443 cm'™.

T T i ! T 4 I ' I T T ! I

transmittance(a.u.)

g

M43
3220
[ Y S R R e -
1384 N TN oA -
1195

L S L e e
4000 3500 3000 2500 2000 1500 1000 500

wavenumber/cm

Fig. 2. IR spectra of xV,05(1-x)B,05 glasseswith 0.05<x < 0.8

Samples having up to 0.5 V,Os show a water band at 3220 cm™* and -OH
stretching peaks at 2520 cm, 2360 cm™ and 2260 cm™. These are intense for low
V,0s content as shown in fig 2. According to Borrellie et a. [15] these bands and
peaks are due to the hygroscopic character of the powdered glass samples. Hence, it
can be safely concluded that the samples are quite hygroscopic in nature at low X
content.
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An absorption peak was observed at 1630 cm™. The origin of this peak is not
obvious, but the H-O-H bending mode gives rise to an absorption in this region [16]
and the possibility of some adsorbed water giving rise to this peak cannot be ruled out.

A broad band at around 1450 cm™ as observed in crystalline B,Os is present in
low composition V,0s glasses, but its character changes in samples above 0.5 V,0s.
As aready reported in Na,O-B,0O3 glasses [17] the characteristic >B-O" stretching band
in the B,O; glass network is assigned to a broad band from 1428 cm™ to 1333 cm™
This band appears in our IR spectra, confirming the amorphous nature of studied
glasses.

The low V,0s content glasses show a very sharp absorption peak at 1195 cm'™.
This peak may be attributed to triangular B-O stretching vibrations [16]. This peak
disappears when V05 content increases. The spectra corresponding to x >0.6 present a
band at 1250 cm™ and do not exhibit the 1195 cm™ peak. The disappearance of the
1195 cm™ peak and the progressively appearance of the band centered at 1250 cm™
corresponds to a change from triangular to tetrahedral boron structure when the system
goesto higher V,0s content [16].

An absorption band at 1023 cm™* was observed in al the samples, also at
highest VV,0Os5 content. This peak in attributed to V=0 stretching vibrations [18].

The pesk at 883 cm™ which is observed for low V,Os content disappear for x >
0.5. This disappear might be due to the rupture of boron ring structure when the V,0s
content increases [16]. A broad absorption peak between 740 cm™ and 800 cm™ in
crystaline B,O; and at 825 cm™ in crystalline V,0s is observed [16]. For higher
compositions, this band disappears completely. The absence of this band indicates that
either the structural units of V,0s in V,0s5-B,03 glasses is not the same as that in
crystalineV,Os or the intensity of the peak becomes very weak and could not be detected.

Below 800 cm™ there are several absorption peaks in crystalline B,Os as well
in V.05 [16]. Therefore, we can not assume these bands to particular groups (borate or
vanadate).

For low V.05 content IR spectra revea the presence of triangular and
tetrahedral borate units. At high V,0s content only IR bands corresponding to the
tetrahedral borate units appear, in agreement with Raman conclusions. This indicates a
modification of the structure of studied glasses, determined by the changes of the
vanadium oxide content. Both Raman and IR analyses show the presence of vanadate
groups at high concentration of vanadium oxide. Thus at high V,0s content vanadium
oxide startsto act as aglass former.

4. Conclusions

The vanadium oxide acts in the investigated x V,05(1-x)B,Os glass system as
amodifier and only at very high content as a glass former. A very small V,0s content
determines the break of the regular structure of boroxol groups in B,Os glass and the
formation of diborate groups, chain type metaborate groups and isolated BO, units.
The appearance of diborate groups and isolated BO, units is an indication for the four-
fold coordinated boron atoms presence in the glasses studied. At very high content
vanadium oxide acts as glass former.
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The IR spectra of studied glasses have been qualitatively interpreted in the
range of 4000 cm™ to 500 cm>. The main characteristic is the disappearance of some
bands when V,0s content increases. For low vanadium oxide content, specificaly
borate units with triangular and tetrahedral configuration are present, while for high
V,0s content are present only borate units with tetrahedral configuration. In the same
time, the feature of IR spectrareveal bands characteristic to vanadate structure.

Therefore, we conclude that vanadium oxide acts as network modifier in these
glasses for 0.05 < x < 0.5. For higher concentration, vanadium oxide starts to act as
glass former. In the structure of x V,0s5(1-x)B,Os glasses boroxol rings (at low V,0s
content) chain type metaborate groups, diborate groups and isolated BO, units are
present. For high V.05 content vanadate groups appear, both borate and vanadate glass
network been present in the glasses structure.
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ABSTRACT. Four new complexes of Cu(ll) and Ni(ll) with thgdinds L. (2-N-acetyl-
salicyliden-hydrazino-4-clormethyl thiazole) and (2-N-acetyl-salicyliden-hydrazino-4-
thiazolyl acetic ester) were synthetized and ingettd by IR, ESR and UV-VIS
spectroscopy and by magnetic susceptibility measzemes. A correlation of these data
suggest that the complexes are of the type;(BH;COO)]H,0 and [MLy(CH;COO)]. Ly
and L, act as tridentate ligands and the complexes halist@ted tetrahedral ¢0) local
symmetry around the Cu(ll) and Ni(ll) ions.

1. Introduction

The recent studies on compounds containing thedlgamoiety has raised
special interest due to their importance in diffeéréfe-fields. The pharmacological
activity and the chelating properties of thiazoleridatives were the premises for
obtaining metallic complexes with therapeutic attiwr serving as study models for
metallo-enzymes [1-4].

In the present work, we report the synthesis aagttysico-chemical study of
4 new complexes with possible antibacterial, angal or anti-inflammatory activity.
The new complexes are [M{CH;COO)]H,O and [MLy(CH;COO)],where M = Cu(ll),
Ni(ll), L, = 2-N-acetyl-salicyliden-hydrazino-4-clormethylighole, L, = 2-N-acetyl-
salicyliden-hydrazino-4-thiazolyl acetic ester.

2. Experimental

2.1. Materials and measurements

The ligands were prepared as described in theliter [5]. Metal acetate and
solvents were chemical reagent grade or analygicale.

The elemental chemical analysis of the complexes performed by the
classical method. The Cu(ll) and Ni(ll) ions weretetmined gravimetrically as
Cu(pyR(SCN), and Ni(dmg), where py = pyridine and dmg = dimethylglioxime.

The IR spectra were recorded with a FTIR Nicoles 20d a Specord IR 20
spectrophotometers in the 4000 — 400'@ange, in KBr pellets.

The electronic spectra in the UV-Vis (190-900 nrayion were performed
with a Spectronic Genesys 5 spectrophotometer usifigl (UV) and 10° M (visible)
DMSO solutions.
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The powder ESR spectra of (1) and (2) complexes vodatained at room
temperature in the X band (9.4 GHz) using a stahdBOL-JES-3B equipment.

Magnetic susceptibility measurements of all compsewere recorded using a
horizontal Weiss balance. The values of magnetimeris were determined from the
plot of 1/ versus T values.

2.2. Preparation of complexes

Synthesis of the Cy5H 16N3OSCICu complex : [CuL;(CH3COO)] H,0 (1)

50 ml ethanolic (EtOH) solution of Cu(GBOO)H,0 (0.200 g, 1 mmol) was
added to the solution of 0.309 g of the ligand(L mmol) in 10 ml benzene with
continuous stirring at 60C. After 30 minutes, a dark greenish precipitats feamed.
The solid was isolated by filtration, washed wittimamol and dried until constant
weight (0.216 g complex} = 48 %) (Found: C 39.27%; H 3.00%; N 9.87%; S 7Q1
7.44%; Cu 15.13%; {gH1eN3OsSCICu requires: C 40.07%; H 3.56%; N 9.34%; S
7.12%; Cl 7.09%; Cu 14.13%)

Synthesis of the CygH19N30 SCu complex: [CuL,(CH3;COO)] (2)

8 ml water solution of Cu(C#OO)[H,0 (0.200 g, 1 mmol) was added to the
solution of 0.348 g of £ (1 mmol) in 50 ml acetonate with continuous stigriat room
temperature. After about 10 minutes, a greenishipitate was formed. After stirring
for an hour, the solid was isolated by filtratiovashed with acetone and ethylic ether
and dried until constant weight (0.201 g complexs 43 %) (Found: C 45.13%; H
3.82%; N 9.58%; S 7.87; Cu 14.08%;gd:9N30sSCu requires: C 46.10%; H 4.05%;
N 8.96%:; S 6.83%; Cu 15.55%)

WntheSiSOf the CisH 16N305SCINi Compl eX, [N|L10H3COO] A0 (3)

5 ml ethanolic (EtOH) solution of Ni(G3EO0)[4H,0 (0.250 g, 1 mmol) was
added to the solution of 0.310 g of the ligand(L mmol) in 10 ml benzen with
continuous stirring at room temperature. After aarh a yellow-brown precipitate was
formed. The solid was isolated by filtration aftero hours, washed with benzene,
ethanol and ether and dried until constant wei@t40 g complexn = 42.8 %)
(Found: C 40.95%; H 4.24%; N 10.07%; S 6.78; Cl&1Ri 13.79%; GsH16N30sSCINi
requires: C 40.05%; H 3.60%; N 9.45%; S 7.21%; .G8%:; Ni 13.20%).

Synthesis of the CygH 19N30sSNi complex, [NiL,CH3zCOO] (4)

5 ml ethanolic (EtOH) solution of Ni(GJ€OO0)[4H,0 (0.248 g) was added to
the solution of 0.309 g of the ligand 1 mmol) in 10 ml benzene with continuous
stirring at room temperature. After an hour, anngea precipitate was formed. The
solid was isolated by filtration after two hoursashed with ethanol, benzene and ether
and dried until constant weight (0.265 g complgx 57.2 %).(Found: C 46.81%; H
4.65%; N 9.83%:; S 6.64; Ni 13.10%;48:9N3OsSNi requires: C 46.54%; H 4.09%; N
9.04%; S 6.89%; Ni 12.64%).

3. Results and Discussion

3.1. IR Spectra

Information about the coordination mode of the Qughd Ni(ll) ions to the
ligands was obtained by comparing the IR spectro®fmetallic complexes with the
IR spectra of the corresponding free ligandsihd L, (Table 1) and those of the other
metal complexes [6-9]. The involvement of the OHepdlic group in deprotonated
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form, in coordination to the metallic ions is icatied by the shift of the(OH) andv(CO)
phenolic bands in the IR spectra of complexes coeda the corresponding ligands.

The exocycliccHC=N is another group from the ligands which is rcimated
to the metallic ions. This is sustained by thetstifthe v(CN) exocyclic ands(NN)
hydrazonic groups vibrations.

The thiazolic ring coordinates the metallic certteough its nitrogen atom,
which arises in the lowering of th€CN) thiazole frequency and the increasing of the
v(NN) hydrazonic frequency.

The free acetate ion has characteristic bands&f &¢81* (V.9 and 1425 crit
(vs). The coordination of the acetate to the metadiicis indicated by the complexes
new IR bands.

Tablel
Some IR bands (cm) of the ligands and Cu(ll) and Ni(ll) complexes

Band L, 1 3 L, 2 4
v(OH) phenolic 3450 m 3430w 3420b  3440m 3430 w 3430 b
V(CN) exocyclic 1650 m 1600 s 1600 s 1620 s 1600 s 1610 s
V(CN) thiazol 1610 m 1570 w 1580 w 1600 m 1570 w 1590 s
v(ring) thiazol 1570 w 1560 w 1540 m 1560 w 1550 w 1550 m
v(acetate) - 1430m  1430m - 1430 m 1445 m

1490m 1490 m 1500 s 1495 m
v(CO) phenolic 1295 s 1340 w 1330 w 1300 s 1335 s 1310 s

V(NN) hydrazonic 1010 m 1030 w 1030 m 1020 m 1035 m 1035 m
w — weak, m — medium, s — strong, b — broad

3.2. Electronic spectra

Information about geometry of complexes around Ghgll) and Ni(ll) ions
was obtained from electronic spectra. The assighmokthe bands of the electronic
spectra of 1) — (4) complexes are set out in table 2.

Table2
Electronic spectral data for (1) — (4) complexe®iMSO solutions
M.C.(mol/l) Vinax [6M™] (Emax [| ol @m™))
Complex . Intraligand Charge d-d transitions
uv Vis "
transitions transfer

s s 47619 (6713)
1 28610°  5.2610° 57004 14755 24390 (12132) 17857 (141)

2 4310°  510° 38028 (15744) 23520 (14348) 19083 (145)

38461 (13566)

31545 (9166) 24570 (8466) 18416 (136)

38461 (5063)

4 6310°  300° 34843 (3968) 25974 (4777) 17064 (157)
33222 (3687)

3 310° 4.510°

This data suggest thatl)(— @) complexes have a distorted tetrahedral
geometry around the central metal ion [6, 9-11].
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3.3. ESR Spectra and magnetic susceptibility measur ements

Powder ESR spectrum of the compley, (obtained in the X band at room
temperature, contains a broad signal at g = 2.I068.complex Z) has an axial powder
spectrum, with the,g 2.281 and g= 2.075 parameters. The obtained spectra (Fayelip
agreement with a distorted tetrahedral symmetryaa@INO, chromophore [12, 13]. The
distortion is higher for the compleR)( as arises from the axial character of the spectFor
obtaining information about the possible interangidoetween the copper (ll) ions, the two
complexes were studies by means of magnetic measot® The magnetic susceptibility
data have been corrected by the diamagnetic catidribusing the Pascal constants.

g§=2.103

Fig.1 ESR spectra of the complexeand?2
The magnetic momeniges = 1.74 BM for () and per = 1.94 BM for @)
indicate the presence of monomeric species anthkieeof any interaction between the
Cu(ll) ions from neighboring molecules (Fig.2) 88-15].

800 T T T T 800
700 1 700
Mg =174 1y 600
= 600 6=12 K ] -
g E 500 Meft= 1.94 us
L 500 [ o _
g 3 400 ¢ 6=12K
S wr = 00
T 300 ; : 200 |
| |
200 e 100
e
100 . - . .
s0 100 150 200 250 300 0 50 100 150 200 250 300
T TIK)

Fig.2 Temperature dependence of the inverse of the rtiagsceptibility
for the complexet and2

The magnetic moment obtained for the complekaad4 indicate a distorted
tetrahedral symmetry around the Ni(ll) iopgi = 4.36 BM for @) andpes= 3.71 BM
for (4) (Fig.3) [3,13].
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Fig.3 Temperature dependence of the inverse of the rtiagisceptibility
for the complexe8 and4

4. CONCLUSION

A correlation of the results obtained from chemigaalysis and spectral data
afford the assignment of the most probable stratttormulae. L. and L, act as
tridentate ligands and the complexes have a distotetrahedral geometry. The
proposed structures of the complexes is presentEd)i 4.

OCOCH; * M= Cu(ll) (1,2)
O\I\/I - CH—R Ni(ll) (3,4)
_N—N
e COOGHs (2,4)
cl:o
CHs

Fig.4 Proposed structures of the complexBsH (4)
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SUMMARY. Some extracts of the medicinal pl#@wistolochia Clematitis from Romania
have been investigated by GC-FID and GC/MS to ifeabmpounds responsible for its
therapeutical properties. Three kinds of extragsevinvestigated.

Thetincture was prepared by mixing all parts of the plant §psteams, leaves) with
an 50% alcoholic solution for 30 days. Tihusion was also prepared by mixing all parts
of the plant with hot water for 20 min. These twdraction methods were compared for
extraction of the active therapeutic compound&radtolochia Clematitis.

In parallel, another study was performed to idgntifie distribution and the
concentration of the active compounds in the ra¢sms and leaves of this plant. For this
purpose we have prepared three alcoholic (96 %halicasolution) extracts from each part
of the plant and we have studied them separately.

Introduction

Aristolochia Clematitis, a very toxic herb, member of thistolochiaceae
family, popularly named Marul Lupului, is a rare a@i@nal plant which has a very
long history of medicinal use, though it is littieed by present-day herbalists. It is an
aromatic tonic herb that stimulates the uterusyced inflammation, controls bacterial
infections and promotes healing. The flowering hesfith or without the root, is
abortifacient, antiinflammatory, antispasmodic,pttiaretic, emmenagogue, febrifuge,
oxytonic and stimulant. The plant contains a commleacids so called “aristolochic
acids” which stimulate white blood cell activitydgspeeds the healing wunds if it
is used in correct concentration. Aristolochic a@dactive in a concentration of
1:100000. Externally it is used in the treatmenslofv-healing cuts, eczema, infected
toe and finger nails etc., but internal consumptian cause damage to the kidneys and
uterine bleeding.

The objective of this work is to identify and chetexise the compounds of
therapeutic value extracted frodristolochia Clematitis. The analytical methods
chosen are gas-chromatography (GC-FID) and gasvatography/mass spectrometry
(GC/MS). The methods were applied to charactehedrtfusion and tincture prepared
from this plant and to make a comparison betweeratboholic extracts of the roots,
stems and leaves.
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Experimental
Aristolochia Clematitis plants were harvested ity A001.

Extraction procedure

For the preparation of tincture and infusion we ehaged air dried, crushed
and mixed plants, and for the alcoholic extract¥9élcoholic solution) fresh roots,
steams and leaves. The tincture was prepared bingnall parts of the plant (roots,
steams, leaves) with an 50% alcoholic solution 30rdays. The infusion was also
prepared by mixing all parts of the plant with kater for 20 min, and the alcoholic
extracts by mixing the fresh parts of the planthwat 96% alcoholic solution for 12
days.

Sample preparation for GC-FID and GC/MS

3 ml of tincture were mixed for 5 min with 3 ml tiied water, pH 3, 0.5g
NaCl and 1 ml solvent A (ethyl acetate:hexane:methghloride 5/1/1, viviv). Then
the organic phase was collected and 4 ul weretegeio GC/MS.

6 ml of infusion, pH 3 and 0.5g NaCl were mixed fomin with 1 ml solvent
A and 4 ul of the organic phase were injected inNE&C

3 ml of 96 % alcoholic extracts were mixed for 5nmvith 3 ml distilled
water, pH 3, 0.5g NaCl and 1 ml solvent A. Thendhganic phase was collected and
4 ul were injected in GC-FID.

GC-FID Analysis

GC-FID analysis was performed with a Hewlett Padka€C system 6890 with
FID. Compounds were separated on a 30m x 0.25mnb Hised-silica capillary
column coated with 0.25um film.

The column was maintained at°&Dfor 2 min, then it was programmed at
8°C/min to 250C, then 30C/min to 310C which was maintained for 10 min. Helium
was used as carrier gas with a flow rate of 1ml/amd split ratios 1:20. The injector
and detector temperatures were 250

GC-MS Analysis

GC-MS analysis was performed with a Hewlett Packa@5890 coupled with a
MS engine 5989B in the El mode. Compounds wereratgghon a 30m x 0.25mm HP-
5MS fused-silica capillary column coated with 0.85film. The column was maintained
at 50C for 2 min after injection, then programmed &E8nin to 250C, then 30C/min to
310°C which was maintained for 10 min. Split ratio vias and helium flow rate 1ml/min.
Injector, interface, ion source and quadrupol as®lyemperatures were 280 280C,
200°C, 100C, respectively. The mass spectrometer was operaigdctron-impact (El)
mode; electron energy was 70 eV and electron emis300 pA. Compounds were
identified using the Wiley, NBS and NIST libraryespra.
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Resultsand discussion

Use of GC/MS (Fig.1), enabled identification of tim@st components in both
samples tincture and infusion. The compounds ifledtare listed inTable 1. Some
contaminants in as dibutylphtalate, tR 28.3min wezrglected.

The predominant components of the tincture areetegpcompounds, fatty
acids esters and aristolochic acid derivatives. Midee studied the mass spectra of
compounds no. 33 (M=294), 34 (M=293) and 35 (M=3biss spectra and we have
concluded that these are some aristolochic acidvatares (Fig.2,a,b,c). The
derivatives of the aristolochic acid seem to besg@mné in root and stems of this plant.
The derivatives have the same fragment ions amladhic acid ( Fig. 2,d) as: M-15,
M-31, M-43 in the case of the first two, or M-46the case of the last derivative. m/z
294 seems to be the molecular ion of a derivativagistolochic acid by loosing 0=N-OH
radical. The second derivative has m/z 293, ascuatdeion containing odd number of
nitrogen in the molecule. The third derivative & 355 as molecular ion which
represent m/z 341 (molecular ion of aristolochiicigc+ 14.

a)

I Abundancel TIC: ML1.D

110000 ]
100000
90000 ]
80000 ]
70000 ]
60000 ]
50000 ]
40000

30000 |
20000 ] ML
10000 LJWkWLJuk,MAMJ\Llwlm«¢,~wﬁ_~ui

Time-->5,00 10.00 15.00 20.00 25.00 30.00

Fig. 1. The ion chromatograms obtained by GC/MS anafgsitincture(a) and
infusion (b)
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Tablel
Composition of the tincture and infusion
Tincture Infusion

No. [Compounds tR %MS %MS
1 [|alpha-pinene 6.1 0.89 0.00
2 |camphene 6.4 1.60 0.00
3 [beta-myrcene 6.96 0.44 0.00
4 |limonen 8 1.13 3.03
5 [eucalyptol 8.04 1.44 0.00
6 |camphor 10.3 3.43 0.00
7 |terpinen-4-ol 10.9 0.00 7.62
8 |4-vinyl phenol 11.7 0.00 97.58
9 |bornyl acetate 12.8 2.04 0.00
10 |4-vinyl-2-metoxyphenol 13.3 0.00 13.02
11 |dihydroactinidiolide 16.9 0.00 2.22
12 |caryophyllene oxide 17.6 2.11 0.00
13 |loliolide 20.3 0.00 16.85
14 |benzyl salicylate 215 0.00 4.84
15 |1-octadecanol 22.8 211 0.00
16 |ethyl hexadecanoate 22.8 24.40 0.00
17 |phytol 24.4 7.84 0.00
18 |ethyl linoleate 24.8 8.48 0.00
19 |octadecatrienoic acid, ethyl ester 24.9 31.87 0.00
20 |M=297 29.3 3.18 26.14
21 (M=294 30.9 13.97 57.77
22 [M=293 32.7 8.16 12.97
23 [M=355 33.3 0.00 3.13

tg=the retention time
a)

Scan 1208 (30.889 min): ML1.D (-)
Abundance
294

7000 1
6000
5000 +
4000 -

3000
251
137
147
2000 §

8 125

1000 + 165 195 P
‘ ‘ ‘ 193
Wy Dby o Lzes | zes ||

T
40 60 80 100 120 140 160 180 200 220 240 260 280 300

6.
63‘ 87
111
39
. ‘?’9 ‘\\‘ Ay ‘1‘ ‘\“‘u in ‘“\ ; “\“‘“\‘ ‘\\H‘u | ‘\H‘u “\

1y
m/z--=° LT

381



R. PODEA, M. CULEA, L. FROMONDI
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Fig. 2

The components of the infusion differ from thoserfd in tincture except
aristolochic acid derivatives. The concentratioims %MS) of these derivatives in
infusion and tincture are very closed, maybe tkatviy in traditional medicine are
used both types of extracts with success.

The differences between the compounds that we lawed in the roots,
steams and leaves of Aristolochia Clematitis wéwdied by GC-FID. This study was
performed on the alcoholic extracts of the thregspaf the plant. From this study we
have concluded that the compounds found in the andtsteam are very similar. The
aristolochic acid derivatives are present in botfraets, but in the leaves these
derivatives are in very low concentration.

Conclusion

The analytical methods used, GC/MS and GC-FID aialsde for medicinal
herb organic compounds determination. The sam@pagsation method is rapid and
precise.

There is a difference between the compounds egrtidobm herb by infusion
and tincture but the important thing is that thistatochic acid derivatives are present
in both of them. On the other side the study shitwas their concentration is higher in
the roots and steams. In the leave extracts avidi@ acid derivatives and vitamin F
(polyunsaturated fatty acids) are very low or albesemt. In conclusion terpenic
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compounds, fatty acids, coumarins, alkaloids angedally aristolochic acid
derivatives are responsible for the therapeutiwiacf this plant.
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ABSTRACT. A gas chromatography-mass spectrometric (GC/MShadefor caffeine
levels determination in blood to children sufferiofdifferent forms of liver diseases is
described. Caffeine clearance is a novel approacha$sessing hepatic microsomal
function. 10 pg/mi°N-theophylline has been used as internal standaktewlett Packard
GC/MS engine 5989B in the SIM mode was used eqdipgéh a HP-5 capillary column
30mx 0.25mm diameter, 0,25um film support, in tragerature program: 200-2&0with

a rate of 18C/min. The method was validated in the range 0-Z@licaffeine. A dose of
4mg/kg p.o. was used. Blood caffeine concentraticere measured before dose and timed
intervals at 0, 30 min, 1, 3, 6, 9 and 12 h. Caffeilearance, measured in patients with
cirrhosis and chronic hepatitis, was reduced atlidlitia time was increased in children
with liver disease as compared with control. Therelessed metabolism observed in patients
with various forms of liver disease was correldtethe disease status.

1. INTRODUCTION

Liver function in humans has traditionally relied etatic indices of hepatic
structure, cellular integrity or function and isskd on the release of substances from
damaged tissues. The development of dynamic testedbon the measurement of
substances metabolized or cleared from blood bylittez offers a more precise
guantitative estimation of hepatic functional capadRecently, caffeine, which is a
trimethylxanthine, has been introduced as a modehpound for measuring the
metabolic capacity of the liver and has the adwgmtaf being well tolerated when
administrated orally. Fasting plasma or saliva eiaf concentrations have been
suggested to be a simple guide to the severityhodric liver disease /1,3/. Tests of
screening for the presence of liver disease orflacton of deteriorating hepatic
function must be studied in a serial manner andiroad by many laboratories/4/.
Caffeine clearance, measured as disappearance patbnt compound from the blood
stream or as appearance of the end product of dghaton in breath, was validated as
a dynamic test for assessing hepatic microsomatkitum

The aim of the present investigation was to vaiidatmethod for plasma
caffeine level determination for characterizatidrsome pharmacokinetic parameters
as plasma clearance and half-life time in children.



MONICA CULEA, M. NANULESCU, MIRELA POPA, R. MIHALCA

2. EXPERIMENTAL:

15N—theophy||ine, 74,2 atom %5N, labeled at the nitrogen in the position 7,
synthesized in Institute of Isotopic and Moleculachnology Cluj-Napoca, was used
as internal standard. Solvents were purchased @omchim, Bucuresti, Romania. The
analyses were performed with a quadrupolar massrepeeter HP 5989B couplet with
a gas chromatograph HP 5890 with the following ipetars: electron energy: 70 eV,

electron emission: 300pA and ion source temperatui2®3°C,

A HP-5MS fused silica capillary column, 30mx0.25mi@,25um film-
thickness, was programmed from 2000 270C at 16C/min with helium flow rate
1ml/min. Retention times for caffeine and the intdrstandard were 2.8min and
respectively 3.5 minutes. The molecular massesl®zfor caffeine and m/z 181 for
5N-theophylline were selected in the SIM mode. Figfesents the SIM ion
chromatogram and the mass spectrum of caffeine.

2.1. Extraction procedure

The extraction was performed from by mixing 1.5 ut@s 1ml plasma, 2ml
solvent: chloroform:isopropanol (20:1.v/v), 10ulgternal standard and 0.5g NacCl.
After 3 minutes centrifugation, 3ul of supernatamat analyzed.

2.2. Study population

Concentration measurements were performed in 3pitatized children: 10
controls, 18 with chronic hepatitis and 4 childkeith cirrhosis. A dose of 4 mg/kg of
caffeine intravenous was given. Blood samples vesliected at different hours: 0,
0.5h, 1h, 3h, 6h, 9h, 12h. Written informed consemére obtained from each subject
parent prior to this study.
2.3. Calculation of caffeine levels was made by using the regressiove obtained
from the aliquot samples measured by GC/MS methbde pharmacokinetic
parameters were calculated with the formulas:

Ke|=(InC1-InC2)Dt; t1,2=In2/ke| C|=ke|XVd

where:k, is the elimination constant;;@nd G are the maximum plasma concentration
and minimum plasma concentration of caffeing,i$ the half-live time and ¥is the
distribution volume of 0.6l/kg body weight.

RESULTSAND DISCUSSION

Method validation.In the gas chromatograph-mass spectrometric (GC/MS
assay, m/z 194 and 181 ions were measured in leeteg ion monitoring (SIM)
mode, for caffeine and the internal standard rdspmdg. The regression curve
obtained in GC/MS assay=0.52 x - 0.13 (DI-MS); n=5 r=0.95 in the rang2@ug.
Precision gave R.S.D values lower than 5% for 5idm7) and lower 12% for
3pg/mi(n=7). Accuracy shows values lower than 6%ns8ivity measured at a
signal/noise 4/1 was 0.5pg/ml. Each value was obthias an average between two
measurements of the same sample.

The ion chromatograms in SIM mode for caffeine (1®2) and the internal
standard (m/z 181) are presented in Fig. 1. Theecoddr ion is the basic peak for the
both components as shown in the mass spectrunafi@ime in Fig.1.
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1on194.00 (193700 194.70): MP138D

lon181.00 (180.70t0 181.70): MP138.D

188

58

142 J

165
48 188 168
(M>Caffeine
Fig.1 Caffeine determination by GC/MS SIM mode

550

The mean values of the two pharmacokinetic pararsettudied, Cl and 4,

and cirdsoti Table

presented in Table | for patients with hepatic aése and control., show high
differences especially between control
pharmacokinetic parameter values for the patierits nepatic disease. Fig.2 presents
the high plasma concentration values for caffemgatients in comparison with the
mean value of caffeine concentration obtained mtrod (n=10), as shown in Table Ill.

Il shows the

Tablel
Mean values for half-live time and clearance fantcal and patients
Cirrhosis (n=4) Chronic hepatitis  (n=22) Control (n=10)
tyo(h) Cl(ml min* kg* tyo(h) Cl(ml min* kg*  tyh)  CI(ml min* kg™
mean 0.55 19.11 1.20 6.62 5.13 1.36
SD 0.41 14.90 0.46 2.44 0.85 0.23
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Tablell
Patients pharmacokinetic parameters
Subject Sex Age Body weight Caffeine  Caffeine
(yr) (kg) clearance half-life
(ml/min/kg) (h)
Normal values: M 1.36+0.23 5.23+0.85
P.F. M 13 0.77 9 HEPATITIS
B.V.1 M 7 28 1.58 4.39 HEPATITIS
I.S. M 10 24 1.8 3.84 HEPATITIS
B.V.2 M 11 30.5 0.78 8.87 HEPATITIS
S.V. M 10 315 1.13 6.11 HEPATITIS
D.l. M 8 22 0.97 7.18 HEPATITIS
P.O. M 8 29 0.84 8.23 HEPATITIS
S.R. M 9 39 1.31 5.28 HEPATITIS
R.M. F 6 11 1.45 4.77 CIRRHOSIS
L.R. M 5 16 0.19 35.74 CIRRHOSIS
M.A.m M 7 32.6 0.99 6.98 CIRRHOSIS
S.M. M 3 14 1.79 3.87 HEPATITIS
S.C. M 8 225 1.65 4.21 HEPATITIS
I.F. M 19 1.46 4.75 HEPATITIS
M.F. M 115 0.47 14.62 CIRRHOSIS
B.A. F 0.92 7.53 HEPATITIS
B.C. M 38 0.95 7.31 HEPATITIS
C.M.I M 0.88 7.88 HEPATITIS
C.M.II M 0.60 11.55 HEPATITIS
G.A. M 5 155 2.21 3.13 HEPATITIS
M.A. F 15 47 1.25 5.54 HEPATITIS
T 0.66 10.51 HEPATITIS
Plasma caffeine concentrations (maximum and *—PF
140.00 minimum) —&—MG.
B.V.1
120.00 | LS.
~ 100.00 + —x—B.V.2
g 80.00 | —e—S.V.
E 60.00 + D.l
uq:) X% —=—P.0.
[ 4
8 40.00 ’\ SR
20.00 + ->; RM
0.00 - : ‘ B.R.
1 L.R.
Time interval M.A.
(8-11h) SM.
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Tablelll

Caffeine plasma concentration mean values (maxigodnminimum)
Ca(Lh) Cy(0h)
CONTROL  16.84 5.28
CIRRHOSIS 29.96 15.12
HEPATITIS 37.41 13.43

3. CONCLUSIONS

The method presented is simple, precise and rageful in the analysis of
xantines. Isotopic labelled internal standard wsealds metabolites overlapping. Good
linearity, precision, accuracy and sensitivity idaned in the range 0-20pg/ml of drug.

Significant changes (p<0.01) were observed in gafenetabolism in children
with decompensated cirrhosis. The clearance vaifi@st1+0.56ml mift kg andhalf-
life times of 14.34+14 are changed because ofdédaation in “functioning hepatocyte
mass”. The control values for clearance and hidftime were 1.5+0.46 ang+5+1.8
in literature and our data of 1.36+0.23 apg:5.13+0.85 (n=10).

Patients with noncirrhotic liver disease showed erimediate values
(Cl=1.2£0.46 and;},=6.62+2.44) but higher values of caffeine plasmaceatrations.
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Desferrioxamine B is a hydroxamate iron (lll) cdep of N'-[5-[[4-[[5-
(acetylhydroxyamino)pentylJamino]-1,4-dioxobutyltirgxyamino]pentyl]-N-(5-aminopentyl)-
N-hydroxybutanediamide. It shows promoting andlaatic properties. Its stability is
probably explained by the favorable distributionhgtiroxamate radicals in the iron-
free compound.

Five possible configurations for the Fe complex @resented.

The MO calculations using Hyperchem 5.02 progrdawe gis some relative
information about stability, energies, and georoatparameters for these configurations.

In this order, we focus our attention on centrekatiic ion as well as on the
most stable configuration.

The calculation was developed tin vacuo" conditions using both molecular
mechanics (MM) and semi - empirical (ZINDO/1) as methods, witme restraints
applied on central ion in the first stage of caktioins. The final criterion of RMS
gradient was 0.1 kcal/mol-A and the optimizatiogoathm was the mathematical
Polak-Ribiére method.

In the UHF Calculation we used the sextet staligutation (five is the number
of unpaired electrons). The number of electron234 (118 Alpha Electrons, and
respectively 113 Beta Electrons). The charge orsyis¢em is zero with a number of
total orbitals of 210.

In the last step, the zero point energy of vilorai and normal mode
frequencies of vibration in the ir spectrum werkeglated.

Ferrioxamines A to F have been separated fromumadt of Streptomyces
pilosus soil type by chromatography in the early 60's.riegamine B is the N-[5-[3-
[(5-amino pentyl) hydroxycarbamoyl] propionamidelyl]-3-[[5-(N-hydroxyacetamido)
pentyl] carbamoyl] propionohidroxamic acid and ptsysical and chemical properties
were studied in the last decades together withalttty to form chelates with a number
of transitional metals, especially with iron (Ilrghese complexes already have many
applications in biology and medical fields* > * >

The mechanism formation of Ferrioaxamine B givag fpossible isomers,
I, 11, IV ) of the same compound and literature data inditetethe fourth undergoes
a reaction with iron (Ill) ions to form five possbconfigurations of Desferrioxamine
B complex®:
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3 NHy(CH2)5NHOH + 2 HOOC(CHp)pCOOH + CH3COOH

-5 Hp0 l T +5Hp0

C25H48Ng0g

@, 11, 11, 1V)
| 2HN(CH2)sN——C(CH2)2C —— N (CH2)sNHCO(CH2)2CNH(CH2)sN—— CCH3

13 - ‘ I
oH © ©  on oH ©
Il oHN(CHg)5N —C(CHZ)ZC”: — N(CH2)5NHCO(CH2)2C — N(CH2)5NHCOCH3
13
OH O O oH ©  oH
[l 2HN(CH2)5N— C (CH2)2CONH(CH2)sN — (”:(CH2)2T|: — N(CH2)sNHCOCH3
on © 13 OoH O O  oH
IV 2HN(CH2)5N——C(CH2)2CONH(CH2)5N — C (CH2)2CONH(CH2)5N — C CH3
13 Il 13 1
oH O OH O oy ©

+Fe3+-3H+l T -Fe3+ +3 H+

C25H45NgOgFe

(Va, Vb, Vc, Vd, Ve)
Va Vb

Vc vd
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Ve

In the case of Ferrioxamine B, the MO calculatigaAM1, Polak — Ribiére
Optimizer, RMS Gradient of 0.1 kcal/mol-A) indicateat the most probable structure
that may undergoes a metal complexation\Ms (Heat of Formation of ~ -276.5
kcal/mol). For that compound, the number of atom®lved in sequence complexation
(see below) are 13 — 13:

(+— T|: —(CHa)2 —ﬁ—l‘\l—(CHz)s—N — )

© © H OH

towards a singular "13" atoms distribution for tfiest, second and third
structures. The semiotic 13 — ¥ § compound seems to be the most appropriate for
the isomer&/a — e according to literature dafd

The reaction of Ferrioxamine B with iron (Ill) isnaffords five possible
configurational isomers of Desferrioxamine Ba(— €. The paramagnetic complex
may be estimated by EPR spectroscopy and the sesidgest that the central ion have
five unpaired electrons and an octahedral distidbubf neighboring oxygen atoms.
The total electrical charge of the molecule is 8ro

According to these experimental information angpelChem semi - empirical
rules, we calculated some cuantic properties ofpmamdsVa — e For the initial
geometry optimization, we applied some "Restrairits" the geometry around the
central ion and for the geometry of oxygen andogién atoms. From the log files, the
next table presents some data issued from calonlateps:

Compound Va Vb \e vd Ve
Energies and gradient:

Total Energy (kcal/mol) -261223.25 -261423.93 -261407.15 -261590.64  -261838J7
Total Energy (a.u.) -416.27 -416.59 -416.57 6486 -416.85
Binding Energy (kcal/mol) -23274.95  -23475.63 -23458.84 -23642.34 623.02
Isolated Atomic Energy -237948.30  -237988.3 -237948.30 -237948.30  -237948.3

392



"MOLECULAR ORBITAL CALCULATIONS ON CONFIGURATIONALISOMERS ..."

Compound Va Vb \e vd Ve
(kcal/mol)

Electronic Energy -2128241.72 231683  -2244469.92  -2269682.82298670.1
(kcal/mol)

CoreCore Interaction  1866973.49 2055397.06 1983028.62 2008090.51 203707
(kcal/mol)

Restraint Energies:

Tether Point Stretch Energy (kcal/mol) 19.46 0.00 0.00 0.00 0.00
Bond Stretch Energy (kcal/mol) 0.72 0.00 0.00 oM. 0.0
Bend Energy (kcal/mol) A.7 10.45 34.14 1.73 7.1p
Torsion Energy (kcal/mol) 0.0 0.00 0.00 0.00 0.00
Heat of Formation (kcal/mol) -15449.305615.47 -15622.37  -15773.46 -B633
Gradient (kcal/mol/Ang) 00. 0.1 0.09 0.1 0.1

The Heat of Formation is not parameterized for ZON1 by fitting to
experimentally determined heats (enthalpies) ah&dion for a set of molecules at 298
K (like MINDO/3, MNDO, AM1, and PM3 methods).

The Heat of Formation is calculated for these m#shby subtracting atomic
heats of formation from the binding energy. Resatts reported in the log file for a
calculation. Heat of Formation is the value usuadiported when describing results
and is more useful than the directly calculatedlioig energy).

The values, in our case, are approximately fauesi greater than the usud} H
values (we don't use for MMOptions any "Cutoffs"), and the difference between
experimental and computed Heat of Formation isreded to be ~ 460 kcal/mol. For
theoretical estimations, the most probable isom¥ei

Therefore, if energy binding remains the apprdprizalue to establish the
most probable configurational isoméfgd isomer is the most stable according to our
estimations.

The difference betweevid andVe is low (~ + 3.19 kcal/MOinding energy@nd
- 2.07 kcal/moheat of formation) the both presenting 13-13 long chain atoms irsthecture.

The distances between the two ends of the "13 stbridges” (oxygen
atoms/ions) are 2.85 and 2.99 ¥aj), 3.08 and 3.23 A\b), 3.02 and 3.19 A\{c),
3.09 and 3.19 A\(d), and 3.18 and 3.42 A/¢).

BIBLIOGRAPHY

1. H. Bickel, R. Bosshard al., Helv. Chim. Acta, 432118 (1960)

2. H. Bickel, H. Keberleet al., Helv. Chim. Acta, 461385 (1963)

3. S.P.Young, E. Backet al., J. Haematol., 41357 (1979)

4. C. L. Meyers, C.J. Weisg al., J. Moll. Cell. Cardiol., 17675 (1985)
5. E.A. Preoteasa, G. Schianehial., Rom. J. Phys., 1995

6. H. Bickel, G. E. Halkt al., Helv. Chim. Acta, 432129 (1960)

393



STUDIA UNIVERSITATIS BABES-BOLYAI, PHYSICA, SPECIAL ISSUE, 2001

COLLISIONAL EFFECTSIN INFRARED MULTIPHOTON
DISSOCIATION OF SisFs

VALER TOSA

National Institute for Isotopic amd Molecular Technologies,
Cluj-Napoca, P.O.Box 700, Romania

ABSTRACT. The model of McRae et al is used to investigagedtfiect of laser fluence and
collisions in the dissociation of vibrationally éed S,Fs. The parameters of the model are
obtained and their dependence on laser fluenceismusied. Vibrational energy pooling
mechanism dominates over quenching of vibratioreitaion in homogeneousi¢F¢-S,F¢)
collisions. Heterogeneous collisions betwesrg parent molecule anéiF, as dissociation
product are found to hinder dissociation for lowelafluence and to enhance it, as fluence
increases.

1. Introduction

The dependence of IRMPD on laser fluence and pressucomplex and
difficult to predict. Extracting this dependenceorfr experimental data can be
complicated because, for practical reasons, it @sirdble to have a substantial
fractional decomposition. This usually requiresigé number of pulses, during which
the pressure and composition of the irradiated uméxsignificantly changes with the
target gas disappearing and the products accumglafihe increase of pressure with
the number of pulses must be taken into accounheénstudy of collisional IRMPD
process, as dissociation products may significaaffgct the subsequent excitation
process through their collisions with parent molesuAlthough dissociation products
generally increase vibrational quenching, sometirtiesy can help to overcome
vibrational and rotational bottlenecks. We refguezsally the cases when the reaction
products absorb the infrared radiation, and, besgmibrationally hot, enhance the
dissociation process by vibrational energy pooling.

The multiphoton absorption and dissociation proggssduced by the pulsed
infrared radiation in the; normal mode o8,Fs was investigated by us [1, 2] both as
a potential method for Si isotope separation [4dl @s the most efficient way of
generating thesSiF, long-lived radical [5, 6]. The purpose of the gmeswork is to
examine in more detail than our previous studytii#] effect of laser fluence @i,Fg
dissociation. The change of pressure during muttguradiation experiments as well
as the above mentioned effects which the reactiomdycts may have upon
dissociation process were not taken into accouatiirprevious work. In particular, by
using the method proposed by McRae et al. [3], wkomncentrate on dissociation
processes occurring after the laser pulse, asudt mfsheterogenous and homogenous
collisions. One benefit is that new information cha extracted concerning the
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postpulse dissociation and additional conclusioay tme drawn if the experiment is
stopped for analysis after different number of psls

2. Methods

For MPD measurement we used a stainless steebfc®l cm long with KBr
windows on both ends. A mixture of He and D 6:1 was used for the GQaser.
The temporal profile, measured with a photon-dratector (Hamamatsu), shows a
pulse duration of 100 nsec FWHM with no tail. Fot Qorr of neat S$SFs gas, the
average time between collisions at room temperaiarel.5 us, therefore we
collisionless conditions hold. The fluence was edrfrom 0.1 to 2 J/cfrby putting
various thickness of CaRattenuators before the cell and by using two omif@an

lenses of focal length 40 cm and 20 cm. We alsoitoid the transmitted beam with
a pyroelectric detector so that we could skip inplate laser pulses. After irradiating
with a number of pulses which was varied dependimghe fluence, we measured the
FTIR absorption spectrum (Perkin Elmer 1600 sei€kR, resolution 4 cif). The
amount ofS,Fs remaining in the cell is proportional to the imatgd absorption of the
v; band. The gas contair8F, as an impurity but most of it can be separated by
fractional distillation, so that the concentratmffSF, in S,Fg gas was around 2%.

The method proposed by McRae et al [3] is devotedhe analysis and
guantification of the contributions from differenollisional processes in multipulse
dissociation experiments. The number of parent cubdsNp left in the cell aften

irradiation pulses is given by

n V
N, :Nol:!|:l_t fk(cbk’ak—l’lgk—l) 1)

whereN; is the initial number of molecules in the c&ll, andV¢ are, respectively, the
irradiation and the total cell volumes (for ouranration geometry/, /V¢=0.191), and
f(®,a,p) is the single-pulse decomposition probabilityisTis a function of fluenceb,
and the partial pressures of parent molecudesand of the dissociation producgs,
The target gas partial pressure aft@ulsesa, can be expressed as

—_ Nn
a, = a, 2)
0
and the accumulated partial pressure of the precaftém pulses is

B,=>.S,(a,~a,) 3)

where the sum runs over all dissociation produtte proportionality constants,
depends on the stoichiometry of the dissociati@attien and takes specific values for
each dissociation product. The method takes intowad the variation in the pulse-to-
pulse yield induced by the change of the pressayeand 43, during the time of the
experiment.

It was assumed a power dependencé oh partial pressures given by:
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— i-1j
f(®,a,8)=2 2 (P8 4)
i=1 j=0

where the coefficientsij are associated with Lindenmann-like collision reat.
The sumi+j-1 is inferred to be the number of effective collisdoetweemn molecules
of the target gas arjdnolecules of some buffer gas (in our case dissoaigiroducts).
After i+j-1 collisions, the target gas decomposes. If valuetlnhij coefficients are
positive this indicates that the composition is arted by collision with target or
buffer gas, while negative coefficients would cepend to collisional deactivation. As
pressure is low, we restricted our fit to first erdoefficients, i.ei+j-1= 1 so that Eq.
4 takes on the form:

f(a’ﬁ) =hy +hya + hnz Sy (a,-a,) (5)
p

where the sum runs over all dissociation produéets. a given fluence we fitted the
experimental data\;, vs n) to Eq.(1), by using a computer program writtenusyand
standard minimization subroutines [8]. We startexnf the data corresponding to the
lowest laser fluence with an initial guess of higI:O and use the obtaineh;

parameters for one fluence as initial guess font higher fluence.

3. Resultsand discussions
Theh,, coefficient and thé, 0, quantity are plotted in Fig. 1 as a function of

laser fluence. Both quantities increase steadity Wuence. In particulam, , follows
closely the dependence of the dissociation proitakih fluence (Fig. 4 of ref. [1]). It

sharply increases for low values of fluence theymgotically approaches unity for

fluence values greater than 1.5 J%cm
Theh,, coefficient is responsible for that part of thesdiciation which is only
induced by the infrared radiation:

S,F, 0. S,F,
10 S . . (6)
s,F, O™ gF, + 9F,
where the * superscripts indicate a generalized
. excitation energy distribution due to photon
104 | . . . absorption or collision.
We represented in Fig.1 the dimensionless
g 107 quantityhyoag (see EQ.5) in order to compare it with
h,, coefficient. As one can see from Fig. 1, the
. - contribution  of homogenous collisions to
04l dissociation probability is comparable, for low
‘ fluences, to the contribution of the laser fiekklf.
0 1 2 This is consistent with recent results on,B€I [8]
Laser Fluence (J/cm’) IRMPD. By monitoring the Cfradical density in
the interaction zone, it was found [8] that large

0
on

,_\
o
o
|
L)
L]
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quantities of Ck are formed after the laser pulse, by collisions.fldence increases
the contribution of homogenous collisions to thesdciation saturates (even slowly
decreases) for values of laser fluence greater thakficni, while the collisionless
dissociation probability continues to grow. Thisame that, as fluence increases, more
an more molecules will be dissociated by the las&id, while the fraction of
molecules which are excited and then dissociatesligh homogenous collisions will
saturate.

There are [9] at least three processes which ctenily contribute to thé.,,
coefficient: (a) weakening of the anharmonic bariéect (through rotational hole filling
and overcoming of the vibrational bottleneck vigational-translational and vibrational-
vibrational, V-V’, intermolecular energy transfeespectively), (b) quenching of the
vibrational excitation via vibrational-translatidnenergy transfer, and, (c) vibrational
energy pooling which is a V-V’ transfer between ewniles excited to quasicontinuum:

S,F, +9,F, O -9,F, +SF,
S,F, M - SF, +9F,

*%

Here theS;F¢ is excited to where it can absorb further nonrasty or can
decompose with a unimolecular rate that is fastnndmmpared with deactivation. For
our case, i.e. when there are no collisions duttirgglaser pulse, the process (a) does
not contribute to the value &k, The positive sign of this coefficient indicatéemtt
mechanism (c) is dominant over (b), which meanstti@energy transfer described by
Eq. 7 is very efficient.

The h;, parameters are associated with collisional-endrggsfer between

he ()

*
excited target moleculesS{Fs ) and buffer gases. In our case the dissociation
products areSF, and the radicaliF,, . This latter one easily combines to for&H,),
polymer which usually adheres to the cell walls amddows, forming a whitish film
[4, 6], so thaSF, remains the only collision partner to be considdoe S,Fs.
The negative fi values for low fluences indicate th&t~, collisions with

*

S,Fs  will diminish the dissociation probability throughprocess like:

h,<0 S,Fs +SF, - S,F, +3F, )
For this low laser fluenceSiF, does not 3
absorb energy from laser field (see belov
thus, heterogenous collisions could on 4|
produceS;F¢ vibrational deexcitation.
However, as fluence increases thg,
coefficient continuously increases an
becomes positive. A positive;; has been 2]
also observed in the CBr-CH,F IRMPD
experiments [10] and has been explained 0 ¢
the collisions of the excited parent molecul: ‘
with CH,=CHF dissociation product whict 0 ! , 2
becomes vibrationally hot as a result Laser Fluence (J/cm’)

4 4

h,, (torr™)
L]
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photons absorption. Previous investigations orStke molecule shows that it absorbs
both cw [11] and pulsed [12, 13] laser photons7&.8 cm*. A decomposition reaction
was observed to occur when irradiating ;Sith CO, cw laser in the spectral region
of 974.6 to 982.1 cth The maximum of the multiphoton absorption in sspaic
molecular beam [12] is reported to be around 1028 cand to occur at 979.7 ¢m
only under two frequency irradiation. This suggdbest multiphoton absorption and
dissociation could be induced at this wavelengtbugh combination bands of SiF
Indeed, room temperature gilradiation [13] with pulses of 100 nsec and 97@m

! produces visible luminiscence, and the authorglode that this is a direct proof of
the multiphoton absorption and dissociation as immalecular process. Emission was
observed within the duration of the laser pulseneat pressure as low as 10 mTorr,
but only starting from laser pulses higher tham@D The irradiation geometry was not
fully specified to estimate the fluence but thee#iold in energy to observe the
luminiscence suggests that sizeable absorption lvéllproduced at higher fluence
values. We can therefore assume that, for higtser lluencesSF, will enhance the
S,F; dissociation in a collisional process:

SF,OM_ gF,
h,>0{S,F, +SF, O - S,F, +SF, (9)
S,F, M - SF, +9F,

We conclude that this is the main process resptnéils the increase dfiy;
with laser fluence. It shoud be stressed, howebet, there is another process which
could not be taken into account by the McRae motlet laser diode spectroscopic
studies [6] reported that in IRMPD of tf8&Fs, the SF, radical is produced in the

ground vibrational state whil&F, results vibrationally hot. Postpulse collisions
between hoSF, andS,;F¢ excited by the laser field close to dissociatiooyld give a
contribution to the dissociation. As this is a wige contribution, it is proportional to
the quantity ofSF, produced per pulse, thus, it will be much smatlesn the
contribution given by Eq. 9, which is proportionalthe accumulate8iF, from pulse
to pulse.

In conclusion, by using the model of McRae et §l & studied the importance
of various dissociation processesSyFson the laser fluence. The emerging picture is
that even when apparently dissociation takes placeollisionless conditions, the
collisions play a significant role in enhancing iohibiting dissociation. At low
fluences homogenous collisions play a positive asld enhance dissociation through
vibrational energy pooling while heterogenous s@dinis contribute to vibrational
deactivation of th&,Fg molecules. As fluence increases the contributiolaser field
to dissociation becomes dominant, while homogeramlésions contribution slowly
decreases. An interesting feature is that at highmmce values the dissociation
product,SF, also absorbs IR photons, and, by collisions s, contribute to the
enhancement of the overall dissociation field.
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ELECTRICAL BEHAVIOUR OF F&0O3 - B,O3 - CaO GLASSES

|. ARDELEAN and P. PASCUTA
Faculty of Physics, “Babes-Bolyai” University, 34@uj-Napoca, Romania

ABSTRACT. Electric resistivity measurements have been pegd on xFgs-(100-x)
[3B,0Os[Ca0] glasses with 0 <x 50 mol%.The electrical resistivity and the condliigt
activation energy decreases with theGzecontent. In order to analyze the electrical data,
we have considered in these glasses a polaronielfaodonduction.

1. Introduction

FeO; containing oxide glasses as semiconductive glasags attracted to
investigate their electrical conduction [1-5]. T§tadies extended to vanadium [3, 6-8],
mangan [3, 9] and copper [3, 10] oxide glasses.tiAuand Mott [11] and
Schnakenberg [12] have discussed the conductiarepsan terms of hopping between
ions in two valence states. Mott [13] has propof@dthe electric conductivity an
expression of the form:

o = (I e?R?/KT)r (L-r) [exp2aR) [Exp(W /KT), 1)

where R is the average intersite separation, Imeisittmber of size of TMIs per volume
unit, r is the fraction of sites occupied by anceien;v is the phonon frequency, T is
the absolute temperature, exm(R?) is the tunneling probability, W is the hopping
activation energy. The variation of conductivitythvglass composition is difficult to
interpret since the parameters n, r, R and W vatly the nature, the content of the
TMIs, the preparation conditions [14] and the tha&rtreatments after preparation [15].
In homogeneous glass systems the electrical comdyctan be affected by the
electron tendency to be localized at specific sitdhe glass matrix [13, 16]. Such sites
may arise from a particular type of short-rangeeo@hd have been established to exist
in vanadate glasses from magnetic resonance [1/]rdirared [18] investigations and
in iron-lead-borate glasses from Mdssbauer effat {iL9]. The growth of crystallites
in the glasses can lead to a long-range ordermitig crystallites and to a barrier-layer
polarization at the crystallite-glass interfacemaby, the correlation effect may vary
the conductivity and their activation energy.

The present work reports our results concernirgy dfectric behaviour of
Fe05-B,0;-Ca0 glass system. The studies were made by méasctric resistivity
measurements.

2. Experimental

We have studied xE8;-(100-x)[3B0s[Cal] glasses with 060 mol %
using pure reagent grade;6g, HsBO3, and CaC@ The mixtures, in suitable proportions
corresponding to the desired concentration gfOgewere mechanically homogenized
and melted in sintered corundum crucibles in arctete furnace at 1200 °C. The
molten material was kept at this temperature fornd, then quenched at room
temperature by pouring onto a stainless-steel plate
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The structure of samples was analyzed by means-raly diffraction. The
pattern obtained did not reveal any crystallinesghia the samples up to 50 mol%.

The electrical resistivity measurements were perénl using a Keithley
Electrometer (model 6517) with a technique previpuescribed [4]. The samples
have 0.5-1.2 cfarea and 1-3 mm thickness. For the control ofréseilts we used
current-voltage techniques. The dc |-V characteristas linear. Concerning the
surface polarization no dependence on time wasredden dc resistivity after the
voltage was applied. The thermoelectric power iadid that the current carriers are
electrons.

The glass sample density was determined usingrempietric technique.

3. Results and Discussion

In order to analyze the resistivity data we hawesiered a polaronic model.
Equation (1) has been used for the descriptionlexftiic behavior of xF&3'(100-
X)[3B,05:Ca0] glasses. For this reason the pof(”) versus T is shown in Figure 1.
Figure 2 indicates that the resistivity at 500 Kmases with six orders of magnitude
when the FgO; content increases from 3 to 50 mol %.

. 14 . . . . . . . .
w -x=3mol%
154 O-x=5mol% B
@ -x=10mol%
m -x=20mol%
4 -x=30mol%
A -x=40mol%
O -x=50mol%

104

104 B

Ig [pT(Q M K™ ]

3

T T T T T T T T T T T
0.2 04 0.6 0.8

1000/[K ™| r

Fig 1. Reciprocal temperature dependence of the g 2.Fhe log at 500K dependence of r
log(T™) for xFe&O,[(100-x) [3B,0,[Ca0] glasses for xB@;:(100-x)[3BOs[Cal] glasses

The values of the conductivity activation energy presented in Table 1. One
remarks that the activation energy increases ifF#©; content is descreased. The results
are similar to those found for iron-lead-borate g4H iron-phosphat [1-3] oxide glasses.
This type of behaviour has been attributed todloethat the charge transfer is due hopping
of small polarons between¥end F&" ions [3, 4] for which the intersite separation (&)
lower at high content of BE®s. The values of R and n in Eq. (1) were estimatdgu
density data (Table 1). The existence of botfi Bed F&" ions was evidenced for the
studied glasses by magnetic measurements, fronwlzis evaluated ratio r [20].
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The phonon frequency estimated for the sample xwihmol %, using E%. 1)
and replacing R ~ 4.6 A, ~ 10 cm® [13], W=1.18 eV, r = 0.10,¢g¥ 3.510°° cm"® at
500 K isv ~ 810" s*. On the other hand for the glasses with x = 50 foand
replacing corresponding values R ~ 4 A, W=0.60 m\% 1.9610°* cm® at 500 K the
phonon frequency is ~ 2:10" s*. Considering that is extremely sensitive to the
conduction activation energy, the calculated valaes very close to the lattice
vibration frequency.

In contrast with Hansen's [1] results the restgtinf xFe,03 (100-x)[3B03[Ca0]
glasses does not show the minimum at r = 0.5. & waticed that the resistivity
decreases for 0.18 r < 0.76 (Fig. 2). From this dependence we conclude tie
minimum occurs at r>0.76, but minimum value of rvilas not obtained in
concentration range when our glasses are formedulReobtained by Hansen [1]
represent the behavior of the 55 FeO- 45sFmol %) glass, when the valence state of
the iron was adjusted by adding different amouritslextrose to the batch. These
samples were annealed between 475°C and 500°CerK[ihS] resuming Hansen's
technigue showed that after thermal treatments08fG and 500°C one observes a
finely dispersed crystalline phase in the glaskethis case due the presence of a long-
range order within the crystallites and of a baf@ger polarization at the crystallite-
glass interfaces it is possible that the variatibthe resistivity could be otherwise. The
minimum at r = 0.5 has not been obtained for iradtborate glasses [4] and other
oxide glasses with TMIs [3, 6-10].

Table 1.
Ratio r of F&" ions relative to all iron ions containing in thegses, conduction activation
energy, W, sample density, d and concentratioreSfibns, .

X r W d no-10°t
[mol%Fe0s] [eV] [g/cn?] [cm¥|
3 0.10 1.34 3.78 0.22
5 0.18 1.18 3.98 0.35
10 0.30 1.04 4.17 0.64
20 0.41 0.91 4.46 1.08
30 0.57 0.83 4.61 1.45
40 0.66 0.72 5.02 1.75
50 0.76 0.60 5.43 1.96

In the analysis of these data we have considéradall the available carriers
are “free” and therefore we can take the’’Fimns concentration as the carrier
concentration [21]. In this case, the carriers titybin xFe,03'(100-X)[3B,05[Ca0]
glasses in the concentration range from 5 to 50 ¥idlas been estimated from the
equation:

g=nel (2)

The mobilities are very low, ranging from ¥to 10® cnfv*s* at 500 K and
are in agreement with other results obtained fadeglasses with TMIs [1, 13, 21].

An examination of the semiconduction processe3BsO;[CaO glass matrix
containing iron ions suggests that a polaron misdapplicable.
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4. Conclusions

Electric resistivity measurements performed on,&k€100-x)[3B,03[Ca0]
glasses with 0 < x 50 mol % lead to data depending on theCzecontent. The
presence of the Eeand F&" ions determines the semiconducting behavior o$ehe
glasses. The semiconduction processes occurringlaium-borate glasses containing
iron ions suggest that a polaron model is appleabl
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ABSTRACT. The ball milling of a mixture of Laves phase dmdNis type alloys results in
a Laves phase type structures with XRD patternacieistic to nanostruntured materials.
The transformation leads also to changes in theolggd desorption isotherms and
improves the discharge capacity of the hydridetrelde.

1. Introduction

Nanocrystalline structure induced by mechanicadyallg may improve the
properties of hydrogen storage alloys. Ball millingolves heavy deformation of the
powder and induces high concentration of straindefdcts: favourable characteristics
for activation and hydrogen absorption/desorptioretics [1-5]. The current tendency
in materials design strategies of hydrogen storaimys is toward nanocrystalline,
disordered and mesostructured materials [6] in rotdleachieve high electrochemical
activity via a strict control of interfacial propes. The mechanical alloying process
has recently emerged as a novel technique for pioguanostructured alloy powders
which interesting electrochemical properties [7dlvAnced nanocrystalline of C15 type
structure obtained by complete crystallisation dltrspun alloys show also high
performance as metal hydride electrodes [8].

2. Experimental
The ABs and AB; type alloys were prepared by arc melting the corepts

under pure argon atmosphere.

The mixture of AB:AB; alloys (about 2 g) was ball milled with a vibromil
under argon, in a stainless steel reactor withrd el ball of 11 g.

The hydrogen desorption isotherms were measuredSievert type aparatus
at room temperature and the electrochemical chdiggtarge cycles were performed
as described elsewhere [9].

3. Resaultsand discussion
3.1 Structural characteristics

A mixture of ZggTig.4V1Mng 3Cr aNi1 33 and MmN aMng 7 (Mm = mischmetall)
in the mole ratio 2:1, ball milled 145h show the XRattern reported in Fig. 1. The ball
milling results in line broadening and decreasintgrisity typical [4] for decrease in
crystallite size and an increase of internal stegira result of mechanical deformation and
fracture. The remaining lines are characteristih&C15 and C14 Laves phase structures
while the lines of the ABtype structure allmost disapear after ball milliids interesting
to note that by arc melting the same mixture ofyall pure C15 type structure was obtained.
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Fig. 1. The X ray diffraction profiles for the dtiag alloys and their ball milled mixture
Hydrogen desor ption isotherms

The desorption isotherms for the starting alloy8{And AB;) and the ball
milled mixture are reported comparatively in Fig. 2
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Fig. 2. Hydrogen desorption isotherms af@0
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The effect of ball milling is a slight diminutionf ahe overall amount of
adsorbed hydrogen together with an increase oédodibrium desorption pressure in
the high pressure range. This could be due bothhéo formation of the Mm-
substitution mixture Laves C15 and C14 structum tarthe ball milling induced strain
and deformations.

The arc melted mixture of the same compositionh waure C15 as mentioned
above, showed, surprisingly, very low hydrogen gtton (0.39 % H).

3.2 The behaviour ashydride electrodes

The behaviour of the alloys as hydride electrodesh&ir capacities during
charge-discharge cycling is reported in Fig. 3.

The comparison shows clearly the ball milled sangiges not behave like an
average weighted mixture of the starting alloys, fst degradation with cycling of the
ABs disappears. The electrode is fully activated aftercycles. After 95 cycles the
electrode was sandwiched between two NiOOH elees@hd assembled in a sealed
cell under 10 bar FHpressure. The discharge capacity increases, nggallateau at about
350 mAh/g, obviously because the materials veitbping plateaux in the desorption

400
= 3504 . P . h/-
2 l o
< aus
£, . .
Q.
@) ’\.‘.. ./
% *I—-—II.L'I.“"".\' °
o
5 \n‘ | |
09"3 ) \A\A e Zro.6T|_o.4V1Mno.37cro.3N'1.33
& 100 S —4— MmNi, Mn,
B ] 4-a_, —=— AB_AB, (2:1 moles)
0 507 ball milled 145 h
O+——7—7T— T T 7T T T T T T T T T T

0 20 40 60 80 100 120 140 160 180 200 220 240 260

n cycles

Fig. 3. Cycle life curves for the hydride electre@e 160 mA/g discharge current at
20°C in 6N KOH.

isotherms doe require higher pressures to reacfulheharging with hydrogen. It has
been shown [10] that good algorithm which accodatsthe experimental discharge
capacity is the amount of hydrogen desorbed irrdhge 10-0.1 bar +at 20°C. For
406
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the ball milled sample Fig. 2 shows that this antois 0.97 weight per cent H,
corresponding to 260 mAh/g. The much higher capachtained experimentally
shows that the ball milling method is very effeetiin increasing the discharge
capacity. Such in increase has been also repastetid nanostructured alloys [8].

Conclusions

The ball milling of a mixture of Laves phase A®ith an AB; (LaNis type
structure) in 2:1 mole ratio results in a Laves gghalloy with the XRD pattern
characteristic to C15 and C14 type structures. Tihe broadening suggests a
nanostructured material.

The overall composition ABs; explains the decreasing of the amount of
absorbed hydrogen and the increasing equilibriurdrdnen pressure due to the
increasing B:A ratio.

The ball milling has a beneficial effect on theattiarge capacity as hydride
electrode and deserves the research in this directi
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ABSTRACT. The photopyroelectric calorimetry, in the froohfiguration, was applied in
order to measure the thermal effusivity of sonwdftuffs. The front configuration with
thermally thick sensor and sample, and opticalope sensor, was used for analysing the
thermal properties of some fats. The informatiors whtained via a frequency scan of the
phase of the pyroelectric signal. The main advastad this configuration on the other two
front schemes proposed before are: (i) one hatonase very thin foils or expensive
semitransparent sensors; (i) the information r#aiaed in the phase of the signal (and not
in the amplitude - as usual) which is not dependerthe power fluctuations of the radiation
source.

INTRODUCTION

In the photopyroelectric (PPE) technique, the terafure variation of a
sample exposed to a modulated radiation is measutbd pyroelectric sensor. In the
last few years the method has been applied forstigeting various optical and
thermal properties of the materials. There weretpally two detection configurations
proposed for PPE calorimetry - the standard (baok)inverse (front) one, respectively
[1, 2] — and all the four static (specific heat)dadynamic (thermal diffusivity,
conductivity and effusivity) thermal parameters che measured by combining
different particular cases [3].

Concerning the front configuration, until now, ewere proposed two
detection schemes: the front configuration withrittedly thin and optically opaque
sensor, and with thermally thick and optically seamisparent sensor [4, 5]. In both
cases, the sample must be thermally thick, andirtfegmation (the value of the
thermal effusivity) is contained in the amplitudietioe PPE signal. We want to stress
on the fact that the main advantage of the frontfigaration (compared with the
standard one) is the elimination of all optical lgems (especially transparency)
connected with the sample. This is why the configian is very recommended when
measuring the thermal properties of "non-classisaitiples, as foodstuffs.

Unfortunately, sometimes it is not easy to handdey thin PVDF foils or
expensive semitransparent sensors. On the othat, hiais well known that the
amplitude of the PPE signal is very dependent enpibwer fluctuations of the laser
and on the quality of the incident surface.
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In this paper we applied a PPE front configurasoheme with thermally thick
and optically opaque sensor for measuring the thkeetffusivity of some (semi)liquid
foodstuffs using the information coming from theaph of the PPE signal.

THEORY

Mandelis and Zver [6] and Chirtoc and Mihailes@li demonstrated that the
general formula of the complex PPE signal is amaily exact, but it contains too
many parameters, and it is often difficult to hand when analysing results of
ordinary experiments. Consequently, a lot of waoaik been devoted to simplifying this
formula in order to obtain expressions in which #meplitude and/or the phase of the
signal depends on one or, in a simple manner, orthermal parameters [3].

For the purposes of this paper, we consider thwlsi situation when the
detection cell is composed by a sensor situated gaemi)liquid sample, and the
medium in front of the sensor (where the radiaisocoming from) is air.

If the detector works in a current mode, and thiessate is thermally thick,
one gets the following expression for the PPE diffija

V() = Volbap + 1)_1(9Xp(0p|—p) + Ryexp(oplp) — (1+Ryp) (expOplp) - ReRseXP(OplLp)) )
where \§ is a factor depending on the pyroelectric coedfitiof the sensor, the flux of
the incident radiation, the thicknessp)and the volume specific heat of the sensor.

0= (1+) /u; p=(a/mf) )

where j = ( -1)Y2 p is the thermal diffusion length, f is the modubatichopping

frequency , andi is the thermal diffusivity, related to the othketmal parameters, the
volume specific heat C, thermal conductivity k, dnermal effusivity e, by:

k=Ca; e=(Ck" (3)
Rij = (bj —1)(ly + 1) (4)
R; represents the reflection coefficient of the thalnmaves between two media, where

bij = Q/q.
The symbols a, p, and s refer to the front mediaim), (pyroelectric sensor and
sample, respectively.
If we consider the pyroelectric sensor thermalick too, than we can
approximate in Eq. 1 exp @2L,) -0, and we get:
V(f) = Vo(bap+ 1) ™ (1 - (1+Rp) (exp(apLp)) ©)
The phase of the signal defined by Eq.(5) is:
tan® = (((1+Ry) (exp(-Ly/kp))sin(Ly/ip))( 1 - (1+Ry) (exp(aply) cos(ly/iy) ™ (6)
where from,
Rsp=tg @)/[sin(Ly / kp)exp(-Ly / Hp) + tg@) cos(Ly / Hp) exp(-Lp / Wp)] - 1 (7)
409
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An inspection of Eq.(7) leads to the conclusiont,tiime can obtain, in this
configuration, the room temperature value of thernfal effusivity of the sample,
performing only a frequency scan for the phaséefRPE signal.

EXPERIMENT

The experimental set-up was a classical one, avda# largely described
elsewhere [3]. We will give here only some details

The radiation source was a Spectra-Physics Atgmer (type 177602, =
5.40 um), and the radiation was modulated by an (Intraiolsc AOM40 model)
acousto-optical modulator. A 7260 EG&G lock-in aifigrl was used for data processing,
and a PC for data acquisitions. During the measeingsnthe signal to noise ratio was
better than 1000. The frequency step was 0.5 He.pyhoelectric sensor was a p20
thick LiTaGs single crystal in good thermal contact with a 5 think sample.

The measurements were normalised to the data ebtarih the empty sensor
(both sample and front medium are air), in ordelitoinate the influence of the electronics.

RESULTS

A typical plot of Rsp as a function of frequenéy; a margarine is presented
in Fig.1.

100
Mazola Margarin with 60 % fat
Rsp=-0.79
50
o 04 n n_" L L am M
[%) | ] | | n | |
14
-50]
Q04——r—r—7————7—— 77—
2 4 6 8 10 12 14 16
Frequency (Hz)

Fig. 1. The frequency behaviour of the reflectiosfticient of the thermal waves at the interface
sensor/sample for a margarine sample.
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In table 1, the values of the thermal effusivibtained for some Brazilian fats are

listed.
TABLE 1.
The room temperature values of the thermal efftysior
some Brazlian oils and margarines.
MEASURED THERMAL LITERATURE
SAMPLE EFFUSIVITY DATA
(Ws"m?K) (Ws"4m?K)

WATER 1593 1600
BORAGE OIL 985

REFINED BORAGE OIL 986
MAZOLA MARGARINE 526

MILA MARGARINE 583

Fig. 2 contains the frequency behaviour of the rtimed amplitude and phase for
a butter sample. The measurements were performettheosame sample in identical
experimental conditions, at about 1 hour time w@krThe purpose of this figure is to
compare the reproducibility of the results obtaibgdhe amplitude and phase of the PPE
signal.

1,020 —————————1—

-
ws] A e
O

! AALA AA
O ﬁﬂﬁﬂ ara AN A A L4

Normalized Amplitude
(‘Bap) aseyd pazifewioN

Frequency (Hz)

Fig. 2. The frequency dependence of the amplituatethe phase of the PPE signal
for the same sample of butter at 1 hour time iratlerv
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CONCLUDING REMARKS

The front (inverse) PPE configuration , with opagensor and thermally thick
sensor and sample, was used to measure the theffosVity of some fats.

There are three main advantages of this configuratompared with the
previously reported inverse configurations (witlertihally thin and optically opaque
sensor, and thermally thick and semitransparerssin

(i) a rigid opaque and thick sensor is easieredéndle than a thin PVDF foil,
and it is cheaper than a semitransparent sensor;

(ii) the information (the value of the thermal wedivity) is contained in the
phase of the PPE signal and not in the amplitudasaslly happens in the inverse
configurations, so, the accuracy and reprodugibdftthe measurement is much better,
as revealed by Fig. 2,

(iii) all the components of the detection cell #énermally thick, leading to a
very easy selection of the chopping frequency range

Additionally, as mentioned before, the liquid fateffs are very suitable
samples for this type of investigations.
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ABSTRACT. Conducting polymers like polypyrrole are very preimj materials for
uptake the metal ions from solution. Polypyrrolern® of the most frequently investigated.
This is owing to its ease of preparation relativbigh stability compared to other
conducting polymer and the ready commercial avilitlabf many of its derivatives.

The electroactive polypyrrole used in this studg baen synthesized in the form of
nanocomposites using ultra fine Sigarticles, through chemical oxidative polymerizati
of pyrrole in the presence of FgCThe rates of metals uptake from acidic solut®n i
indicated by the decrease of the metal concentraiigolution, which was determined by
atomic absorbtion spectroscopy. The effects ofdtaction of metals from acid solution by
PPy-SiQnanocomposites are also investigated using UV-YE8mtion spectroscopy.

Our results demonstrate that this simple procechuéd be successfully applied for the
treatment of industry wastewater containing megakiof need to be extracted or their
concentration lowered, before the effluents cadifeharge into the environment.

INTRODUCTION

Polypyrrole (PPY) is one of the extensively ingated conducting polymers
that have potential application in many domains.Ibne of the most stable known
conducting polymers ansd aslo one of the easiestrithesize.

Recently PPy have been synthesized in the formasfocomposites using
ultra-fine SiQ particles. [2,3] This materials have been potéotianercial application.

[4]
The precipitating conducting polymer coats theoticles and "glues" them
together.

0 o 0 (1) oxidant-FeG

OOo 0O 0 O (2) pyrrole

0O 0O 0 OO
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The reaction of pyrrole with Fegiks considered follows:

+
[/ \3 + 2.33n FeCh {ﬂ + 0.33 cF] + 2.33nFeCh + 2nHC
N
H n

N
H

From this reaction one chlorine atom accept onetrele from three pyrrole
monomer units to became a doping anion.

In this paper we describe the use of these méteiga gold uptake. Our
interest in these materials stems from the fact thay possess a surface area
substantially higher than that estimated from theigle size [4] and hence could aid
the process of gold uptake.

EXPERIMENTAL

1.Synthesis of nhanocomposites

Reactions at room temperature were carried odiblesvs: a colloidal silica
solution was added to a deionized water a FaGlution, followed by pyrrole. The
polymerization was allowed to proceed for 24 h. Tésulting reaction solution was
centrifuged at 6000 rpp for 30 min, and the sup@mtacontaining the excess silica
solution and inorganic byproducts was decanted disdarded. The black sediment
was then redispersed in deionized water. This ifegétion — redispersion cycle was
repeated three times in order to remove excessaggregated silica and soluble (in)
organic byproducts.

2. Uptake of gold from solution

The gold uptake experiments were conducted usiragnge of PPy/gold mole
ratios. The volume of nanoparticles suspension éddethe chloride solution was
calculated from the Py/gold concentration. Aftee thanoparticles were added to the
solution, under constant stirring, samples of tbluton were removed at regular
intervals for the determination of the gold concatibn using atomic absorption
spectroscopy.

RESULTSAND DISCUSSION

The synthesis of PPy-Sj@vas monitored by FTIR spectrometry (fig. 1)

The effects of the reduction of gold from acid sl by PPy-SiQ
nanocomposites were also investigated using UValsorption spectroscopy (Fig.2).
The absorbance was monitored at 314 nm for goloricld. The estimation of the gold
concentration from UV-VIS spectra is not posibleda the shift of the characteristic
absorption band of gold chloride. The shift of th&d is attributed to the pH decrease

(Fig 3).
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Fig.1. FT-IR spectra of PPy-Siynhesized by Fegl
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Fig.2 The evidence of gold concentration Fig.3. The pH decrease in the gold chloride
decrease in the solution containing solution during the metal uptake by PPy-SiO
PPy-SiQ nanocomposites

The rates of gold uptake from acidic solution BRy-SiQ indicated by the
decrease of the gold concentration was determigedddmic absorption spectroscopy.
This decrease is present in Fig. 4. The conceatrati gold ions in solution decreased
by about 50 % within the first 15-min.
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Fig. 4. The decrease of the gold concentration deternfizetomic absorption spectroscopy

CONCLUSION

The PPy-Si@Q nanocomposites posses a high surface area faromeac
The rate of gold uptake from chloroauric acid byyf30, highly depends on
nanocomposites concentration.

The surface Au/PPySiOratio can be higher or lower than the bulk value
depending on the reaction condition.

The results show that the electroactive polypgrelSiQ nanocomposites
represents a potentially useful material for recpwé precious metal.
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ABSTRACT. The present work refers to the preparation and characterisation of calcium
carbonate and calcium oxide precursors for the manufacture of high qudity cacium hydroxide
for dentistry use. Calcium carbonate precursors were prepared from high purity calcium chloride
and ammonium carbonate as precipitating agents, by using the smultaneous reagent addition
technique. The as-obtained precipitates were maturated, washed and dried and finally converted
into CaO-precursors. Chemicd and thermal andlyss, FTIR and UV-Vis spectroscopy were used
to characterise both CaCO; and CaO precursors. The influence of some synthesis conditions on
CaCOzand CaO precursor quality wasillustrated.

Key words: calcium carbonate, calcium hydroxide, calcium oxide, dental compositions

1. INTRODUCTION

High quality calcium hydroxide is largely used in dental compositions . The
present work refers to the preparation and characterisation of CaCOs- and CaO-
precursors for the manufacture of calcium hydroxide for dentistry use.

High purity cacium carbonate is usudly prepared either by treating Ca(OH),
solutions or suspensions with CO, or by adding ammonium carbonate to cacium
containing solutions, by the sequential reagent addition technique*®. Our studies have in
view the precipitation of CaCOs; precursor by using the simultaneous reagent addition
technique The as-obtained CaCOs-precipitates (precursors # 1) is converted into CaO
(precursors# 2) and findly into calcium hydroxide-sample for dental compositions.

In order to establish the correlation between the synthesis parameters and the
quality of precursors that can generate Ca(OH), product for dentistry use, the
intermediates quality is evaluated by thermal analysis and FTIR spectroscopy. In this
manner, the influence of synthesis conditions on precursors quality isto beillustrated.

2. EXPERIMENTAL PART

Equal volumes of 1 mol/l solutions of high purity calcium chloride and
ammonium carbonate were simultaneously added with constant flow rate (peristaltic
pump) into water or 0.1 mol/I CaCl, solution. The process developed under continuous
stirring, at 20 °C or 70° C and the medium acidity was continuously checked with pH
sensors. The precipitates were one hour maturated, filtered, well washed and dried at
110°C to give the CaCOs- precursors. These ones were put into un-covered quartz
crucibles and were fired at high temperature. After the firing period was over, the CaO
containing crucibles were quickly cooled at room temperature, by using P,Os+ KOH
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filled dryers. By adding small amounts of water, CaO-precursors were converted into
high quality (h.q.) Ca(OH), samples. In this purpose, special designed device provided
with nitrogen atmosphere and stirrer was used.

Precursors characterisation was performed by Atomic Absorbtion Spectroscopy,
chemical analysis (EDTA-Natitration), thermal analysis (Paulik Erdely Derivatograph-
MOM OD -102) and infrared spectroscopy (JASCO 610 -FTIR Spectrophotometer).

3. RESULTS AND DISCUSSION

Five CaCOs-precursors were prepared by the smultaneous addition of equa
quantities of calcium chloride and ammonium carbonate solutions into a bottom solution
containing cacium chloride. In addition, one precursor (CC-0) was aso prepared by CO,
(9) and NH3 (g) smultaneous bubbling into the calcium chloride solution. The general
preparation conditions and precursor codification areindicated in table 1.

The as-prepared calcium carbonate samples i.e. precursors # 1 were converted
into calcium oxide samplesi.e. precursors # 2 and successively into calcium hydroxide
products. The main chemical processes are described by equations (1) + (3):

e precipitation stage:
CaC|2 + 2NH4HCO3 0 - CaC03 + 2NH4CI + COZ + Hzo (1)

»  decomposition stage:
CaCO; O - Ca0 + CO; AWineor = 43,97% %)

e "hydration" stage
CaO +H,0 0 - Ca(OH), +Q ©)

Depending on precipitation conditions ( medium pH and temperature, reagent
ratio, bottom solution composition), some other by-products could be formed beside
CaCQO:s.

Supposing that Ca(OH), or Ca(HCOs), are aso formed during the precipitation
stage, the thermal decomposition could proceed as follows:

CaCO; . xCa(OH), O - (1+x)Ca0 + CO, + xH,0 Aw < 43,97% (4)
CaCO; . yCa(HCOs), O - (1+y)Ca0 + (2y+1)CO, + yH,O  Aw > 43,97% 5
Table 1.
The main preparation conditions and the as -obtained precursor codes
CaCQO3 — Precursor # 1 CaO — Precursor # 2
Precipitation / maturation conditions
Code Bottom bH Thermal regime (°C) n Firing Code
solution Precipitation | Maturation (%) regime
CC-0 | CaCl, (1M) - 20 20 78.8 1000 °C CO-0
CC-1 | CaCl, (0.AM) | 7.77 20 20 80.6 1000 °C CO-1
pH=6.75
CC-2 | CaCl, (0.1M) | 7.65 20 100 72.0 1000 °C CO-2
pH=6.75
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CaCO3z — Precursor # 1 CaO — Precursor # 2
Precipitation / maturation conditions

Code Bottom pH Thermal regime (°C) n Firing Code
solution Precipitation | Maturation (%) regime

CC-3 | CaCl, (0.1M) | 6.00 75 100 81.0 1000 °C CO-3
pH=8.5

CC-4 | CaCl, (0.1M) | 6.57 75 100 922 1000 °C CO-4
pH=8.5

CC-5 H,O 7.30 75 100 79.5 1000 °C CO-5
pH=5.75

Obs. Precipitation of CC-4 and CC-5 was performed with 25% NH,HCO; in excess.

AAS- methodonfirmed that CaCOs- and CaO-precursors contain under 10 %
Fe, Cu and Pb. In these condition, h.qg. Ca(OH), could be generated during the hydration
stage. The calcium salt conversion into CaCO; and CaO, evauated by chemical
analysisvaries between 72.0 % (CC-2 precursor) and 92.2% (CC-4 precursor).
The thermal analysigdata (table 2) indicate that, in our work conditions, three
CaCO; precursor categories were obtained i.e.:
e CC-0 precursor is characterised by arelative high decomposition temperature (965
°C) and aweight loss (Aw) slightly higher then the theoretical value;
e CC-1, CC-2 and CC-3 precursors are characterised by strong endothermic effects
at 950 - 960 °C and Aw<Awiheor; Ca(OH), traces are probable contained.
* CC-4 and CC-5 precursors are characterised by a relatively low decomposition
temperature (920-935°C) and Aw>AWier, thus suggesting Ca(HCO3), traces, additional
decomposition stage could be observed at 440+-460 °C (HCO3; decomposition).

Table 2.
Thermal analysis data for various CaCOs-precursors types.
Weight loss Thermal effect
Code Temperature | T max Aw Temperature | T max | Effect nature
domain (°C) c) (%) domain (C) (°c)
CC-0 745-1000 955 44,28 805 - 965 endothermic
CC-1 640-960 940 43,92 850 - 950 endothermic
CC-2 605-980 950 43,71 860 - 960 endothermic
CC-3 650-980 940 43,71 855 - 950 endothermic
CC-4 380-520 440 1,16 800 - 920 endothermic
650-950 920 43,33
CC-5 420-520 460 1,16 820 - 935 endothermic
650-940 910 43,33

Infrared spectroscopyillustrate the difference between various precursor
characteritics such as CaO-sensitivity to atmospheric H,O and CO, (figure 1 and 2) or
aragonite/ calcite ratio into the CaCOs-precursors (figure 3 and 4).

The main absorbtlon band of CaCOs-precursors are stuated at 3640 cm*
(absorbed H,0), ~2510 cm™ (HCO3); 1458, 1422.7, 876 and 712.5 cm™ (CO,). Thermal
decomposition gives relatively "clean” CaO-products, CO-3 sample is relatively more
sensitive to both atmospheric H,O and CO..
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Figure 1. FT-IR spectra of precursors CC-0 calcium carbonate (O ) and
CO-0 calcium oxide (----).
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Figure 2. FT-IR spectra of precursors CC-3 calcium carbonate (O ) and
CO-3 cacium oxide (---).
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Figure 3. FT-IR spectra of calcium carbonate precursor CC-3 (O ) and CC-1 (---) samples
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Figure 4. FT-IR spectra of calcium carbonate precursors CC-4 (00 ) and CC-5 (---) samples

The width of the CO; specific absorbtion band (~1485 cm™) depends on
thermal precipitation regime. One presumes that the structura disorder degree of
precursors is responsible for the shape of the CO3; band of the carbonate samples. It is
well known that the aragonite structure show two bands at 1492 and 1504 cm ™ whereas
calcite modification show only one band at 1429 + 1492 cm™. As a result, the aragonite-
rich samples (prepared in warm solution and with ammonium carbonate surplus) show
larger COs- bands then the calcite-rich ones (obtained in cold solution).

The lowest aragonite content seems to be in the CC-0 sample whereas the
highest one appearsin CC-4 and CC-5. This relatively higher structural disorder could
be the cause of the relative low decomposition temperature (see table 2). By comparing
the results, one can conclude that CaCOs precipitate prepared at 75/100 °C, in calcium
chloride bottom solution with a medium pH of 6.57, is the most convenient precursor
for the conversion sequence CaCO3; —» CaO - Ca(OH), for dentistry purposes.
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ABSTRACT. Solid-state one-dimensional proton magnetizatixchange is used to
investigate intergroup residual dipolar couplingsis-1,4-polybutadiene and poly(styrene-
co-butadiene). A three spin model is employed, liictwthe CH — and CH- group are
considered to be coupled by residual dipolar iot&nas.

1. Introduction

Crosslinking of technical elastomers is of cruciaiportance for the
mechanical properties of rubber products. Fromvileg/point of NMR, crosslinked
elastomers exhibit both solid- and liquid-like f&ss. The presence of topological
constrains and permanent crosslinks in these mlgdeads to a non-zero average of
anisotropic spin interactions, such as dipole-dipobuplings. In this work one uses
solid-state NMR magnetization exchange for investigy intergroup residual dipolar
couplings in cis-1,4-polybutadiene and poly(styrenebutadiene) (SBR 1500)

elastomers.

2. Spin-system model

Fig.1.The CH-CH, spin system

The model which will be considered in the
following to describe the proton magnetization-
exchange in cis-1,4-polybutadiene and SBR 1500
is based on the following assumptions and
properties of the polymer chain:

i) SBR 1500 is a copolymer with 23.5% styrene
units and 76.5% butadiene units distributed in a
random sequence [1]. The majority of functional
groups & = CH,, b = CH) are arranged in a pair
sequencaabbaa.... This pair sequence is present
also in cis-1,4-polybutadiene. The alternating
sequenceabab... is less frequent. The relevant
spin system is depicted in Figure la.

i) Chemical crosslinks lead to restrictions of the
chain motions and hence to a non-zero average of
the dipolar interactions between the protons of
the CH — and CH — group along the chain.
Depending on the degree of motional averaging,
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these residual dipolar interactions may be scadeduite small values. They reflect
single-chain properties because the fast molecmlations of the polymer chains
effectively average the interchain dipolar intei@ct [2]. The validity of these

assumptions was proven by a 2D magnetization-exgharperiment performed with
a short mixing time [3].

iii) Fast anisotropic molecular motions lead totjadlly narrowed static proton
spectra. At room temperature, two lines are resbimehe static proton spectrum (for
cis-1,4-polybutadiene and SBR 1500). One line apwads to the CH-groups and the
other to the Ckt groups.

iv) The dipolar couplings between two neighboringd @roups or two
neighboring CH groups, respectively, are not relevant with respeeneasurements of
the magnetization-exchange dynamics at short mitimegs [4,5].

In conclusion, the measurable exchange of longialdbroton magnetization
predominantly takes place between the protons peigrto nearest-neighbor CH- and
CHx— groups. The spin system that has to be consideretbscribing this process thus
is a three-spin system in which the two stronglyped protons of the Cigroup
interact with the remote proton of CH-group. Atden mixing times, however, a much
larger spin system along the polimer chain mustdresidered.

3. Magnetization-exchange observables
In the rotating-frame representation the Hamiltanif@r a static sample

(characterized by the three spin system model ibestbefore) is:

—CH,  —CH-CH
H=HM+HM™ +Ha +Ho (1)

The chemical-shift anisotropy and heteronuclearptings are neglected. Thus the
Zeeman Hamiltonians are:

HzCH =-Awcy |, HSHZ =-AWcy, F, (2

where Aw; = (We+0; ) —w, fori = CH or CH. The spin operator for the proton of

the CH—group is denoted Ihyand the spin — pair represented by the methyleviems
can be replaced by a quasi-particle with spin Fand o total spin operatér=1; + 1.
The intra- and intergroup residual dipolar Hamiigos may be expressed in secular

approximations as [6]:
—CHz —CH; —CH-CH, _ — CH-CH,

Ha =d  Yy(Q) T2 Ha Od Yoo ()T " (3)
whered’ (j = CH,, CH-CH,) denote the strengths of the residual dipolar loogg The
spherical harmonic¥, Q) depend on the azimuthal angle between the Iteahcsector

R and the direction of the magnetic fieBlo . sz,o are irreducible tensor-operators. The

distance between the functional groups is fluatgatiue to local conformational jumps.
Therefore, the CH-CHdipolar coupling of the protons is approximatedtbg dipolar
coupling between the CH-proton and an effective dpinucleus located at an average

distancer cu-cH, (cf. Fig.1b).
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In the 1D-version of the magnetization-exchangeeggent, the separation of the
NMR lines enables one to apply a chemical-shifil7] in order to select the longitudinal
magnetization of either CH-— or GHgroup. The sequence starts with an evolutiorogeri
that acts as a chemical-shift filter by an appedprichoice of the rf-irradiation frequency
and the duration.t The remaining transverse magnetization afteséoend 90pulse and
the excited multiple-quantum coherences are remérezd the aquired signal by phase
cycling ant the application of a short gradienspubf durationgt where § < t,, (cf. Fig.2).
As an example, the selection of the CH signal ¢i®+1,4-polybutadiene) is shown in Fig.3.
After a mixing time of t=15ms magnetization exchange is complete and thesighal is
fully recovered at the expense of the CH intensity.

The CH — or CH- group is selected by the conditions:

CH: A(UCH :O, AwCHz t1:TI/2 pCH (t1)=alz (4)
CHz:  Awch, =0, AWcuty =T/2 pomgy= a<cos(\FDCH2 tl] > F, ©
2

Wherepi (ty) (i = CH, CH) are the density operators at the beginning ofntiténg

period, a is the prefactor of the density operator of thdreguilibrium in the high-
2 —CH»

=d "Y,0(Q). The symbol
<> represents the statistical ensemble average [Thefspace part of the dipolar

—CH
field/high temperature approximation,D

coupling in the disordered elastomer.

9 o Loy
AQ
ty tm ti t, tmp
G, 15 10 5 0 -5
> [ppm]
ty timp
Fig.2. Basic scheme for magnetic-exchange  Fig.3. Proton spectra of cis-1,4-polybutadiene
spectroscopy recorded in D magnetization-exchange
experiments

The NMR observables of the 1D magnetization-exgbhaaxperiment with
chemical-shift filter are:
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<<|2(tm)>> _ <Tr{|zpCH (tm+t1)}>; <<Fz(tm)>>= <Tr{FZpCH2(tm+tl)}> (©)

Tr{l.e™ (t)} Tr{F.p% (t,) }
which, in the limit of short mixing tim€3<BCH2> - 6)tm << 1 transforms to:

) = - 2[5 Yt (rea) = 1357 ) i @

—CH-CH —CH-CH
where D ‘=d °Y,(Q) . In this short mixing time, the initial decay rate
depend only on the intergroup residual dipolar d¢iogp The longitudinal
magnetization transfer from CH to Gi4 twice as fast as that from ¢kd CH.

4. Experimental results

The investigated elastomers systems are basecisalad-polybutadiene and
SBR 1500 synthetic rubbers. The NMR experimentwperformed at 3H frequnecy
of 300 MHz on a Bruker MSL spectrometer using dalde temperature probe.
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Fig4. Theinitial decay of proton magnetization Fig.5. Theinitial decay of proton magnetization
for cis-1,4-polybutadiene for SBR 1500

The decay of the longitudinal magnetization Mftormalized to the value M
that corresponds to zero mixing time, is recordedshort mixing times using the CH
chemical-shift filter. According to Eq.(7), the nmagization-exchange dynamics
should show an initial quadratic dependence, 0 his dependence indeed is found in
the experiments and is shown in Fig.4 (cis-1,44polgdine) and Fig.5 (SBR 1500).
The solid-like behavior of the magnetization deday valid for mixing times

. -1
t, <<(3<D°H2> - 5) . This expression can be estimate using data edpiospectrum

426



RESIDUAL DIPOLAR COUPLINGS IN CROSSLINKED ELASTOMER...

(the line width at half-intensity and the distarficem lines). A deviation from thé?

dependence is expected for mixing timgs> 500us (for cis-1,4-polybutadiene) and
tm > 400ps (for SBR 1500). This deviation is confirmed bpersiments (Figs. 4 and 5).
Defining the efective dipolar coupling constant

[ ch-cn, |2 \ V2
as DSt E<(D 2) > , this can be

0.0

-0.14

-0.24

evaluate from the initial magnetization
decays in the 1D exchange experiments.

The measuremnets ofDg "2 versus

-0.34

-0.44

In (D)

054

temperature (for cis-1,4-polybutadiene) is

presented in Fig.6. In the investigated tem-
perature range 245-285 K, the temperature
dependence can be in a good approximation

-0.64

-0.74

1000/ T [K'] fitted with an exponential function. Finally
based on a gaussian distribution [8] of
Fig.6. polymer chains whe®S' 20 N [7],

one can readily extract the temperature
dependence of the crosslink density, N.
5. Conclusions
In this work it was shown that proton NMR magneima exchange
experimets are very well suited to probe smallrgr@up rezidual dipolar couplings in
elastomers. For the investigated systems it wasodstarted that in the short mixing-
time limit the measurable exchange of longitudipr@iton magnetization predominantly
takes place between the protons belonging to neaegghbor CH— and CH groups.
Within this regime the residual dipolar couplinggdehence the cross link density in
cis-1,4-polybutadiene and poly(styrene-co-butadiemere accurately determined. At
longer mixing times, however, a much larger spistam along the polymer chain must
be considered.
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The nonconventional microwave power sample prejperas a well-known
method. Our purpose is to use the microwave fisllildution to perform probe extraction
using nontoxic polar solvents. This is a new teghai because in the classical
microwave samples preparation nonpolar solventst wicthem toxic, are used.

This paper presents our studies on extractions fnammral samples by the
microwave power-assisted method, in polar and nlangolvents.

1. PRINCIPLESOF THE MICROWAVESEXTRACTION PROCESS

The microwave extraction is based on the selegtioit the microwaves
absorption in materials. The key of this selegpivét the permittivity loss (or the loss
tangent) of the materials irradiated by microwavidg interaction microwaves-matter
is characterized by the relative dielectric periwitit :

e =g-&  j=(1)"? tgh) =€/ € @
where:

- € is the relative permittivity of the material amdpresents the amount of
microwave energy cumulated in the material by dipobrientations (or dipole
structures orientations);

- €' is the permittivity loss and represents the mi@we energy lost in
different conductive processes or by the dipolbsations;

- tg(®) is the loss tangent;

The expression of the microwave power absorbeukimbity volume of the material is:

P.=we, € tgd E? or R,=21fg, " E® in (W/n?) )

where: &,= 8.856 10 F/m; E - internal electric field (in the material), pragional
with the incident microwave power; f - microwaveeduency;w - microwave

pulsation.
If we assume that all the absorbed microwave pasvéransformed in heat,
the raising rate of the material temperature is:

(AT/ 3t) = (we, € tgd Es?)/pev ©)

where ATis the temperature rise in ti& time, pis the density of the material, in
Kg/m?, and c is the specific heat of the material/Kg3C.
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If a mixture of different materials is irradiatedth microwave power, the
microwave absorption and the local rise of tempeeatvould be selective for the
different values of the permittivity of the consénts. This is an important fact in the
microwave extraction process. Usually, the naforabe, from which we intend to extract
one component, is immersed in a nonpolar solveitrgmave loss-less). By microwave
irradiation, the temperature rising rate of thauratprobe is bigger then that of the solvent
(usually by one or two magnitude orders) and therahtissues (vegetal or animal) are
broken up. The different temperatures between ribieepand the solvent determine a local
convection, which favorises the transport of theagonent (esther, volatile oil, organic oll,
etc.), in the solvent [1,2,3].

2. USING THE MICROWAVE FIELD DISTRIBUTIONSTO STIMULATE
THE CONVECTION IN THE EXTRACTION PROCESS

Most of the nonpolar solvents used in the classitedowave samples preparation
are toxic (one of the usual solvent is the hexart@k is an inconvenient for the alimentary
use of the end product, even after multiple stégigilations. This is one of the reasons of
the present research.

The common alimentary solvents are polar (wateohal) with high microwaves
loss. The use of these solvents destroy the localection in the process of extraction. One
way to restore the convection is to use the micvesaparticular distribution in the
extraction cell. It is well known that in the migrave cavities the microwave field has a
specific distribution of the power with local maxims. These microwave distributions
imply local maximums distribution of temperature @nhomogenous material and local
convection processes.

In our experiments we used a coaxial cavity. Igu@ 1 is presented the
microwave field pattern [4] in the longitudinal p&of the cavity for the following cases:
(1) empty coaxial cavity, (2) coaxial cavity witleflon vessel, vessel filed with (3) ethanol,
(4) 3% acetic acid, (5) water. The figure presat#s the schematic microwave circuit used
in the extraction experiments .

4 5

[

thermographic detector

FIG.1

coaxial-waveguide
adaptor

]

+——— microwaves
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3. EXTRACTION STUDIES

The extraction studies were done gelargonium zonale green leaves using
eight solvents, five of them polar (distilled watethanol, 3% acetic acid, isopropylic
alcohol, acetone) and three nonpolar (hexane, benpetroleum ether).

Our purpose was to establish the optimal microvexdeaction parameters and
to compare the results with the classical methodxtfaction by studying the optical
absorption spectra of the extraction compounds. Therowave treatment cell
configuration for a six cells arrangement is présénn Figure 2. In this experiment a
coaxial cavity with eight Teflon cells of 1ml eaetas used.The 0.025g of probe
(rectangular shape) and 1ml of solvent were pwtach Teflon cell. The microwave
treatment parameters are:

- microwave power: 80W at 2.45 GHz;

- exposure time: 10 min in sequences of 5s ON po#¢ks OFF power.

A photo of the probes after microwave irradiatismpiesented in fig.3.

FIG.2 Coaxial cavity with six Teflon
cells; 1- coaxial line, 2- thermographi
detector; 3 - Teflon cell; 4- coaxia
cavity;

Fig.3 Pelargonium zonale leaves after extraction in: 1- ethanol, 2- 3% iacatid, 3-n-hexane,
4- acetone, 5- isopropylic alcohol, 6- benzeneistileéd water, 8- petroleum ether.
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The UV-VIS spectrophotometric analyses evidentidte presence of

chlorophyll (460nm) andnenthol (275nm)in the extraction compound.
Figures 4 and 5 present the chlorophyll and memtkiohction in various solvents

from samples oPdargonium green leaves after different treatments.The coorefipg
periods of maceration arg115 min and 7= 10s.

Chlarephyll cxtraciion
(h=d20 nm: d=18 mm)

PROBE: Falfangomin oreer e res

=
s
g
% PR
RN
PR

b
FIG.4 Chlorophyll extraction in various solvents from samplesRdlargonium green leaves
after different treatments (from right to lefff:1) after a maceration time TVMW+T1)
after a microwave-assisted treatment, followed byaaeration time TI{MW+T2)
after a microwave-assisted treatment, followed byaaeration time T2<T1.

Manthal zxtrastion
A=275 nm: d=18mm)

PROEBE: Felargor o gree i fea res

£
Apparton )

FIG.5 Menthal extraction in various solvents from samplesRefargoniumgreen leaves, after differ-
ent treatments (from right to lefff1) after a maceration time TAVW+ T1) after a microwave-assisted
treatment, followed by a maceration time MY\ T2) after a microwave-assisted treatment, followed
by a maceration time T2<T(Reference 10% menthol solution) reference sample of 10% menthol
solution in ethanol.
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The effect of the microwave irradiation is enhancka ethanol. No
chlorophyll is extracted in distilled water and 2%etic acid.

4. CONCLUSIONS

Our experiments prove that the microwave extrastiaifer better or
comparable efficiences of extraction at shortecamparable periods of time, if the
proper solvent is chosed for a specific product.fRenthol extraction, the microwave
method offers a better efficiency for all solvensed. Particularly, the good efficiency
of 3% acetic acid extraction of menthol represtrgsachievement of our initial purpose.

From this experiments it is not possible to compawkar-nonpolar solvents
extraction in the microwave technique.

Also, in order to establish a microwave-assistddaeiion technology, further
work is necessary.
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The microwave power applications are very attractiecause of the energy
saving rate (2 to 100 comparatively with classipabcesses). The microwave
technologies are very elaborate and specific tantitare of the treated materials. One
of the most important facts in the elaborationhaf technology is the microwave field
distribution in the reaction chamber.

This paper presents three categories of applicationd the specific microwave
field distributions studies: the microwave poweragtdtions, the microwave field
distributions in the cavities of microwave plasnmengrators and microwave cavities
for chemical applications and samples preparation.

1. INTRODUCTION

To achieve the microwave power field distributicinsages we used one
micr owave termographic transducer, Romanian patent [1](fig.1). This transducer is
a composite of three materials :

- dielectric support(1b),

- thermographic substancéla) and

- microwave absorbesubstance (1c).

One of the transducer structure looks like a tiim fvhite paper .To obtain
the images of the microwave power field distribntithe transducer is introduced in
the microwave lines (circuits or cavities) and xp@sed to the microwave a time of 5
to 120 seconds, depending on the value of the entigower. The images are black
and white colour and are very easy to interpret)fi

e 1a qp 1¢  1a 1b

\ /|

V)

VA
T

Eoo)"cuooo'lou | DDIIIDOOOIPD see

--J..-.I.- el s P s |5 Wb
& o0 Gk o e eew & e Do
fig.1.a fig.1.b fig.1l.c

FIG.1
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2. THEORY

For microwaves power applications it is desirabl&now the field pattern in
microwave cavity (with or without probe), or in (on surface of) dielectric material
placed in microwave cavity. For this purpose, thegmaphy is a convenient
measurement method because there is no need foba fm measure the E-field, and
entire cross-section of the cavity / microwave diner surface of the dielectric
material, can be observed simultaneously by thereffgict of microwave power.
Thermographic method used an microwave absorbeturaixon sheet form, which
temperature rise according to (1) and make coladifications in absorber mixture, in
IR or visible [1,2,3].

® AT @80 Kafyy 6 Fi (500) E{d
e Py C

where :

AT/At is temperature rate rising;

w = 2rtf, f- microwave frequency;

Ej - microwave E field in "i" point ;

Kj - coupling coefficient for "i" point and;F filling factor;

grj - absorber mixture relative permittivity in poitit and €o - free space
permittivity;

mj,c are absorber material characteristics, respagtilocal mass and specific
heat;

In figure 2 is presented the theoretical (fig.2ap a&xperimental (fig.2.b)

microwaves field distribution in one TM104 rectafagucavity. The images of the
figures 2b correspond at different exposure times.
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t= 10s (d)

FIG. 2b

3. APPLICATIONS

The following pictures present the microwave podistributions in different
applications. All this distributions are obtaineding the thermographic transducer.
The image of fig.3 is used to adapt one coaxialaveguide transition. In figure 4 is
the image of the microwave distributions in oneirgical cavity middle coupled to
one waveguide.
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L ' '\ «— microwaves
FIG.3
4]
T3
1
= L

FIG.4

The notation in the fig.3 and 4 are : 1-thermogiepP-dielectric support; 3-
waveguide; 4-ceramic window; 5-coaxial line; 6-ingtical cavity.

The figure 5 present one microwave plasma genecatofiguration and the
images of the microwave thermographic transducer tfe microwave power
distribution characterisation. The "A,B,C,D,E,F,G jages represent the microwave
power field distributions in the coaxial exciter,BAC,D,E) and in the TM100 cavity
(F,G,H). The “E” image represent the adaptationasibn between coaxial eciter and
cylindrical cavity. The position of the thermographransducer in the microwave
circuit is indicated with dash line.
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FIG.5

4. CONCLUSION

The microwave distribution images are the mostadrgnt instruments in
elaboration of the microwaves power nonconventideahnologies. Our method is
low cost, easy to use and simple to interpret.

The bronze medal acquired atThe Invention Saloon of Geneva 200tepresent
the international appreciation of the microwavetegraphic transducer [4].
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ABSTRACT. Under UV or cathode ray excitation, europiumvatéd yttrium oxide
phosphor shows bright characteristic red lumineseeMOs: Eu phosphor is especially
used in the manufacture of coloured fluorescenptaamd plasma display panels. Phosphor
utilisation depends both on powder characterisaosl luminescent properties and
sensitivity to various excitation radiation. Theppa reveals the correlation between
photoluminescence (PL) and cathodoluminescence (&@btperties and the synthesis
conditions. Polycrystalline phosphor samples weepared by thermal synthesis at 1100-
1400C, from homogeneous mixtures containing yttriumdexi(host lattice), E®;
(activator source) and alkaline earth salts (fluR). spectra and CL defectoscopy
measurements put in evidence the influence of thiesgmthesis conditions on europium
incorporation degree into the yttrium oxide hottde.

Key words: phosphors, luminescent materials, yttrium oxiee, emitting material

1. INTRODUCTION

Under UV or cathode ray excitation, europium atgdayttrium oxide phosphor
shows bright characteristic red luminescence andddoe used in the manufacture of
coloured fluorescent lamps, cathode ray tubes &sia display panéls

Usually, Y>O3: Eu phosphor synthesis is performed by ceramicnigeies i.e.
the direct firing of oxide mixtures* The phosphor manufacture could proceed also by
the firing of some precursors that were previoyslgpared by sol-gel methbor
homogeneous precipitatian

Y,03:Eu phosphor utilisation depends both on powderatharistics and
luminescent properties and sensitivity to variox§tation radiation. Photoluminescence
and cathodoluminescence properties as well as rmesphctural characteristics
strongly depend on phosphor synthesis conditféhFhis paper is the first in a series
referring to Y%0s;: Eu synthesis by both ceramic techniques and hemegus
precipitation route and is aiming at illustratingetcorrelation between PL and CL
characteristics and the synthesis conditions.

2. EXPERIMENTAL PART

Polycrystalline phosphor samples were preparedhleyntal synthesis from
homogeneous mixtures containing yttrium oxide (p&rck) as host lattice, EQ;
(Merck) as activator source and luminescent graaébBand borax as flux. Phosphors
were fired for 2 hrs, in air (un-closed system)1#00-1400C; the as-prepared material
was washed, dried and sieved.
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Phosphor samples were characterised by emissiomaitation spectra that
were performed with 204 Perkin Elmer Spectrofluaten. The registration conditions
were as follows: emission spectra were registereu360 nm excitation (S=4x1/10)
whereas the excitation spectra were registeredhi®r618 nm emission (S=3x1/10);
excitation: Amax =;. Y203: Eu phosphor sample produced by KEMIRA-Finland was
used as standard. Phosphor powders were examgtelyaColour Cathodoluminescence-
Scanning Electronic Microscopy method (CCL_SEM)using a special CCL-SEM
attachment.

3. RESULTSAND DISCUSSION

Phosphor synthesis was performed by ceramic tasbniy firing homogeneous
and well defined mixtures of yttrium oxides, eurgpi oxide and barium chloride or
borax. Phosphor synthesis conditions and some eir theneral properties are
presented in table 1. The phosphor formation cbaldescribed by the equation #1

firing stage
(1-X)Y 203+ XEu,03 o000 - Y 2.2 EU2O3 1)
flux

Under UV excitation, europium activated yttrium @&iphosphor shows bright
characteristic red luminescence. The most impboeanission and excitation bands of
some samples are revealed by their photoluminescgpextra (fig.1-3).

Our experimental technique permitted us to obstredollowing Eu-emission
bands: ~ 460 nm band, in the blue part of thetspm¢ and 589, 611 and 650 nm
bands, in the red spectral domain. The main peakitipo and its relative intensity
(Imax are shown in table 1.

Excitation spectra shows that the 611 nm emissardbs well excited in the
UV-Vis domain. The main excitation bands are digpbat 267; 317; 366; 397; 416;
472 and 537 nm.

Eu-specific luminescence (the red domain bandshareesult of some, — F,
electronic transitions inside the activator ionegh ones generating many narrow
emission bands into the emission spectrum. Theicteposition and relative intensity
depend on the activator incorporation degree (AH) the Y,O3 host lattice and this
one is strongly influenced by the flux presence.4f).

Table 1.
General properties of some phosphor samples prpas@rious conditions.
Code Phosphor Synthesis conditions PL PL characteristics
formula Europium| Flux Firing colour|  Amax I max
(mol %) temperature (nm) (%)
L1 | YigeFEl.010s 1.0 - 1306C pink | 608.4 47.0
L2 | YigorEWoss 3.0 - 1306C  [reddisH 610.0 54.8
L3 | YiosEU 003 5.0 - 1308C  [reddish 611.7 64.6
L4 Y 1 9o Uy 07803 7.5 - 1306C red 611.7 66.2
L5 | YigeEU.010s 1.0 BaC}| 1300C [reddish 610.6 55.3
(2%)
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Code Phosphor Synthesis conditions PL PL characteristi
formula Europium| Flux Firing colour|  Amax | max
(mol %) temperature (hm) (%)
L6 Y 1.97EW.033 3.0 BaC} 1300C red 610.0 68.0
(2%)
L7 | YigsEUooDs 5.0 BaCj| 1300C red 610.6 725
(2%)
L8 | YiexFloorOs 7.5 BaCj| 1300C red 610.6 96.2
(2%)
L9 Y 1.95EU0.0:05 5.0 - 1106c pink 608.4 47.9
L10 | Yi195EUp 003 5.0 BaC} 1100C pink 609.5 50.4
(2%)
L11 | YiesFElos 5.0 - 1408C red 610.6 67.9
L12 | YiesFElooOs 5.0 BaC}| 1400C red 610.6 96.9
(2%)
L19 | YigoFEUy o703 7.5 BaC) 1300C red 610.6 106.0
(5%)
L20 | Y192FUp 0703 7.5 Borax] 1300C red 611.7 146.5
(5%)
STANDARD - - - RED 610.6 100.0
emission
1000 4 - — — excitation
900 -
) 8001 460.5 nm
@ 7004
> |
D 600 - ,|
o ] .
E 500 — : . ,\
5 4001 | |l - e 610.6 nm
0 | I \ [
g 300-_ X l‘ ;o D
S 004 /N 1 ! \ I 650.0 nm
1 \\ I / \\ [
100—_// \/' NI -/ -, \_v
0 T T T T T T T T T T T 1
250 300 350 400 450 500 550 600 650 700

wavelength (nm)

Figure 1. Emission and excitation spectra of L12y3das
[5 mol% Eu; 2% BaGl1400C]
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Figure 2 .Emission spectra of somgO¥: Eu samples: L8 [7.5 mol % Eu; 2% BgCIL19
[7.5 mol % Eu; 5% BaG] and L20 [7.5 mol % Eu; 5% Borax]
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Figure 3. Excitation spectra of somgO¢: Eu samples: L8 [7.5 mol % Eu; 2% BaCl
L19 [7.5 mol % Eu; 5% Baglland L20 [7.5 mol % Eu; 5% Bordx
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Figure 4. Dependence of the Eu- emission bandgsitjeon flux nature and concentration -
phosphor samples L20; L19; L8 and L4 Y,Os:Eu (7.5 mol %)

The preparation conditions i.e. quality of thethastice generating material,
activator amount, mineralising agent nature andceotration, thermal synthesis
conditions and conditioning regime determines\b®;:Eu sample characteristics.

The activator incorporation degree (AID) depends pgirosphor synthesis
conditions. The specific emission band of L1-L2@npkes is disposed between 608.4
and 611.7 nm whereas the relative emission intemaity from 47.9 % to 146.5 %.

Colour Cathodoluminescence - Scanning Electronicrd&icopy images are
very illustrative for the specific luminescenceatol of the %Os: Eu powders. CCL-SEM
photos illustrate the effect of firing temperatorethe chromatic hue of powder surfaces.
One observes that the higher the temperature, the saturated the red colour.

The preparation conditions i.e. quality of the hiagtice generating material,
activator amount, mineralising agent nature andearnation, thermal synthesis conditions
and conditioning regime determines thg€O¥:Eu sample characteristics.

PL spectra and CL defectoscopy measurements midence the influence of
thermal synthesis conditions on Eu- incorporatiegree into the yttrium oxide host lattice.

One can conclude that:

The presence of mineralising agent as well as igh firing temperature
facilitate the formation of the cubic,¥; - EwO; solid solution and consequently an
efficient activator distribution. The highest AlRems to be attained at 13Q0in the
presence of 5% borax. The very high PL brightndsth® sample is due to its very
high excitability, especially in the ~ 398 band.eToptimal activator concentration is
de 7.5 mol%.
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In order to obtain high AID and consequently e#fiti Y-Os:Eu samples, flux
nature and concentration, firing temperature ary@or amount have to be carefully
chosen.
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ABSTRACT. Human erythrocytes were exposed to magnetic fibkl intensity domain
being 0.59-0.62T, and the Nafflux was measured. It was found that the loadifg
erythrocytes with sodium (Narythrocyte) was higher in exposing cells thacontrols.

The rate constant K of Nafflux by passive diffusion mechanism increasedbgut
60% and by Na K™ pump mechanism decreased with about 50%.

Key words: Na' efflux, passive diffusion, NaK* pump, ion transport, erythrocytes,
and magnetic field.

INTRODUCTION

The efflux of natrium ions through human erythr@cgiembranes is known to
occur through the following mechanism: a). passifiision along its electrochemical
gradient and b). active transport by the I§d ATPase pump.

The present work is concerned with ‘N&ansport through erythrocyte
membranes under the influence of magnetic field.

The values of the magnetic fields in offices anchbs reach no more than 0.3
KT, while along the telephone wires and high tensietworks they go up to 4%T.

The values of these magnetic fields tend to ineréasthe neighborhood of
plants using electric power engines or hating dledystems. For example in steel
industrialization production magnetic field of 8-#0' may occur.

Considering the data above we have come to stuelpehavior of the human
erythrocyte membrane concerning the permeabilityoo and water in a magnetic
field larger than the terrestrial one.

We have done research about the influence of tmengaradiation of the
electric and magnetic field upon the movement 6f Nia” and the rate exchange of the
water through the human erythrocyte membranes /1-13

MATERIALSAND METHODS

The human blood in citrate was collected from apiafeealthy subjects.
Human erythrocytes were exposed to magnetic ftblkel intensity domain being 0.59-
0.62T, and the Naefflux was measured.

The measurement in vitro of Nafflux by the passive diffusion and N&K*
pump mechanism was performed using the techniq&enith et. al. [14].

We adapted it to the investigation of drug effemtisthe Na efflux through
human erythrocyte membranes and thééflux alterations in various disease [15-19].
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The erythrocytes are washed in a solution (75mM Mg85mM mannitol,
10mm TRIS, pH 7.4 at®4C) with 5 times the erythrocyte volume. An approately
50% suspension of the final erythrocyte pelletrespared in the same solution and the
hematocrit was measured.

The two efflux media have a pH of 7.4 af & and an osmolality of 290-305
mOs: (1) 75mM MgCG, 85mM mannitol, 10mM TRIS, 1mM ouabain and 1mM
glucose; (2) 72mM MgG] 83mM mannitol, 10mM TRIS, 10mM KCI and 1mM
glucose. One mililliter of the erythrocyte suspensis added to 5ml of each of the
efflux media. Duplicate tubes of each solution em@moved at t=0.5 and 15 min. The
suspension are immediately centrifuged at 400@nnet/for 5 min. and the supernatants
removed and stored in capped tubes until theddacentration is measured by atomic
absorption spectrophotometry. The Neflux via passive diffusion is represented by
the efflux into solution (1), while Neefflux via Na- K* pump is the difference in the
Na" efflux into the two media.

The N4 efflux rate constant K=Naeux / Naenythrocye Was calculated, where
Na'esux IS the NA efflux measured in MMOMlthrocyrd h and Néerythmcyterepresents the
Na" concentration of the erythrocytes measured in MeRhocyte

RESULTS

Human erythrocytes were exposed to magnetic figld, intensity domain
being 0.59-0.62T, and the Nafflux was measured. These has been performed an
average of about two experiments for every exposore in a magnetic fields. There
haven't been performed experiments with exposuameger than 20 hours considering
the dangers for the erythrocytes to hemolysis.

It was found that the loading of erythrocytes wihdium was higher in
exposing cells than in controls (tab. 1).

Tablel
The average measurement of thé Méraerythrocytar concentration after its exposure
in an intense magnetic field.

Nr. |[Timeof| Na Na’ Na® +
exp. | exp. [mme(r))lan:;:ty,ﬁ [mmecr)ylt/rI]:ycty:,‘j 4 [m%y(t)l?;?:;fh.] M* 100
controls magnetic field Na" eryth. control
[%]

3 2 4.81+0.98 4.8920.52 0.230.39 4.810.6
4 1 4.06 4.43 0.37 9.1
6 2 4.50:0.23 5.160.63 0.66&0.46 14.611.5
8 2 4.7%0.26 5.530.03 0.740.28 15.96.8
10 2 4.61+0.00 5.330.36 0.7&0.42 15.47.0
12 2 4.12+0.44 5.6&0.09 1.540.53 39.%16.9
14 2 5.06t0.75 8.180.38 3.120.37 64.216.8
16 1 5.12 10.94 5.82 113.7
18 1 5.03 8.35 3.32 66.0
20 2 4.75:0.10 9.820.16 5.020.25 10%7.4

By exposing the human erythrocytes to a magniid for 12 hours it results,
an increase of intracell Naf about 40% while after exposing it to more ti2rhours,
the intracellular Naconcentration increased to about 100%.

The experimental result®ncerningNa’ through passive diffusion mechanism
from the human erythrocyte after its exposure imnéense magnetic field compared to
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the Nd efflux through the same mechanism from the noneosad control
erythrocytes are shown in the 2 table.

There has been obtained an increase of the éfftux using the passive
diffusion from the human erythrocytes exposed tondéense magnetic field compared
to the N4 efflux using the same mechanism from the nonesepoontrol erythrocytes.

The increase of the Nausing the passive diffusion is larger in the fit&
hours of exposure in an intense magnetic field.

The rate constant of the Nafflux using the passive diffusion from the human
erythrocytes after being exposed to an intense etagfield compared to the rate
constant of the Nausing the same mechanism from the none exposedtbaman
erythrocytes are shown in table 3.

Table?2
The average values of the Nfflux through the mechanism of the passive difius
from the human erythrocytes after being exposeuh imtense magnetic field.

Time of Na’ +
exposition [mmol/le,;f,:l:;vte*h] ANa i1 MXIOO[%]

[h] controls | magnetic field | [MMOl/lerythrocyte *N] | N effiux control

2 0.34t0.19 0.490.13 +0.1%0.12 +81.676.1
4 0.54 0.85 +0.31 +57.4
6 0.43t0.23 0.8@0.39 + 0.3%0.17 +90.210.1
8 0.53t0.13 0.630.24 +0.180.11 + 14.#17.2
10 0.35:0.00 0.680.03 +0.320.03 +94.38.6
12 0.42+0.03 0.6%0.07 + 0.2%0.05 +57.69.0
14 0.47 0.64 +0.17 + 36.2
20 0.75:0.16 0.9%0.10 +0.220.25 + 37.#42.0

Table3

The average values of the rate constant of teeflax using the passive diffusion from

the human erythrocytes after being exposed totansa magnetic field.
Time of K K AK AK
exposition [hY [h™] hY x100
[h] controls magnetic field control
[%]

2 0.082+0.045 0.1030.20 +0.0230.028 + 80.285.2
4 0.133 0.191 +0.058 +43.6
6 0.099-0.057 0.1470.061 + 0.0480.02 +70.238.6
8 0.131 0.158 +0.017 + 20.6
10 0.076t0.00 0.1220.015 + 0.0530.015 +69.119.1
12 0.104:0.018 0.11%0.011 +0.0120.007 +11.79.2
14 0.150:0.041 0.0730.010 - 0.0780.051 -45.921.1
16 0.104 0.037 - 0.067 -64.4

There has been obtained an increase of the ratarnof the N& efflux

using the passive diffusion from the human erythires after an exposure of no more
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than 12 hours in an intense magnetic field andcaedse of the rate constant with the
exposures longer then 12 hours, compared to theeMlax rate constant using the
passive diffusion from the none exposed contraiheogytes.

Therefore, although the Nafflux using the passive diffusion from human
erythrocytes exposed to the intense magnetic firelcease with exposures longer then
12 hours, the rate constant of the' eé&lux decreases also in exposures longer then 12
hours, the rate constant of Nefflux decrease with the exposures longer thehdi2s.
This effect is due to the strong decrease of ingtheocytes Naconcentration.

The experimental results concerning’éflux and rate constant of Nafflux
using the N&K* pump mechanism from the human erythrocytes atérgbexposed
to an intense magnetic field compared to thé Bflux using the same mechanism
from the none exposed control erythrocytes, argvatio table 4 and table 5.

Table4

The average values of the Nefflux through the Na K* pump using from the human
erythrocytes after being exposed to an intense stagfield.

Time of Na «1ux +
exposition [mmol/leryinroovte *N] A Na'gnyx MXJ-OO[
[h] controls magnetic field | [MMOl/laythrogte*h] | Na effiux cotrol
%]

2 1.02+0.07 0.540.19 -0.480.10 -47.5%13.2
4 0.86 0.48 -0.38 -44.2
6 0.58t0.25 0.280.03 -0.3a0.28 -37.831.7
10 1.23t0.19 0.720.52 -0.5%0.34 -46.%34.4
12 0.92+0.07 0.8%0.15 -0.1%0.22 -10.223.1
14 0.68t0.41 0.530.26 -0.1%0.16 -11.915.6
18 0.59 0.31 -0.28 -47.5
20 0.82+0.30 0.2@0.03 -0.620.27 -7346.1

A decrease of about 50% of the Neflux using the N&K* pump mechanism
from the human erythrocytes exposed to an interagnetic field has been noticed
compared to the Naefflux using the same mechanism from the non esgh@®ntrol

erythrocytes.
Table5

The average values of the rate constant of tHeefflax through the Na K* pump
mechanism from the human erythrocytes after beipgsed in an intense magnetic field.

Time of K K AK AK
exposition [h? [h] [h x100
[h] controls magnetic field control
[%]
2 0.222:0.050 0.11%0.037 -0.1110.070 -47.1225.7
4 0.212 0.108 -0.104 -49.1
6 0.1310.061 0.0560.012 - 0.0760.073 - 40.237.4
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Time of K K AK AK
exposition [hY [hY [hy x100
[h] controls magnetic field control
[%]
10 0.266:0.050 0.1220.089 - 0.13%0.048 - 55.526.7
12 0.228:0.042 0.1440.029 - 0.0840.070 -32.424.8
14 0.149-0.104 0.06%0.035 - 0.0830.070 - 44.515.6
18 0.117 0.037 - 0.080 -68.4
20 0.172:0.060 0.02%0.003 - 0.1520.056 -87.22.4

There has been noticed decrease of about 50%afth constant of the Na
efflux from the human erythrocyte with an exposafeup to 20 hours to an intense
magnetic field compared with the rate constanthefd efflux through the Na K*
pump mechanism from the non exposed control ergites.

CONCLUSIONS

Human erythrocytes were exposed to magnetic fitld, intensity domain
being 0.59-0.62T, and the Nafflux was measured.

There has been obtained an increase of about 8abe dNa efflux through
the passive diffusion from the human erythrocytg®sed to a magnetic field compared
the N& efflux from the non exposed control erythrocytesg the same mechanism.

The N4 efflux through the Na K* pump mechanism from the human
erythrocytes exposed to the magnetic field has daeimished with about 50% compared
with the N& efflux through the same mechanism from the nonose&g control
erythrocytes.

We may conclude that there is an effect of thema#g field upon the channel
protein, namely an increase of the'N@rmeability - upon Na K* ATPase namely a
decrease in its activity.

The present results coincide with our previougaesh on the influence of the
magnetic field upon Litransport through the human erythrocyte membrft@s11]
as well as with the erythrocyte permeability forterd8].
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ABSTRACT. p-tert-butil-calix[n]arene [n=4,6] and their copesding acetate-derivatives
were prepared by specific procedures. The calisgnlzs' purity was checked by elemental
analysis and various spectroscopic methods sucRMb, MS-GC, UV-Vis and FTIR.
The ability of calixarenes acetates to extractipuscmetallic ions from agueous solutions
was tested. The high effectiveness of O-acetilptetutil calix[6] arene to extract Pt(ll)
ions was demonstrated in relation witif'Rethd RA* species.

Key words: calixarenes; liquid extraction; precious metals@xtraction.

1. INTRODUCTION

Calix[n]arenes are polinuclear compounds thataacselective complexation
agents for electrical charged or neutral specibs. Aligh complex-formation ability of
calix[n]arenes offers them large utilization podgibs in the manufacture of sensitive
membranes, elaboration of some selective extracighods for various cations and anions,
realization of modern metal recovery proceduresfanthe environmental protection.

The purpose of this study is to present our atteamprepare some O-acetilated
p-tert-butil-calix[n]arene in order to test thehiliy to co-ordinate precious metallic ions.

2. EXPERIMENTAL PART

p-tert-butyl -calix[4]arene and calix[6]arene wepeepared and purified by
C.D.Gutsche' techniqli® The as mentioned calixarenes were converted tinéo
corresponding acetate derivatives by using acetid anhydride as O-acetilating
reagent (reaction #1). In this respect, about 2 hwh@-tert-butyl calix[n]arene was
treated with 50 ml of acetic acid anhydride and tvops of concentrated sulfuric
acid®. The mixture was heated and refluxed for 2 hours.

C(CH3)3 C(CH3)3
@
H2S04
+ n (CH3C0)20
-n H20 + n CH3COMH
CH2 CH2
n n
OH OCOCH3

The crude product was recrystallised from chlorofonethanol. White platelets
were obtained with a yield of 45-47%.

The purity of as prepared products was checkedlyuelemental analysis as
well as by IR, UV-Vis'H NMR and mass spectroscopy.
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The metallic ions extraction was performed by usihtproform solutions of
calix[4]arene tetraacetate (not€dTa) or calix[6]arene hexaacetate (noefHa) as
extraction agents. In this respect, 10 ml aliquots oh hydrochloridasolutions of
palladium, platinum or rhodium ions (1@ M** /ml) were quantitatively transferred
into separating funnels and vigorously shaken wiithml 5.10* mol/l solutions of
C4Ta or C6Ha. The precious metallic ions concentration into #mgieous medium
was determined before and after the liquid-liquitkaction and the metal extraction
degree was evaluated.

3. RESULTSAND DISCUSSIONS
3.1. Characterisation of calix[n]arene derivatives

The spectral characteristics of p-tert-butyl q@jarene (note4A) were as
follows: IR(KBr): 3400, 3150 cih (OH stretching) and the fingerprint in the 1500-
1000 cnidomain; UV-Vis: 243 nm, 279.5 nm, 287.5 nm. Therestal analysis results
are 79.35%C, 8.72%H as compared with the theoletdaes 81.44%C, 8.70%H.

The spectral characteristics of p-tert-butyl q&)arene (note6A) were as
follows: IR(KBr): 3400, 3120 cih (OH stretching) and the fingerprint in the 1500-
1000 cm'domain;*H NMR (CDCL): & 10.55 (s, 1, ArOH)3 7.16 (s, 2, ArH)p 3.90
(s, 2, CH), 8 1.27 (s, 9, C(CH)s); UV-Vis: 244 nm, 284 nm, 291nm. The elemental
analysis results are 77.91%C, 7.80%H.as comparidtiaé theoretical data 81.44%C,
8.70%H.

The main spectral characteristics of tetraacetato{4)arene (noted4Ta)
were: IR(KBr): 1758 cril (>C=0 stretching) and the fingerprint in the 150IB0 cn'
domain; UV-Vis: 244 nm, 267.5 nm, 276 nm; MS(3kV402C): m/e= 817(10);
816(28); 775(29); 774(100); 733(34); 732 (64); AF)( 690(36);...57(43); 43(82).
The elemental analysis results are 75.24%C, 7.83%tbmpared with the theoretical
values 76.44%C, 7.90%H.

The main spectral characteristics of hexaacetdi®(@rrene (notedC6Ta)
were: IR(KBr): 1762 cril (>C=0 stretching) and the fingerprint in the 150IB0 cnt*
domain; UV-Vis: 245 nm, 266.5 nm, 275 nm; MS(2kV702C): m/e =1225(2);
1224(3); 1205(5); 1204(9); 1182(7); 1165(36); 1¥®)( 1123(31)...57(70); 43(100)
The elemental analysis results are 75.23%C, 7.95%Ebmpared with the theoretical
values 76.44%C, 7.90%H.

The calix[n]arenes derivatives formation was conéd by the spectroscopic
methods used for samples characterisation (fig. 1-4

Elemental analysis indicates relatively lower esldor carbon and hydrogen
amounts thus suggesting a certain degree of doalesorption into the calix[n]arene
cavity.
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Figure 1:Infrared spectra of t-Butylcalix[6]arene hexaate@6Ha (straight line)
as compared with the original t-Butylcalix[6]are@6A (dashed line).
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Figure 2: RMN spectrum of p-tert-butylcalix[6]are&bA.
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Figure 3: RMN spectrum of p-tert-butylcalix[6]arene hexaateC6Ha.
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Figure 4 UV-Vis spectra of p-tert-butylcalix[6]arene hexatateC6Ha
as compared with the original p-tert-butylcalixj@aeC6A .
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3.2. Extraction results

Precious metallic ions were extracted from aquemedium by using
C4Ta/CHCL andC6Ha/CHC4 solutions. The extraction degree (ED) of PdPt* and
Rh*was evaluated and compared (table 1).

C6Ha/CHC}, system shows the highest extraction ability féf At) ions and
the lowest for Rf species. One can state that, in our extractionlitions, no Rh(lll)
removal from aqueous solution could be observed.

By comparing Pd(ll) extraction with C6Ha/CHCland C4Ta/CHGI
respectively, one can observe a relatively high2fd the latter extraction system.

Table 1
Metal ion extraction from aqueous solution w@iTa/CHCIz; or C6Ha/CHCI3
Aqueous Organic pH value Metal ion concentration Extractibility
phase phase (pg/ml) degree
Initial Final
P (aq) CA4Ta(CHG) 5.0 1000 112.5 88.7%
P (aq) C6Ha(CHG) 5.0 1000 150.0 85.0%
Pt*(aq) C6Ha(CHG)) 5.0 1000 49.5 95.1%
Rh**(aq) C6Ha(CHG) 6.0 1000 990.0 1.0%

4. Conclusions

p-tert-butil-calix[n]arene [where n=4,6] noted C4and C6A and their
corresponding acetate-derivatives i.e. C4Ta andaOfkre prepared and characterized.
The elemental analysis and FTIR, UV-Vis or NMRapascopy confirmed the purity
of as prepared material.

The acetate derivatives were used as extractiogengs for P, P& and
Rh*" ions. Liquid extraction was used for’RtPd* and RH" species removatom
aqueous medium by using C4Ta/Chl@hd C6Ha/CHCY systems. The extraction
degree (ED) values shows that C6Ha/CHiglan efficient extracting agent for £d
(ED>84%) and Bt (ED>90%) species. For Pdons, the C4Ta/CHGbystem seems
to be a better extracting agent than @@#a/CHC} solution. Moreover, no Rfions
extraction could be observed ( ED ~ 1%) in our expental conditions

REFERENCES

1. C.D. Gutsche, M. Igbal, “Organic Synthesi$989, 68, 234-237.
2. C.D. Gutsche, B. Dhawan, M. Leonis, D. Stewart,g@mic Synthesis”1989, 68, 238-242.

3. C.D. Gutsche, B. Dhawan, K. Hyun No, R. Muthukrishn“J. Am. Chem. Soc.1981,
103, 3782-3792.

4. A.Gupta, S.M.Khopkar, “Talanta995, 42, 1493-1496.
5. V.J.Mathew, S.M.Khopkar, “Talantal997, 44, 1699-1703.

455



STUDIA UNIVERSITATIS BABES-BOLYAI, PHYSICA, SPECIAL ISSUE, 2001

HEMOGLOBIN AND HUMAN BLOOD ADSORPTION ON SILVER
COLLOIDAL PARTICLES: SURFACE ENHANCED RESONANCE
RAMAN STUDIES

S. CINTA PINZARU*, S. CAVALU**, N. LEOPOLD*, W. KIEFER***

"Babes-Bolyai University,Physics Faculty, Optics &mp@ctroscopy
Dept. Kogalniceanu 1, RO 3400 Cluj-Napoca, Romania

" University of Oradea, Faculty of Medicine and Phaay) Biophysics
Dept., 1 Dec. Square 10, RO-3700 Oradea

™ Institut fur Physikalische Chemigniversitat Wiirzburg, Am Hubland,

97074 Wirzburg, Germany

ABSTRACT . These studies summarize the applications of seahanced resonance
Raman scattering (SERRS) technique to the studgoofplicate biosamples like
human blood, in comparison to a largely studiedemle: hemoglobin.

Introduction

Due to the high sensitivity and selectivity condanwith the fluorescence
quenching, surface enhanced Raman spectroscopybéas recently applied to
investigate single molecule behaviour. [1, 2]. Agke hemoglobin molecule adsorbed
onto Ag nanoparticle was found to "respond" to lilght excitation, being received
SERRS signal under a laser focus radius of 1 mieteni1]. Further, methemoglobin
was found to reveal SERRS spectra dominated byhémee group, similar with the
SERS and resonance Raman results previously repBte4]. Evidencing single
molecule opens new directions in the applied spectpy, mainly for the biological
active samples om-vivo studies. Following these pioneering studies, mather
researchers have continued to demonstrate the isar@otential of this approach for
solving a number of problems in biochemistry, biggibs and molecular biology.

In the present work, surface enhanced resonanceamapectra (SERRS) of
hemoglobin (Hb) and freshly acquired integral hurbkrod samples on colloidal silver
particles have been recorded and discussed. \Gbaltianalysis and potential
biological applications are further discussed.

Experimental

Hb powder was received from Sigma. Ag sol has Imepared according to the
Lee-Meisel procedure [5]. A small amount from thie #jueous solution was dropped
on the Ag sol, resulting in a final concentration3ERRS experiment of 2x2@nol I

The 514.5 nm line from an Ar ion laser Spectra esywas employed for excitation
of the Raman spectra. Back scattering configuratiaa performed with a micro-Raman
set-up. The scattered light was focused on themewrslit of a Dilor-Jobin Yvon Spex
Groupe Horiba spectrometer equipped with 1800 grelovm holographic gratings. A
CCD camera detection system and analysing softwaokage LabSpec_3.01C were
employed for the acquisition of data. The spectsblution was 4 cth
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Results and discussions

It is known that the hemoglobin molecule presentstrang fluorescence
background at the green light (514.5 nm) excitat@onventional Raman technique
being inadequate, SERRS technique overcomes dfichliitts by quenching fluorescence

(Fig 1).
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Fig. 1. a) Raman spectrum of pure haemoglobin eavby a fluorescence background.
SERS spectra of haemoglobin b) 36, ¢) 75, d) 3p02@ nmol/l concentration
in Lee-Meisel Ag colloid. Excitation 514.5 nm, pawi20 mW on the sample.

A near-IR excitation with 1064 nm, which was preisty used, could very
well give rise to a certain degree of resonanceaecément [6], due to the several
weak and broad optical absorption bands in theore§D0-1100 nm. The presence of
intense bands near 1370-1372tHbF, metHb, hemin and its absence in NiHb and
deoxyHb confirms this band to be a FT-Raman mafteire’ [6]. The FT-Raman
bands at 1370 and 1354 ¢rim oxyHb and deoxyHb have been assigneeitin good
agreement with previous reports [3, 6]. The othrenpnent FT-Raman bands observed
in all derivatives of Hb, but absent in hemin, ard.000 crit can be correlated to the
phenyl mode of the aromatic amino acid residuesglimbin part of Hb. Other
representative band observed around 1654 fomHb derivatives, which is absent in
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hemin spectrum indicates that it is of globin ari¢6]. This band is absent in the RR
spectra of Hb derivatives spectra with visible &tgbn indicating non-resonant nature
of globin moiety.

Modification of the Ag colloid with chloride ions ag unnecessary for
obtaining the SERRS signal. This modification geteat only the typical Ag-Cl mode
at 244 cnit in the SERRS spectrum.

According to the recent literature [1, 2], excivatiwith the 514.5 nm line
leads to a SERRS spectrum characterised by thremimpent haemoglobin bands:
1375, 1586, 1640 cih These bands are called "markers" of the hemiompacked in
the polipeptidic chain and are assigned to in pkibeations of the porphyrine ring.
The dominant SERRS bands (Fig. 1) are located &0,16586, 1568 crh being
assigned to the c-c andv c-y modes. The bands at 1375, 1167 cnere assigned to
V = c.n, and C-H bending respectively. The out of plangbgrine bending vibrations
are located at 957, 761 and 674 ‘cmespectively. Increasing concentration of
haemoglobin solution dropped in Ag sol, very goegdroducibility of SERRS signal
was observed. Once optimised the SERRS acquirimgegure, increasing concentration
does not affect significantly the intensity of tBERRS signal. This fact reflects that
the signal was received only from the first monelagf adsorbed molecules, further
added molecules being already too far to the SE&®&easurface which could be
completely covered. However, by increasing conegiotn, we can notice a little
modification in relative intensity of 1375 ¢irband with respect to 1586-1610 ¢m
spectral range, meaning the enhancement-of.\ detrimental to the c-c andv c=y
modes. This observation suggests an electroniooadiitation of cromophore group.

In the present case, the SERRS signal represeptsée resonance contribution,
first a plasmon resonance of the colloidal parsiclexcited with green light,
representing the electromagnetic contribution totttal enhancement and second, the
pre-resonance contribution of hemoglobin excitethwgreen light. Fig. 2 presents the
absorption spectrum of haemoglobin aqueous solutigather with the human blood,
in order to have a better eye-guide of the laser piosition near the Soret band (420 nm).
Hence, the total amplification is greater than tiseal SERS amplification due to the
well-known mechanisms (EM and CT). These results iar agreement with the
previous report of oxihnemoglobin adsorbed ontoaiddl silver [7].

SERRS spectrum of integral human blood was suaddssfbtained and
compared to that one of haemoglobin (Fig. 3 bAajme dependence study was also
carried out (Fig. 3 b-e). A small amount of humdwoold freshly isolated was dropped
into 2.5 ml Ag sol resulting a rapid change in cillcolour. The SERRS sample was
putted under laser excitation and different acquitimes were employed successively.
The main hemoglobin marker bands (1610, 1586, 15885, 1167, 957, 761 and 674
cm?) were observed in all the SERRS spectra of blewdn if some little changes in
relative intensities are observed in the 1375-1&8B spectral range. Those changes
are probably due to the photo- or thermal-inducedgalation of blood. Further
oxidation of blood lead to the transition from caihoglobin (F&) to methemoglobin
(Fe*") with a dellocalization of iron from porphyrineaple.
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Fig. 2. Absorption spectra of hemoglobin and freseblated human blood.
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Fig. 3. Time evolution SERRS spectra of human bl@)dL.0 s, c) 100 s, d) 200 s, €) 300 s
acqiring time, in comparison to the SERRS specifipure hemoglobin (a).
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Hence, SERRS technique was employed as a very famidool for detecting
small amounts of hemoglobin (nano-, picomolar cotregions and even lower) in
complicate biosamples, due to its high selectiaitg huge enhancement of the Raman
signal, combined with (pre-) resonance amplificatintribution of a defined species
from a biological mixture.

Conclusions

Surface enhanced resonance Raman spectra of hdnmolgbye been recorded
and compared to those of human blood. The SERRfalsif hemoglobin was found
to be independent on the increasing concentratfter attempting the monolayer
coverage. SERRS spectra of the human blood reheabame hemoglobin marker
bands, emphasising the high selectivity of thisimégue for complicate biosamples.
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The structure of proteins was described in terfifsagtal characteristics both
in relation to the position of the aminoacids amdpgrties such as the hydrophobicity
of the aminoacids. The methods of analysis involygical procedures for measuring
the fractal dimension. The goal of our study wascharacterize the series of the
temperature factors (Tf) of the hemoglobin heawoyat (all excepting hydrogen).

The method used for analysis was the Detrendeduftions Analysis (DFA).
DFA method consists in integration of the seried divides the integrated series in
intervals of lag n, every interval being fitted i line (y(k)). For different lag of n

calculate F(n):{l/l\E:Iil [y(K)-yn(K)]3 Y2 , the value of F(n) typically will increase

with n, and the slope of the plot relating F(n)witgives the scaling exponent

We have calculated the scaling exponent from theseepresenting Tf of
heavy atoms of human hemoglobin (chains A and B).fovind that the hemoglobin is
characterized by a complex DFA pattern, the slagfethe fitting lines (i.e. scaling
exponents) of the DFA plot depend mrit can be seen that hemoglobin is characterized
by three slopes i.e. three scaling exponents. Ttigse scaling exponents correspond
to the three structural levels of protein (primasgcondary and tertiary). In this respect
we have obtained=0.96,a=0.81 ando=1 from the three levels. We have also found
that mutant hemoglobin display a different pattieom that of normal hemoglobin, in
this case only one or two slopes appeared andahew of the scaling exponents are
different from that of normal protein. This changesthe vibrations pattern may be
involved in the misfolding or the dysfunction oE#e proteins.

1LINTRODUCTION

It is well known from many theoretical and expegintal studies that proteins
behave like space defined fractals. The 3D strectidirproteins is characterized by a
fractal shape both in relation to position of thaimchain atoms and surface[1].
Another fractal shape of proteins is that relatthg amplitude of vibrations and
frequencies[2]. In this respect we have analyzedtémperature factors (Tf) of the
main chain atoms (fna N, Geeng. Tf iS @ measure of vibration amplitude of a airt
atom and can be related with the amplitude (reptesehere by the rot mean square
displacement from the position of equilibrium afertain atom) by:

T =877 (u?),

wereu is the displacement from the equilibrium position.
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The goal of this study was to find if there aretai@ relations between the
frequency of vibrations of atoms in the main chama their amplitude and if there are
correlation between vibrations of atoms along tlaénnchain.

In the present paper we have 'constructed’ sefidata representing the Tf of
main chain atoms of hemoglobichéin A) in their physical (natural) order: beginning
with the first N atom and ending with the lasf.fzatom. In this way were obtained
series of more than 400 data for two hemoglobirstd®e and a mutant form. The Tf
were taken from Protein Data Bank (PDB)[3]. Thdesenf data were analyzed using
the now classical Fourier Transform (FT) and theemwecently Detrended Fluctuations
Analysis (DFA)[4]. We have also constructed a randwalker using the series of Tf in
order to find the mobility of certain parts of theotein main chain.

In the present work we bring evidence that the ititgpbof main chain
hemoglobin atoms display fractal shape charactrige different scaling exponents
for normal (R state) and mutant hemoglobin.

2METHODS

The temperature factors of main chain atoms of lggotin where taken from
(PDB) and where adjusted in their natural ordethia way we have obtained series of
data that can be analyzed in order to find corigladbetween atomic fluctuations along
the chain.

The methods used from analysis are:

1. DFA, according to this algorithm, the fluctuaiioare first integrated:
k

Y(K) =D (X - Xmea) (1)
i=1
where x(i) is thd-th number and xqnis the mean value of the numbers in the series.
The next step is to divide the integrated timeeseito boxes of equal lengthin each
box of lengthn a least squares line is fit to the data (represgritie trend in that box).
They co-ordinate of the straight line segments is deshdaty w(k). For a given box,
the characteristic size of fluctuation is calcudblsy:

()= [ £ 3100 - oF 2

Typically, F(n) will increase with box size, the slope of the line relatirigg
F(n) to log n determines the scaling exponent (self-similardyameter px.. The index
o andp (FFT) are related ¢5= 2ua-1.

2.FFT used, especially, in order to find the naistarities of the series by
comparing thed exponent (from the log-log slope of the FFT transf of the series)
with the calculated with the relatidd+2a-1.

3. RW analysis consisting in the integration of $kees using the relation:

M (i) = (Tf () —m) )
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where Tf (i) represent thé-th atom temperature factor andis the average over all

main chain atomdf. Plotting M(i) vs.i we find information about the mobility of
different regions of the main chain.

3.RESULTS

DFA plots of both normal and mutant hemoglobin ligm straight line in the
log-log representation &f(n) vs. n, but the alpha coefficient resulting from the gayd
the lines in different form the two mentioned hetobgn. We have obtained=1.36
for normal hemoglobin (figla) ara=1.16 for mutant form (fig. 1b)
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Fig. 1: DFA plot from Tf series of main chain atofrem normal (a) and mutant (b) hemoglobin

The value off3 coefficient obtained from FFT for the two hemogfolis 1.95 for
normal and 1.58 for mutant form (fig 2a,b). Compgrihefrrr whit Beaicuatedwe find a
difference of 0.26 between both normal and mutamesponding coefficients.

Frequency Frecuency
Fig.2: Log-log plot of FFT from normal (a) and mut#b) hemoglobin main chain atoms.

The RW plots oM(i) vsi for the two forms is shown in the figure 3a,bcdn
be seen that there are alternating portions of high low mobility along the normal
hemoglobin main chain (ascending and descendingeslof the plot correspond to
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high and low mobility respectively) and only fewda portions of high and low
mobility from mutant form.

() b)

50 o

50 4

M)

-100 4 150 o
-150 100 4
-200 4

-250

0 50 100 150 200 250 300 350 400

0 50 100 150 200 250 300 350 400
Atom number

Atom number

Fig.3 RW plots of the atomic Tf of normal (a) andtamt form (b) of human hemoglobin

4.CONCLUSIONS

From the data presented in the preceding sect@may conclude that:

1. There is a strong correlation between the atdrhialong the protein main
chain in both normal and mutant hemoglobin. It atsm be seen that the scaling
exponent of the two chains is different;1.36 and 1.16 for normal and mutant form
respectively. A possible explanation for this difflece can be the fact that mutant form
is unproper folded in this case the pattern of $égage energy became rugous and the
correlation between movements of different atomswveakened by random high
potential barriers.

2. From the differences between the valuesBgd and Bcaicuiated WE Can
conclude that the two series are nonstationary tege the same nonsatationarity
expressed by a difference of 0.26 between the &lealated and experimental coefficients.

3. From the RW plots presented in fig.3a,b it candeen that there are
significant differences between normal and mutamdglobin. Normal form presents
strong irregularities (alternating portions of highd low mobility) and the mutant
form is characterized by few such irregularitiemeOpossible explanation for the
misfunctioning of the mutant form can be this loarying mobility portions.
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ABSTRACT. Nitroxide radicals exhibit a number of chemical gihgsical properties that
make them extremely useful molecules for studyiimgh®emical systems, especially the
metalloporphyrins. The aim of this work was to istigate the Tempyo spin label as a
report group for the interactions and the confoionat changes of lyophilized Cytochrome
¢ and Ovalbumin, as function of pH. values in thage 2.5+12. The EPR spectra are
similar with those of other noncovalently spin laperphyrins in frozen solution at very
low temperatures. This behavior indicated a passdpin-spin interaction between the
hemic iron and the nitroxide group. The changdlénEPR spectra as function of the pH
are discussed in terms of conformational chang#egsroteins.

Introduction

The successful application of spin labeling to girostructure investigations is
limited by the possibility to chemically change ecifie side chains in proteins.
However, useful information on protein properties ®e obtained by noncovalent spin
labeling if the affinity of the protein for the labmolecules is great enough to affect
their motional freedom [1-4]. In the same time, ER& been an invaluable tool for
probing microscopic molecular motions in a variefysystems, including isotropic
solvents [5,6], liquid crystals [7,8], model memiea and biomolecules [9,10]. The
EPR spectrum of a nitroxide radical depends nog onl the magnetic interactions of
the unpaired electron spin but also on the reaat@mal motion of the probe molecule.
The dependence is relatively simple when the ratat®on is sufficiently fast, or more
specifically, whertAw«1, wherer is the correlation time characterizing the motoml
Ao is a measure of magnitude of the orientation deépen part of the spin
Hamiltonian. In this case the EPR spectrum is golnsuperposition of Lorentzian
lines. For slower rotations, i.e., whenw>1, the EPR spectrum depends in a much
more complicated fashion on the combined influenoésmolecular motion and
magnetic interactions and the line shape can blzathonly by using a theoretical
approach [11]. These “slow-motional” line shapes laost often calculated using the
stochastic Liouville equation, which can be solvenerically [12] to obtain the EPR
spectra for fast or slow motions and for varioughdaian models for reorientation.
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In the present work, noncovalent spin labeled Qytome ¢ and Ovalbumin
with Tempyo spin label (3-carbamoyl-2,2,5,5-tetrémgk3-pyrrolin-1-yloxy) were
investigated both in liquid and lyophilized samplesthe pH range 2511, in order
to obtain useful information related to the intd¢i@t between the nitroxide group and
the active site of the proteins. Interactions oinsiabel with hemic or nonhemic
proteins might affect the spin label spectra anthénsame time it is well known that
the pH stronglyy influences the conformation oftpios leading to significant changes
in the type and degree of these interactions [8}his pH range, we followed the
effect of protein conformational changes on thermttions between the nitroxide and
the active site of proteins and also the pH infaeeon molecular motion emphasized
by the EPR spectra of the spin label.

Materials and Methods

Powder Cytochrome ¢ and Ovalbumin from SIGMA Chexsic were used
without further purification. Proteins were hydite phosphate buffer physiological
saline at a final concentration of M. Tempyo spin-label (3-carbamoyl-2,2,5,5-
tetramethyl-3-pyrrolin-1-yloxy), from SIGMA Chemilsa was added to the liquid
samples of each protein in a final concentratiorl®! M (protein/spin label molar
ratio 1:1) and the pH values were adjusted to #erdd value in the range 2.5+11. The
amount of 5 ml from each sample was lyophilized¥@mours at % and used for the
EPR measurement, at room temperature.

EPR spectra for both liquid and lyophilized samspleere recorded at room
temperature with a JEOL-JES-3B spectrometer, opegran X-band (9.5 GHz),
equipped with a computer acquisition system. Sasngere placed in quartz capillary
tubes. The spectrometer settings were: modulatguéncy 100 KHz, field modulation 1 G,
microwave power 20mW. The computer simulation asialpf spectra, for obtaining
the magnetic characteristic parameters, was madesibg a program that is available
to the public through the Internet (http://alfradhrs.nih/LMB).

Results and Discussion

EPR spectra of liquid samples are typical for fastion nitroxide radicals in
liquid environment, being similar for both proteiras all pH values. The characteristic
powder EPR spectrum of a nitroxyl radical at X b@édue primarily to anisotropy in
the nitrogen hiperfine coupling. Fig.1 display #seperimental and simulated spectra
for Tempyo labeled Ovalbumin, lyophilized, at varsgoH values.

The z-axis of they and hyperfine matrices is approximately along tkis af
the nitrogenp orbital that is involved inr bonding to the nitroxyl oxygen. When the
external magnetic field is along this axis, theagen hyperfine splitting, A, is about
35 G, while in the perpendicular plane,A5.33 G and {=8.46 G. Generally, in
studying the motional effects in spin label specthee changes im-factor are not
relevant and hence, Aparameter is the one which offers the substamtfaimation
concerning the rotational motion of the moleculedifferent environment [4,10].
Computer simulation analysis of Tempyo labeled Gwalin emphasize a Gaussian
lineshape and a single paramagnetic spices fobdist fit of experimental spectra.
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According with [12,14], when rotational motion i¢ow enough that the spectra
approach the powder spectrum limit, the rotatimoatelation time4) can be evaluated
using the relation:

1= a(1- Ay IA,) " wherea = 2.25 10°, = - 0.615
andA;; /A;; is the ratio of the observed splitting between deeivative extrema 2A
and the principal value of Adetermined from the powder spectrum. The resu#is a
consistent with the “moderate jump diffusion” moftal rotational diffusion [11,14] in
which the molecule has a fixed orientation for sawerage residence timeand then
“jlumps” through an average angle (ﬁ[Xr)”z radians, where D is the diffusion
coefficient.

experimental spectrum
simulated spectrum

3280 3300 3320 3340 3360 3380 3400 3420
Magnetic Field (G)

Fig.1.Experimental and simulated spectra of Tempyo lab@ealbumin

As showed in Fig. 3, the pH strongly influence tbtational correlation time
with respect to Ovalbumin. In acid pH range, the,Njrbups of the label molecule as
well as those of the aminoacids residues are patédn The fact that shows greater
values in this range followed by a significant dexse in basic pH range, indicate a low
mobility of Tempyo label in acid environment whaesignificant increase of mobility
can be noticed in basic pH range. A minimum maopitian be observed around the
izoelectric point ( pH= 4.5) of this protein. The pH dependence of catieh time
(involving the mobility of the label as well) retsilon the one hand from the
electrostatic interactions which are stronger id anvironment, and on the other hand,
the mobility is reduced by forming hydrogen bondinigh the exposed aminoacids
residues of the protein [15].
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Figure 2 display the experimental and simulatecctspefor Tempyo labeled
Cytochrome c, lyophilized, at various pH valuespbrpendicular plane, the nitrogen
hyperfine splittings are A = 4.51G and § = 4.77G, on the average. Along the z axis,
Az = 30G on the average, the values being similahdse calculated for covalently
labelled methemoglobin and other porphyrins inérogamples under 50 K [18,19].

experimental spectrum
simulated spectrum

pH=12.0

L 1 1 | 1 | 1 | 1
3280 3300 3320 3340 3360 3380 3400 3420
Magnetic Field (G)

Fig.2. Experimental and simulated spectrum of Tempyolleth&€ytochrome c.

In the present study of noncovalent labelled Cytocte c, the best fit of the
experimental spectra can be obtained by assumiegptesence of two sites in
Cytochrome ¢, associated with two nonequivalentampagnetic species [10].
Computer simulations indicate weighted sum of Ganskneshapes (static case) and
Lorentzian lineshapes (dinamic case). The firstigse with Gaussian lineshape and
well resolved hyperfine splitting, is not influentdy the presence of the hemic
iron.The correlation time versus pH (Fig. 3) regedlat in acid pH range the mobility
of Tempyo decreased and has a mimimum value negoHi5.5. By comparing with
Ovalbumin case, we can notice that the mobilitffempyo is greater with respect to
Cytochrome c¢ then to Ovalbumin. The second speaiesCytochrome c,with
Lorentzian lineshape, is obviously influenced bg firesence of the hemic iron. The
lack of hyperfine structure of this species is ttuéhe dipolar and spin-spin interaction
between the nitroxide radical and the paramagteticof the hem group. As shown in
Fig.3 the mobility of this species is very littlfexted by the pH variation. We suggest
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that in basic pH range, where the label is notetttip strong electrostatic interactions,
dipolar and spin-spin interactions are preferentiahifested. However, the latter are
less intense than the former, as results from Fig.3
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Fig.3. Correlation times vs pH:(——)Cytochrome c-Tempyau&san lineshape)——)
Ovalbumin-Tempyo (gaussian lineshape)¢-{)Cytochrome c-Tempyo (lorentzian lineshape).

Conclusion

Noncovalent labeling of proteins can give valuabiormations on the
magnetic interactions between the label moleculk the paramagnetic center of the
proteins. The relevance of this interaction canob&ined from lineshape analysis:
computer simulation for nonhemic protein assume aausSian lineshape, while for
hemic protein is assumed a weighted sum of Lorantand Gaussian components. In
the framework of the “moderate jump diffusion” moder rotational diffusion, the
rotational correlation time is strongly influencéy pH, due to the electrostatic
interactions and hydrogen bonding.
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ABSTRACT. Nanoporous alumina membranes were electrochemigatiyared in

sulfuric or phosphoric acid. After preparation thesere used for microfiltration of
biological media, such as human red blood cellstenwihe serum albumin. The filtration
efficiency was studied by UV-Vis absorption spestapy.

1. INTRODUCTION

Aluminum oxide (A}O3) has attracted a great attention as template rakater
for fabrication of nano-devices and for applicatiormicro and ultrafiltration.

Filters can be divided into two general categogiesording to whether particle
retention occurs on the surface or throughoutitter’s depth. A wide variety of filter
membranes are currently produced. Filters baseckliuose membranes are the most
widely used for routine applications. If high fdtion performance is required, a
microporous inorganic membrane {8k) is recommended /1/. The tightly- packed
capillary pores produce a filtration mechanism, chhbperates by surface sieving
particles. The alumina membranes have several risatihat indicate the practical
benefit in analytical and diagnostic separationgeyTl are transparent, allowing the
view of the retained materials from either sidetltdé membrane. The capillary pore
structure allows no lateral diffusion of liquid®af the membrane /2/.

In this paper we present the filtration efficienafyalumina membranes, for
solutions of human red blood cells and bovine seabumin.

2. EXPERIMENTAL

High purity (99.9%) aluminum foil was vertically moted between the two
parts of an electrochemical cell. One side was sagdo electrolyte while the other
side was exposed to distilled water. A large atamnmum disk was used as counter
electrode. The electrolyte employed during oxidati@s either an aqueous solution of
15% sulfuric acid or 32% phosphoric acid with 1%fugic acid.

The oxidation was performed at low temperature 81 C) for about 3 hours,
at a current density of 17 mAGmM(15% HSO,) and respectively 10 mAcM(32%
HsPO, + 1% HSQO,). The stirring of the electrolyte during oxidatiaras a necessary
condition for the formation of an ordered structaxide.
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In order to obtain nanoporous alumina membrartes,ALO3/Al layer was
treated as following: the residual Al from the bside was removed, by etching in a
solution of CuC} and HCI; after that, the barrier layer was disedlvin 32%
phosphoric acid. At the end of these steps we ebthanoporous membranes having
pores’ diameter between 20 and 100 nm. We have thesed membranes as filters for
biological media.

3. RESULTSAND DISCUSSIONS
Filtration of human red blood cells

Red blood cells (erythrocytes) were isolated fribw blood by centrifugation
and repeatedly washing with buffered serum (150 M&CI, HEPES 4mM, pH 7.4).
After the last centrifugation, the erythrocyte pallwas suspended in a buffered
medium, at a concentration of 0.1%. The cell susipenwas then filtered through a 20
nm porous alumina membrane (the membrane was petfarl5% sulfuric acid) and
also through a 100 nm porous membrane.

The filtration was performed by mounting the aluanimembrane into a cell
and than connecting the cell to a vacuum pump. Bbéhinitial and the filtered
solutions were analyzed by UV-Vis absorption spesttopy, using a SPECORD UV-
Vis spectrophotometer.

The hemoglobin, the main protein of the erythrogyi®8%), presents a
characteristic absorption maximum at 410 nm. Sitgc@tensity is proportional with the
hemoglobin concentration, we could evaluate theafibn efficiency of the alumina
membrane. The results are presented in fig.1an@. fig fig.1, curve 1 represents the
spectrum of 0.1% aqueous erythrocytes solutioraijoet! by hemolysis of erythrocytes in
water) while curve 2 represents the spectrum éb@fythrocytes in buffered medium.
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Figl: Absorption spectra of initials (1,2) anddikd (3,4) solutions of human red blood cells,
through 20 nm alumina membrane
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Fig2: Absorption spectra of initials (1,4) anddikd (2,3) solutions of human red blood cells
through a 100 nm alumina membrane

Although the two solutions have the same hemoglotitentration, the intensity
of the two curves is different. This is due to flaet that in the first solution, the
hemoglobin is released from the cell and it absafasge quantity of the incident radiation.

In the second case, the erythrocytes’ membranespir¢he absorption of the
radiation, by hemoglobin. Also, one can observe¢ ithéhis case (curve 2) the baseline
is far from zero, due to the light scattering oa tiell membrane.

Curve 3 represents the absorption spectra of ltkeefi erythrocyte suspension,
through 20nm porous alumina membranes. Curve 4, dkarlaps curve 3, was
characteristic for the filtered suspension, henedysvith water. Both spectra have
baselines close to zero and that suggests the@beéthe erythrocytes after filtration.

In fig.2, curve 1 represents the absorption specbii0.1% aqueous erythrocytes
solution while curve 4 represents the spectrum 4R erythrocytes in buffered
medium. After filtration through a 100nm porous nigamne, we have obtained two
identical curves (2 and 3).

The filtration efficiency is given by the rejectidactor, which is defined as:

R=1-(C:/ C))
where G and G represent the concentration of the filtered ariighlrsolutions. In our
case, the concentration of the filtered solutiorssv®.007% (for a 20nm porous
membrane) and 0.038% (for a 100nm porous membrand)that gives rejection

factors of 0.93 respectively 0.62.

Filtration of bovine serum albumin
A solution of 0.1% bovine serum albumin (¥67000) was filtered through

porous alumina membranes, having the pore dian&te20nm and 100nm. The
filtration efficiency was determined by analyzingetcontent of albumin, from the
filtered solutions, with an UV-Vis spectrophotonrete
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The albumin has three main absorption maxima7ane (due to the presence
of tyrosine), 203nm and 190nm (due to the presefcgher aminoacids). In fig.3 is
illustrated the absorption spectra of 0.1% albuswtution filtered through a 100nm
porous membrane {Pand 20nm membrane JP

In order to determine the concentration of thedatiems, the spectra were
compared with those of some standard solutiongirdd by successive dilutions of
the 0.1% albumin solution (Mespectively M).
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Fig.3 Absorption spectra of filtered solutions ovine serum albumin through a 100nm
alumina filter (R) and 20nm alumina filter ¢p

The albumin concentration of Mstandard solution was 0.058% and that
corresponds to the concentration of filtered sohuytiR. In the case of Mstandard
solution, the albumin concentration was very low(14%), suggesting that the 20nm
porous membrane retained almost the entire albumtie. rejection factor of the two
membranes has the value of 0.42 (100nm membrameD&86 (20nm membrane).
These results show very good filtration efficierigythe 20nm alumina filter.

4. CONCLUSIONS

Porous alumina membranes prepared in sulfuric da$ghoric acids, were
used as molecular filters for human red blood calsitions and bovine serum albumin
solution. A very good filtration efficiency was elited with the 20 nm porous
membranes, that gave rejection factors higher thaa.
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1INTRODUCTION

The functionality of the proteins is due to théaxibility properties. A similar
rigid structure would not be able to perform thekt#éhe protein is designed for. The
flexibility of the proteins is due to the fact thtaere are internal degrees of freedom of
the atoms in the protein. As a result the intrastmal mobility of proteins is an
important feature which received much attentionirduithe last years. The present
work is intended to investigate the correlatiorttof mobility of the atoms inside the
protein chain for a particular class of proteirmnely the cytoskeleton proteins.

Eukariotic cells have distinct shapes and a higjreke of internal organization.
They are capable of changing their shape and, iy rtases, of migrating from one place
to another. These properties of shape and movedsgend on networks of filaments
in the cytoplasm that serve as the cell's cytoseleAmong the most important types
of filaments in the cytoskeleton are the actinnfitmits. They are composed of globular
protein units or actin monomers. These monomessy &hown as actin G, has a
molecular weight of 42.000. The structure of thelaoole is stabilized by binding a
calcium ion and an ATP molecule noncovalently bound

There are some clues in the literature that th@éeature factor of the proteins,
which is related to the internal mobility, mightieaa fractal structure (1-2). This has never
been checked up directly until present. In a serigavestigations on proteins alone and
bound proteins to their substrate it was reveddattemperature factor series of all atoms
have a fractal character. To be more specific thapers searched for a deterministic chaos
behavior when the protein binds to the substratpp&se the temperature factor series for
the free protein is {2} and {T*"9) is the similar series when the substrate is baand
the protein. The procedure was to subtract thesesesies, and to search for attractors in
the resulting series {f} - {T ""). Preliminary to the attractor analysis it wasoals
performed a Fast Fourier Analysis (FFT) on thersigbdd series which resulted typically
in a fractal plot (log of amplitude versus log céquency can BE fitted by a line whose
slope represents the scaling exporf®nids the result of subtraction of the two sergesa i
fractal object, it means that also the two inifiaties are fractal. This is what we want to
prove directly in this work. Besides, it is knovinat if the series is nonstationary, then FFT
procedure introduce further correlation into thecsfum which to not directly reflect the
correlation of the fluctuations. In order to avdiis problem we used a supplementary
method of analysis.
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We have also explored the random walk plot of #mperature factor series in
order to draw preliminary conclusions on the changeéuced by the binding of proteins.

2. MATERIALSAND METHODS

The protein of choice was actin. In the ProteinaDBank we found structural
and temperature factor series for two complexech$oof actin with other two proteins:
an actin-gelsolin complex and a an actin-deoxyrilmbease complex. In both cases
actin has calcium and ATP bound which are necessamditions for the stability of
this protein. Therefore we have, in fact, availatdg¢a for four proteins. We can make
therefore interprotein and same protein boundfferdint proteins comparisons.

The series of data used for analysis was limitetiéamain chain atoms:

NO G OCONDOCGCOCO ..

where G is the alpha carbon, or the central atom in thenaracid.

The series was subjected to FFT and the spectrusnpled as a double log
plot. The spectrum was fitted with a line with gp The series were also subjected to
Detrended Fluctuation Analysis which removes thestationarities in the series. The
resulting scaling exponent is a "pure" one and tizhasa. The relationship between
the two exponents is:

B=2u-1

This is a theoretical relationship as the calcdat@ue of fcaicuiatedfrom ana
value may be different to the experimental vgludVhenBcacuaed® B, then the series
contains nonstationarities.

It is instructive to explore the series of the pemature factors either in the raw
form or as or as a random walk curve. This lattet pwvolves integration of the
fluctuation step by step. We shall refer to thisgaedure as random walk analysis

(RWA). The difference between the raw plot and RWAt is that the latter gives a
simpler picture in respect to the average levéluatuation.

3.RESULTS

Fig 1 illustrates the temperature factor seriesftin complexed with gelsolin and
deoxyribonuclease respectively. We can noticettigak is a central region in actin where
mobility is significantly increased and is charaizted by a triplet more resolved in the
complex with gelsolin. It can also be noticed tthet binding proteins are shorter chain
length structures and both of them imprint thearelteristically higher mobility on actin.
The RWA plots are presented in fig.2 for the samées and complexes.

The RWA plots are illustrated in fig.2. They contaimilar information as in fig.1
but they better reflect the change of the mobilityrespect to the average value of the
fluctuations. For example the significant changehef mobility occur at atom ne. 530
and continue beyond the number 600. It is intergdth note that the binding of either of
the proteins to actin does not change significaihigymobility of this region. At contrary,
there appears to be a susceptibility of actin tbilagarts of the complexing proteins. They
"imprint" or "transfer" their mobility to actin. Thfinding should be confirmed by studying
other complexed forms of proteins.
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Fig.1 The temperature factor series for the atoftlseomain chain for actin complexes.
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Example of FFT and DFA are further presented in3ignd 4. The results for
the scaling exponents are included in table 1. \&e potice that thex scaling

exponents vary around the value 1.33 which is éxdbe mean value which was
found for other proteins (3). There appear to betriot rule concerning the change of
thea scaling exponent upon binding of actin to anotitetein i.e. in one case its value
increases while in the other it decreases.

Power

actin(complexed with deoxyribonuclease —

T

T

1E

-3 0.

01
Frequency (Hz)

Fig.3 Fast Fourier Transform of the temperaturéofaseries of actin complexed with

F(n)

deoxyrybonuclease. The slope of the fitting lineli®.
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Fig.4 Detrended Fluctuation Analysis of actin coexeld with deoxyribonuclease

Scaling exponents for proteins as resulting frorABE exponent) and FFTB(ex;;\béﬁt:)L.
No. Protein Complex Species I B(FFT) |AB

1 gelsolin g:l’:‘;—lﬁl actin with homo sapiens |1.40 1.80 1.80 0

2 |actin ;:;/;\;.F; actinwith jacyosdium 1y o5 |10 177 Jo27

3 |actin aiﬂxgé?iﬁ“UC'ease 2&3;&3"32”3 139 % 190 |02
4 gﬁgéy;ist;o- \(;ivtiatohxgéitti)gnuclease bos taurus 1.29 1.58 2.31 0.73
Bcalculat=2-1;  Ap=|BcalculatBFFT]|
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4. CONCLUSIONS

- The scaling exponent of actin complex with gefsar deoxyribonuclease
has a value around 4./3 which confirms the findimgeef.3. This may suggest that the
mobility in the proteins is organized accordingtsingle universal scaling law.

- Biding of two different proteins to actin leaveschanged the central mobile
part of acting while it "imprints" their own molii characteristics to actin.
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ABSTRACT. The data obtained in experiments performed on dimgmocesses in
biophysical systems are generally very long tim&send have significant temporal non-
stationary fluctuations. Such a time series araiobt, for example, by measuring the
coherent light intensity scattered at small anglea human erythrocyte suspension during
the sedimentation process. The purpose of our waskto investigate the sedimentation
process and to characterize the local temporatlation using two modified versions of the
DFA method. Each version give a set of local sgadirponents obtained by applying the
DFA on successive shorter data domains. The intmmaiven only by one value of the
scaling exponent has a global character and calesotibe the local temporal correlation
for long processes.

INTRODUCTION

The erytrocyte sedimentation rate (ESR) is ondnefrhost useful test used by
clinicians in medical diagnosis. Usually ESR memast focus on the movement of
the boundary between sedimenting erythrocytes dmha. Detailed analysis of the
process reveals complex dynamic and self-organizingerties [1].

In our work a light scattering technique was usedapture and characterize
the dynamic aspects of the ESR process for twopgrofi volunters: healty subjects on
one side and persons with different disease (witheiased values of the ESR) on the
other side. The dynamic parameter that we haveunedsvas the intensity of the light
scattered at small angles by the erythrocyte ssspen The light intensity scattered
by the samples has a very complex spatio-tempag@ém. In the present work we
investigate the temporal aspects of the procegsglyiag the DFA method [2,3] on
time series obtained by converting the analoginaigto a digital one.

MATERIALSAND METHODS

The scattering experiments were performed with mVB- He-Ne laser at
632,8-nm wavelength. The laser beam was appliedroerythrocyte suspension of
about 1mm thin. The light scattered by suspensias detected by a photodiode and
the signal was amplified and transferred to a P@pder by an A/D converter. For
good temporal resolution we used a 20 Hz sapling o the A/D convertor for
processes with characteristic times of abodtse@onds.

The investigated samples were human erythrocytpesision in sanguine
plasma with hematocrit 5% and different values &RE Erythrocyte cells were
obtained from human blood of healthy and sick deramilected on Na citrate 3,8%.
Cells were separated from plasma by centrifugatiashed three times with buffered
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solution (150 mM NaCl, 5 mM Hepes/HCI, pH 7,4) aeduspended in plasma. There
was two type of blood samples: erythrocyte suspessirom healthy donors with
small values of the ESR parameter taken as coamrdlsamples with high ESR values
from subjects with pathological problems.

Sample Amplifier
Laser He-Ne -
632.8 nm, 5mwW |_| || D || Amplifier
a<5
Detectors
PC
A/D
Converte

/m—\

Figure 1: Experimental Setup of the Light Scattering

RESULTS

The coupling of the experimental set-up with tleenputer allow the on line
registration of the data as time series. With adl2Gampling rate, the dynamics of the
sedimentation processes was captured with relgithigh accuracy over time domains
of about 2 hours. The intensity of the scattergtitlhas a very complex fluctuation
pattern. At the beginning the intensity of scatfelight has uncorrelated fluctuations
the dynamic patern being similar to that of a randwocess (white noise) Figure 2A.
As the time increase the fluctuations becomes nam@ more correlated and the
dynamic patern change significantly (Figure 2B).

A first characteristic property of this dynamic paramésehis self-similar
fluctuating behaviour. Self-similarity means thhe tfluctuations for sorter sub-units
are statistically equivalent with the fluctuatidos the whole time series.

The sedimentation process of human erythrocytedescribed in our
experiment by the intensity of scattered light gis a long time series of 130000 data
corresponding to 6500 seconds.

For graphical reasons we present in figure 3A alldomain of 120 seconds
(2400 data) that we have pick up from the wholecess, and also two steps of
temporal rescaled sub-domains of the series B.r&i@ushow, in graphic terms, the
local self-similar behavior of the sedimentationgass.
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Figure 2 The fluctuation of the scattered light intensity fwo short temporal domains pick up

from the entire erythrocytes sedimentation process

A second important property, present only for local domains the
stationarity of the fluctuation of the scattereghtiintensity.

The parameter that is usualy computed in the tileeafor stationary time
series with self-similar behaviours is the scalgonent (self-similarity parameter).
The scaling exponent characterize the power law dependence of the uidtiicin
standard deviatioson the domain length (the number of data in the domain):

a =log(s) / log(n)
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Figure 3: The intensity fluctuation of the scattered light three self-similarity time series
(B) original time series, (C) detail rescaled afi¢i series B, (D) detail rescaled of time series C
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Figure 4a show the three gaussian curves that wlet@ned by fitting the
distributions of experimental data from the seBe< and D. The standard deviations
of the probability densities increases with the hamof the data in each of the three
series with a power dependence (Figure 4b - lihehaviour in a log — log plot).
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Figure 4: Scaling properties of the scattered light intensity

The stationarity is lost for such a long and ca@rpprocess such as the
erythrocyte sedimentation. To describe the scalprgperties of nonstationary
processes the algorithm usually used by the relséaaans, working in the field is the
Detrended Fluctuation Analysis (DFA).

The complexity of the sedimentation phenomenorodhuices also important
temporal correlations. Different types of correlai correspond to different values of the
scaling exponent that consequently can be usetliadiaator of the system behavior:

0 <a<0.5, power-law anti-correlations (large values more likely to be followed
by small values and vice versa);

* a = 0.5 completely uncorrelated systems (white neigee value at one instant is
independent by any previous values);

e 0.5<a <1, long-range power-law correlations;

« a>1 correlations exist but cease to be of a pdawerform; a = 1.5 indicates brown
noise.

Thethird important characteristic, is the variation of s@ffilarity parameter
(the scaling exponent) during the sedimentatiortgss. The temporal correlations are
almost absent at the beginning of the processdtresponding scaling exponent being
close to 0.5 and increase in 20 minutes to valgesigh as 1.5. This means that
applying the DFA method on the entire temporalesevwe will obtain a sort of global
value of the scaling exponent the detailed inforomabn smaller temporal domains
being lost. The local temporal correlations cancdoerectly described only if the
original DFA method is modified in order to givecld values of the scaling exponent.
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To obtain local scaling exponents, two modifiedsians of the original DFA
method was developed, each of them applying the DRAsuccessive shorter data
domains. The difference between the two versiorsthvat the first one use successive
nonoverlapping domains of 6ata and the second allow the partial overlappirthe
successive domains. The temporal evolution of dattered light intensity and of the
scaling exponents are given in Figures 5 and @datrol samples (healthy donors with
low ESR) and blood samples from sick donors (higiREvalues), respectively.

The scattered light intensity has a fluctuating atgits with a ‘latent domain’ in
first part of curve followed by an relatively fastcrease, a large maximum in the
middle and a long tail decrease in the final pathe sedimentation process.
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Figure5: The fluctuation of scattered light intensity ahd time dependence of scaling
exponent during sedimentation process for healtmod
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Figure 6: The fluctuation of scattered light intensity ahd time dependence of scaling
exponent during sedimentation process for sick dono
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The temporal evolution of the scaling exponent &asmilar behavior in the
first part of the process. To the ‘latent domaintresponds completely uncorrelated
fluctuation @ 0.5). To the increase in the intensity of the scattédight corresponds

a very quick increase in the scaling exponent framcorrelationse/C 0.5) to strong
correlation. ¢ L 1.5). The last zone indicates persistent of brownengiss about 1.5)

for the rest of process. The same behavior wasraddeor each sample without
significant differences.

Differences between the two modified DFA versioves not significant and
consist only in a higher resolution for the ovepimg version.

CONCLUSIONS

The coherent light intensity scattered at smalllespy a human erythrocyte
suspension during the sedimentation process hasyacomplex dynamic behavior. In
the present work we focus on the local charactioizeof temporal correlation using
two modified versions of the DFA method. Each varsgives a set of local scaling
exponents for successive shorter data domains.

The sedimentation process begins with a randomrdigsacharacterized by
the absence of temporal correlation, and relatifay switch to a strongly correlated
dynamics. The method gives similar results for thgadind sick donors. In our opinion
the complexity of the process needs a detailedysisaind certainly more parameters
to improve the sensibility and the selectivity bese optical methods as potentially
diagnosis procedures.
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1. General overview

As a direct outcome of the small and average farms for the breeding of the
herbivorous animals, in limited groups (5-50 heads), it is necessary to do a controlled
administration of the grassing areas.

The grassing land control requires:

a) The surface magnitude delimitation in ratio with the animals number.

b) The recurency rate of grassing, considering the grass regenerating on the

exploited field.

2. Theeconomicjustification

For a efficient exploatation it is necessary a rational organization of the grassing
surface. It can make same age groups, same weight groups, same purpose groups (for
milk, for cutting), so on.

Different enclojures might be built for these animal groups.

High technical supervision is assured with no human asistace. Unlike the old
metods of encosing a grassing surface, our proposed method is much more economical
and simple from the point of view of the building materias.

The fence mode of wood loth and wickerwork is practically replaced by aonly
ameta wire suspended here and there on wood pillars.

The system is conceived in such a way as not to jepartize the animals health
and lifeinside the enclosure.

The wathing system is based on the researches of electric field effects known
from biofisics.

3. Thesystem structure

There are two components

a) One high voltage pulses generator, mounted in a hermetic plastic box.

b) Onemetal wire fixed on wood pillars through ceramics isolators.

The entire assembly is shown in this picture:

Network sector and the box generator are found in a refuge, provided with a
220 V network To assure a better security a double grounding is required. The high
voltage line can be one isoled cable. The high voltage enclosure must necessarily be a
unisoleted wire.

The height of the pillars depend upon the animal rize (sheeps, caws).



4.

5.

CONTROL SYSTEM TO DELIMIT THE GRASSING AREA

Network sector

1. High voltage pulse generator
2. Graunded shield

3. Highvoltageline

4. High voltage enclosure

Technical characteristics

¢ Pulse amplitude without charge: 8+10kV

¢ Power absorption 7 + 10W

¢ Enclasure length : max 5km

¢ Quality isolations toke two aspects:
- theisolation between electronical devices and the wals of box
- theisolation between electronical enclosure and the ground

Warnings

Precautions wich have to be taken into account while using the system:

a) Before toching any of the components of the system, the supply cable should
be unpluged from the supply network.

b) The entire area should be marked with worning plates to keep people away
from the zone.
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ABSTRACT. The paper describes the preparation of ©eCIHO polycrystalline
material and the growth of pure and*Gdoped single crystals of this type. The crystal
structure was identified by X-ray diffraction metiso The absorption spectra in the UV,
VIS and IR domains were studied. The EPR spectoamsisting from the fine structure
transition lines, was determined for the*Gibped single crystals.

INTRODUCTION

Although the lanthanides were discovered for a ldinge, the lanthanide
compounds are still not entirely characterized nilw. The interaction of the 4f
electrons of lanthanide ions with the host laticeveak. Nevertheless, this interaction
has a large influence on the optical and magnetipgaties of lanthanide ions [1] and
can be evidenced by EPR spectroscopy .

Because of these specific characteristics, théndanidle halides hydrates and
their related systems are a class of materialsotdrpial interest [2]. From the large
variety of possible compounds, we have chosen dorstudy CeGlx 7 H,O (cerium
chloride heptahydrate) which was less investiggbeohably because this substance is
highly hygroscopic and therefore is difficult tortae. The literature reports recent
studies only of the dehydration process of some emrth (Nd, Tb, Dy) chloride
hydrates [3, 4] and rare earth chloride hydratiés @arganic inclusions [5, 6] and gives
data on their dielectric properties [7].

The aim of the present paper is to study some palgiroperties of the
CeCk x 7 HO single crystals by X-ray diffraction, UV-VIS ani spectroscopy, and
the influence of the first neighborhood on the Edpiectra of the gadolinium trivalent
ion in GF* doped CeGlx 7 HO single crystals.

EXPERIMENTAL
The CeCjcompound has two possible forms:
A. CeCk without HO — it can be prepared in the following ways:
a) from cerium oxide and chloride:
2Ce03+ 6 Ch=4CeC}+ 30
b) from cerium oxide and carbontetrachloride:
2Ce03+3CCL=4CeC}+3CQO
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B. CeC}k hydrate — for the preparation of this compoundadaom the literature
indicates the two following possibilities:
a) from the solution obtained by the reaction afiure hydroxide with
hydrochloric acid:
Ce(OH} + 3HCI=Ce(d + 3 HO
b) from the solution obtained by the reaction ofiwwa carbonate with
hydrochloric acid:
Ce(CO;y)3 + 6 HCI = 2CeG + 3 HO +3CQ
A third possibility, not mentioned in the litera¢yris the preparation from the
aqueous solution of Cefand BaC). We applied this method because we hads;CeF
available as starting material:

2 CeR + 3 BaC}=2 CeC} + 3 Bak

The major advantage of this method is that Baknsoluble in water, and can
be separated by simple filtration from the solutidocording to the above-mentioned
reaction, we have obtained Ce@{/drate in polycrystalline form.

CeCk x 7 HO is extremely soluble in water. This property atoboth the
purification and the preparation of the materiahfraqueous solutions. Therefore, after
multiple recrystallization processes, we obtainestagting material for the single crystal
growth without diamagnetic impurities. This facaswconfirmed by EPR measurements.

RESULTS

The transparent, colorless single crystalline samplere obtained by slow
evaporation of the Ceg€hqueous solution in approximately 2 to 3 weeks Ginthese
samples is shown in Figure 1. Up to the presemterperiments indicate that the crystal
growing process can be accomplished at a temperataund 3€C.

The Gd* doped samples
were obtained in the same way when
we added to the aqueous solution of
CeCk small quantities of Gdglin a
molar ratio of 1/500 (GH/Ce™).

In order to identify the exact
structure of the single crystals obtained
by us we effectuated X-Ray diffraction
measurements on polycrystalline sam-
ples. The experimental X-ray powder
pattern is presented in Figure 2.

These measurements have con-
firmed that the crystals contain indeed
seven HO molecules. The single
crystals have a monoclinic system
and their space group is P1l. Using
Figure 1. CeC} x 7 HO single crystal grown these data, we generated the unit cell
and the possible positions of the
atoms in it (Figure 3).
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Figure 2. The X-ray diffraction powder pattern measuredfuycrystalline CeGlx 7 HO samples
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Figure 3. The unit cell (left) and the asymmetric unit (rightoposed for the CegCk 7 H,O

single crystal

The UV-VIS and IR transmission spectra show that@eC} x 7 HO single
crystals prepared by us are not transparent inUlie transparent in the VIS and
partially transparent in the 400-1500 tmange of the IR domain.

We have to mention that the investigated singlestafime samples were
rather thick (2-3 mm), so the results are not \@nyclusive. Further measurements are
in progress.

The EPR spectrum of Gddoped CeGlx 7 HO single crystals has been
measured with an X-band Radiopan SE/X - 2453 speeter at room temperature
(Figure 4).
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i
“~Encca

Figure 4. The EPR spectrum of the &don in the CeGlx 7 HO diamagnetic
hase at an arbitrarv orientation of the externaimatic fielc

From the preliminary analysis of the spectra, wesaer that the symmetry of
the magnetic complex is lower then axial. The ERfRcta is described by the
following spin Hamiltonian that can be expressethmstandard notation [8]:

H=pH GBS+ 3 BlmOIm; O<m(even<|
| =246

After preliminary investigations, we consider thlaére are two magnetically
equivalent centers in the unit cell - if we considaly the next nearest neighborhood

of C€" ions and if the Gt ions occupy their sites. However, the symmetrysae
these magnetic centers are differently oriented.

CONCLUSIONS

We have obtained Cefteptahydrate single crystals of relatively largee s
using the growth method as described above. Thit as confirmed by X-ray
diffraction measurements.

Based on the UV-VIS and IR absorption spectra, aveaffirm that our samples
may prove a good material for the visible domaio tfdnsmission was observed in the UV
domain. The IR absorption measurements carrietillonbw were not conclusive enough
because the single crystalline samples were tok. thivestigations with the polycrystalline
base material included in KBr pellets were not made

The preliminary analysis of the EPR spectra cordiirthe presence of two
magnetic centers with differently oriented symmetres. The thorough study and the
exact determination of the spin-Hamiltonian parargeare in progress.
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ABSTRACT. 5Fe0sBGd0; micropowder and 5K@5B3Gd0Os—dextran nanoparticles

were prepared and studied by magnetic susceptilsitid nuclear magnetic resonance
measurements. Magnetic susceptibility data sugtpestpresence of antiferromagnetic
interactions between the magnetic ions $FE€? and G& ) of the samples. These

interactions are stronger for the micropowder samfphe relaxivities are almost the same
but the R relaxivity of the nanopatrticles is higher thanttbfthe micropowder sample.

The decrease of the particles size in the,Bf8Gd.Os—dextran to nanometer range
determines modifications of their magnetic propstrti

INTRODUCTION

In the last years the study of the nanoparticlasehreceived increasing
attention. Altered electrical, magnetical, elegitazal and chemical properties accompany
reducing of particle size to nanometer range. Tlspseial properties are caused by the
changes of band structure with quantum — size &fftéc

In this paper we studied the magnetic propertidés 566033Gd0;3
micropowder and 5RE3BGA0s—dextran nanoparticles by magnetic susceptibilitgd a
nuclear magnetic resonance measurements.

EXPERIMENTAL

Synthesis of 5F©;[83Gd,0; microparticles was made in the following way: to
iron oxide and gadolinium oxide taken in ratio 3Q¢g: 5Fe0O3; methanol was added
and the suspension was stirred about 6h with a etmgagitator. The homogeneous
mixture was dried for 5h at 105°C. Furthermore, thi@ture was calcined for more
than 2h at 120 in air atmosphere and then transformed into rpawaler [2]. The
size of the 5F83; 3Gd,03; micropowder was about 2-Mm? um. The particles size
was determined by width of the peaks from X-rayfrddtion spectrum. X-ray
diffraction analyses were performed on a DRON3Jadfometer using CuKradiation.

The 5Fe033Gd0z—dextran nanoparticles were prepared by microeowlsi
method using a water and toluene system. Therggamiterials FeGIGdCk in molar
ratio of 5:3 were converted to the correspondingles by treating then in a system of
420ml of water and 120ml of toluene on a water athabout 10-12 hours. We used
oxides/dextran molar ratio of 1:1. The molecularghie of dextran was 40000. We
appreciated that the median diameter of the dessianilized particles was distributed
between 800A and 1200A, whereas the (BEBGA,03) core mean diameters were
about 35-45A.

The source of R©z;Cand GdOs (99.9% purity) was E. Merck, Darmstadt.
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Magnetic susceptibility measurements were perfdrroa a Faraday type
balance in the temperature range 80-300K.

Measurements of the longitudinal and transverkxaéon rates T'and Bt
respectively, of dextran coated nanoparticles H@een carried out ofH in aqueous
solutions as a function of molar concentrationsijevtine water-insoluble micropowder
was maintained in carboxymethylcellulose solutioA. measurements have been
made at room temperature (about 25°C) at a proawmabr frequency, = 90MHz.

The pulsed NMR spectrometer utilized was a commakeBruker SXP4/100
spectrometer. Transverse relaxation rates were ureghsusing the Carr-Purcell
method, while longitudinal relaxation rates meas@ets using the inversion recovery
pulse sequence, 180-90°. All data exhibited single — exponential behavior.

The T, values were obtained by fitting experimental aith the expression

Y. (t,))=A+Bexp(t; /Ty,) Q)
t; being the times at which the magnetization vaiesas measured. The fitting error
was about 1% and the accuracy for the longitudiatds was about 2-3% while the
accuracy for the transverse relaxation rates waatah 7%.

R, and R relaxivities, in mM's® were obtained from the least-squares
determination of the slopes of plots 14,,Tversus molar concentration of the
compound, using at least five independent measuresmat several concentration
between 0 and 2mM.

RESULTSAND DISCUSSION

Figure 1 shows the dependence of the inverse niagagsceptibility as a
function of temperature for the 5f&&[BGd,0s—dextran nanoparticles and also for the
5Fe0383Gd,0; micropowder. The data collapse to straight linedidating that the
magnetic susceptibility follows a Curie-Weiss tyghavior.

X" =(T-86,)IC (2)
where C is the Curie constant aBylis the paramagnetic Curie temperature. The solid
lines in Figure 1 represents the computer fit gfegimental data according to Eq. (2).
These plots permitted to derive the two importaagnetic parameters namely and
Cn (the molar Curie constant). The values obtainedHhese constant afk= -40K,
Cn=103.68emK/mole for 5Fg0;3Gd0s—dextran nanoparticles anfl,= -52K,
C,=66.74emi&/mole for 5Fg033Gd,0; micropowder. The paramagnetic Curie
temperatured, is a rough indicator of magnetic interaction betwethe iron and
gadolinium ions ( F€, Fe? and Gd*). The negative values obtained &y suggest
that the interaction between the magnetic ionsigearomagnetic and its intensity is
higher for the micropowder sample.
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Fig.3. Proton transverse relaxation rates as a function of particle concentration
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Fig. 2. Proton longitudinal relaxation ratesas a function of particle concentration

The measured Rand R relaxivities of nanoparticles and micropowder
studied in aqueous and carboximethylcellulose Ewiatare shown in table 1. For

purpose of comparison the; Rand R relaxivities of magnetite and SPIOs (the
commercial magnetite coated in dextran) are shawn t

Tablel.
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R; and R, relaxivities for the studied particles

Compound Ry(mM's? Ry(mM's?) Ro/R;
5Fe0;3Gd,0; 2.54 207.83 1.8
5Fe0;[83Gd,0; — dextran 61.78 201.4 3.26
Magnetite [3] 3.02 55.29 18.31
SPIOs [4] 30 100 3.33

The proton relaxation rates (Figures 2 and 3) larearly dependent on
concentration of compounds. This certifies the ats®f solute — solute interaction [5].

The relaxation rate increase produced by magmpetiticles is a contribution
of several complex mechanisms. The size and theasition of these particles represent
the essential parameters. The particles possegslamge magnetic moments in the
presence of a static magnetic field. Dipolar inteoms between the magnetic cores and
surrounding solvent protons results in increasiragh blongitudinal and transverse
relaxation rates, especially for nanoparticles ofivel100A). Smaller particles are
adequately described by the microscopic outerspihe@y [6] which predicts that the
transverse relaxivity Rof water will increase with the radius of the mdet whereas the
longitudinal relaxivity R, will first increase then reach a maximumdgrg = 1 and finally
decreasew is the proton Larmor frequency angd is the time required for a water
molecule to diffuse over a distance equal with usadf the particle. Due to the small
dimension of the magnetic core, iron oxide — gauilain oxide —dextran nanopatrticles and
also SPIOs have higher values fgraRd consequently lower values for the ratigfRR

The susceptibility difference between the pasic@ded the surrounding medium
generates strong magnetic field gradients, paatilyularound the periphery of each
inclusion. Diffusion of protons leads to an irresible dephasing of the transverse
magnetization that cannot be completely rephasedagplication of a 180 radio-
frequency pulse. Thus in a Carr-Purcell (90 -180) sequence, whereis the spacing
between the 90and 180 pulse, the estimated transverse relaxation raterisiderably
increased. The magnetized particles with largedsimeains (up to 100 A) affect, Tnore
that T,. For this case the mechanism of action can béegtlaore to diffusion-induced
magnetic field gradients than to dipole-dipole fatgions.

CONCLUSIONS

5Fe0;[83Gd,0; micropowder and 5R63[3GAd,0s—dextran nanoparticles were
prepared and their magnetic susceptibilities apdriRl R relaxivities were measured.
Magnetic susceptibility data suggest the preserfcantiferromagnetic interactions
between the magnetic ions (‘BeFe? and Gd® ) of the samples, these interactions
being stronger for the micropowder sample. Theease or decrease off Rnd R
relaxivities depends on the number of factors aspound mass, size and composition,
and is the combined result of more than one typelakation processes.
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