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PREFACE

The first "Isotopic and Molecular Processes" cogriee was held in Cluj -
Napoca, Romania on September 23 - 25, 1999 underadygis of the National
Agency for Science, Technology and Innovation.

The conference was organised by the Nationaltltstifor Isotopic and
Molecular Technologies in cooperation with Phydiepartment of the "Babes -
Bolyai" University.

The scientific programme covered the full rangésotopic and molecular
processes and their applications in physics, chgmighemical physics and
biophysics.

Except lectures by invited speakers, there weak @ymmunications and
poster sessions. There were 86 scientific particgpérom Romania and 4 from
abroad. The plenary lectures were held in the mgenifollowed by oral
communications presented in two parallel sessidiie papers scheduled as
posters were presented in the afternoon at thepssssion arranged in the Hall of
the "Raluca Ripan" Chemistry Institute, Cluj - NapoThese plenary lecture, oral
contributions and posters are collected in this kbowhich constitutes the
proceeding of the 1st Conference on Isotopic antetldar Processes.

At the opening ceremony the Vice Major of Clujapdca, Dr.Ing. Nicolae
Ruja, welcomed the participants. The conference tvas opened by the Director
of the National Institute for Isotopic and Moleauleechnologies, Dr. Cornel Cuna,
after which Acad. Marius Peculea addressed theecente.

During the conference, an Opening Mixer was helthe Glass Hall of the
Institute and a Conference Dinner in the "Stadibiotel restaurant. A day - time
social programme, primarily intended for foreigmestists, included an excursion
to Belis - Fantanele and other local sights.



PREFACE

The financial support given by the National Agenéyr Science,
Technology an Innovation was greatly appreciatdue Telp received from the
Town Hall Cluj - Napoca is gratefully acknowledg&phecial thanks are due to the
following sponsors: S.C. Tehnofrig S.A., S.C. UrsBsA., Prodvinalco S.A.,
Napolact S.A., Panegrano S.A., S.C. Napopan Sascal Able S.R.L., Redox
Trading 2000 S.R.L., Coop. "Arta Juc¥ariilor’, RATUGonic S.R.L., Natex
S.R.L., S.C. Elador S.A., S.C. Inplast Prod. M&bmp. S.R.L.

On behalf of the Organising Committee we wish kpress to many
persons who helped in the successful organisatfothhed conference, our most
cordial thanks for their hard work, enthusiasm é&mehdly cooperation. Also we
wish to thank the chairmen, the lectures and all plrticipants who made the
conference a stimulating scientific event.

Finally, one express our desire to organise {fps 0f conference in future
each two year, to fulfil thus the promise we matiéha closing ceremony of the
conference.

C. Cuna and V. Cosma A. Pamula

Chairman - Organising Committee Secretary
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PROCEDEU PENTRU DETERMINAREA CAPACITATII DE
PRODUCTIE GARANTATE PENTRU O UZINA DE APA GREA

(APA GREA - TEHNOLOGIE ROMANEASCA -)

PROCEDURES TO DETERMINE THE GUARANTEED PRODUCTION
CAPACITY OF A HEAVY WATER PLANT

MARIUS PECULEA,

Academia Romand, Bucuresti

Programul Nuclear National, care a devenit operant incepand cu anul 1970,
a avut printre principalele obiective si industrializarea producerii de apa grea. Fiind
o tehnologie de varf si cu intentia ca industria roméneasca sa aibe o participare
maxima, s-a dezvoltat cu prioritate o bazd de cercetare, localizata la Ramnicu
Valcea, care a primit numele generic de Uzina G, de la apa Grea.

Un fenomen fizic sau chimic poate fi transpus intr-o tehnologie printr-o
infinitate de solutii, care depind de capabilitatea intelectuala a persoanelor, de
dezvoltarea de moment a nivelului industrial si de starea economica, respectiv de
Uzinei G i-a revenit rolul de interfatd intre stiintd si tehnologie, ea elaborand, in
timp, nu numai procesele tehnologice de separare a apei grele, ci si echipamentele,
aparatura de masura §i control si analizoarele de concentratie izotopica. In acest fel
constructia fabricii de apa grea, localizata la Drobeta Turnu Severin numita
ROMAG, reprezinta o realizare a stiintei si industriei romanesti, care practic a
permis Roméniei sa fie consideratd o tard care a fost capabild sa-si creeze propria
industrie.

Separarea apei grele se realizeazd prin succesiunea a doud procese
tehnologice, primul fiind un schimb izotopic la doud temperaturi intre apa si
hidrogenul sulfurat, proces numit in continuare biterm, cu rolul de extragere al
deuteriului din apa de alimentare, al doilea proces fiind distilarea sub vid a apei,
numitd In continuare distilare, cu rolul de finisare a apei grele, respectiv de
concentrare finala pana la nivelul cerut de reactoarele nucleare, ceea ce reprezinta o
concentrare a ei in deuteriu mai mare de 99,8% molare. Cele doud procese
tehnologice au fost alese tindnd cont ca bitermul este alimentat cu apa, ceea ce 1l
face complet independent de orice alt proces tehnologic si la inceputul anului 1970
dispunea de cea mai mare experientd industriald la nivel mondial si distilarea se
baza pe experienta de laborator de la Institutul de Fizica Atomica din Cluj.
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Suportul stiintific pentru industrializarea tehnologiei de separare a apei
grele a fost Uzina G. Ea a fost prima unitate de cercetare de dezvoltare tehnologica
infiintatd odatd cu Comitetul de Stat pentru Energia nucleard (1 martie 1970).
Scopul principal al Uzinei G a fost verificarea tehnologiei de separare a apei grele
si a avut ca obiective dezvoltarea de metode i aparatura pentru analiza izotopica si
elaborarea de metode pentru simularea si proiectarea proceselor de separare. Prima
etapd a Inceput cu constructia §i punerea in functiune a unei instalatii pilot
semiindustriald, dupa care s-a trecut la verificarea proceselor de separare. A doua
etapa, rezultatd din experimentarea instalatiei pilot, a fost crearea conditiilor de
transfer a cunostintelor stiintifice si tehnice catre industrie, avand ca intermediar
Institutul de Inginerie Tehnologica pentru Industria Chimica. Din colaborarea cu
institutul de proiectare a rezultat ce trebuie sd dezvolte cercetarea stiintificd pentru
a realiza un transfer tehnologic in industrie. Practic cercetarea trebuia sa asigure si
sd garanteze:

e schema tehnilogica, cu bilanturile de substante, energie si profilul izotopic
calitatea produsului si controlul lui
consumurile specifice la nivel concurential
pretul de cost al produsului la nivel de competitie
know-how-ul pentru constructia echipamentelor, a elaborarii de materiale
speciale, a tratamentelor termice si termochimice care sa asigure calitatea
echipamentelor si prin aceasta sa reduca la minim riscul industrial.

Aceasta interfata intre stiinta si tehnologie poate fi rezumata, prin raportul
dintre capacitatea reald a instalatiei si capacitatea de proiect, relatie care trebuie sa
garanteze buna functionare a fabricii de apa grea. Relatia descrie legatura

Qr=Cp*Cp*sCr*Qp*Tp

unde Qg este capacitatea reald; Qp capacitatea de proiect; Tp timpul de proiect
afectat functionarii instalatiei; si trei coeficienti, fiecare cu o valoare mai mica decéat
unu si care reprezinta Cp coeficientul de disponibilitate; Cr coeficientul de fiabilitate;
Cr coeficientul de relaxare. Cei trei coeficienti reprezinta abaterea procesului real
fatd de conditiile de proiectare, care descriu un proces cu functionare in regim
stationar si fard defectiuni. Cei trei coeficienti sunt obiectivele care trebuie avute in
vedere pe timpul existentei instalatiilor, care necesita Imbunatatiri continue, pentru
a ramane competitive.

Coeficientul de disponibilitate reprezinta raportul dintre productia momentana
integrata pentru perioada de timp proiectata si productia proiectatd. Coeficientul de
disponibilitate este in primul rand afectat de functionarea in regim nestationar a
instalatiilor de separare izotopicd, procese foarte sensibile la orice variatie, cat de
micd, a parametrilor de operare, cum sunt temperaturile, presiunile, debitele si
peste tot alimentarea cu energie. Pentru determinarea productiei momentane s-a
elaborat un model matematic de calcul care descrie procesul nestationar influentat
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de variatia parametrilor de operare. Modelul a permis determinarea variatiei in timp
a productiei, starea momentand a instalatiei (profilul izotopic) cu indicarea
conducerii procesului tehnologic intr-un domeniu cat mai apropiat de cel static si
determinarea zestrei de apa grea In lungul instalatiei, obiectiv urmarit de legislatia
de "safe-guard".

Verificarea programului de calcul s-a facut prin experimentarea instalatiei
pilot, unde s-a urmarit variatia profilului izotopic in functia de parametrii de operare.
Profilul izotopic in lungul instalatiilor, cel calculat fatd de cel masurat, indiferent
de parametrii de operare, se diferentia prin una si aceeasi constantd, care s-a
dovedit a fi eficienta elementelor de contact. Un model matematic nu depinde de
marimea saltului de scara, cat timp eficienta elementului de contact este o functie
atat de scara cat si de Incarcare (debite). Pentru reusita transpunerii la scara
industriala a rezultatelor stabilite la nivel de instalatie pilot si indirect de garantare
a capacitatii de productie, determinarea comportérii elementelor de contact, talere
si umpluturi, s-a realizat la scara 1:1 in cadrul unui laborator specializat al Uzinei G
pentru testarea lor.

Laboratorul de testare a talerelor a fost dotat cu trei standuri experimentale
avand ca echipament central cate o coloana cu diametrele de 1,5; 2,7 si 5,3 m, care
reprezentau, prima dimensiunea instalatiei pilot si celelalte doud dimensiunile reale
ale coloanelor instalatiei industriale. Comportarea elementelor de contact s-a
determinat in sistemul apa-aer, functie de enegia cinetica a gazului, mod de testare
universal valabil.

Raportat la modul de testare a elementelor de contact, sistemul procesului
de separare este format de apa-hidrogen sulfurat, care are o comportare diferita fata
de sistemul apa-aer, ceea ce a impus introducerea unor relatii de similitudine care
sa tind cont de proprietatile sistemului de separare. In totalitate testele realizate in
sistemul apé-aer au fost recalculate in sistemul apa-hidrogen sulfurat si raportarea
rezultatelor s-a facut in functie de cifra Weber, car pe langd energia cineticd a
gazului tine cont si de tensiunea superficiala a lichidului (apé saturatd cu hidrogen
sulfurat). Acest nou mod de interpretare a putut explica si solutiona toate
perturbatiile apéarute la punerea in functiune a instalatiilor industriale, consecinta
directd fiind atingerea capacitatii de proiect.

O probleméa aparte a format-o elementul de contact pentru distilare. S-a
optat pentru o umpluturd ordonatd, cu o geometrie bine definita, pe care apa urma
sd curgd intr-un strat cat mai subtire, practic la nivelul stratului limita, reducand
astfel la minim rezistenta la difuzia izotopului in lichid. Performanta acestei
umpluturi, de cca 3 + 4 ori mai bund ca a unei umpluturi similare din industria
chimicd, se datoreazd combindrii unor procese, toate contribuind la marirea
gradului de udabilitate a suprafetei pe care se scurge lichidul. Au fost luate in
considerare capilaritatea, marirea tensiunii superficiale prin curbare mecanica si
aplicarea unui tratament termochimic.

13
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Conditia de optimizare a pretului de cost impune cascadarea instalatiilor de
separare izotopicd, dar la care trebuie tinut cont de marea sensibilitate a procesului.
Practic, orice abatere a parametrilor de functionare a unui etaj oarecare,
influenteaza negativ atat in aval cat si in amonte functionarea cascadei, deranjand
profilul izotopic al acesteia, care in final se traduce prin eliminarea de izotop prin
linia de deseu, respectiv prin scdderea productiei. Pentru reducerea la minim a
influentei negative a perturbatiei unui etaj din ansamblul cascadei, instalatia de
fabricare a apei grele a fost prevazutd doar cu cate doud etaje pentru fiecare proces
in parte, respectiv pentru biterm si pentru distilare. Prin aceasta solutie s-a obtinut o

Modelul matematic care descrie regimul nestationar de functionare a
instalatiilor §i determinarea comportarii reale a elementelor de contact au permis
stabilirea cu precizie a coeficientului de disponibilitate.

Coeficientul de fiabilitate a fost determinat printr-un studiu statistic
sustinut de experimentarea instalatiei pilot pe o perioada de 5 ani. El a scos in
evidentd comportarea echipamentelor dinamice, a materialelor de constructie a
echipamentelor statice §i a aparaturii de masura si control.

Echipamentul dinamic principal a fost compresorul pentru recircuirea
hidrogenului sulfurat, practic elementul vital al procesului, de mare complexitate
constructiva si ca atare si foarte scump, asa ca instalatia a fost dotatd doar cu un
echipament activ (fara rezerva). Fiind unicat, garantarea functiondrii lui fara
defectiuni, trebuia asigurata in intervalul dintre revizii, interval echivalent cu 16000
ore. Testarea compresorului experimental s-a realizat in instalatia pilot, care dupa o
functionare continua de cca. 7000 ore, tehnologia lui a fost transferatd de IMG-
Bucuresti, unde s-a executat seria de compresoare pentru ROMAG, compresoare cu
o capacitate echivalentd de 2,5 MW. Datoritd actiunii corosive a hidrogenului
sulfurat umed, compresorul a fost executat dintr-un aliaj special de otel inoxidabil,
constructiv avand un singur rotor montat in consold si un stator rotoric. Etansarea
arborelui motor s-a realizat cu o presetupa hidrodinamica, garda hidraulica fiind
asiguratd de un circuit de ulei; neavand nici o piesd in contact direct, s-a putut
asigura o functionare sigurd practic infinita in timp.

O atentie deosebitd a fost acordatd materialelor din care a fost construita
instalatia de separare biterma (coloane si conducte). Hidrogenul sulfurat umed si
apa cu hidrogen sulfurat solvit (pH ~ 3) sunt agenti foarte corosivi. Cu toate
acestea, pentru competitivitate, s-a apelat la un otel carbon, elaborat la Galati,
caracterizat de o structura find, omogen, controlat dupa elaborare pe intreaga
suprafatd a tolelor si supus unui tratament de detensionare. Otelul a purtat
indicativul de G 52/28 si reteta lui a fost elaboratd de ICEM - Bucuresti. Rezistenta
lui la coroziune a fost asiguratd printr-un tratamet termo-chimic special, brevet al
Uzinei G, si a capatat numele generic de "piritizare". In esentd pasivarea otelului
carbon se realiza prin transformarea sulfurilor de fier, formate la contactul cu
hidrogenul sulfurat, din sulfuri sarace in sulf in sulfuri bogate in sulf, respectiv in

14



PROCEDURES TO DETERMINE THE GUARANTEED PRODUCTION CAPACITY OF AHEAVY WATER PLANT

pirit, care mirea rezistenta la coroziune cu cca 10° ori fatd de otelul netratat. Prin
"piritizare" viata echipamentelor a fost dublata, cu un efect benefic asupra pretului
de cost al apei grele.

Solutia de hidrogen sulfurat in apa formeaza un cristalo-hidrat care se
solidifica la temperaturi mai mici de 30 ° C. Aparatura de masura si control si liniile
lor de impuls au fost concepute special pentru aceasta situatie si au fost prevazute
cu linii Tnsotitoare termostatate. Insotitorii, formati din tevi subtiri, alimentati cu
abur de joasa presiune, au fost aglomerati prin intermediul unui ciment
termoconductor, elaborat la Uzina G, cu aparatura de masura si a liniilor de impuls,
realizandu-se o termostatare, cu o temperaturd practic uniform repartizata.
productie, s-a obtinut o importanta scadere a riscului instalatiei de producere a apei
grele.

Cel de-al treilea coeficient, cel de relaxare, mai putin luat in considerare
pentru instalatiile din industria chimicd, in schimb pentru instalatiile de separare
izotopica a apei grele, el devine hotarator in alegerea solutiilor tehnologice. Cu titlu
informativ, care este sugestiv pentru instalatiile de separare a apei grele, perioada
de intrare in regim de extractie (productie), poate atinge 2-3 luni, in functie de
modul de operare. O perturbatie oarecare in proces, necesitd deasemenea timpi
indelungati pentru refacerea profilului izotopic, timp in care productia este mult
redusd, sau prezinta fluctuatii importante. In lungul instalatiei zestrea de izotop, ca
urmare a profilului izotopic, reprezinta o cantitate de apa grea echivalentd cu
productia a 3~5 luni, functie de solutia tehnologica adoptatd. Toate acestea au
contribuit la alegerea unui sistem de legare intre etajele instalatiilor ca ele sa poata
functiona independent. La aparitia unui deranjament major, etajele intra in
functionare 1n circuite inchise, pastrandu-si zestrea si profilul izotopic, astfel incat
la repornire, timpul de relaxare, de reintrare in productie, sa nu depaseasca 24 ore.
In acelasi scop s-a urmarit ca zestrea de izotop in lungul instalatiei s fie mentinuta
la un nivel minim, lucru realizat prin talere operate la un nivel minim de lichid,
evitarea de rezervoare intermediare, nivele minime de lichid in baza coloanelor, s.a.
Realizarea si mentinerea unei zestre minime i a unui profil izotopic constant s-a
datorat si sistemului de extractie continuu, aplicat la ultimul etaj de separare,
respectiv la extractia continud si controlatd a productiei de apd grea, cu o
concentratie mai mare in deuteriu de 99,8% molare.

Garantarea calitatii produsului a determinat dezvoltarea analizelor izotopice, a
urmelor de elemente chimice si a purificarii gazelor. S-au realizat spectrometre de
masa performante pentru masurarea maselor moleculare 2 si 3 (a hidrogenului §i a
hidrogenului deuterat), densimetru cu vibrator (pentru intregul domeniu de
concentratic a apei grele), spectrometru 1n infrarosu (pentru analiza produsului,
respectiv concentratii mari de apa grea), conductivimetre, metode gazcromotografice.
Aparatura a fost construitd in doud variante, pentru analize discrete in laboratoare
si pentru analize in flux (in linie) atasate direct la instalatiile de separare.
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Procesul de separare biterm este un mare consumator de energie termica,
practic 90% din energia introdusa in proces. Pentru garantarea consumurilor specifice
o atentie deosebitd s-a acordat studiilor de recuperare a energiei, efectuate prin
compararea diagramelor de flux energetic cu cele de flux exergetic. Cu ajutorul lor
s-a determinat gradul maxim de recuperare a energiei termice si s-a dat solutia
constructiva pentru buclele termice care asigurau umiditatea (principalul consumator
de energie termica) si dezumificarea (prin recuperare) hidrogenului sulfurat.

Confirmarea tehnologiei de separare a apei grele s-a facut prin compararea
in final a pretului de cost al produsului cu tehnologii similare. Pentru aceasta s-a
dezvoltat o teorie, numita functia tehnologica, care a permis determinarea unor
coeficienti de comparatie aplicate la 4 instalatii, coeficienti unde valorile mai mici
decat unu reprezinta tehnologii rentabile, avantajul lor crescand odatd cu scaderea
valorii coeficientului.

MR MC SRP UzZG
0,9 0,894 0,825 0,761

Tabelul are urmatoarea semnificatie:

MR - modul industrial romanesc
MC - modul industrial canadian
SRP - Savannah River Plant (SUA)
UZG - instalatia pilot a Uzinei G

Datele comparative intre fabricile de apd grea, analizate prin metoda
functiei tehnologice sunt redate in tabelul din continuare, unde se pot observa
diferentele Intre tehnologii si in special cele patru pozitii care deosebesc instalatia
americand SRP si instalatia Uzinei G, notate in tabel prin "X", si care evidentiaza
imbunatatirile aduse de Uzina G, ulterior transferate la ROMAG.

OBIECT SRP UZG MC MR
Capacitate pe modul, t, D,O/an 20 2 400 90
Numadrul de etaje ale schimbului izotopic 2 2 3 2
Concentratia, % (D/H+D) a produsului 15 15 45 20
schimbului izotopic
Separarea etajului unu al schimbului izotopic 4 4 4 10
Diametrul coloanei etajului unu, in m 3,4 1,5 8,5 5,3
Indltimea coloanelor etajului unu, in m 35 50 85* 60
Numdrul de coloane in paralel in etajul unu 1 1 3 3
Tipul de taler din coloanele de schimb izotopic |cu clopotei perforate
Solutia constructiva pentru coloanele cald-rece | separate | separate |suprapuse|separate
Linia de legaturd intre etajele instalatiei biterm | gaz+lichid | lichid gaz lichid
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OBIECT SRP UZzG | MC | MR
Umidificarea si dezumificarea hidrogenului in schim- | prin contact direct pe talerele
sulfurat batoare de din coloanele de schimb
caldura izotopic
Tipul coloanelor de distilare cu talere cu umplutura
Obtinerea hidrogenului sulfurat propriu | propriu | din titei | propriu

* se referd la indltimea totald a coloanelor cald-rece suprapuse

Cercetarile asupra tehnologiei de separare a apei grele au continuat si dupa
transferul tehnologic citre industrie si chiar dupa inceperea constructiei instalatiei
industriale, ele urmarind imbunatatirea valorii celor trei coeficienti, de disponibilitate,
de fiabilitate si de relaxare. Rezultatul acestor cercetari s-a concretizat prin
introducerea unei coloane de echilibrare izotopica in amonte de instalatia biterm.
Noua instalatie de separare a apei grele prevazutd cu coloand de echilibrare
izotopica este o premierd mondiald si experimentarea ei pe mai multi ani la Uzina
G a dat o satisfactie totald. Coloana de echilibrare permite alimentarea instalatiei de
separare a apei grele pe linie de gaz, avind ca prima consecinta ci in instalatie nu
mai intrd impuritatile aduse cu apa de alimentare. Circulatia de fluide in instalatia
de separare se realizeaza in circuite inchise, cu substante curate, singurul
component care se transmite in lungul fluxului tehnologic fiind izotopul greu al
apei, respectiv deuteriul. Prin vehicularea de substante curate depunerile de inerte
din instalatie s-au redus de peste 25 de ori, ceea ce a permis marirea timpului intre
reviziile planificate si odatd cu aceasta marirea productiei.

Coloana de echilibrare fiind plasatd in amonte de instalatie are rolul si unui
rezervor tampon izotopic, ceea ce mareste stabilitatea in operare si odata cu aceasta
creste coeficientul de disponibilitate.

Programul de apa grea din cadrul Programului Nuclear National a fost o
demonstratie a capabilitatii cercetarii si industriei roménesti de a crea o tehnologie
avansata printr-un efort propriu.
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Infrared Multiphoton Dissociation (IRMPD) in polyahic molecules is
one of the more general techniques for inducingnotécular reactions from the
ground electronic state and for obtaining free caldi with a high degree of
vibrational and rotational energy [1]. AnalysistbEe Spontaneous Luminescence
(SL), emitted in the dissociation process, and tabseluced Fluorescence
technique (LIF) allows to follow in real time therggluction of the radicals
providing valuable data about both, the kineticdhef dissociation reactions and
the nascent energy distribution among the prodéragpents [2].

In this work we review the results that we haveerdly obtained from the
SL and LIF studies of some fragments formed infdPD of 2-chloroethenylsilane
(CES) and vinylbromide (VBr) [3-5]. We give two erples of the analysis of the
SL signal produced in the dissociation procesgsultrof two different mechanisms:
the inverse electronic relaxation of a primary catliand the direct electronic
relaxation of collisionally produced excited fragitge Results from the application of
LIF technique to the products of both parent mdiesueveal that these are always
produced vibrationally hot.

Laser induced photodecomposition of silicon compisuis a problem of
current interest due to its potential role in cheahivapour deposition of silicon-
based films [6,7]. Thermal and photolytic decomposs of haloalkenyl silanes
have received only very limited attention. We haeeried out several studies on
the IR laser driven reactions of silanes for chami@pour deposition of Si/C/H
materials [8] and, in particular, on the Cl@ser-powered decomposition of CES as
well as on the properties of the solid materiatsdpced by this decomposition [9].
The knowledge of the dissociation mechanisms amd rédsulting intermediary
species is essential to understand and controptbperties of the films. These
properties usually depend on the wavelength andlikace of the laser radiation,
and also on the precursor pressure. We have stutieedSL produced in the
IRMPD of CES both in the collisionless and collisi regimes. This emission is
attributed to the intermediate excited Sifbrmed in the dissociation process,
giving support to the IR laser-induced decompositithannels of CES postulated
in our previous paper [3]. Besides, the nearlyanstneous formation of SjH
suggests that the chloroethene elimination chaisrdminant. On the other hand,
the LIF excitation spectrum of the SiHadicals produced in the dissociation
process indicates that the nascent fragments hratizinally excited, at least in the
bending mode.
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Elementary reactions involving small carbon spelikesC, and G play an
important role in the high temperature chemistrhydrocarbons, as, for example,
in the formation and decay of the recently discedeG fullerene [10,11]. €is
formed following IRMPD of a variety of polyatomic atecules [12-14], and
among them, vinylhalides are systems that posseslesilaser induced chemistry
[15-16]. We have studied for the first time the IRMI of VBr applying SL and LIF
techniques. The obtained SL emission spectrum baea assigned to the Swan
bands of the excited,@nolecule (al'lg - anm, transition) and to the CH fragment
(A’A- XN transition). We have observed that the formatibthese species is
due to the simultaneous interaction of collisiom&l anfrared radiation on the
initially formed excited precursor, probably acetye. We have carried out LIF
detection of the produced fragments obtaining t@fpopulation of £formed in the
ground state is vibrationally hot.

EXPERIMENTAL

A Lumonics K-103 TEA CQlaser is employed for the IRMPD of the
samples. It is equipped with a frontal Ge multimagéics (35 % reflection) and a
rear diffraction grating with 135 lines/mm blazetd18.6 um. In all the cases the
wavelength is checked with a 16-A spectrum analg®etical Eng. Co.). The laser
operates with a mixture of GON, and He in the proportion 8:8:84, the pulse
temporal profile being monitored with a photon dd®dector (Rofin Sinar 7415).
This temporal profile consists of a spike of 60(R8HM) followed by a tail of
approximately 3us long. In some experiments we have suppresséaa tHe mixture
to obtain a tail-free pulse of 60 ns (FWHM).

The photolysis experiments are performed in statinditions in CES
experiments and under gas flow in the case of \@®#lls of 4.5 cm diameter and
12 or 25 cm length are used, both fitted with a pANaCl windows orthogonal to
another pair of quartz windows. The €laser beam is focused at the centre of the
reaction cells by NaCl lenses of 10 or 24 cm fdeabths. In some experiments
tight focused irradiation was used employing a 5feaal length lens and a 10 cm
long cell. Analysis of the final stable products#@ried out by FTIR spectroscopy.

Fluorescence is induced in the formed fragmentsnbgns of a Mpumped
dye laser (PRA LN107) with a bandwidth of 1.6 trat 500 nm. The beam,
counter-propagating to the Glaser beam, is focused by a 50 cm quartz lenseat th
focus of the infrared beam. The relative energthefdye laser was controlled with
a Thorlabs high speed silicon detector.

Spontaneous luminescence and induced fluoresceacketected through a
guartz window at right angle to the laser axis raftczusing onto a P28 RCA
photomultiplier tube through interference filtersntred at 610, 560, 488 and 431
nm (10 nm FWHM in all the cases) for ${8,1), G(0,1), CH(0,1) and CH(0,0)
transitions respectively. To obtain the SL spedtne, signal was dispersed with a
Jarrell Ash 25 cm monocromator (7 nm resolutionyvith a Bausch and Lomb 10
cm monocromator with 2 mm slits that was usedIte {iL5 nm resolution).
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The CQ laser pulse, picked up with the photon drag detedtiggers a
Tektronix TDS 540 digital oscilloscope that is usectollect the signals and send
them to a personal computer where they are averagddanalysed. The delay
between the COlaser and the probe laser is controlled by a BeykBlucleonic
BNC 7036A to within(1 50 ns. The C®laser fluence is calculated as the ratio of
the pulse energy, as measured with a Lumonics 30Defectric detector, and the
FWHM cross-sectional beam area, measured at thpasition with a pyroelectric
array Delta Development Mark IV. The obtained floes using the 10 or 24 cm
focal length lenses are in the range 13-170 2/chhe sample pressure in the gas
flow cell is measured with a 0-10 hPa MKS Baratgamge being the rate of the
CGO; pulse so that a new fresh sample is irradiategh@h shot. 2-chloroethenylsilane
is prepared following the chemical procedure givdsewhere [17]. The VBr
samples have been purchased from Merck (99.0 %j)legassed prior to use.

RESULTS AND DISCUSSION

Spontaneous Luminescence

In Figure 1 (a) and (b) we give the SL spectrainbthaby irradiating 0.5 mb
of CES and 4 mb of VBr with infrared pulses of #al70 J/cry respectively.
The spectrum obtained for CES is broad and strelgtss, indicating that many
rovibronic levels are excited. These spectral festuare typically found in
luminescent emissions from infrared multiphotonaapson and dissociation of
molecules and have been explained in terms ofmue@e coupling in the molecular
quasicontinuum and inhomogeneous broadening ofluh@nescence spectrum
[18]. The spectrum obtained in dissociation of M2amsists in several vibronic
bands without rotational resolution, superimposedatbroad background. It is
much better resolved than in the case of CES, wiagtbe due to the nature of the
emitting species, diatomic fragment with high quamtyield, and to the origin of
the mechanism giving rise to the fluorescent emissi

w
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o

20.0

10.0

Spontaneous Luminescence (a.u.)

0.0

400.0 600.0 800.0
Wavelength (nm)

Figure 1. Emission spectra of the SL resulting ftbenlRMPD of CES (a) and from VBr (b)
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Figure 2 shows the temporal profiles of the lumieese signals filtered at
516 nm for several initial pressures of VBr (predila-d). Luminescence signals
consist in an initial maximum followed by anotheo&d one. The first maximum,
that appears at pressures higher than 1.3 hPaysalpgaks 80 ns after the €O
maximum (160 ns after the onset of the laser pulsehditions at which no
collisions between VBr molecules take place; ge lways follows the C(ulse,
indicating that radical production is driven by tieenporal profile of the CQOaser
pulse. The second maximum consists in a broad ldilgaareaches the maximum at
a time at which more than two collisions betweerr fi®lecules have taken place.
The time between the two maxima decreases lineaitly the pressure. Such
temporal profiles of SL are characteristic of &k tuminescence signals detected
along the whole spectrum of Figure 1. In additiove have compared the
luminescence spectra gating the signal at eacheafio obtained maxima, and no
difference have been found. This result rules et fiossibility of two different
emission processes at two different times. Irramliatof CES produces a
luminescence signal which consists in an uniqueimax that peaks also around
80 ns and also follows the rise of the inlse for all the studied pressure interval
( profile e).

w
S}

Spontaneous Luminescence (a.u.)

0.0

T T TTTTT T T T TTTTT T ‘ T TTTTTTTd ‘ T T TTTTT T
0.0E+0 1.0E-6 2.0E-6 3.0E-6 4.0E-6
Time (s)
Figure 2. Temporal profiles of the SL from diffetr@itial pressures of
VBr (a-d) and from CES (e).

The maximum intensity of the spontaneous lumineseeat 650 nm as a
function of the initial pressure of CES in the dslgiven in Figure 3(a). The linear
dependence in the pressure range between 0.1-la6indicates that, within this
interval, the luminescence stems from a collisissllprocess. For pressures higher
than 0.6 mbar the slope of that linear dependercesdses, suggesting a pressure
guenching of the luminescence and/or a decreasigeimate of production of the
emitting species in the multiphoton process. Tocidkie between these two
22
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possibilities we have plotted the luminescencenisitg versus pressure at different
times after that corresponding to the maximum @& $ignal. A shift to lower
values of the pressure transition between bothnregiis clearly observed,
indicating that a cumulative luminescence quencipirmgess induced by collisions
is the responsible effect. The dependence of thenkescence signal on the VBr
pressure is shown in the Figure 3(b). The variatibthe luminescence is linear
with pressure but shows a threshold behaviour ggisal of a collisional origin of
the emitting precursors.
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0.0 0.2 0.4 0.6 08 10 00 4.0 8.0 120
VBr pressure (mb) VBr pressure (mb)

Figure 3. VBr (a) and CES (b) pressure dependentteedL intensity

Due to the fact that the emission band originatesinf the bending
vibrational transitions (9, 0) - (0,v,",0) in SiH, extends in the range 500-800
nm [19], we have assigned the observed luminescentiee decay from th&B,;
electronic state to thk\; ground state of silylene. Besides, the detectedrman
about 650 nm coincides with the (0, 1,-0f0, 1, 0) transition as could be expected
if one consider that its Franck-Condon factor & ldrgest among those for the first
seven (0,v;. 0) - (0, v;",0) transitions [20]. From the independence o th
substrate pressure on the delay between the ladee @and the onset of the
luminescence, and the threshold character of thenfle dependence of the
luminescence that we have observed for CES, weestiggat the most probable
reason for the production of visible emission ie tMPD of CES is the inverse
electronic relaxation (IER) of a primary fragmeotrhed in the laser pulse time.

The detection of silylene gives support to the jmasty postulated
reaction paths for the infrared multiphoton disation of 2-chloroethenylsilane,
and suggests that, at high fluence conditionscti@roethene elimination channel
dominates the dissociation reaction.

In the spectrum obtained from VBr, we assign thaioled bands at 436,
472, 514 and 560 nio the emissions from the,@d’M,—-a’M,) Av=2, 1, 0 and -1
Swan bands and those at 430, 486tarthe emissions from the CH{A-X?)
Av=0 and -1 transitions. The obtained dependendeediiminescence on pressure
as well as the temporal profiles of the signalscae that the production of the
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excited G and CH species arises from a collisional asspgteckss taking place in the
time of the CQ laser pulse. As the initial maximum fop 6r CH appears always
160 ns after the onset of GPulse, smaller than the time for one collisionen
VBr molecules at the threshold pressure for thigimam (185 ns), it is suggested
that the initial dissociation of VBr takes placeaibhgh a non collisional process.

Laser induced fluorescence

When the probe dye laser wavelength is scanneat, @30 ns of the MPD
of CES, the LIF excitation spectrum of Figure 4lktained. The temporal profile
of the signals can be fitted to single exponeiftiattions with decay times between
200 and 300 ns. There are four bands in the ekmitapectrum which we have
assigned to the sequence of vibrational bandseof;tmode of SiH with v'-v" = 2
[20,21]. According to the calculated Franck-Condaators for these transitions
[21], it appears that the larger part of the popoileof the nascent SiHragments
are produced vibrationally hot. In these experimkobnditions it was not possible
to resolve the rotational structure of the vibramamsitions.
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LIF intensity (a.u.)
I A I |

01 \\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘

580.0 590.0 600.0
Wavelength (nm)

Figure 4. LIF excitation spectrum following the IRMPf CES

LIF signal recorded at 578.4 nm and at 588.15 nrenmthe time delay
between the COaser and the probe laser is increased is givéigare 5. For the
band at (020)-(000) of the SiHragment, the fluorescence intensity at 578.4 nm
reaches a maximum (is after the C@laser while for the band at 588.15 nm the
LIF signal reaches its maximum@ after the photolysis pulse. Similar effects to
those of the line at 588.15 nm have been desciib&tF studies following MPD
of some organosilanes [22,23], and have been equdiy the accumulation of the
nascent rotational population in a selected sestafes by rotational cooling
induced by collisions with the buffer gas. Thisnsiretains its maximum intensity
during longer time, probably reflecting the timealscfor the rotational cooling.
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The decay tail detected in both cases may contamributions from both, the
diffusion of the radical out of the viewing regiand the reaction of the :Sikith
the parent or other decomposition products.

8.0

LIF intensity (a.u.)
B
o

(b)

@

00 \HHHH‘\HHHH‘HHH\H‘HHHH\‘HHH\H‘

0.0 20 4.0 6.0 8.0 10.0
Delay (1 s)

Figure 5. LIF signal intensity vs. the time delayieen the photolysis of CES and
the probe pulse at (a)=578.4 nm and (b) = 588.2 nm.

We have scanned the dye laser wavelength 800 es tifé infrared
irradiation of 0.5 mb of pure VBr obtaining the Léxcitation spectra of &Shown
in Figure 6 a and b. It can be observed that, bedite bandheads corresponding to
the (0,0) and (1,0) transitions, those correspanttirthe (1,1) and (2,1) transitions are
also observed. In addition, some spiky rotatiomalcture corresponding to the R
branch of thev"= 0 level can be identified. The appearance of(ithg) and (2,1)
bandheads denotes that a rather high proportid®y ffagments are formed in the
v"= 1 vibrational levels and, therefore, vibratiogdiiot. The collisional character
of the G production from the IRMPD of VBr, may be the resggible for the hotter
vibrational temperature, as was proven in the IRM&DC,H, [24]. From the
values of the integrated areas of the bands inr€iguand the Franck-Condon
factors [25]. We have estimated, assuming a Boltamdistribution, an effective
vibrational temperature for the formed & 2200+ 200 K.

To confirm the presence of CH among the dissogiatimducts that has
been assigned in the SL spectrum, we have cartied.lI& experiments filtering
the fluorescence signal at 488 nm. When the prgledaker is less than| & apart
from the photolysis laser the LIF signal is veryake@nd superimposed to a strong
SL signal. Scanning the dye laser wavelengths8after the C® laser we have
obtained the fluorescence excitation spectrum gfifei 7. A broad band with some
rotational structure centred at 431 nm is obtairsedresponding to the AA -
X2, Av=0) transitions of CH. Some spiky structure corozgfing to the Q branch
of this band is also observed.
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Figure 6. LIF excitation spectra following the irfatibn of VBr filtering at 560 nm.
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Figure 7. LIF excitation spectra following the irratibn of VBr filtering at 488 nm.

As it can be seen in the Figure 8 the addition o@ipto 44 hPa significantly
increases the amount of the detectedi@nhal. As it is well known, the addition of an
inert buffer gas enhances the LIF detection ofptleeluced fragments by controlling
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the diffusion processes and inducing their vibiatiohal relaxation. At 800 ns from
the photolysis laser and at the VBr pressure ukedjiffusion of Gout of the probed
volume is quite small [26], scarcely contributirgthe total increase. The SL signal
recorded when the dissociation of VBr is carrietl inuhe presence of Ar indicates
that there is an increase in the amountoéXgited to the upper electronic states that is
up to a factor of 6 for the smallest VBr pressurgdied. We have assigned this
increase to the existence of an effect of rotatidmale filing (RHF) in the
unimolecular dissociation of VBr. We assign thea bigh increase observed in the
LIF detection of @&’ v"=0) from the IRMPD of VBr in the presence of Arcase

to an actual increase in the formation etiGe to RHF in the dissociation of VBr, plus
a large contribution from the relaxation of thetially formed rotational and
vibrationally excited @ We have observed that up to the smallest VBriAdisd
concentration [{l 1/600) no quenching of theZC(dSI'Ig V' = 0) state have been
detected, as has been already pointed out by atitieors for smaller Ar concentration
[27,28]. This result together with the differentriease of the LIF and SL signals
detected when Ar is added, suggests that, in thengrstate, approximately five times
more population is formed vibrorotationally excitedn in they” = 0 level.
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Figure 8. LIF intensity signal vs. the pressuredded Ar to 0.16 mb of VBr.

CONCLUSIONS

We have reviewed the results obtained in the remé tstudy of 2-
chloroethenylsilane and vinylbromide by analysihg spontaneous luminescence
emitted in the dissociation process and by appljasgr induced fluorescence
technique. In each of the molecules, the spontanemitted signal is due to a
different origin. In CES it is produced by the sedfion of the SiH fragments
primary formed in the dissociation process, whiehedectronically excited through an
inverse electronic relaxation process. In VBr thassion is due to the relaxation of
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the excited € and CH species collisionally formed from a presiguproduced
precursor, probably vibrationally excited ecetyleaser induced fluorescence study
of the fragments from the dissociation of both rooles indicates that these are
produced vibrorotationally hot, estimating the aifiwnal temperature of the, €pecies
from VBr in 2200+ 200 K. In CES has been observed an accumulatiorasgent
rotational population in a selected set of statdsle for the G production in the
ground state from dissociation of VBr in the presenf Ar there are approximately
five time more population vibrorotationally excitéghn in they" = 0 level
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This paper is a review of the main industrial pssss and physical
principles used for stable isotope separation opraduction scale. It will be
restricted to "classical” industrial technologiBaughly speaking, only three types
of technologies have been contemplated for todagggluction (apart from uranium
enrichment, outside the scope of this review).

1. -Chemical exchange processes for the lighter ism}glp,TfLi ,1°B,13C,15N,17O].
Operating processes such as exchange distillatiwh liguid-gas chemical
exchange are based on isotope mass-differenceseirirée energy (vapour
pressures, vibration frequencies) of molecular iggednsight into statistical
thermodynamics gives low enrichment factfwss 1.05) which have generally

a lAm/m2J ratio dependency. Although needing thousands giktitve
elementary operations, those low cost processeswate suited for large
capacity production. Modern trends are now in stitjidid chromatographic
columns: polymer-crown complexes with large magrolic rings have
topological ability to pick up boron, lithium or €sium isotopes. Detritiation
(on a small scale) with palladium solid-gas integfés a special case.

2. -Thermal Diffusion process for the production ofghli rare gases
[ ®He22NeCAr 2%r . While having a low separation factor for eachgst, this
process is still of topical interest for productiohthe rare gases with a high
purity degree, and ofcH, at the gram level of yearly production.

3. -Ultra Gas Centrifuge G.C.) for medium and heavy nuclidéBnis process is
based on an increase of a small mass diffusion Iilgya pressure gradient.
Several counter-current thermal diffusion effects added to reach higher
separation factorga = 15). The whole process results insn dependency.

That allowed low cost units to separate xenon dbasemetallic isotopes. The
trend at Oak-Ridge and at the Kurchatoff-Instituite to replace the
electromagnetic technique b8.C. for kilogram production of germanium,
chromium, zinc or tungsten isotopes.
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-For the near futurgrepercussions of laser research may occur irlestabtope
production; they are extensively described in theeting. Laser multistep AVLIS
is a selective process developed for the nuclesl Besides enriching®U or
depleting?*?Pu it may succeed as a powerful process for the atparof rare-earth
absorbers, such d8’Gd or *’Er. G.C. could hardly be applied to the f-elements
given that the volatility of the possible feed (lianate) is very low. lon Cyclotron
Resonance could be a challenger if active researele resumed. Infrared
multiphoton dissociation (IRMPD) has shown high aafion factor and vyield
capacity for several light species like boron tiibine, halogenated hydrocarbons or
silicon halides. Infrared tuning flexibility with faee electron-laser is a prerequisite to
industrial developments. Single photon dissociatidth ultraviolet wavelength was
proven to be an efficient way to produée from formaldehyde: enrichment factors
higher than 35 have been reached at Saclay ( s@e PPétit's abstract).

I ISOTOPIC CHEMICAL EXCHANGE

In a mixture of moleculesA X and AX where light and heavy isotopes are

Aand A, an isotopic chemical exchange is a reaction o ttype
AX +AY = AX+A'Y The moleculesA’ X andAX or (A'Y andAY ) differ from each
other by vibrationnal and sometimes rotational deatries. Therefore the Gibb’s
free energies will also differ, and the equilibriwonstantK will slightly deviate
from unity, resulting in the isotopic effeck is measured fromAG =-RTInK or

|ax| / |av]

AX| |AY
to K and to the symmetry number ratio of possildentations in the two isotopic
molecules, bya =K |‘|i (sp /s )i .Various types of exchange reaction are brought int

from the equilibrium concentrations= . The separation factar is related

play in industrial plants. Table 1, from [refereridedisplays the separation factor.

INDUSTRIAL Table 1
RESULTS Isotopic Chemical Reactions
Separation Exchange Reaction a Comment
1451 ; 15 1 _14 1 1.055 |Spindel/Taylor
N/"N' Nitrox NO(g)+H NGO, (1 )="*NO(g) +H ™NO, (| P y
O(g) OR’( ) O(g) 03( ) at 25 C |process (1955)
Monothermal NH3(I )+ HD(g) = NHzD(| )+ H 2(g) Mazingarbe (1960
Exchange H /D Roth process
Dual temperature | H,0O(1)+HDS(g)= HDO(l)+ H,S(g) 2.178; 32qGirdler-Sulfide
H/D 1.52; 138C{(Savannah River
10g/11 1OBF3(g)+CsH50CH3.“BF3(I): 1.028; Anisole system
Exchange lige ( ) . H-OCH. °BF (I) p=0.5 Mpa|Moscow-U (1997)
Distillation 319/ LeMsO g B 283K
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Chromatographic Exchange Technology is promotethbyfollowing last
decade laboratory results:

LABORATORY |Chromatographic Exchange Results published in theri@ceedings [ 3, 4, 5]

1OB/1lB Anion R-11BlOH" 2+1OB(OH)3 @g) = 1.022 (n-meth_yI-NMG_
exchange resin 10 A at 80 Clglucamine) resi
R-1%B{OH ™), +!'B(OH), @d) of aminated typ
6Li/7Li Anion R—(SQ_7Li+)+lGLi+(CH3COO)"J @ag = 1.0038|lon exchange
exchange resin ~ B -~ on sulphonated
+ R—(SQ 6|_i+)+ Li*(CH,CO0) | (g DVB
6) /7] 1.054 | lon exch. with
Li/‘Li Benzo-15 - - . _
crown-5 System "Li* -(BLECE(CHCL))" | (org+°Li* (CCLCOq) (ag = agqueous and
Li(ccl,co0) sLi* —(B1EC5(CHCL)) |(org+Li* (CCLcOQ (a9 g‘ggﬁnbsegﬁe%s
- B15C5(CHCIy) at 0.5C
3251345 Anion | a4 S (- \ 30 s .| 1.017 | lon exchange
exchange resin S0, (aq) +H %S; (resin=*SQ, (ag) +H *SO; (resin) on sulphonated
DVB EG&G
mound
T/H Exchange on _ 3.03 |H /T Exhange
Metal hydride Hp +[2T -Me] =T, +[2H - M¢] on PdH,,
hydride

Chemical exchange gives relatively low separatamgoirs but multiplication
of the elementary process is achieved by liquidagastercurrent contacting flow
or by percolation with adsorption on solid phagestiromatographic exchange. In
most cases, those processes need packed colunimseflitxing systems at the
product end. If heating the liquid phase to feexl\thpour stream is the way to do
refluxing, then the process is referred to exchatigéllation. Boron separation
with anisole system is the industrial example navhamced toa = 102& by
Russian Institutes [2]. Sometimes it may be imgmestio get economic phase
change at both ends, otherwise than having a dogidrature operation such as in
the Girdler-sulfide process. That is the industwaly chosen by Canadian AEC to
produce more than 5000 Tons of heavy water a yearCIANDU reactors.
Extraction from ammonia synthesis (E.Roth procéssn alternate for deuterium
production that had been operating in the late E#&0Mazingarbe.

Nowadays chemical exchange processes are optiritisedmplexation of
metallic ions in chromatographic separation colupasked with small size (1@&)

fixed resins. Metallic ions are extracted from péating aqueous solutions with
adsorption on resins bearing the exchanger comgl¢3e

e With aminated resins such as n-methil glucamine @Mboron separation
ability has been proven. Structural affinity betwéiee tetrahedraINH : BO; |borne
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in resin phase and the trigonal plang@oH),] in solution phase is the
prevailing phenomenon. The separation factor maghrd..02

With sulphonated polystyrene dicetyl benzene (DVBydrogen or alkalyne
sulfite ion such agiso; are continuously exchanged between resin and agueo
phases, with a low separation factor (1.0038) betwdithium isotopes.
Nevertheless, the process may be applied to tlwrmkfamily{Li, K, Rb}and
also to alkaline earth metdlgg,ca sr}. The height of an equivalent theoretical
plate (HETP) ranges from 0.3 to 0.6 cm for lithisystem, that is enough to
produce by the kilogram a year with a tenth-melégh column.

With metal crown complex system such as polymemnbdlB8-crown-6, alcaline
earth such asa®* may be extracted from a fluid phase. The comptgiigand
formed may have a short stability and is stronglpehdent of the choice of the
ether binding the crown to the polymer solid suptiiee here (C,HsOCH,);-The
same phenomenon is studied in CEA for Caesium etidra[4].

Promising separation factors have been measurkdbanatory experiments for
the extraction of lithium in two-phase water-organisystems with
\_Li*(CCI3COO)_J(aq)/[LiBlSCS (cHek)] (org), a benzol5-crown5 ether (B15C5).
The basic mechanism is a topological correspondeatweeen crown ether hole
and metallic cation radius. To be efficient, thegrsize must be large enough to
allow the cation to enter the hole but not so laagdo allow the ring to wrap
around the cation. In this case, separation faat@g reach 1.054 for lithium
isotopes-Knyazev and alii p 313 in [5].

The table below goes to show the ability of cheimngs@hange in enriching the
heaviest isotopes as Uranium in the Asahi ion exgeaACEP and in the
French CHEMEX pilots.

T I R I e et

CHEMEX 238 (1) (ag, HCL) +2U(1v)(TBP)

29/ | BV (V)(agHCL) +2U Vi) (anionresin) = 13910314K a f:?ggﬂiﬁ ;At\sahzl ;he-
ACEP 2 v)(agHCL) +%%U (Vi) (anionresin) VP

Biegeleisen [6] has explained chemical exchangegases with a cell

model for the condensed phase in the harmonic apation, with temperature
independence of the condensed volume. Many systéeengell described by this
model, in which the equilibrium constant is expegss terms of the Q molecular
partition functionsk = (Qax /Qux )(Qay/Quy)- The Q ratio of two isotopic molecules

3
with only translation (classical) energy ©/Q)y =(s/s)[]: (mi/mi')z. Thus the
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separation factor may be reduced by introducing a convenRatlucedPartition
Function Ratio noted as the ratisbf =(Q/Q)yn/(Q/Q)y Where g and clindexes

refer respectively to the quantum and the clasgiealition function ratio of two
isotopic molecules. Therefore for the separaticiofana = In[(ijf(Ax)} —In[(gjf(AY)} .

If AY is a free gaseous atom, then the last termzeés and the RPFR of the
condensed phase is just the separation factorQitienay be expressed with the
reduced frequency of normal mode vibrations=hv,/kT and the reduced

rotational momentum for a diatomic molecuke=hcB/kT Both v, andBare
measured by spectroscopy. One gets for the RPRR wuldssical rotation

L U
s Pue?il-e?
s AT N
e 2

it may be expanded in a function series &fu)=1/2coth(y; /2)-1/u; with

For smallay; =uf -u; (light isotopes save for hydrogen)

— - _2 2 .
In{[i,jf}=3nZGG(ui)Aui. From which |n[3,]f =3”26{AL—AL} as an asymptotic
s | s " | 24 2880

value. Expressing the first term with the force stant a; corresponding to a
departure of the i'th atom from its equilibrium gam gives the fundamental

2
i isen’ =2 [ oL a (ax)-a i ich:
Biegeleisen’s lawina = 24[ kTJ Z{m’ mJ [ai (AX)-a; (AY)]. According to which:

1.The fractionation factor decreases with 1/72and the mass

dependence isam/m?: isotopic chemical exchange is more efficient for
light isotopes than for heavy ones.

2. aincreases with the strength of the chemical bondtthe element
involved in the isotopic exchange where the heavysadtope
concentrates.

Application to exchange distillation [7]. Fractional distillation is the
oldest process unit operation to separate the lggtopes in liquid mixtures of
deuterium, boron, carbon, nitrogen, or oxygen. basic physical principle is the
difference in vapour pressure between isotopictanicgs at low temperature: the
zero point energy ratio between condensed phasesrhiaverse mass dependency.
Therefore the lighter isotopic species has the tdatent heat of evaporation and is
generally the most volatile of the mixture. Ex %0+ andH,’0 1 . The enrichment

capacity is assessed by the separation factor whithe fraction of the desired
component in the phase where it concentrates (giyéne vapour) divided by the
corresponding fraction in the liquid. For a majpriof mixtures, except that
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ofH,,D,,or HD, ideal solution law applies and the separatiortofaer is just

measured by the ratio of the vapour pressures ®fpilre substances, at the
temperature of the liquid. Values affor some mixtures are shown in table 2. It
has be seen that the vapour pressure differencesngevery small at temperatures
about 100 K because as the temperature is raisetthéhmal energies contribution
tends to prevail and to cancel isotopic differend®slow, most substances obey

closely the law[a -1] :iz and have conspicuous differences in vapour pressur
T

A laboratory method for measuring the pressureorddi mass spectrometry
analyses with free evaporation in vacuum (molecdiatillation): for molecular
0
weight M, ,M,, Knudsen law givesr, :PLO{M—H
continuous Rayleigh distillation until obtainingmall residue.

1/2
] ; the alternative way is a

Table 2
Vapour pressure ratio in some mixtures as separatiofactor
Compounds a Temperature K [Compounds a Temperature K
[H, /HD] 3.61 | 13.76 (TP) BCl, 1.003 | 286 (BP)
[NH3/ NDS]]JB 1.08 | 195.46 (TP) BF; 1.0082| 171.5(BP)
[H,0/D,0]"? 112 | 273.16 (TP) (CH,),0BF, | 1.001 | 338 (BP)

Distillation has been used in many industrial pdagihce Urey (1932). The
compounds listed in table 2 for boron separatiomewaexperimented during the
Manhattan project. If only distillation is takertanaccount the separation factor are
very low; nevertheless an industrial plant wasdflr the methyl ether-borane as
some enhancing dissociation with efficient chemieathange ate =1016 had
proven to occur. That is slightly lower than thestoe = 1032 listed in table 1 for
exchange distillation in industrial anisole systeith pure distillation, quite
expensive cryogenic refluxing systems are oftemired.

Experiments have verified the Bigeleisen’s law &mple monatomic
substances, with m,,m for the masses of the substituted isotopes

2
Ln{p—H} =i[i] [i—i] This formula indicates a reduction of the vapa@sgure
R 24\ kT my m

ratio when increasing the masses of the isotopestbrsubstitution of a heavy to a
light atom. With theNH; andNHD mixture the law for the geometric mean has
also been established:

1

0 0 1 1 PI\OIH D P|8D3 2
_ 50 _lpo 2D _| TNDg
PNH,D = [PNHg-PNHDZ]E ; PNHD, = [PNDs-PNHZD]E and RO, = RO, .

3 3
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In many diatomic and polyatomic substanctdeere are some effects of
internal vibrations and differences on the lategdthof the isotopic species. That
may lead to abnormal behaviour at high temperatimere the species that include
the heavier isotope happen to become the moreileolat, D4 is more volatile than
CeH . Ditto for (1113<:|3 1,1°BCl, 1);(1155,, 1,1°BF; l). If a real gas is considered with a

first virial coefficient notedB, and a condensed molar volurdg then one gets

for the RPFR:Inazln%{h P’T[BO—%HIn%—In fg. . The measure is approximated
9

by A/T?2-B/T. The A coefficient is the above high temperatuiterations term

2
As%(k_h;] Z(Viz" —u%“)and B is identified to the low temperature zeronp@nergy
shifts upon condensation, noted:%%x[(w oz )g —( L-vft H The abnormal

behaviour of deutero-benzene may be due to andser®f the condensation
volume and on a prevailing B-term with blue (insteaf red) shifts upon H/D
substitution.

II-THERMAL DIFFUSION SEPARATION:

Thermal diffusion [T.D] is an operating process $eparation of isotopes
of the rare gases. If a temperature gradient idieappo a liquid solution or a
quiescent gaseous mixture with initially uniforrmcentration and pressure, then a
relative motion of the components may occur whiehdk to the development of
concentration gradients. This type of diffusiomadled thermal diffusion (T.D).

T.D phenomenawere first studied by Ludwig imna,SQ, solutions in 1856,
then by Soret in 1879 withiKCl and KNO;solutions. From there, the so called

"Soret effect” for liquid T.D. Dufour in 1873 hadvserved the reverse diffusion
thermo-effect of generating a temperature gradibpt mixing two gases.
Enskog(1911) and Chapman (1916) have studied nmemergl laws showing that
mass transport may be induced by concentration@adressure gradients or by
a force field F: all diffusion phenomena are included in the re@tdiffusion
velocity for a binary mixture:

Vi-V, = D{—DLn[C&ZJ -(c, —Q)DLnP+§[%—%J+aTDLnT}
Ordinary concentration diffusive transport actsamcel the concentration gradient
(first term). Pressure diffusion (second term) esuseavy and light gases to move
towards region of high and low pressure respegtiiebrced diffusion (third tem)
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only appears under an external force field. Therdifflision (the final term) sets
up a gradient concentration as it causes the laager generally the heavier
molecules to migrate towards the cooler regionheflow.

In 1938 Clusius and Dickel succeed in separatirigricte isotopes in a
long column. The gaseous mixture was confined esicharrow long vertical tube
(a 3 stages cascade of 29 m-length). A centrahitetwas used to heat the mixture
whereas the external wall was maintained at a tesiyre T= 290 K. Due to basic
T.D effect, the light isotopes first concentratestine hot inner zone. Then a
convective flow sets up an upward stream flow fghtl isotope near the hot wire
and a downward stream for the heavy isotope, aajdoghe cold outer wall. From

initial abundancy 75.4 %°Cl and 24.6 %°'Cl , the Clusius and Dickel column has
produced liters of HCI, with 99.6 %Cl at the upper end and 99.4 €| at the
bottom.

T.D Separation factor. Let us consider two bulbs reservo(r'ﬁl,Vl) and

(T,,V,) linked by a capillary tube; if only first and lagrms are considered in the
above velocity expression, a steady state is dessiinl the T.D separation factar

may be established asa :aTln_Tr—Z; final concentrations in the bulbs givesas the
1

ratio [C, /C,),, /[C,/C,),, - Therefore, this method is the simplest way tosuea

the thermal diffusion coefficientr;, which may also be calculated as an intrinsic

property of the gas via the intermolecular poténiiais usually expressed in a
reduced form with the corresponding value for thest f Chapman-Cowling
105m, —my

approximation for rigid sphere moleculess “emam ratio ranges from 0.1 to
2

0.7. In the Lennard-Jones 6-12 potential approdonatan asymptotic reduced
value of 0.627r,,5 is reached at temperatures aboveebk. Therefore if

AT—Tand aus <1 the maximum separation factor may be estimated-hy: %ﬁﬁl .

Measured values for the T.D coefficient is givetaible 3, from [8].

Table 3
40 1618

3He/*He | 2°Ne/?Ne | *ar®Oar |83, By | 1814132 | *°0,/ %0 0| PCH /P CH,

a; 0.07 0.026 0.023 0.0019 0.0011 0.014 0.011
Sep factog  0.0762 0.0254 0.0281 0.0032 0.0020p 0.00161 0.00161
Natural Ne-22 Ar-36 Kr-86 Xe-136 0-18 |C-13
abundanc¢ 9.21 9.21 175 8.9 0.204 |1.09
Cascad sep 12500 3.3.106 940 810 2.105 45000

factor
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Table 3 shows that the separation factor for TsDvary low, of the order
of 0.005; but if a long column is used, the ovecalécade separation factor may be
very high, as noted in the last line. This efficgns really due to an infinity of
repetitive basic separation effect inside the Qisifdickel countercurrent.

Since 1936, many experiments from tritium to kryplave been designed
with simple laws for binary mixture separation inDC columns. The mass
transport equation for steady state operationasrsient modes has been resolved
in 1937 by Furry, Jones and Onsager. A slab ofstrarse thickness w, length L
and breadthB = 2 it approximates the gas layer; gas properties are io@hlinto

some characteristic constants: H for the thernfllgion effect andk =k +k for
remixing effects of convectionk() and longitudinal diffusion €,). The ratio

K/H is homogeneous to a characteristic length of tienen notedA; C is the
relative concentration of the component being &l 4/ is the mass of gas per

unit length ands the gas viscosityg is the constant rate of withdrawal of the
enriched gas:

2 3 2
Constants = 92° g B(ATJ K =| 2 'O—W7B(£J Kg = pD1,wB
6 n T %Dy,

Mass transport = HC(1-C)+oC - K Z—C Equation of contmuny,udd_(t: = —ﬂ
4

dz’
azzexp; is the separation factor at z position (at eqriiim);

Profilec(z)=%[1_th@};

Rate  enrichment Relaxation time

auA { 4n2/12]

T__
H L?

_ 2
ﬂd_c:_H dlc.a C)]+Kd C.
ot Jz 0"22

The UF; separation factor was so estimated to be 1.00876hérmal

diffusion: it is smaller than in gaseous diffusi@n0043). Nevertheless, an operating
plant was built at Oak-Ridge during War Il time lwi2100 columns with liquid
phase T.D process. The cascade produced U witho &trichment for the calutrons.
Nowadays T.D effect is mainly used to separatedfeidotopes of the rare
gases with large cascades or long columns to ¢@haoverall separation factor.
When small amounts are needed, as for tracerdbelidd compounds, T.D process
may be useful. G.Muller has recently calculated plssibility to separate the
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radioactive krypton from seven isotopes-fissiondmat &Kr -in a 136-m-long
column with closed ends [5]. The fraction profileokution is evaluated with the
transport equations far, and the hydrodynamic equations.

ac _9°C 9 avJ_ ap

' . 10
=K - | HG C +0C | i= = |==—+p.
p 52 32| Mo .kzzlm,k K .} i=1,l. andrar(ﬂar a5, P9

III-GAS CENTRIFUGATION (G.C).

This process is applied to Xenon, Krypton as well asathietfluorides that
have high vapour pressures near room temperature. ability to separate is
generally applied in the molecular range from 502&0. A high-speed rotor
provides angular velocity to the processed gasditized into a vacuum casing (to
reduce rotor drag). The feed port is in the midufl¢he stationary centre column.
Heavier molecules concentrate at outer wall antitdig at centre due to the
differences in centrifugal forces exerted on the species. Gas exits through two
stationary extractors: one scoop for the lightetetale near the axis and the other
for the heavy ones, on the wall-side. Because @fstiarp pressure gradient, most
of the gas is in a thin shell near the external.Wdie local separation equilibrium

factor a(a,r)for a binary mixture of gases in a cylinder of redia is:

2 2
a(a,r)=ex;{A;¥ [k%ﬂ with Am=m, -m, The separation factor in the G.C thus
a

depends on the difference between the moleculaghiiinstead of the ratio
Am/m? in chemical exchange amn,/min gaseous diffusion. Table 4 (&%) shows
that G.C is more attractive for heavy molecule safian than gaseous diffusion
with @ =1.00429.

Table 4
UFg Local separation factorSa(a,r) for various peripheral speed V
r/lal and - V 400 m/s 500 m/s 700 m/s
0.8 1.035 1.056 1.112
0.9 1.018 1.029 1.058

The separative capacity is enhanced by an axialynter-current flow
stream with a smaller velocity component —by 2 mydd# magnitude less than the
radial one- It is directed downward near the wall apward at a few centimetres
inside, near the internal boundary of the gas lallee counter-current flow pattern
is established by a combination of a temperatuiferdnce between the upper lid
and the bottom floor and an inner re-intake of f@agas-trough the bottoms baffle.
The ratio of the flow rate at the upper scoop ®fted rate is referred as the eyt
a greater enrichment of the light isotope can leeaed by withdrawing a smaller
cut at the top extractor. Streamlines and separaperformance of U.C are
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evaluated at SACLAY/DCC [9] with a finite-element®de for the vorticity
equation, a finite-volume method for species diffadluxes, DSMC Monte Carlo
calculations for nearly molecular flow singularieand Monte Carlo optimisation
for AJ . The stream function equation in the Onsager’'s@pmation is resolved
ox 0% [ x %) RE (Q%a%u 0%y
with: 4 =9 where Y is the potential for
axz{ 6x[ 6x}+a6{KTo +]6y ) X P
the stream function=oa7'{ydx; @is the gas compression ratio or stratification

parameter, and(x, y) some external driving sources of mass, momentuemergy.
The separative capacity is given in  operating syste by

46 5u:EIECEF(;;DD(Am)z\/“/s(RT)Z)L. For UFgthe product of the 3 first

efficiency (ideal*circulation*flow pattern) is lesshan 0.4472. The overall
separative capacity is near 10 kgu SWU/year at@imom circulation rate, and
only V ** dependent.

Reliable modern centrifuge design is an optimisati&sk constrained by
three problems: mechanics of the rotor spinningetigment of high-strength and
bulk-modulus composite materials compatible withiofine corrosion, multi-
component mixture dynamics. Table 5 sum-up the feeses processed at Kurchatov
Institute:

Table 5
GAS CENTRIFUGE FEED (Kurchatov Institute) [10]

Fluorides i
SFK» MoFe WF,, OsFy , GeF, , SiF, , VR, SbF5  Sefg , TeF. , BF;, NF;, PtRg

Oxyfluorides
OF,,CrO,F,,0s0,, PoF,

Halides CIF,, BF, TiCl,,

Carbon fluorideg
C7 14 CF [freons

Boron Hydrides Z,(BH4)4,Hf( 4)4

Inert gases Xe, Kr , Ar, Ne

TECOMplexes Fe(co)5 Nl(PF) HZRU(PFg) le( ) HRe(PF3)5

'\é'g:s‘:;gﬂ%rgc Sr(CH3)4,Pb(CH3)4,Hg(CH ) cd(CH) Zn(CH ) ,Ga(CHs)g’,In(CHg,)S,TI(CHJ3

IV-INFRA-RED MULTI-PHOTON DISSOCIATION (IRMPD).  [11]

This paragraph is only to catch a glimpse on thegimtion of laser
processes in stable isotope production. The IRMP&Zgss is the absorption of
many infrared photons from an intense laser beam. dbsorbed photon energy
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increases density of vibrational states until réagha quasi continuum region
where density mixing allows for interaction of theser radiation with a much
larger number of states than those in the pumpledtional mode. Dissociation
may then occur in a similar manner as thermal diation. Diatomic molecules
hardly dissociate with IRMPD and for polyatomic dteforms, the threshold
fluency is from 2 to 10 J/cmThe energy absorbed generally increases linearly
with laser fluency up to some saturation degreentpfmllowed by a 2/3-power
region. In the region of onset of dissociation, treak-up probability has d"4
power fluency dependence. Generally, lowering #etemperature improves the
isotopic selectivity by reducing the populationhigher vibro-rotational states. As
for the dissociation ofCF;Br -, CF; +Br, efficient enrichment requires chemical

scavenging of at least one of the reaction prod@&iavengers are generally gases
whose quick reactions with free radicals prevenarsbling recombinaisons. Here
the chosen scavenger was, which produceCF;Br with the CF;radical. Then a

staging enrichment process simply consists to fediie CF;Br product. We sum-up
in table 6 the best-known experiments with IRMPDsigparation of light isotopes.

Table 6-IRMPD FOR LIGHT ISOTOPES
Isotope Feed species v(cm‘l) a enrich factor [Reference[12]:
D CDF, 979.7 =2000 Evans,1982
T CTR 1057 =10000 Makide,1982
T CTCl, 828 >15000 Herman,1984
10 logcy, 979.7 =5 Ambartsumyan, 1976
log 198Br, 1208;1226| =5 Kazuya.SUZUKI, 1994
12¢ CF;Br 1077.3 2150 Borsella,1983
13¢ CF,HCI 1041.3 =100 Gautier,1982
13¢ CFRl 1041.3 >100 Cauchetier,1983
3¢ CF,HCI 1031.5 =200 Hackett,1984
185 CR0CK; 942.4 =95 Tetsuro MAJIMA,1994

IRMPD may be a plausible intermediate componera detritiation plant.
Ontario Hydro was recently planning to proce$gsO (10 Ci/kg) with a continuous
feed of 500 kg /h to extract 0.5g/h of tritium gasfour components system was
studied:

1. Tritium transfer from waterfiTO)to trifluoromethane CTF, andCHF;) by

a liquid exchange.
2. IRMPD of CTRto TF andC,F,.
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3. Adsorption of TFon sodium fluoride beds and conversion with hot

calcium toT, .

4. Final purification by cryogenic distillation of, .

Equivalent systems for boron or lithium separatioey appear after a first
enrichment from ion exchange chromatography in migahase- [13] till [16].
Laboratory research is now on silicon-30 for chiphustry.

30g; Si, Fg 956 =10 OKADA Yoshiku 1994

34g SF; 934.9 >5 Fuss, 1979

Recent breakthrough in free electrons lasers [Mldas 17] is convincingly
renewing the ability of infrared processes to énkioron and various elements.

AVLIS technology has recently been applied for t@duction at a
laboratory scale of ytterbium 168 [18].
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INTRODUCTION

Gadolinium is a neutron absorbing material and haen used as a
burnable poison contained in the U fuel pelletslidfRs [1].

Amoung the 7 isotopes of gadoliniufi/Gd has a special large neutron
absorption cross section of 254,000 barn.

In order to increase the burn-up rates of the Usfter LWRSs, the higher
concentration of Gd burnable poison is necessany therefore the use of
gadolinium enriched if?’'Gd is of interest

Taking into account that the enrichment by lasecesses would be costly
for commercial use of'Gd, we suggest the utilization of the chemical exdfe
between G# (in solution) and Gd amalgam with this purpose.

In this paper gadolinium isotope single stage sajmar factor for isotopic
exchange between &din solution) and gadolinium amalgam (GdHg) isedetined.

EXPERIMENTAL

Shvedov and Antonov [2], [3], David and Bouissiéf4ks and Marsh [5]
have experimentally determined the optimum condgifor Gadolinium amalgam
obtaining by electrolyse on mercury cathod.

By electrolyse of aqueous solutions containing ¢jadon acetate and
lithium citrate as complexant agent, using theorfiti*] / [Gd **] = 12, gadolinium
amalgam was prepared. In Fig. 1 is presented tpergmental device utilised in
this case [4], [6]. Inside diameter of the firstalolyser utilised was 40 mm, the
surface area 12.56 érand current density 0.032 A/ém

Experiment No. 1

By electrolyse of 7.5 ml 0.02 M gadolinium acet@®el(AcO)), 4.5 ml 0.4
M Lithium citrate (LkCit), 3 ml O and 10 ml Hg as cathode and Platinum as
anode, a part of gadolinium passed into mercurdpljgium amalgam (GdHg).
The GdHg was stirred with 1N HCI solution and®*Gis precipitated as oxalate at
weak acid pH (5, 6) and then converted inta@d0.010 g, SAMPLE No. 1. The
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remained gadolinium in acetate solution, (aftectetdyse), was also precipitated
as oxalate and converted into &g 0.0059 g, SAMPLE No. 2. The yield of
GdHg formation was 37%.

7.5 ml 0.02 M Gd (AcQ)
4.5 ml 0.4 M LiCit
3 ml H,O; 10 ml Hg
T=25°C
In Table 1 are presented the operation paramefettsecelectrolyser for
experiment No. 2.

Experiment No 2

Tablel
Time Current Intensity (1) Voltage (V) Observations
(min) (A) \9)
0 0.25 13 Start

50 0.44 14

110 0.38 13.2

180 0.34 13.5

220 0.35 14.3

230 0.43 15.15 Stop

In the same way like in Exp. No. 1, from GdHg réstl0.0076 g GDs,
SAMPLE No. 3 and, from gadolinium remained in agugesolution, resulted
0.0016 g GeDs, SAMPLE No.4. The yield of GdHg formation was 28%.

SAMPLE No. 5 is 0.160 g G@s, of natural isotope abundance supplied
by " Johnson Mathey Rare Earth Products", England.

7.5ml 0.02 M Gd (AcQ)
4.5 ml 0.4 M LiCit
28 ml HO; 20 ml Hg

Experiment No. 3

T=25°C
In Table 2 are presented the operation parameftéhnssaexperiment.
Table2
Time Current Intensity (1) Voltage (U) Observations
(min) (A) )
0 0.42 17.5 Start
15 0.39 15.0
35 0.42 14.9
70 0.40 14.1
110 0.40 14.5
140 0.40 14.5
200 0.42 15.0
230 0.40 141 Stop
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The Gd of GdHg was converted into &4, 0.0131 g, SAMPLE No. 6.
The remained Gd in acetate solution was converted GdOs; 0.0124 g,

SAMPLE No. 7. The yield of GdHg formation was 48%.

Experiment No. 4

3.75ml 0.02 M Gd (AcQ)

2.25ml 0.4 M LiCit

14 ml HO; 10 ml Hg

T=25°C
In Table 3 are presented the operation paramefténssaexperiment.
Table3

Time Current Intensity (1) Voltage (U) Observations
(min) (A) (W)

0 04 23 Start

16 0.4 22.5

25 04 17

75 0.4 18

105 0.38 18.2

160 0.38 18

195 0.41 19.5
220 0.4 19.5
240 04 19.2 Stop

The Gd of GdHg is converted to ¢, 0.0102 g, SAMPLE No. 8. The
yield of GdHg formation was 75.5%.

Experiment No. 5

A new electrolyser of 53 mm i.d., the surface &2ant
and current density 0.027 A/éwas utilised.
3.75ml 0.02 M Gd (AcQ)

2.25 ml 0.4 M LiCit
14 ml HO; 10 ml Hg

T=26°C

In Table 4 are presented the operation paramefténssaun.

Table4
Time Current Intensity (1) Voltage (U) Observations
(min) (A) (V)
0 0.47 27.5 Start
10 0.6 33
25 0.6 30
35 0.5 30
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Time Current Intensity (1) Voltage (U) Observations
(min) (A) V)
75 0.5 30
115 0.51 29.5
155 0.5 29.1
215 0.53 27.9
235 0.53 27.3 Stop

Gd of GdHg is converted into @os, 0.0121 g, SAMPLE No.9. The vyield

of GdHg formation was 89.6%.

Experimentt No.6

2.25 ml 0.4 M LiCit
14 ml HO; 10 ml Hg

3.75 ml 0.02 M Gd (AcQ)

T =26°C
In Table 5 are presented the operation paramefténssaun.
Table5
Time Current Intensity (1) Voltage (V) Observations
(min) (A) (V)
0 0.5 25.1 Start
35 0.5 24.1
120 0.51 32
150 0.5 30.5
210 0.5 26.9
265 0.5 26 Stop
Was added 3.75 ml 0.02
Gd (AcO) and 2.25 ml 0.4 M
LiCit.
275 - - The two phases were separat

pd.

When Gd" is passed into GdHg (after 265 min), the electelwas stoped
and in the liquid phase was added 3.75 ml 0.02 @@jpand 2.25 ml 0.4 M
LisCit. After 10 minutes of contact, (the mercury ritig was not stoped) the two
phases were separated. Gd of GdHg is convertedddi®;, 0.0097 g, SAMPLE
No. 10. The yield of GdHg formation was 71.7% .

Experiment No. 7
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In Table 6 are presented the operation paramefténgsaun.

Table6
Time Current Intensity (1) | Voltage (U) Observations
(min) (A) (V)
0 0.5 33 Start
30 0.5 27
60 0.5 25
90 0.5 36
140 0.5 34
205 0.5 34 Was added 3.75 ml 0.02 M Gd
(AcO); in electrolyse conditiong
235 0.52 40 The two phases were separateﬂj.

After 205 minutes when Gtlis passed into GdHg, in the aqueous phase
was added 3.75 ml 0.02 M Gd(AcOand, after 30 minutes of contact in
electrolyse conditions, the two phases were seghira®Bd* is converted into
Gd,03, 0.0114 g, SAMPLE, No. 11 and Gd of GdHg is alsoverted into GgDs,
0.0114 g, SAMPLE No. 12. The yield of GdHg formatiwas 84,3%.

Experiment No. 8 15 ml 0.02 M Gd(AcO)
9 ml 0.4 M LiCit
56 ml HO; 30 ml Hg
T=20°C
In Table 7 are presented the operation parametdnssaun.

Table7
Time Current Intensity (1) Voltage (V) Observations
(min) (A) (V)
0 15 37 Start
50 1.0 41
170 0.65 41.5
260 1.55 50 Was added 15 ml 0.02 M
Gd(AcO) and 9 ml LiCit, 0.4
M in electrolyse conditions.
290 - - The two phases were separatgd.

When Gd" is passed into amalgam, in the aqueous phase adeied 15
ml 0.02 M Gd(AcO) and9 ml 0.4 M LiCit and electrolyse was continued for 30
minutes. Then the two phases were separated. GalHdigided in two equal parts
of 15 ml each: Gd of first part is solubilised wébetic acid 1M and this solution is
added to the second part of Gdatyd electrolysed 30 minutes in the electrolyser of
40 mm i.d. (Fig.1).
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The electrolyse parameters were: | = 0.28 A; U 24T = 25°C. After
that the two phases were separated. Gd of GdHgnigected into GgD3, 0.0157 g,
SAMPLE No. 13. The yield of GdHg formation is 58@d®* from solution is
converted into GfD3, 0.0169 g, SAMPLE No. 14. The yield of & formation
was 62.6%.

Experiment No. 9 15 ml 0.02 M Gd(AcQ)

9 ml 0.4 M LiCit

56 ml HO; 30 ml Hg

T=32°C

A new electrolyser of 86 mm i.d., the surface a®&9 cnf and the same

current density as in Experiment No. 5 was utiliégr 100 minutes, when Gt
is passed into GdHg in the aqueous phase were ddided 0.02 M Gd(AcQ)and
9 ml 0.4 M LigCit and, after 30 minutes of contact in electrolgeaditions, the
two phases were separated. GdHg is divided in tyualegparts of 15 ml. Gd of first
part is solubilised with acetic acid 1 M and th&uson is added to the second part
of GdHg and electrolysed 30 minutes in the elegs@d of 40 mm i.d. (Fig. 1). In
the solution was added also 4.5 ml 0.4 MAii. The electrolyse parameters were:
1=0.13,0.16 A; U =46 V; T = 34°C. After that theo phases were separated; Gd
of GdHg was converted into @, 0.0122 g, SAMPLE No. 15. &dof solution
was converted into G5, 0.0158 g, SAMPLE No. 16. The scheme of Experiment
No. 9 is presented in Fig. 2.
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Exp. 9

1

SAMPLE No. 16

1+—£—1£:1
2

~
7 7* GdHg formation
D ~ < GdHg exchange with Gd*
| 0 Gd*
7 GdHa
)

. O - . O
SAMPLE No. 15

1+}£+}£:1+£
2 2

Natural Gd

Fig. 2

The isotopic separation between SAMPLE 15 and Gdabdiral isotopic

abundance is = 1 +, (1 stage)a is the single stage separation factor arglthe
enrichment coefficient.

Experiment No. 10

15 ml 0.0133 M Gd(AcQ)
2 ml 0.4 M LiCit

12.5 ml HO; 10 ml Hg

T =25°C

In this experiment was utilised the electrolysedd0fmm i.d. (Fig. 1).

0.0242 g GgOs, from GdHg, obtained from 3 experiments in cormai§ of
the Experiment No. 9, is solubilised with aceti@ddadV. The solution is divided in
two equal parts: first part of 5 ml 0.0133 M Gd(Ae® electrolysed. When &d
is passed into GdHg ( 150 min.) the electrolyse staped and in the aqueous
phase was added the second part of 5 ml of 0.01&I(AcO), and after 30 min.
of electrolyse the two phases were separated. G@dblg was converted into
Gd,05, 0.0135 g, SAMPLE No. 17. Gdfrom solution is converted into G@k,
0.0120 g, SAMPLE No. 18.The scheme of Experimentl¥as presented in Fig. 3.

The isotopic separation between SAMPLE No. 17 addfhatural isotopic
abundance ig'° = 1 + 3/2¢; (1.5 stages).
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experiments data are presented in Table 8 and 9.
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3 x Experiment No. 19
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1+5+1£=1+§£
2 2

<

SAMPLE No. 17

Fig. 3

1 +g—1£=1+—£
2

O

SAMPLE No. 18

Exp. 10

3
2

The isotope analyses for gadolinium were made bgsnspectrometry

Table8
Exp. Agueous Phase Sample Gd-amalgam Phase Sample Single stage
No. [Sample| Weight [ Isotopic* | Sample | Weight | Isotopic* | separation factor
No |[(mgGd,Oz)| Ratio No mg Gd,03 Ratio o**

1 2 5.9 09643 1 10 0.9485 1.0023

2 4 11.6 0.9482 3 7.6 0.9494 1.0013

3 7 12.4 0.942% 6 13.1 0.9468 1.00456

4 - - - 8 10.2 0.9464 1.00424

5 - - - 9 121 0.9464 1.00424

6 - - - 10 9.7 0.9481 1.0059

7 11 114 0.9472 12 114 0.9484 1.0013

* |sotopic Ratio>*Gd/*%Gd; AM = 4.

** Single stage separation facmr= Ryn/ Rag Where Ry refers to the isotopic ratio of the GdHg

phase contacted with the aqueous phase, for whictsotopic ratio is expressed by,R
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The isotopic ratio in the present paper is alwasisutated with the light
isotope over the heavy isotope. Thus, if the ligbtope is preferentially enriched
in the GdHg phase, tleevalue will be greater than unity aedvill be positive.

For Exp. No. 4; 5 and 6 we calculate thealue taking as isotope ratio in
agueous phase: 0.9425, measured for experimerg.No.

Table9
Sample I sotopic Ratio
No. 154G d /16()G d 1SSG d /160G d 1SGG d /160G d 157G d /160G d 1SBG d /1GOG d
Exp. 8 13(GdHg)| 0.101650 | 0.687524]  0.94773]  0.7223%0 1.143".61
14(Gd") | 0.101441| 0.686869 0.946447  0.721691  1.142p01
« 13/14 1.00206 1.00135 1.00135 1.00045  1.001p16
/AM 13/14 | 3.43x10 | 1.9x10* | 3.375x10' | 2.833x1(* | 5.08x10"
Exp. 9 15(GdHg] 0.100485 | 0.681275  0.941122  0.7180%5  1.137#97
Natural abundance Gd 5 0.100526 | 0.681064  0.94070]L  0.7185p1  1.138p67
« 15/5 0.999592|  1.00317 1.00044 0.999254  0.998p72
Exp. 10 17(GdHg)| 0.101510 | 0.687606] 0.94897%  0.722182  1.142473
18(Gd") | 0.101241| 0.687056  0.948016  0.7212]8 1.141919
« 17/5 1.0065 1.0064 1.0058 1.0033L  1.002p2
/AM 17/5 |1.0833x18| 1.28x10° | 1.45x10° | 1.103x1C° | 1.11x10°

The a (15/5) Experiment No. 9 and (17/5) Experiment No. 10 were
calculated versus natural abundance gadolinimn(17/5) has the best accuracy
because of the experimental conditions used ta g&b stages isotopic separation.

CONCLUSIONS

The single stage separation factar) ©f gadolinium isotopes has been
experimentally determined for GdHg - Bdexchange system the light isotope
being preferentially enriched in gadolinium amalgaimase.

The enrichment coefficient) are two order of magnitude larger than that
observed in the resin/faqueous solution equilibraystems for gadolinium isotopes
[1].

The yield of GdHg formation has increased from 3B.5% for the
electrolyser of 40 mm i.d., to 89.6% for electr@ysf 53 mm i.d.
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After 30 minutes of contact (in electrolyse coiutis) between Gd and
GdHg phase there is not an important passage airm@ddin these conditions, the
isotopic exchange of Gd can be studied.

Agitation of the mercury surface is necessary event formation of a
crust of solid amalgam and to keep the cathode ofeany basic salts or sediments
which might form.

The electrolyser must be thermostated at 35°C.
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ABSTRACT. The aim of this work is to introduce the applicipibf isotopomers in
the assignment of the vibrational spectra. The cctiore of the isotopomer
vibrational modes was demonstrated with the produmt sum rules. Several
isotopomer spectra of pyrrole were simulated based quantum chemical
calculations. The isotope shifts were investigated compared with the experimental
ones.
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1. INTRODUCTION

This work deals with the importance of the isotoposnin the vibrational
spectra, their application in this area of thisesce and the possibility of the
simulation of their spectra.

Isotopomers are applied already in the vibratiapactroscopy in the ‘40s
of our century. Lord and Miller published the imfed spectra of some deuterated
isotopomers of pyrrole in 1942 [1]. This paper viabowed by several articles
used the isotopomers for the better assignmenthefvibrational spectra. The
problems concerning their application was summdribg Wilson, Decius and
Cross [2]. Later, the development of the computard the calculation methods
made possible the computer simulation of the vibnal spectra of isotopomers.

2. THEORY

The molecular vibrations of the majority of the emlles have the
following properties: they have small amplitudeseit anharmonicity is small,
vibrational quantum numbers change only-01. If the vibrations meets these
conditions, the classical theory of harmonic vibrat is applicable to the
description of vibrational motions of the molecule.

The N atoms of the molecules change tieariginal equilibrium positions

during the vibrations: wittAx, = X, =X (i =12,...3N). The change in potential

energy has the form (harmonic, small-amplitude agpipration):
3N 3N

20V =" f.0XAX, (1)

i=1 j=1
while the corresponding kinetic energy will be
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2AT = Zm( Ax, ) )
i=1
The dynamic equation of the system is
d oAT OAT oAV dAV 3)
dt INX, o"AxI
Its solution leads to the eigenvalue equation
lof = AE|=0 (4)

with A =4m°c0?i=12,..3N-6 A >0

Matrix g is diagonal containing the inverse atomic massesntains the;fforce
constants.

Two important equations connect the vibrationalgfiencies of the
isotopomers

The product rulg3,4]. According to Equ. 4

lof | =If| n (m)* (5)

Since we assume the same matfriand equilibrium geometry for all
isotopomers, applying Equ. 5 for two isotopomersaaholecule, denoted one of
them without, the other with prime, and taking irdocount translations and
rotations (for translations stands a factor of rdw@ of the molecular masses (M),
for the rotations a factor of the ratio of the pijpal inertial moments (I l,and })):

3Neg2 mM3|||
1 an3III

i1V-

The sum rulg5,6]. Let

o =of|= Z Z fi )

i=1
Let us choose r isotopomers then if for all theatom types the amy L
expressions are zero

r r 3N
anak anzfﬂ qu _Zznk _klz fij =0 (8)
=t

(6)

k=1 i=1 k=1 i=1
where R's are the stoichiometric numbers.
Here is a very simple example for the water isoto@is:

o(HOH)+o(DOD) - g(HOD)-o(DOH) =0

Mainly the product rule is applied. Sometimes, here exists strong
association between the molecules, the producigiués only approximate values.
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3. APPLICATIONS

The isotope substitutioThe calculations for the determination of chamact
of the vibrational modes apply the so-called (clwaihinternal coordinate system
The 3N-6 coordinates of this system are the chaingié® geometric parameters of
the molecule: changes in bond lengths, valenceeanglihedral angles and
torsional angles. For distinguishing the quantities this system from the
corresponding ones in Cartesian system they ara@el@mvith capital letters.

The substitution of the molecules with isotopesphethe vibrational
spectroscopist. It changes only the atomic mas&sanétrix), the molecular
geometry and th& matrix are regarded as constant. Band shifts eacaltulated
helping the interpretation of the spectra and prgthe reality of the force field.

Two different types of the isotope substitution tandistinguished:

1. Deuteration of mobile hydrogen atonTis process is easy but leads to
an equilibrium. We have a mixture of the originatahe deuterated compounds.
Therefore it is difficult to yield pure compoundBhis deuteration decreases the
association. Sometimes the deuteration of a ringgtlip gives surprising results.
If the number of the nitrogen atoms is more thaa mnan aromatic ring the CH
bands of the ring may get loose and the hydrogem atf the CH groups will be
deuterated, too. This is the case e.qg. for theldryzole [7]. After its deuteration a
sharp band appears in the IR spectrum at 235§ gmicating the deuteration of
CH groups:

CD gtretching

Absorbance

| | |
4000 3000 2000 1000

Wavenumber / cm-1

Fig. 1. Part of the IR spectrum of 1,2,4-triazole the deated with heavy water
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2. Other typeof isotope substitution are complicate and usssl fieequently
in the vibrational spectroscopy. They have the mdgaof the nearly 100 %
substitution but they are more expensive.

3.2. FERMI RESONANCE

Sometimes the isotope substitution helps in therpnétation of vibrational
spectra in a very special case. If the frequeneyfahdamental mode of a molecule is
very close (practically equal) to a combinatioraarovertone of other fundamental
modes, with equal symmetry (they belong to the sgpaeies) and they are active
in infrared and/or in Raman spectrum, Fermi resoeanill be observed.

In this case the two energy levels move away from another and their
corresponding band intensities will be nearly baégth Sometimes the appearances
of new bands are observed since the combinationisghariginally low intensities are
frequently unobservable. The isotope substituthiftssunequally the fundamentals
and therefore there is no longer Fermi resonance.

Example: the benzene molecule. Three bands are observetieinlR
spectrum of @Hg in the 3000 to 3100 cm(aromatic CH stretching) region (Fig.
2), while in the similar spectrum ofsBs in the 2200 to 2300 c¢i(CD stretching)
region only one.

79 Benzene infrared spectrum

Absorbance

[ [ [
3100 30350 3000
Wavenumber / cm-1

Fig. 2. Part of the infrared spectrum of benzene

The appearance of these three bands refer to Feysoinance since
according to the E) symmetry of the benzene molecule it has only offieried
active vibrational mode. The Fermi resonance bapggar with coincidence of the
following combinations (species in parentheses):
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combination: 993 cih(A;g) + 606 cn" (Ezg) = 1599 crit (Ezg)
fundamental: 1599 cM(E,y)
The combination of these levels with the fundamegpearing at 1482 ch

(E1y) vields the triple Fermi resonance of the ban@8. ® 606 + 1442 = 3081 (g,
1599 + 1482 = 3081 (B, 3081 (g,).

4. SSIMULATION OF THE ISOTOPOMER SPECTRA

For the simulation of the isotopomer spectra a adempprogram was
elaborated. The following conditions had to be abered: the molecular geometry
and the scaled force field is constant for allagpoimers; the integrated intensities
are the results of the quantum chemical calculatidhe band shapes and the
FWHH's (full width of half height,éV ) of the bands are arbitrary.

Band profiles.The following band profiles are used in the praxtse

Lorentzprofile:
)= 1)
"4 =T + (V)

max

9)

and theGaussiarprofile:

1(7)=1_,, ex;{ N '”(32)(25,'7); Umax)z} (10)

Besides the application of these pure profilesrtimixing is also possible.

According to the oven-mentioned conditions the eixpental and the
simulated spectra can differ in the band shapdsnsities and FWHH'’s but they
are in spite of these facts very good and demanatraresentations of the results
of the calculations.

Example.The example is thpyrrole. This molecule is planar and hag, C
symmetry.

The following shorthands will be used for the igmimers. PYL: the
parent compound, PYD1:HNis deuterated, PYD5: pentadeuterated, P¥N:is
substituted with°N, PYC4: all*’C atoms are substituted witfiC, PYND1: NH is
deuterated andN is substituted witH®N, PYC4D1:NH is deuterated and atfC
atoms are substituted witiC, PYNC4D1: M is deuterated**N is substituted
with *N and all*C atoms are substituted witfiC, PYND5 pentadeuterated and
N is substituted with*®N, PYC4D5: pentadeuterated and #C atoms are
substituted with™*C, PYNC4DS5: pentadeuterated atitl is substituted with°N
and all*?C atoms are substituted witfC.
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The IR and Raman spectra of PYL, PYD1 and PYD5 wecerded. The
IR and Raman spectra of all 12 molecules were sitedl The simulations were
based on our quantum chemical calculations on [®y/m®]. These calculations
were carried out with the Gaussian 94 program e8] applying the density
functional theory with the Becke3P86 functional &811G** basis set. All other
computer programs are home made.

The same part of all 12 simulated infrared speaftgayrroles are introduced
in Fig. 4 (the region from 960 to 1100 ¢mThis spectral series demonstrates how
radical changes may occur as result of the isosopstitution.

Since the molecules associate with NH...N bridgesproduct ruleis only
approximately valid. The positions of the bandsndb correspond to those of the
free molecule, for the experimental spectra:

Isotopomers Experimental Theoretical
PYL/PYD1 6.13026 5.88016
PYL/PYD5 12597.05 140321.07

The following figures introduce some interestingails of the simulated
spectra. The most important property is the isosipt.

The regions of the NH (ND) and CH (CD) stretchinfishe infrared spectra
of the 12 pyrroles are presented in Fig. 3. Thenary shifts in the simulated
spectra are effected by the deuteration. It isrlglesseen that shifts of second order
of the NH (ND) stretching frequencies depend onty tbe isomeric change of
nitrogen atom while those of the CH (CD) stretchirgguencies depend only on
the isotope change of the carbon atoms.

Similarly, the same part of the infrared spectraatf12 simulated of
pyrroles are introduced in Fig. 4 (the region fr860 to 1100 cm). This spectral
series demonstrates how radical changes may occueslts of the isotope
substitution.

The isotope effect of the wavenumber and the piaeehergy distribution
(PED) is presented in Fig. 5 on the example ofoaational mode belonging to the
B, species of pyrrole. The experimental and the ¢aled frequencies are very
close to one another. The wavenumber shifts arermated by the deuterations
other isotope substitutions act hardly on them. PED’s of the non-deuterated
molecules are nearly constant. The ring stretclfitqng) and the CH in-plane
deformational CH) motions are of the same magnitude and thetiggaations in
PED are larger than that of tBBIH motions.

After the deuteration on the ring nitrogen $féH motions dominate and
the following carbon change causes the dominatidheBND motions. Nitrogen
changes do not have large effects on the PED.

60



THE ROLE OF THE ISOTOPOMERS IN THE VIBRATIONAL SPHROSCOPY
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Fig. 3.

00 3600 3400 3200 3000
Wavenumber / cm-1
Parts of simulated IR spectra of pyrrole isotopamthe NH (ND) and

CH (CD) stretching regions (ordinates: intensitebjtrary units)
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Fig. 4. Parts of simulated IR spectra of pyrrole isotopame
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The pentadeuteration enlarges fiiéH participation in the PED. If the
change of the carbon atoms follows the deuterati@3CD motions dominate.
The change of the nitrogen atom has similarly § gemall effect on the PED.

I Experimental
[ calculated

1200 - q
_ _ _ XY vring PED %/00
B2 BCH/D PED %00
1000 7777) BNHID PED %00
800 - _ _
600
400 - _ _
00 " K - - z_ 0 ) . o
¥ v ¥ = v \ N <; % o i i
200 - . . N N
O -

Isotopomer o z
> >
o o

pYCa
PYNC4
PYD1
PYND1
PYCADL |
PYNCaD1 |
PYD5
PYND5
PYC4D5 |
PYNC4D5 |

Fig. 5. Isotopomer dependence of the vibratioreddency and the potential
energy distribution (PED) of a Bype vibrational mode of pyrrole
(ordinate: wavenumber/chand PED in 0/00, respectively )

CONCLUSIONS

The isotope effect of the spectra is importantemesal cases for the good
interpretation of the vibrational spectra. They daslp in the control of the
vibrational force fields, in the clearing up thefiéresonances.

Based on the quantum chemically calculated anedfitorce field and the
calculated intensities the isotope shifts of tHeational bands can be estimated.

Applying this effect one can choose from the fundatal modes those that
have nearly the same potential energy distributiodependently of the isotope
substitution. These are thérational modes of stable charactédf course, in the
PED the corresponding types of motions must bentak® account (e.gBCH
must be substituted BCD).
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There exist bands in the vibrational spectra thatndt change their
positions as results of the isotope substitutionsand this is more frequently the
case their isotope effect is very small. These \@abeational modes of stable
positionand characterize the molecule in question andi@sterivatives.

Summarizing, the investigation of the isotope dffet the vibrationa
spectra is a very good aid to the interpretatiothefinfrared and Raman spectra.
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This synthesis paper is a glance through presenand potential need for

artificially separated isotopes. It was completeuew an excellent report by the
Nuclear Energy Agency became available [27]. Weudoon stable isotopes since
many enriched stable compounds are now requiredhr unique properties in
several high value economic sectors:

1. In environmental and biological sciences. Preferred isotopes remain
D, ¥c, **N,*®®0. The whole French consumption amounts to abowt fiv

Metric Tons (T) for heavy water and to a few kg fbe others, per year.
Generic applications encompass a broad spectrom, drug metabolism up
to insecticide research against the bark beetipfce.

2. In health-care systems. The need of radioisotopes for medical imaging is
expected to increase in European countries (E¥mobre than 3% a year.
Several highly purified stable isotopes are reqlireorder to produce the
radioisotopes by neutron, gamma, or particle iatoins. Therefore, we
could not raise a sharp fence between radioisotapdstheir related stable

precursors, such ag’fTl,**Xe] for cyclotron targets of®®sr,%®Mo,"*Re]
for irradiations in a high flux reactor.
3. In nuclear power industry. Li Lithium is used (ten kg per year) as a buffer

for boric acid in many Pressurised Water ReacteWR). Boron'°B could

be used by many ways: as enriched boric acid fon slontrol in PWR; as
liquid sodium pentaborate in the stand by contysteams for Boiling Water
Reactors (BWR); as a solid absorber B4C in thectodters for PWR using
a mixed uranium-plutonium oxide or «MOX» nuclearelfu Enriched

lanthanide trioxides are potential burnable abssrlye the fuel; the need
would amount to ca. forty kg a year, for every higlrn-up Light Water
Reactor (LWR). Heavy water is now used by five maddtons in each
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Pressurised Heavy Water Reactor (PHWR). For fugitms JET and ITER,
deuterium and tritium inventory for new programdlgradually increase
from about thirty to a hundred grams, with mixinghavhelium-3 by gram
guantities. For a fusion reactor, tritium breedim@ blanket made of a liquid
metal or of a Be-Li fluoride molten salt or a sateramic, will contain several

hundred kilograms ofLi enriched lithium.

I-ENVIRONMENTAL AND BIOLOGICAL SCIENCES [1]

1. In the absence of isotope effects, a few stable isotopes are used as tracers:

D ,13C, 15N , 18O, 343 In various fields related to environmental reskar
atoms or molecules are tagged with those spikes fates of which are
followed through equilibrium reactions or transpplhtenomena. Flow rates
may be measured. To retrieve the path of the trame resorts to mass
spectrometry analysis based on isotopic dilutiothme (IDMS). When less
precise or routine task is concerned, optical naghmay be used. When
investigating transport in nature, (e.g. researohestuaries and hydro-
geological systems or studies on the formation @niwm ores), it is

sometimes possible to get measures fromndteral variations of isotopic

abundances. Studies on transfer through the atreospimd the hydrosphere
rely on measures of hydrogen, carbon and sulptatopg ratios, related

with the greenhouse effect. In agricultural resedrdN is used for
comprehensive work on nitrogen assimilation by {daather investigations
aim at a better efficiency of fertilisers, or fooljution inhibitors preventing
ammonium decomposition into nitric acid and nitsate

2. In the presence of isotope effects, molecular structure investigations become
accessible with N.M.R. analysis. Molecules labeliéth deuterium are used
in a large number of researches aiming at the aisatf site specific effects,
mainly in pharmacology and biology. A unique ingigiio drug metabolism
is possible when stable isotopes and radio-labetlscers f2P,**C ...] are
coupled. Kinetic as well as mechanistic aspectsthef metabolism of
therapeutic agents and short-lived toxic intermiediaare efficiently
investigated with liquid chromatography-tandem nsssctrometry.

In the forensic sciences, authentication of thgimrof products are made

by site specific isotope analysis and mass speetrizranalysis of °C,*?0.
Control of ethanol species in wines or of flavogriagents in perfumes is
growing fast in France.

Labelled molecules are used by a tens gram in wiggonumber of laboratories.
The main supplier in France is EURISO-TOP for thecpss and marketing of
deuterated solvents (ton per year) [2]. Typicaliapfions are summarised in table 1.
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Table 1
Example of use of stable isotopes (from [1] and [B] Isotopes

Pollution mechanism of agricultural soils, drainagel ground wate SN

by conversion of excess N-fertilisers in nitricdor nitrates.

Mechanism of carbonate precipitation at high pHconcrete witt *c,*0
atmosphericCO, and rainwater.

Eco- physiology of nitrogen assimilation by marirg/m-plankton BN
Behaviour of insecticide against the bark beetlspofice *c
Advances in human nutrition with stable isotopé®leed compounds *N ,*C,*0
Drug kinetics and metabolism with Isotopic Ratio ddéSpectromett p *°N
diagnoses

Study of protein ligand comples by NMR for anticancer D,"c,®N ,=F
antibacterial research.

Applications of isotope labelling techniques to dss in dru¢ D,*c,*0
metabolism and toxicity

II-RADIOTHERAPY AND NUCLEAR MEDECINE IMAGING [4]

There is an increasing economic and political egem those fields, which
are to become of primary importance in the healttrte csystem. Several
radioisotopes are produced with a high flux of nens in research reactors: Osiris
at Saclay, BR2 at Mol in Belgium, HFR at Petterthia Netherlands; others can be
only produced by irradiation under low or mediunemyy beam of a cyclotron.
Targets have to be highly enriched with stable ymsar isotopes. There are two
main uses of radioisotopes: cancer therapy anceauainaging with tracers. Both
fields are now covered in France by CIS-BIO Intéoval, which supplies the
needed nuclides and EURISO-TOP to process the-m@miomaceuticals.

A-Radiotherapy.

The use of radiotherapy for the treatment of candecludes various
methods. Some of them are routinely used, somesadine emerging. Table 2 records
some gamma or beta emitting nucleides with themmmegearly consumption.

Table 2
Radio-pharmaceuticals

Stable precursor Sr-88 Re-185 Sm-152 P-31 Y-89 16Br
Radio isotopes 13y 89g 18Re 153G, 2p 90y 169y
Half life 8.02d 50.65d 3.77d 1.93d 14.32d 2.679.40d
Cilyear 530 16 6 6 25 8 10
Production reaction  Fission PrReactor Reactor Reactor Reactor Reactor Reactor

B (ny) Re(ny) Em(ny) My 23S %Y (n,y) ¥%Er(n,y)
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1. -Teleradiotherapy using the gamma rays of cobalt 60 is currently rinest
widely used technique, although it is now being ptapted by the use of
electron accelerators.

2. -Brachytherapy is the treatment of tumours by inserting intogaled sources,
in the form of wires or seeds. Iridium 192 and aa®sl37 are the most often
used isotopes. A recent and important developmerhe use of seeds of
palladium 103 and iodine 125 for the cancers oftate.

3. -Pain palliative treatments and synoviorthesis uses mostly beta emitting
radioisotopes, as indium 111, strontium 89, etc.

4. -Metabolic therapy uses systemic injection of radioactive sourcesiorad
labelled to targeting radio-pharmaceuticals. Hnsemerging technology which
could completely modify the situation of cancerréipg in the future. It uses
beta or alpha emitters.

5. -For deep brain tumours. The alpha therapy also calldgioron Neutron
Capture Therapy »(BNCT) had been proposed in 1936 [5]. It devetbpe
slowly, essentially for brain tumours [6]. Still day, it requires much
development in radiation physics (see for examglg §s well as in boron
biology. A research program of the European Unmrdnducted at the high
flux reactor in Petten, Netherlands, in order tdedmine a «therapeutic
window» for this technique. BNCT entails the sdalerioading of the tumour
cells with a*®B compound (in order to maximise the efficiency d treutron
flux, given that the amount of boron remains vesw). Subsequent tissue
irradiation with epithermal neutrons will provider particles with the

19B(n,a)’Li reaction. Theng particles of 2,34 MeV are absorbed in a lesser tha
10 pymdistance so that the tumour cells may be selegtidtestroyed. The best
choice for the neutron beam flux at the patient®ndace seems to be about one

billion n/cm?s, neutrons with a spectrum ranging from 4 eV tkdb. Besides

the therapeutic problems, some groups are studwingaturisation of neutron
sources; the way is to develop sub-critical newgrassembly driven by a
californium source [8].

On the other hand, cobalt 60 and caesium 137 a&e sirradiators for
blood poaches, to avoid immunological reactionsinofmuno-depressed patient
after blood transfusion.

A variety of techniques have been described to igewa stent with an
incorporated radioisotope, for local irradiation @dronary arteries, to prevent
resthenosis after angioplasty for improving blolwav

B-Nuclear medical imaging. Several tools are now indispensable in
diagnostic imaging methods either for morphologstady of organs or for kinetic
biochemical investigations of the brain. Planar gng, positron emission

68



OVERVIEW OF USES AND NEEDS OF SEPARATED ISOTOPES

tomography (PET) and single photon emission tonumigra(SPECT) need
radioisotopes.

1

For general imaging with a gamma camera: the most used isotope €' Tc [half-life

= 6.01 h]. Traditionally produced frorff Mo obtained by fission of highly enriched
U targets, it may also be produced by neutron uotiithe stable®Mo. The
Kurchatov Institute in Russia has been successfubhitaining highly enriched
molybdenum bygas centrifugation (GC). The main producer 8f"Tc is Nordion
International, which operates in partnership witle, & of Canada. The CIS-BIO
company supplies generators to about twenty nutiedical centres in France.

For SPECT imaging: more than fifty radioisotopes are produced by mseaf
medium energy cyclotrons. The most commonly usethéenEuropean Union
centres (Saclay, Karlsruhe) aré’Ga®mKr,*?in?%, and %°*11. Table-3
summarises their properties. All stable precursbosild be isotopically enriched.

Table 3
Radioisotopes produced in low to medium energy cyatrons [7].

precursor glyear isotope

Stable Need Radio- Organs Important use

Cd-112 100 In-111 KIDNEY Monoclonal antibody inferiimaging
Xe-124 1 litre [-123 THYROID Thyroid studies

Mn-55 50 Co-57 Calibration devices for camera
Zn-68 400 Ga-67 BONE  Tumour location(soft tissuejn pa
Kr-82 0.3 litre  Kr81-m LUNG  Lung function studies dathing

TI-203 1600 TI-201 HEART Myocardial imaging

Stable / Radioisotopg Half-life Decay-mode, Typical production reaction
(E, keV) {E, MeV}
Crs2 S?Fe 83h | p*(s11) EC 52¢r (*He,an)(30)
Fe56 *°Co 176h | p*(511 EC *6Fe(p,2n) (28)
Mn 55 %’Co 271d | EC(@22 %*Mn(ar,2n)(24)
cus3 %2zn/%cu | 91h | Ecip*(511) #cu(p,2n)(28)
Zn68 %'Ga 328h | EC(©3 %Zn(p,2n) (28)
As75 TSBr 163h | p*(511) 75 as(2He,3n)(38)
Br79 T'Br 57h | ECQ40 By (*He2n’Kr - (36)
Krg2 8Mkr 13s IT @90 8Kr(p,2nfRo - (22)
Br79 S'Rb 458h | p*(511) 798y (*He,2n) (20-28)
Cd 112 *n 2.82d | EC(@73247) 112cd(p,2n)(22)
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Stable / Radioisotopg Half-life Decay-mode, Typical production reaction
(E, k eV) {E, MeV}

Xe 124 12 13.2h |EC(59 L24xe(p.2nf%xe - (24)

Ssb121 %4 42d | p*(611) 12195(*He, n) (10-38)

Au 197 9MHg 1.67h |EC,IT 00 197 au(p,3n) (26-34)

TI203 24 3.04d |EC(67) 20371 (p,3n)**'Pb - 2071 (26)

TI203 2%pPb 2.17d |EC@79 20371 (d 2n) @2-15)

3. For PET imaging: «baby cyclotrons» are housed in the medical eerfwr on
site production of the five usual isotopes recorgtethble 4. In oncology, the
use of 2-(F-18)-fluoro-2-Deoxy-D-glucose or «2-FD@ppears as one of the
most efficient techniques for the early detectibmetastasis.

Table 4
PET isotopes
Stable precursgr g (p, n) or | % (p, n)| **N (p, n)| *o (p, n)| "kr (p, 2n)""Ro
14N(p,a')Cll
Radioisotope 1 13y 159 18 g,
Half-Live 20.5mn 10.Imn|  2.1mn 1.87 1 57h

4. Radioisotopes from high-energy particles accelerators [10]. There were in 1994
about six high-energy accelerators worldwide endagesotope production in
their lull time of particle physics research. Tweere located in the US
{Brookhaven Linac Isotope Producer (BLIP) and Ldsrmos Physics Facility
(LAMPF)}; TRIUMF is in Canada, Paul Scherrer Insté¢ (PSl) in Switzerland,
NAC in South Africa. It appears that several prongsisotopes may be
exclusively produced in this way?Na,*’sc,%’Cu,®s, °’Ru,**™an,*?’Xe and also

188Re,22'Ac,?*°Th. It has been shown that they can bind to monotlamébodies
and they could bear a good potential for canceratiies. The world-wide

market may be of several hundred grams for each one

Long term plan is debated in the U.S for a reliatdenestic supply of high
energy produced radioisotopes. A National Biomdditacer Facility has been
outlined with a [100 MeV; 750A] accelerator dedicated to year round isotope
production. An alternate option is considered ie theutron Spallation Source
projects where an isotope production facility cobtlgrafted on a multi-purpose
protons accelerator while the main aims remainsvaste transmutation, neutron,

muon and material sciences [JAERI (Japan) and QddseRprojects |.
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III-NUCLEAR POWER SYSTEMS

e Deuterium and Tritium. Heavy water is the moderator and coolant for natura
uranium PHWRs, mostly developed in Canada [under thme CANDU].
While the spreading out of this type of reactor slaskened down, the world-
wide nuclear capacity of PHWR is expected to rexitWe in 2010; about a
third of this future capacity is now in constructim India and Argentina. The
heavy water inventory in «CANDU» reactors is aro@d metric Ton with a
yearly consumption of 8 T per GWe of installed powe process based on an
exchange[H, / NH;] was developed under the direction of E.Roth’s [And

used in an ammonia production plant located at Mgaibe in France. This
process is now used in Argentina (280 tons:yeawjal (40 tons/year) and
China. The world’s principaD,O production plants are located in Canada:
five Ontario-Hydro’s units with dH, / H,S] Girdler-Sulfide process, each one
with a capacity of 800 tons/year; they have beeut slown in 1999. They
would fulfil all of the world needs. However for amvironmental tracer use of
deuterium, a high degree of purity may be requiesathange-processes with
heavy water stemming from the nuclear reactors beynsuitable for those
applications. The amount db,O needed for the European countries is lesser

than five T/year. Table 5 summarises the expeatesliats.

Table 5
Deuterium and Tritium
Isotope 1 Reactor PHWR 1 Reactor PWR Processing Plan{l Fusion Pilot
1 GWe 1 Gwe 1500 tons heavy] 50 MWth
metal/year
Feed of Deuterium Feed: 8 T 130
Gram/year Heavy Water
Potential Tritium t
manage 130 0.06 100 210
(gram/year)
oo | DONT | War0)Linayt | FEsoveredil ST
parasitic Capture naasitic capture in water P Lithium-6
In water (cf. dissolved salt) film.

e Daetritiation units to remove tritium from heavy water are of majaenest for
treating the PHWR water circuits. No such a problenses in PWR. For
future applications to fusion and spallation sosy@@mpact cryo-systems are
needed: tritium and deuterium have to be recyctetimust be purified before
from helium and others impurities. A detritiatiomopess was invented and
patented by E.Roth at CEA [12] for the Laue-Langergsearch reactor. Its
capacity was about ten g/year. It has been lat@ptad in the Darlington plant.
Tritium recovered in such quantities could be usedusion reactors. Tritium
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is also a source for helium-3, a rare isotope diuhe used both in dilution
refrigerators and in nuclear magnetic resonancetspsEopy and imaging.
Lithium. In PWR, lithium hydroxide LiOH is routinely diss@d in water in
order to inhibit corrosion of steel vessels by bacid used for reactivity
control. Natural lithium contains 7,5 % 6fi whose absorption cross section
amounts to 940 barns. In order to prevent the camtithermal neutrons by

this isotope, more than 99,99 % purity i is necessary. The feed is 6

kg'Li lyear for a 1 GWe reactor [13]. There are about fdktors in the
European Union. Table 6 displays other potentiabdseor the next decades.

Table 6
Lithium isotopes
Isotope PWR/1GWe Space generato Waste transmutatjon Takam@lL
7j |For150 PWRINE.Y Liquid Li-metal 8 n FLIBE molten salf
6 *150= 900 kgly 50 kg of Li-7 2688 kg of Li-7 [ATW]
6 i 10 n? FLIBE-loop
3360 kg of Li-6
) Eutectic-alloy coolarjt [LiF (65 mole %) with | Breeding blanket by
USE LEVUFEI(J:;L‘Z:rulse? for acompact 50 kW| BeF: (29 %), (5 %), | Si[n,a]T for a1 Gwe
reactor (possible us¢)lJF, (1 %)] (possible use)reactor (possible usé)
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Boron. Natural boron is an interesting material becauseo3@0 is an
excellent absorber of thermal neutrons and boromafi ®fficient scatterer of
fast neutrons. The main use of natural boron nowsada as boric acid
dissolved in light water reactors. Sometimes, lyigiriched*°B control rod
clusters are used in fast and BWR reactors. Thenroeasumption ohatural

boron for a standard one GWe PWR is 2 tons/year with kgOof °B
included, without recycling. For the future, reaet@anagement goes towards
extended burn-up cycles and towards MOX increasedmblies. This mode
of operation will require the control of the moderacoefficient at the
beginning of life and then optimisation of the cariele radial power
distribution. These requirements could be met Withnable absorbers in the
fuel or alternatively with half of the control rodsade of HfB,or ZrB,in

which boron is enriched it’B at 90 %. Besides, in order to comply with core
global draining and cooling accident criteria irsea where standard PWR
would be operated with increased proportion of MQlear fuel (larger than
50 %), the isotope enrichment of the soluble bdroA’B could be required
[14]. Assuming an efficient recycling of enrichedrbn, the plausible
consumption for a 100 % MOX standard reactor cdaddliess than 100 kg
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198 /year (rods and operating losses). Converselyusioh devices, highly
enriched *'B may be preferred for transparency properties afldihg or
pushers materials. Moreover, in high temperatuasmph around 100 keV as

expected with confined micro-pellet also could be a stellar fuel since the

Hp [H 2 4HeJ “He fusion reaction releases 8.68 MeV in the plasma.

Table 7 displays the potential needs for boron gmmzion.

Table 7
Probable future needs for boron isotopes
ISOTOPH Extended burn-uﬂ) 1-LWR with more Fast Reactor Medicine Inertial
for1 GWe LWR | than 50 % MOX (burner) Confinemen
1GWe 1 GWe Fusion
Soluble bororwith| APWR control-rod | Control-rods with BNCT
o 40%B;and |(77*24) with 98%6°B 98%'°B 08%°B
kglyear | boron recycling,
P=100 P=100 P=330 P=0.1
98%"'B in 133 | 'c product| Pusheror
g diluent-pins | F-ggosllB Fuel
kglyear P=50 100 gr./year P=10

Lanthanide burnable poisons **°Gd, **'Gd, **’Er, *%am: [15, 16]

For easier control of BWRs, General-Electric anihgipal fuel suppliers have
proposed for a long time natural gadolinium compmsuss poisons. This option is
now optimised for extended burn-up cycles and f@XVfuel control in PWR
with two usable lanthanide’s sesquioxidexi,O, [BNFL, FRAGEMA...] and
Er,O;[ABB]. Poisons may be embedded withi ,O;in about ten specific cells
per assembly or may be homogeneously dispersedva®®Bin the fuel. Hold
down of reactivity at the beginning of a cycle cha adjusted by initial
concentration of poisons while the kinetics of ¢apture chain must be optimised
to give a low penalty to the residual reactivitytae end of the cycle. The
dominating absorbers aré’Gd and **°Gd . Flexibility can be increased with

enrichment in™’Gd or **’Er isotopes, in UOX and MOX fuel, preferably. In the

case of a spectrum of fast neutro€sm could be a better poison thaHGd

In all cases, the isotope separation costs shaumimpensated by extra gains on
fissile fuel content (increased of 3-w % with ehéd poisons in a standard PWR
assembly) in order to extend the cycle length. Vodtlae indifference-cost (the
overall economic balance) between the use of aralatr of an enriched
gadolinium poison is at a very depressive low lejdg$/kg] for a mean
consumption of 15 kd°*’Gd /year, per one GWe reactor. Gas centrifuge still

73



MICHEL COUAIRON, EDGAR SOULIE, JACQUES LAIZIER, ALIN ALBERMAN

is unsuitable for the lanthanide separation becaasgaseous compound of
lanthanides is available at low cost. Atomic vapgotope separation (AVLIS)
could be competitive; the plasma processes or anypxtraction could be the
outsiders. It must be emphasised that one valuablgoduct of a nuclear LIS

industry could be the extraction of the stablé&sd isotope, precursor of the
radioactive [17lsed in osteoporosis diagnosis.

« Miscellaneous: ®*zn, ®*zr and isotopic clean up of the platinum group
Zinc: Cobalt 60 is a troublesome emitter to manage duts thigh-energyy
rays. Therefore, ways to inhibit the formation d¢fist radioisotope as a
corrosion product such aSogysFe,sO, in those parts of a nuclear reactor

which are to be manoeuvred by personnel have leeq lsought in particular
in Sweden and Germany [17]. In the case of BWRsyas found that the
addition of natural zinc to water would reduce tloses received by personnel
when filters are removed. &inc solution is used in the cooling circuits oé th

German PWR located at Biblis (unit B) [18]. Howetee y active ®°Zn isotope
(half-life 243 days) will be formed by transmutatiof the 48 %abundanstable
84zn . Therefore the use of zinc depleted in Zn-64 is athgeous to minimise

maintenance exposure. Cryptant isotopic extraeti@hplasma processes are well
suited for a European need of 1,5 MT/year [19Fitic isotope separation were

undertaken, a high valuable by-product would besbi@pic enrichment ofézn ,
from the natural abundana# 18.8 % to 98,5 % level. F&iznis a precursor
target [4] for the cyclotron production of the m@idotope ®’Ga [T,,, =783 h] .

The worldwide need amounts to 10 ¥gn per year.

Zirconium: Zr alloys are widely used for fuel cladding in wateactors. The
11 % abundant’zr is the main thermal neutron absorber in naturabmium. If
zirconium depleted i?*zr were used instead of natural zirconium, a significa
reduction of the neutron absorption would occur r@sdlt in an improved neutron
economy. In heavy water reactors where the repctiwargin is short (natural
uranium), the isotope separation could be just$iede the break-even cost is not
too high. But with light water reactors, the ademet is almost questionable; for

the elimination of th€'zr isotope would result in an increase of the neufiton
lesser than that due to an «over-enrichment» o#0i1>%U .

Thefission product *3zr is always present in spent fuel. It would therefoee
desirable to modify the shearing technique of rarcleiel needles in order to
separate at the outset the cladding hulls fromniheear fuel itself in order to
retrieve the hulls unscathed from the radioactiatythe nuclear fuel. If this were
done, it would be most desirable to prevent then&dion in the hulls of the
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predominant long-livedctivation product **zr [h.I=1,5 E+6 years] by eliminating
also its stable precursof&Zr and %°Zr . In other words, zirconium would mainly

contain the®zr isotope. The combination of these two actions waekllt in a
simpler waste management of the cladding hulls emable their reuse. So, the
economic difficulty at the reprocessing plant wollé to add an efficient
decontamination process in order to clean the saréeeposits on the depleted Zr
cladding-hulls [transuranium traces, fission prdduand tritium inclusions]. The
laser processes (AVLIS) or the infra red dissosciatf a metal complex molecule
(Westinghouse patent), are well suited for Zr satians.

Clean up of the platinum group metals in fission products. Industry commonly
uses the high value metals palladium (Pd), ruthen{Ru), and rhodium (Rh),
extracted from South African ores. These rare reedad applied as catalysts for
reforming petroleum products and for producingioitrxide and glass fibres. They
are also produced in nuclear reactors as fissiodymts by kilogram quantities per
cycle. Chemical processes @ectrolysis [20] are now ready to extract them from
high level wastes in the reprocessing plant, abrapeting cost with natural ore-
extraction. In order to recycle the noble metaldich must be composed
principally of stable isotopes, the problem is &move small amounts of very

harmful radioisotopes liké®Ru (hl =368d),'%Rh(hl = 29 y) and *°’Pd (710°%y).
The short half-life of®°Ru (hl =368d) justifies a cooling time of only ten years. For
the two other radioisotopes, AVLIS processes fonzepo nuclear spin isotopes

such as the stabf®®rh and the radioactivé”’Pd are usable at a cost estimated to
10 % of the final recovery.

IV-OTHERS INDUSTRIAL OR RESEARCH APPLICATIONS [21]

Chips memories and superconductors. Germanium stable isotop€8Ge
and ““Geare needed for transmutation inttsa and "°As. They are used as dope
in electronic devices. Ditto for SilicdhS. Lanthanide isotopes such as
155Gd, ™ *Eu,**%Tm Y "%vb are used for Mossbauer effect spectroscopy appdigte
investigation of high temperature superconductors.

Calciumin concrete, bones and cell proteins:

Calcium has six stable isotopes. Among them, thavibst, calcium-48
(natural abundance 0.18%) was needed in large itjearfor the investigation of
double beta disintegration. Only one isotope of ¢lement has a non-zero spin,
namely **Ca (natural abundance 0.145%). It is therefore tHg isotope of calcium,
which lends itself to nuclear magnetic resonannd,@an serve as a local probe of
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the chemical bonding of the element in a varietynaterials. However, with a very
low sensitivity and a line broadening which restittsm the quadrupolar moment
associated with its spin of 7/2%Ca NMR is difficult to detect and had required
isotopically enriched samples. Calcium enricheth@43 isotope with an abundance
of the order of 40 to 60% is available in the Uitetates and in Russia. The first
“3ca NMR experiments were done with solutions [22]. Epplication of*Ca
NMR to calciproteins would be of the greatest iesérto biological research.
However, experiments were far too lengthy (24 hdarsa millimolar solution);
these should be resumed on molecules isotopicalficreed in “*Ca. Isotopic
enrichment may be achieved by a plasma process fb6]calcium compounds in
solid phase, another difficulties arise, due to $iwecalled dipolar interactions
between nuclear moments. The first observatioffod NMR pertained to high-Tc
superconductors and was made in 1989 by a Russ@én tvho took advantage
from an batch of isotopically enriched calcium [2Bkperiments were later done
on portlandite, a calcium carbonate and a sampleydfated calcium silicate (in
the latter,**Ca had an abundance of 40%) at Saclay by Ivan KKj. Rven though

NMR of “®Ca has recently been observed on solid samplesahabundance [25],
it is most likely that isotope enrichment will reimanecessary for many interesting
materials:

a) soils, the investigation of which is needed in orde understand the
growth of plants

b) concrete, cement and clay, which play a crucia nolconstruction

c) biomaterials which contain calcium, such as bomes taeth. At stake is
the understanding of mechanisms of calcium asdimlaand elimination,
as a function of diet and age.
The pace of progress in these investigations Wwilefore depend heavily

on the availability of enriche®ca.

Conclusion

The logic of resorting to stable isotopes is quiiferent in the various
fields. Price plays a minor role in medical apgiicas and a key role in the nuclear
power industry. Although the market segments harg different features in such
different fields, it is worth emphasising possibdynergies associated with
separation of different isotopes of the same el¢rmemesponding to completely
different needs (e.g. nitrogen, zinc).
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1. Introduction

In this paper, it is summarised the research madld@DTIM concerning
lithium isotope separation.

Natural lithium consists of two isotop8ki (7.5 %) and’Li (92.5 %).
Lithium isotopes have many uses but first of adiytlare important materials for
nuclear fusion. Up to the present time, nucleaiofusvas used only in weapons but
it is believed that the fusion power reactors wi#come a reality in the first
decades of the following century.

In weapons, lithium is used both as a means faingtaleuterium (DLi
contains more deuterium per unit volume as liquiddbes) and as an essential
fusion fuel. Furthermore, the main way to produdéutn, a remarkable fusion
partner, is the reactichi(n,«)T. The countries which have developed thermonuclea
weapons, have developed technologies for the |laogde °Li production. The
separation technologies and production capacite&ept under secret.

In Romania, the domestic demand for lithium isompesed especially for
research purposes, was of a few hundreds gramgeper This quantity was small
but it could not be bought from foreign market hesmof embargo reasons. The
decision was taken to achieve an installation clepbsupply the domestic needs.
In 1976, after a preliminary study, the isotopiclkange between Li-amalgam and
aqueous LiOH was chosen as basic reaction forgparation process,

SLi* +Li(Hg) < "Li* + °Li(Hg) (1)
The isotopic effect of this reaction at ambient penature ise=0.05 [1]. The
multiplication of this effect by countercurrent &amge in a column has the

advantage of simple refluxes but has the shortcgnfiat the side reaction (2) take
place.

LiHg) + HLO=Li" +OH + %2 K, (2)
Some years later it was disclosed that the samgioea(l) had been used in
United States in Colex process for large séaigroduction [2]. This coincidence

is very interesting and it is possible that someeptcountries had used the same
reaction.
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2. Separation unit

Every separation unit based on the reaction (1lyilshisave the same main
components: 1) separation column, 2) electroly$r,column for amalgam
decomposition, and 4) evaporator. The technologstdilition chosen for these
components may be very different. It seems thaldoye-scale equipment some
special packing columns were developed. In our,dhsescale was small so that
we used a spray column in which the aqueous LiOWedoup in an unpacked
cylindrical tube and a fine spray of Li-amalgani tewn.

The separation unit is presented schematicallyigure 1. The isotope
separation takes place in column 1, which is a mertical Pyrex glass tube. The
amalgam dispersion is carried out in the electeol by electrolysis of an aqueous
LiOH and using mercury jet cathodes. At the bottfrthe column 3, the amalgam
and water are circulated countercurrently and theorhposition reaction (2) is
catalyzed by austenitic stainless steel packinge Tdrmed aqueous LiOH is
introduced at the lower end of the exchange colurhe. mercury at the bottom of
column 3 is replaced automatically with water, kattin the exchange column 1
the amalgam and the LiOH aqueous solution havedhee flow rate. In column 1,
the amalgam and electrolyte have the same Li cdrat@n of 0.23 M to 0.5 M.
An evaporator 4 maintains a high electrolyte cotra¢ion at the column top
placed between 2 and 4.5 M, LiOH solubility in wabeing 4.8 M. The hydrogen
formed by amalgam decomposition in 3 is removedratically in such a way
that the electrolyte flow through the columnl iddidisturbed.

3. Mercury jet cathode and drop size distribution

The drop size distribution has a determinant rotetlie mass transfer, that
is for the column efficiency. For a given amountadpersed phase, the smaller the
drops, the larger the interfacial area. On the rotiend, the smaller the drop
diameter, the smaller the drop fall velocity. Them® many experimental and
theoretical studies concerning the dispersionfbiid phase into another one. Still,
the amalgam spray is produced in such peculiaritond that no appropriate data
are available to permit the prediction of the dsge distribution.

In order to fulfill certain requirements for thensidered spray column,
several ways to produce mercury jets were testilliz, small orifices made in
thin Plexiglas plates were used. As it is beliethet the drop size has an important
role in the process efficiency, we have studiedeexpentally the drop size
distribution of lithium amalgam produced by mercjetcathode [3].

The drop size distribution can depend on many gédcaé and
physicochemical parameters. To maintain the volofrie experimental work to
an acceptable level, a limited domain of experimeparameters was taken into
account. All experiments were done with a LIOH ampeesolution of 3 mol per
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liter, and at a temperature of about’®D These values seemed to be suitable for
practical purposes as the LiOH solubility in wated.8 mol/l, and the electrolysis
is usually carried out at ambient temperature.
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| | Fig. 1. Scheme of the experimental unit
t 1 I 1: Separation column, 2: electrolyzer,
5 | g 7 : 3: column for amalgam decomposition,
I AN 4: evaporator, 5: mercury, 6: amalgam,
6 { : | 7:water, 8: electrolyte.
I |
| |
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3] N___i

Due to the conical form of the orifice, the dianmetg, of the narrowest

orifice end was the only geometrical parameter lilaata determinant role in the jet
hydrodynamics. We measured the mercury flow throorgfices made in plates of
thickness 0.1 to 0.3 mm and we found that the psittkness had no influence

upon the flow rate. At a given temperature, therdiger ¢, and the pressure drop

through the orifice completely determined the merdlow rate. The pressure drop
was given by the hydrostatic pressyseof the mercury that lay above the orifices.
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For an isolated jet, the remaining parametersdbatd influence the drop
size distribution are the diametgr,, the pressure drogp, and the electrolysis

voltage. The experiments were carried out with @ice diameter varying from 28
to 70um, and with a pressure drop varying from 200 to 800Hg.

The voltage applied to the input wires of the etalgsis cell was 4.5 and 6
V. For an orifice withg,, = 565 um, and in the experiment with three orifices, the

measurements were also carried out for zero valtage

For the electrolyses to occur, the applied voltagée to be larger than the
reversible potential that is about 3 V. The voltatiference in excess of 3 V
essentially represented ohmic losses in the elgtdroAs the surface of the thin
mercury jet was small in comparison with the ansdidace, the largest fraction of
the ohmic losses was in the jet vicinity.

Lithium concentration in the amalgam depended onyngarameters. For
the experimental conditions mentioned above, abltage of 4.5 V, the lithium
concentration in amalgam ranged between 0.23 aidriole/l. At a voltage of 6 V,
the lithium concentration in amalgam was betwee® &d 1.6 mole/l. The

variation in that interval depended on the orifitemeter¢_,, and on the mercury
pressurep . Larger lithium concentration corresponded to $enalrifice diameter

and to a lower mercury pressure.

Most experiments were done with isolated jets, tlgatwith plates
containing a single orifice. However, in a pradtiegplication [4] hundreds of
orifices arranged in rows were used. Neighbourirgls j could interact
hydrodynamically between themselves and, on therotfand, around jets the
symmetry of the electric field is disturbed. Itltals that the number of jets and
their spatial arrangement could influence the dsigp distribution. For this reason
two more plates were made and experimented. Orie ptmtained two orifices

having diametersg,, of 58.1 and 59.§im, and the distance between the orifice

centers of 0.5 mm. Another plate contained threces with centers placed in
their corners of an equilateral triangle with siaddsl mm, and orifice diameters
¢, of 60.2, 58.9 and 573m. When more then one jet was present, they sadeene
one another reducing the access of the electrieddl fand lowering the Li
concentration in the formed amalgam. For exampla abltage of 6 V and a
pressure of 800 mmHg, Li-concentration was 0.79/Infiot one orifice (diameter
59.3um), 0.61 mol/l for two orifices, and 0.44 mol/l féree orifices.

For drop size determination an optical method wagetbped [3]. A total
of 51 distinct experiments were made. In the lintfsexperimental errors, the
same drop size distribution was obtained for gtleziments so that all results were
put together, producing the general diagrams pteden Figure 2.
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Fig. 2. General drop size distribution of all experiments.
The abscissa of an experimental point is the midflsn interval of 122m;
the ordinate cumulates the results from that irtierv

The high preservation degree of the drop sizeildigion is a surprising
result if one takes into account the large varratié the experimental parameters.
The orifice diameter was increased more than twoedi the pressure was
increased four times. The independence of dropdigtebution of the voltage is
most curious. At zero voltage, the pure mercuryjas dispersed into droplets. At
6 volt, the jet was charged strongly at its surfagdh lithium, giving rise to a
substance with different physico-chemical properti@ addition, over the usual
surface tension, an electrostatic tension was supesed.

It is noted that for small orifices, when the je&rted with a diameter as
small as 28um, the diameter of the mean drop volume was contipaha huge.
The mean drop volume corresponds to a cylindriebggment having its height
more then two hundred times longer than its diamete

Some practical significance of the results is tobted:

a) Varying the implied parameters in the experimentadge can not
modify the drop size distribution, given in Figute

b) When orifices for a multiple jet cathode are mates not critical that
the orifice diameters be made constant.

c) When a multiple jet cathode is operated, varyirgyriercury pressure
above the orifices may modify the mercury flow ratemalgam dispersion
remaining unchanged. We have established empyitiadl following relationship
for the mercury flow rate through an orifice
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Q=0.001253¢ ,/p — 0.1538¢, + 2385 3)

where Q is the mercury flow rate in mi/hp is the mercury pressure in cm Hg,
and ¢, is the diameter of the narrowest orifice engkim Because of the interfacial

forces, the mercury passes through an orifice aviiyen pressure surpasses a
positive threshold that depends on the orifice di@mand on the presence of the
electrical field.

4. Characteristics of the separation unit

The separation unit has a series of important ddgas:

a) favourable report between the velocities of readtifl) and (2),
b) great separation power density,

c) small mercury inventory, and

d) small equilibration time.

The separation capacity of a column was 570 molysyan but we believe
that a column with at lest 200 times greater capaway be realised.

There are no published data regarding the plamaaity realised in other
countries. Still, we can have an idea about th@nfthe following information. A
quantity of about 117 tone Hg was released in il water at the lithium isotope
separation plant at Oak Ridge, Tennessee, USAwhaée Hg quantity used in our
separation unit was about 0.1 tone.

In the last time we have begun to consider somer@®paration processes
based on Li complexation and on the combinationLbofcomplexation with
electromigration.
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1. Introducere

Determinarea tritiului a Tnceput Tn actualul INMHK &nul 1969 iar cea a
carbonului-14 in anul 1977 fiind legate in prindiga cercetarea hidrogeologic
In ambele cazuri, dezvoltarea acestor adtivit-a ficut cu sprijinul AIEA sau in
cadrul unor contracte incheiate cu acest organism.

Desi AIEA impreura cu WMO au creat o tea mondial de stai pentru
colectarea precipitélor in vederea determiiii izotopilor de mediu¥H, D si *°0),
necesitatea de a se asigura cytevaa exadt a fungiei de intrare in subteran a
tritiului Tn Roméania a condus la creierea uneele de 5 std care au fungonat
perioade de timp diferite. Prima dintre ele a fostituita la Oradea in anul 1970;
actualmente mai este in fuinme numai stda Bucurati-Filaret.

Romaénia dispunesadar de ursir practic neintrerupt de &suiatori ale
concentrdilor n tritiu Tn apele meteorice de 28 ani. fRdrele au fost publicate ca
atare (TENU et al., 1989) sau au stat la baza masefor studii de hidrogeologie
izotopica efectuate Tn ultimele trei deceniifara noast.

in ceea ce privge radiocarbonul, asuttorilor avand injial scopul datrii
apelor subterane li s-auadyat, din anul 199%i determirari efectuate pe Cgul
atmosferic.

Aceste determiri au iTnceput in Romania n cadrul unui Progranional
de cercetare privind "Schirabile climatice curente”, iar din 1997 se derukeaz
cadrul unui Proiect de cercetare coordonat de ApEind gazele cu efect de der

Este cunoscut faptuidCO,-ul, unul din componentele atmosferei, are un
rol important in influerarea balafei eneregetice a amantului. O mai buh
cuantificare a C@ului antropogen responsabil dgaanumitul "efect de s&t se
poate okine prin urnarirea variaiei spaiale si temporale a izotopilor carbonulii
anume“Csi *°C.

Determiriri neintrerupte alé*’C in CQ-ul atmosferic exisit pentru stda
Bucursti incepand cu anul 1992; din anul 1995 s-a incgpabareasi in zona
Cernavod pentru a se urani eventualele modifigri induse de intrarea in futicne
a CNE in iulie 1996. Unele din rezultatele acestdsuratori au fost deja publicate
(DAVIDESCU, 1996; TENU et DAVIDESCU, 1998).

In cele ce urmeazne vom referi gadar la concenttile de tritiu din
precipitaii si la cele de radiocarbon din G@QI atmosferic.
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2. Proceduri experimentale.

2.1. Probarea.

Probarea precipidlor pentru determiérile de tritiu s-a ficut in stai
meteorologice care au fost dotate cu pluviometresttaite astfel Incatasse
asigure, pe cat posibil in lunile cu precipitdi reduse probe de peste 0,5 L. Bup
colectarea tuturor precipttdor dintr-o luni ntr-un recipient etgnde stick, se
preleveaZ o proki medie de 1 L care este adlis laborator.

In ceea privgte radiocarbonul, extragerea CQului atmosferic necesar
analizirii s-a facut pe cale chimig prin tehnica absotiei statice in soltie NaOH
0,5N.

n timp de 14 zile, 1 L sotie dilua de NaOH expuspe o suprafa de
cca. 900 crh permite formarea unei ca#ititde NaCO; suficienti pentru analizarea
ambilor izotopi ai carbonului (cca. 4 gr. C).

Stocarea mai ndelungat probelor in laborator se realizéaarintr-o
tratare suplimentérin vederea incorpanii carbonului intr-o formd chimic stabi.
Pentru aceasta, sakei apoase camand NaCOs; si NaHCO; i se adiioneaz o
soluie saturat de BaC}, olxindndu-se un precipitat de Bag®tocabil perioade
indelungate.

2.2. Preparare si masurare.

Deoarece caimuturile detritiu din probele de apnaturad sunt in general
foarte reduse, ca o etaprelimina masudrii, laboratorul nostru a adoptat #din
1969 tehnica Tmbagirii electrolitice fragionate monostadiale.

Plecand de la 200 c.c deaag asigurand o reducere volumeiride 20 de
ori se oline o imbogtire in T de cca 13 ori.

Masurarea activitilor se face prin tehnica scintiiai lichide utilizandu-se
in timp diverse aparate din gama Packaikeckman.

Limita de deteie maximi obtinuta prin acest mod de prepararésurare
este de cca 2 TU, iar eroarea tdamulal este cuprinsin ecartul 5 - 1%.

Pentru determinaregadiocarbonului, cea mai mare parte a caitiit de
NaCO; prelevat este transformat in benzen printr-o t@hiie laborator care
presupune pe scurt uiitoarele etape succesive:

+ P+ t .
Na,COs o't - CO;, o't - Li ,C» 0B - C,H, U Betioat - CeHo

60d’c

Se ohine de regul un volum de 2-3 cc. care esteéisurat prin tehnica
scintilatiei lichide. Actualmente este folosit un aparat@isui LS 5801 BECKMAN.
Precizia de determinare a valoril¥'C poate fi estimatla + 5%o
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2.3.Exprimarea rezultatelor.

Exprimarea rezultatelor deitiu s-a ficut in unitatea special craghentru
acest radioizotogi anume "unitatea tritiu - TU" care corespunde leoacentrgée
de un atom de tritiu pentru *fatomi de hidrogen.

Conversia in activiti corespunitoare sistemului interi@nal de uniiti,
din ce in ce mai utilizat in ultimul timp, se po&deestiind ca 1 TU = 0,11983 Bq/L.

Rezultatele deadiocarbon sunt exprimate cA**C%»

o*C
1000

* A0
3“C = {%} * 1000

A¥C%=5"C - (25"C +50) (1 + )

n care:

Cu urmitoarele notai:
A = semnifi@ activitati in C-14;
* = desemneadizproba;
° = desemneazstandardul (adicactivitatea carbonului modern de 13,56
dpm/gr carbon, dedaslin acidul oxalic NBS).

Notatia A™C%oinclude astfel atdt compararea cu activitatea atate a
standardului de acid oxalic NBS cfit"normalizarea” la aceja raport *C/*C
(5°C = -25%); deoarece procedura nodstie probare nu este cantitatifiecare
activitate '"C exprimai ca 8''C a fost corectat in calculul formuleia**C%, prin
valoarea sa individua**C.

3. Tritiul Tn apele meteorice.

Tritiul este produsi introdus Tn atmosférpe cale naturalsi artificiala.

Calea natural poate conferi precipitélor continuturi de 5-20 T.U.,
situaie Tntalnia Tnainte de anul 1953.

Trebuie amintit faptul £ ocurena tritiului si caile sale de transfer din
stratosfex in troposfei se face in funiee de o serie de factori de natwgeofizia,
iar distribtia sa la scar planetaii este condionat de factori geograficisi
meteoclimatici (TENU et al., 1971). Ca o consegzigsa cum se poate vedgiadin
Fig.1 care are ca subiect continentul europeairjliga pe glob prezirt varigii
semnificative la un acela moment de timp, iar cungi@rea exadt pentru o
regiune necesitdetermitrari pe plan local.

Calea artificiai de producere a tritiului se datgte=exploziilor termonucleare
ncepute Tn 1954i deshsurate cu premere in emisfera nordicEle au condus la
cresterea treptat a coninuturilor pari la un maxim de cca 10.000 T.U. atins in
primavara anului 1963 in anumite puncte din America aedNi Europa. Dup
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acordul de incetare a exploziilor termonuclearatiinosfed, tritiul artificial a Tnceput
sa descreascaccentuat ca urmare atiaoii combinate a dezintegni si spalarii
(TENU et al., 1989); explozii singulare efectuatgiaceast dati de unele puteri
nucleare s-au resiih limitat, find de mai mié@ putere. Cele mai evidente sitila
sunt inregistrate in 19881989.

S

Fig.1 - Distribuia cortinuturilor de tritiu Tn Europa, Tn anul 1979.
(dupa TENU et al., 1989).

In ultimul timp apare cu o pondere craé®are tritiul artificial produs pe
cale industrial si Tn special In centralele nuclearo-electrice. Imele regiuni
industrializate el este deja resite peste daudecenii, 8 cum se poate constata
in Fig.1 pentru partea centfah Europei Occidentale unde apare un maxim de
concentrdi dinainte de anul 1979.

Evolutia concentrgilor de tritiu din emisfera nordicpe durata ultimilor 45
de ani, adig intregul interval de timp in care s-au efectuatdwiriri inh apele
meteorice, se poate vedea din Fig.2 in care aminaimiezultatele furnizate de patru
stgii si anume: Ottawa (Canada), Viena (Austria), Oragl®@ucuresti (Romania).

Valorile T.U. figurate reprezidtmedii anuale ponderate, calculate conform
relaiei:
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Fig.2. Nivelulsi evoluia concentrgilor medii anuale de tritiu (T.U.) Tn apele de
precipitgie din cateva sta meteorologice din emisfera nordic
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Cw= il:Pi DCi/il:Pi

n careP,; si C; reprezind cantifitile lunare de precipita si respectiv concenttia
n tritiu a acestora.

Am adoptat aceastreprezentare pentru a facilita ilustrarea ntirgusra
imagine a unor aspecte ca:

- nivelul si evoluia multianuad a concentrgilor de tritiu intre cele dou
paliere de fond;

- succesiunegi amploarea "inundalor” de tritiu artificial termonuclear;

- gradul de corelare a unor valori medii anuale pniteedin st#i situate in
continente diferite, dar situate la latitudini apneativ identice (Ottawa/Viena);

- influenta factorului de continentalitate asupra rezultatio Europa Central
(Viena/Oradea/Bucusg);

- evaluarea factorului orografic prin compararea eatraiilor din hinterland-
ul si vorland-ul carpatic (Oradea/Bucuyti etc.

Aspectul unei diagrame ce gedariabilitatea lunar a tritiului este total diferit
de cel din Fig.2. In Fig.3 am reprezentat conceilgdunare in patru sta din
Romania pentru diferite intervale de timp pentriewata suprapunerea liniilor.
Aspectul de “fieistrau" al acestor linii face mai dificil observarea tendielor si
legitatilor de variaie desi, calitativ, se poate constata 0 mai mare regalariin
cazul stdilor lasi si Constama comparativ cu stide Oradeasi Bucuresti.

140 T
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+*

100

To. &0

i) + + I

3] 11" 2 2 7 12 35 o'y B 6 11 4 3 ¢ T 12 5 10
15801 13851

—#— JRADEA —8— BUCURESTI —ic— CONSTANTA —8—IAS] |

Fig.3 - Distribuia concentrgilor lunare de tritiu n precipitile atmosferice colectate
n staiile: Oradesgi Bucurssti (intervalul 1980-1986 inclusiv); Constan
si lasi (intervalul 1985-1988 inclusiv).
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Fig.4 - Variaia sezoniet a concentrgilor medii lunare de tritiu, din intervalul
1985-1988 inclusiv, in Stide lasi si Constaia

Analizand rezultatele de tritiu din aceste alstgii pe perioada 1985-1989
prin calcularea mediilor lunare multianuale (Figedje evidedtexistema unei varigi
sezoniere, concretizain valori crescute pe perioada deaati de sezonul rece.

Curbele polinomiale de ordinul 6 prin care s-auoapnat distribuiile
pentru cele dau stgii indica existena unor minime diferge atat in ceea ce
priveste luna de maxim c4t valoarea lui B

4, Radiocarbonul in CO,-ul atmosferic.

Radiocarbonul poate fi produs, gdritiul, pe cale naturalsau artificiad.

Se admite & nivelul natural al radiocarbonului in atmogferexistent
nainte de 1953, avea valoat®4C = 0%o

Exploziile termonucleare au prodsisin cazul radiocarbonului un maxim
ce a atins in anul 1963 valoarea&t8C = 10006 viteza de indeftare a sa din
atmosfei este n& sensibil mai mig decat in cazul tritiului. Desgterea
continutului de radiocarbon in atmosieeste consecia echilibérii *C provenit
din testele nucleare cu cel din oceanele planatadin biosfed darsi cu inputul
datorit combustibililor fosili care aduc G@ra **C.

Este admis a#ti ci activitatea actuala **C atmosferic, indiferent de locul
determirdrii, reprezini un bilant intre activitatea naturgl activitatile antropice
aditionale, diluia prin bioxid de carbon fosil, sursele locale'&0, si schimbul
dintre rezervoare. In acest context, factori impartsuntsi latitudinea, altitudinea,
distanta de oceasi pattern-ul dinamicii regionale a atmosferei.

Seria de determimi de la Bucurgti are cel mai lungsir continuu de
masuiatori de acest gen din Romania (din februarie 198 fin prezent) ceea ce
permite integrarea lor intr-un cadru regiogiatliscutarea evoliei globale a™C.
Stgia Cernavod a fost instituid Tn anul 1995 are o serie reprezeniadle numai
38 valori lunare.

93



AUGUSTIN TENU, FLORIN DAVIDESCU

o0 |
800
~—~~ ‘
—= 700
§600 I‘.(%\\
g% - a
& 400 ! C
3300 (f RR kkx O
o o 1009 40 It
< 000

54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 8 83 90 92 94 96 98
Year

‘—O—Vermunt - - O - -Wellington —— Krakow ==& Bucharest.

Fig. 5 - Variaia in timp aAC (medii anuale) pentru unele date experimentale.

Ca medii anuale in intervalul 1992 - 1998, nivelativititii **C este situat
la Bucurati in ecartul 57 -14%. Amplitudinea anual a valorilor lunareA™C,
calculate ca difered intre valorile maximesi minime, este in general mare
(frecvent intre 10@i 200 %o) si variaz puternic de la un an la altul (Z4dn anul
1997si doar 746dn anul 1994

Pentru a evalua nivelul absolut al acestor reaultab scar globak, a fost
intocmi& diagrama prezentain Fig. 5in construga cireias-au folosit alturi de
datele proprisi cateva serii experimentale publicate sub formamerid.

Prin poziia lor in aceadtdiagrana rezultatele noastre din anii 1992-1995
sunt Tn continuitatgi in burk concordati cu seriile Vermunt-Austrigi Wellington-
Noua Zeelandl dar sunt situate la acelanivel absolut cu probele colectate n
Polonia in intervalul 1985-198A'C 0120-140%). Valorile medii pentru anii 1996
1997 sunt mult mai deute, casi valoarea medie provizorie pentru anul 1998.

Amplitudinile marisi ecartul larg de valoriggite la Bucurgti pot fi explicate,
pattial cel pdin, prin poziia punctului de probare (in interiorul continentylgi
prin altitudinea sa redas

Pentru a evalua rezultatele noastre anuale carnt&nde evoltie am
elaborat Fig.6 folosind nivelul activiii de fond pentru**C in Europa, la scar
multianua.

"Europe clean dirreprezini o serie sintetit care poate fi considetata
nivel reprezentativ background (neperturbat de astibilii fosili) pentruA™C la
latitudinile medii ale emisferei nordice contindatanai precis pentru Europa Certjal

Dupa cum se poate obseva, dreapta de tefag@ntru”Europe clean dirin
intervalul 1964-1992 poate fi aproximdiine printr-o ecuge de putere de tipul:

y = 6E + 11x+8%% (R*=0,998)
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Fig.6 - Ecugia de putere A'“C In Europa Central

Folosind o ecuie exponefiali, se poate deducei activitatea®'C se
diminueaz corespunator unui 7%= 11 ani.

Datele experimentale de lat&#aBucurati se situeaz pe segmentul extrapolat
al ecuaiei de putere pentru intervalul 1992-1995; valopéntru anii 1996-1998 se
situeaz insi cu mult sub cele in mod normateptate.

5. Concluzii.

Ca urmare a acestei sumare prementie date experimentale privind
ocurena in Romania a celor doi radioizotopi de mediupsergine in principal
urmatoarele:

1. Determiririle de tritiu in apele meteorice, Thcepute ih anul 1970
continuate pahastzi intr-un nunir de 1-5 stgi, au condus la cungierea nivelului
de concentrge local, a unor particulatiti privind distributia lui teritoriak si au
permis concluzii utile in ceea ce prgte gradul de intercorelare cu altettde pe
glob.

Ele au servit intial cercedrilor privind circuitul apei in natdr si in
principal celor hidrogeologice, dar se dovedesdzasixtrem de utilei aspectelor
de mediu.

In ceea ce priwge nivelul concentr#lor, determiririle au inceput in 1970
de la valori individuale de 500 - 600 T.U. (mediuale ponderate de cca 300 T.U.)
si au ajuns asti la valori similare fondului. Aceastdescrgtere conting, intrerupi
de raresi modeste crgeri artificiale, a avut o perioadie "semi-diminuare” de 5-6
ani.
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2. Determirrile de radiocarbon in anhidrida carbonicdin atmosfet au
inceput, ca o activitate sistematidin anul 1992.

Ele au contribuit la 0o mai béncunogtere a nivelului, variabilitii si
tendintei de evoltie a*'C n condiile geograficesi de dinami@ meteoclimatia
specifice zonei de curbiicarpatia.

Ele pot de asemeni contribui la discriminarea,@@i antropogersi la
aprecierea cantitativa acestui aport, fiind prin acesta utile Tn evedaaefectului
de seii.

3. Prin constituirea acestei dihci de date" pentrambii radioizotopi si
continuarea monitorizii, se poate decela cu promptitudine orice polutéiciala,
chiar incipiend, manifestat prin alterarea camuturilor situate in apropierea fondului
natural. Astfel, in timp ce pentru tritiu standdrdational de potabilitate admite un
continut Tn tritiu de 4000 Bq/L, adic33*10° T.U., determiarile noastre permit
decelarea unor vatiade ordinul catorva T.U.

Este motivul pentru care am instituit s#@aCernavoda, cu deternam de
*H si *C in diferii factori de mediu, msutitori incepute dinainte de intrarea in
functiune a CNEKsi continuate lunagi in prezent.
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ABSTRACT. In the Herculane Spa area (South —Western part of Romania) there is a
long and deep fissure following the Cerna river canyon as well as many transversal
fissures. The geothermal water sources (springs), always accompanied by large
amounts of gases, are met where these fissures cross. The presence of granite rocks at
the surface is another remarkable characteristic of this area. Between 1980-1986 a
series of measurements were made, especially as regarding the helium concentrations
in the gases emanated from these geothermal sources. Nitrogen and methane are the
main components of emanated gases, and high helium and radon concentrations were
also found. After 1990 year these studies were restarted especially regarding the radon
concentrations in soil, waters and indoors. Between the fissure presence and radon
exhalation rate a strong correlation was found. Also some data regarding the argon
isotope composition are presented.

Introduction

Herculane Spa (or the Bath of Hercules) is a well-known resort situated in
Cerna Valley (South-Western part of Romania). The Cerna Valley is a deep and
long canyon bordered by the Cerna mountains on the right and by Mehedinti
Mountains on the left.

The geothermal waters from Herculane area, known since the period of the
Roman Empire, have their origin in granite and sedimentary rocks (marl and
limestone), the latter forming an impermeable roof for this hydrothermal deposit
[1]. The waters of this deposit are permanently regenerated from three components
[2]: @) uphill infiltration water from the Cerna Valley; b) deposit type waters; c)
deep hot waters.

In the area of Herculane Spa, the Cerna corridor presents many transversal
fissures. A big and deep fault also follows Cerna Valley. The geothermal sources
can be located where these fissures cross. There are 24 sources, including 16
springs and 8 drillings, with a total water flow of 65000 1/ 24 h.

Another remarkable fact is the surface presence of granite rocks at 2 km
uphill from Herculane Spa. In the zone of the resort following Cerna watercourse
sedimentary rocks progressively cover the granite rocks.
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The most abundant components of emanated gases from the above
mentioned sources [3-4] are nitrogen and methane, Table 1. Systematic studies of
the chemical composition of the gases have also revealed considerable helium
concentrations. There is another distinctive characteristic in the case of the Cerna
Valley, related to their high radioactivity level (0.5 — 200 nCi/l NTP), which is
generated by the presence of a granite massif in the area.

Many hypotheses were made regarding the origin of the gases in Cerna
Valley. Because of their great radioactivity we advanced the idea of a radiogenic
origin of helium and argon, but we did not definitely exclude the possibility of an
inner origin for He and N, and even primordial for He. This fact is supported by
the deep tectonic dislocations in this region [5].

Table 1.
Gas composition of emanated gases from Herculane area [3-4].
Place Gas concentration ( % volume)
CH4 N2 C2H6 Ar 02 SH2 C02 H2
Ghizela (drilling) - 82.62 - 147 147 - 1.18 -
Scorilo (drilling) 2.87 95.12 0.16 .73 0.12 0.04 0.07 -
Sapte Calde
Dreapta (spring) 1.77 96.28  0.04 1.66 0.16 0.01 0.05 -
Neptun (drilling) 60.47 3541 0.81 0.57 0.02 041 0.30 1.72
Dragalina (spring) 67.61  28.75 0.57 0.31 0.05 0.61 0.11 1.85
Decebal (drilling) 70.88 2554 0.84 047 0.04 0.15 0.08 1.98
Sonda 5789 (drilling)  64.77 32.13 0.60 036 0.02 001 0.02 1.68
Traian (drilling) 64.12 3120 068 040 0.06 0.81 038 1.76
Lime factory
(drilling) 59.51 37.06 0.69 0.60 0.15 0.03 0.66 1.43
Coal Meh. mine 12.01  8.05 - 0.17 - 0.14  79.63 0.31

Experimental method

Gases emanated from mineral and geothermal water sources were collected using
two special devices. Samples were gathered from the sources where the gas was always in
excess, accompanying the water as gas bubbles. Helium and the main components of gases
were measured with the Dempster mass spectrometer [6]. Argon isotopic composition was
determined by means of an AMP-4 type mass spectrometer.

The small quantity of neon from these samples did not allow the
determination the isotopic Ne ratios, because the contribution of **Ar™ to mass
peak -20 (**Ne) and the CO,™ contribution to mass peak -22 (**Ne). For Ar the
H,**S contribution to mass peak -36 must be taken in account. This contribution
was calculated by measuring the height (I) of mass peak 34 (H,**S). Also the presence
of propane in the samples, evidently in mass peaks 41, 42, 43 and 44, requires a
correction, which takes the fragmentation ratio *°I/*I = 0.01 into account. An
important contribution to mass peak 38 (**Ar) is brought by propane (**I/* Dpropane =
0.15 and also by butane (**1/*T) yyane = 0.02.
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The exhalation rate of the ground radon was measured through adsorption
in activated charcoal (180g) from the 0.23 m® surface and for 12 h gathering time
[7] The radon from water and emanated gases was measured in Marinelli geometry
(0.5 1) using a large Nal (T1) detector connected to a four — channel analyzer.

Results and discussions

Table 2 presents the results of Ar and Rn concentrations in emanated gases
for nine of the main sources from Herculane and Mehadica areas. A high helium
content was found, especially in Mehadica Valley, and a high radon concentration
was detected, especially in the case of "Sapte Calde Dreapta" source. The high
radioactivity of emanated gases may be explained through the presence of granite
rocks at the surface, whereas helium can partially originate in the rocks from depth
(even mantle).

Table 2.
Argon and radon concentration in emanated gasses.
Source Ar [%] Rn [kBq.m'3] Main component
[%o]

Sapte calde drapta I 1.66 6660 Ny: 95.1
Scorilo 0] 1.73 1110 N,.96.3
Neptun N 0.57 37 CH, : 60
Dragalina M 0.31 59 CH,: 67
Decebal A 0.47 16 CH,: 71
Sonda 4579 S 0.36 300 CH,: 65
Traian T 0.40 925 CH, : 64
Fabrica de var A 0.60 667 CH, : 60
Mehadica N 1.74 28 N,. 96

No correlation was observed between the helium content and the radon
activity or the radon content. The presence of methane in the case of six sources in
the Table 2 is probably related to the coal deposit of Mehadia, situated at about 10
km from the Herculane area.

To clarify the helium origin in these gases the ratio *He/*He should be measured.
The concentration of primary helium in gases can be found by the relation [8]:

C,(He) = [(CHe/'H4) s — ((He/'He),uq] / ((He/'He), (1)

where (*He/*H4),,q = 3 10™ and ("H3/*He), = 3 10°.

Table 3 shows the results of radon exhalation for 1994 and 1995. The
daytime values are generally smaller than night time ones and they are close to the
average reference value (20mBq/m’s), except Argus and Scorilo II, in which cases
the higher values can be in direct connection with the transversal faults.
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Table 3.
Radon exhalation rate in the Herculane Spa area.

Radon flux values (mBq m™s™)

Source Nov 1994 Mar 1995 Mean
Day Night Day Night value

1 Ghizela 7.25 9.25 - - 8.25
2 Spate calde 129 - - - 12.9
3 Scorilo I 32.6 38 28 26 31.15
4 Scorilo 11 - - 60 68 64
5 Cascada 18.1 24 21.3 26 22.35
6 Argus I 75.2 - - - 75.2
7 Argus 11 156 190 193 240 194.82
8 Pepa 15.9 26.1 17 19.6 19.65
9 Parc - - 21 - 21
10  Sirbu 13.9 14 20 29 19.23

Table 4 presents the isotopic ratios for three sources from Cerna Valley
and one source from Mehadica Valley. The high ratios *He/*’Ne prove the deep
origin of these gases. The atmospheric ratio in the case of “He/*’Ne is 0.291. In the
absence of radiogenic helium, the high ratio “He/**Ne (higher than 400) is valuable
information on the primary origin of helium. Such high ratios (150-500) were found in
the case of geothermal gases from Japanese sources whereas the *He/*He ratios for
these Japanese sources were also much higher than the atmospheric ratio [9].

The “He/N, ratios are almost identical for the Neptun, Mehadica and
Abator sources (1.2 107?). In the case of "Sapte Calde Dreapta" this ratio is about
between a half and a third of the ratios mentioned above.

Table 4.
Isotopic ratios for gases from Cerna and Mehadica Valleys
Ratio Neptun Abator S.C.D." Mehadica
*He/*'Ne > 400 > 400 > 400 > 400
(*He/N,).10° 1.25 1.09 0.45 1.15
*He/*Ar 0.95 1.1 0.33 1.1
(Ar/N,).10° 1.05 1 1.38 1.04
AL CAr 333 344 301 280
FAr/CAr 0.2 - 0.18 0.18

" Sapte Calde Dreapta

A similar behavior is shown by the ratio *He/*Ar, which in the case of
"Sapte Calde Dreapta" is 1/3 of the ratio for the other water sources. The contribution
of radiogenic argon must be considered for this source.
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The **Ar/*°Ar ratios exhibit insignificant variations. The ratio *Ar/*°Ar
varies rather considerably, being 280 in the Mehadica Valley, a smaller value than
in the atmosphere. This resembles the situation of the gases in the Japanese
volcanic sources, indicating a possible contribution of upper mantle argon with a
lower isotopic ratio [10].

The ratio **Ar/*°Ar is higher than in atmosphere for the sources from Cerna
Valley, similar to the gases in the Japanese geothermal sources, indicating the
contribution of the radiogenic component. Differing from the Japanese sources, the
ratio *He/**Ar is five or six times higher.
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The heteronuclear NMR spectroscopy in the structural analysis of proteins
and nucleic acids requires labelling with N and *C. These studies using
oligonucleotides, specifically labelled with N and **C, may provide valuable
informations regarding nucleic acid structure, drug binding and nucleic acid - protein
interaction.

For this purpose, in the last years we prepared some purines labelled with
N and **C in different positions, which were requested by Institute Pasteur from
llzari‘?3 where the labelled purines will be used in enzymatic syntheses of nucleotides -

N, C.
This paper presents *°N and *C labelling of the following purines:

1) [6 - °N] ADENINE
2) [1,3,7- N, 8- 3C] XANTHYNE
3)[1,3,6,7- °N, 8- °C] ADENINE

1) [6 - °N] ADENINE synthesisis presented in Scheme 1.

Cl 15l\|lH2
N / N
NN N\ _“NHsn-CHOH N 7 g N
I ﬂ\ 150°C, 48 h Tl ﬂ\
N NN

Iz

H
Scheme 1l

A flask containing 1 | of N enriched ammonia ( ~ 99 at. % *N) was
cooled to -78°C, and 40 ml of 1-butanol was added. The resulting solution was
heated with 2 g of 6-chloro-purine (a) in a sealed tube at 150°C for 48 hours.
Solvent was removed in vacuum, and the dark gray-green residue was taken up in
350 ml methanol and boiled with Dareo for 2 hr. Removal of solvent after filtration
gave 1,5 g pure adenine - N (b). Yield: 76% (based on >NHj) [1].

The structure and the purity of [6 - *N] Adenine was confirmed using
mass spectrometry and IR spectroscopy, and the isotopic label was determined by
MS on the molecular compound.
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2) [1,3,7- N, 8- 3C] XANTHYNE synthesisis presented in Scheme 2.

KCN + CICH,COOH —Na€0a o Nc—CH,—COOH + KCl

40-500C
®NH,CONH,

I
G NaOH 40% e C
«< 15
H 15N/ w 502500 H1°N (le >
CN
)\15 )\
O N

(@] 15N
H Ho
[11] [1]
Na'>NO,,NaOH (2%)
H S04, 00C
& *NoH 1 s
15
H N/ NaZSO4 H 15N/C NH2
L}g b NH,OH )\]\5
N o? TN NH
H
[111] [1V]
1
H'€ooH 85%/
o o)
15
15 N 15 “NH"cHO
H N \C13H NaOH10%_  H N
900C
N Nl )\15 NH
(@] N 2
o
H H H
[VI] [V]

[1] - cyanoacetylurea - [1, 3 - N,
[11] - Iminobarbituric - [1, 3 - **N,] acid
[111] - Iminovioluric - [1, 3 - ©*N,] acid
[IV] - 4,5 - diaminouracil [1, 3, 7 - °Ng]
[V] - 4- Amino, 5 - formylaminouracil - [1, 3, 7 - N3, 8 - *C]
[VI] - Xanthyne- [1, 3, 7 - N3, 8 - **C]
Scheme 2
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Chloroacetic acid (3.46 g) was dissolved in a minimum amount of water
and neutralised by addition of anhydrous sodium carbonate. 1.97 g KCN in 10 ml
water were 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 allowed 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
alcohol and the solvent removed.

A suspension of urea - N, (1.86 g) in freshly distilled acetic anhydride
was added to the dried residue and was then added to the solution and upon cooling a
crystalline solid was isolated, that proved to be cyanoacetylurea - 1,3 - N, (1), in
82% yield relative to urea. The melting point of the product is 211 - 2°C. [2].

The cyclisation of | to 11 was made with 40% NaOH solution. The mixture
was stirred for 2.5 hours, keeping the temperature at 20-25°C. Then the reaction
mixture was neutralised with HCI 1:1 and alowed to stand for twelve hours in a
refrigerator. The final product (2.72 g) |1, was isolated by filtration. [3].

For the nitrosation compound 1l was dissolved in 2% NaOH solution and
2.18 g of sodium nitrite - *®N was added. The mixture was cooled to 0°C and
concentrated H,SO, was added drop wise until the solution become dark violet.

After neutralization with ammonium solution the red precipitate obtained
was isolated by filtration, yielding 3.23 g (84%). [4].

To the suspension of 11l in water were added 2.4 ml of 19% ammonium
solution and 15.6 g sodium hydrosulfide. The mixture was heated to 55°C until the
solution was decoloured entirely. After cooling, the product was filtrated and
washed with water (theyield was 2.5 g of 1V, 96%).

To the suspension of 1V in 10 ml of water 1.5 ml of formic acid - **C, 85%
were added and the mixture was refluxed for 60 min. Then, the reaction mixture
was alowed to stand for twelve hours at room temperature. The product was
filtered, washed with water and dried at 60-70°C, yielding 2.86 g of V (91%).

Compound V was suspended in 10 ml of water and 10% NaOH solution
was added drop wise to pH = 9. Then, the reaction mixture was heated to 90°C and
kept at this temperature until the solution become clear. After cooling to 0°C, the
solution was neutralised with HCI 1:1 and allowed to stand for twelve hoursin the
refrigerator. Then, the product was filtered yielding 2 g of xanthyne (1,3,6,7 - °Na,
8-°C) (78%). [5].

3)[1,3,6,7- Ny, 8- *C] ADENINE
Because of the possibility to transform purines one into another, we

prepared |abelled adenine in the mentioned position, using [1,3,7 - N, 8 - (]
xanthyne as starting material.
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Thestepsof [1,3,6,7 - °N, 8- *C] adenine synthesis, is presented on Scheme 3.

I 7
15
C. N C
VY e T e
—
C 1650C, 19hr C C—N
o7 NN e H
H H Cl 'y

[1] [1]

15 15
THz THZ
C
15 2C 15 AN 15
15 — NT C —NL g
B U Usoy ez, >ch
1000c, 6hr Ce C—N Pd/C HC_C— N
/7 °N H 15 H
Cl N
[1V] [V]

[11-[1,3,7- ®N, 8- **C] Xanthyne
[11] - 2,6 - dichloropurine[1,3,7 - ®N, 8 - *C]
[111] - 2-chloro, 6-aminopurine[1,3,6,7 - N, 8 - *C]
[IV]-[1,3,6,7 - N, 8 - *C] Adenine
Scheme 3

For xanthyne chlorination to 2,6 - Dichloropurine, a mixture of [*°N, **C]
xanthyne and "pyrophosphoryl chloride" [6] are heated in a sedled glass tube at
165°C, for 19 hours. After cooling, the brown solution obtained was concentrate
under reduced pressure, and then, form the sirupy residue the chlorinate purine was
extracted with ether (yiled = 43%).

The amination of chloropurine was made by heating a mixture of 2,6 -
Dichloropurine [N, *3C], with *°NH; in water, in a sealed glass tube at 100°C for 6
hours (yield = 92%). [7].

The dechlorination of 2 - Cl - 6 - aminopurine is realised by cataytic
hydrogenation on 5% Palladium - charcoal (at atmospheric pressure and 30°C) and
[1,3,6,7 - °N, 8 - *3C] adenine is obtained in 80% yield [8].

The structure of adenine - [N, *C] synthesised by us, was confirmed by
mass spectrometry and by NMR analysis[9].

The N labelled compounds, (**NH,),CO, Na®NO, and **NH; used as
starting material for the synthesis of labelled xanthyne and adenine, were obtained
form H®NO; 99 at. % N, produced at the National Institute of Research &
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Development for Isotopic and Molecular Technologies, Cluj-Napoca, Romania.
For the *3C labelling of xanthyne, formic - **C acid 99 at. % **C from Sigma, was
used.
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Apa diricita Tn deuteriu este un produs biologic activ, cu noase
posibilititi de utilizare in agricultd; mediciri si alimentaie. Calitile sale sunt
similare apei distilate, excgp ficand concentti deuteriului care se situgagub
concentrda naturai de 144ppmD/(D+H).

Sunt cunoscute procedee de separare a unor sinpeliomoleculare de ap
continand si apd biologic activd prin distilare simpgl sau multiph sau prin
purificare chimi@ intr-un lan de cascade de separare in care se realizeaz
imbogitireasi separarea structurilor hidratate de structurdénpoleculare de afy
prin agiunea concomiteita unor campuri electromagnetice de 10...2506 ¥
unui camp ultrasonor de putere mig frecvena cupring intre 100si 1000 kHz
care agoneaz asupra campului propriu al moleculelor dei,apvand ca efect
separarea a dadraciuni de ag cu structuri moleculare diferite, una din ele avan
proprietiti biologic active. Aceste procedee nu gesc 4 realizeze o separare
izotopici avansat, apa okinuta avand ing o concentrge n deuteriu destul de
ridicati. In plus, instalgile utilizate au o constrgie complexd si necesit un
consum energetic ridicat.

Procedeuki instalgia de producere a apeirscite in deuteriu brevetate de
INC-DTCI-ICSI Rm. Valcea (Brevet nr. 112422 B1) mitr olxinerea unei ape cu
un coninut de deuteriu foarte &zut, situat in domeniul 2...80 ppm D/(D+H).

Acest procedeu corisin distilarea izotopit sub vid de 100 mm Hg a apei
naturale sau a apei gl de la fabricarea apei grele, vidul folosit per@vaporare
asigurandi alimentarea cu ap Ca materie prithse poate utiliza apa potahibpa
decarbonatét condensul de apdemineralizat, apa distilat sau apa provenitde
la fabricarea apei grele.

Instalaia utilizaa pentru olginerea apei ®acite In deuteriu este dlwita
dintr-o coloai (1) izola& termic, cu o faltime de 15 msi diametrul de 0,1 m
echipai cu umplutui ordonad (2).

Coloana este dotatu un colector de lichid (3) iar la Baeste racordatla
un fierkitor pelicular (4) inglzit cu abur.

Fierhitorul pelicular (4) este racordat la un vas de atitare cu nivel
constant (5), pe traseu fiind pézute un rotametru (6), un robinet §¥un recuperator
de daldura (8).

Colectorul (3) este conectat la un vas de colecf@)e Pe traseul ce
conecteaz vasul de colectargi colectorul coloanei sunt préxute un rotametru
(10), recuperatorul deildura (8) si un robinet (11).



Coloana (1) are lefura
la partea supericaicu o ramg
de vid (15), pe traseu fiind am-
plasate in serie condensatoare-!
le (12)si (13)si robinetul (14). |
Condensatoarele (12} |
(13) sunt racordate la varful !
coloanei (10), pe traseu fiind |
previzut un rotametru (16), un |
schimkitor de @ldura incalzit |
cu abur (17)i un alt traseu de |
legatura cu vasul de colectare i
a produsului (18). !
Legitura intre schimito- !
rul de éldura (17)si vasul co- |
lector (18) esteituti prin inter- |
mediul rotametrului (19%i al !
unui robinet (20). '
Vasele de colectare (9)
(18) sunt racordate la rampa de

vid (15).

Intreaga instake este
confecionat din ael alimen-

tar W1 4306.
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Fig. 1. Schema instateei de producere a apei
saricite in deuteriu

Aparatura de @suRi si control a temperaturigi amplasarea acesteia este
cea cunoscatpentru instalatiile clasice de distilagedin acest motiv nu a fost

figurati.

Umplutura ce echipeazcoloana de distilare este o umplatwrdonad
confecionat din plag metalic, brevetat de INC-DTCI-ICSI Rm. Vacea, brevet

nr. 113543 B1.

Principalele caracteristici ale acestei umpluturitaurmitoarele:

Plasa bronz fosforos tip Cugn
Compoziie Cu 95,10%
Sn 4,23%
P 0,23%
Tesitura 4x1lie
Nr. ochiuri 24 x 42 ochiuri/ctn

Dimensiune ochi
Masa specifig
Suprafai contact
Volum specific
Fradia de goluri
Aria libera
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0,24 x 0,071 mm

360 kg/m
670 fmm® ,
0,048 rim Fig. 2. Umpluturi ordonat tip B7-
00é951rﬁ/ , INC-DTCI Rm.Vaélcea
, 951 M/m
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Utilizarea acestui tip de umplutudetermid o foarte bué amestecarei
omogenizare a fazelor pe orizoitgil o eficierta de separare ridicat

9
45 8
&0 827 €7
E
£ 3 @100 Y
< 30 w
g ; 950 25
z % -
i 20 2
a o
515 \% 5,
g 1 X o
g $470 !
0 05 10 15 20 2,25 0 45 10 15 20 2,25
Fim/sVkg/m3) Fim/sYkg/m3)
Fig. 3. EficienBa (NTT/m) umpluturii B7 ~ Fig. 4. Caderea de presiune(mbar/m) pentru
n funaie de factorul de friccare umplutura B7 n funge de factorul de
’si diametru (mm) incarcaresi diametru(mm)

Prezentm n continuare principiul de futionare a instaléei de producere
a apei 8racite in deuteriu.

Dupa asigurarea congilor de presiune de 100 mmHg, se alimenieaz
fierbatorul pelicular cu un debit constant deiayaturad sau ap deseu provenit de
la fabricarea apei grele. Figtbrul pelicular realized@zevaporarea totah debitului de
alimentare.

Fluxul de vapori urmedazun curs ascendent prin coloana de distikare
ajunge in condensatoarele in care are loc tranafeamin faz lichida. Aceasta,
dupi preindilzire, se reintroduce Tn varful coloanei ca refllax,o temperatur cat
mai apropiat de cea din varful coloanei.

Fluxul de lichid descendent, datdrjprezemei umpluturii din coloa#, are
0 suprafg foarte mare de contact cu vaporii. e stébate stratul de umplutir
ajunge n partea infericara coloanei unde este acumulat ca reziduu Tnh \a@esul
colectare, realizand totodgireinélzirea apei de alimentare a instéga

In aceast situaie, pe coloana de distilare se realizean regim termigi
hidrodinamic stabil, determinat de valori constaale gradientului de temperaiur
si de stabilitatea debitelor.

Apa giracita in deuteriu se extrage cu un debit controlat BEBttat & aiba
valori constante.

Procedeuki instalgia de producere a apeirscite in deuteriu prezentate
asigui ohtinerea unei ape cu concefigaconstari situati in domeniul 2....80 ppm
D/(D+H).
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Caracteristicile calitative ale apeaicite Tn deuteriu sunt uritoarele:
Continut deuteriu

pH

Conductivitate

Consum KMnQ

Cr

SO4”
POs*

CaFZ+
M +
Fe
Cu*

Examen bacteriologic

2 - 80 ppm D/(D+H)
6,5-7,5

max. 1,8S/cm
max. 1,5 mg/I

max. 0,1 mg/l
max. 0,1 mg/l

max. 0,1 mg/l

max. 0,1 mg/l

max. 0,1 mg/l

max. 0,1 mg/l

max. 0,1 mg/l
stetil

Procedeuti instalgia preziné urmitoarele avantaje:

- asigua obktinerea unui produs biologic activ cu utditzmultiple;

- instalaia are un volum redug este lipsii de piese Tn rgcare, ceea ce-i
confe#i durabilitate;

- materia prind este ieftir si foarte yor de procurat;

- consumul energetic este redus.

Invertia a fost aplicdtin cadrul INC-DTCI ICSI Rm. Valcea pe o inst#a
care include o coloancu diametrul de 470 mm. Perfornpale acestei instagiasunt
prezentate in fig. 5.

ConcentraBlie | Debit produs| Reflux
ppmD/(D+H) P.,lI/h L,I/h
80 18,21 220
70 16,69
60 15,38
50 14,22
40 13,15
30 12,1
20 10,99
15 10,35

Fig. 5. Produtia instalaiei de producere a

apei d@racite in deuteriu
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PROCEDEU SI INSTALATIE PENTRU PRODUCEREA APEI SARNE IN DEUTERIU

In ceea ce priwte utilizarea apeiasicite In deuteriu, este cunoscut ¢
dupi descoperirea deuteriului inzamleterminarea efectelor sale asupra organismelor
vii a constituit o provocare pentru niubameni destiinta. S-a observatag in timp
ce concentngle de deuteriu mai mici decat decat concerdraaturail44 ppm
D/(D+H)) nu sunt toxicei au efecte favorabile asupra organismelor viigterea
concentrdei de deuteriu determiraltefari structurale, metabolicg functionale de
diferite grade.

Comparativ cu efectele biologice determinate deesuicdeuteriului Tn &
efectele reducerii concenti@ deuteriului sub natural sunt maitpustudiate. In
acest sens, in ultimii ani, INC-DTCI-ICSI Rm. Vadca intiat colabodri cu institute
specializate dimara si din stiainatate in vederea deterninii efectelor biologice ale
apei gracite in deuteriu.

Investigaiile realizate pafin prezent au condus la ufimarele concluzii:

- animale tratate cu &psiracita Tn deuteriu au prezentat o gteye a
rezistemei atat la doze subletale cgitla doze letale de radiagama, lucru ce
sugereax 0 agiune radioprotecti¥ a apei &racite in deuteriu;

- experimentele efectuate pe aminale de laboratonftamaii cronice au
stimulare a sistemului imunitar;

- apa 8racita in deuteriu produce o gtere a tonusului bazail o potenare
a efectelor substaslor vasoconstrictoare;

- apa &racita in deuteriu amelioreézizibil simptomele cauzate de diverse
boli cutanate;

- apa $#racita in deuteriu inhib dezvoltarea celulelor canceroaseoate
duce chiar la dispagra tumorii;

- investigaii privind reproducerea artificiala patilor au relevat influeta
favorabik a apei &racite Tn deuteriu, atat in stadii de dezvoltare eontana catsi
in stadiile urnitoare de dezvoltare;

- apa &racita in deuteriu are o influghfavorabik asupra proceselor biologice
din plante n diferite stadii ontogenetice.

Multitudinea efectelor benefice ale ap#isite in deuteriu asupra proceselor
biologice sugereazca acest produs ar putea fispunsul la numeroase probleme
nerezolvate panin prezent. De mare interes este desigur positgtitutilizrii apei
siracite Tn deuteriu Tn profilaxisi tratamentul diferitelor forme de cancer.
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NUCLEAR MAGNETIC RESONANCE STUDY OF NAPROXEN AND
IBUPROFEN INTERACTION WITH 3- CD IN SOLUTION
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ABSTRACT. Inclusion of non - steroidal anti - inflammatonpuds (haproxen and ibuprofen),
by B-cyclodextrin was investigated by proton NMR. Thlmatmuous variation technique was
used to evidence the formation of soluble 1:1 cewgd in aqueous solution. The effective
association constants K, for each host / guest lexmpas calculated using a non- linear
regression analysis.

Key Words: B - cyclodextrin, inclusion complexe$ - NMR, naproxen, ibuprofen.

1. Introduction

The non - steroidal anti - inflammatory drugs (NBRlare one of the most
commonly used class of drugs. However, at highamesdi dosages, most NSAID cause
ulcerative side effects as gastric irritation akebting. Several approaches have been tested
for preventing or reducing these side effects, uilidg prodrug formation,
microencapsulation and addition of neutralizingigieots [1]. One of the more recent
methods tested is complexation of NSAID with cyebrins [2].

Cyclodextrins (CDs) are cyclic oligosaccharidestaiming six 6iCD), seven§CD)
or eight {CD) a - 1,4 - linked glucopyranose units with a hydrdjghiaydroxyl group on
their outer surface and a hydrophobic cavity inceter. The hydrophylic exterior of the CD
molecules can make them water soluble, but theopydibic cavity provides an environment
for appropriate sized non - polar molecules. Ineags solution CDs are capable of forming
inclusion complexes with many drugs by taking wphale drug molecule or some part of it,
into the cavity. These noncovalent complexes @tfeariety of physicochemical advantages
over uncomplexed drugs including increased watietbdity and stability. In addition, CDs
can be used to reduce or prevent gastrointestiitation, to eliminate unpleasant smells or
tastes and to prevent drug - drug interaction. Mymete characterisation of these complexes
in terms of stoichiometry, stability and molecutanformation should contribute to a better
understanding of the therapeutic properties. Is plaiper, we report % NMR study of the
complexes formed between naproxerand ibuprofen?, with (3 - cyclodextrin 3 - CD)3, in
aqueous medium. In particular a greater attentigmaid to naproxen which is subjected to
controversy with respect to its solubility limit&mueous solution, its dissociation constapnt K
and the association constants, K, of the CD coragle¥th both the ionised and nonionised
forms of the drug [4 - 9].



M. BOGDAN, S.I. ARCAS, M. BOJTA

(1)

CH c(ﬁ)
(o) ) @) __CcOoOo HsC | 3
() ‘O L CH—CH; CH—COO
H,CO 6) ()3 0 6 O
W @ : W @)
1 2
4H 6 /OH
\0%/“
OH—‘3 oH ’
3

Analysis of our data by the continuous variationthod confirm that the
inclusion occurs and the complexes have 1:1 stomekiry. The association constants for
the 1.1 complexes were calculated by a non - liteast squares regression analysis of
the observed changes the chemical shifts of thgsdandf3 - CD NMR lines as a
functions off3 - CD concentration.

2. Materialsand Methods

B - cyclodextrin B-CD) (water content 8 mol/mol), naproxen and ibdgno
sodium salts were purchased from Sigma Chemie Gf#imany) and BD (deuterium
content 99.7 %) from Institute for Cryogenics asdtbpic Separations (Rm. Valcea,
Romania). Proton NMR experiments were performe808tMHz using a Varian Gemini
spectrometer. The NMR spectra were recorded,D Eblution at room temperature and
all chemical shifts were measured relative to exteTMS. Typical conditions were 32 K
data points, sweep width 4.5 KHz giving a digiegalution of 0.28 Hz/point. The pulse
width was 4us and the spectra were collected by co-additicdRadr 64 scans.

3. Results and Discussion
3.1 Determination of stoichiometry

The formation of a complex involving one drug maikecand np-CD, will be
described by
G+nH——— C Q)
where G, H and C are the drug,Cd and the GH complex respectively for a 1:n
stoichiometry. The association constant K is then :
c=_1d_ (2)
[G]dH]
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where [G] and [H] are the concentrations of freegdandf - CD, respectively. In this
study the stoichiometry was calculated by using dbetinuous variation method. This
method is based on the difference in chemical ,shd§,s = & - dobs between the free
molecule §) and the observed valud.f of that molecule in the presence of the other.
Equimolar solutions of host and guest moleculesewmepared and mixed to standard
volume and proportions such that the total conetiotn remained constant [G] [H]; =

M and the ratio r = [G] M varied from O to 1.

In that case the free drug adCD species can be expressed as :

[G]=rv -[C] (3)
[H]=M(2-r)-n[c] (@)

For a given value of r, [C] will reach a maximumuawhen d[C] / dr = 0. Based
on egs. (2), (3) and (4) we have :

da] _

dr =M ®)

dH] _ _

oM (©)
d[G] d[H] _

[HI=, = +n[G]= = =0 (7)

These equations leads to single solution, namely itaximum complex
concentration that is obtained for :

1
r=—— 8
1+n ®

and does not depend on M or on the associationtarng3].In the case of NMR, two
situations may occur :

a) If the free and complexed forms of one compogérd rise to separated signals ( slow
exchange), the ratio of the free and complexedgaram be measured directly by integration.
b) If only shifts of the spectral lines are obsdrekie to fast averaging by the exchange
between bound and free states, then, for a sighahf@ing to H for example, the quantity
Adqps. [H]: Will be proportional to [C]. As an example, thentinuous plot oAdps[H]: against

r for the most markedly affected proton{36€D, in the presence of naproxen is presented in
figure 1. The calculated quantitiAd.ns [G]; with G = naproxen in the presencee€D are
ploted against r in figure 2. The resulting contiasl variation plots demonstrate that e
CD- naproxen complex has 1:1 stoichiometry. Theesaasult was obtained for ibuprofen.
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3.2 Determination of the association constant

Various methods for the determination of the asgmm constant have been
described in the literature [10]. These are basedeohniques such as conductometric
titrations, potentiometric and spectroscopic meshadlubility studies.

The association constant K can be evaluated usiMdr Nrom the observed
differences in chemical shift for drug or cyclod@xtmolecules. Considering the tipical
1:1 equilibrium between G and H and expressing gyl [G] in terms of the initial
concentrations [Hland [G], the association constant can be written as

K = [C]
{1, -[CHiel. - [c))
The observed chemical shift difference A8{\)= &, -8\,

fast exchange inclusion equilibrium, is given by

9

X being H or G, for the

50 = LCL g0 (10)
[XI
where NS =8, -3, (11)

Finally, substitution of eq. (10) into eq. (9) asmlving for A3'. we obtain

obs

obs —Z[H

Equation (12) involves no approximations and cated the total concentrations of the
guest and host molecules with the observed differerin chemical shift AS'.. We

obs *

developed a computer program written iif Gased on an interation procedure folowing
specific algoritms in order to fit the experimentallues of A8 to the appropiate

obs

equation. The program is producing one single Kiedbr the whole process and a set of
caIcuIatedAégx) values. The program is quite flexible since both ¢fuest and host can
be observed for spectroscopic perturbations asnatiin of variable guest or host
concentrations.

The obtained association constants and the relefh@mical shift difference&d,

(for a given proton) between the frBeCD, naproxen, ibuprofen and the pure complex
are given in Table 1.

) 1/2 )
= o - (w1 -drlfel| |22 @)
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Tablel
Association constants, K (8 and chemical shift differences (ppm)
for Naproxen and Ibuprofen complexes with Cyclodextrin

Complex Naproxen 3CD Ibuprofen -BCD
Proton K=1619 K=5714
B-CD B-CD

Ad(H3) 0.160 0.135

Ad(H5) 0.329 0.270

AO(H6) 0.142 0.111

Naproxen Ibuprofen

AO(H4) -0.054 -0.163

Ad(H5") -0.053

Ad(H6") 0.108

Ad(H7) -0.177

To summarize, it has been shown that NMR can bd tsederive both the

stoichiometry and the association constant of siclucomplexes. These experimental data
can than be used to propose a molecular modeéahttusion complexes in solution.
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ABSTRACT. The average statistic weights in the first soN@tasphere of some
cycloimmonium ylid ternary solutions were estimatedhe basis of liquid cell model.
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1.INTRODUCTION

Cycloimmonium ylids are amphionic compounds [1,2hvan intramolecular
charge transfer (ICT) electronic band in the vesitsinge. This band is very sensitive
to the solvent nature [3,4].

Van der Waals interactions in nonprotic solvemtd specific proton donor-
acceptor in the protic ones supplementary occthersolutions of cycloimmonium
ylids [5,6]. In the solvent mixture, the protic reolle compete to occupy the
neighbourhood of the cycloimmonium ylid molecules.

2. THEORETICAL NOTIONS

Let's consider the cell Takehiro Abe model [7] farsimple liquid, in
which the central molecule is surrounded by corrgespheres, hamed solvatation
spheres, full of fixed molecules. On the basih@f tmodel it may be stated that the
ratio of the interaction energies between the eéntolecule- cycloimmonium ylid
molecule- and the first three solvatation sphese$:16:84. So, one can consider
that solvatation energy of the spectrally activdaoole is almost equal with the
interaction energy between this molecule andiitt fiolvatation sphere.

Let's analyse now a ternary solution obtained lyyeloimmonium ylid -
as spectral active molecule — in a two solventdurex ylid + solvent "1" + sovent "2".

The molecules of the solvent "1’ are protic andsthof the solvent "2" are
aprotic ones. Because the two solvents are splgcimalktive in the visible range,
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their molecules remain in the ground state whenetketronic absorption spectra
of the ylid are recorded.

The ylid concentration in the ternary solutiorvésy low (10*10° mol/L).
That's why this solution may be devided in subsystecontaining a spectrally
active molecule and the solvent molecules surroundti. The extinction in the
electronic absorption spectra is proportional vt number of these subsystems
[8]. Having in view the ratio of the intermoleculiateraction energies between the
ylid molecule and the solvatation spheres, oneesdiract only the first solvatation
sphere from one subsystem.

The molecule number N in the first sphere is camistout the numbers;N
and N of "1" or "2" type molecule are variable, satisfaythe relation:

N,+N, =N 1)

The N, and N modification is possible because in liquid, thergy of
termic motion is of the same size with the enerfjintermolecular interaction. In
these conditions, the spectral shifts, measuréerirary solution related to gaseous
state of the ylid, must depend on the average vafusumbers N and N. The
average statistic weights, and p, are defined by;

N, N.
Po= P = PR =l (2)
depending on the average numbﬂ§and Nz of the "1" respectivelly "2" type

molecules in the first solvatation sphere.
The ylid molecule solvatation energies in the states participating to the

intramolecular charge transfelV,?, W,® - can be express by:
W = p, IN0 + p, IN [U7 +W,

3
W = p, IN IS + p, [N 5 +W,

where u? and u‘f; j=1,2 are the energies of the pairs: one ylid enole in its

ground state + a solvent "j" molecule, respectwetie ylid molecule in its excited
state + a solvent "j" molecule and; % the interaction between the solvent molecules.
The last term from (3) does not change in the intdacular charge transfer.

The spectral shif, =V, of the visible ICT band in the ternary solutions
vs the gaseous state of the ylid can be expregsed b

hC(Vt _170) :\Nte _\th = plN(ule _ulg)"' pzN(ug —Ug) (4)

One the other hand, the spectral shifis-v,; v, =V, of the ICT band

maximum in the binary solution realized with eachhe two pure solvents vs. the
ylid gaseous state can be expressed by the foltpteinms:
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he(v, =Vp) =W =W = N(u; —u;’)

5)
he(v, —v,) =W, -W,? = N(u; —uy)

Wherere and ng are the solvatation energies in the excited (epeetively in

the ground (g) states of the cycloimmonium ylidjin(j=1,2) solvent.
From (4) and (5) it results:

p=tiVe, o 2hiTh

Vi =V, Vi =V,

(6)

Relations (6) show that, in the limit of the celbdels, the average weights
may be estimated by the ICT band wavenumbers megsar the binary and
ternary solutions.

Because the protic solvent can participate inrmtdecular charge transfer
with cycloimmonium ylids [5,6], one can estimatetilihe —OH strenght bound
influences the ICT band frequency in the solventtune. The MNR signal of -OH
proton measured in solvent mixture can estimate gt@on unscreening, its
capacity to participate in specific interactiong [9

If the mechanism of the proton change is realigethe ylid carbanion
level [10,11], the statistic average weight of #@H groups participating to it, can
be calculated using the formula:

OH _ o _60
P T a, @
100 0
where the chemical shift corresponding to the MNghal of the —OH proton is
noted J for the solvent mixture and,, for the protic pure solvend,is the value

obtained by extrapolation fox, — O in the graficsd vs. X,.

EXPERIMENTAL PART

The visible electronic absorption spectra - ITCdan binary and ternary
solutions of anilido benzoyl methylids having adehecycle pyridine, benzo-[f]-
quinoline and 3-(p-cumyl pyridazine) were recordeith a spectrophotometer
Specord UV VIS Carl Zeiss Jena. The chemical sfuftshe solvent mixture solvent
"1"+solvent "2" with variable concentration,xhave been measured from MNR
spectra recorded with a Tesla BS-487C-spectrometer.

The solvents were purified by specific methods.

The parameters of the used solvents are listed ablel. The
cycloimmonium ylids: pyridinium anilido-benzoyl nistid (PABM); benzo-[f]-
quinolinium anilido-benzoyl methylid (BQABM) and qumyl-pyridazinium
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anilido-benzoyl methylid (CPABM) were prepared imdoratory of Analitical
Chemistry of "Al.l.Cuza" University from la¢i by &wn methods [12,13].The
ylids were analyzed from point of view of structamed purity.
Tablel
Chemical shiftsd (ppm) in binary solvent Octanol +1,2 Dichloroethane
the ylid ICT wavenumber& (cm™) in the corresponding ternary
solutions and the average statistic weights

NT T 06) [ (opm) por BQABM PABM CPABM
! ViemYy,p | ViemY): p% | Vem?); p%

0 (155 |0 20550 |0.0 22600 |0 20110] O

25 1.72 4.7 20740 |12.4 22780 |11.3 | 20350 15.1
5.2 2.40 23.7 20960 [28.1 22990 |24.5 | 20580| 29.6
14.1 3.43 52.5 21220 [43.8 |23160 | 37.3 | 20870 47.8
33.0 4.25 75.4 21620 [69.9 23490 |52.0 | 21250| 71.6
59.7 4.72 88.5 21950 |91.5 |23900 |86.6 | 21570 91.8
100 5.13 100 22080 |100 [24100 | 100 21700| 100

~N|OOAIWIN(F

Table2
Chemical shiftsd (ppm) in binary solvent Benzene +1,2 Propane diol,
the ylid ICT wavenumber& (cm?) in the corresponding ternary
solutions and the average statistic weights

N[, 9) |8 (opm)] por BQABM PABM CPABM
! Viemyp | V(em);p V (cm?); py
1 |0 .95 |0 20260 [0.0  [22250 |0 19900 | 0
2 |64 4.47 | 2.1 | 20490|11.1 |22350 |6.5 | 20150 | 14.6
3 |126 |450 | 5.3 | 20710|27.7 |22560 |25.8 | 20380 | 28.1
4 [30.3 [4.60 | 15.8 | 2152060.9 22810 |36.2 | 20660 | 44.4
5 |56.6 |4.85 | 42.1 | 22000[84.1 [23150 |58.1 | 21050 | 67.3
6 |79.6 |510 | 68.4 | 22150(89.9 [23360 |71.6 | 21340 | 84.2
7 [100 |5.40 | 100 | 22330]100 [23800 | 100 | 21610 | 100

The results of the measurements are presenteabiled]l and 2, containing
the molar rates xof the protic solvent in the solvent mixture, ttteemical shifts
J (ppm), measured in binary solvent, the frequendigsm®) in the ICT band
maximum and the average statistic weights of tloéigsolvent, estimated with the
relations (6) and (7). In the first line of thesbles, the value ob (ppm) for
X, - 0 were obtained through extrapolation in the graglependence (ppm)
VS.Xg,
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RESULTSAND DISSCUSION

The use of the MNR spectra in the ternary solutianalysis has been
suggested by the previous findings [5,6] that feeguies of the ylid ICT band in
the binary protic solutions linearly depend on tiemical shift of the hydroxy
group proton, measured in the pure solvent.Sucépamtlence points out that the
protic solvents interact with the ylid molecules $pecific proton donor- acceptor
interactions. Bathochromic shift of the ICT bang,dassing from gaseous state to
protic solution of the ylid, suggests that the #iienteraction between the protons
and ylid molecule is less intense in the excitetestcompared with its ground
state.

From the Tables 1 and 2 data one can notice arlidependence between
the ICT band wavenumbers and the chemical shift@hydroxy proton measured
in solvent mixture. If one accept that the ICT mssis realized from the carbanion
to the heterocycle, the dependence mentioned aboggests that the specific
interactions take place at the ylid carbanion.

The electronic absorption spectra have been srgidt at low
concentrations of the ylid in ternary solutions.affd why one expect essential
changes in the ICT band wavenumbers at the sirodacentrations of the protic
solvent in solutions. With the growth of the prot&olvent concentration,
concomitantly with the dimmer (protic molecule-pcomolecule) increasing, the
number of the protons implies in specific interacs with the ylid molecules also
increases, determining an increasing of the sdieat&nergy of the ylid molecule.
The process is saturated when the protic solvemtardration becomes equal with
the ylid one.

This mechanism suggests that the ICT band freqesmoeasure both the
solvatation energy of the ylid and the average remalbthe protic molecules in the
first solvatation sphere. The palues, computed on the basis of formula (6) and
the data of Tables 1 & 2, show a higher protic aptvconcentration in the first
solvatation sphere vs. the solution left.

The valuesp,™ , determined using the relation (7), and the chahsihifts

measured in the binary solvent "1" and "2" are fandhan the pvalues for the
ternary solutions, showing that the ylid molecuiteracts with a hight number of
protic molecules, while in the binary solvent odiynmer formation can appear.

From Tables 1 and 2 it results that the valpé8 are higher thanyin the
case of the alcohols and smaller thaiox the dihydroxy alcohols .

CONCLUSIONS

1. The ICT wavenumbers in the ternary solutionsdity depend on the
chemical shifts measured in the corresponding hisalvent.
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2. The additional ICT shift measured in the pratidvents related to the
aprotic ones can be explained by the proton tratsfeveen the protic molecules
and the ylid carbanion.

3. The proton exchange increases with the protieoutes number growth
into the ternary solution.

4. There are differences between the average tgtatigights and the
molar rates in the solutions.
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Introduction

Mass spectrometry was already involved in fullershalies since their
discovery [1]. The ionization methods as Laser Dgson, Electron ionization as
well as Fast Atom Bombardment were used in thaesdies. Fullerene sputering
from solid surfaces was obtained with ions of eiesrin the MeV range [2]. SG'l
ions of 72.3 and 55 MeV were used for the bombandmpolyvinyldenedifluorine
and the ions were detected with a reflectron afteeleration in the range 3 to 15
keV [3]. The spectrum taken over 400 to 2500 uresslved the peaks &fCe,
12Cs6™°C*. The interactions of $iions of 2 MeV[4], of L{ [5] and of H [6] ions
with Cgo were studied with time-of-flight mass spectromegter

The fragmentation of the fullerenes happens by gibpization [7], by
electron impact [8], by ionic impact [9] and by legsibn with a gaseous target [10].

Various possible solutions for recoil ion analysire suggested in [11].

Focusing conditions and the adopted solution

The resulted ions have a temporal, spatial andcitglalistribution. The
simultaneous time focusing for space and veloatgat possible in time-of-flight
mass spectrometry [12].

There are two possible solutions: the linear diptice geometry [13], [14],
or the reflectron configuration including an elestiatic mirror [15], [16].

The geometry was so selected to ensure the exploraf two mass
ranges: 1 to 200 u and 400 to 1000 u. The instruieegth was selected to about 2
m to ensure a good temporal mass dispersion. A-free space [17] of 2360 mm
resulted for an extracting interval of 16.7 mm degn incidence angle of the ion
packet to the mirror limit of two degrees ensure®ugh space between the
collision chamber and detector to not interferethgir fields. The electrostatic
mirror was constructed from 32 rings of 10TiNiCri8@inless steel. Their inner
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diameter is of 231 mm and each ring has a 20 migtherThe rings are sustained
on three metalic bars connected to the rings bylatsrs. A grid limits the entry
face of the mirror. Tolerrances of less than 0.0 mvere enforced to ensure
relative differences in flight time shorter thani®10

The detector contains two channel plates in cheassembly

The vacuum system ensures high vacuum levels bgbarholecular pump
backed in the first pumping interval by a rotaryngu A high vacuum gauge
allows pressure measurements close to the det@ssembly. The tube connecting
the spectrometer to the collision chamber is 367 lomg while the main flight
tube was constructed from two cylindrical chamlz#r838 mm each.

A support ensures the location of the mass speetemat 1780 mm from
the reference plane to be connected to the actalerst port.

Outlook

The next steps on the way to make this mass speeteo a useful tool in
fullerene an recoil ion investigation are: a cyalazacuum tests, of electronic units
including coincidence measurements and a progranthf® achievement of the
needed mass resolution.
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ABSTRACT. Several models of biological interest are reviewgkecial attention is

given to the models of Davydov and Takeno, witloragirange interaction of Kac-

Baker type (exponentially decaying). Solitonic éibns are obtained in the weak
nonlinearity limit. The envelope solitons are stalin an approximation going beyond
the usual nonlinear Schrodinger equation.

The quasi-one-dimensional molecular systems ofobioll interest are
very complicated structures built up from complegésitoms- we shall call them
"molecules”- connected by hydrogen bonds. As ammgi@ we mention the
complicated structure af-helix mentioned above one distinguishes three leaup

chains of the form
J

[(IIH - N -C=OMIH - N - C =00

X
and the first approximation is to consider only immge chain, having the
mentioned sequence (one chain approximation).

Each molecule is characterized by several intreeoubar vibrations, and
we shall assume that only one of them plays awectile in the studied process.
In the case ofi-helix structure this corresponds to the amidedillagion (C = O
stretching). Between these excitations there agetreimagnetic interactions of
dipol-dipol type, and in spite of its long-rangdiae character, usually one takes
into account only the interactions between neamegjhbors, characterized by a
coupling constant J (both these approximationshgamelaxed).

In the chain the molecules are oscillating arotmedequilibrium positions.

One considers only oscillations along the charnedlion, described by an
one-dimensional acoustic phonon field.

The intra-molecular excitation will induce a loehstortion of thea-helix
chain, which at his turn will react and try to trdpe localized vibration.
Consequently an interaction between the intra-nubdeexcitation and the phonon
field has to be into account, interaction charazéel by a coupling constat It
arises from the modulation of the amide | energysbytching of the adjacent
hydrogen bounds.

! E-mail addressdgrecu@theorl theory. nipne.ro
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The Hamiltonian describing this very simple fieltttpre is of Frohlich
type [1]
H= Hax"' th + Hint
Hoe= 2 (E,B;B, -J(B}..B, +B; +B,.,)) (1)

1., 1 N \2
Hon = Zn: M Pn +§w((un+l -un) )
Hint :X z ( l,-l'|+l - Gn) Bn+ Bn
Here B, , B, is the creation, anihilation operator of the intralecular excitation,

of energy E, in the site n, {j P, is the displacement operator of the n-th moleanie
his conjugate momentum respectively, M the masth®fmolecule, w the elastic
constant angt the coupling constant between the intra-moleceaitation and the
phonon field.

Davydov [1] - [4] has used this Hamiltonian to diss localized excitations of
solitonic type in these structures. Davidov's b#sipothesis was a certain ansatz
concerning the state vector associated to theseagan, namely:

| () >= a,()B,’ exp(—igZ(ﬂj (B, —ﬂj(t)ﬂj)j 0> (2)

Here |0> is the vacuum state both for phonons asldgular excitations.
The normalization condition for this state vectomreg:

<@ e >=Y |at) | =1 @3)

and we can interpret[aas the probability to have the intra —moleculasiexion
on the n-th site. Also it is easy to show that:

<g(t) [0, @) >= B, 1)
<g(t) b, |@(t)>=m,(1)

which gives the interpretation for the coefficieftst, as the mean values aof, i,
on the state vector (2). The problem is reducedh® determination of the
coefficients a(t), Bn (t), T (t), which now are classical variables.

Davydov's procedure was to calculate first the ager value of the
Hamiltonian (1) on the state vector (2), <H>, aafter identifying conjugate
coordinates and momenta, to use <H> in Hamiltonjggiagion of classical
mechanics to find equations of motion fgr(g, B, (t), T (t). The following result
is obtained:

ihay = Eay — J(R+1 + 8r1) + X(Bovs-Bn) &
M B o= w Bnes -2 Bo + Bod) +X (& F - larif)
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Later the model was discussed by many authors-[$]3], trying to
improve it and eliminating some inconsistencied, fou our present purposes this
simple model is sufficiently.

The system (4) represents a nonlinear system wbled equations. It is
very convenient to make an adiabatic approximationg to assump, = 0. Then
from the second eq. 4 we get:

2
Bn+1 - Bn = _l|an|
w
which introduced in the first gives:

iha, = Ea — J(&+1 + a1) ©)

a typical equation for a discrete self-trappingisys[14], [13], chapter V.
Let us consider now small nonlinearitiesxlf 0 (linear case) eq. (5) has
plane wave solutions:

3, = Ad Kin—at)
(I — lattice constant) withy (k) given by the dispersion relation:
hw(k) = E — 2J cos ki

The cumulative effects of a small nonliniarig() manifest as a modulation
of amplitude in the asymptotic region. To deal wilocess the multiple scales
approximation (reductive perturbation method) iedi$1l5]. One introduces the
slow variables:

=t (In —Ugt)
tz— €, ty=€t,.... (8)
and the solution is written as an asymptotic exjpenis the small parametex 1
g =e' T P A(,t)

As a result the differential — finite differencguation (5) will be transformed
into a partial differential equation, completelytdégrable, namely the nonlinear
Schrddinger equation (NLS). The time derivativerdes as:

0 0 6 2 6

ot ot gaé at, ®)

and also:

8, =€ VM Y | A (Gt )t e

OAp(f,tz,...)_'_igzlz 62Ap(£,t2,...)+
o0& 2 0?2 -

(10)
Inserting (8), (9) and (10) in eq. (5) we shallag with zero the coefficients
of each powers of. In ordere we obtain, as it is expected, the dispersion imrlat
(6). The ordet® defines the group velocity;
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0= Pisink = 96K
n

, (11)

The next orderg?, is relevant for the modulation process of the evar
amplitude. It is found that the componentiA the expansion (8) has to satisfy the
celebrated cubic nonlinear Schrédinger equation.

0A, 0°A, N
g T e =
where:
1d2a)(k) )(2
= , = — 13
22 dk? e (13)

It is a generic equation describing the propagabibquasi —monochromatic
waves in media with weak nonlinearities. It hasegypd in many branches of
physics: plasma physics, nonlinear optics, pulsepagation in nonlinear optical
fibers, surface water waves, molecular crysta]§6] — [18]. It is a completely
integrable equation, and can be solved by the sevecattering transform (IST)
method [16] — [18].

For w» > 0 it has bright soliton solutions, while fes, > 0 only dark
solitons. Fory, > 0, introducing the quantities:

r=wt, W= /%Al (14)
2

it is transformed into the standard form:

Ay 0%y _
or FoF +2‘(//‘2(// =0 (15)

We write down the expression of the one-solitontson:
expi(20E + 4L —n*)T+ g,
coshen(€ —§&, +4¢n))

describing an oscillatory localized excitation, pagating with the velocity dto
the left. Here z = +in is the complex eigenvalue of the spectral prokdeisociated

to the NLS eq. In the IST method, adg, &, are the initial phase and the initial
position of the soliton.

Recently, in a paper [19] presented at the Inteznal Workshop on
"Nonlinear Evolution Equations and Dynamical Syst&nheld in Kolymbari —
Crete, 1999 (NEEDS-99) we used the multiple scalethod to analyze a more
complicated equation than (5)

LAy nb) = N(y o) (17)

Y =2in (16)
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L is a linear differential (time)- difference (sgacoperator, acting on a vibronic
field {yn}, and N is an algebraic nonlinear (cubic) operatdmodel, elaborated
several years ago by Takeno [11]-[12], to discosalized excitations in nonlinear
molecular systems, is at the origin of this equatd motion (17). For the-helix
problem, the vibronic field is related to the amldabrations. The nonlinearity is
introduced through the coupling of the vibroniddigvith the phonon field, and can
be included also in the vibronic Hamiltonian. Arrinanic long range interaction
between vibrons, exponentially decayng (Kac-Bakedet), was introduced to
take into account the electromagnetic interactibesveen vibrons. We mention
several conclusions resulting from our investigatio

* The time and space evolution of the first anplé Y; of the asymptotic
expansion of y is given by the NLS eq., in the slow time-spaagables.

¢ In the ordere”, in order to eliminate a secular behavior of (A linear
growth in time of %, which would invalidate the asymptotic expansised), VY; is
necessary to be also a solution of the next equatiche NLS hierarchy. This
conclusion is in agreement with recent resultsiobthfrom a similar multi-scales
analysis of certain partial differential equati¢®$], [22].

* For the first time in the context of nonlineareddimensional molecular
crystals we analyzed the case when the secondatiggwy, is zero for a certain
point in the Brillouin zone.

1 d?wxk)
w,(k)==———=|,_., =
(ko) = 5=z i
This point is known as the zero dispersion pafi?R) in the case of pulse
propagation in optical fibers [22]. The NLS eqnis longer valid and in order to
find the relevant equation for this situation werdndao modify the definition of the
slow spatial variable, namely:

2
& =¢3 @an—wt) t=¢et,  j=22 (19)

and to consider k in the vicinity ok
2

k=k +€3k, (20)

Then using the multiple scale method we find ideor® the following
equation:

(18)

1 +30, +ily +0W w=0 (21)

WereW,T,X are quantities conveniently scaled.

Finally let us make few remarks. The NLS eq. aadoliton solutions are
obtained at the end of a sequence of approximatsomse of them very questionable.
In spite of this fact the soliton mechanism for sh@rage and transport of energy in
molecular systems of biological interest is veryraative and deserve all the
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attention. The present situation can be improvethamy ways. We mention two
such directions.

* To elaborate more complex models whish would tato account in a better
way the complexity of the structure. In the caseandfelix structure it would be
very interesting to consider a model of three cedmhains.

« A careful analysis of the mathematical probleissn by this simple model
like the ZDP problem, and the influence of the leigbrder terms in the asymptotic
expansion of the multiple scale method.

Works in both directions are in progress.
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1. INTRODUCTION

The semiconducting HgCdTe alloys are interesting because their tunable
and narrow energy gap makes them ideal materiaisiffared detector applications
[1]. The accurate determination of actual strudtpesameters is of major practical
importance for specific properties of this matedaling to its band structurég.
the high intrinsic carrier concentration and thebifity of electrons are much
higher than those of holes [2]. For many applicatja change of the near-surface
region properties by large-scale impurity dopinghéeded. The most promising
way of achieving such doping is the use of highedm®-implantations [3]. This
phenomenon is used to prodyce n-type conversion [4].

CdTe thin films have interesting physical propertier use in photovoltaic
solar cells because they have a high absorptiofficieat in the visible range of
the solar spectrum and the band gafd 45 eV) is close to the optimum value for
efficient solar energy conversion and the availghilf p- and n- type materials [5].
Since the difference between the lattice constant€dTe and HgTe is only 0.3%,
high-quality epitaxial layers of HgCd,Te solid solutions can be grown on CdTe
substrates, very suitable for development of compirared detection devices [6].

Cadmium telluride is considered to be one of thstrpoomising materials
for the fabrication of solar cells. It has a hidgksarption coefficient in the visible
range of the solar spectrum and its band gap.45 eV) is close to the optimum
value for efficient solar energy conversion.

Thin film heterojunction cells made of CdTe and Cdi® considered
competitive in terms of solar energy conversioricefficy, low cost, long-term
stability and possible production of large-areatptioltaic cells [7-9]. The heat
treatment in the range from 400 to 58D results in an improved efficiency of
CdTe/CdS solar cells [10]. This is attributed twesal processes including an
increase in the grain size [11], surface and iat&fproperties of CdTe/CdS/glass,
heterostructures and changes in optical reflectanderefractive index [12].
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2. Physical vapour deposited |1-VI narrow-gap semiconducting thin films

2.1. Laser-assisted physical vapour deposited @dddHg..Cd,Te thin films

There are several preparing methods of semiconuyuthin films, one of
the most convenient presently being the lasertassighysical vapour deposition
(LAPVD) process [13]. In this process, a pulse fdseam is used to vaporize
materials (target) in a vacuum cell (at a pressire 10° torr); the evaporant is
deposited as a thin homogeneous film on a substitaterate of a few tenths of
nanometers per pulse. In the LAPVD process mudtineht materials can be deposited
within the stoichiometric composition [14]. High iy evaporated material forward
directed can be collected with high efficiency. @ddnd Hg,Cd,Te thin films of
various thicknesses were deposited on optical glagstrate using the LAPVD
process [15]. A pulsed GOTEA laser was used for the semiconductor samples
vaporization. Laser pulse energy was kept at Sls#puvhile the repetition pulse
frequency was 2.5 Hz. The incident laser beam weassed on the semiconductor
target by means of a 20 mm focal NaCl spherica$.lfhe film substrate was
external heating by a resistive element being émrttal contact with it. During the
vaporization, the film substrate was continuousitated in order to improve the
film uniformity thickens. A better vacuum than 3@orr was assured during the
deposition processes. The thickness of the filmged from 0.5m to 3.Qum.

2.2. Heterojunction cells made of CdTe and CdSfilin

Thin films of cadmium sulphide have major applioas in optoelectronic
devices. CdS films could be combined with CdTe dilim order to form
heterojunctions that are valuable candidates fatguoltaic conversion of solar
energy. The CdS thin films were prepared by chentiath deposition (CBD) in
multilayered form on optical glass substrate arel/tivere post-growth annealed
[16]. Prior to deposition the glass substrate wlaareed with chromic acid and
distilled water. The presence of sodium citrate #rdurea in the chemical bath
generate adherent and relative homogeneous Cdfilthin The structural and
optical properties of as grown and annealed CdS léyers have been used in
order to select the best substrate for subsequ#he Geposition. Thin CdTe films
have been obtained through sublimation of CdTe qugstalline grains (99.999%
pure, obtained from Balzers, Switzerland) and digipos in a vacuum of 18 Torr,
onto heated CdS substrate. Films of different thésls were deposited at 23D
substrate temperature.

3. Structural characterization of thell-VI narrow-gap semiconducting thin films

The X-ray diffraction technique was used for stmwat characterization of
the semiconductor materials deposited as thin filfilne X-ray diffraction patterns
were obtained by means of a standard DRON-3M powi&actometer, working
at 45 kV and 30 mA, and equipped with scintillatiomunter with single channel
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pulse height discriminator counting circuitry. T@e K, radiation, Fe filtered, was
collimated with Soller slits. The data of the (111dTe profile were collected in a

step-scanning mode with20 =0.025 steps and then transferred to a PC for
processing.

From the X-ray diffraction patterns it was conclddbat the crystallites of
the LAPVD deposited CdTe films are preferentialljeated with the (111) plane
parallel to the substrate. As the number of lastsgs increases, the X-ray diffraction
of the CdTe films shows the representative pattefrescubic zincblende structure
polycrystalline material. The deposited compouns heen confirmed to be CdTe
with f.c.c. structure through X-ray analysis. Th#ite constant ga= 0.647 nm) is
found to be quite close to the reported value.

The X-ray diffraction pattern of the kHgCd,Te film contains (100) reflection,
indicating a highly texturated film with [100] dogon of the HgTe type structure.

The X-ray diffraction diagrams of the CdS subst@mpared with ASTM
charts showed that CdS films had a hexagonal eidiucture and their preferential
growing planes are (101) and (002).

Tablel

Microstructural parameters for the CdTe/glass filna
CdTe/CdS/glass film, respectively.

Dett (A) <€2>1/2 10" a

111
CdTelglass 140 6.01 0.074
CdTe/CdS/glass 308 2.27 0.028

The single (111) CdTe X-ray diffraction line wasafyzed in order to
determine the microstructural parameters of theice#muctor films. The structural
information obtained by single X-ray profile Fourianalysis of polycrystalline
CdTe films were: the effective crystallite mearesithe root mean square (rms) of
the microstrains averaged along [hkl] directiond dhe staking fault probability
[17]. The crystallite size distribution function svaletermined from the second
derivative of the strain-corrected Fourier coeffitis by a method developed by
Aldea and Indrea by a XRLINE [18] computer program.

Table 1 summarizes the microstructural paramete@dde/glass deposited
(CTG) film and for CdTe/CdS/glass (CTSG) film, restpively. It can be observed
(from the microstructural parameters presented abld 1) that the CdTe film
growth process on the CdS substrate favor the growpolycrystalline CdTe films
with larger crystallite size and lower crystallimaperfections.Dg; is the effective

1

11
rms of the microstrain averaged along the [11Jdlion andx is the stacking fault
probability. In polycrystalline structure grain balaries have a dominant influence
on the electrical and optoelectronic propertiethefsemiconductor film.

12
crystallite size along the perpendicular directiorthe (111) planes<,£2> . is the
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CdTe semiconductor compound exhibit both p- antyme conductivity due to the
formation of electrically active native point defgcthat are associated with
deviations from the stoichiometric composition. Thierostructure is dependent of
the growth method, and very sensitive to the déjoosparameters: the substrate
temperature and film thickness [19]. Any of thesetdrs may be used in modifying
the electrical and transport properties. Then5thickness films grown at 600 K
substrate temperature have a good structural gualithigh average effective
crystallite size ¥ = 48.3 nm, a small root mean square of the miawstaused
by distortions within the crystallites & > > = 0.8210° and a stacking fault
probability p= 0.27 %.

4. Local atomic structurein Hg;xCdsTe narrow-gap semiconductor alloy

Extended X-Ray Absorption Fine structure (EXAFS)aiswidely used
technique for probing the structural local envir@mhof atoms by using incident
photons generated by a synchrotron radiation soj2@R1]. The alloy used for
this study was a n-type semiconductor grade af,8diTe,x = 0.21. The EXAFS
measurements were performed at the Laboratoire Ijtilisation du Rayonnement
Electromagnetique (LURE, Orsay, France), usingsymechrotron radiation from
the Dispositif de Collisions dans l'lgloo (DCI) sge ring operating with an
positron-beam energy of 1.72 GeV and a maximumnedtourrent of 180 mA [22].
The X-ray absorption spectra were collected ovér 8&J above the mercury,L
edge (12284 eV) using a conversion electron datg@8] working at liquid
nitrogen temperature (78K) in order to reduce trerral disorder in the probed
material and consequently to increase the magnifittee spectra oscillations. The
monochromatisation of the incoming beam was ackiewgng Si (311) channel-
cut monochromator. The EXAFS data were analyzedni®ans of standard
methods described in details elsewhere [24]. Therbion threshold of the Hg
L, - edge was taken aL E 12284 eV. As a first step in data analysis,ahergy

scale is converted intokascale through the relatidk = [2m(E = )]1/2 I using as

reference energyHor the outgoing electron the value obtained at itiflection
point of the absorption coefficient. The interfareeXAFS function is defined as [25]

x(k)= [/,z(k)—,ub (k)]/,ub (k), where 1, (k) is the smooth atomic like background
and /,z(k) is the experimental corrected absorption coefitc{€ig. 1). The next step
in the analysis consists in a fast Fourier tramsfgion of thek [ (k) data to th&R

space. It yields to a radial distribution functiéiiR) which contains structural
information about the absorbing atom [26]. The kwuransform is actually given by:

F (R)= (2)0[Wik) k" (k) expl2ik (R) o @)

k

'min
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wherekqi, andkm, are the minimum and the maximum experimektadhta values.
The factol(K) in equation (4.1) is a window function that corisehe finite data
set to an infinite one as it is necessary for Fauiansform. By inverse Fourier

transform, the experimental EXAFS contributiggxp(k) of the selected coordination

shells was obtained. Based on an assumed struotodd!, the theoretical EXAFS
spectrum y,, (k) was calculated using the reported formula (24¥ backscattering

amplitude‘fj(ﬂ, k){ and the total phase shift functich, (k) were evaluated by

taking into account the spherical-nature of thalfiphotoelectron state in the full-
curved-wave formalism of McKale [27]. Tlkedependent backscattering amplitude
and phase shift functions were taken from the FEfge® [28] at R = 0.280 nm for
Te (Z =52), and R = 0. 460 nm for Cd (Z = 48) &gl (Z = 80). The amplitude
and phase shik dependent features can be identified as a genedaRamsauer-

Townsend effect [29]. The calculated parametrigetsum y,, (k) was compared
to the experimental filtered EXAFS functio,nexp(k). All data were analyzed with

a non linear least-squares fitting procedure bygishe SEDEM computer code
developed by Aberdam [30].
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Fig. 1. The experimental normalized interferencqFig. 2. The radial distribution function F(R) fg
EXAFS function for the thin film composition the thin film composition Hg0.79Cd0.21T¢
Hg0.79Cd0.21Te related to the data obtairjed related to the data obtained at the Hjgddge.
at the Hg Iy edge

=

In a first step, a one-shell model was used bgrfilg out the first peak of
F(R) (see Fig. 2) and back transforming it in the raihd® nm <R < 0.32 nmN;,4 = 6.
The fit of the related EXAFS signal leads to théuedk = 0.280 nm for the Hg-Te
pairs, a distance that corresponds to that expémtatis composition [31]. All these

results have been obtain with a fixed val@s=1 while ' has been found equal to
the unity. In a second step, we have filtered () distribution function in the
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range 0.15 nm R < 0.42 nm Ki,¢ = 12). We have then fitted the related EXAFS
data using as free parameters the Hg-Te, Hg-CdHanHg distances, the Debye-
Waller factors, and the energy shift[32].

Table 2.
Values of the parameters related to the fits pteskin Figure 3.
Atom pairs|N Distance R (hm) [o (nm) Residual V
1stshell | Hg - Te 4 0.280+0.002 (5.3+05) [25x10°
2nd shell | Hg-Cd | 2.6 0.452+0.002 (6.7 + G.5)
2nd shell | Hg-Hg | 9.4 0.459+0.002 (10.0 + G.5)

The fitting parameters and the reliability factora¥é listed in the Table 2.
They agree quite satisfactorily with the experirnseiiihe experimental results were
fitted by minimizing the variance parameter V. Tdwutions reported in Table 2.
were obtained when the variance parameter wasthesstwice of its minimum
value. Such criteria provide an uncertainty of @b&0.002nm for the average
interatomic distances as floating parameters. l@single crystal of HgdCdy 1 Te
bulk composition we can see while ordering has beemd for the first shell
which consists in four tetrahedral coordinated Tas at 0.280 nm, the second
shell (consisting in 12 cations) is split into twontributions at the bond lengths
0.452 nm for Hg-Cd and 0.459 nm for Hg-Hg pairsalihcases, the coordination
numbers have been fixed to the bulk compositionseBaon EXAFS results,
Mayanovicet al [33] suggest that the Hg-Te bond distance in. |dg,Te alloys is
not different from the Hg-Te distance existing e tHgTe compound. Furthermore,
no charge transfer occurs since no energy shifth@fHg-L,, edge is observed. In
our case, for the reference Hg-dy ..Te sample, we found that the nearest neighbours
(NN) Hg (cation) - Te (anion) bond lengh= 0.280 nm is like the one related to
the binary zinc-blende HgTe compound. It means tiataverage NN distance is
independent of the concentratinparameter that hase been used. This result is in
agreement with a "tetrahedral bond conservatiog"rdiscussed extensively by
E.Jaffe and A.Zunger [34]. As Mikkelsen and Boy8B][pointed out, in the zinc-
blende-type A.BC alloys, if the cation sublattice is too distortdte average anion-
cation distance must not differ significantly frahe virtual crystal approximation
(VCA) value. After implantation of the Hg{Cdy»1Te alloys, a disordering process
can be observed in the HgCd sublattice where thyy®@/aller disorder parameters
increase with the ion mass. The lattice distontesults from the atoms displacements
from their site position due to the influence ofadt-generated fields.

5. Optical propertiesof I1-VI narrow-gap semiconducting films

The photoacoustic (PA) spectroscopy have to bex#meraely powerful
technique [36] to analyze the absorption coefficgpectral shape of semiconductors,
around them absorption edge. An experimental setap used in the so called
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"open cell" configuration [37], consisting of 100ké&llogen lamp, a mechanical
chopper, a NaCl prism monochromator, a condensemopione as detector and a
lock-in amplifier. The incident radiation was cheppat 12Hz. The spectra were
normalized and calculated by using a software agpexl by the authors. Each
sample was mounted with a small amount of vacuusasg directly on the top of

the microphone. The 0.5eX.7eV spectral range was investigated, covered avith
10meV resolution. The spectral behaviour of the €dfin films was correlated

with the classical NIR spectra recorded with a NBRecord Photometer 68

covering the same spectral range. It was foundbsoration edge of 1.45eV for

the thin CdTe films, which are in good agreemerhwhe NIR spectra recorded on
Specord Photometer 68.
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Fig. 3. Optical transmission spectrum of the Gd| . 2
film was recorded on a Perkin Elmer 3B uv/yi Fig. 4. The(a'hc/A) v (hC/ A) plot of the

spectrofotometer. The light beam was incider film of 0.65 um thickness. The observed
at the film side and the reference was th¢ | Optical gap iy, = 2.48 eV.
optical-glass substrate

Optical transmission spectrum of the CdS film wasorded on a Perkin
Elmer 3B uv/vis spectrophotometer. The light beaasincident at the film side
and the reference was the optical-glass subsfagare 3 shows the transmission
spectrum of the CdS thin film. The high opticalngmitance of the film at
wavelengths longer than the absorption edge islaintd that of chemically
deposited CdS thin films [38]. Figure 4 shows {bkc/ A)* vs (hc/A) plot of the
0.65um thickness film. The observed optical gag = 2.48 eV is slightly larger
thanEy = 2.42 eV which was observed for the CdS singlestafy{39] at 300 K.
This effect is attributed to very small grain sizghe deposited film which leads to
electrical isolation of individual grains, or quant well structures [40].
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6. Transport propertiesof 11-VI narrow-gap semiconducting thin films

The electrical characterization of such structigesitical in the technological
process. A method to determine the electrical cotatce of semiconductor thin
films that not require contacting electrodes isspreged. This method, introduced
by Sommer and Tanner [41], is based on measurim@itiplitude and phase shift
current of capacitive transmission line.

A setup consist of a three-electrode system abduehwthe film is placed
at a distancel = 0.5 mm from the transmission line. An ac voltfge = 5 V) is
applied to the first electrode. Using a lock-in gghamplifier, the current at the third
electrode is phase sensitively measured. Sincec#pacitance of the air gap
between the electrodes and the film is known, ththod enables determination of the
film conductancey, of a sample by fitting the measured in-phase otgras a function
of frequency. For a meaningful fit, it is essentlat the peak in the phase current
be measured.

10 10 Hg, Cd.T
e
P m (mst) 9,0,
£ (P)
o 10 < . 10 L A A A A X =0.20
:. xxxxxxx H,,(H=0) A, . .
A
2 10 . 10°
c
g Hg, ,Cd . Te
8 10 . 10ty T v
: () x=02 T, W(HED)
o MR v
T T T 102 T T T T T T
10° 10 10° 10° 50 100 150 200 250 300
temperature [K] temperature [ K]

Fig.5. The experimentally obtained temperatuf{ Fig.6. The experimentally obtained tempefa-

dependences of the hole dengignd the ture dependences & and #» the mobilities

electron density between 100 and 300K
fort?hex: 0.20. of electrons and holes between 100 and 3pOK

for thex = 0.20.

The value for the angular peak frequenay.x can be expressed as [42]
Wie =80,/0° B [k,€, [, where@ and S are electrode geometrical factors and

d the gap distance between the electrodes and the Filom the peak frequency
G = 10524 Hz, the calculated conductance of the Cétie(1-x) CdxTe thin
film heterostructure iso, = 3.2 x 10° Q. Given a film thickness of iim, this

means the conductivity ig, = 3.2x 10°(Qcm)™,

The Van der Pauw technique [43,44] was used talateathe film resistivity,
free carrier concentration, and the Hall mobilipl Hall effect measurements
were made in the temperature range from 100 K @k3dorB=0.6 T.
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The CdTe/ Hg(1-x)CdxTe films were deposited intan\teer Pauw clover
leaf pattern, and the electrical contacts were gmexp by Au evaporation. To
express the resistivity explicity we wused the duling relation [45]:

R
p=d/In 2(RAB‘CD + RBC,DA)U[ AB’CDJ wheref is a form function [46]. The

BC,DA
notation R,; ., means the potential difference between contace@D when
current is passed into A and return at B.
The Hall mobility can be determined by measuring tthange of
resistanceAR,. ;, When a magnetic field is applied perpendiculath® sample.

The Hall mobility is then given by, :%GARAﬂ whereB is the magnetic
Yo,

induction,d the sample thickness, aiR,. 5, the change of the resistance due to

the magnetic field. The carrier density is givenRy =r [1/Nq, wherer is a factor

which depends on the band structure and the sScafterechanismi,e. r=1.18.
The hole densitp and the electron densityare [47]:

R,0%+
R HIT g p= P

2
aﬂp +/'1n/'1p) H.€  H,
coefficient, 0 the electrical conductivityy, and , the mobilities of electrons

with R, the Hall

and holes and the elementary charge, respectively.

Figure 5 shows the experimentally obtained tempesatlependences of
the hole densitp and the electron densitybetween 100 and 300K for thevalue
0.20. Figure 6 shows the experimentally obtainadperature dependences of

HU,and u, the mobilities of electrons and holes between &0@ 300K for thex

value 0.20. According to [48] the experimentallytaibed temperature dependence
of ., the electron mobility should be dominated by mimacattering above 100K.

The experimentally obtained temperature dependehge, , the mobilities of holes

should be dominated by a combined effect of ionipeplurity and optical-mode
scattering [49].
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It has been established that the fluctuationseogomagnetic field (GMF) may
have a significant impact on the health (See fangte the proceedings appearing in
Biofizika, 1995 vol 40, No 4 and No 5). At the satimae it is believed that GMF
represents a environment factor thereby influenting great deal the terrestrial life.
However this factor received much less attentionpared to others which appear to be
more stressing or even violent, with immediate eqnences for the human kind and life
on Earth in general. On the other hand the nataghetic environment or GMF, is not
a constant environment. At contrary it has a caraf@id dynamics if regarded on a wide
span of time. The purpose of this work is twofdliito point out this complexity and its
influence on the terrestrial life and 2) to analygepossible outcome of a magnetic polar
reversal on the present status of life.

The complexity of the geomagnetic field

The geomagnetic field has been a witness of tharitipp and evolution of life
on our planet. It is a sort of a common belief thatestrial life depends on the existing
GMF although systematic investigations and devetspnof adequate interpretation
have not substantiated this idea, at least onral @@ale of time. The starting point of this
work is that GMF is not a constant environment.rétae fluctuations which extends
from a very short time scale of minutes up to v&@ow changes which extends over
hundreds of thousands of years. They can be bseftynarised as follows:

-Micropulsations with amplitudes up to several einsanotesla

-Diurnal changes: GMF decreases from morning ¢ibmand then increases
again to the initial level. The amplitude is abbdd nanotesla.

-Magnetic storms more frequent during the spring) thie autumn and lasting
for a time interval of one or several days. The ldnge is of about several hundreds of
nanotesla. The average global activity is estimiayettie Ap index (fig.1).

-Increased geomagnetic activity during the maximafnsolar activity which
extends to a 11 years cycle ( fig.2).



V.V. MORARIU

- Time intervals of tens of thousands to hundrddbausands of years when
GMF varies very little which is followed by polariteversals. Such a magnetic polarity
reversal (MPR) is accompanied by a period of thudsaf years when the GMF is
practically zeroed. It has been suggested that suehts may cause biological mass
extinction (Harrison and Funnel, 1964; Watkins &abdell, 1967). This is a dramatic
claim which deserves much attention. The last MBIR place 780,000 years ago and
the current period is known as the Brunhes chifim3). The previous time interval
when the magnetic polarity was reversed is namedydea chron (fig.3). We notice
that during a polar reversal the intensity of GM#eréases down to almost zero then
increases again but polarity is reversed. At timestime the recovery of the magnetic
field is much faster than the decrease in the gusvwperiod. Further it is estimated that
ahead of us is a new MPR event, possibly to takeeph about 1000-2000 years. GMF
decreased by about 50% during the last 2000 yiEarh.(One can notice that more than
4000 years ago the intensity of the geomagnetit fias even weaker then at present.
However no MPR occurred at the time. The presasrage value of GMF is around 0.5
Gauss (or 50,000 nanotesla) at mid latitudes.
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Fig.1. Geomagnetic activity measured by the Ap indexdutR98. The scale of magnetic storms:
Ap= 30-49, - minor storm; Ap= 50-99, - major storyg= 100-400, - severe storm. One can
notice that during the spring and the autumn tivere two severe storms.

Roleof GMF for terrestrial life

We know from the field of biomagnetism that weakntoderate fields may
influence in a complex way the living matter.
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Fig.2. The years with increased solar activity (meastmethe sunspot number) coincide with
periods with increased number of days characteligesl higher geomagnetic activity. At
present we are in new solar cycle which peaks tigeigrear 2000 (not shown in the figure).
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Fig.3. The last polar reversal occurred about 780,006sy&go. During the previous magnetic
period (Matuyama chron), the polarity was reverseshpared to the present time. The
intensity of the field decreased slowly at almasbzthen polarity reversed (the present
Brunhes period or chron) and the intensity incretasech more rapidly than the decay of
field during the previous period. One can noticéoray-term asymmetric saw-toothed
pattern: (above). Variations in relative paleoistign(expressed as VADMs, virtual axial
dipole moments) across the normal-to-reverse (R)-tJpper Jaramillo and reverse-to-

149



V.V. MORARIU

normal (R -> N) Matuyama-Brunhes reversals obtaineeh ODP Leg 138 sediments
from the equatorial Pacific. Open and solid cirdes U-channel and discrete sample
measurements, respectively (Courtesy of J.-P. Vatet L. Meynadier); (below)
Schematic diagram of the general intensity patseiggesting that field revitalization
occurs not only during successful reversals, bet during unsuccessful, or aborted
reversal attempts (Hoffman, 1995).
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Fig.4. The current historical period of time and the etioh of the geomagnetic field. Data
collected from the following sources: for the ye¢080 BC and 0, from Merrill, 1990, and
from Quing-Yung et al, 1987, for the rest of théaddhe data in the graphic have been
linked by considering their relative value.

-The micropulsations may involve variations witfrequency ranging between
0.1 mHz and 100 Hz. The lower the frequency thestahe field strength. For example
micropulsations with a frequency of about 0.2 midzehan amplitude of about 500 nT,
at 3 mHz, an amplitude of about 50 nT, whereasrmb@ol Hz the amplitude is below
0.5 nT. Therefore only the infralow frequencies Imigave a significance in respect to
the amplitude.

At present we do not know what is the influencthege kind of fields.

-The diurnal variations: this is also an unknowrtenaln other words we do not
know what is the influence of the absence of a seghlar variations.

-The magnetic storms: There is a vast literaturehwiproves that magnetic
storms promptly triggers effects in living organgsnvlany aspects of human health is
negatively affected. There is also some evideraeribn-equilibrium physicochemical
processes may be affected.

150



THE EVOLUTION OF THE NATURAL MAGNETIC FIELD ENVIRONMENT AND ITS SIGNIFICANCE ...

-The geomagnetic activity extended over longerogeof times (seasons, solar
cycles): It is evident that increased number ofsdaith magnetic storms during the
spring and the autumn and during the maximum arsofcles should enhance the
deleterious effects.

The effects are sensed at individual level but algmpulations levels including
all kind of phenomena such as economical, politizatiological.

All the above phenomena refer to relatively shiore variations of magnetic
fields extending up to several days and their sdéffects over periods of the order of
years. They can be investigated in laboratory tiongi and can be monitored in the
every day life.

-The drift of the GMF over long period of times amagnetic polar reversals
(MPR): This is a different matter compared to theve fast variations of GMF. The
characteristic of the drift is a change of thestaimponent of the GMF over hundreds
of thousands of years therefore much slower theamibdulation of GMF by the activity
of the sun. At the same time the total change ®fGMF intensity is much higher than
the above class of changes. The lower limit isnileng of the GMF, which occurs at
the time of the MPR. Such a phenomenon cannotidated in laboratory. Exposing of
a living system to a zero magnetic field in a labary device, does not in fact simulates
the real situation. At the present time such arelx@nt involves a sudden drop of the
magnetic environment from a field of about 0.5 gaesa zero field. This can cause
significant effects ( Morariu, 1999, Dorofteiu &t E995, Morariu et al.,2000, Ciortea et
al., 2000). However the real situation will be agled in about 2000 years which means
a gradual and very slow decrease. In other woslstthss imposed on a living creature
by presently exposing it to zero magnetic fieldnideed high, compared to the real
situation which permits adaptation during many yesdrpractically insignificant yearly
decrease.

Adaptation to the magnetic environment

Is there any possible support from bioelectromigmefor mass extinction
during MPR? As suggested above this a matter gftatitzn of the living systems to the
ever changing GMF. These changes involve fluctndtitagnetic storms) superposed on
a slow but significant drift of its intensity, cuimating with the almost total annihilation
during MPR. We can see that relative small fluabmst (such as those caused by
magnetic storms) can cause serious health efféotgever they represent rapid changes
of the environment of the order of hundreds of tesia per day. The slow drift which
occurs between MPR ( see fig.3) does not in faresent a stress for terrestrial life or at
least we are not aware of it.. It is estimated thatpresent rate of the GMF decrease of
the intensity is about 0.02% per year (NASA infaiiorg. Such a small variation would
pass unnoticed while other fluctuations of the remwnent impose a much higher stress.
The alternative is that there is possibly a thrgsiior the absolute value of GMF.
However no total life extinction occurred on Eadhring MPR, therefore we may
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suspect that the gradual change of GMF permittedigin adaptation. If the rate of
change of GMF intensity is the important mattenttie could possibly imagine that a
catastrophic impact of a MPR would only occur iited for a very short of time. An
abrupt change could possibly be regarded as a Miéhwnight have lasted several
months. Such a ultrarapid MPR has been suggestédv® occurred in the Steen
Mountains, Oregon, 15.5 million years ago, butsithighly controversial (Coe and
Prevot, 1989; Coe et al. 1995). Such a reversatl godeed cause a major biological
effect on the mammals of our time, but we do nowkmwhat could have been the effect
on the life 15.5 millions years ago. Any way, nganaxtinction has been recorded at
the time. Mass extinction on a grand scale, aedldauch earlier. The latest occurred 65
million years BP. While the extremlely slow chameéhe geomagnetic field towards a
zero value may allow for adaptation of many bialagiprocesses one may ask what
would be the effect of the zero magnetic fieldhia tase of species which essentially
depend on the magnetic orientation such as bemigmtory birds. The zero field period
itself is not known exactly how long time it lastgt from fig. 3 it may be estimated to
tens or hundreds of years at most. Such a zewbi§iehot necessarily associated to a
MPR. During the Matuyama chron a zero field was&wdly reached without MPR.
During such a period of time with a practically ektzero level of the geomagnetic field
some species may be in serious trouble. For exaimplbees would not find the home
and they would dissapear in a single year. We tmmv the answer from paleontology
but it is quite clear that bees have not dissafgeduweng the last MPR and neither the
migratory birds have suffered such a dramatic event

We should further consider the evolution of theneiic field which follows
the time interval of zero magnetic field, when tf@magnetic field increases very
fast compared to the its evolution before the Zezlnl. As seen from fig.3, this
period may lasts for several thousands of yearshwilsi very little on the geological
scale. However this again represents a large entiogh interval to allow for
adaptation. A change of the geomagnetic field ffotm 4 Gauss in 2000 years would
represent a change of 0.002%, even less then éserirrate of change so that again
we cannot expect any significant effect.

Therefore according to the present evaluation nas likely that a MPR
could have had a dramatic impact on terrestrial, ldnd cause extinction. MPR
which involves a short period of zero magnetiadfiglight pass unnoticed although it
is not clear to what hapened to the species whiigywdepend on the magnetic
orientation. The paleontological record also do se#m to support a link between
MPR and mass extinction's (Plotnick, 1985; D. Jadly, personal communication).
According to Jablonsky, a revival of the idea ofirk between MPR and mass
extinction has been produced by Raup (1985) butai quickly refuted by Lutz
(1985) and Raup retracted his claim.

During the past 6000 thousands of years of hisiod/prehistory, there was a
relatively high value of GMF intensity (fig.4). Ehiield decreased since the beginning of
our era. Despite of a reduction of about 50%, ritoispossible to associate this variation
with any catastrophic event at biological levelvdligheless we do not know what could
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have possible been the impact of these changesdert@ver moderate time scales on
the terrestrial life.

On the other hand, our own experiments showedettaisure to a magnetic
field of double intensity, compared to preseriiags a significant impact on the growth of
plants (V.V.Morariu, unpublished results). This &gain, an effect resulting from
exposure of the plants to a sudden stress.

A major problem in understanding the effects afotss electromagnetic fields
on living systems is the fact that the main bodgxgerimental data reflect only effects
after exposure for a given time interval to a @erield (intensity and frequency). The
result is a frustrating incomplete picture; we dbknow anything about the limits of the
adaptation process for a given stress of the djiviag system.

There is a great need to have data concernirgjféduts of a given field intensity
at various time intervals in order to understarmdfocess: is it a simple dose-depended
effect or it is a an adaptation effect ? In theecakan adaptation process, the effect
increases in time, then decreases to the initiabamnewhat modified level. Such
experimental data are little available in the ditere and are difficult to obtain. Therefore
in the case of exposure to a magnetic field whsdtlifferent to the present GMF, there
are two alternatives: a) Either the effect is dideggendent in a monotonous manner or,
b) The effect is non-linearly dependent on thel fistensity. Clearly the question is when
is considered the effect, as in the case of antaiapprocess, the effect varies with the
time. If too long time is allowed for the exposlitde or no effect, could be observed. At
intermediate time exposures, the effect may beitapobut the effect is only transient. |
believe this aspect has been essentially missethige body of experiments in the field
of bioelectromagnetism.

Our own experience in the field of zero magnatid feffects on living systems
has occasionally suggested that the effect agalisintensity is non linear, i.e. it shows,
for example a minimum at GMF values whereas thecef§ high, both at higher and
lower fields.

This is suggesting an adaptation process. De#pgtdact that the effect is
gualitatively similar at higher or lower fields ththe present GMF, the mechanism must
be different as the field dependence of the efffastopposite signs in the two domains.

Conclusons

The fluctuations of the geomagnetic field occurighging the magnetic storms
cause a significant impact on the terrestrial [lfaese represent rapid variations
extending over a time period of the order of days.

The change of the geomagnetic field over hundsétsousands of years cover
the magnitude of the field itself. When preseribtivsystems are exposed in laboratory
conditions to such a change of the magnetic envieonh (which represents an abrupt
change from 0.5 gauss to almost zero field, forgt@) then it causes very important
effects. We hypothesise that in real conditions, gktremely slow change of the field
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might allow for adaptation and therefore mass etitin is not likely to be caused. This
might be valid both during the zero magnetic fatdl during the short period of several
thousands of years which involve the return ofglkemagentic field to a high intensity.
However the zero magnetic field itself which mastdafor tens or hundreds of years
might have an impact on the species which depesdstiglly on the magnetic
orientation such as bees and many bird speciese¥mhere is no clear paleontological
evidence for a such a critical event.
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1. INTRODUCTION

The environmental isotopes are efficient physicalidators because they
respond to the requests of the geologist to firmaller anomaly in a greater or
deeper study area. Deuterium in groundwater froratka less prone to diagenetic
alteration and is not affected during the isotopehange between water and
carbonate minerals being a sensitive indicator afewsource and movement of
water in under ground. Oxygen isotope exchangevatémperature (<100°C) has
been observed to occur at reasonable rapid rateviitfe the dissolution and
recrystallization of the carbonate dominate théoisic exchange mechanism [2, 3].
This paper describes only the use of the deuteasnenvironmental isotope to
determine the groundwater origin, the rechargehef gshallow aquifer and deep
aquifer, the mixing processes, the groundwater floaths and the transport
processes that induce the spatial distributioneofterium in study area.

2. THE STUDIED AREA

The investigated region is located in the NE Dokeodepression (Fig. 1).
Information on the hydrological characteristicsloé aquifer systems was obtained
from [4, 5]. The main elements that define the lbjalyical conditions of the
region are characteristic of a karst region. Thekspwhich belong to the Middle
Triassic formations, are situated on a Palaecozaseiment and are represented by
dolomitic limestone with numerous impermeable bse@hkayey shells, sandstone).
An important characteristic of these aquifers is thtrinsic heterogeneity of the
infiltration and the distribution of the permeatyilthat is reflected in the fluctuations
of chemical and physical properties of the water.

Climate is semiarid with precipitation below 400 fgpar and the evapo-
transpiration is close to the value of the preatpin. Consequently the climate has
a small contribution on the underground. Groundwéiem the Middle Triassic
limestone is generally under pressure showing geswe either at the contact with
the impermeable rocks or in the fracture regional@dci, Murighiol, and Plopu).
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3. METHOD

The method described in a previous paper [6] istioeed briefly:

* Monthly water samples (18 local fountains, 3 spsirg water wells) were
collected from March to September 1993.

* Measurements of isotopic ratio of hydrogen fromewxatere performed on
THN 202 mass spectrometer (CEA-France) and exptéasgelta unitsd) related
to V-SMOW [7]. The analytical reproducibility f@&D is £0.3%o.

» The measurements of the density of water sampldsns) were made on
DMA 02 C digital densimeter with an error betteartht1 %.

» Interpretation of the results. The spatial and tiragability of input of the
environmental isotopes in the hydrologic cycle #mel construction of equipotential
lines and flowlines set are the keys of interpietain the investigations of isotopic
hydrology
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Fig. 1. Study area and the location of the sampling points

4. RESULTS AND DISCUSSION

The average values of the measurements are plottEgdjure 2. ThedD
average values vary in the range from -&/ 6 -5%, those of all samples range
from -92.8w to -49.30. For Danube River th8D average value is -73@2 The
local infiltrating waters represent 81% of sampéesying from —7%, to —650. Waters
from high altitude (>1000m a.s.l) are depletingl@uterium havin@D <-80% and
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correspond to samples 16 and 40. ©be> —606 correspond to samples 18 and
summer collecting samples from continental sidestofdy area which present
distinct seasonal charactefglens average values vary in the large range, tt&¢ mo
samples havingdens near 800 mg/l, typically for fresh waters, shenples 1 and

16 havingAdens >3000 mg/l.
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Fig. 2. Relationship betweedD andAdens for all samples.

Finally, the disposal of the samples valuedirAdens diagram suggests
that the water from the most sampling sites redutt® both the local infiltration
and mixing processes. There are a few sample$(18] 40) that havdD andAdens
values well differentiated from the most samples.

4.1. Wandering area.On thedD-Adens diagram, for one and the same
sample, the suites @D andAdens values (monthly sampling) determine an area
and we named it "wandering area". This area isqurtup the water of each sampling
point. Its slope indicates the predominant processt determine variations of toB
andAdens values. The upward inclination indicates tepgnderance of evaporation-
condensation processes and downward inclinatioicates the preponderance of

mixing processes.
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The hooked shape of wandering line for samplésgl3a) can be explained by
following processes. One could be the evaporatidocal infiltrating water, the other
could be the rock-water interaction between thexaniet water with lowdD recharged at
high altitude and carbonates and finally the mixiatyveen these two waters types.
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Fig. 3. lllustration of 3D-Adens values variation for samples from the foustainl6, 18, 40
(a) and the well named km. 57 (b). The suite$@fAdens values were measured
on monthly water samples collected from March tid)September (1X).

160



STUDY OF UNDERGROUND WATERS FROM NORTHEASTERN DOBRDJA KARST ...

Samples 40 and 16 are depleted in deuteriddx (-8Cho) relative todD
values of surface and groundwater in the geograptea from which they were
collected §D> -75h). Feurdean and Feurdean [6] examined the proctsstesight
alter D/H ratios within a basin and they propoded altitude effects are predominant
over paleoclimatic effect in depleting the deuteriurhe low salinity and lowaD
from samples 40 suggest that fresh water-rock actem is limited by one of the
factors [8]: a) high flow rates through the carbenaquifer that may not permit
dissolution reactions to progress or b) flow thiotige fractures or karstic channels
that are lined with carbonates that have previobebn recrystallized and chemically
equilibrated. The lowdD and higher salinity values of samples 16 andvasdering
area without the progressive deviation along adihthedD andAdens values can
indicate the mixing processes involving two typésvaters: the one with 10D
and lowAdens and the anther with highad values (local infiltration water) and
Adens higher. The lowD and higherAdens values are not a strict function of
mixing processes because dissolved solids may Hedatb or removed from
system by dissolution or crystallisation withoueating deuterium content [8].

For samples 18 th&D andAdens values are not correlated, the wandering
area (Fig 3a) can not indicate a distinct trendsobrientation. The wandering lines
corroborated with evolution in time @D values suggest that water of samples 18
could be from a reservoir without links with ottesuifers.

4.2. Variation in time of 8D values.The variability in time oD values
can be used in a qualitative way to identify thigiorof water and to provide support
for preliminary conclusions with respect to mixingters [9]. Over a long period
the dD values of precipitations represent a steady stpté with random fluctuations
about the mean. The original input variability regerved to a considerable degree
in groundwater that recharge appears to be direicted fractures and tubular
opening and water moves rapidly through these ogsniThe damping of input
variability in time-serie®dD values is reflected when the water travelled great
distance on underground reservoir. The small vanah time ofdD values shows
that the sampling point is supplied with wateraitiiom a closed reservoir or from an
open one but with a rapid and well mixing of theol@rsource. The great variability is
due either to the seasonal effect or to the stiofhigence of the mixing waters that
have different characteristics. Two simple modélghe flow system [10] can affect
the evolution in time of deuterium concentration tioee water from sampling site:
the well-mixed reservoir model and the piston-fimedel.

Based on deuterium variability in time the follogirwater types were
delineated:

A. Waters with variation odD in time due to seasonal trend (the samples
1, 2,9, 13, 16, 41, 43, 44 and 45). The seasoisitppic gradient is more extent

in the continental site (1% in the samples 43, 44 and 45) and dumped in Wcini
of wet sites (56 for the samples 1, 2, 9 and 13).
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B. Waters that have the variability 8D in time smaller than those of the
Danube. The most of these samples are on NW-SHEnadigt and the small
variability shows the interception of the groungidain connection with Danube
River. The samples 3, 6, 8, 10 and 21 perceivantiheence of water with lowdD
during summer when the level of Danube waters wgtoand its contribution is
lesser important to recharge of aquifer [11]. ltdasonable to consider that waters
from NW-SE transect is mainly subordinated to Danuaters and only
secondarily to the groundwater depleted in deutefi@m Triassic limestone.

C. Waters represented by the rest of samples thaeptrgreat variability
in time, due to the strong influence of mixing watevith different isotopic
composition and/or different origins. For wells tthepth of the intercepted water
layer varies among 10m and 30m and the evolutiotime of thedD values is
similar for one and the same well, except the \abfavell Km 57. Their evolution
in time and wandering lines for well Km 57 pointgt ¢he supply from an endless
reservoir (Danube) for 37 and a high altitude wébersamples 40. For 38 and 39
the greatest variability indicate the preponderamfca mixing/dilution process of
these two types of waters.

4.3. Mixing lines. The water mixing in underground can be pointedbyut
the measurements of the two additive propertigh@fvater, as deuterium content
and total dissolved salts content. The alignedtpdig one line with good correlation
factor on the diagram @D-Adens average values suggest that the suite of eampl
belong to the mixing system of two water types eewhiners.

The alignments of the samples suites corroboratéa tve evolution in
time of 8D values for the samples of residential fountair(Fig. 4a) and for samples
12 (Fig. 4b) revealed that its water is originatedanixing processes between the
water with different isotopic content. One of endnbers is heavier isotopic water
that belongs to local recharged water or water ngnfiiom phreatic layer fed by
Danube. The other endmember recharges at an eltihad is higher than 1000 m
and can interact with rock and/or progressively mith local meteoric water in its
travel zone.

The distribution of the points 37, 38, 39, 40 and¥, 39, 40 o®D-Adens
average values diagram (Fig. 4c) suggests a varg gertically mixing of the two
isotopic types of the waters: one correspondinthéophreatic waters tributary to
Danube and the other one corresponding to the &liifhde water from Triassic
limestone that was found at bottom of well km. Biie water of samples 39 and 41
arises from two mechanisms responsible for confuheld/ery and the dewatering
of unconfined aquifer. The levels corresponding the@se samples discharge
vertically and horizontally (artesian flow for wataf site 41). The confined aquifer
(sample 40) and the aquifer associated to samglemd 12 discharge in an area
with water of type 17.
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4.4. Variations in space of thdD mean values The waters of sampling
points by the NW-SE direction (transect 1) preselitiearly increase of theb values
(Fig.5a). The isotopic shift towards higher valtlemn of values of Danube of shallow
groundwater (with about %2) can be due to two recharge components [12]. & On
is the influent that flows perpendicular to the sx@ection of groundwater basin
and can be explained by intense recycling of measitithin basin by the evaporation-
condensation processes. b) The another is theeefflhhat flows parallel to cross-
section.
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Fig. 5. Variations in space of th#D values for samples on the NW-SE transect (a)Varid
transect (b). The legend presents the samplesedrbgrincreasing of distance (arbitrary
units).
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For the W-E direction (Fig.5b}D average values present a parabolic
evolution with a minimum o®D in the zone of the well Km 57 (not included in
figure). dD average values decreases linear from west tdedise transect 3. ThHD
values slightly increase from west to east, towdnéswet zone, by the transect 2.
This different behaviour leads to the idea thatdhexists water with lowD that

migrates in underground determining the waters mgixSuch water was identified
at bottom of well km. 57 and in fountain 16.

4.5. Isotopic patterns.The deuterium content distribution as a resulhef t
most important factors affecting transport behavitan be examine by the isolines
of equal deuterium mean content. The "isotopicefélrepresents the isotopic
gradients that may be an index of the groundwatevement velocity and the
spatial variability in the hydraulic conductivity.

The spatial distribution of deuterium average conte given in Figure 6.
The maps correspond fiD mean values of all samples associated withdDe
mean values of four sampling levels for well km.57.

Three areas can delineate for which the relativ&figoration of isoline
shape remains the same. A fourth area has a mibdibafiguration of isolines.
The substructures are:

1. Aquifer in the N part of the study area correspogdb site of the samples
from Malcoci-Nufaru. In this substructure the pdation water contributes the
most to limestone drainage and flow descending wifferent velocities on the
flanks of the Tulcea-Mahmudia anticline. Light igpic water appears in the
fountains 2 and in the spring 20 either by difftlees or by vadose trickletes.

2. Aquifer situated in the SW part. For this aquitee shape of the isolines is
influenced by the source 18 that causes the appeaat a "peak” suggesting the
absence of the links with the aquifers of studyagi€ig. 6). The local infiltration
waters feed the substructure. The undergroundstreseem to be local flows
towards W. Here the percolation component moveslilslowly through texture
soil, which cover limestone.

3. Phreatic aquifer tributary to Danube River. On MW/-SE direction the
isolines do not change essentially their configonagFig. 6). The groundwater seems
to move horizontal through homogeneous geologierias towards the SE part.
The cumulative effect of the lying groundwater atreon NW-SE direction and the
vertical influx with higherdD can be the cause of the higher isotopic confim.
isotopically lighter water, as input to the phreaystem during summer, traverses
the flowpath without mixing by piston flow modeldfLand modifies slightly the
isolines shape without changing the direction efdtieamline (samples 6, 8 and 21).

The displacement to the west of the isolines \ather dD for uppermost
horizon (Fig. 6a, 6b) indicates that the phreatataw moves towards the zone of
sink Colina. The region of sources 12-37 is oneldisge area for phreatic system.
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The mixing lines of the sources 12 are a supporthis [6]. In the SE part the
isolines tend to become almost parallel with E-\®¢ation and the isotopic gradient
increases. Groundwater meet impermeable barrieafigddo the direction determined
by site 10 and 11. Geologists confirmed the hypathegarding the presence of a
low permeability structure in the SE part [13] dhd faults with NW-SE and SW-NE
orientations that intersect and generate interoctedechannels [14].

Fig. 6. The spatial distribution of deuterium average aatsteThe maps correspondd® mean
values of all samples associated withdBemean values for samples from four levels of
the water column corresponding to well km.57 (topiermediate-b and ¢, bottom-d).
The maps illustrate the effect of two aquifers Jeakstem (well Km 57) on deuterium
distribution in space. Comparison of figures intisathat the unconfined aquifer with
isotopic heavier water (at top of well) and the ifeyuwith isotopic light water from
bottom of well have a vertical component of flow.

4. The last is the conduit aquifer and mixed aqui@m.the maps from Fig. 6
the points having lowdD values and being originated from high altitude ar
represented by closed isolines (points 16 on Fgb6c and 40 on Fig. 6d). In the
2-D flow domain, the tracer develops circular stzapé the isolines, causing a
uniform flow through the system in all direction.the two horizontal planes of the
water layers (-8m and —10m depth) deuterium isauniftransported from fountain
16 to all direction and the water seems to mové Wit same velocities towards
the sites of samples 14 and 17. For the followlieptl5m and —20m) the isolines
develop an elliptical shape in the direction ofaflorhe advance of the isotopically
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light water from the fountain 16 is stronger dieztto the SW-NE direction toward
the N side of Razim Lake. For sample 40 an oppaditection is observed,
towards SW, into the same side. The N side of Ra&ke is the discharge area of
the aquifer with isotopically light water havingetlilow of conduit type and the
phreatic tributary to Danube.

5. CONCLUSIONS

According to thedD values the following categories of waters were
delineated:

* Waters depleted in deuteriumO< -80%k) representing the intrusion of
isotopically light water from high altitude (> 10@). The discharge of this
component occurs by conduits and diffuse flow.

» Waters tributaries to the Danube RivéD§¢ -75k) that have a small
variability in time ofdD values.

* Local infiltration waters dD > -70ko), Situated in the West of the
investigated area towards the continental platfofrthe Dobrogeawith distinct
seasonal effect.

» Waters originated in mixing processes between thtens with different
isotopic content. The one endmember is heavieopsotvater that belongs to local
recharged waters (local infiltration waters and essttributary to Danube river)
and theother endmember is the isotopically light water.

The correlation the spatial distribution of avera§@D with water type and
it origin indicates that the study area is comparitalised in four hydrological
subareas.

» The N part of the study area appears to act aschalige area both for the
local infiltration waters and for the isotopicalight water from high altitude that
discharges by diffuse flow

« The second is part of Southwest for which flow patiave a local
character.

» The third is the phreatic system that rechargew fitte Danube River and
move slowly towards Southeast. The sink Colinacaéfehe flow direction of the
phreatic and it discharges in Colina zone, too.

« The last is the conduit aquifer and mixed aquifidre discharge of the
aquifer associated to samples 14 and 12 of thedniaders occur in an area with
water of type 17 in the N part of the Razim Lakke™N side of Razim Lake is the
discharge area of the aquifer with isotopicallyhtigvater having the flow of
conduit type, too.
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ABSTRACT. The first stage of the pilot plant for the heastev final concentration
has been utilised for the deuterium depleted watstuction. Now the installation is
fed in bottom of the second column with water o4 ppm D/(D+H). The product of
the plant, extracted at the top of first column,sinbe of 30 ppm D/(D+H),
maximum. Simulation of steady state functioning tbis plant has permit to
establish the separation capacity in the plantaijmer conditions and the internal
fluids flow that provides a significant increasetloé plant production. It also has
been analysed the influence of thermal feed statéhe plant performances. On
the basis of the unsteady state functioning sirmrat has been established the
evolution of plant production concentration in heriod of setting in operation
and after the changes of plant operation regimes.

Key words: deuterium depleted water, isotopic separation, warcdlistillation,
mathematical model

1. Introduction

Deuterium depleted water is represented by watat blas an isotopic
concentration of 20-80 ppm D/(D+H), smaller thaturel concentration, of 145 ppm
D/(D+H). As a result of investigation’s increasimgisotopic separation domain,
NR&DICIT has elaborated and patented a method anidstallation for deuterium
depleted water yield. Beginning with 1996 NR&DICtb-operated with Romanian
specialised institutes for biological effects otitkrium depleted water.

The paper presents operation analysis of deutetepieted water pilot plant.

In our institute deuterium depleted water (DDW)pir®duced in the first
stage of the pilot plant for heavy water final centration, by vacuum distillation.
Fig. 1 shows installation scheme. The plant isdfethe bottom of the second column
and the product extraction is make at the top ef finst column. Installation
production, for the first year of operation, is simoqualitatively and quantitatively
in fig. 2 [1].

The analyse of DDW plant operation is based on kitimin models, in
order to establish the optimum values of operafpagameters and to evaluate
installation behaviour when it is operated in uadiestates.
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Fig. 1. Scheme of deuterium depleted water pilot plant
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Fig. 2. Production of DDW pilot plant

2. Methods

The mathematical models used for simulation prograncomposed of
equation of isotopic equilibrium, equations foralotnass balance and isotopic
balance, in steady state, respectively unsteady [:3].
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where:
I, E - feeding, outlet flow rate, kmol/h
X, Y - isotopic concentration in liquid, vapour gkamol fraction D/(D+H)
h - liquid hold-up, kmol/h

The model includes also relations for separatiariofaand fluids density
calculation as a function of temperature, and icelatfor isotopic efficiency
calculation as a function of vapour charge [4 ].

We make the assumptions that through distillatmorons the temperature is
constant and the vapour hold-up can be neglectedsdlWed the equation system
using numerical methods.

3. Resaults

Using the program for steady state simulation, veterthined, in the
operating conditions for the first year, the plaaparation capacity. The calculated
values for product, flow rate and concentratiorgsel to the values realised in
installation. In analysed functioning period feaglftow rate has varied about 8-33
I/h.

Imposing for product concentration value of 25 ppve have determined
the level whereat feeding flow rate influence isigmificant. Optimal feeding flow
rate is about 40 I/h.

For optimal feeding flow rate we have determined fiant separation
capacity, as a function of extracted product commagan. For extracted product flow
rates takes in domain 10-12 I/h the plant productoncentration lies in domain
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20-30 ppm. Attempts to extract more products lieghtoduct depreciation. These
situations there is particularly in first periodmént functioning (fig. 2).

At present, in both plant columns, it can assurmaximum of liquid flow
rate about 230 I/h. By simulation we have estabtishhat maximum charge supported
by columns lie at level 400 I/h, value whereat @k efficiency is 7,8 NTP/m, in
comparison with 8,5 NTP/m at 220 I/h. Reflux donglihave as result production
increasing with 67,7 %.

We have determined the influence of the thermakstd feeding, as a
function of the feeding flow rate. The productiocrieases in case of vapour phase
feeding comparative with liquid phase feeding, ibig not significant (<1 %).

The prediction of unsteady state period, at pltemt-gp or at the modification
of operating parameter, offers effective supporplent operation. With unsteady
state simulation program, we have establishedattet two days from plant start-up,
without feeding and extraction, isotopic concemdratin product extraction zone
reaches about 25 ppm.

Establishment of product flow rate at 11,5 I/huass the obtainment of a
concentration of 25 ppm. Simulation results, haviag base May operating
parameters, recorded in every other hour, evidémeeorrectness of mathematical
description and liquid hold-up evaluation. Fig. Bows theoretical curve of
temporal variation of product concentration and snezd values of product flow rate
and concentration.

P Xp
(I7h) (ppm)
+ 140
25 1
T 120
20 T
T 100

15 1 T 80

T 60
10 T

T 40

T 20

Fig. 3. Theoretical curve of temporal variation of prodcmbcentration and
measured values of product flow rate and concamtrat

4. Conclusions

This paper present the analyse of installationadjogr, based on simulation
models, in order to establish the optimum valuesmdrating parameters and to
evaluate the installation behaviour when is operaiainsteady states.
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Using the program drawn up for steady state simonlatve have determined
the separation capacity of the installation, in rapeg conditions of the first
functioning year. The calculated values for proddicw rate and concentration
approach the values realised in installation.

Having the confirmation that the model describeredr the isotopic
separation process in steady state, we deternfieddvtel until which the influence of
feeding flow rate is significant, the separatiopazty of the installation as function
of product concentration, product variation witke ttharge of vapours phase and
the influence of feeding thermal state as functibthe feeding flow rate.

Using the simulation program for unsteady stateestablished the time of
unsteady state at starting, function of extractiow rate. The results of simulation,
based on operating parameters registered everhownms, emphasise the accurate
mathematical description of isotopic separatiorcpss in unsteady state as well as
the correct evaluation of water hold-up from thetatiation.
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In a research concerning the study of the separatiauranium isotopes on ion
exchanging resins, the problem of very preciseojsiot analysis appeared. The
existing instrument is a thermal ionisation masscimeter built in our institute

in 1986. It is equipped with a two filaments iorusme and a single ion collector
based on a secondary electron multiplier. In 19@éiing the homologation

procedure, the accuracy was established to be @fb fhe measured value. The
aim of this work is to overpass this instrumeniaitation.

I. INTRODUCTION

Isotopic ratios measured with a thermal ionisatimgiss spectrometer are
seldom the true ratios of a sample under studyrumeental mass discrimination
may arise from various sources. lon-optics, analgissign and non-linearity in the
measuring circuitry are some of them. The ion d&trsystem can also introduce
mass discrimination. The isotopic fractionationqass at the same time will have
his essential part of contribution at this effdtlow we will discuss some of the
most important error sources encountered, and #tbods used to avoid them.

II. ISOTOPIC FRACTIONATION PROCESS

In thermal ionisation mass spectrometry, the ndigtrimination effect
which may introduce low accuracy and low precidioan isotopic ratio analysis is
the mass dependent, and consequently time depeist#apic fractionation process
occurring in the ion source within the course ofamalysis. The reason for this
phenomenon is the mass dependent differential isgimm of the isotopes from
the heated sample filament, causing the lightetop® to vaporise more rapidly.
The usual trend is that at the beginning of anyaisthe observed ratio favours the
lighter isotope. During the vaporisation procebs, higher evaporation rate of the
lighter isotope leads to faster depletion of thege in this isotope, and the ratio
of light to heavy isotope decreases towards its walue and, eventually, below it.

Isotopic fractionation on the sample filament ipracess, which must be
carefully controlled; it is recognised as a majourse of variable systematic errors
limiting the accuracy of isotopic ratio measuremsensotopic fractionation was
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already observed in the early stages of thermakdbion mass spectrometry by
Brewer [1], followed by Hoff [2], Riik and Shukolkov [3], Reutersward [4],
Ordzhonikidse [5], Bentlewt al. [6], Habfast [7], and Shields al.[8]

Mass fractionation parameters which have to be idersd are sample
size, chemical composition and purity, sample lngdirocedures on the filament,
the material of the ionisation and evaporatiomiidmts, filament temperatures and
the rate of sample heating and, finally, the tirhdata acquisition.

To control and avoid the consequences of this effectried to maintain
constant as many as possible of these parametenseHwe use the same quantity
of sample size at every analysis and we have dpedl@ very precise sample
loading procedure. The major limitation from thigm of view remains the uranium
concentration in the solution from which the sanpkaken and its chemical purity.

We use multiple filament ionisation procedure, gample is vaporised
from the sample filament and the vapour is ioniséld the aid of an ionising filament
maintained at much higher temperature. The rafdashent heating and the final
evaporation and ionisation currents are the samalffgamples. Consequently, the
final filaments temperatures for all samples am@yehe same.

We have increased the time of data acquisitionotlect as many data as
possible from the sample, in order to treat theatistcally and we tried to develop
a general idea about the time evolution of isotogiio.

lll. STATISTICAL TREATMENT OF DATA

One of the best ways to assess the reliability ofm@asurement in
experimental sciences is to repeat it several tiamsto submit the whole set of
accumulated results to a statistical analysis. Exgatal uncertainty can be treated
statistically only if it is aandom uncertainty, i.e. a random error. Another type of
error issystematic uncertainty, which cannot be revealed by statistical treatment
The average or mean of a set of measurementstathéasd deviation of the mean,
and the confidence interval are the basic paramdterthe estimation of random
errors. In the simple formulation of statisticaéatment, it is assumed that the
experimental data demonstrate a normal or Gaudssétbution.

To verify if our ratio data sets follow the norm@aussian) distribution,
we apply they?_test (Hi square testyvhich is described below.

In its normalised form, the Gaussian distributisieéll shaped and centred
on the mean value, which should also be the ‘talae’, provided that there are no
systematic errors in the system under study. Bvereisystem does not exhibit any
systematic errors, which may shift this value,ralgably would be more correct to
designate the mean value as the ‘best value’.

In our quest to improve, the statistical treatnmefmheasured data, we have
considered also the contribution of J.G. van Raapledall. [9] and that of F. Scahaefer
et all. [10]. At this level, we will describe theadic features of the statistical
treatment of data as random and systematic erramsnal repartition of data,
rejection of measurements.
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A. Random and Systematic Errors

Random errors in mass spectrometry arise owingstalility and fluctuations
of the various instrumental components which preduccelerate, mass separate
and monitor the separated ion beam. It is clearttitese errors will be larger for
less intense ion beams. Possible sources of sy&teemars are isotope fractionation
effects in ionisation, ion source pumping systeimis,optics in the mass analyser
systems, mass discrimination effects specific aztebn multipliers, linearity and
gain of the electronic measurement system. Asdlregentioned, the random errors
are treated with statistical tools.

The systematic errors will be revealed by compansith standard reference
materials or standard reference measures. Our halérto be compared with a
standard reference ruler, and the detection systetad with a standard reference
current. Systematic errors in isotope ratio deteations are detected and corrected
with isotopic standard reference materials (SRMtsjs generally accepted within
the mass spectrometry community that the SRM raltiould be as close as
possible to the studied ratio.

Error sources in SMIT-1 mass spectrometer

= One of the most frequently encountered causesvefegandom fluctuation in
the ion current intensities, is vacuum instabil@gcause of the outgasing induced
by thermal radiation of the incandescent filameatsj/or due to uncontrolled
leaks of a complex bearing system, short term thofsthe pressure in the ion
source may occur. As the pressure increases,ahsport phenomena became
more important and the filaments are more effitjeaboled. Their temperature
diminishes and consequently the ionisation efficjers altered. To avoid, as
much as possible, this effect, the spectrometer imintensively outgased during
the night, to achieve a "clean" vacuum. A "fingedbled with liquid nitrogen
is placed in the proximity of the heated filamemsorder to collect the
unionised neutrals evaporated. We start data atiqnisonly when a high
vacuum of 3 - 4- IGorr is established in the ion source.

= Modifications in the filament shape and positioayused by thermal dilatation,
induce alteration of ion extraction efficiency dondussing performances of the
ion source. This phenomenon produces a steady ngowvidecay of ion current
intensities. Unfortunately, this effect is quitepassible to control. We adopted
a special cross section profile of the ionisatiegion of the ion source in order
to obtain an ion optics condition less dependeritiavhent position. A very low
rate of increasing the temperature of the ionisdrsample is adopted to provide
enough time to achieve a thermal equilibrium irtte tonisation region. The
situation will be sensibly improved by a systemjclitwill permit the transversal
movement of the filaments assembly while the sousceunning. This will
realise a controllable maximisation of the ionigr&il at the collector.

= The detection system is another source of erras.dtsingle collector based on
a secondary electron multiplier. The use of a simglllector means that the
two ion currents of interest{U and %) are measured alternatively. As
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fluctuations are possible, we don’t exactly know ihtensity of thé*U current
while measuring th&U current.

Other authors, (E.L. Callis and R.M. Abernathey][ftbm Analytical
Chemistry Group, Los Alamos National Lab.) haverbdeveloped a method
in which the entire sample is volatilised while sitaneously integrating the
signal from each isotope, thus virtually elimingtithe effects of isotope
fractionation in the evaporation process. The nethermits the analysis of
samples much smaller than required for conventite@iniques using Faraday
collectors and is expected to have applicatioméanalysis of many elements
in addition to uranium and plutonium.

In our case, the mass spectrometry configuratioasiaid permit such
technique. To bypass the absence of double calle@etocompare each peak with
the mean of the two adjacent ones, assuming tmatshort intervals; the
dependence current versus time may be considanedrliIn doing so, we
must realise the scanning fast enough to avoidread@viation from linearity,
but slow enough to be compatible with the time tamsof the electrometric
system. This exigency is satisfied by adopting gma#ic scanning of single
peak of interest followed by a "jump" to the otlpeiak by a step - variation of
the accelerating voltage.

= The secondary electron multiplier may induce ottisturbing effects. The
dynodes voltage is obtained via a chain of resstatich divides the high
voltage supplied by an electronic unit. If the iftux on the first dynode is
important, the secondary electron current may beceomparable with the
electric current in the chain of resistors. Consedly, the voltage applied on
dynodes, which mean the gain of the multiplier| wécome dependent of the
incoming ion current intensity. It is difficult testimate the importance of this
effect. That is why, we tray to reach nearly thmeantensity for thé*®U ion
current for all the samples and natural standards.

= The secondary electron yield of the first dynodpesals of the energy of the
bombarding ions falling on it. As tH&U" ions are accelerated higher then the
38" jons (one achieves thus the "jump" from one peaké other) the gain of
the multiplier is slightly higher for the lightesatope. It is a systematic error
source. The effect is compensated using natunatiatds with known isotopic
content.

B. Normal repartition of data - x° test (Hi square test)

One of the most commonly used method to deterrhmset of experimental
data follow a normal distribution is th@ test. This is a quantitative test.

As for majority tests, which verify the normality the repartition of data,
firstly we must group the data values on inten@svariation. Commonly the
intervals dimensions are the same for all clad3epending on how many data we
have, we can determine the necessary number e&slasing the Sturge’s relation:
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k=1+3.322 log (n) Q)
wheren is the data number.
After, we calculate the value:

2 « i_Ni2

k
where: n—the number of values of clagsN = Zni - the total number of data;
i=1
k — number of classes; p the theoretical probability corresponding to
frequency of apparition of value

2
If the value calculated with relation (2) is greatean Xvaaiica we can say

with certitude having the probability that the function of the repartition of data
differ from the normal repartition of data.

Table 1.
2
Critical values X aaitica 2

v, a 0.8 0.95 0.99 0.995 0.999
4 5.99 9.49 13.3 14.9 18.5
5 7.29 11.1 15.1 16.7 20.5
6 8.56 12.6 16.8 18.5 22.5
7 9.80 14.1 18.5 20.3 24.3
8 11.0 15.5 20.1 22.0 26.1
9 12.2 16.9 21.7 23.6 27.9
10 13.4 18.3 23.2 25.2 29.6
11 14.6 19.7 24.7 26.8 31.3
12 15.8 21.0 26.2 28.3 32.9

a - the level of trusty - the number of degree of freedoem

To effectively calculate the sum (2) we will follave steps:

-1 i
a) we calculate the meak = —z X, , and the mean square deviation

s:\/%Zn (x -%) -

X —X _ .
b) for all classes we calculate the valtjee ———, where xis the upper limit of
S

the class;
c) we calculate the theoretical probabilitigs p
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1 F — 2/2 . . .-
p =®(t,) - P(t_,), where d(t) =——|e™/“dt is the integral probability
' \/277'([

function;
d) we evaluate the sum (2);

2
e) we compare the obtained value fgrwith Xvaditical |

C. Rejection of measurements

It may happen in a ratio determination that a vappears which departs
considerably from the other values in the measunésnélhe appearance of an
outlying value is not necessarily an indicationt thaerious error has been made.
In a small group of values it can affect the meaah the standard deviation to such
an extent that it may be reasonable to concludethieamean ratio recalculated
without the outlier would better represent the tradue. Although there are cases
where the rejection has definitive reasons, assizdi criterion of rejection is still
important. Several such criteria exist, some quot@plicated.

The Chauvenet rejection criterion is a simple aasilg used test. It states
that a value in a group of values shall be rejected when the magnitude of its
deviation from the mean of the group is such thatgrobability of occurrence of
all deviations that large, or larger, is less tth#m.

Table 2.
Chauvenet'’s criterion of the rejection of suspendedheasurements

N P n p n p N p n p

2 1.15 7 1.80 15 2.13 40 2.50 250 3.09
3 1.36 8 1.86 20 2.24 50 2.58 300 3.14
4 1.54 9 191 25 2.33 75 2.71 400 3.21
5 1.65 10 1.96 30 2.40 100 2.81 500 3.29
6 1.73 12 2.04 35 2.45 200 3.02 1000 3.48

* = number of measuremengss ratio of the deviation of the measurement frbm mean
to the standard deviation

We compute
p = (burR)/SD 3

where SD - standard deviation (an estimate of theemtainty of a set of
measurements);

For a set of isotopic ratio measurements the stdrtdviation is defined as
SD = {{Zi(R-r)/(n-1)}} ** )
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where ris a measured ratio in a separate analysis oflsamp
n is the number of measured ratios in the sampteRais the mean af ratios,
R =Zr/n for one sample;
p is the number of standard deviations by whichaihspected outlier differs
from R.

The criterion is used as follows:

(@) R and SD are calculated for a set of r.

(b) The magnitude op is determined for a suspicious g, using the
equation.

(c) The observed magnitude pfrom (b) is then compared with the value of
p for the corresponding value ofin Table 1.

(d) If the observedp is greater than the value in the tablg; may be
rejected.

(e) Finally, a new mean and standard deviation-bfdata points is calculated.

When the rejection procedure is completed, theltieguSD will be
smaller than the original one. It may also happer, tvith the new R and SD, more
measurements may be considered for rejection. Becafithat, most authorities
agree that the Chauvenet criterion should not Ipdieapbagain on the recalculated
values of R and SD.

Several other more complex rejection criterialarewn: Dixon’s, Grubb’s
test, the coefficient of skewness test. In our ysig)] we used the Chauvenet’s
criterion.

Data processing.

Complex software was developed to automaticallyuaeghe ion current
intensities. The computer analyses the slope ofuthetion ion current versus time.
When it becomes positive it means that a peak isggtm be recorded, and the
function is integrated until the slope becomes tiegathen zero.

Data are stored in a file on disk. Once the actioisiaccomplished, the
normal distribution is checked (fig.1). If we getnarmal distribution, then the
Chauvenet criterion is applied and Student factaralculated. We obtain a mean
value and a confidence interval (fig 2. and fig.l®)e same procedure is used with
natural standard and unknown samples. The softestnmates the systematic error
and makes the necessary correction. Figure 4 shsiwse isotopic content
determinations for several samples of uranium.
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Figure 1: Testing the normal distribution of data: (a) —damatural standard,
(b) for a sample obtained from a separation expartm
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Figure 2: Acquired data in a natural uranium sample analy&iints represeAt-U/>%U
ion current ratio. With dotted lines: the confidenaterval.
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Figure 3: Acquired data for the sample from the separatiggeement. Points represent
2174 ion current ratio. With dotted lines: the confide interval.
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Figure 4: The®**U (%) content in different samples of uranium, afte
a separation experiment

Conclusions

This work represents an attempt to compensate fiwae the "hardware"
deficiency. The leak of a double collector systesmoivercome by a very
tedious statistical treatment on a very large tetata.

The performances obtained show, that an isotoparatpn effect can be
observed even in these experimental conditions.

To obtain higher accuracy, statistical treatmemioissufficient. Improvements
of the ion source structure and a simultaneousctieteof both isotopic
species are the next steps in upgrading the mastrgmeter SMIT-1.
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ABSTRACT. Many retrospective studies regarding the long time exposure to
radon (*?Rn) are based on the accumulation of ?°Pb (T,,=22.3y) on the surface of
glass objects or other materials and measuring the specific alpha activity of #°Po
(Ty2=138 d, E;=5.3 MeV) resulted by implanting of radon daughters, due to the alpha
recoil. In the case of thoron (*°Rn) this method is not applicable because there is
not a long life time isotope to allow a significant accumulation of any descendant.
The longest lifetime of the thoron descendants is ??Pb with a life time of Ty,=
10.6 hours. But a study involving thoron daughters implanted at the surface of
glasses or other materials (plastic, wood, paper, polyethylene, Plexiglas, Cu or Al
foils) can be useful in the simulation of radon progeny implantation. This
simulation is possible due to the equilibrium of implantation, which is obtained in
a short time (about 50 h) compared to about 100 y in the case of *Rn. The
purpose of this work is to obtain the alpha and gamma spectra (especialy apha)
for thoron daughters implanted at the surface of different materials and to show
the possibility of this method to simulate the radon progeny implantation and thus
to find some parameters used in the Jacobi model.

Introduction

In order to estimate the risk of indoor radon in producing lung cancer, alot
of epidemiological studies were developed, using underground miners data.
Extrapolating these results for the general public, based on the linear no-threshold
relationship between radon exposure and lung cancer risk, is now a problem widely
discussed by the scientific world [1]. In the United States, for example, the BEIR
IV committee estimated that about 15,400 or 21,800 lung cancer death per year can
be attributed to radon among eversmokers and neversmokers. Considering the
results of the latest epidemiological studies, the BEIR VI committee, based on the
uncertainties of these analyses, extended this interval to 3,000-32,000 deaths per
year. However, the committee admits that it could not exclude the possibility of a
threshold relationship between exposure and lung cancer risk at very low levels of
radon exposure. To improve the results of the latest epidemiological case-control
studies, and therefore to diminish the influence of the multiple parameters involved
in the estimation in radon relative risk, an alternative would be a correct assessment
of the past radon exposure to each case-control included in these studies.
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This parameter is very important and the diminishing of its uncertainties
can be done using dose reconstruction of past radon exposure [2,3]. Many
retrospective studies regarding past radon exposure are based on the accumulation
of #°Pb on the surface of glass objects or other materials, and measuring the specific
apha-activity of “°Po (T1,=138 d, E;=5.3MeV) resulting from radon daughters
implanting due to alpha recoil. Because *°Pb have a lifetime of 22.3 years, the
glass acts as a memory for the airborne radon activity over several decades.
Another way to measure the specific surface activity of implanted radon daughters
is the beta-activity measurement of ?°Bi (parent of #°Po) [4] The measurement of
implanted ?°Po or #°Bi surface activity can be correlated to the average past
exposure using the Jacobi room model [6-8]. In the case of thoron exposure (**Rn)
this method is not applicable because there is not along life time daughter to allow
a significant accumulation of any descendents. The longest life time of thoron
progeny is that of °Pb, (T1,=10.6 hours). But a study involving thoron daughters
implanted on surface of glasses or other materials (plexiglass, paper, wood, copper,
auminum or other metals) can be useful for the simulation of radon progeny
implantation and for the study of aerosol influence on this phenomenon. The
desorption constant of the implanted atoms could be assessed by following the
intensity modification of alpha or gamma peaks over time. This simulation is
possible due to the equilibrium of implantation, which is obtained in a short time
(about 50 hours) as compared to 100 years in the case of radon daughters. Many
studies characterizing the adsorption and desorption of thoron daughters on
aerosols have aso been made [9-11].

The purpose of this work is to obtain alpha and gamma spectra (especially
alpha) for thoron daughters implanted on surfaces of different materials and to find
some characteristics of the implantation process.

Experimental Methods

The obtaining of alpha spectra and the apha counting were made by using
a PIPS alpha-detector of Canberra type (900 mm?) with 25 keV energy resolution
operated under vacuum conditions and connected to a pulse height analyzer (ICA-
70-Hungary). For gamma measurements we used a Nal (Tl) scintillator detector
connected to the same pulse analyzer. For alpha energy calibration we used the
internal standard pulses generated by the apha spectrometer, and for gamma energy
calibration we used a thorium source of Th (NOs),5H,0. This thorium salt, in
adequate quantity and simulating the same geometry as the samples with implanted
thoron daughters, was directly placed on the Nal (TI) detector. Comparing the
calculated radioactivity of this salt to the activity of implanted sample below the
2610 keV photopeak of 2°®Tl, the equilibrium quantity of thoron progeny implanted
in the samples could be found.
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In the case of samples measured by alpha spectrometry, the detection
efficiency was calculated taking into consideration the average solid angle under
which the detecting surface (900 mm?) is seen from sample surface (100 mm?). The
sample is placed on the detector axis, at 5 mm. The efficiency calculated in this
way was 35.5%. Two hundred grams of Th(NO3),5H,O powder were put into a
metallic box of 8.5 cm diameter and 5.0 cm height. This substance was purchased
over 25 years ago; therefore the equilibrium between **Th and **'Ra is almost
reached (95%). A thin plastic Seve was placed on the thorium nitrate. The thickness
of Th(NOs),5H,0 layer was 2.9 cm and that of the layer of air above was 2.1 cm.
Taking into account the very short life time of thoron (1 minute), its equilibrium
concentration is quickly reached after closing the box. The amount of thoron was
determined in a separate experiment by isolating the thorium nitrate in a 0.5 L
plastic bottle hermetically closed, the thickness of thorium nitrate being the same.
The equilibrium concentration of thoron above the thorium nitrate in the bottle was
measured with the LUK 3A device [12] and the RnTh+ mode. Used in this mode,
this device can measure both the radon concentration and the thoron concentration
when their values are higher than 1 kBg/m®>. In our particular case we used the
Janet syringe (annex of this device) to extract a determined quantity of air out of
the plastic bottle. The extraction was done using this syringe (150 cm®) fitted with
a very thin medical needle and pricking the cork and lateral sides of the bottle.
After determining the equilibrium concentration, the equilibrium activity of thoron
was calculated multiplying this concentration by the volume of the bottle. The
average of five extractions leads to a value of 1450+95 Bq. Supposing that the
same equilibrium quantity is to be found in the canister, the thoron concentration in
volume is A;=4.88 MBg/m®. This value will be used to determine the implantation
efficiency under equilibrium conditions. Considering the lifetime of the descendant
with the longest life *Pb (T1,=10.65h), the implantation equilibrium could be
reached in two days (48 hours). The determinations show that after this interval
95.6% of the equilibrium is reached. The samples exposed to implantation (glass,
paper, polyethylene, duminum etc.) are squares of 1-2 mm thickness and 1 cm” area,
placed above the plastic sieve. In each case the implantation was measured on the
upper side face.

Results and Discussions

Fig. 1 represents the gamma spectrum obtained for the paper sample. The
2614 keV peak of “®T| and also the 238 keV peak of “*Pb are well determined in
the spectrum. In calculations the first photo-peak was used, because in the second
case, at the energy of 238 keV, when comparing to the thorium nitrate sample,
additional contributions of “*Th and %**Ra appear. Fig.2 shows the alpha spectrum
obtained for the glass sample. The only spectrum peaks are those at the energy of
6.05 MeV and 8.78 MeV. The first pesk is obtained from alpha disintegration of “Bi
(36%) and the second from #?Po disintegration generated by the beta disintegration of
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?12Bj (64%). The 6.5 MeV, 7.5 MeV and 8.5 MeV peaks from this spectrum are
peaks generated by the alpha spectrometer standard impulse generator, in order to
be used at energy calibration. If the energy level is used for the energies E;=5 MeV
and E;=7 MeV, the areas of these two peaks are obtained, and those areas can be

well determined from N; and N,, the number of impulses recorded for the two
thresholds E; and E,.
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Fig. 1. Gamma spectrum for paper Fig. 2. The apha spectrum obtained
sample irradiated with thoron for the glass sample
Al = N]_'N2
A2:N2 (1)

We can now calculate the weighting factors at the 212-Bi disintegration:
g(605 M eV) :A1/(A1+A2)=(N1-N2)/N1
9(878 M eV) =A1/(A1+A2):N2/N1 (2)
As this spectrum shows, the peaks are reatively narrow, especially the
8.78 MeV peak. The width of the peaks depends much on the degree of the surface
roughness as it is presented in Fig.3 where the alpha spectrum for the Cu sampleis
represented, which was previousdly chemically cleaned using a HNO; solution. The
width of the linesisin this case four times greater than that in the case of the glass
sample. With mechanically polished Cu samples the lines are thinner.
A similar spectrum with that of the glass sample was obtained in the case
of polyethylene, the widths of the lines being very alike, Fig.4.
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Fig. 3. Alpha spectrum of a copper Fig. 4. Alpha spectrum for a
sample cleaned with HNO; polyethylene sample

Using the relations (1-2) the weighting factor for beta decay of ?“Bi was found.
The average vaue for our resultsis (63.25+0.95)% in good agreement with the standard.
The width AE of the line depends on the nature and degree of materia processing. The
narrowest lines were recorded when working with glass and plexiglas materids with a
very glossy surface. Taking for glass and Plexiglas an average width of 50 keV of the
8.78 MeV line and considering that the dpha detector protective cover introduces a
supplementary width of the line, from 25 keV to 35 keV, we can caculate that the excess
width of 15 keV is the result of a depth implantation of about 100 nm for “2Pb.
Compared with other obtained deta this vaue is amost 50% greeter [13-14]. The
excessive line width for the Cu sample treasted with HNO; (221keV) suggests that the
implantation of thoron and radon progeny could be used in the study of surface
roughness. When mechanically polished, the same Cu probe gives goproximatdy just
half of theinitia width, avaue that can be aso found for the Al sample. Another remark
refersto glossy paper, with moderate vaues of the line width.

For glass, exposure was repeated placing the sample at four different heights:
2 mm, 6 mm, 10 mm, 16 mm from the thorium level in the box. The implantation
result is observed in Fig.5. The quantity values of implanted ***Pb linear decreases,
which may reflect the gravitational deposition of aerosols.
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Fig. 5. Influence of gravitational deposition on the deposed and implanted *?Pb

The following experiment was made for the glass sample, consisting of 5
consecutive measurements. The first measurement was made after the sample was
removed from the container, without touching the implanted surface (a). After that,
the sample was carefully cleaned with a soft material and re-measured (b). The sample
was again removed from the spectrometer chamber and cleaned with ethanol 95%,
then re-measured (C). The operation (c) was repeated (d). This sample was measured
again the next day, after 19 hours (€). The results are gathered in Table 1. In the
first case (@) there is a great contribution of the aerosols gathered on a surface,
which can be easily removed (b). A cleaning operation with ethanol (c) removes a
part of the #?Pb and #*?Bi atoms implanted even on the surface, but by repeating
this operation the quantity implanted is hardly influenced. Calculating the lifetime
of the implanted progeny, from the values (d) and (c) a value of T=10.55h is
obtained, very close to the value of the lifetime of #Pb.

Tablel.
Theinfluence of surface cleaning on theimplantation parameters
Sample (a) (b) (©) (d) (e)
Delay time 0 10min. 20min. 30min. 1%hours
I ntensity (c/s) 28.40 14.60 9.82 9.65 2.77

Also in the case of thoron progeny, the attachment to aerosols may be
probably neglected due to short lifetime of 2°Po (0.5 s).
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ABSTRACT. The active principles in plants are the chemical organic substances
synthesized in the vegetal cells.

Mentha Piperita L. (Libiatae family) is a hybrid. The compounds identified in
different types of the same plants idéntha Piperita L., extracted by liquid-liquid
extraction (LLE) method, are presented. The exragre analysed by GC and GC-
MS. The gas chromatography-mass spectrometry aamilts prove the existence
of some active principles dflentha Piperita L. We show the quantitative and
gualitative analysis of vegetal active principkesyi Mentha Piperita L.

This article presents also, the quantitative detextion of vitamin E from
Hippophae rhamnoides L. oil. It has been used the GC/MS method. The poecisf
the extraction method gave relative standard dewmigwer than 3%. It has been used
a calibration curve with cholesterol as internandard. The results showed that
Hippophae rhamnoides L. oil contains 0.05% vitamin E.

Introduction

Previous studies have proved that the therapeuitit@ities of herba plants
are not depending by their form, color, taste,smdll [1,2], but they are depending of
some organic compounds callegdetal active principles' [3]. The active principles
in plants are the organic compounds synthesizékervegetal cells. Their various
chemical structures explaines their multiple thetdjzal actions

The vegetal active principles have physical andribal properties. It is
necessary to take care when a drug is prepared tmmplete extraction of the
active principles from plants, otherwise they candestroyed in the extracting
process with the diminuation and even the losé@efdpeutical activity.

In the first part of this paper we show the quatitie and qualitative
analysis of vegetal active principles frdvientha Piperita L. and the second part
presents the quantitative analysis of vitamin Enfitdippophae rhamnoides L. oll
by using a GC/MS method. Vitamin E frohlippophae rhamnoides L.oil was
determinated by using a regression curve.
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Experimental

The coupling gas chromatograph-mass spectrometeiseful for the
analysis of some complex mixtures of organic conmgisy with a large number of
components [4,5,6]: the chromatograph is ideal domplete separation of the
compounds of a mixture and the mass spectrometan igleal detector for the
identification of each compound.

A Hewlett Packard 6890 gas chromatograph with fléonésation detector
(FID) and a Hewlett Packard 5989B mass spectronustrctor were used. It is
used a fused silica capillary column (HP-5MS), 38rM.32 mm, 0.25.m film
thickness, in different temperature programs frd¥C5(kept 2 minutes) to 25Q,
with a rate of 8C per minute for aroma compounds and frofC7/tin with 20C/min
to 100C, then 30C/min to 300C/min (15min) for vitamin E determination. The
injector and the detector temperature is°25@&nd the flow rate of He is 1ml/min.

The mass spectrometer has the electron energy a#V/Qhe electron
emission 300pA, the ion source temperature°@0@nd the analyser temperature
10C°C. The interface was kept at 280

The quantitative and qualitative analysis of velgatéive principles from
Mentha Piperita L. has been done by gas chromatography and gas dagnagahy-
mass spectrometry methods. The liquid-liquid exioacLLE) method was used.

The extraction process consists in: 1g from eaghadd crushed plants
sort mixed with 20 ml ethanol and 20 ml distillecter. For the experiment we
used the flowers, the leafs and the stems of thetal We kept 2 or 3 days these
mixtures. Then one quantity of 0.6 ml from theseatares was mixed with 0.2 ml
solvent (ethyl acetate: hexane: methyl chloridea jproportion of 5:1:1). The new
mixure was agitated for 2 minutes, and 4ul wasciejg in the chromatograph. The
separated compounds were identified with the mpsstometer.

The reagents used for this experiment are: etharaihyl chloride, hexane,
ethyl acetate, and distilled water.

Results and discussion

Five different samples were used for analysigpi®ceeds from a private
herb shop, Pfrom a state herb shop; ffom harvest as white-peppermint from the
forest, B from harvest as green-peppermint from the foimsd, R from a private
garden.

The extracts were analysed by the GC/MS. The gasnatography-
mass spectrometry analysis results prove the existef some active principles in
Mentha Piperita L. The compounds are:
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1.Isobutyric acid 6. Cis-piperitone oxid
2.Menthone 7. Butyl-butyryl lactate
3.Isomenthone 8. Heptadecane
4.Guanidine 9. 3 hexenyl fenylacetate
5.Carvone 10. Ethyl myristate

11. Cis-3-hexenyl 2 aminobenzoate 12. Linalyl fangtate

13. Palmitic acid 14. Ethyl palmitate

15. Stearaldehyde 1Bundecalactone

17. Stearic acid 18. DOP (contaminant)

19. Ethyl linoleate

The figure 1 and figure 2 are presents the chrognatos of samples;P
P,, P; P, and R. The precision of the extraction method gave atined standard
deviation lower than 3%.The results were compaad¢hg into consideration the
same variables: the amount of sample, the extgastivent volume, the extraction
temperature, and the extraction time[7,8,9].

The range for vitamin E acetate in the regressimvec was 0-25Qug
when the same quantity of 2p@ of cholesterol the internal standard, was added.
Vitamin E was determined idippophae rhamnoides L.oil.

Figure 3 presents the chromatogram Hippophae rhamnoides L.oil
sample and the vitamin E mass spectrum Figure gepts the comparison of the
vitamin E and vitamin E acetate mass spectra auddi5 presents theirs chemical
formulae. The chromatogram of the mixture of knayuantities of cholesterol and
vitamin E acetate is presented in figure 6.

The second part of this article shows the quait@adnalysis of vitamin
E from Hippophae rhamnoides L. oil determinated by a GC/MS method. We are
used a calibration curve with the cholesterol dsrival standard. The regression
curve is y=0.014x-0.20 and the correlation factwves a good linearity (r = 0.99)
(Figure 7).

Conclusions

In the Mentha Piperita L. case we observe that the plants provided from
private garden keep the volatile compounds mucteb#tan the others samples.

The results show the presence of very differentpmumds for different
types of the same plant, probably as a consequaintate, soil, and other factors.

The precision of the extraction method gave redastandard deviation
lower than 3%. The results were compared taking tdnsideration the same
variables: the amount of sample, the extractingyesdl volume, the extraction
temperature, and the extraction time. By usingmr@priate mixture of solvents, a
good recovery of the active principles were obtdibg LLE method (81%).
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Figure7. The regression curve for vitamin E quantity in Hippae rhamnoides L oil.

It can be also observed that the herbs from prigatden kept much better
the volatile substances and they will have a gastkt Carvone is the only compount
which is present in the forest variety of the ptant

The results also show thbetippophae rhamnoides L.oil contains 0,05 %
vitamin E which is an antioxidant and takes an ingoat function in nutrition,
cardiovascular diseases, and muscular, nervouglandular system aging process.
The precision of measurements gave a relative atdrdkviation of 20 %.
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ABSTRACT. A method for quantitative analysis of cholesterolegg yolk and
tissues is presented. The internal standard wagehas, added 5mg/g of egg yolk
or 1mg/g of tissue. The extraction was performediahloroethane: methanol in
an optimization process of the amount of sampléraetant solvent volume,
extraction temperature, extraction time. The exiactwas followed by
methylation of fatty acids and gas chromatographid gas chromatography- mass
spectrometric analysis. The extract was derivatizéti methanol HCI 1M, at
60°C, 1h for fatty acids. A HP-5 capillary column, 3@mB2mm, 0.25um film
thickness, in a temperature program’@@1 min) to 108C with a rate of 2€C per
minute, then 30 C per minute to 316C (10min) was used. The method was
validated showing good analytical parameters. Thehote was applied for
monitoring the cholesterol level in egg yolk orsties for testing different
functional food diet to chicken.

Keywords. cholesterol, gas chromatography; gas chromatography-mass
spectrometry; egg yolk; tissue.

Introduction

Cholesterol, indispensable substance to our bodysept in our cell
membrane, is healthy to be intake in low quantitg$ood. It is present especially in
egg yolk, meat and dairy products. In the last yeaany articles show the health
benefits of different ingredients contained in feo@he influence of some of these
functional foods could be observed in the variatioh cholesterol level in
biological matrices [1].

Several methods have been used to quantitate titalesterol in
multicomponent foods; eggs [2-6], meat [7-9], daproducts. Methods usually
involve an organic extraction and a quantitativeehteque such as gas
chromatography (GC) or liquid chromatography (LGhe organic extract is
saponificated or not and the cholesterol sampléeisvatized or not before GC
analysis. Many collaborative studies are made foe bptimization of the
experimental design approach for obtaining the besbveries, low solvent
consumption and reduced extraction times [2-10].
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The aim of this paper is to present a rapid metifmd cholesterol
guantitation in egg yolk and tissues. Cholesteias analysed without derivatization.
The recovery of our method was compared with tloevery obtained by other
methods [2]. Saponification was replaced by metigmafor monitoring the total
cholesterol and fatty acids levels too. The anedytitechnique chosen is gas
chromatography (GC) with flame ionization detect{biD) and gas chromatography -
mass spectrometry (GC/MS) for identification of Heparated compounds.

Experimental

Apparatus

A Hewlett Packard GC 5890 couplet with a MS endi@89B in the EI mode
was used for compounds identification. The GC wasipped with an HP-5MS
capillary column 30mx0.25mm diameter, 0,25um fihitkness, in the temperature
program: 70°C for 1 min, then increased to @ with a rate of 20C/min,
followed by a rate of 3«/min to 316C(10min) at a helium flow rate of 1ml/min.
A Hewlett Packard 6890 gas chromatograph was eqdippth a HP-5 fused silica
capillary column, 30mx0.32mm, 0.25um film-thicknegth the same temperature
program.

Deactivation by treating the injector glass liméth 5% dimethyldichloro-
silane in toluene gave a higher sensitivity. The/l@® interface line and the ion
source were maintained at 200 and quadrupol analyser at ¥00Electron energy
was 70eV and electron emission 300 A.

Reagents and chemicals

Solvents (methanol, ethanol, methylen chloridegiti#oroethane, purchased
from Chimopar (Bucharest, Romania) were purifieddistillation, when necessary.
Acetyl chloride was purchased from Carlo Erba (Mdaltaly). Cholesterol (99%
pure) and diosgenin (99% pure) were purchased 8@ma-Aldrich (Deisenhofen,
Germany).

Procedure

Six aliquots containing 50, 100, 150, 200, 250 a6d ug cholesterol and
the same quantity of 80 pg of the internal standérdgen were prepared. 3 pl were
injected two times from each alliquot by using gheosampler injector to obtain a
regression curve for egg cholesterol determinatidhe range 0-300 mg. The relative
integrated areas were plotted against the injeteolunt as the calibration curve.

For tissue cholesterol analysis the chosen rangeOwmg; seven aliquots
of 10, 20, 30, 40, 50, 60 and 70 pg cholesteroltardsame quantity of 100 pg of
the internal standard diosgen were prepared, th@ttéd twice by using the
autosampler injector. The relative integrated avea® plotted against the injected
amount as the calibration curve.
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The weight of boiled and dried egg yolk correspagdio 1g of boiled egg
yolk (or 1 g well mixed tissue) was placed in arfiDscrew cap glass centrifuge
tube with 5 ml 1,2 dichloroethane:methanol (1:1)eExtraction was performed at
50°C, 30 minutes, agitating well every 5 minutes. €kgact was cooled, centrifuged
and the supernatant was removed. 0.5 ml were gardfwas methylated with 0.5
ml methanol: acetyl chloride (10:1,v/v) at®°60for 1h. The reagent was removed
under nitrogen. 0.5 ml 1,2dichloroethane and 5naggtinin/g in egg yolk or 1 mg
diosgenin/g in tissues were added. Three extraete wiade and each sample and
injected twice.

Experimental design

10 replicates egg yolk were analyzed by our metBaeplicated dried egg
yolk were analyzed by our method and by saponifingd®] to compare the recovery
obtained by the two methods.

Results and discussion

Method validation

Linearity in the range 0-300 mg cholesterol gaveyad correlation
coefficient of r=0.998 and in the range 0-70 mg lebterol of r=0.999. The
regression curve obtained for the two ranges werd.02x - 0.02 (Fig. 1) and
y=0.01x - 0.01; precision of the method measureithénaliquots containing 50, 60
and 200 pg cholesterol gave R.S.D lower than 298)and for egg yolk control
6.5% (n=10); accuracy showed better than 4 %; @4dbl recovery gave 95%
(Table 2); L.O.D was lower than 5ng at a signahtise ratio of 10.

Tablel
Precision and accuracy characterization for chetestn egg yolk (n=9)
Cholesterol(mg) precision accuracy
added measured R.S.D. (%) R.S.D. (%)
200 201.85 0.04 0.92
50 48.27 1.39 3.49
60 59.36 1.16 2.71
R.S.D.= relative standard deviation
Table2
Comparative recovery mean values for cholesterebimyolk (n=3)
Procedure S M us USM
(%) (%) (%) (%)
boiled and dried 99.8 95.54 70.40 95.36

boiled 94.06 91.6

S=saponification[2]; M=methyilation(ours); US=unsagication; USM=unsaponification
and methylation
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Fig. 2. The separation chromatogram of lipids in egg yBlity acids methyl esters (FAME)
of: myristic acid (C14:0); palmitoleic acid (C16:Palmitic acid C16:0); oleic acid
(C18:1); linoleic acid (C18:2) ;stearic acid (C18#rachidonic acid( C20:4).

206



QUANTITATIVE ANALYSIS OF CHOLESTEROL BY GAS CHROMADGRAPHY ...

The chromatogram of separation of the compoundfiestus presented in
Fig. 2. The results of the precision, accuracy @udvery studies are presented in
Tables 1 and 2. The average values are resulted thicee extraction procedures
and two injections of each extract. Precision aray-tw-day reproducibility
measured for 50 and 60 pg standards (n=6) showativee standard deviation
values bellow 4%. The mean values for the recosefoeind for each method
studied are compared. The best values for recaverg found for dried egg yolk
(Table 2). Significant test studies showed no sicgmt differences at the 0.05
level between the two methods (Table 3).

The mass spectra for cholesterol and diosgeninsamevn in Fig.3.
Diosgenin was a mixture of two isomers with the samass spectrum and closed
retention times.

Table3
Comparative mean value for cholesterol by two déffe methods (n=3)
Method Cholesterol (mg) S.D. R.S.D.
M 193.41 6.58 3.40
S 209.56 1.25 0.59

M=methylation; S=saponification; S.D.:standard d#éon; R.S.D.:relative standard deviation

Conclusions

This paper presents a method of cholesterol détation in egg yolk and
tissues. The comparison between two extractionadstave similar recovery results
without significant differences of the mean valeéholesterol levels. The method
was validated showing good analytical parametarsality in the range 0-300 mg
cholesterol gave a good correlation coefficient=df.999; precision of the method
gave R.S.D. 6.5% (n=10 in egg yolk; accuracy showe8.D. better than 3 %;
recovery gave 95% comparable with the recoverigaidd with other methods
(99%) [2]; L.O.D was lower then 5ng. The boiled adried egg showed better
analytical parameters.

The methods are suitable for the determinationhmiiesterol amount in
food and biological matrices. The method is sim@ejd, accurate and suitable for
cholesterol level variation study for testing thrembfits of functional food diet.

The author thank the management, Director andagplies, S. C. Natex s.r.l.,
for their co-operation in conducting this study.
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Introduction

With the purpose to built up new solutions in tiofdlight mass spectrometry
([1] is a general reference about this researdt)fien experimental model of this
kind of mass spectrometer was constructed. Thisraxental set up was initially
intended to work with a pulsed ion source able tyesions in the time lapse
between two consecutive extracting pulses. Thetamted ion source follows
closely the design of Wollnik and his team [2]. Tiesearch performed in this
direction has as main purpose to overcome the teghproblems arising from a
limited budget by trying to use an extended aneédi¥ied range of solutions.

Tested solutions

To overcome the difficulties connected with the stomction or the costs of
a pulsegenerator with floating masthe method of beam cutting (beam chopping)
was used. The major inconvenient of this methdtiesuse to the packet formation
of only a small part of the ions delivered by tloerge in a continuous beam. The
big advantage of the procedure is however the pilissito operate the ion source
pulse generator at the ground potential. Therefiie ion source originally
designed to work in a pulsed regime was operatéd aeintinuous voltages applied
to their electrodes. First a function generatothaf Hewlett Packard 8005 B type
was used. This generator delivered trapezoidakpw$ 20 V maximal height. This
limitation was somewhat aleviated by the constarctf a pulse generator of 240
V flat top value. The ion source was operated icoatinuous regime with the
following set of typical values: electron accelemgtvoltage 70 V, electron reflector
voltage -120 V, voltage between the ionization chamand the ion gun 3-5 V, ion
reflecting voltage 10.8 V.

The ion source geometry is completely determinesegifying the following
dimensions: depth of the extraction space 2 mmptrgon of beam acceleration in
homogeneous field 21.6 mm, between them beingdd@aspace of 9 mm.

The ion gun, having the purpose to create an @datid as homogeneous
as possible was incorporated in a system of thiestredes fed through a voltage
divider [3].
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The length of the ion packets resulted by the ooiatiis ion beam chopping
was derived from a straightforward method in Ref. More sophisticated
applications of this method arose later as doublke glevices [5], [6] and more
recently as chopping devices with venetian blirld [7

Our chopping deflector was designed accountingHerlimitations of the
available instrumentation. The first burden was treed to deflect the beam
quickly enough with reduced voltages applied on pietes, by using a small
voltage pulse generator. The chopper's geometrpeatefined by the length of its
plates 122 mm and the gap between them 14 mm [&.Width of the plates was
selected in such a way that an acceptable fieldogemeity is ensured in the space
region where beam ions are passing.

The deflecting system can be operated in two mdéidse voltage impulse
length can be conveniently selected the pulsetdlatcan be used entirely. Then
one of the electrodes is polarized to a potentjalaéto the pulse height. On the
opposite electrode the pulse is applied, duringithe interval between two pulses
being at the ground potential. By this procedur iin beam from the source is
deflected on one of the plates except the timeelagsen the pulse acts, when the
beam is passing undeviated. Therefore the lengtheoion packets will be equal to
the pulse flat top length. If the length of the itakgle pulses is too long to obtain
the desired length packets another procedure casdik If a plate is polarized to a
potential smaller than the height of the pulse,itimebeam will be deflected on the
plate before the pulse beginning, on the oppodéte pvhen the voltage increases
approaching the flat top value. By this procedine length of the ion packet can
be reduced in principle how much it is wanted with according loss of intensity,
by reducing the width of the entry and exit slitstbe chopping device. The
unpleasant feature of this procedure is that thghhef the applied pulse must be
big enough to ensure the efficient deviation onhbsides. The most efficient
version of the method uses only the increasing plthe pulses to generate ion
packets. The condition to be satisfied in this cies¢hat the time the ion is
tranziting the deflector must be shorter that tmetlapse when the voltage
increases or decreases. While the transit timehefibns can be reduced by
shortenning the plates and by increasing the i@rgn the height of the pulses
must be increased because the gap between the patenot be reduced under a
certain limit, set by the space needed to accomotte beam delivered by the
source. By fast transistorised high voltage swislndtages of 5 kV can be established
in 9 ns [9]. Even swiches of 65 kV [10] are aval#atvith increasing time lengths
of 70 to 135 ns. Simple calculations allow to carinthe basic electrical and
geometric parameters of the deflecting system ¢oidh packet length. If the ions
spend inside the chopper time intervals longer thanincreasing time interval of
the pulses, the ion packet length is given by Kpression:

dt = (ZAD(F+HH{nL gv [(1+af+a-(tv,/Lg)*/6]Y2

where the symbols are:
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D the distance between the chopper plates,

F the width of the ion beam approximately parallel,

f the width of the slit in front of which the iorebm is swift,

n=eV/U, +/- V the highest voltage applied to themper,

U the chopped ion energy,

L4 the chopper effective length,

v, the average longitudinal ion velocity,

a = L/Lg, Ls the longitudinal distance between the chopperthadlit,
t; the pulse front length.

For our device, operated with the Hewlett Packarttfion generator, the
above procedure can be applied for the followingngetric parameters and reducing
the ion energy to 500 eV: D=0.014 my+0.122 m, k.=0.586 m, F=f= 1 mm, the
packets result of 3.1xT0s (while for F=8 mm they should be of 1.4X1€) With
the 240 V impulse height generator the possiblgttenf the ion packets reduces
to 1.5 and 6.9 ns respectively.

The length of the ion packets can be reduced toasuant values paying
the price of the ion nhumber los. Also it must beserved that the charge density
along the ion packet is not constant. Even forralfg primary beam, of constant
charge density, the packet obtained by choppinghaile a trapezoidal longitudinal
charge profile. This is easy to understand as vherbeam begins to cover the slit
area, the transmited quantity of ions increase=atiy, decreasing in the same way
when the beam leaves the slit on way to the angqilages.

The ion duty cycle can be improved significantly bgerating the ion
source in a storage mode and extracting the iokgtadn bursts longer than the
packet final length. In this way the ion packetdl Wwe adjusted by the deflecting
system to the desired size. In this case the ionceoneeds a pulse generator with
floating mass, working sinchronized with the chappalses.

Ther use of the ion packet production by choppingoatinuous beam,
from gaseous samples, eliminates the harmful effettte turn-around time, on the
time focusing of the instrument. The analyzer bignéfi this way of the energy
focusing ensured by the electrostatic mirror.

The tests were performed by the direct detectiothefion packets. The
detector incorporates a pair of channel plates wedofrom IFIN "HH" and is
located at 1137 mm from the final grid of the iouce.

A single stage, homogeneous electrostatic fieldomji1] was constructed. It
was assembled from metalic rings of 122 mm innamditer. With this mirror
mounted inside the vacuum system and with the tateelocated on the source
side, the field-free space travelled by the ions w1425 mm, as it resulted from
the condition of energy focusing in time, at fistder, to have focused the ion
packets leaving the source final grid. The refeeeimn turning point inside the
mirror was placed at 356 mm from the mirror entoy énsure the unaltered
homogeneity of the field all along the ion path.
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lon spectra were obtained for the residual vacueon.the direct detection,
with 400 V ion accelerating voltage, the measuligthtftime was of 6.18, 19.23 and
24.1 microseconds for the mass 2, 18, and 28 riagglgc They are obtained from the
mass scale t = a + Bffif the constants are taken a=-0.351 and b=4.6%8atively.

Future improvements

We expect a substantial improvement of the perfagea by the program
in progress. The homogeneous single stage eleatistirror possibilities will be
capitalized by the reduction of the ion packet tangosely to the detection level
of the spectrum peaks of interest. The parabodid fmirror will be also tested
including improvements of the field distribution bging auxiliary electrodes. The
obtention of a powerful pulse generator is planedalorise the potential of the
method of ion packet generation by chopping. Ireat istage of the program the
method of synchronized chopper and source operafiibbe applied.
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ABSTRACT. The spectrometric study of some 4-styryl-counsariterivatives is
reported."H NMR and IR spectra were used in order to detesrtire compounds
structure. Some spectral parameters determined dfeatronic absorption spectra in
solution and diffuse reflectance spectra have letimated. A chemical quantum
calculation for these compounds was made to egtimlattronic transitions and to
compare with those obtained from spectra.

INTRODUCTION

Coumarine derivatives are organic compounds wittobical action due to
the functional group or heterocycle introduced lie side chain of benzene in
coumarine residue [1, 2]. Some coumarines derigatiare reported as strongly
fluorescent compounds [3] or as pH sensors [4].

This paper deals with a study of spectral propertid some 4-styryl
coumarine derivatives, in solutios and solid state.

EXPERIMENTAL

4-styryl coumarine (4-SC) derivatives analyzedhiis paper are presented in
Fig.1 and Table I.

Rj

R4

Rz

R3

(|T—H

C—-H
=X

(o]

Table 1.
Substituents of the 4-SC derivatives
Compound Substituent

Ry Ry Rs R4
| -H -OH -OH -H
I -H -OH | -OCH; | -H
I -H -OH -H -Cl
IV -CH3 -H  [-N(CHy), -H
v -H -OH  |-N(CHy),| -H

Fig. 1. Structural formula of the analyzed 4-SC
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Structural analysis. In order to determine the 4-SC structure both ¢baim
and spectroscopic analysis were carried out.’FhdMR spectra were recorded in
DMSO, at 80 MHz on a Bruker spectrometer. The IBcs@a were recorded in KBr
pellets on a SPECORD-71 apparatus. The structlesmhenmts yield from the
spectral features are lised in Table 2 and 3.

Table 2.

'H RMN signals (ppm) recorded in DMSO

4-SC Chemical shift (ppm)

I 7.3-8.1 (m, 7H aromatic); 7.3 [d, 2H(-CH=CH-)]656 (s, 1H, H)

Il 7.2-8.1 (m, 7H aromatic); 7.2 [d, 2H(-CH=CH-};65 (s, 1H, H)

Il 7.3-7.9 (m, 7H aromatic); 6.8 [d, 2H(-CH=CH-};6 (s, 1H, H)

\% 7.3-7.9 (m, 7H aromatic); 7.3 [d, 2H(-CH=CH-J;65 (s, 1H, H);
3.2[s, 6H, N(CH),]; 2.4 (s, 3H, CH)
\ 7.3-7.9 (m, 7H aromatic); 7.1-7.3 [d, 2H(-CH=CH4.65 (s, 1H, H);
3.2[s, 6H, N(CH),]; 2.4 (s, 3H, CH)

Table 3.
IR spectra in KBr pellets

4-SC Wavenumbersy (cm)
| 3420 Uor); 17600co0); 16200c-0); 1560, 1480 (aromatic ring); 9806 1)
I 3410 Qon); 17640 c=0); 16200 c=c); 9840 -c )
i 3390 {on); 1760 c=0); 1625@c=c); 980§=c.r)
v 2995 ¢ aliphatic); 1768{c-0); 1625¢c=c); 1375 Bcna); 985¢=c.h)
\% 3420 @on); 2900 Y.y aliphatic); 1760§c=c); 1620@c=0);
1560, 1482 (aromatic ring); 1378c(3); 9800 -c.r)

M easurements. The following spectra of the analyzed 4-SC wetended:

-electronic absorption spectra (EAS) in solutidmoam temperature (296K), in
the range [45000-14000] €rusing a SPECORD UV VIS spectrophotometer wittaDat
Acquisition Sistem. Solvent used, ethanol (EtOkf Merck, was spectral grade. The
concentration of the solutions was undefMQ™. At this concentration, the eventually
molecular associations between spectrally actidecules can be neglected.

-diffuse reflectance spectra (DRS) in solid pelletgh MgO, at room
temperature (296K), using a VSU-2P spectrophotanmedapted for measuring
reflection factor. As standard diffuser was usédiglD pellet.

Precaution on solvent purity, weighting of compayrqateparation of solutions
and pellets were considered.

Calculations. In order to build theoretically the electronic emelevels of
the analyzed molecules and to compare with thogermentally obtained, quantum
chemical calculations were performed using the AMdistin Method) SCF (Self
Consistent Field) method [5,6]. Optimization of thaolecules geometry was
performed before using Molecular Mechanics 2 (Mv&thod.
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RESULTSAND DISCUSSION

The EAS of the studied 4-SC in EtOH were proces®eddetermining
frequencies and molecular extinction coefficiemtsthe maximum of the bands.
The processing was made in the following maner:BAS spectra of 4-SC were
deconvoluted [7], extracting the absorption bandss,S S-S, and $-S;. The
frequencies in the maximum of these bands weremat#d by deriving the
corresponding extracted bands. In Table 4 are shinrwavenumbers and the
molar absorptivities in the absorption spectra-&Gl

Table 4.
The wavenumber¥ (cm™) and the molar absorptivig(IM *cm™)
in the absorption spectra of 4-SC

Transition I Il 11
V (em?) | gMem?) | V (em™) [g(IMem™)| V (em™) [e(IMtem™)
S-St 19420 762 18870 150 23360 5406
20330 824 21190 300
S-S 30400 12390 30490 14830 31150 704(
35090 11490 36230 6176 3521( 288
39530 9940 39220 7360 3774( 15764
S-Sz 45250 18900 46950 24645 47620 27950
Transition Y \Y
V (cm?) g(IMem?) V (cm®) g(IM™*em™)
S-St 23810 4960
S-S 30770 7400 31060 7100
34720 3270 34480 3180
39680 1929 39370 2100
S-Ss 46730 7900 47850 28100

The DRS recorded in MgO pellets give informatiobsit the compounds in
solid state. The DRS were deconvoluted in the sauaener as EAS, obtaining the
frequencies in the maximum of eachSg, S-S, and $-S; bands. On passing from
the liquid solutions to solid state of the compaarid I, Il one can see a
hypsochromic shift of the electronic bands. The emambers in the maximum of
the bands from DRS spectra of 4-SC are listechind 5.

Tableb.
The wavenumber§ (cni?) in the maximum of the bands from DRS spectra 84
Transition S SS S
I 19.13 27.95
Il 18.08 27.91
1l 19.62 27.46
\% 18.65 22.39 30.64
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Table 6 contains the wavenumbers in the fluoresespectra of 4-SC. The
first two compounds have a fluorescent band wibitonic structure. The IV and V
compounds, having -N(GH} substituent, present the smallest values for wave-
numbers of the fluorescence bands. The visible raisa and emission bands
have mirror symetry [4].

Table6.

The wavenumber¥ (cmi?) in the fluorescence spectra of 4-SC
4-SC V (cm?)

I 19380; 17300; 16580

Il 19090, 17610, 16610

1T P2570

[\ 16590

V 16570

The total energy of the ground state, the grouatkstipole moment and the
wave numbers of the electronic transitions andotwllator strenght for molecules
considered in vacuum were estimated through the Anéthod [5,6]. In Table 7
are given the calculated values for the frequenaiesb the oscillator strength for
the electronic transitions. The total energies dipble moments for the ground
state are presented in Table 8.

Table7.
The frequencies and the oscillator strength forelleetronic transitions
4-SC. I Il Il
Transition| Oscillator| Transition | Oscillator | Transition | Oscillator
Energy | Strength | Energy Strength Energy Strength
(L/cm) (L/cm) (1/cm)
1 27781.8 0.7783 26653.8 0.7321 281920 0.7273
2 32149.3 0.3987 32158.9 0.4116 31951}1 0.3630
3 37869.5 0.1729 35087.6 0.2399 420508 0.4232
4 38708.7 0.1219 37755.9 0.2306 425177 0.6191
5 42533.4 0.3541 41810.9 0.3111 43490,4 0.1344
6 42712.8 0.2695 42574.0 0.2777 438955 0.1546
7 43524.5 0.4410 43156.0 0.1284 486388 0.1091
8 45617.0 0.1214 45104.9 0.1075 500927 0.1140
9 51071.9 0.3409 46067.1 0.2029 520692 0.3413
10 51470.6 0.3240 52914.3 0.1214
4-SC v V
Transition | Oscillator | Transition | Oscillator
Energy Strength Energy Strength
(1/cm) (1/cm)
1 25086.7 0.3345 25564.3 0.3129
2 33437.1 0.7325 33463.8 0.7704
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4-SC v \Y
Transition | Oscillator | Transition | Oscillator
Energy Strength Energy Strength
(1/cm) (1/cm)
3 43375.8 0.5094 34226.4 0.3038
4 44636.1 0.7396 43251.3 0.1253
5 45131.5 0.2552 44469.9 0.4748
6 48636.0 0.1947 45375.3 0.3803
7 52924.5 0.2535 47209.9 0.1077
8 55156.7 0.1127 53694.7 0.4489
9 56515.4 0.1003

Table8.
The energies and dipole moments for the ground stat

4-SC Total energy Ground state dipole moment
(kcal/mol) (Debyes)
I -83433.0960172 4.099
Il -86795.1805889 8.139
Il -84338.3175319 5.798
\Y; -84395.8684528 4.956
\Y -88290.7250287 6.043

Using the wave number values measured in the eféctabsorption spectra
and those computed by AMI method, a diagram of ¢lectronic levels was
performed, neglecting the shift of the fundameleatl by passing from the gaseous
state to the solution. From this diagram (Fig.2)rasults that the first three
compounds, 4-SC I-lll, have similar computed andorded spectra. They have
visible bands in the ethanol solutions, while tlmenputed spectra do not present
visible bands. The last two compounds also havélasimomputed and recorded
spectra. The compounds 4-Sc IV and V have a visiblaputed band, but do not
have visible bands in the ethanol solutions.

In ethanol solutions, the electronic bands of ih& three compounds 4-SC
LIl and Il shift hypsochromically, while for thé&st two compounds IV and V
bathochromic shifts are registered. This fact shakeat for I, Il and Ill, the
intermolecular interactions in ethanol are smalethe ground compared with the
excited state of the 4-SC compounds. In the casbeo€ompounds IV and V , the
spectral shift suggests that the intermoleculagraations in the ground state are
higher than those in the excited state of thesgpoomds.

Analyzing the values of spectral parameters of 4d8fvatives in function of
R substituents nature, one can observe that thard R substituents do not
decisively influence EAS. ThesRand R substituents induce major modifications in
electronic spectra. The replacement of H with aectebnegative atom (ClI)
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determines changes in the electronic charge digtoib on the benzene ring to
which Ry is bounded.

The substitution in the Fposition of -N(CH), groupleads to a bathochromic
shift of the electronic bands and to a decreas¢hefrecorded band number,
compared with the compounds I-III.

504

404

cm'1)

304

70

20+

10+

exp.| |calc. exp.| |calc. exp.| |calc. exp.| |calc. exp.| |calc.

0

Fig. 2. Diagram of the electronic absorption bands reaidetOH solutions (exp.)
and estimated by AM1 (calc.)

CONCLUSIONS

1. 4-SC are spectrally active compounds with mirromeyry of the electronic

spectra.

4-SC patrticipate in condensed medium to dipolaarattions.

3. A visible band forbidden in the case of isolatedanoles becomes permitted
in condensed state of the 4-SC I-lIl.

4. The substituent Cl in Rposition induces major changes in visible EAS.

5. The substituent -N(ChL in R; position determines an decrease of the
numbers of recorded electronic absorption ban@shianol compared with the
corresponding spectra of I-11l.

N
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ABSTRACT. Evaluation of the dipole moments in the groundestitr some
pyridazinium ylids by two experimental methods aBgachemical quantum calculation
was performed. The dipole moments in the grounde steere experimentally
determined, both from the solvent influence upam itiiramolecular charge transfer
band of the studied ylids and from dielectric canstand refractive index
measurements at infinite dilution. For quantum dbehtalculation the CNDO and
AM1 methods were applied. A correlation betweeseghmethods was made.

INTRODUCTION

Carbanion monosubstituted 3-(p-halo-phenyl-) pyzidiam ylids (CMPPY)
are organic compounds with large applicability inapnacology [1]. They are
amphyonic compounds in which a positive nitrogg, hybridized, is covalently
bonded to a negative carbon ion named carbanioe. Aybridization of the
CMPPY carbanion is betweep? andsp®, depending on the nature of the attached
substituent to carbanion [2]. The electronic abonpspectrum (EAS) in solution
presents an intramolecular charge transfer (ICTHphba the visible range [3], very
sensitive to the polarity of solution. The valuédggmund state dipole moments of
two compounds from CMPPY class, using experimeatal theoretical methods
have been estimated.

THEORETICAL ASPECTS

A. The ground state dipole moment can be experiatignéstimated, in
conformity with Bakhshiev theory [4] about the sav influence on the frequency

in the maximum of an EAS band in solutiofnax) relative to those in vapor state

svap . .
(Vmax). Between these frequencies and the macroscopinesers of the solvent
there is a relationship of the following type:

2

~sol _ ~vap e-1 nc-1

Y =V +C -C (1)
max max 1£+2 2n2+2
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Here Cq and C» are constants with significance of wavenumbers. (E)

describes a linearly dependence betwéﬁ?&x and the macroscopic parameters of

solvents. If the magnitude of the radius of molacuiction spherer() is known,
the ground state dipole momemtd) can be estimated from the next relationship:

2
12n“+1
C1=5= 2ug(ug—uecos¢) (2
r° n“+2

C, is the same coefficient that intervenes in Eq. |{ is the dipole moment in
the excited state anfilis the angle betweepg and He. Because in ICT process the

dipole moment of pyridazinium ylids decreases 8k can approximatge — O and
the relationship (2) becomes:

2
Cy= 33 2”2 +12p§ )
r’ nc+2

The Eg. (2) can be used to estimate the dipole moimeahe ground state of
CMPPY.

B. The ground state dipole moment can be also expetaihe estimated, by
dielectric constant and refractive index measuremefds.a mixture composed
from a non-polar solvent (1) and a solute (2), thabgl molecular polarization is
given by the following relationship [5]:

€-1M4f1 +Mofo
P=PRf+Pyfo = 3
Pify +Pof oy r 3
Here P, f1,M1 and P,,f,,M, are the corresponding molecular polarizations,

molar fractions and molar mass of the componentar{d (2) andfq +f> =1. The

macroscopic parameteck (density), € (dielectric constant), and (refractive index)
characterize the mixture. The contribution of théusoto the global molecular
polarization will be:

PZ:RI.-'-

Density and dielectric constant of a mixture vargéirly with the molecular
fraction of the solute [6], i. e

e=g1(l+afy) and d =dqy(1+pBf5) (5)

a:[ﬁJ and ,e:(ﬂj ©)
ofo fp-0 of, (o

Pf‘pl (a)

where:
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Using relationships (4) and (5) for infinite ditoi, whenf, - 0, the molecular
polarization of the solute can be express as follows:

(PZ)fz—»OZPZOO:Fi"'[:fPJ = 3a812m+ & M2_M1[32A(X+B[3+C (7)!
2),.0 @+2°h @+2) &
where A, B and C are constants.

Measuring the dielectric constant and density of smhutior different
concentrations of the solute, from the linear depeciés of the type (5) one can
estimate the slopes and3 and calculate £ from (7). The ground state dipole
moment (in Debye) for the solute molecule one carnueta, using the following
expression:

2
4 = 0.0128 J Pre 27D M1, ®)
(nc+2) dp
C. The ground state dipole moment of a moleculebestiheoretically estimated
using quantum mechanical calculations [7,8].
The average value of the associated operator @fiitée moment components
in the ground state of a molecule is:

uy =-eX [Wxjwdv+ed ZyXy - ©)
j N
wheree is the elementary electronic charge; the electronic wave function of the

molecule, X i and X - the coordinates of th® glectron, respectively of the N atom

and Zp - the positive charge on the N atom. The wavetfandhat intervenes in

relationship (10) can be explicited by a self-consistapthod of Hartree-Fock
type, using configuration interaction. Dependinglos approximations made at the
evaluation of the coefficients which intervene ie fRoothaan equations, there are
some evaluation methods of the electronic wave fanctCNDO (Complete
Neglected Differential Overlap), INDO (Intermedidteglect of Differential Overlap),
AM1 (Austin Model 1) and PM3 (Parametric Model 3).

EXPERIMENTAL

3-(p-halo-phenyl-) pyridazinium ylids analyzed hdrave the structural
formula given in Fig. 1 and Table I.

The compounds wer e synthesized and purified as previously described
[1]. The purity was checked by elemental (C, H, N) and spectral (IR, *H and
13C NMR) analysis.

Spectral measurements. In order to determine the dipole moment from the
study of the solvent influence on the position lné 1CT band, EAS in different
solvents, between 30000-14000%rat room temperature (25), were recorded for
each compound [3]. A SPECORD UV-VIS Carl Zeiss Jspectrometer provided

225



M. COTLET, DANA DOROHOQI, S. FILOTE, I. MANGALAGIUG. SINGUREL

with a Data Acquisition System was used. The sadveinom Merck, Aldrich and
Fluka, were spectral grade. The recorded spectra deconvoluted as previously
described in [9].

Ry

Fig. 1. Structural formula of the studied compounds.

Tablel.
Name, notation and corresponding substitutes of thgzechCMPPY.
No. Name Notation Substitute
R1 R.
1. 3-(p-chloro-phenyl)-pyridazinium Y1 Cl H
benzoyl-methylid
2. 3-(p-bromo-phenyl)-pyridazinium| Y, Br H
benzoyl-methylid

Dipolmetric measurements. In order to determine the dipole moment from
dipolmetric measurements, using the infinite dintithere were measured dielectric
constants, refractive indices and densities fautswols in benzene of compounds Y
andY,, for concentrations between™M and 16 M. Benzene with spectral purity,
from Fluka, was treated with sodium to eliminatdendraces. Determination efat
25°C was made using a WAINE KERR Autobalance UniveBradge B-641 (300
MHz) coupled with a TELMES TR-9701 dielectric delf liquids, thermostated with a
U-10 ULTRA THERMOSTAT {0.2°C precision). The cell was washed with €CI
and dried before each determination. Precisioretaerthination ofs was about4 %.
The refractive index of solutions was measured witRPL Carl Zeiss immersion
refractometer%10° precision) thermostated at®5with the same thermostat used for
& determination. Densities of solutions were meaburigh a 25 ml picnometer, using
a METTLER MDB-5 balance#10° grams). Pichnometer was initially standardized
with bi-distilled water.
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Theoretical calculations. In order to compare the quantities obtained from
experimental measurements they were also deterrtieedetically. MM2, the most
general method for molecular mechanics calculatiaieveloped principally for
organic molecules was used for molecular geomettiynization and self-consistent
field (SCF) methods for electronic properties. Higole moments of the ylids were
estimated with both CNDO (useful for calculatinggmd-state electronic properties
of open- and closed-shell systems) and PM3 (fartreleic properties, total energy).
Also the charge on each atom was computed with Ridtg SCF's there was
selected RHF spin pairing. With PM3 were performsetyly excited configuration
interaction calculations with 45 configurations,ximaum excitation energy (orbital
energy) being 10 eV.

RESULTSAND DISSCUTION

The Bakhshiev’s theory was applied, in the appratiom s — O, to the

ICT band of the studied compounds. So, the grouatk dipole moment was
estimated with Eq. (2'). To determing Coefficient whichigt(?rvenes in Eq. (2), a

multiple linear regression [10] was applied to adues of ¥ max, (n —1)/(n +2)
=va
and (g -1)/(e + 2). The regression parameté‘rma&, Ciand G are listed in Table 1.

Tablell.
The regression coefficients for Eq. (1)
Ylid vvap (cm) Cy(em?) | Co(em®) | r(A)
Y, 21730 615 5258 6.4
Y, 21030 614 3639 6.4

From the length of the bonds implied in the strreetnf each compound thie
values were estimated (see Table Il, the last aojum

The py values for the analyzed CMPPY were calculatechouiq. (2') (see
Table V-col. 2. The values obtained from the solvent influencahenICT band can
be affected by errors coming both from the limitsnihich Bakhshiev's theory was
developed and form the used approximatin- 0.

DK-metric measurements were realized for solutiaith [10°-10% M |*
concentrations. The values obtainedsfand d through this method are listed in Table
Il A and Table Ill B. The values ofi, 3 and P,,, are listed in Table IV. Using

relationship (8), the ground state dipole momeatsas were found and they are listed
in Table V-col. 3. The small solubility of thesenggounds in non-polarizable and non-
polar solvents, such as heptane, hexane or nomecen{mended in this method)
determined us to use benzene as solvent, whichrizgdasolution, inducing some
errors in the estimation of dipole moment [5].
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Tablelll A.
Dielectric constant and density of binary solutiovisylid in benzen
fa £ d (g cn)
0 2.28 0.7601
0.410° 2.28196 0.7611
1.02610° 2.2891 0.7625
2.05710° 2.2985 0.7638
3.89610° 2.311 0.7652
4.1010° 2.325 0.7666
Tablelll B.
Dielectric constant and density of binary solutiovisylid in benzen
f, € d (g cm)
0 2.2800 0.7601
0.410° 2.2820 0.76097
1.0010° 2.291 0.7602
2.0110° 2.3010 0.7633
3.0110° 2.3120 0.7641
4.0110° 2.32460 0.7663
TablelV.

o, and Py, parameters.

Ylid a B Pooo
Y3 1182 146 37600
Y, 1170 150 36966

In Table V-cols. 4 and 5 are also listed the valfeg, for structure | (Fig.1)
calculated by CNDO and PM3 methods. These data #aywhe nearest values from
the experimentally obtained, are those estimateld\d8. These values are also bigger
than those experimentally obtained. This fact caxXplained by the formation of an
intramolecular hydrogen bond, (of the type Il, E)g.in the case of carbanion
monosubstituted ylids [3], which can reduce dipolement values. These bonds were
neglected in the initial theoretical calculationke computed data, by CNDO and PM3
methods for the structure Il dipole moment are sanred in Table V (cols. 6 and 7).

TableV.
Ground state dipole moments (in Debye).
Compound Spectral Dipolmetri¢ I Il
CNDO PM3 CNDO PM3
Y1 3.513 2.483 6.863 3.940 2.652 1.760
Y2 3.510 2.460 6.684 3.979 2.228 0.735
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Analyzing the data of Table V, cols. 3, 6 and 7e aran see that the
experimentally determined dipole moments and tlcagmilated by CNDO method for
structure 1l are of the same order of magnitude.

In Fig. 2 are indicated the charges estimated by RMthod as being located
near the atoms of the ylid.

Fig. 2. Electric charges computed by PM3 on the ylidatoms.

The values of dipole moments determined from tHeesob influence on the
visible electronic absorption band are affected dwyors rising both from the
Bakshiev’s theory approximation and from the caaodiple—0 corresponding to the
intramolecular charge transfer from the ylid carbaro the heterocycle. In Bakshiev’s
theory the specific interactions that can act iotiprsolvent solutions are also
neglected.

The most precise results are obtained by the DKierneieasurements in a non
polarizable and non-polar solvent such as heptar@gne. The small solubility of the
ylids in such a solvent determined the use of #m@zéne that induces errors in the
dipole moment estimation, by its polarizing effect.

The structures | and Il were considered for thémkestimation. The obtained
data correspond to an isolated molecule includesbimlensed medium. The smallest
dipole moments are theoretically estimated forydie with intramolecular hidrogen
bond (structure II).

The dipole moment values determined from the solivdiuence on the visible
band of the ylids are bigger than those determiiryeldK-metric measurements.
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CONCLUSIONS

1.

2.

=

9.

The values of the ground state dipole moments ohittexd by the methods used
in this work are of the same size order.

The big values of the dipole moments in the grostate indicate the amphionic
nature of these compounds.

. The theoretical estimations evidence the necessityhave in view the

intramolecular hydrogen bond between the nearaftlggen atom from the ylid
nitrogen and the oxygen from the CO group of thbaaion.
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ABSTRACT. The 10° mol/l solutions of carbanion monosubstituted BPPBM
benzene were spectrally studied. It is revealedc#talitic effect of light on 3 + 3
dipolar dimerization processes of carbanion morgiguted pyridazinium ylid. It is
proposed a loop kinetic mechanism of 3+3 dipolarrtfal dimerization reaction for
the studied ylid.

KEYWORDS: 3 - (p - bromo - phenyl) - pyridazinium benzoyhethylid (BPPBM),
3+3 dipolar dimerization, electronic absorptioncéfe intramolecular
charge transfer.

INTRODUCTION

Pyridazinium ylids [1,2] present a characteristiecgonic absorption band in
the visible range, assignable to an intramolealiarge transfer (ICT) from carbanion
to heterocycle [3,4]. This band is very sensitigethie carbanion substituents as
well as to the heterocycle structure [5]. ICT b#ndlso strongly dependent on the
solvent nature [6-8].

The absorption spectra of 1énol/l solutions of carbanion monosubstituted
BPPBM in benzene and ethanol were studied at reonpérature. The decreasing
of extinction in the case of monosubstituted pyzidaum ylid in an aprotic solvent
can be explain by 3+3 dipolar dimerization of thid ynolecules in which the lone
electron pair of the carbanion participates in ¢ewibond with the proton of - CH
groups located near the nitrogen - atom from hejaie [1]. The increase of
dimerization efficiency in presence of light suggesus to study the 3 + 3 dipolar
dimerization mechanism in lighting process.

EXPERIMENTAL

The carbanion monosubstituted BPPBM was synthesanedpurified as
previously described [9]. The aprotic solvent - zmme - was Merck spectroscopic
grade. The quartz cells were carefully dried andfipd before use. The electronic
absorption spectra from visible range [30000 - 08]&m* were recorded with a
Specord UV VIS Zeiss spectrophotometer equippdd avibata Acquisition System.
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The Bouguert ambertBeer BLB) law [10] allows us to estimate the
concentration of the spectrally active substanca studied solution, if we know
the extinction value:

E(4) =In o2) _ gA)cl . (1)

(1)

The products(/l) | can be determined by (1) for a set of initial dtinds
(co, Eo(A)). One obtains the dependence of concentratioaxtmction:

E(A
c=c, 2L @)
Eo(4)
The differential equation of reaction rate, cossiglg BLB law is given by:
dE
— =kE" (3)
dt

where k is the global constant of reaction rate raiglthe order of reaction.
By integrating relation (3) one can obtain the etefence E=E(t) in the
following form:

In(ﬁj; if n=1
kt = E

1 (4)
1I-n _ -nj\. ;
E(E EO ), if nzl
The relation (4) can be expressed in a liniar fogm
In(%j = kt; if n=1
El—n E —-n (5)
== +k; if nzl
n-1 n-1
Let be G(t,n) defined by:
In(ij; if n=1
G(t,n) = El_En (6)
: if nz1l
n-1

For a given supposed order of reaction one reptesggaphically G(t,n) vs.
time. If the supposed order is correctly choseenftine points are in the vecinity of
a line.
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RESULTS AND DISCUSSIONS

The spectral recordings, were performed, at eqeabgs of time, in two
ways. Between the recordings, in the first case,damples were subjected to a
continuous lighting at 21,000 ¢h{corresponding to ICT band maximum of ylid,
Fig.1 for benzene and Fig. 2 for ethanol solvewt)jle in the second one, the
samples were not irradiated (Fig.3 for benzene).

1.5

E (u.a.}

(] ¥

ennh 16000

Fig. 1. The time dependence of the (30,808,000) crit absorption spectrum
for the continuous lighting at 21,000 ¢rim benzene solvent.

In order to obtain more information about reactioechanism, the influence
of the solvent on the system was studied, usingdifferent type of solvent: polar
solvent (ethanol) and non-polar solvent (benzeRag. obtained results concerning
the reaction order are presented in Fig. 4 forrethand in Fig. 5 for benzene.

The results suggest that the solvent influencesrdlaetion mechanism.
From the Figs. 4 and 5 it results that the reaatiater is n=1 for ethanol and n=0.5
for benzene. The results can be explained taking @&Tcount the interactions
between solvent and reaction intermediates. In nethdpolar solvent) these
interactions are stronger than in benzene (non-golaent).

For a non-polar solvent, in which the interacti@me weak, the reaction
ways are not affected, because there is no pdssithd block the reaction
intermediates by this kind of interactions. In tt&se of benzene solutions the
reaction order n=0.5 indicates a complex kinetithefprocess.
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E (a.u)

20000

16000
12000 1/cm

Fig. 2. The time dependence of the (30,608,000) crit absorption spectrum
for the continuous lighting at 21,000 ¢rim ethanol solvent.

E(ua)

26000
24000

22000

1/cm

20000

009 40

80 120 160 200 240 230 320 18000
t (min)

Fig. 3. The time dependence of the (30,608,000) crit absorption spectrum in
absence of light in benzene solvent.
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Fig. 4. Experimental and linear points for the saggul reaction order: (a) n=0.5;
(b) n=1; (c) n=1.5, (d) n=2 with case of etharaiVsnt.
r*% represents the regression cofficient normatedio u
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Fig. 5. Experimental and linear points for the supposedti@aorder:
(a) n=0.5 (b) n=1; (c) n=1.5, (d) n=2 with caséehzene solvent.

236




SPECTRAL STUDY OF THERMAL 3 + 3 DIMERIZATION OF CABANION MONOSUBSTITUTED ...

Taking into account the perturbation of the prochging spectral recording,
we propose a loop kinetic mechanism for 3+3 dipdleermal dimerization of
BPPBM (Fig. 6).

CeHBrp CeHaBrp
N o N
.. — (O
PR e—coGH, ~E—-COGH;
\ I

g N
6 G-coGH | IC
H C
I / N
S
0 N
o G

Fig. 6. The 3 + 3 dipolar dimerization mechanism of BPPBM.

Figure 7 shows the potential energy for a giverctebmic state as a
function of the representative’N C internal coordinate of the studied molecules
and the vibrational energy levels, as well as thergy states reached in the
absorption and relaxation processes of pyridazinlich Comparatively with the
electronic configurations of diatomic moleculess foliatomic molecules present
electronic configurations whose potential energgves have crossing points [11].

It is well known that, excepting = 0, the vibrational probability function|s;lJ|2 is

higher in the neighbourhood of the potential baraled growths with the quantic
vibrational number increasing.
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Ue

Ground state potential curve

Representative internal coordinate ———

Fig. 7. The energy states reached in the absorption aaxktein
processes of pyridazinium ylid.

Due the maximum of probability value at potentialrer, the crossing of
the potential curves is facilitated. At the crossopoint, the potential energies of
the two electronic states are equal, and the wimak kinetic energy of the
molecule in either state would be zero

At room temperature, the molecules are found infuhdamental stat&, (Uq
potential profile), corresponding to (1) conforneatiof pyridazinium ylid (Fig. 6). In ICT
process (Fig. 7) due t@v 7 radiation absorption, the molecules reach theexksitate

E: (U potential profile), corresponding to (1) moleautanformation (Fig. 6).

In the fundamental state of the ylid, the hybritima of its carbanion is
betweersp” andsp® [1]. Thus, the N- C bond presents a partial double bond nature.
This determines a relative rigidity of the carbangubstituent configuration. In the
pyridazinium ylid excited statg; the carbanion from (lI) molecular conformation
passes in g° hybridization. The changes both in the chargeibistion and in the
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bond character mak&; become instable. The carbanion substituents become
relaxed by a complex vibration - related to the-KC bond. The complex vibration
mode (which can be regarded both as a normal uiratong the N- C bond and
as internal rotation arround this bond) makes thiengial profile W become U,
with the energye (E1 < Ei, Fig. 6). The passings froBy to E% and fromE1 to

o are nonradiative, because as we have already onedti in the internal
conversion processes the two electronic states égqual energies at the crossing
point. In this case the vibrational kinetic eneajythe molecules is zero. Thé)(l
configuration is the same with (1), the differermsng noticed in the energy values

0> Eo. From the (I) or () conformation the pyridazinium ylid molecule ungees
inactivation process for the 3 + 3 dipolar dimetima thermally permitted. The
mechanisms presented above can explain the differeetween the two decreasing
velocities of the ylid concentrations in the twoywaf recordings.

In the case of continuously lighting the preponder8 + 3 dipolar
dimerization way is () - (I'") - (lll). In the second case the (§ (I"") - (Ill)
way is realised only in the inevitable spectrunording action. Thus, in this case
the preponderant dimerization way is {)(I'') - (ll1).

CONCLUSION

e The spectral analyses reveals the catalytic efédight on 3 + 3 dipolar
dimerization processes of carbanion monosubstitBte¢p - bromo - phenyl) -
pyridazinium benzoyl methylid. The reaction mechkaniis considerably
affected by the type of the solvent used.

* ltis proposed a loop kinetic mechanism of 3 + Sotlir thermal dimerization
for the studied ylid.

* The extinction decreasing in the case of monosuitasti pyridazinium ylid in
an aprotic solvent can be explained by dimerizatbithe ylid molecules in
which the lone electron pair of the carbanion pgrtites in covalent bond with
the proton of - CH groups located near the nitrogatom from heterocycle.

e This mechanism is based on ICT transition and ribatige relaxation process.
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ABSTRACT. The dipole moments and the polarizabilities in éxeited states of
some pyridinium ylides were estimated using thellief the statistic cell model
proposed by Takehiro Abe.

Keywords: dipole moment and polarizabilities, cycloimmoniylids

INTRODUCTION

Pyridinium ylids [1] are dipolar molecules in theognd electronic state.
They have a visible electronic absorption band #ypiear by an intramolecular
charge transfer (ICT) from the carbanion to theetwtycle. This band is very
sensitive at the solvent nature. A study aboutdbleent influence on the ICT
visible band offers information on the ylid electparameters modifications by
passing from the ground state to its excited state.

THEORETICAL ASPECTS

Takehiro Abe statistic cell model of a pure liq{2d permits to express the
spectral shifts in function of the microscopic paeders both of the solvent and of
the spectrally active molecule. In this model acspdly active molecule is
surrounded by concentric solvatation spheres congiidentic, spherical solvent
molecules. The spheres containing solvent moleché& their centers on the
solvatation sphere surface (Fig.1).

The p-th solvatation sphere radius can be expreasefiinction of the
radius of the spheres that represent solvent atatesanolecules, jrand
respectively:

Iqu(p) = r.u + (2p+1)rv (1)
The system of the spheres is considered in twdreldc states:
- ground state (g) in which all the molecules arth&ir ground electronic state

- excited state (e) corresponding to the ground sifatiee solvent molecules and
to the excited electronic state of the centralcsp#ly active molecule.
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Fig. 1. The arrangement of the molecules in Abe model.

The chosen states correspond to the experimentakobf the model, by
spectral means. The used liquids for spectral diegs may be transparent in the
absorption range of the spectrally active molecDlerring spectra recordings, the
solvent molecules do not change their electromitest

In liquid state, the molecules interact. The statian energies in the states
participating to the electronic charge transitians:

W, =W, +W, (u) +W, (V) o
W, =W, +W, (u) +W, (V)
WhereWgO’e represent the energies in the ground and exciwdssbf the system,
for its gaseous staté/,\/g’e (u) - interaction energies between the central molegule

the two states of the transition) and the solvenieaules surrounding iV, (V) -the

interaction energy between the solvent moleculas. @nergies in the gaseous state
of the system can be express by the following terms

W, =W, (u) +W, (V)

WP =W, (u) +W, (V) )
e e g
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o

W(u) + We(v) W,

hecv,

Wg \ A
n

Gaseous sta ~ Wg(u) + Wy(V)
A Wg
Solutior

Fig. 2. The electronic shifts by passing from gaseougjtgdi solution.

From Fig.2 and the relations (2) and (3), it restltat spectral shift by
passing from gaseous state to the binary solutisngroportional with the
difference between the solvatation energies oktlextrally active molecule in the
two electronic states of the transition.

he(v, —1,) =W, (u) W, (u) (4)

Taking into account Van der Waals interactions, Adsgressed the
spectral shift by the relation (5):

et ~7,) =~ R s e ) 0] 0, i 0 = ] 0l ) -, ] -

I, (u) —hcp,
Iy (V) +1,(u) —hcp,

I
W -21,0a, (v)l(v)g_fl‘”(u)ae(u)}

—ZR;v‘ip){ilg(v)ag v
p
(5)

Relation (5) has been obtained in the hypothesithefadditivity of the
orientation, induction and dispersion energieshaf pairs of molecules. In this
relation the index "u" reffers to the spectrallyivae molecules and "v"- to the solvent
ones; g and e describe the ground and the extatss ©f the molecules ards the
wave number in the maximum of the pyridinium ylielsctronic absorption band,
measured in liquid solution () and in vaporougest@®); U represents the dipole
moment andh - the polarizability. C is a constant dependenthenmolecular weights
and on the densities of the molecules [2]:
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hcC ==Y R, =R, +N@Ry, +--+ (PR, =
p 2 1/3 3™ 13 vz (6)
PWM%AJ[MJ{WJ +WQ-{W] .
9 (m, A, P, P Py

The radius of a solvent and solute molecule wasesgpin (6) as function
on molar mass and density of the correspondingtanbts.

In order to estimate the dipole moments and pdaiiities in the excited
state of pyridinium ylids, a formula resulting frd®) and (6) has been used:

Mﬂm—uambﬂxwmaam—wamagm+”;fv:o )
where: [ J
3 I, Wl (u)—-hcy,
g+ o S SRS g ()
T.(v.0) = 2Ig(v)+lg(u) hcv, ®
2 rw+a,v)
3T ot e
L3 1 Wl
) +> 020 g ()
T,(v,u) = 21,0+ 1, 9)
2 P +a, )
3KT "¢ g
and
T,(v,u) = Vi ~Vy (10)

The terms ¥v,u), i=1,2,3 can be computed using the microszopi
parameters both of the ylid and solvent and theewambers of the ICT band. So,
relation (7) permits to estimate, by regressionathod, the dipole moments and
the polarizabilities of the pyridinium ylids.

RESULTSAND DISCUSSIONS

The studied ylids were: pyridinium acetyl benzawdthylid (Y;); pyridinium
anilido benzoyl methylid (); pyridinium dicarbetoxy methylid (3. The ionization
potential and the value of the dipole moment inghmund state of pyridinium ylid
was estimated by PM3.

The visible electronic absorption band of the stddbyridinium ylids was
recorded in aprotic solvents with known parameteestioned above.
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Tablel
The solvent parameters and the wavenumbers irCthevisible band
Nr Solvent | (D) [10%a | 1(eV) |p (g/cnT) [M (g/mol) v(cnd)
Yi | Y2 | Y3
1 |n-Heptan 0 136.1 10.35 0.68 100.2 22E00150/2208(
2 |Cyclohexane |0 108.5| 11.00 0.78 84.2] 225EM970/2191(Q
3 |CCl 0 105 |9.72 1.59 153.8| 226{a10970[21900
4 |Dioxan 0 94.4 | 9.52 1.42 88.1] 23822350[2295(
5 [Mesitilen 0 161.2 8.76 0.86 120.2 231P0730/2241(Q
6 |Chloroform 1.05 | 82.3| 11.50 1.49 76.1 2463P470[23280
7 |Methanol 1.62 | 32.6] 10.97 0.70 32.0 24801100]25230
8 [Methyl acetate| 1.67| 69.9 10.51 0.97 741 2433030[2340(
9 |Ethanol 1.69 | 50.6| 10.70 0.79 46.1 26y500/24970
10 |Aceton 2.80 | 63.9| 9.89.9.f/7 0.79 58.1 | 2448(23240|2345(
11 |Acetophenon | 3.94| 1437 12.39 1.08 120{1 2472890/2337(
12 | Acetonitrile 4.25 | 44.0 0.79 41.1] 246@8560/23750
Table2
The parametens,, p, M and | of the studied ylids

Nr Ylid Ug (D) p (g/cn) M (g/mol) ly (eV)

1 Y, 5.6 141 239 8.96

2 Y, 5.9 1.76 253 8.72

3 Y3 4.1 1.53 293 8.93

The terms Tv,u), i=1,2,3 was estimated using the microscppiameters both
of the ylid and solvent and the wavenumbers of@ieband from Tables 1 and 2.

Using a Multireg BASIC program [5], both the dipol@ments in the excited
state and the polarizabilities in the ground anel éixcited states of pyridinium
ylids were estimated.

Table3
Dipole momentst/, (u) and polarizabilitiegr , (u) @, (u) of the studied ylids

Nr Ylid TRORIHOBRAC 10° | a,(u)10® | pu (u)(D)
1 Y, -36.76 48.4 40.0 2.32
2 Y, -22.61 66.4 41.4 3.49
3 Ys -22.35 34.1 13.1 1.91

The obtained data (Table 3) reflect that, in th&ramolecular charge
transfer process, the dipole moment of pyridinididsydecreases and changes its
sens, concomitantly with an decrease of the maodequblarizability. The values

for the dipole moments of pyridinium ylids are inagl agreement with the values
obtained in [4] for some pyridazinium ylids.
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ABSTRACT. The longitudinal and transverse relaxation ratesaohe gadolinium
and dysprosium compounds have been measuréd @naqueous solutions and in
blood as a function of molar concentrations. THéewint relaxation characteristics
were analysed and certain explanations concermiegriolecular sources of these
variations were advanced. The evidenced propetiéise compounds studied by us
are promising for novel and interesting applicationmedicine.

INTRODUCTION

The MRI tissue and blood characterisation, basaa relaxation times
measurement cannot be properly used until the mlaesources of variation are
understood. Tissues and blood are complex molesyktems with complex NMR
properties. A better comprehension of the molechéais of relaxation offers the
possibility to predict the changes expected foivamy pathology. The purpose of
this contribution is to evidence the different xelfon characteristics of some
gadolinium and dysprosium compounds in the presendeabsence of the blood and
to give a possible explanation about the molequiacesses that cause the change's
occurrence.

METHODS

Some gadolinium and dysprosium compounds suc@<CIT (gadolinium
citrate), Dy-CIT (dysprosium citrate), Dy-DTPA (DAP- diethylenetriamine
pentaacetic acid), iron oxide - gadolinium oxid#extran and iron oxide - dysprosium
oxide - dextran complexes were prepared. Citrdtgadolinium and dysprosium were
prepared [1] starting from respective metal (994fty, purchased from Chemical
Corp, Sun Valley) firstly transformed in chloridesd then in citrates. The silver
nitrate was added to establish the purity levelttie control of complete elimination
of chlorine ion. Furthermore, the products werdfigar by recrystallization. The Dy-
DTPA complex was obtained from respective citratel afterwards purified by
recristallization.
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The preparation of the compounds (BBg3Gd0Os)-dextran [2], and
(5Fe05+3Dy,0s)-dextran were made using microemulsion methodha water/
toluene system. The starting materials EGdCEkor FeCt/ DyClzin molar ratio of
5:3, 420 ml of water, 120 ml of toluene and 1 giandextran, were poured into a
beaker. These solutions were stirred and thendptwater bath about 10-12 hours.
The molecular weight of dextran was 40000.

The longitudinal T* and transverse,T relaxation rates' measurements have
been carried out as a function of molar concepinati All measurements have been
made at room temperature (about 25°C) and therptaomor frequency,=90MHz.
The pulsed NMR spectrometer utilised was a commaemruker SXP 4/100
spectrometer. Transverse relaxation rates measnterhave been made using the
Carr-Purcell method, while longitudinal relaxatioates measurements using the
inversion recovery pulse sequence, °t890°. The accuracy was about 2-3% for the
longitudinal relaxation rates and about 5-7% fa ttansverse relaxation rates. R
and R relaxivities, in mM's™ were determined from the least-squares deterromati
of the slopes of plots 1{F versus molar concentration of compound, usingastl
five independent measurements at several condgensamong 0 and 2mM.

RESULTS AND DISCUSSIONS

The measured ;Rand R relaxivities of studied compounds in the presence
and absence of the blood is shown in Table 1. Totemp relaxation rates (Figs. 1a, 1b,
1c and 2a, 2b 2c) are linearly dependent on theertration of the compounds. This
certifies the absence of the solute-solute intenag8].

Table 1.
The R and R relaxivities for the studied compounds

Compounds R R,

mM st mM st
Gd-CIT 15 30.54
Gd-CIT and blood 3.624 32.635
Dy-CIT 0.452 1.023
Dy-CIT and blood Coagulation of the blogd  Coagolatbf the blood
(5Fe0s+3Gd05)-dextran 61.78 201.39
(5Fe0s+3Gd05)-dextran and 11.86 188.725
blood
(5Fe05+3Dy,05)-dextran 24.52 82.48
(5Fe05+3Dy,05)-dextran and 0.241 38.67
blood
Dy-DTPA 0.79 1.61
Dy-DTPA and blood 0.42 93.72

It is obvious that the relaxivities of gadoliniuritrate (Gd-CIT), and of the
compounds (5R:+3Gad0s)-dextran and (5R8s+3Dy,0s)-dextran are rather high,
but the mechanisms involved in that are quite afie In the case of paramagnetic
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complexes, positive susceptibility is necessaryt bot sufficient for effective
relaxation enhancement. The magnitude of relaxaidmncement depends also on
proximity of nuclear and electronic spins and andbrrelation times.

80 40
L] (5F9203+36d203)-dex§ran ® (5Fe,0,+3Dy,0,)-dextran
701 o (5Fe,0,+3Gd,0,)-dextran and blood 35| 4 (5Fe,0,+3Dy,0,)-dextran and blood
60f — blood 30f — blood
o 501 — 25
‘0 ‘n
s 407 — 207
E 301 E 151
20 g 107
101 5
d 0 |A lA T T T T T T T
070204056 08 1012 14 16 18 20 2.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 22
(1a). (1b).

5.0
® Dy-DTPA and blood

45| . pyDTPA

4.01 — blood
3.5 .
=30 Fig. 1a, 1b and 1c.
— 2.5] Proton longitudinal relaxation rates

5‘-2-‘*/ 2.11T and 2%C, as a function ¢
:': compounds' concentration in the prese
0:5- and the absence of the blood.

0.0~—T—T—"—T—T—T——1——1—1—
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2
mM

(10).

The differences in the;Rand R relaxivities of dysprosium and gadolinium
citrates should be justified in the first approxiima through different electron spin
relaxation times (f) about 1¢ -10° s for gadolinium and 18 -10" s for
dysprosium. For metal ion with relatively long.® the magnitude of the outer-sphere
relaxivities scales roughly with the square of @fective magnetic moment (or
S(S+1) (value) of the metal iond$7/2, $,=5/2).

The 1/f dependence in dipolar interactions presents theoramity to
increase relaxivity by chemically inducting an ataion of bound water molecules
such that the protons are closer to the metal eamtrunpaired spin density. The
dipole-dipole term, affected critically by’ can be offset by unpaired electron spin
density at the nucleus, a scalar (or "contact'®aeff That is, quantum mechanics
predict a probability that the electron and nucleogcide in space, dominating
relaxation. In situations where such an effect ignificant [4], T, relaxation
enhancement can exceegefihancement.
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440 240
400] ™ (5Fe,0,+3Gd,0 )-dextran 220] ® (5Fe,0,#3Dy,0,)-dextran
160 ® (5Fe,0,+3Gd,0,)-dextran and blood 200 4  (5Fe,0,+3Dy,0,)-dextran and blood
— blood — blood
3201 180
— 2807 — 1607 .
2. 240 2. 140
~ 200 w120
E = 100
~ 160 = g0
1204 604
80+ 40
40 20
0 T T T T T T T T 0 SR E A i S T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2
mM mM
(2a). (2b).

@ Dy-DTPA and blood

x  Dy-DTPA )
160 — blood Fig. 2a, 2b and 2c.
140 .
= 120] Proton transverse relaxation rates at 2
—~ 100 and 28C, as a function of compoun
E s concentration in the presence and
jz’ absence of the blood.
20
0 LU K S s s e e
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2
mM
(20).

Solvent relaxation in the presence of superparagtagparticles like the
compounds (5R;+3Gd0s)-dextran and (5R8s+3Dy,03)-dextran, chiefly differs
from that in the presence of paramagnetic solutega much greater weighting of the
magnetic moment contribution. Compared with paramafig solutes, superpara-
magnetic particulates have increased effective stagmoment, decreased freedom
of molecular motion, and decreased wakérexchange. The much greater effective
magnetic moment dominates all the possible factis®issed previously, by creating
greater field heterogeneity characteristically rfestiat T shortening much greater for
a given T effect than occurs in the presence of paramagsetites. Of course, the
role of diffusion cannot be neglected that usualydulated these phenomena [5, 6].
The stabilisation in dextran of (5f&+3Gd03) and (5Fg0s+3Dy,03) nanoparticles
increases their size and mass causing anisotragionmand becoming an additional
factor of importance in relaxation.

These facts should apply in many other situatibos.example, although Dy-
DTPA relaxes strongly through dipole-dipole intéi@ts with water within hydration
sphere of each ion, it can also introduce susdktgtieffects that may account for its
greater efficacy on blood relaxation than can beoaated for by considering only
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exchange-mediated dipolar processes [7]. The magaasotropy of Dy-DTPA, as
well as the high magnetic moment of the Dy (llln i(l0 Bohr magnetons) should
produce susceptibility effects.

Increasing in R relaxivity observed for Dy-DTPA in the presencetloé
blood should be moreover explained by PRE effectlBe PRE effect is operative
when metal ion or intact compound is covalentlynoncovalently attached to a
macromolecule (for example to protein amino acgidues). The largest gain in R
relaxivity seems to imply a noncovalent bindingtoteins (possibl@-globulins) and
an anisotropic motion. The protein-compound bindingrgies are likely determined
by a number of relatively small contributions sash electrostatic, hydrogen-bonding,
Van der Waals and hydrophobic forces, from differgoups on complex. These
interactions may result in less internal flexigiliand higher relaxivity when the
compound is attached to a single residue on thieipreurface. The greater part of
the relaxivity probably stems from hydrogen-boundeder molecules in the second
co-ordination sphere.

The opposite case of gadolinium compoungdseaRaxivity decreasing in the
presence of the blood implies probably a covalemdibg to proteins, high degree of
internal flexibility and a low number of boundedteamolecules.

A plausible explanation of the coagulation of theol in the presence of the
dysprosium citrate should be that the dysprosiums &ctivatén vitro the Hageman
factor [9] of coagulation. A similar evolution ogstin vitro in the presence of the
dysprosium phosphate. Another explanation, moréeaiie, could be based on first
experimental investigations on the relations betwelectron transfer processes and
thrombogenesis by Sawyer et al. [10] and on thdesgribing the contact activation
of fibrinogen in terms of exchange currents prodo®y Brauerschmidt [11].
According to this model, an electron transfer betwthe semiconducting protein and
a solid induces fibrin formation. The dysprosiunmpounds represent the solid in
our case. Thus the degree of antithrombogenicity gif’en material is dependent on
its electronic structure. The dramatic decreagsbeR and R for (5Fe0O;+3Dy,05)-
dextran compound in the presence of the blood dhmeiklucidate on this theory.

CONCLUSIONS

Several gadolinium and dysprosium compounds wepaped and their R
and R relaxivities were measured in the presence andnabsof the blood. The
increase or decrease of &d R relaxivities in the presence of the blood depends
the number of factors as compound mass, size angasition and is the combined
result of more than one type of relaxation procgesse

The possible applications of the dysprosium compsu include
implementation of new laboratory tests for haenogfchl pathology. Using of
(5Fe0:+3Gad0s)-dextran compound for cancer targeting and forceartreatment
with the new method [12agnetic fluid hyperthermia (MHF) is the next challenge
for the future.
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ABSTRACT. In this work, a confocal Raman microspectromet@s used to
investigate the influence of low concentrationsdalent ions on low pH-induced
DNA structural changes. Based on the observatianttte midpoint of transition of
Watson-Crick GC-basepairs to protonated GC-basefiedr around pH 3 (analyzing
the 681 crif line) (Puppelsgt al, 1994), measurements were carried out on calf-
thymus DNA at neutral pH and at pH 3. Spectra aesgmted in the wavenumber
region describing base electronic structures asd pairing (1150-1680 ¢ty Effects

of low concentrations of divalent cations upon gnation mechanism of opening
AT- and changing the protonation of GC basepaiBNA are considered.

Introduction

The predominant DNA conformation in chromosomes ianthe nucleus of
the eucaryotic cells is the B-form, the canoniggtrhanded double helix. Until the
end of the 1970s, it was generally accepted thatbibpolymer is very regular and
independent on the nucleotide sequence (Palecel]).19oday it is a well
established fact that the DNA double helix exhibsisal polymorphism at the level
of the single base pair and of dinucleotide steplADstructure polymorphy is
sequence-dependent and influenced by environmecwalditions (pH, ions,
superhelical stress, length of particular tracialécek, 1991). Alternative DNA
structures and conformations, such as cruciforraddfg, et al, 1989), triplex DNA,
parallel stranded DNA (Ottogt al, 1991), extended stretches of unpaired bases,
potential Z-DNA forming stretches of DNA have aclgid much interest (Puppets,
al, 1994). Biophysical, chemical and enzymatic aspayged that these non-B DNA,
unorthodox structures formed under conditions aofsibtmal stress, may play
important organizing and/or regulatory roles inov{tHanvey gt al, 1988).

Canonical B-DNA has no strong protonation sitesl lbecause of this it does
not pick up protons with the exception of totallpnphysiological conditions of
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extremely low pH. However, protonation is a sigmfit phenomenon for DNA.
Unusual DNA structures in which Hoogsteen is a iptssbase-paired arrangement of
protonated dG:dQr dA:dT are supposed to be implied in a new mdaeamgnition.

Binding of H" to DNA, leads reversibly, to alternative DNA stuwres,
especially to disrupted AT-basepairs and to Hoegsteyn dG:dCH basepairs,
which exist under physiological conditions in pi&if and chromosomal DNA
(Puppelsgt al, 1994). Besides, irreversible changes occur in DNien at low pH,
upon further protonation, the disruption of notyo®lT- but also of protonated
Hoogsteen GC-basepairs takes place. In a Hoogdiaeapair, protonation of
cytosine is accompanied by a conformational chaighe guanine from the C2’-
endo-anti to C2'endo-syn. This enables hydrogen bonding between N(guahine
and cytosine N(3). Studies are required to elueigdtether the equilibrium between
protonated and non-protonated GC-basepairs cannfdgericed by chemical
parameters.

In this work, a confocal Raman microspectrometas wsed to investigate
the influence of low concentrations of divalent soan low pH-induced DNA
structural changes. Based on the observation tretnidpoint of transition of
Watson-Crick GC-basepairs to protonated GC-basephés around pH 3
(analyzing the 681 cihline), measurements were carried out on calf-thy DiNg
at neutral pH and at pH 3. Effects of low concdidres of divalent cations upon
protonation mechanism of opening AT- and changing protonation of GC-
basepairs in DNA are discussed.

Materials and methods

Preparation of MgDNA complexes at neutral pH and low pH

Calf-thymus DNA (Sigma Type |, D-1501, St. LouO, USA) at a
concentration of 15 mg/ml was dialyzed against brffer (10 mM Tris, 10 mM
NaCl, 5mM MgC} x 6H,0) to obtain the MgDNA complexes at neutral pH.
Protonated MgDNA complexes (around pH 3) were mexbdy dialyzing calf-
thymus DNA from the same stock solution againstigly buffer (50 mM glycine,
10 mM NacCl) containing 5 mM Mggk 6 HO.

Experimental

All Raman spectra experiments with MgDNA complexese carried out on
a confocal Raman microspectrometer developed iBityghysical Technology group,
Department of Aplied Physics, University of Twenknschede, the Netherlands,
largely identical with a first developed micro Ranset up (Puppelst al, 1994). The
microscope was equipped with a 63x Zeiss Plan Naoflvater immersion objective.
Laser light of 514.5 nm from an Argon ion laser wasd for excitation.

The spectra have been processed by means of fhearso package
RAMPAC (De Mul & Greve, 1993). Each measurementaoDNA sample was
followed by a second one (background signal measemé, just next to that of
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DNA, in order to determine the signal contributidr@am buffer, which were then
substracted from the resulting DNA sample spectrum.

Each spectrum is the result of more than 12 measemts, which were
then averaged. The averaged spectra thus obtaeeded only minor variations,
not of any consequence for the interpretations rgikellow. The wavenumber
calibration of the Raman spectra was recorded thithsame instrument setting on
the basis of an indene. The spectra were corrdoteithe wavenumber dependent
detection efficiency of the confocal Raman micraspeneter (Puppelst al, 1994).

Difference spectra

The events occuring in our samples upon loweriregpH are clarified by
the difference spectra. An internal intensity catlbn was needed to scale the
measured spectra, in order to compute differeneetsp (Puppelset al, 1994).
The spectra were scaled to have equal intensitid@ril094 cri line of the DNA
backbone P@symmetric stretching vibration. The intensity ofsttband is not
sensitive to DNA protonation down to at least plB52(O’Connor,et al, 1981).
Protonation of the DNA backbone phosphate groupsirgcaround pH 1. Besides,
in the conditions employed for the present expemisiethe interactions between
divalent metal cations and the phosphodioxy anisheuld be dominated by
electrostatics (Duguidt al, 1993).

The events occuring in the MgDNA systems upon havgethe pH, were
also monitored by a comparative analysis of thetspabtained for samples with
different stages of DNA protonation.

Results and conclusions

Measurements were made on calf-thymus DNA at akaind low pH
(around pH 3), in the presence of low concentratiohMd" ions. The choice of
the low pH value was based on the observationttiemidpoint of transition of
Watson-Crick GC-basepairs to protonated GC-basefies around pH 3 (analyzing
the 681 critline) (Puppelset al, 1994). Effects of lowering the pH upon protonatio
mechanism of opening AT- and changing the protonatif GC-basepairs in DNA
are discussed.

Spectra are presented in the wavenumber regiaribieg) base electronic
structures and base pairing (1150-1680"crviain spectra-structure correlations in
this range of the Raman spectra of DNA moleculesdascribed in the following.

(a) Various bands in the 1200-1600 tmegion, assigned to purine and
pyrimidine ring vibrations, are sensitive indicataf ring electronic structures and
are expected to exhibit perturbations upon metadibg at ring sites or upon DNA
denaturation (Thomast al, 1993) and protonation. Among the most informative
of these are the band of guanine at 1488'cmhich shifts upon binding of
electrophilic agents to the N7 acceptor, and band®40 and 1257 ¢l The band
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at 1488 crit decreases in intensity upon binding dftéiguanine N7. The band near
1240 cnit is due predominantly to dT, but has a minor coation from dC. The
band near 1257 chhas been assigned to dC. By monitoring these &vmib the
effect of metal ion binding on dT and dC can beedained independently.

(b) The broad band centered near 1668" @ssigned to coupled C=0O
stretching and N-H deformation modes of dT, dG d6dThomaset al, 1993), is
sensitive to denaturation, reflecting altered hgero bonding states of the
exocyclic groups (C=0, NH, NjJ.

Our Raman spectra show that low concentrationgliedlent cations,
protect DNA against protonation of cytosine (line E262 cnt). Low salt
concentrations do not protect adenine and guanif® Bgainst binding of H
(characteristic lines at 1304 ¢nand at 1488 cih respectively). This is consistent
with extensive melting of AT-rich regions and liett melting of GC- rich regions.

A possible conformational transition of the guanirom the C2’endo-anti
to C2-endo-syn, followed by hydrogen bonding between N(7)gofnine and
cytosine N(3) might be considered, after analyzthg corresponding Raman
spectra in the wavenumber region 600-1150.cm
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ABSTRACT. The paper presents the results obtainedergtowing and structure
determination by X-ray diffraction of the 5'-CMP Naononucleotide (5'-cytidine
monophosphate disodium salt) single crystal, corapbof the ARN. The space
group, the unit cell parameters and the fractiooardinates were determined.

Introduction

Cytidine 5’-monophosphate disodium salt (5’-CMP,Na one of the four
common ribonucleotides which make up ribonucleil®¢RNA'’s). The crystal
structure of the sodium salt of cytidine 5’-monoppleate 6.5 hydrate provides
valuable information on the interaction mechanisrhsalkaline metal ions with
water and nucleotides. Previous studies have bamm ah the barium salt of cytidine
5’-monophosphate 8.5 hydrate [1] and some inforomatin the crystal data of
disodium cytidine 5’-monophosphate were indicatgdhese authors. Nevertheless,
the molecular structure and conformational parameetee not published yet to our
knowledge. Nishimura et al. [2] indicated that tmgstal structure of this salt was
not solved. Difficulties in growing single crystaié this mononucleotide would be
the reason. Despite these difficulties, single tadgshave been obtained and the
corresponding crystal structure has been determimtds work.

The nucleosides and nucleotides have attracteddsyable attention not
only because they are building blocks of the necéaiids, DNA and RNA, which
are the center of life processes, but also bectngseare cofactors and allosteric
effectors for many of the fundamental enzymatictieas. Cytidine 5’-monophosphate
disodium salt (5-CMP.NA is one of the four common ribonucleotides which
make up ribonucleic acids (RNA's).

Results and Discussion

The 5-CMP Na compound was crystallized by the slow evaporatigthod
from water-methanol solution using three recryigation processes. There were
obtained transparent single crystals of about 2xx142 mm. From the Laue method
we put in evidence the presence of the 2-fold sytmmBy Kulpe method the crystal
was oriented along the 2-fold axis and by the tsmh method it was determined
the periodicity along this directiob=8.899A. The spot-layer of superior order proved
to be symmetrically disposed relative to the spgét of zero order indicating again
the 2 order symmetry. In the Fig. 1 the oscillapattern is shown.
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Fig 1: The oscillation pattern of the 5'-CMPN&.5 HO single crystall

From the zero layer Weissenberg pattern [3], Figth2 reciprocal lattice
parameters resulted as=0.137,¢c*=0.122 andp*=85.5°. It resultsa=14.08 A,
c=15.83 A ang3=94.5.
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Fig. 2: The zero layer Weisenberg pattern for the 5-CMPNa5 HO single crystall

|

By indexing the powder diffraction pattern the itat parameters were
obtained more precise. The compound density wasriexgntally determined by the
picnometric methodpey, = 1.999 g/cm®. From the lattice parameters and the
experimental density the molecules number in thieaatl: Z = 4 resulted.
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Therefore, the 5'-CMP.Nacompound crystallizes in the monoclinic system,
the space group,Pwith 4 molecules per unit cell and the latticegmaeters are:
a=14.10Ab=8.9Ac=16.05 A ang3 = 9.

Intensity data up to s@t\=0.594A' were measured by using a Nonius
CAD4 diffractometer with Mol (0.71069 A) radiation in th@-28 scan mode from a
0.3 x 0.35x 0.35mm single colorless crystal of prismatic shape. A hamof 3756
unique reflections (R = 0.094) were collected out of which 2202 are wgrethan
20(l). The (-7 0 1) and (-2 1 6) reflections were rtaned during data collection to
check crystal and instrument stability and no agipbde change in their intensities was
detected. The unit cell parameters were refinedeasgt-square refinement of thé 2

values of 25 strong well centered reflections eringe 13<@<26.

The refined unit cell dimensions ae 14.042(5)b = 8.924(5)c = 16.091(5)
A, £=94.410(5) Z = 4, the cell volume ¥ = 2010.4 A

The structure was solved by direct methods with93IR] and SHELX97 [5]
software

Almost all the atom positions in the structure webtained from an E map
computed for the best set of phases. Some oxygemsdtom water molecules were
subsequently located from difference Fourier mapke ulterior least-square
refinements with anisotropic temperature factorsafbthe atoms converged with R =
0.065 for the 2202 reflections exceeding(lz The H atoms of the nucleotide
molecules and three O atoms from water molecula®g \watomatically fixed and
isotropically refined. The other ten water molesute the unit cell were found to be
disordered, generating alternative solvent layeteéen the nucleotide molecules. The
final parameters for the non-H atoms and for that@ns of the water molecules are
listed in Tables 1 and 2, respectively.

Table 1.
Fractional coordinates (A) and isotropic equivalent
temperature factor @ with s.u. in parentheses
Molecule A Molecule B
X Y z Ugg X Y Z Ueg

P 0.16982(19) -0.0821(4) -0.06485(17)0.0234(7) 0.3933(19)0.1951(3) 0.63979(17)0.0203(7)
N(1) 0.8618(6) 05176(12) 0.7307(6) 0.030(2) O.f8200.0938(11) 0.6595(5) 0.026(2)
C(2) 08592(8) 05590(15) 0.6479(7) 0.026(3) 0.87670.0448(15) 0.6698(7) 0.027(3)
O(@) 09275(6) 05240(12) 0.6059(5) 0041(2) O0.62960.0802(12) 0.6147(5) 0.039(2)
N@3) 0.7854(7) -0.3643(13) 0.6134(6) 0.032(2) OMDB -0.0284(12) 0.7380(6)  0.030(2)
C() 0.7112(7) -0.3303(13) 0.6578(7) 0025(3) QBAY -0.0594(14) 0.7956(7)  0.025(3)
N(@4) 0.3614(7) 02385(12) 0.3806(6) 0.034(3) 0.8829-0.1280(12) 0.8651(6)  0.031(2)
C(5) 0.7117(8) -0.3676(15) 0.7426(7) 0030(3) CB{@P -0.0162(15) 0.7862(7)  0.029(3)
C(6) 0.7864(8) -0.4474(15) 0.7759(7) 0031(3) @ 0.0563(15) 0.7172(7) 0.026(3)
C(I) 00604(8) -00741(15) 0.2310(6) 0027(3) O®&) 0.1850(14) 0.5880(6) 0.023(2)
C(2) -0.0009(8) -0.4942(15) -0.1611(7) 0.030(3) 6783(8) 0.1108(14) 05267(7) 0.024(2)
O(2) 0.0690(6) -04029(10) -0.1922(5) 0.036(2) 0.7239(8)0247(9) 0.4687(5) 0.033(2)
C(3) -00377(8) -0.1289(15) 0.1098(7) 0030(3) 20KS) 0.2486(13) 0.4889(6) 0.024(2)
0O@3) -0.1214(6) -0.1793(12) 0.1451(6) 0.044(2) 0.6849@B042(11) 0.4269(5) 0.039(2)
C(4) 00439(8) -0.2426(15) 0.1207(7) 0.029(3) 6%2Z) 0.3577(14) 0.5593(6) 0.023(2)

O() 0.1006(6) -0.2012(10) 0.1960(5) 0.0319(10)7020(5) 0.3088(9) 0.6203(5) 0.0288(18)
261
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Molecule A Molecule B
X Y Z U X Y Z U

C(5) 0.1082(9) -0.2512(16) 0.0504(7) 0.035(3) 0%8) 0.3644(14) 0.6035@) 0.030(3)
O(G) 01373(6) -0.1051(9) 0.0283(5) 0.0307(19)5035(5) 0.2165(9) 0.6213(5) 0.030(2)
O() 00880(5) -0.1335(9) -0.1250(5) 0.0294(19)3352(6) 0.2475(10) 0.5632(5) 0.033(2)
O(l) 0.1899(6) 0.0814(9) -0.0704(5 0.032(2) OB} 0.2886(10) 0.7161(5) 0.032(2)
o(lly 0.2579(5) -0.1760(10) -0.0739(5) 0.0298(10)3838(5) 0.0297(9) 0.6582(5) 0.0293(19)
Na(l) 0.9163(3) 04168(7) 0.2672(3) 0.0427(1BP778(10) 0.279(2) 0.0353(9) 0.216(9)
Na(?) 0.7664(3) 0.1465(6)  0.3426(3) 0.0404(18)1729(4) 0.1898(10) 0.5252(3)  0.069(2)

Table 2.
Fractional coordinates (A) and isotropic equivakemiperature factor @
with s.u. in parentheses for the oxygen atoms@fithter molecules.

X Y Z Ueq

O(W1) 0.7467(5) 0.3619(11) 0.2497(5) 0.040(2)
o(W2) 0.8063(6) -0.0992(12) 0.2994(6) 0.047(2)
O(W3) 0.9229(6) 0.2336(12) 0.3739(6) 0.046(3)
o(W4) 0.6046(8) 0.0695(12) 0.2315(7) 0.065(3)
O(Ws5) 0.3753(6) 0.1765(12) 0.8755(5) 0.044(2)
O(W6) 0.4992(6) -0.1763(12) 0.7343(5) 0.043(2)
o(W?7) 0.2782(9) -0.4706(13) -0.0972(7) 0.066(3)
o(W8) 0.8874(7) 0.6273(13) 0.3479(6) 0.056(3)
O(W9) 0.5325(8) -0.0234(15) 0.8900(6) 0.065(3)
O(W10) 0.4105(8) -0.2099(17) 0.0388(8) 0.081(4)
O(W11l)  0.4536(12) 0.073(2) 0.0975(9) 0.115(6)
O(W12) 0.9568(7) -0.13711(7) 0.4958(6) 0.057(3)
O(W13) 0.4228(6) 0.3294(19) 0.9945(6) 0.106(7)

Conclusions

The 5-CMP.Na single crystall was grown from a mixture of water-
methanol solution and crystallyzes in the monocligriystallographic system with
four molecules per unit cell and the space groyp The unit cell parameters and
the fractional coordiantions were determined.
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ABSTRACT. The structure of lanthanum sulphate enneahydra€S0Qy); - 9 H,0)
was determined by X-ray diffraction methods. Singlg/stals of appropriate
dimensions (& 1 x 0.5 mni) required for these studies were grown from sofuti
by the slow evaporation of the solvent. The prelamnresults show that the
orthorhombic unit cell contains four formula urétsd its parameters are: a =
(9.597+ 0.05)A,b = (9.957+ 0.05)A,c = (17.483+ 0.05)A, a = 8= y= 9C.

INTRODUCTION

We consider that the crystal structure deternmomatind the study of the
physical properties of lanthanum sulphate enneahgdiLa(SO,); 9H,O) are of
interest due to the surprisingly few data availahlehe literature regarding this
compound. As a matter of fact, we found only orferemce discussing the crystal
structure of LZSQy)3 9H,0 [1].

The main fact that determined us to approach shlgect was the big
difference between the external shape (habitu#)eo§ingle crystals obtained by us
(distorted octhaedra-like crystals) and the onewioed by the authors of the
above-mentioned paper (needle-like hexagonal dgysta

Another mentioning in the literature of this maékmwas— in its single
crystalline state — as a diamagnetic base for pagastic ions studied by EPR [2].
But an accurate interpretation of the EPR spedirth® doped LSOy 9H,0
single crystals also demands an exact determinafitme crystal structure.

EXPERIMENTAL

a) Thepreparation of the Lay(SO,); 9H,0 single crystals

The first step we performed was the preparationthed polycrystalline
Lay(SOy)s x H,O. The starting materials in this process were liefanthanum
and diluted sulphuric acid. From the chemical rieacdf these two components the
wanted compound resulted.

The polycrystalline material was purified by remeatrecrystallizations from
distilled water.
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The growth of relatively large and good-quality steys from aqueous solutions
takes place in two stages. First, a crystal nuqlsesd) must be formed, which then
grows in a new solution to the desired dimensionthBthe formation of the
nucleus (seed) and its further growth are basethemelation between solubility
and temperature. The nuclei are obtained from bfestaolutions, from highly
supersaturated solutions. The required supersetnrigt in this case, obtained by
the evaporation of the solvent or by a constanteim®e of the temperature. These
methods may be carried out in various ways.

We have produced seed crystals by the slow evaporat the solvent. The
saturated aqueous solution was prepared at roompetamre. After several days
small single crystals were formed in the solutibrom these crystals we selected
the ones of good quality and appropriate dimensidns1x 0.5 mni) for the
X-ray measurements.

b) Crystal structure determination

The single crystalline quality of the X80y); 9H,O crystals obtained by us
was evidenced by X-ray diffraction methods sucthas.aue method, the oscillating
crystal method and the Weissenberg method.

The selected small single crystals were fixed olgomiometer head and
oriented after one of the crystallographic axeshwite help of the photographs
obtained in the Kulpe-Schulz convergent cameran@ubemicylindrical films) and
the Kulpe device for the orientations correction.

The X-ray diffraction measurements were performedé dUR MX61 apparatus.
The crystals were illuminated with a monochrombgam using the Fe radiation

(\=1.9728 A).

RESULTS

Figure 1 shows relatively large ¥80,); 9H,O single crystals obtained
from solution by the slow evaporation method ussegd crystals. For the X-ray
diffraction measurements, smaller crystals wereuse

The single crystals were at first oriented in @&diion of a given symmetry
(crystallographic axis) by the Kulpe method.

After the accurate orientation was establisheddetermined the value of
the lattice constant in this direction (for instaa} using the rotation pattern. From
the as-obtained diffraction pattern we calculatdte tlattice constanta:
a=(9.51+ 0.05)A.

For the same orientation, using the Weissenberdnodetwe determined
the other two lattice constants= (9.84+ 0.05)A, ¢ = (17.40+ 0.05)A and the angle
between thema = 9C°. These values were obtained from the reciprodéicéa
constantsb’ andc’, the reciprocal lattice being represented on thsisbof the
Weissenberg pattern.
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Fig. 1. Lax(S0y4)s 9H,0 single crystals grown from solution by the slovageration method.

In order to obtain a consistent set of lattice paai@rs, measurements were
performed also for different orientations of theystal along the other two
crystallographic axels andc.

When the crystal was rotated about bhaxis, from the resulted pattern we
obtainedb = (9.96+ 0.05)A. In this case the Weissenberg pattern divesollowing
values fora andc and for theBangle between thera:= (9.60+ 0.05)A,c = (17.64+
0.05)A,5=190.

When the crystal was rotated about ¢haxis, the rotating pattern gives a
value for c:c= (17.51+ 0.05)A. The Weissenberg pattern gives foand a:

b = (10.00+ 0.05)A,a = (9.64+ 0.05)A and for the angle between them 90

From these values and using the experimentallyridgted value of the
density, p = 2.7953 g/cr) we deduced that the unit cell contains 4 molecole
Lax(SOy)3* 9 HO.

From the above mentioned results we concludedthieatinit cell structure
contains the following components: 8Lins, 12 SG ions and 36 KD molecules.
The possible positions of these ions and molecufesthe unit cell of
Lax(SOy)s 9H,0 are presented in Figure 2.

The real space group and the exact position ofthetural elements in
the unit cell can be determined only if the intgndiata are automatically collected
using a four-circle diffractometer.
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Fig. 2. The possible positions of ions and molecules iruthiecell of La(SOy)3 - 9 H,O

CONCLUSIONS

The above mentioned results show that th€3@,); - 9 H,O single crystals
prepared by us have indeed a different structora the one mentioned in [1].

The crystallographic system of our crystals resulie be orthorhombic,
with aC type lattice. The Laue symmetry grouprisim and a possible space group
that can be partially deduced from the systemaliseaces of the zero layer
Weissenberg photographsG/c 2/c 2/a .
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1. Introduction

In laboratory instrumentation and also in physirah chemical experimental
process studies the computerised control and dafaisition systems are one of
the most important upgrade in our research activityis allows translating the
communication between man and instrument or marpamecess to a much higher
level of human intelligence than before microconepsitvere extended. In physics
and in chemistry we deal with complex processesravtiiee useful information
results after acquiring and processing of a vengelaet of data. The use of personal
computers (PC) is not only recommended but alsisfreehsable.

2. Control and data acquisition system topology

Combining the features of the PC's with the ondisifibuted programmable
microsystems in the studying of experimental preeg®r in the development of new
scientific instruments we obtain many advantagéstributed processing provides us
speed and better reliability for the entire systBepending on system requirements, a
compromise between speed and reliability could dmraplished with an adequate
hardware and software engineering. The topology @omplete control and data
acquisition system is shown in figure 1. Multipeedlback control loops are closed
using distributed programmable microsystems. A phwd”C controls the entire
distributed microsystem structure. In this compiardware and software configuration
the PC is the master and the microsystems ardaress Interfacing an experimental
process or a scientific instrument with such a eresdaves computing configuration is
one of the most demanding steps in the whole syd@wmlopment. The first task is a
logical separation of all functional units in tlaeget controllable system. Depending on
the acquired or/and controlled parameter eachibimattsubassembly is equipped with
proper sensors, transducers and actuators. Marigolbeth systems and instruments
could be damaged when one or more functional paesnexceeds the maximum
rating values. In order to avoid such undesiraghitns, apart from sensors used in
feedback loops, the system is equipped with otlaastiucers. These are intended to
watch the maximum or minimum allowed limiting vatueTherefore the entire
controlled process or instrument will be comple#gith two very important functional
blocks: one is the block of sensors and the andthtee block of actuators. These are
separated in the logical diagram but in realityythee integrated with the controlled
system. All the sensors and actuators must bell@tstaccording to the theoretical
background and mathematical model of the entir&raibed system.
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Fig. 1. Simplified block diagram of the control and datgasition system for
laboratory analytical instrumentation and experitaen

Z N

The type of microcomputer was chosen to be apjaipto the task
complexity of the correspondent loop and the speddmands for proper real time
functionality. For medium complexity and medium egds recommended to use
microcontrollers, which allow an easy implementatiof a local feedback loop
with minimum hardware effort. For higher speed anthplexity the most suitable
are microprocessors (CPU’s) from Intel or Zilog. dpecial situations with very
high-speed signals, the choice is DSP (Digital Sidgirocessor).

The master PC correlates all functional tasks @eecindividually by the
slave microsystems and also implements a friembrfiace between the controlled
system and the operator. For this purpose is dabkdot implement a proper
communication protocol between the master PC aral distributed slave
microsystems. We prefer to use the standard sssramunication protocols such
as EIA/TIA-232-E, RS-485 or the instrumentatiomd&rd communication GPIB-488.
It is possible to apply a special bilateral dagamsmission with the parallel LPT port
but only if it has EPP or ECP capability.

3. Microcomputer with extended input/output capabiity — the hardware

The general block diagram of the microsystemsthedmain computer is
represented in figure 2. Every PC is equipped sti#imdard input/output hardware,
but in order to use them in complex feedback loextsa input/output hardware
must be added. The microsystem with extended anahofydigital input/output
capability is fitted with dedicated input/output dute cards. Depending on the
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operating principle of the detectors and actuatoessignals involved in the whole
system could be analog or digital. The majoritytloé sensors and transducers
provide us analog signals and only a few of theweldigital output. The second
case is typical for transducers specialised mddmigetecting the level of a parameter.
When its output is a logical true level the systeorks properly. Actuators also
need analog or digital control signals, correspogdo their operating principles.

DIGITAL INPUT MODULE DIGITAL QUTPUT MODULE
— Digital input > Digital Input | - Digital Ouput - Digital Output |
g Conditioner Interface £ e Interface Driver e
ANALOG INPUT MODULE ANALOG QUTPUT MODULE

Interface

nComputer
m BN |_i 5 |Analog Output m > —

Analog Input interface and Control

Digital and Analog Signals from Sensors and Transducers Digital and Analog Signals to Actuators

Fig. 2. Generalised configuration of the microcomputehweixtended input/output capability

3.1. Digital input module

Digital signals can be very easy interfaced witl digital microcomputer,
therefore the use of digital data is preferred.t@other hand the transmission of
digital data is much more reliable than the onar@log transmission, especially in
noisy environment. These considerations make usadransducers with direct digital
output where possible. In order to turn to thetdigransmission, transducers with
analog output placed at long distance from the RCeguipped with local A/D
converters. Digital data transmission uses botlegsygf transmission: parallel and
serial. With digital parallel data we can accomnplisigher bandwidth but at a
higher price. Serial formats lead to a lower caost also offer a more simple way
for galvanic separation.

The standard logical signal levels must be appliedevery digital
transmission. Therefore sender and receiver isppgdi with level converters. At
receiver the digital noise is eliminated with Sclitrtriggers. In special situations,
when the sender and the receiver must be galvinisaparated, at receiver the
input circuits are equipped with optocuplers.
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3.2. Analog input module

A large number of sensors deliver information iegby analog signals.
The main task of this module is to convert the egahput signals to a digital one,
making them compatible with further digital prodagswith computers. If the
sensor is not very far from the microcomputer wefgarnot to fit every sensor with
an expensive A/D (analog to digital) converter.tdéasl of it we use an A/D card
with multiplexed analog inputs and only one coneerin special cases when high
acquisition speed and also high accuracy is neededapply the expensive
solution: each analog input equipped with its owD &Aonverter and multiplexing
in digital signal way. The A/D converter type isosken according to the speed
demands. For higher speed signals we use succeggiveximation converters and
for lower speed dual slope converters. If high amcy at medium speed is
imposed a delta-sigma converter is the best choice.

Analog signals delivered by transducers have uariwltage and current
levels, depending on their constructive aspects.optimum accuracy of the A/D
conversion we must match these levels with convéerfrit specifications. In order
to translate the output range of a transducerdarput range of the A/D converters
analog signal conditioners are applied. These itsrciaccomplish filtering
(antialiasing), amplifying and shifting tasks féretgiven signal. The antialiasing
filter is a low-pass filter with cut-off frequencynatched with the Nyquist
frequency of sampled analog signal. The level & $ignal is adjusted to the
desired value through software with digitally pragnmable gain amplifiers.

3.3. Digital output module

The digital output module is designated for acttstwith digital control
inputs. From this category the most widespreadttaeebipolar on-off regulating
elements. Output voltage and current levels, frow Ibasic components of the
digital output module, usually don’t match the attus’ requirements. Therefore
we use power drivers. Several drivers were realisgeén collector drivers for
general purpose, relay output drivers and AC outpristers. The open collector
driver is realised also with optocoupler galvamsiglation. The driver for AC lines
is also provided with optocoupler separation anthvai zero crossing circuit for
minimum electromagnetic switching noise.

3.4. Analog output module

The analog output module delivers control signals&nalog input type
actuators. Complex waveforms, needed for testir dmaracterising the system,
can be generated with this module. The basic coemerof these modules are D/A
(digital to analog) converters. In order to asseuired voltage and current levels
needed by actuators and by signal generators, jigbision power amplifiers
follow the D/A converters with increased output isgvcapability.
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4. The software

Because each feedback loop is closed through d ha@aocomputer
system, proper real time data acquisition and ocbmtiutines are implemented on
each microcomputer system. The master-slave congationi needs communication
protocol routines. These are implemented on thetand®C and on each slave
microsystem. On the master PC are implemented tb& sophisticated friendly
operator interfacing routines.
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Purpose

The natural magnetic field or the geomagnetic field (GMF) is a physica
factor of the normal environment. The natural variations of this field can affect the
health of man. Consequently we may expect that the lack of GMF or zero magnetic
field (ZMF) could influence the living processes as well, possibly even more than
the present fluctuations of GMF. At the same time it is possible that ZMF may
have qualitatively different effects compared to the geomagnetic storms, or at least
we may address this question.

The purpose of our work was to investigate the influence of ZMF on
several elementary cell processes after in vitro exposure of human blood to ZMF.
We have investigated the ateration of the Na'-K* ATPase and Ca®* ATPase
function by measuring the change of the ion concentrations in the serum as well as
the ratio of amino transferase-TGO and alanin amino transferase- TGP activities.

M ethods

Human blood was collected by venipuncture from apparent healthy donors.
After coagulation and centrifugation, the following assays were performed in the
serum, by using a Beckmann CX5 autoanalyzer: sodium, potassium and calcium
concentration as well as the activity of TGO and TGP. The determinations have
been performed on samples of blood exposed up to 72 hours at room temperature,
a 24 hourstimeinterval.

Results

Sodium concentration in the serum steadily decreased in the serum while
potassium increased as a result of the decreased ion pump activity at room
temperature. However in ZMF conditions this process was significantly faster than
for controls.

At the same time calcium concentration in the serum decreased as a result
of penetration into the blood cells which in turn is possibly due to the lower
activity of calcium ATPase induced by ZMF.
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Fig.1. Effect 0 zero magnetic field exposure on the sodium concentration in blood serum
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Fig.2. Effect of zero magnetic field exposure on the potassium concentration
in the blood serum

The effects are summarized in fig.4 which shows that exposure to zero
magnetic field has relative important effects. Included are also other observations
about Fe and pH, which have not been mentioned in the text. The presence of a
relative large quantity of Fe in the serum represent further evidence for an increased
hemolysis which is a consegquence of the ion disturbed balance in erythrocytes.

It has also been found that the TGO/TGP ratio increase by up to 33% after
three days of exposure to ZMF conditions. The faster decrease of TGP activity,
suggests that ZMF caused increased cellular death. This result isin agreement with
the above findings related to the change of ion concentration in the serum due to
disturbed balance between serum and cells.
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Fig. 4. A summary of the effect of zero magnetic field exposure on the rate of change
of ion concentration in the blood serum

The whole experiment seem to suggest that the effects represent a result of
the alteration of the enzymes activities both in the cell membranes and within the
cell. Consequently the ion balance is modified such as to increase the rate of cell
aging and final increased hemolysis.

A search of the literature reveded that exposure of enzymes or other
proteins to an abnormal magnetic environment, i.e. different to the geomagnetic
field, may alter their functional role and therefore our results are on similar line.
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Conclusions

In vitro exposure of human blood to zero magnetic field conditions leads to a
significant decrease of the sodium-potassium and calcium ATPase activities as well
as of transaminase activities. Thisimplies that in vitro cell ageing and death proceed
faster in ZMF compared to natural magnetic conditions. The results may be relevant
to in vivo exposure of organismsto ZMF where asimilar trend could hold.
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1. Introduction

The study of the relationship between the strucamd the function of
proteins is one of the most important tasks of iémgists and biophysicists.
Enzymologists have developed methods for studyimg telationship that were
applicable to study the mechanism of catalysis. &l@w, it has not existed a
satisfactory explanation of this phenomenon. A iptsgxplanation could be a special
vibrational coupling under the control of an attea¢Havsteen, 1989).

The involvement of deterministic chaos in the fimttof enzymes have
been detected before for chymotrypsin catalysisvgkteen, 1989, 1991), oxygen-
myoglobin binding (Havsteen, 1989) and for humasoiyme when it reacts with
tetra-acetylchitotetraose (Isvoran et all. 1998).the previous study for human
lysozyme, the changes in the temperature factotheofimino acids were used as
flexibility parameters and it was detected an attrawith the dimension 2.4+0.29
(Isvoran et all, 1998). In this study we have uaedexibility parameters the changes
in the spatial coordinates of the lysozyme wheedtted with tetra-acetylchitotetraose.
This study had the advantage of a better resolligmause the number of data is
much greater. The result obtained here has beepareh with the previous result.

2. Method

The involvement of deterministic chaos in the kgidal function of human
lysozyme was analyzed by using methods of linear mon-linear analysis: the
power spectrum, the autocorrelation function, @ilewation of the integral correlation
function, the Poincaré plot and the Lyapunov expts€Arghyris, 1994). In these
analysis we have used the changes in the spatiedinates between the free human
lysozyme and its complex with tetra-acetylchitaese.The values for the spatial
coordinates of the atoms for the enzyme and focatsplex were obtained from
the Protein Data Bank of Brookhaven National Latmoya(code entry 1LZ1, 1LZR).
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3. Results

The autocorrelation functions for the changes éxhy and z coordinates
show the damping expected from the control of ttieaetors (not shown). The
Poincaré plots (x versus R, that are the projections of the attractors iangl
show domains that are preferentially occupied Fgd.

Dx Dy

Fig. L.a Fig. 1.b

Fig.1. The Poincaré plot for the differences in x-cooad@s (a), y-coordinates (b)

The strongest indicator of the presence of thecttr is the saturation of
the integral correlation coefficient with increagithe number of coordinates in
phase space. If we increase the embedding dimemsiand the gradient of the curves
InC(r)=d|Inr| reach a saturation for relatively small n-valudgent an attractor
exists for the given series of data points (Argt all., 1994). For the changes in
x-coordinates the saturation value is 1.81+0.16euride control of 5 parameters
(fig. 2.a), for the changes in y-coordinates itli88+0.1 under the control of 4
parameters (fig. 2.b) and for the changes in zdioates it is 2+0.09 under the
control of 5 parameters (fig. 2.c).

The power spectrum is defined as the Fourier toamsbf the autocorrelation
function. Although the autocorrelation function ahd power spectrum are equivalent
representation of the same process, they reve#d gifferent characteristics of
initial state. The autocorrelation reflects the meymand inner connections of the
system whereas the power spectrum informs abolt fr@guencies. The power
spectrum must be broad in order to allow for thesterce of an attractor. The
reprezentation of the power spectra in log-log exand the linear fitt of them
show broadbands profiles with “like distributions: 1/° for the changes in x-
coordinates, 17f* for the changes in y-coordinates and¥/for the changes in z-
coordinates (shown below for the x coordinate anlilese distributions are
specific for chaotic processes (Goldberger et 4086, lkeguchi and Aihara,
1997).
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Fig. 2. The dimension of attractor for
the changes in the x-coordinates (a),
y-coordinates (b) and z-coordinates (c).
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Fig.3. Power spectrum of the fluctuations of the x couatk
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The concept of Lyapunov coefficients allow us tdkenatatements regarding
the stability of given trajectories. A positive Lpunov coefficient characterizes the
exponential divergence of the trajectories (ArghytB94). The Lyapunov coefficients
for the changes in the X coordinates of human lyswzare shown in the figure 4.

01z -
011 -

o0

Fig. 4. Lyapunov coefficients for the changes
of X coordinates of human lysozyme
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4. Discussion

The results presented here indicate that an aitracintrols the spatial
fluctuation of human lysozyme when it reacts witAC. The changes in all the
coordinates (x, y and z) are controlled by regaléiractors with almost the same
dimension: 1.81+0.16 for the changes in x-coordisal.88+0.1 for the changes in
y-coordinates and 2+0.09 for the changes in z-doatds. These dimension are in
good agreement with the conditiois2IgN, were N is the number of data points
(Arghyris et all.,, 1994). The agreement betweers¢hdimensions supports the
validity of hypothesis of an attractor control. $hiesult comes to confirm the
previous result, i. e. an attractor with the diniens2.4+0.29 that controls the
coupling between the molecular vibrations of hurlysoezyme when it reacts with
TAC (Isvoran et all, 1998). It also has the advgataf a better resolution because
the number of data used here is much greater.

There are in the literature many other studiedhia field. Some of them
are the following:

- for chymotrypsin catalysis, a regular attractortvitte dimension 1.8+0.2 and
a stochastic attractor with the dimension 0.86+0M38e found (Havsteen,
1989, 1991),

- for the digoxin binding to the specific antibodgn attractor with the
dimension 4.0£0.1 in the light chain and one with timension 5.7+0.7 in the
heavy chain were determined (Havsteen, 1997).
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- the vibrational properties of the catalytic H-chand of a non-catalytic L-
chain for an esterolytic antibody are characteribgdan attractors with the
dimensions 3.0£0.3 for H-chain and 7.5+0.5 for laich(Havsteen, 1999),

- for the four Japanese vowels (/a/, /i/, /ul, /efotalized by a male subject
were determined attractors with dimensions: 2.2f@r4he vowel /a/, 2.0 for
the vowels /i, /u/ and /e/ (Ikeguchi and Aihara971%),

- attractors with different dimensions, 2.0 and X5pectively, were obtained
for two pulse waves in human finger capillary vésgecorded under two
different conditions from the same subject: thejecibtakes a rest and the
subject just finished a physical task (Ikeguchi &itthra, 1997 a).

In conclusion we take in consideration all thessults presented here, we can
notice the possible biological role of determirtisthaos.

Acknowledgements: The authors wish to thank Professor Bent Havsteen for useful
discussions and suggestions.
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ABSTRACT. Results on the influence of 6 MeV electron beathad5 GHz 565 W
microwaves as well as of the combined treatemeng °aC and -196 C, on lactate
dehydrogenase activity are presented. Our dataeshawmoderate inactivation of the
electron irradiated lactate dehydrogenase, in thee drange (0-4.2 kGy). The
microwave irradiated samples exhibited a non-lifedraviour (successive activation
and inactivation of the enzyme molecules) sugggdtie major influence of the
nonthermal component of microwave radiation. Thenlmioed irradiation lead to
similar behaviour of the enzyme as in the casdeofren irradiation.

Key-words: lactate-dehydrogenase, electron irramhiatmicrowaves.

INTRODUCTION

There is little information on enzyme inactivatisith high LET radiations,
and electron irradiation was used only in few s8di,2,3,4/ and still the molecular
mechanisms induced are not completely clarifie@//%;reezing the samples at low
temperatures makes possible the determinatiorobbfhon-thermal effects (specific
effects induced by electromagnetic radiation irtiiba with the biosystem, distinct
from the changes induced by heating that occuithénirradiated samples/6/) of
microwaves/6,7,8/ and the direct effects of elettioadiation (due to direct
interaction radiation-biomacromolecule)/5/.

The aim of this paper is to study the direct eBauft6 MeV electron beam
and 2.45 GHz microwaves, at>-& and -196 C irradiation temperatures, on lactate
dehydrogenase.

METHODS

Crystallised lactate dehydrogenase in ammoniumhstié solution 3.2 M,
pH aprox. 6 was diluted in the ratigub crystallised enzime/3 ml bidistilled water.
1 ml aliquots of the suspension were placed inntioeesistant plastic trays, for
irradiation procedureThe samples were frozen at°@ using an ethanol-ice bath,
and at -196 C by: a) rapidly immersing the samples in liquittogen, b) freezing
the samples at -3C (using an ethanol-ice bath) or c) at °XD (using a methanol-
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ice bath) and afterwards immersing them in a lignitogen bath.They were
irradiated in a rectangular cavity designed to fteeither electron beam irradiation
only, or microwave irradiation only or simultanealsctron beam and microwave
irradiation. A microwave generator with the powegr to 850 W at 2.45 GHz is
coupled to the rectangular cavity sidewalls by nseah a floated waveguide
system. Scanned electon beam from the ALIN 10 lofa&&MeV (average intensity
of 5-10 YA, frequency of the pulses 100 MHz, time of a puts&0 ps) was
introduced perpendicularly by the upper wall endhef thickness of 0.1 mm.y The
monitor of the ionising chamber situated underghmples was calibrated in dose
units using Fricke dosimetry before irradiation dhd dose rate was estimated to
be constant during irradiation.

Lactate dehydrogenase catalyses the hydrogeridraraction:

piruvate + NADH + H <---------- > lactate + NAD

The enzymatic activity of lactate dehydrogenase watermined by
measuring the rate of extinction decrease at 34@hNADH accompanied by the
reduction of pyruvate to lactate, according totdahnique of Bergmeyer et al./9/.

RESULTSAND CONCLUSIONS

Lactate dehydrogenase presents partial unfoldirenviteezing and thawing
/10/, that leads to an irreversible loss of theyeraic activity. The optimal procedure
to prepare the frozen enzyme suspesions for itiadiseemed to be procedure c,
which reduces the activity only to 82 %.

It is known that radiation inactivation of enzynigsnainly monoexponential
with increasig the dose /1,5,11/. The total ination of frozen enzymes, due to
direct effects of radiation is obtained for lardecéron doses as 10-50 kGy /5/. We
choosed the electron dose range and irradiatioa periods (the same for both
radiations) so that the samples to remain in fratate during microwave irradiation.

High energy electron irradiation of frozen lactd&hydrogenase at °3C
and -196 C, independent on the procedure of freezing indibee range 0-350Gy
and 0-4.2 kGy leads to a insignificant respectivelioderate decrease (mainly
down to 50% of the frozen enzyme activity) of timzymatic activity (figures 1-3).

Microwave irradiation leads to variations of thezgmatic activity,
presenting zones of activation of the enzyme mddsciollowed by zones of drastic
decrease (figures 1-3), suggesting the major inflaeof the nonthermal component
of microwave radiation. The most semnificative afions are presented by the
samples irradiated at °3C (figure 1). The activation of enzyme moleculéghhbe
explained by radiation action on the inactive engymolecules present in the
suspension (obtained inevitably by the standardgatare of enzyme separation from
the tissues, and by freezing). Similar repeatedltsesvere obtained also for 400 W
and 495W microwave powers,but not for 310W microsgaydata not presented
here), indicating that the activation of frozenyaneg molecules takes place only at
large power levels, the bigger the power level, thereased activation being
obtained.
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The combined irradiation lead to similar behaviofithe enzyme as in the
case of electron irradiation.

Our data inform on electron beam and microwavéatexhs influence on
the enzymatic activity loss during freeze-thawindpen the subsequent growth of
the water crystals influences the two and threeedsional structure of the enzyme
/10/. The system studied is very complex becaustefsuperposition of freeze-
thawing effects on the irradiation effects, both lecalar mechanisms being
incompletely clarified yet. Further studies aredeskto clarify both aspects.

1. Effects of radiation on lactate dehydrogenasiwigc The enzyme was
frozen at —3 C before irradiation. Electron irradiation wasfpemed at dose rate of
11 Gyls.

2. Effects of radiation on lactate dehydrogenaseigc The enzyme was
frozen at-198C (two step technique: *&, -196 C) before irradiation. Electron
irradiation was performed at dose rate of 43 Gy/s.

3. Effects of radiation on lactate dehydrogenaswigc The enzyme was

frozen at —196C (two step technique: *&, -196 C) before irradiation. Electron
irradiation was performed at 350 Gy/s
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ABSTRACT. The effects of 6 MeV eectron beam (0° C) and of 2.45 GHz
microwave (-196° C) at 0-850 W, as well as preliminary results of the combined
treatment, on the osmotic fragility of human erythrocyte membranes are presented.
The changes in the properties of the erythrocyte membranes were estimated by
measuring the radiation induced haemoglobin release from the erythrocytes
(hemolysis) and the osmoatic fragility of the membranes, determined by postirradiation
induced osmotic stress. We obtained no hemolysis induced by accelerated electronsin
the range 0-400 Gy, whereas the microwave irradiated erythrocytes showed in the
ranges (1-2 min) and (400-500 W ) values of very smal hemolysis, down to 50%
from the control. The osmotic stress experiments indicated a significant increase in
osmotic fragility for 200 -400 Gy electron doses, whereas the 100 Gy irradiated
sample showed a hemolysis down to 35% from the control. Similarly, the microwave
irradiated erythrocytes showed values down to 60% from the control for (1min,
850W). Both radiations induced at definite parameters vaues of very small hemolysis,
suggesting a stabilisation of the membranes and an increase in osmotic resistance. Our
preiminary results on simultaneous irradiation of the frozen erythrocytes seem to
indicate a significant contribution of microwaves in hemolysis evolution, while the
successive irradiation procedure did not alow so far a clear interpretation, further
studies being necessary to € ucidate the membrane molecular mechanismsinduced .

INTRODUCTION

The actual experimenta data provided by the scientific literature concerning
the effects of microwave irradiation and combined microwaves with electron
irradiation on the biological samples are controversial and the molecular mechanisms
involved in the physico-chemical modifications that occur are not completely
clarified [1]. Freezing of the samples at liquid nitrogen temperature makes possible
the determination of the non-thermal effects of microwaves and the direct effects of
electron irradiation on the biomembranes [1,5,6]. The temperature variations in the
frozen state of the sample do not affect the erythrocyte membrane properties.
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METHODS
Sample preparation

Human blood from a healthy donor stored for 3 days in a blood bank was
washed three times according to a standard procedure with phosphate buffer
solution 150 mM NaCl / 5 mM K;HPO,/ KH,PO4 at pH 7.4. Packed erythrocytes
obtained by this procedure were suspended at a final cytocrit of 16.66%. In the
case of microwave irradiation, the packed erythrocytes were suspended at a final
cytocryt of 16.66% in a crioprotectant buffer solution consisting of 28 g glicerol/2.8 g
sorbitol/ phosphate buffer solution 150 mM NaCl / 5 mM K,HPO,/ KH,PO4 at pH
7.4.

Irradiation procedure

Device: The samples were irradiated by using: a rectangular cavity (RC)
specialy designed to permit either electron beam irradiation only, microwave
irradiation only, or combined (simultaneous or succesive) electron beam and
microwave treatement. Microwave power, up to 850 W at 2.45 GHz is coupled to
the RC sidewalls via a slotted waveguide system. Scanned vertical 5 MeV electron
beam of a linear accdlerator with the following parameters. 5-10 MeV energy of the
eectron beam, average intendity of 5-10 uA, frequency of the pulses 100 MHz, time of a
pulse 5-10 uswasintroduced perpendicularly by the upper end of 100 um thick.

Temperature: The samples were thermostatated at 0° C using a ice-water
bath, and at -196° C using aliquid nitrogen bath .

Dosimetry: The dose accumulated by the samples was estimated using
Fricke dosimetry in calibrating the monitor of the linear accelerator.The dose rate
was estimated to be constant during irradiation (2 kGy/min).

Hemolysis M easurements

= Theirradiation induced hemolysis was determined by measuring the hemoglobin
released in the supernatant of the samples because of radiation action. This was
achieved by measuring the optical absorbency of the supernatant solution at
540 nm and the results were reported to the total hemoglobin released by the
control samplein the presence of distilled water.

= The osmotic fragility of irradiated erythrocytes was determined by measuring
spectrophotometrically the hemoglobin loss in the supernatant of the erythrocytes
exposed to osmotic shock by suspending them in solutions with different
concentrations of NaCl. In the particular case of the microwave irradiated
erythrocytes, the cells were washed to eliminate the protector solution, by using a
standard procedure which consists of several centrifugations and resuspensions
of the cellsin buffer solutions of different osmolarities. Finally the cells were
suspended in a buffer solution consisting of 150 mM NaCl / 5 mM K2HPO4 /
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KH2PO4 pH 7.4, at a hematocrit of 6%, for each sample. The osmotic stress
was performed by suspending 300 ul of every 6 % solution in 5 ml of buffer
solution containing different NaCl concentrations (fina cytocrit of 0.34 %).
After 10 minutes necessary for osmotic stress results to be complete, the samples
were centrifuged at 500 g for 5 min and the hemoglobin released in the
supernatant determined spectrophotometrically. All the results were reported to
the value of the maximum hemolysis obtained for the nonirradiated sample.

RESULTSAND CONCLUSIONS

Our results showed no hemolysis induced by electron irradiation at 0° C, in
the dose range 0-400 Gy, indicating that the membrane modifications due to radiation
interaction do not reach a critical point to cause swelling of the cells and consequent
lysis.

The microwave irradiated erythrocytes showed in the ranges (1-2 min) and
(400-500 W) values of very small hemolysis, down to 50% from the control (fig.1).
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Figure 1. Hemoglobin loss from microwave irradiated erythrocytes at different exposure
times and different power levels.

The influence of radiation is tested in the osmotic stress experiments
peformed after irradiation, which give information on the most resistant erythrocyte
population in the samples.

The electron irradiated samples showed a drastic behaviour in the osmotic
stress experiments (fig.2). They showed a hemolysis induced by the strongest
osmotic stress with 75-85 % higher than in the control sample. In the case of a
certain electron dose (100 Gy), the hemolysis degree was found much smaller than
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for the control sample (35 % from the control, at the strongest osmotic stress). A
similar behaviour of the erythrocytes was found in the case of microwave irradiation
of the erythrocytes at subzero temperatures.
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180 B— o —® —A—60mMNaCl
160—- o —wv— 70 mM NacCl
140 ] / —&— 80 mM NacCl
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s 7 e 120 mM NaCl
% 601 —1—150 mM NacCl
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Figure 2. Influence of different electron doses on the osmotic fragility of
human erythrochyte membranes.

The microwave irradiated erythrocytes at -196° C exhibited a similar
behaviour with the electron irradiated red cells (fig.3). The samples irradiated for
(2 min, 850W) showed a hemolysis degree of approximativelly 60 % from the
control sample. In the case of microwave irradiation it can be assumed that this
effect is due to the non-thermal component of electromagnetic radiation. Possible
resonances a the molecular level also have to be taken into account for the
explanation of the results obtained: the points of very small hemolysis might be
seen as resonances at the molecular level, in response to irradiation time. They
should be characterised by a "stationary state" of the membranes, that implies an
increased resistance of the cellsto osmotic stress.

The similarity between the results obtained in the case of eectron irradiation
at 0° C and microwave irradiation at -196° C, might suggest similar energy absorbtion
into the samples,in the two different sets of irradiation conditions (liquid samples at
0° C and frozen samples at -196° C). Much more experimental data is necessary in
order to clarify this similar behaviour, obtained for the two different radiations.
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Figure 3. Influence of microwave irradiation time on the osmotic fragility of
frozen human erythrocyte membranes.

Our preliminary results on simultaneous irradiation of the frozen erythrocytes
(fig.4 a,b) seem to indicate a significant contribution of microwaves in hemolysis
evolution, while the successive irradiation procedure (fig.5) did not allow so far a
clear interpretation, further studies being necessary to elucidate the membrane
molecular mechanisms induced.
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Figures 4 a,b. Hemolysisinduced by simultaneous microwave and high energy electron
irradiation of frozen erythrocyte membranes.
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Figure 5. Hemolysisinduced by simultaneous and successive microwave and high energy
electron irradiation of frozen human erythrocyte membranes.
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Scope

The aim of the work is to establish whether sotdivily and, implicitly the
geomagnetic activity, over a period of one yean o#luence the status of the
blood serum proteins of human subjects. This ingagon is part of a broader
research project aiming to two fundamental questia) whether the normal
healthy subjects are influenced by increased genetagactivity and b) to what
extend subjects suffering from various diseasessansitive to the geomagnetic
activity. Finally, if the geomagnetic activity weiedeed a factor of risk for health
it would be desirable to alert people in advanadlie increased health risk during
the period.

We know by now that many aspects of the healttustare influenced by
increased geomagnetic activity manifested as magsterms. Some examples are:
increased risk for heart infarct, depression, cigniproblems to only cite a few
(Morariu, 1998; Morariu et al.1999).

The design of theinvestigation

One way to approach the problem would be to seldetv subjects with a
known health status and monitor the serum proteuss a period of time, which
would include a magnetic storm. While such an expent is not impossible, it
rises operative difficulties such repeated blodtecton from the same patient and
also "catching" a major magnetic storm.

An alternative would be an exploratory investigaton all data obtained in
a clinical laboratory where five days a week, saMens of patients are received. The
disadvantage is that a multitude of cases is iredincluding various ages, sexes,
and pathologies. This information cannot be pradtidncluded afterwards in the
data analysis. However such an investigation cpasisibly offer an answer on
whether the average clinical data are sensititkeé@eomagnetic activity. We have
chosen this second alternative for the present work

Further we know that the geomagnetic activity risréased during the
spring and the autumn, therefore we search focesffduring these seasons. The
solar activity is on the rise of its 23 cycle.
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Materialsand M ethods

The investigation was carried out on the clinicaltad obtained at
Biochemistry Laboratory of the State Polyclinictbé city of Cluj-Napoca. While
the project involves the correlation of a large bemof blood characteristics with
the geomagnetic activity, the present communicatiders only to the beta globulin
fraction of the serum proteins. The investigatiamsvearried out for the clinical data
recorded in 1998.

Human blood was collected by venipuncture fromitloeming ambulatory
patients and the serum proteins (albumin, alphtg Brd gamma globulin) have
been analysed by electrophoresis. A daily averagaach of the serum protein was
calculated. It is understood that no data werelabla for the weekend days as
well as for some holidays. These data have beerpamd to the daily average
magnetic activity as measured by the Ap index.

The 1998 geomagnetic activity has been extractech fihe data base of
US National Geophysical Data Center.The sun spatsber, which is a measure
of the solar activity has been downloaded from NOASS National Oceanic and
Atmospheric Administration, data base).

Results

The data concerning the average beta globulin ctrat®wns and
fluctuations and the number of patients with atlerelues (pathological), are shown
in fig.2-4. The next step is to correlate theseadaith the solar activity and
geomagnetic activity respectively.

Although the solar activity modulates the geomaignettivity there is no
perfect correlation between these two parametérsvel examine fig.1, which
illustrates the solar activity in 1998 and the gagnetic activity as measured by
Ap index (fig.2-4), apparently there is no mucherablance. However a closer
look, reveals that there is a broad similarity éspect to the first half of the year
and the second half of the year respectively. Dher sictivity shows a progressively
increasing activity then, despite of fluctuatiohe ttrend seems to level off in the
second part of the year. The geomagnetic actieiteals a less active, first part of
the year, with a single major magnetic storm, wiiile second part is filled with
minor storms dominated by a major storm. In otherds the second part of the
year is characterised by a more widespread geortiagruivity. This is in fact in
agreement with the solar activity.

Inspection of fig.2-4 do not reveal any simple brious correlation of the
beta globulin concentration, its fluctuation or rhen of patients with altered
values and the geomagnetic activity. A most genepakervation can be made in
relation to the solar activity. The beta globuleta show a faster change in the first
part of the year whereas during the most part efymar left, this trend disappears.
This can be best observed in fig.3 for the fludaret of the daily average values of
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beta globulin concentration. The same figure revélat the fluctuation is higher
during the spring whereas it shows lower valuesnduthe rest of the year. This is
might suggest that there are more sensitive subphating the spring which are
subjected to greater variations compared to theofethe year. This is less evident
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during the rest of the year.

Sunspot number, 1998
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Fig. 1. Solar activity in 1998, presented as a plot ofdhiespot number
versus the day of the year. The plot was fittedhaipolynom.
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Fig. 2. Geomagnetic activity in 1998 (lower curve) and dady average
beta globulin concentration (upper curve) - arbjtranits

Further, figure 5 suggest an interesting featlirean be noticed the both
major storms (spring and autumn, respectivelyfaieved by a decreased number of

patients with normal value in the next several dgy$o two weeks.
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Fig. 3. Geomagnetic activity in 1998 (lower curve) anddlady SD of the average daily
beta globulin concentration (upper curve) - arbjtranits
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Fig. 4. Geomagnetic activity in 1998 (lower curve) and diady number of patients with
pathological values of the beta globulin NP (uppewe) -arbitrary units
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Unfortunately aproper correlation analysis or a spectral analp$ishe
data cannot be done due to the data gap on theewadgekConsequently only this
visual inspection of the plots was possible. Ireffort to find a quantitative way to
compare the results, we have analysed the distiibof the data. The time series
representing the daily average geomagnetic actiniy998 had somewhat more of
an exponential like distribution. The most resemplidistribution with the
geomagnetic activity appeared to be the valuesbfoSthe daily average beta
globulin concentration. In other words the magreted the fluctuations of the beta
globulin concentration appeared to be somewhaeted with the geomagnetic
activity as already suggested by the visual inspedf fig.3.

Conclusions

The more geomagnetically active periods duringsfireng of 1998 appeared
to Induce greater changes in the status of thedbabalin of calling patients.

On a short term, it appears that the two major matig storms in the
spring and in the autumn of 1998 are followed bsiquis of up to two weeks when
the number of patients with normal levels of bldata globulin decreases.
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Introduction

Cell biomembrane acts as a highly impermeable drarto a free
transmembrane exchange of molecules. The applicafishort, strong electric field
pulses make the plasma membrane permeable to thgemous material. This
process called electropermeabilisation or electrajmm is reversible in a certain
range of electric field and pulse parameters ars ot affect the cell viability.

Membrane electropermeabilization is described #sree - step process:
i) induction, ii) expansion and iii) resealing dfet membrane pores created under
the action of electric field pulses[1]. The firse (us) is thought to be linked to a
modulation of the transmembrane potential inducgdhe external field. If one
considers a spherical cell with a radius r, it bardefined as:

AU =-3/2r E co8

whereAU - is the induced membrane potential, r is théreglius, E is the electric
field strength and césis the angle between the normal vector of the nmane
and the electric field. Increasing the electriddfientensity, the transmembrane
potential reach a threshold value of about 200 Gn®@ when the membrane
permeability and conductance is strongly enhanced.

The second step is a slow process with a lifetimms$ to minutes range.
The membrane-permeated state is controlled by galyand chemical parameters
such as pulse strength, number and duration, teyser and pulsing buffer
composition [2,3]. While the induction of poresassumed to be a lipid domain
process, the stability of permeable state afteafmm suggests that in the pores
resealing process (the third step), other molecstiarctures are involved, mainly
the membrane proteins and cytoskeleton [4,5,6]. ddraplete pore closure has a
lifetime longer than 10 min [7]

The aim of this study is to find the main contribatof the pulse strength
and duration in the membrane electropermeabilinagteps. We have investigate
four combinations of pulse parameters: amplitudes4eand 5 kV/cm; lengthis= 40

and 10Qus.
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M aterials and methods

Experiments were performed on human erythrocyt&atsd from blood
collected on natrium citrate 3.8%. Washed cellsensmmtrifuged 10 min at 3000 g
(Ultracentrifuge PJ 180R) and resuspended in pyilsuffer (150 mM NaCl / 5mM
Hepes, pH 7.4) at 1% hematocrit. Rectangular pwisdspreestablished amplitude
and pulse duration are delivered by an electroora&quipment.

Samples, exposed to pulsed electric field in antlostated chamber al@,
were incubated for an hour at low temperature (egh). The extension of
permeabilized area was emphasised by hemogloHlimxeéinetic and manganese
ions transport through erythrocyte electropermezddl membrane. The hemolysis
degree was estimated spectrophotometrically (419 fnom the supernatant of
samples taken every ten minutes. The concentratiomanganese ions was measured
from the electroporated cell suspension by atolvsoigption spectrometry technique.

The membrane resealing was tested after 30 andréhoubation time at
37°C. The used test was the membrane impermeabiliymémganese ions.
Electroporated cells, incubated at’37 were washed with isotonic salt solution,
concentrated at 40% hematocrit and finally incudbdte 20 min in a suspending
buffer containing 1.41g/ml Mr?*. The manganese influx has been monitored by
the decreasing of ions concentration in the exlidae medium.

Results

The kinetic of hemoglobin efflux (fig. 1) and extedlular manganese ions
concentration (table 1) was measured for four coration of pulse parameters:

a) E = 4kV/cmx = 40uys; ¢) E = 4kV/cm1 = 100ys;
b) E =5 kV/cm;t = 40ys; d) E = 5 kV/cmt = 100ps

The plateau values of hemoglobin efflux are dependm the four
combinations of pulse parameters. These plateauthe permeabilisation efficiency
of the investigated electric field pulses and aomtwlled by the hemoglobin
equilibrium balance between intra and extracellatedia. At the low hematocrit
(1%) we used, at the equilibrium, intracellular logfobin concentration decrease at
about 3%. Red blood cells partially loaded with bghobin are called erythrocytes
ghosts.

Tablel
The manganese ions concentration in cell ghost®eytdrocyte pallets
Amplitude/duration pulse| Cell ghost Mn? Erythrocyte Mn?
[(KV/cm)/us] % ug/ml cell ghost % ug/ml erythrocyte
a 4/40 33 0.62 67 0
b 5/40 69 0.86 31 0.33
c 4/100 68 0.87 32 0.31
d 5/100 81 0.77 19 0.71
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Fig.1. The kinetic of hemoglobin efflux through erythyte electroporated membrane at
different pulse parameters. Incubation temperatdf€

The kinetics of hemoglobin efflux and ions permégbdepends on both
amplitude and pulse length. Hemolysis degree antyaraese influx increases with
the electric pulse amplitude and with the pulsagylenA similar hemoglobin and
manganese ions membrane permeability is noticedruhe action of combination
of higher amplitude - lower length (5kV/cm -4€) and lower amplitude - higher
length (4kV/cm - 10Qus) respectively. For pulses with E=4 kV/cm and0 us the
ghost membrane is permeable to manganese ions thhikrythrocytes membrane
from pallet is impermeable. At higher values ofgmaeters (5kV/cm - 10Qs), the
membrane permeabilisation to manganese ions isasifor ghosts and erythrocyte
pallet.

A relevant result obtained from our experimentseisited to the fact that
different combinations of pulse parameters candadhe same permeabilization.

The pores resealing - process is found to be tep #tat discriminate
between the two cases (b and c) with similar pemitigation efficiency (fig.2).

The electroporated membrane reseals after 30 mirbation at 37C in
the first two cases (a and b). Keeping the pulsglitude at lower value (4 kV/cm)
and increasing the pulse length to 160 the membrane remain highly permeable
after 30 min incubation. The impermeability to mangse ions was obtained only
after 1 hour incubation at 37C. These results show that the resealing process
depends on pulse length. Exposing the cells totredepulses with 5 kV/cm
amplitude and 10Qus length, the membrane is more drastically affeckedhis
case, the resealing process requires a carefld fomjer incubation treatment.
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Fig.2. Intracellular manganese ions concentration ingtadists obtained from
erythrocytes exposed to electric pulses with dififéparameters

Conclusions

The erythrocyte membrane electropermeabilisatiafuéed by different
combination of pulse parameters, was monitoredway different processes: the
efflux of hemoglobin (a large molecule - 65 000 @Rag the influx of (relatively
small - 55 Da) manganese ion. Results show thendigmee of the membrane
permeabilisation efficiency on both amplitude arnléckic pulse length. An
interesting result is that the effects are dependarthe molecular weight of the
tested molecules. The presence of manganese idhsibccell ghosts and in
erythrocyte sediment revealed the size selectiwitynembrane permeabilization
process. These results emphasise a size depersteibution of electric pores.

Both hemoglobin efflux and manganese influx revedlee possibility to
modulate the membrane permeability using diffeygrise parameters. The same
permeabilisation efficiency has been obtained fwo tcombinations of pulse
parameters the discrimination between the two césdsg introduced by the
resealing step of the electropermeabilization psc®©ur results show that the
pulse length is the determinant parameter that tateki the restoration of
impermeability to transmembrane exchange of moéecafter electroporation.
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Purpose

This investigation aimed to analyse the fluctuations of some geometrical
parameters of the human erythrocyte: the great diameter D, the small diameter d,
and the area. It has been known for a long time that investigation of the erythrocytes
by optical microscopy may easily revea the "flickering” phenomenon, which is
due to the membrane undulations. Undulations are sensitive to the membrane
eadticity, which in turn is sensitive to many physical, chemical and pathological
influences. The main purpose of our work was a methodological one: we attempted
to analyse the flickering phenomenon by serial fast recording of a cell image which
is subsequently analysed in respect to plan geometrical parameters. This attempt
wants to be an dternative at the present method, which is based on the cell
thickness measurements, using an elaborate microscopic technique.

Materials and Methods

Fresh human blood was diluted in the autologous plasma and placed
between two glass plates spaced by a 7 microns nylon fibre. Successive images at
0.5 seconds time interval have been taken with a camera attached to a microscope
operating in the phase contrast mode. The cell images were subsequently analysed
by a using a soft for shape analysis. The time series have been further analysed as
such and by performing FFT. Three kinds of samples have been analysed: fresh-
floating cells, aged floating cells and trapped cells into the fibrin clot.

Results

Examination of the time series revealed a multitude of fluctuations having
clearly adistribution of frequencies. An example of the fluctuations of the geometrical
parametersis shown in fig.1 It appeared that a simple visua examination can make
a distinction of the following categories (table 1): @) fast fluctuation possibly
associated to the flickering phenomenon, b) slow fluctuations possibly associated
to the elongation or shortening of the cells and, ¢) partia rotation of the cells, i.e.
rotation of the cell either around the smaller or the longer diameter. If the data free
of the b) and ¢) fluctuations are subjected to FFT, 1/f* type of spectra results. This



is shown in fig.2. The noise index appeared to be sensitive whether the cell is aged
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or mechanically trapped into the fibrin clot. The spontaneous el ongation of the cell

seems to be the first time that has been mentioned. The time series yields the rate of

this phenomenon, which obviously isrelated to the membrane elasticity.

Table 1

Types of fluctuation of the geometrical parmeters of erythrocytes

Type of fluctuation Origin Time scale [seconds]

Fast

Flickering 0,5

Slow

cell elongation 20-30

W|N[R |z

Drift

cell rotation cca 100

39.0

38.8

Area

38.6

38.4

1.

1

D/d

1.

14

.13

12

11

.60

.55

.50

.40

.35

.30

.25

' ) )
20 40 60 80 100 120 140
time [s]

Fig.1. The fluctuations of the geometrical parameters (great diameter D, the small
diameter d, the cell area A and theratio D/d for anormal erythrocyte which
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Fig.2. The fluctuation spectrum of the area of anormal erythrocyte freely floating in the
blood serum. The 1/f? character of the spectrum shoud be noticed.

The change evaluation of the temporal series was based on the following
consideration in order to detect the change of shape of the erythrocyte cell or the
rotation:

(<

\J/

A B

If D and d are the large and small diameters respectively and the cell
changes its shape from A to B it results that the cell ellongation is accompanied by

the following modifications:
D(A) < D(B)
d(A) >d (B)
D(A)/d(A) < D(B)/d(B) = ellongation
Area (A) = Area (B)
The examination of the temporal diagrams can reveal changesin either direction:
A —-BorA < B.

The effect of the partial rotation of the erythrocytes on the geometrical parameters
is further illustrated:
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D d D

) /%X

As aresult of the rotation arround the small axis, the projection of the large
diameter (the effective diameter which is recorded during the microsscope
observation) will be;

D’ <D,

D’/d — decreases

Whiled = CONSTANT, the apparent area ( plan projection) will decrease:

APPARENT AREA (PROJECTION) — DECREASES

In asimilar way we may consider the rotation around the large diameter axis.
While this diamter will remain unchanged, the observe projection will change:

D = CONSTANT

d<d

D/d' — decreases
Apparent Area — decrease

The temporal series have been collected for a large number of erythrocytes
from normal healthy donors. Not al data proved to be suitable for Fourier transform
analysis; this refer to fluctuations superposed on a drift. These data have been
excluded from the spectral analysis providing no drift correction was possible due tot
the complicated pattern of the drift itself. The actua data are summarized in Table 2.

Table 2.
The power law coefficient of the fluctuation spectra of various geometrical
parameters of the erythrocyte cell

No |Sample characteristic The greatThe small| Cell Area| Other characteristics
Diameter | diameter A
D d
1 |trapped erythrocyte in the fibrin| 0,54 0,54 0,54
clot
2 |erythrocyte in aged (lysed) fibrin| 1,58 1,74 1,45
solution
3 aged erythrocyte 24 hoursin vitro, 1,48 1,02 0,9 slow oscillations of D and A
in plasma
4  |crenated erythrocyte 0,62 0,66 1,28 -
5  |fresh erythrocyte (discocit) 0,84 0,9 0,9 slow oscillations
6 |-"-"-"- 0,86 0,58 124 |-"-"-
7 "ot 0,9 0,9 0,78 |-"-"-
8 et 0,68 0,24 0,6 -t
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No |Sample characteristic The greatThe small| Cell Area| Other characteristics
Diameter | diameter A
D d
9 [-"-"-"- 0,46 0,9 0,8 -t
10 |-"-"-"- 0,94 0,82 0,8 -t
1 |-"-"-"- 0,96 0,72 044 |-"-"-
12 |-"-"-"- 1,02 0,7 044 |-"-"-
fresh erythrocytes

-average 0,82 0,72 0,75

-SD 0,097 0,226 0,26
Conclusions

- The fluctuations of the geometrical plan parameters of the human
erythrocyte reveal ed three types of phenomena: a) flickering, b) cell elongation and
c) partia cell rotation.

- All data revealed a 1/f* type of spectrum but no pure 1/f spectra have
been noticed. The power law coefficient (resulting from the slope of the fitting line
of the spectrum on a double logarithmic scal€) ranged between 0.13 and 0.87.

- The normal fresh erythrocytes are characterized by power law coefficient
around 0.4.

- Trapping of the erythrocytes within the fibrin clot induced a more random
character of the fluctuations manifested as alowering of the power law coefficient.

- Invitro ageing of the erythrocyte increases the coefficient.

These results open the possibility to profitably use the geometrical

parameters to investigate cell fluctuations. In addition the present work brings for the
first time evidence for the slow spontaneous deformation and motion of the cells.
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Introduction

The effect of the natural magnetic field on livimgatter, due to the
geomagnetic field contribution, has received vétlelattention compared with the
effect of exposure to increased intensities abaeral level. However this is a
question of interest since: 1) life developed untter influence of the Earth’ s
geomagnetic field and changes may correspond tssdf physiological vitality
and efficiency in all the functions of the bodyda?) the absence of the natural
magnetic environment is relevant for living maftecosmic conditions (this is the
reason the astronauts in space for long periodsreegrtificial magnetic fields to
maintain health).

As we know that the GMF fluctuations trigger imgont effects on living
matter, we may expect that the lack of GMF coultuance the living processes,
as well.

Experimental data on the biological effects of kvetatic magnetic field,
compared to geomagnetic fields are very limitedisltwell known that many
animals can detect the direction of the geomagriietid and use it for navigation
[1]. These observations suggest that at least smie or cellular structures are
sensitive to weak changes in the static geomagfietit [2]. Near null magnetic
field has been supposed to be an important referémcstudies of effects of
geomagnetic field on animals and man. On the dihad, earlier results suggested
that the natural magnetic field significantly iréhices health both on the ground
and possibly in cosmic conditions. In this sengerations have been observed in
the immune mechanism such as a reduction in thébeunf T lymphocytes and a
significant increase in the peripherial leucocytesnt [3].

The role of oligoelements in the immune system &l wnown: Cu helps
strengthen the immune system, Zn helps bolstaditg’* deficit has implications in
immunity [4]. As we know by now that the immune t&ms is affected by the
absence of the normal geomagnetic field we maynasdhat the balance of these
oligoelements is also disturbed.

The aim of our work was to investigate fMgCu and Zn concentrations
into the blood serum followingn vitro exposure to zero magnetic field. It should
be pointed out that only the static component ohgggnetic field was compensated,
the alternating component remained operative.
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Materialsand Methods

The investigations were carried out on human blaotlected from
apparently healthy donors without any substangedeent coagulation.

The samples were kept in geomagnetic field cammbti as controls and in
near null magnetic field conditions, as probestomtm temperature. The natural
magnetic field, mainly the static component of tgeomagnetic field was
compensated for with a Helmholtz coil, of 1.2 mnd@&er, mounted on a wooden
frame. The coil was oriented in the N-S directibaying an angle of inclination
similar to the geomagnetic field. The power supgfifhe coils was set such as to
obtain a magnetic field induction within the cotl the lowest possible average
value. The magnetic field was measured with a tioral magnetometer having a
precision of 1 nT.

Generally, the field induction within the coil wwhe varied at different
positions within a range of 0-500, compared with tiatural value of about 47 000
nT. Therefore the reduction factor of the naturagmetic field was ~100. Only the
static component of the natural magnetic field veasnpensated for by this
experimental set-up.

We attempted to reduce as much as possible angatiagerturbations by
removing any iron objects or electrical power sydgpbm the close vicinity of the
coil and by placing it on the ground floor at adigiof about 1.5 m, on a wooden
frame. The controls were placed in the same roora 4tm distance from the
magnetic field compensating system.

The determination of ions concentrations ¥gZn and Cu) in blood
serum was performed immediately and after 48 hofirblood preservation by
atomic absorption spectrophotometry technique.

The significance of differences between mean vainesxposed samples
and control samples were evaluated by the Studest tn each experiment.

Results

The analysis of Mg concentration revealed that the ions efflux isbated
in zero magetic field conditions. The results ohedi are plotted in Fig. 1.

The variation of Zn concentration for controls gmndbes are shown in Fig.
2. One can see that Zn influx is inhibated whengte@magnetic field is lacking.

The evolution of Cu concentration is presentedim B. The experimental
results demonstrate that Cu influx is stimulatetheabsence of the geomagnetic field.
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Fig. 1 The variation of Mg®* concentration in blood serum for fresh blood and
after 48 hours of blood preservation in geomagnetic field (control) and
in zero magnetic field (probe).
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Fig. 2 The variation of Zn concentration in blood serum for fresh blood and
after 48 hours of blood preservation in geomagnetic field (control) and
in zero magnetic field (probe).

317



LORELAI I. CIORTEA, V. V. MORARIU

[ Icontrol
I Probe

100

90

80

Cu (ug %)

70

60

-1 0 1 2 3
Days
Fig. 3 The variation of Cu concentration in blood serum for fresh blood and

after 48 hours of blood preservation in geomagnetic field (control) and
in zero magnetic field (probe).

Discussion

The present results revealed that the lack of ahtmagnetic field can
influence the oligoelements transport.

As one can see from Fig.1, internal red celMgpncentration decreases
after 48 hours for controls more than for probekisTfact may be due to the
stabilisation character of zero magnetic field gedirerythrocyte membranes with
implications at the level of M{ passive transport.

Zn might be transported into cells as an amino-aoithplex meanly Zn-
His complex, using an amino-acid carrier system. [Bhe results obtained
emphasise that this system may be perturbed inmaagmetic field.

It is well known that normal adults have Cu asgediavith four components
of human plasma: ceruloplasmin, transcuprein, albund aminoacids [6,7,8]. On
the other hand, inside the erythrocytes Cu existdeutwo forms: a stable one,
undifussional, the ion being bound by a proteingheocuprein, and an unstable
form, diffusional, non-erythrocuprein. This compohé weakly bound by albumin
and may have bi-directional movements across thebrane: a rapid intake
followed by a rapid uptake, these transports béaeiitated by free amino acids,
essentially Histidine [8]. This complex may havee tlrasportor role across
membrane, Cu transport being in fact controllechby-erythrocuprein. All these
aspects may suggest that Cu-non-erythrocupreinidginchay be perturbed in
conditions of zero magnetic field.
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All results presented are in agreement with eadierks which revealed
that the immune system is affected in conditionsesd magnetic field [3].
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ABSTRACT. The aggregates of porphyrins and phtalocyanines pramide
promising properties in the search of new molecuiaterials for medicine, and
could be readily monitored spectroscopically, siitagauses strong perturbations
of their absorption spectra. The formation of wateluble heteroaggregates from
Ni, Co, Pd, Rh complexes of 5,10,15,20-tetra-meflyyydil porphyrin (Me-
TMPyP) and Zn complex of 2,9,16,23-tetra-carboxylattialocyanine (ZnTCPc)
has been investigated in this paper by using UVaviid IR spectra. The formation
of such adducts involves intensive interactionsvbeh two differently charged
macrocycles, this interaction being strong infllemhdy the nature of the metal
from inside the macrocycle. The singlet oxygen gatiem is also stimulated by
this heteroaggregation. Some data about the afipticaf such heteroaggregates
in photodynamic therapy of cancer were evaluated.

Key words: porphyrins, phthalocyanine, heteroaggregatesppiinamic therapy.

1. Introduction

The photodynamic therapy of tumour is an innowativethod for cancer
diagnosis and treatment of various types of tumdnyyrshe combined action by
oxygen, light and sensitizer [1,2].

PDT is an indirect treatment; firstly the photosiiner dyes are applied to
the sample. Following illumination these usuallpduce singlet oxygen that acts
efficiently on the cells.The uptake and the retamtiime of the dyes should be
different for the normal and cancer tissue /3/.

The sensitizer should have some special conditions

-be incorporated into malignant cells at a muckagrefficiency than its
incorporation into normal cells ;

-be efficiently fluorescent and produce the sihglgygen, or the other
species which can destroy malignant cells;
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-be non toxic for the healthly cells and,if possjkit should be quickly
expelled from the organisms.

Porphyrins and phtalocyanines are promising catdsd for sensitizing
PDT action, because:

-are typical NIR dyes with red absorption bandated in a region of low
absorption of tissues;

-are non-toxic for different healtly cells;

-are much better incorporated into different kafchuman cells than other
dyes;

-are much soluble in different polar or aprotitveats;

-due to their aggregation capacity, they couldepete much better the
membrane cells, after this being recovered intd thenomeric forms;

The molecular mechanisms involved in photodynahecapy are:

-radicalic sensitized photooxidation (type | reaa}i

-singlet oxygen sensitized photooxidation (typeeHction);

-photosensitized reactions without oxygen(typedHction).

In spite of the contribution of each such mechasisthe main active
specie causing damage of cancer cells is singiagax[4,5].

The generation df0, molecules occurs through the following mechanism:

ISC
P(S) + v - () e —— > P(T)
P(Ty) +°0p - >P(8) +'0;

In spite of their good properties, the porphyrieasily support a
photodegradation reaction (called "photobleachingfijch occur under irradiation
in oxygen atmosphere, leadind in a short time tmesdoxic products and lower
efficiency [6,7].

Porphyrins and phthalocyanines are the most usedpeounds in the
photodynamic therapy of cancer, due to their NIRoabing wavelenghts, non-
toxicity and high singlet efficiency generation18}.

Phthalocyanines, which are structurally relatetheoporphyrins, are more
stable than porphyrins and with adequate propeftesphotodynamic therapy
(absorb visible light at a substantially longer ef@nghts than porphyrins).

By coupling porphyrins with phthalocyanines, coulte obtained
heterocomplexes useful for photodynamic applicatidBurprisingly, in the last
decade the association of the two compounds haseneived much attention in
the literature [11-15]. Their association is basad'electrostatic" mixed dimers by
pairing porphyrin and phtalocyanine bearing opptigitcharge substituents, and
have higher efficiency and stability [16].

In this paper, the existence of such porphyrirgplayanine heteroaggregates
will be demonstrated using UV-Vis absorption spesttopy. Also, the singlet oxygen
generation capacity for all the studied compourrésexaluated by means of 1,3-
diphenylisobenzophuran test [17].
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2. Experimental part

2.1. Materials

Ni(I'TMPyP, Rh(II)TMPyP,Pd(I'TMPyP and Co(Il)THyP were
synthesized following the procedures in the refeesr[18]. The metal complexes
of TMPyP have been converted into their chloridiésday passing them through
the VIONIT AS-14 ion-exchange column in the chleritbrm. First of all, the
phthalocyanine was transformed into its sodium #af2.088 g sample of ZnTCPc
was dissolved on a stoichiometric amount (1:4) aON (3.9 ml, 0.1 M). The
solution was filtrated and the filtrate was drigdlar a stream of air overnight.

A 0.05 g amount of this product was dissolved inBDof water. In
another beaker, an equimolar amount of Me-TMPyB5@) was dissolved in the
same amount of water and the two solutions wereedhiXhe final solutions were
left for three weeks to ensure complete precimitatind then filtered by gravity

In order to evaluate the photochemical efficiem@s used a special trap
for singlet oxygen test -1,3-diphenylisobenzofuB#PBF) prepared and purrified
in the laboratory after the literature data [6].

2.2. Apparatus

UV-Vis spectra (for freshly solutions) were recagidon a SPECORD M400,
Carl Zeiss Jena spectrophotometer with a micropssmre

IR spectra (for KBr pellets) were run on a SPECORED Carl Zeiss Jena
spectrometer with a computer command.

2.3. Singlet oxygen test

Measurements were carried out in a quartz celin(kclcm) at 28C. A
DMSO solution (2.3 ml) containing sensitizer (4.80¢ M) and DPBF (2.7 x 10M)
was irradiated with light beam from a UV-Vis speginotometer. Solutions of
sensitizers were freshly prepared and kept in #r& defore measurements. The
decreasing of the DPBF concentration was followgdtspecial programm ruled
on a computer at the absorbance from 415 nm (tHarmoefficient of absorption
for DPBF is 23300 Mcm™) as function of the irradiation time (irradiatiogcles
50 x 25 s). The reaction showed a zero order-kiméti the first 100 s. The incident
photon flow was 4.65 x 1M.s™. Using the absorption spectra of the photoseesitiz
the absorbed photon flow gfh9 was evaluated. The quantum yield of the

photooxidation of DPBF was calculated from the eq.l

dppBE= ([DPBF)/I apsV); V=3 cnt 1)
The quantum yield for singlet oxygen generatios walculated from eq.2.
1/dppRE= 1/ 'O + (Lid 'O Kg/Kg) (1/[DPBF]) (2)

From the intercept of the Stern-Volmer plots,weagiegd the quantum
yield for singlet oxygen generation.
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2.4.The Job method

The control of the complex formation and deterrtiora of their
stoichiometry were carried out according to Job&thmd [19]. This method is
based on the spectrophotometric analysis of migtofeequimolar solutions of all
the reagents from the studied system. It was madeeXample, by adding the
measured volume of TSPP™IMI concentration to the solution of the phthalocyani
(Pc56) 1F M. Were obtained the absorbance changes of thessefisolutions in
which the ratio of the three differently chargednpmunds varied in increments
from 10:0 up to 0:10.

By coupling porphyrins with phthalocyanines, itutb be obtained
heterocomplexes usefull for photodynamic applicetior heir association is based
on pairing porphyrin and phthalocyanine bearingsopglly charge substituents,
the obtained heterodimers having higher efficiemcyg stability.

In this study we report about the synthesis, spkecharacterization and
application in photodynamic applications of sometersoluble heterodimers
MP/MPc by pairing MTMPyP with ZnTCPc.

It was observed that by using ionizing radiatiele¢tron or photons beam)
was possible to short the synthesis time and te&se the synthesis yield .

2.5. Photodynamic test on Saccharomices Cerevisiae

In all the experiments described in this papebcaltures of the diploid
SC-6 starin of the yeast SC were grown on malt sigaits at 30 C for 48 H to 72 h.
Immediatelly prior to irradiation or other experimial procedures, these resting
cells were harvested, washed, and resuspendedibiedglass distilled water, to a
final concentration of 10cells/ml.

The survival fraction of irrdiated cells was detered by measuring the
coloni-forming ability of the cells.

The cells were inoculated in 25 tmlastic flasks and incubated for 5
hours for proper attachement to the substratum.célie were then exposed to 10
mM of each sensitizer for 18 h and subsequentlylight from 650 nm
monochromatic light provided from a medium-presstig lamp. After light
exposure the cells were incubated in a sensitizer fhedium for 6 days at 37 C
and then the colonies counted.

2.6. PDT-induced tumour regression

Was used a brain tumor provided from mice (50 mri3yas then treated
with a PDT protocol that has been described preskoj20].

In brief, the tumour were exposed to 650 nm wawgteright emitted
from an argon-pumped dye laser 24 h after innomuawith 2 ml from the
solution of the best singlet oxygen generator RAMPYP/ZnTCPc - 0.93).
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The fluence was 135 W/énand was delivered at a fluence rate of 0.084
Wi/cn?. The treatment was 1 cm in diameter, which inotudeleast 1 mm margin
of the non-neoplastic tissue.

3. Results and discussion

The porphyrins and phthalocyanines represent agses of very chemically
versatile compounds. Depending of the nature of déetral metals and the
peripheral substituents, a wide range of photogaysphotochemical properties
and also interesting applications can be obtaitiexiphotodynamic therapy being
the most important between them .

Phtalocyanines are azaporphyrins consisting of fmenzoindole nuclei
connected by nitrogen bridges in a 16-membered oinglternating carbon and
nitrogen atoms arround a central metal atoms widcn stable chelates with
metal cations (dia or paramagnetic ion), figure 1.

R

Ny T .
S Fig.1. The structure of the
W Zn phthalocyanine molecule
>;\_1 SR P
N AN R=COO "Na'

==

R

Porphyrins are tetrapyrrolic pigments based omplpioe, Figure 2, which
made up of four pyrrole subunits joined togethefdayr methine bridges to give a
cyclic molecule.

Fig.2.The structure of the
porphyrin molecule
.l. -
R = CgH,-N"CH,CI
Me=Rh,Pd.Co,Ni
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The hetero-aggregates of porphyrins and phthatimgs grafted with ionic
substituents of opposite charges have been subjectextensive investigations in the
last two decades,because such assemblies caneppoeidising properties in the search
for new molecular materials for electronics or plghamic therapy [21,22].

The hetero-aggregation will occur only betweenshbstituents from the
porphyrin and the sulfonated ones in the 4,4"4i@itions of the phthalocyanine ring.

The electronic spectra of porphyrins differ dregdty from those of the
phthalocyanines. The porphyrins display an inte@met band and four Q bands in
the 500-700 nm spectral region [15].

During the contact between the porphyrin and tiehadocyenine a
hypsochromism and a broadening of the Soret barkdeoporphyrin were observed
(fifure 3) this observation being as an evidencetlie aggregation between both
components (table 1).

Table 1.
UV-Vis wavelengths of the heterodimers Me-P/Me-Pc
Compound Soret band(nm) Q band (nm)
NiTMPyP 420 440 553 600
ZnTCPc 435 635 686
NiITMPyP/ZnTCPc 415 470 535 560
CoTMPyP 430 455 545
CoTMPyYP/ZNnTCPc 431 546 626 696
RhTMPyP 430 500 550 590
RhTMPyP/ZnTCPc 428 556 596 648
PdTMPYP 438 520 565
RhTMPyP/ZnTCPc 431 545 646

Knowing that at a constant wavelength, when twairaglar solutions are
mixed in equal volumes, the absorbance of the méxsihould be equal with the
sum of the absorbances os the individual solut{d@ribere has been no interaction
between the two solutions), in the studied casewbserved relevant differences
between the expected and found absorbances, Table 2

This observation reprezent another proof for thetetodimerization
between MeTMPyP and ZnTCPc.

The IR spectra recorded for the studied systemmswed some strong
differences between the heteroaggregates and themaric forms, especially for
the band around 1500 &mrFor ZnTCPc upon dimerization, the band from 1880
(attributed to symmetric strech of carboxylate ishifts to 1372 ci and the band
from 1585 crit (attributed to asimmetric frecquency of the samlmoxylate ion)
shifts to higher frequency, Table 3.
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Table 2.
UV-Vis absorption intensities (A) for the hetetodim MeP/MePc

Compound Soret band (nm) A found calculated
NiITMPyP/ZnTCPc 415 2.02 2.67
CoTMPyP/ZnTCPc 431 1.23 1.67
RhTMPyP/ZnTCPc 428 1.94 2.07
PdTMPyYP/ZnTCPc 431 1.67 2.03

A calculated™ A MeP +A MePc

Table 3.
IR data for carboxylated stretch in ¢m

Compound Sym. stretch (P Asym.strech (cih)
NiITMPyP/ZnTCPc 1377 1590
CoTMPyYP/ZNnTCPc 1375 1588
RhTMPyP/ZnTCPc 1374 1590
PdTMPyP/ZnTCPc 1379 1589
NiTMPyP 1382 1582
CoTMPyP 1390 1586
RhTMPyP 1392 1585
PdTMPyP 1389 1584
ZnTCPc 1390 1583

The observed data could argue the symetry distorsfophthalocyanine
upon dimerization.

Before testing these photosensitizer systems swme photodynamic
applications, was necessary to evaluate their ¢gggacsinglet oxygen generation.

All the studuied systems are ghood sensitizers plooto-oxidation of
DPBF with high quantum yields (table 4).

Table4.
Singlet oxygen generation by the studied compounds
Compounds ®(102)
NiITMPyP/ZnTCPc 0.7
CoTMPyYP/ZnTCPc 0.801
RhTMPyP/ZnTCPc 0.85
PdTMPyP/ZnTCPc 0.93

327



R.M. ION, M. GRIGORESCU, F. SCARLAT, V. NICULESCWI,. GUNAYDIN

Compounds ®(102)
NiTMPyP 0.07
CoTMPyP 0.13
RhTMPyP 0.23
PdTMPyP 0.3
ZnTCPc 0.7

From this table could be observed that the bestgskasitizer is the
system RhTMPy/ZnTCPc with a very high value for thentum yield of singlet
oxygen-0.93.

After exposure of the yest Saccharomices Cerevisiaertain agents (light
and porphyrinis drug) a great decrease in viabiitpbserved if the treated cells
are incubated in the dark for 6 hours or more Biilted water at 30 C. It seems
reasonable to assume that the light inactivatioBaafcharomices Cerevisiae is due
to the enzymatic destruction of DNA [23], Fig.5.

Different applications of PDT have been, in thet -5 years, effectively
developed. The selective degradation of cancerelis is obtained, for example,
by the intravenous injection of photosensitizeddeked by illumination of the
pacient with red light. Such procedure has alrebdgn applied on more than
10,000 occasions. It is primarily applied in claidreatment, because only one
photosensitizer (Photofrin IlI) has been approvedivider applications in hospitals.
In clinics and, of course, in model investigatiomarious group of dyes are being
investigated to find the most effective photosezeis for a given type of therapy
having the highest selectivity of incorporationoimhalignant and healthy cells. Up
to now, several dyes, e.g., merocyanines, phthaliogs, and several types of
porphyrins have been most widely investigated [24].

The effect of PDT on the microvasculature of thaidtumour cells in the
first few hours after treatment was studied by tetec microscopy. The red light
led to a rapid necrosis of tumour which was notrémult of the direct killing of
tumour cells, but destruction of tumour microvaatute. It has been shown that
the vascular damage expressed by a decreasedfldoostasis are immediate and
major consequences of the photodynamic treatmettt phiotodynamic systems
introduced in these experiments.

The first observable sign of the destruction odoithe collagen fibers and
other connective tissue elements located in thersiddzthelial zone of the tumour
capillary wall. The altered permeability and tramsphrough the endotellial cell
layer resulting from erithrocyte swelling and ingsed intraluminal pressure may
be another keys feature in the photodynamic desiruc

From the micrograms recorded (Figure 6) before aftdr the PDT
treatment of the brain culture tissue, could beeol=d the dissapearance of the
tumoral zone from the studied cellular mass [24].
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All these experiments are in work and they shdnddmproved in future.

4. Conclusion

The heterodimerization based on pairing porphyand phthalocyanines
bearing appositelly charge substituents, yieldsh final heterodimers having
higher efficiency and stability.

The hetero-aggregation will occur only between €libstituents of the
porphyrin and the sodium ion from the carboxilaetstituents of the phthalocyanine
ring.

The heterodimerization was investigated by spkatethods (UV-Vis,IR
spectroscopy) and the final heterodimer was teagghotosensitizer by DPBF
test, the best being the system RhTMPyP/ZnTCPc .

All these systems were also tested into PDT dinapplication on the
brain tumorla cells provided from mice (in vitréfie PDT protocol yielding to the
dissapearance of the tumour.
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ABSTRACT. This paper deals with the experimental results abiw modifying
effects of ionizing radiation (electron and photmam) at different intensities (200-
30,000 R) and/or light on tetra-kis-p-sulfonatoipyigoorphyrin (TSPP) in water
solution as new and efficient sensitizer used istqulynamic applications.

The spectral changes upon ionizing radiation of HSRow the formation of
phlorin -type species. When these irradiated paiphsolutions were exposed to
light, J-and H-aggregated species were generateel.small intensity of ionizing
radiation stimulate H-aggregation. Different prdjmms (experimentally determined)
of singlet and triplet excited states are formeitlalty by ionizing irradiation as
compared with light irradiation. By irradition ofSPP firstly with ionizing radiation,
the subsequently light irradiation of this porphyyields to the generation of triplet
states, the proportions being being much lesswiiem TSPP was firstly excited with
light and after that was treated with ionizing &digin. In the former case, the singlet
excited state of TSPP was be the major specie afedein the studied system, but
with a reduced yield than using only ionizing rdidia.

The singlet oxygen generation (the photochemidéierficy) is enhanced is
face-to-face configurations (H-aggregated forms) &rmed. The porphyrin is
efficiently incorporated in a monomeric form in gudocytes and leukocytes and in a
J-aggregated fluorescent forms in granulocytes. iffipdications of such aggregated
forms of TSPP in photodynamic applications werduatad.

Key words: porphyrins, photodynamic therapy, aggtes;

#the correspondence author

1. Introduction

Porphyrins, free bases or metallo-complexes hawvémgportant role in
many electron and energy-transfer processes [1].

The knowledge about their reactivity and synthesisiented their
applications for medical area and photodynamicagneof cancer, especially [2,3].
The interpretation of mechanistic studies of porpis/requires the study of their
aggregation [4], and ionization processes [5,6].
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Although the dimer structure remains unclearhmliterature existing a lot
of reports about this aspect [7-12], must be ndted several pulse radiolysis
studies have been devoted to the reduction of parnghin aqueous solution [13-17]
in order to establish the reduction mechanism oplpgrins. In agueous solutions,
the porphyrins undergo several one-electron remtudieps to fornteradical anions,
dianions and more highly reduced species genesiahle in aprotic solvents, while in
aqueous solutions supporting disproportionationaangrotonation. The products of
these processes are phlorins generated by protoradtia meso-position and phlorin
anions, where one proton is added at the mesoigosithich could be oxidized
rapidly by oxygen to the original porphyrin.

This paper is deals with the experimental resaltsut the modifying
effects of ionizing radiation (electron and photmeam with different intensities)
and/or light on tetrakis-4-sulfonato-phenyl porghy(TSPP) in water as solvent.

2. Experimental part

Materials

The porphyrin TSPP was synthesized and purrifieitha laboratory as was
reported elsewhere [26].

The cells incubation was achieved on heparinizeddlsamples, as was
reported elsewhere [28]. Whole heparanized bloogpsss remaining after routine
analysis were incubated with porphyrins by meansadfsing reagent (Ortho
Diagnostic USA).

The quantum yield for singlet oxygen generatiordétermined by 1,3-
diphenylisobenzofuran test [6].

M ethods

The electron and photon radiation beams were sy the 7.0 Mv
Linear Accelerator of the National Instituted faader, Plasma and Radiation Physics,
Romania.

All the irradiation processes with light were aclid with a medium-
pressure 250-W mercury lamp (Romlux-Romania).

The visible absorption spectra were recorded o?BCORD M400 Carl
Zeiss Jena spectrophotometer. All spectroscopidieguwere performed in the
porphyrin concentration range of 8 X1 1 x 1¢° M.

The 3-fluorescence flow cytometer (Cytron Absolu@tho) equipped
with an argon ion laser was used. The dependenderafird light scattering
versus right angle light scattering enables tardistish various types of cells. The
fluorescence excited at 488 nm, was measured thrtheyorange band pass filter
(563-607 nm) and through red filtex £ 620 nm) in the direction perpendicular to
that of the exciting light and the cells streameTihtensity of emission of a given
population of the cells was obtained from a spagdl program using the gate
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analysis method [18,19]. Was appreciated the numbetained cells (lymphocytes
and granulocytes), incubated with porphyrins eithagheir monomeric forms or in
their aggregated forms.

3. Results and discussion

The radiolytical oxidation and reductions of poyrphs by using photon or
electron beam are very important method [18] fodging such compounds; the
main advantage of this method is due to the welhdd nature of the reducing or
oxidizing species. Radiolysis of water is knowrptoduce the primary radicalsgH
and OH. with respective yields of 2.7, 0.5 and &/ In addition, protons and
hydroxyl ions are formed with yields of 3.4 and @¥. Hydrated electrons reduce
either the ligand or the metal, while H and OH lidely to add to the ligand.

Tetrakis-4-sulfonato-phenyl-porphyrin (TSPP) is amonic porphyrin, a
very large disk-shape molecule which possess fegative charges the sulfonate
groups from the four corners (Fig.1).

Fig.1 The structure of the
porphyrin molecule

H:303

In aqueous solutions, at neutral pH, the electrahisorption spectrum of
TSPP is typical of free base porphyring{Bymmetry) and is characterized by an
intense Soret band at arround 420 nm and four @santhe 500-700 nm range
(the aetio-type spectrum).

In acidic medium, new absorption bands (from 4907 Tim) become
dominant when the concentration of TSPP exceeddland they were attributed to
the aggregated forms of dications species (C>W). The band from 490 nm
arises from the J-aggregate (edge-to-edge intergadf porphyrin molecules [20].
TSPP is perhaps unigue because J-aggregation imalse facile and very low
concentration of the dye is required for J-aggliegékig.2. One another band from
422 nm arises from the H-aggregate of porphyrinetules [6,21] (face-to-face
interaction) and appear at c> 2.5 x°14.

First, TSPP is a very large disk-shape moleculd wharges at the four
corners and at the geometric center. Could be #ermin between the central
diacid group and one of the sulfonic groups, whiohld be more responsible for
J-aggregation. Because of static Coulombic repulsibe two central N-H +
fragments are probably distorted out of the aroenglane, as was reported
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elsewhere [22,1]. The electrostatic interactionMeein the zwitterionic no doubt
facilities these aggregations.After some autho8, [ZSPP without the capability
of zwitterion formation do not aggregate. Zwitteriform contain a double charge in
the macrocycle and four other negative chargeshenstilfonic groups from the
molecule.

Table 1.
The specific absorption bands of different TSPfor
Porphyrinic forms B band Q bands
Me x 103(nm/M™.cm?)
H,TSPP* 412/355 515/130
551/4.5
579/1.9
633/1.01
H, *TSPP 433/357 550/140
594/3
644/14
HATSPP 422 490 707
first aggregate(J)
HZTSPP 401 517
second aggregate(H) 552
593
650

J-aggregates are formed with the monomeric madscatlranged in one
dimension such that the transition moment of thenanters are parallel and the
angle between the transition moment and the liiréng the molecular centers is
zero [23].

H-aggregates are again a one-dimensional arrangeshstrongly coupled
monomers, but the transition moments of stronglupted monomers are
perpendicular to the line of centers [23]. A H-aggate is more favourable formed
because the macrocycle is neutral and because eofsplacing and shielding
provided by the complex.

Until 800 R, the UV-Vis absorption spectrum of theggregate obtained
by ionizing irradiation of TSPP is characterized tajatively sharp red-shifted
peaks at 492 and 706 nm. The H-aggregate couldtaéned slowly in time from
J-aggregate, this new form being characterized bjue-shifted Soret absorption
peak at 400 nm; the Q-band region consists of tfamds (Fig. 2).

At higher intensities (800-6000 R for photon beand 800-30000 R for
electron beam) the obtainedradical anions exhibit a broad absorption in the
region 600-800 nm which is dependent of pH, changiith pH due to protonation at
a pyrrolic nitrogen (Fig.3).

334



STUDY OF INTENSITY AND IONIZING RADIATION TYPE INFLWWENCE ON SOME PORPHYRINS ...

»- electron beam

o-photon beam

1]

} 3 } } 3 1 L
T T T

T t 1 -
200 600 1000 20000 30000 (3]
400 800

Figure 3. The variation of the absorbance from 435 nm of TSPP
vs. the intensity of electron or photon-beam.

The J-aggregate is formed initially as a transpacelloidal solution which
is then precipitated from the aqueous solution witie by exposure to light (after
ionizing tratment of TSPP the light had a strongyragation effect . The
precipitated is insoluble in water wherein the aggite dissociates into monomeric
porphyrin.

If TSPP was firstly light-irradiated and then pbrotor electron irradiated,
were not obtained important changes in the specwtirthe porphyrin. Only a
small decrease of the 700 nm absorption band wssredd, probably due to the
heating and slow evaporation of the solvent frowette.

Both the variation of the radiation intensity atige radiation type are
decisive for such radiolytic processes. The phostiimsulate the aggregation, the
H-aggregates being generated only with photon0atR intensity. Also, at low
intensities of the radiation no effect was obsenbed at higher intensities the same
Teradical anion being obtained. With an electronnbetne reverse situation was
observed: only low intensities stimulated the aggtion (100-200 R) the higher
intensities having the same effect on the porplyrisolution. A specific
photodegradation process could be obtained durlngalight irradiation of TSPP
in water-solution [25-29].

Which are the implications of all these experinseint the photodynamic
therapy of cancer?

First of all, as we already know end-to-end camfigions (as it is in our
case the J-aggregate) exhibit weak emission pliepetbmparable with those of
monomer [23,22] or the H-aggregates.

The singlet oxygen formation, so the photochenaéétiency is enhanced
if face-to-face configurations (H-aggregates) asamied [21,23]. Or, in all our
previous experiments was observed a high singlieiericy at the incorporation of
some different cells [30,27], Table 2.
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Table 2.

The quantum yields for singlet oxygen generatio 8PP in different conditions

Condition o(*0,)

TSPP 0.78

TSPP+electrons 0.83

TSPP+photons 0.56

TSPP+electrons+h 0.90

TSPP+photons+h 0.63

hv+TSPP+electrons 0.62

h v+TSPP+photons 0.12

Also, because the protonation of the inner nitnogi@ms drastically prevents
the incorporations into blood cells [30], and oorghyrins had good incorporation
properties, we could presume that this porphyrixiste firstly as H-aggregates,
beacuse they are neutral (not at all charged) &idesin solution. This rule could
be an logical explanation for the fast applicatainsuch porphyrin in biological
application, in order to delay the J-aggregatesiédion as precipitate . Meantime,
we could presume that H-aggregates exist concotiyitevith the J-aggregates,
because some literature sources presume thatabgrdgates are formed initially
as a transparent colloidal solution which is theacjpitated from the aqueous
solution with time, or by light irradiation or byehting [28]. The precipitate is
insoluble in water, but soluble in DMSO, whereir thggregate dissociates into
monomeric porphyrin .

By flow cytometry (the dependence of foreward ligicattering vs. the
right angle scattering) the investigated cells waralysed only the regions which
include gathered lymphocytes and granulocytes [Binber of stained cells of
given type was obtained from the percent of gatts @xhibiting the observed
fluorescence, Table 3.

Table 3.
Incorporation of TSPP into cells
Dye Cells % stained Mean State of
cells intensity  dye fluorescence
TSPP L 44 89.7 M
TS,PP G 67 121 M
TSPP L 0 91 A
TSPP G 0.1 77 A

M=monomer; A=aggregates.
L=lymphocytes; G=granulocytes.
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The fluorescence of lymphocytes and granulocytes analysed separately.
The different ratio of "mean fluorescence intemsitiof the same cells stained can
suggest that the aggregation of the dye is diftecgrperhaps, the interaction of
these dye with the cell membrane are different.[BBdm these hystograms, it can
be assumed that aggregated forms are better pegmgtraembranes (from the
higher values of the mean intensity fluorescencearpater) but once in the
membranes, the dye is deaggregated by interacfiithnlipids, therefore exhibiting
similar efficiency of fluorescence as the incorgedamonomeric form. In both
cases penetration into granulocytes is more efficitnan into lymphocytes.
Structural constraints caused by an over-crowdinthis porphyrin molecule in a
small space show us that this porphyrin could adr with very polar regions in
close contact with the solvent. It suggests thaitdth solvents the both forms of
TSPP penetrate the cell membrane. The percentifest fluorescent in agueous
DMSO is much higher in DMSO because in in aqueoMsSD the porphyrin is in
high degree aggregated forms. In both cases, piogtrto granulocytes is more
efficient than into lymphocytes.

4. Conclusions

The spectral changes upon photons or electraadiation of the porphyrin
TSPP show the formation of phlorin-type specie$waistrong absorption near 700
nm. When the ionizing irradiated TSPP solution waposed to light H- and J-
aggregated species were generated. The photong 800l R) stimulate the H-
aggregation and electron beam (100-200 R) stimtitetd-aggregation. The higher
intensities will yield tar-radical anion inactive in photochemical processes.

Porphyrins have potential applications in the pHghamic therapy of
tumours (PDT); they produce the necrosis of difieracipient forms of cancers
due to their singlet oxygen capacity. This capadityenhanced if face-to-face
configurations (H-aggregates) are formed. The pmiphTSPP as J-aggregate
fluorescent form, has an increased penetrationoigpato the components of
human blood cells, higher for the granulocytes tiwathe lymphocytes.

The aggregated forms of TSPP are better pengjraigmbranes of blood
cells, but in membrane TSPP is deaggregated bynteeaction with lipids and
subsequently exhibit similar efficiencies as in mmeric forms. TSPP is efficiently
incorporated into lymphocytes and granulocytesdmly in monomeric form.

REFERENCES

1. Levy, J.C., M.Obochi, New applications in photodsic therapy,Photochem.
Photobiol., 1996, 64, 737-739;

2. lon, R.M., The photodynamic therapy of cancaiphotosensitisation or a photocatalytic
process?Progr.Catal., 1997, 1, 55;

337



10.

11.
12.

13.

14.

15.

16.
17.

18.

19.
20.

21.

338

R.M. ION, M. GRIGORESCU, F. SCARLAT, V. NICULESCW. GUNAYDIN

Ochsner, M., Photophysical and photobiologicedcpsses in the photodynamic
therapy of tumours]. Photochem. Photobiol., B:Biol., 1997, 39, 1-18;

Pasternack, R.F., P.R.Huber, P.Boyd, G.Engakdenrancesconi, E.Gibbs, P.Fassella,
G.Cerio Ventura, L.De Hinds, On the aggregation esosubstituted water-soluble
porphyrins,J.Amer.Chem. Soc., 1972, 94, 13, 4511 -4517,

Pottier, R., J.C.Kennedy, The possible rolenid species in selective biodistribution of
photochemotherapeutic agents toward neoplastiaetjsd.Photochem.Photobial.,
B:Biol., 1990, 8, 1-16;

lon, R.M., G.A.Petre, Spectral study of someppgrins used in the photodynamic
therapy of cancer. The ionization process<erc.Biotehnal., 1997, 29-30, 216-222;
Abraham, R.J., p-p Aggregation in metalloporpkg/ causative factorg,Chem.Soc.,
Chem.Comm., 1978, 699-700;

lon, R.M., The spectral study of the porphyrissd in PDT. The aggregation processes,
S.Cerc. Biotehnol., 1997, 29-30, 205-212;

Chikira, M., ESR Evidence for dimer formation Imgh spin iron (lll) EOP.,
J.Chem.Soc., Chem. Comm., 1978, 906-907;

Krishnamurthy, M, J.R.Sutter, P.Hambright, Mowo-dimer equilibration of water
soluble porphyrins as a function of the coordinategtal ion,J.Chem. Soc. Chem.
Comm., 1975, 13-15;

Das, R.R., R.F.Pasternack, R.A.Plane, Fadiaraddnetics of porphyrin dimerization in
agueous solutiord,Amer. Chem.Soc., 1970, 92, 11, 3312-3316;

Brown, S.B., M.Shillcock, P.Jones, Equilibriamd kinetic studies of the aggregation of
porphyrins in agueous solutiorBipchem.J., 1976, 153, 279-285;

Mosserri, S., J.C.Vialocq, B.Perly, Porphyraysiodextrins. lll-breaking of cofacial
dimers and multi-electron reduction of free baseppgrin within and outside of
cyclodextrin cavitiesRad.Phys.Chem., 1992, 39, 2, 223-233;

Mosseri, S., J.C.Mialocq, B.Perly, P.Hambriglat;phyrin-cyclodextrin. I.Photooxidation of
ZnTSPP in cyclodextrin cavities. The characterizatioh ZnTSPP dication:
photolysis, radiolysis and NMR studidsPhys.Chem., 1991, 95, 2196-2203;

Kier, W.F., E.J.Land, A.H.MacLennan, D.J.McGatvT.G.Truscott, Pulsed radiation
studies of photodynamic sensitizers the nature l8E Photochem.Photobiol., 1987,
587-589;

Kumar, M., P.Neta, T.P.G.Sutter, P.Hambright, e@lectron reduction and
demetallation of copper porphyrinsPhys.Chem., 1992, 96, 23, 9571-9575;

Ballard, D., C.Mauzerall, Photochemical ionagga in solutions of ZnOERB,Chem.
Phys., 1980, 72(2), 933-947;

Planner, A., R.M.lon, K.Wictorowicz, D.Frackakj The incorporation of porphyrins in
human leucocytes measured by flow cytometry abisor@ind emission spectroscopy,
"First Internet Conference on Photochem. Photabiol.”, http://www.netsci-journal.
com/97va3/intro.htm.

Carter, R., E.W.Meyer, Introduction to prineiplof flow cytometry, itiFlow cytometry.

A practical approach”, M.G.Ed.Oxford Univ.Press, Oxford-New York-Tokio, 1990, p.1-28;
Bagdonas, S., R.Rotomskis, Investigations @fcispscopic properties of TSPP in
aqueous solutions at different acidityth.J.Phys., 1998, 38, 75-80;

Harel, Y., D.Meyerstein, On the mechanism afudtion of porphyrins . A Pulse
radiolytic studyJ.Amer.Chem.Soc., 1974, 96, 2720-2727;



STUDY OF INTENSITY AND IONIZING RADIATION TYPE INFLWWENCE ON SOME PORPHYRINS ...

22. Pasternack, R.F., K.F.Scaefer, P.HambrightoRewe light-scattering studies of
porphyrin diacid aggregatesiorg.Chem., 1994, 33, 2062-2065;

23. Ribo, J.M., J.Crusats, J.-A.Farrera, M.L.ValeAgigregation in water solutions of
tetrasodium diprotonated meso-tetrakis (4-sulfoplaémyl) porphyrinJ.Chem. Soc.,
Chem. Comm., 1974, 681-682;

24. Chou, LY., AJ.Hallock, Absorption study of aggregated porphyrin under high
pressureJ).Chem.Phys., 1995, 107(22), 9297-9301,;

25. Ohno, O., Y.Kaizu, H.Kobayashi, J-Aggregateration of a water-soluble porphyrin in
acidic media,).Chem.Phys., 1993, 99(5), 4128-4132;

26. Maiti, N.C., S.Mazumdar, N.Periasamy, J-and gigragates of porphyrins with
surfactants, stopped-flow and electron microscapstias,J.Porphyrin Phtalocyanines,
1998, 2, 369;

27. Sutter, T.P.G., R.Rahini, P.Hambright, J.C.Bomn&Kumar, P.Neta, Steric and
inductive effects on the basicity of porphyrins aml the site of protonation of
porphyrin dianions]).Chem.Soc., Faraday Trans., 1993, 89(3), 495-500;

28. lon, R.M., C.Mandravel., The photodegradatiomctien of some porphyrins,
South.Braz.J.Chem.Soc., 1997, 2, 62-71;

29. Rotomskis, R., S.Bagdonas, G.Streckyte, Sperpic studies of photobleaching and
photoproduct formation of porphyrins used in tumoterapy, J.Photochem.
Photobiol., B:Biol., 1996, 33, 61;

30. lon, R.M., Spectral studies of TSPP and TSNP useBDT.l.Monomer- dimer
equilibrium,Rom. J. Biophys., 1996, 6(3-4), 213-218;

31. lon, R.M., A.Planner, K.Wiktorowicz, D.Frackadi Incorporation of various
porphyrins into human blood cells measured usiegflitw-cytometry, the absorption
and emission spectroscocta Biochimica Polonica, 1998, 45(30), 833-845;

32. Frackowiak, D., A.Planner, R.M.lon, K.Wiktoraj Incorporation of dyes in resting
and stimulated leukocytes, ifiNear-infrared dyes in high technology fields',
Ed.S.Daehne, Kluwer Acad.Publ., NATO ASl Series, 1998, 87-114;

339



	00Contents
	00PREFACE
	01PECULEA
	02SANTOS_ETALL
	03COUAIRON_ETALL
	04AXENTE_ETALL
	05BILLES
	06COUAIRON_ETALL
	07HODOR
	08TENU_DAVIDESCU
	09COSMA_RISTOIU
	10CHIRIAC_ETALL
	11STEFANESCU_TITESCU
	12BOGDAN_ETALL
	13DOROHOI
	14DUMITRIU_ETALL
	15GRECU_ETALL
	16INDREA_ETALL
	17MORARIU
	18FEURDEAN_FEURDEAN
	19CROITORU_ETALL
	20PAMULA_ETALL
	21COSMA_CHEREJI
	22GHERMAN_ETALL
	23CULEA_ETALL
	24IOANOVICIU_ETALL
	25FILOTE_ETALL
	26COTLET_ETALL
	27DOROHOI_ETALL
	28DOROHOI_ETALL
	29COROIU_ETALL
	30MUNTEAN_ETALL
	31MIHAILESCU_ETALL
	32DARABONT_ETALL
	33KAUCSAR_ETALL
	34CIORBA_MORARIU
	35ISVORAN_MORARIU
	36HATEGAN_ETALL
	37HATEGAN_ETALL
	38DRAGU_ETALL
	39NEAMTU_ETALL
	40MORARIU_GHIRAN
	41CIORTEA_MORARIU
	42ION_ETALL
	43ION_ETALL

