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CHIMIA CLUJEANA 1a A 60-a ANIVERSARE
A PARTIDULUI COMUNIST ROMAN

Aniversind implinirea a sase decenii de la faurirea Partidului Comu-
nist Roméan, eveniment de importanta cruciald in transformarea revolutio-
nara, democratica si sociala a societatii noastre, constatam cu deosebita
satisfactie ca in elaborarea Tntregii sale politici P.C.R. a pornit de la stiinta
despre lume si societate, pe care a aplicat-o Tn mod creator la conditiile
noastre concrete.

Construind noua societate Tn epoca celor mai mari descoperiri ale
stiintei si tehnicii, a revolutiei tehnico-stiintifice contemporane, P.C.R. a
Tnteles ca aceasta mare opera constructiva nu se poate realiza decit pe baza
stiintei celei mai Tnaintate, care a devenit o Tnsemnata forta de productie,
un factor hotarftor al mersului Tnainte al economiei si culturii, al Tntregii
societati socialiste.

Stiinta roméaneasca, care a dat si in trecut rezultate bune n diferite
domenii de activitate, s-a dezvoltat pe baza unor bogate traditii de gin-
dire si creatie stiintifica care au adus o remarcabila contributie la Tmbo-
gatirea tezaurului stiintei nationale si universale.

Totodatd, sint bine cunoscute conditiile materiale deosebit de grele
carora trebuia sa le faca fata cercetarea stiintifica si Tnvatamintul din
tara noastra, mai ales nepasarea, lijJsa de organizare, Tndrumare, de valori-
ficare a potentialului stiintific precum si subaprecierea rolului cercetarii
proprii, manifestate decenii de-a rindul de regimurile trecute pentru des-
tinele stiintei si Tnvatamintului romanesc.

Pe drumul ascendent al devenirii patriei noastre, epoca inagurata de
Congresul al IX-lea al P.C.R. este cea mai densda, mai semnificativa si
bogata in realizari, o stralucita afirmare a stiintei si tehnologiei roménesti,
marcind an de an o legare tot mai adinca de productie si de viata.

Acordind o atentie deosebitd Tnvatamintului de toate gradele, activi-
tatii de cercetare stiintifica si tehnologicad, stiintei in general, tovarasul
Nicolae Ceausescu, a ridicat la rang de principiu unitatea organica dintre
Tnvatamint-cercetare si productie, pe care a definit-o ca pe conceptia cea
mai avansatda, o nouad optica a dezvoltarii multilaterale a Tnvatamintului
si cercetarii, subliniind necesitatea ca actuala etapa sa devina etapa revo-
lutiei tehnico-stiintifice, a afirmarii largi a cuceririlor celor mai avansate
ale cunoasterii in toate ramurile si sectoarele economiei romanesti.

Stiinta cu vechi traditii si stiinta cu trasaturi moderne, chimia clu-
jeana s-a adaptat permanent nevoilor actuale si de perspectiva ale econo-
miei nationale, abordind cu curaj si hotarire, probleme de virf ale cercetarii
stiintifice si tehnologice de avangarda.

Punind Tn valoare spiritul de creatie si talentul celor care cu pasiune
si harnicie materializeaza gindirea creatoare Tn solutii tehnice moderne,
unele cu caracter de premiera pe plan national, activitatea cadrelor didac-
tice, cercetatorilor si studentilor chimisti Tnregistreaza rezultate pozitive



CHIMIA CLUJEANA LA A 60-A ANIVERSARE A P.CR.

in efortul general de promovare si accelerare a progresului economico-social
al tarii.

Tn actuala conjuctura de crestere a penuriei de materii prime si energie,
componente principale ale crizei global mondiale, stiinta si tehnica este
chemata sa rezolve urgent o serie de probleme cheie cum sint: gasirea
mijloacelor practice de diversificare a surselor energetice, perfectionarea
tehnologiilor Tn sensul utilizarii cit mai depline a energiei, crearea de tehno-
logii care sa foloseasca surse practic inepuizabile si regenerabile de energie
si asigurarea stocarii energiei.

Aceasta presupune insa nu numai perfectionarea tehnologiilor, ci
crearea unor tehnologii cu totul noi neconventionale, cu alte cuvinte crearea
unei noi civilizatii tehnologice, a unui nou tip de crestere economica pentru
satisfacerea necesitatilor umane stiintific determinate.

Traim Tntr-o epoca de tranzitie de la energetica bazata Tn principal
pe hidrocarburi la cea bazata pe surse inepuizabile si regenerative, cind
omenirea se adapteaza cu greu la noua situatie care necesita investitii mari
si fatd de care exista Tnca o rezerva ca in general fatd de noul inca necu-
noscut.

Tn aceste Tmprejurari criteriul energetic determina mutatii structurale
in tehnologie, schimbari caracterizate mai ales prin dezvoltarea prioritara
a ramurilor, produselor si tehnologiilor cu consumuri reduse de energie
Tnglobata, inclusiv de materiale energointensive.

Chimia organica, consideratd simbolul modernitatii unei industrii
dezvoltate, dupa citeva decenii de ofensiva mai ales prin productia de
mase plastice si a altor materiale sintetice obtinute din hidrocarburi, capa-
bile sa Tnlocuiasca numeroase produse de provenienta vegetala sau animala,
avind tehnologii energointensive, se confruntd cu criteriul energetic.

Tntr-o situatie similara se gasesc si alte produse indispensabile econo-
miei cum sint : sticla, cimentul, vata minerald, vata de sticld, unele metale
printre care: aluminiul, zirconiul, titanul, siliciul monaocristalin, precum
si unele substante anorganice cum sint: carbura de calciu, hidroxidul de
sodiu obtinut pe cale electrolitica, carbonatul de sodiu etc.

Din pacate se constata ca tocmai produsele de baza se obtin utilizind
tehnologii care consuma energie multd, ca odata cu progresul tehnic con-
sumurile energetice au crescut.

Pina nu demult unele tehnologii cu consumuri mari de energie tre-
ceau neobservate. Tn conditiile de fata se impune folosirea cu discernamint
si justificare a tuturor materialelor cu performante de virf si totodata sa
se reexamineze toate tehnologiile sub raport energetic, cautindu-se amelio-
rarea sau inlocuirea lor cu altele mai eficiente.

Se pare ca Tn viitor ponderea cea mai mare In balanta energetica o
vor avea carbunele, energia nucleara si energia hidro, in paralel cu eforturile
de recuperare si valorificare a resurselor secundare energetice. La aceasta
se mai adauga energia solard, eoliana, a oceanelor, hidrotermala, sisturile
si nisipurile bituminoase, biomasa, biogazul si altele. Totodata, hidrogenul
ar putea deveni un combustibil pentru totdeauna, existind din abundenta.

Dar, dezvoltarea in ritmuri Tnalte a tuturor ramurilor economiei impune,
ca o0 necesitate de prim ordin, largirea bazei proprii de materii prime, valo-
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rificarea superioara cu fualt spirit de raspundere si gospodarire cu maxima
eficienta a tutrfror materiilor prime si materiale.

Daca pina nu de mult specialistii acceptau deseurile, resturile, zgurile,
slamurile etc. ca un efect firesc si un factor obiectiv al procesului de pro-
ductie, care trebuiau aruncate, in prezent pe plan mondial se tinde la valo-
rificarea completa a materiei prime, cautindu-se sa se creeze produse utile
chiar din partea sterila a materiei prime, din nonvaloarea ei.

Tn acest context, criteriul esential care va sta la baza dezvoltarii chi-
miei romanesti Tn cincinalul 1981 — 1985 consta din restructurarea acestei
ramuri prin accentuarea ritmurilor de crestere a fabricatiei produselor si
a grupelor cu o mare valoare de Tntrebuintare, cu consumuri reduse de
materii prime si energie, produse care sa Tncorporeze o cit mai mare munca
de Tnalta calificare.

Realizarea acestui deziderat presupune concentrarea fortelor de cer-
cetare spre ramurile care asigura cea mai mare valorificare a resurselor
indigene cum sint cele producatoare de medicamente, lacuri, vopsele, cos-
metice, materiale foto, produse de Tnalta puritate necesare industriei electro-
nice si de calcul, catalizatori etc.

Tn infaptuirea acestor programe, chimistii clujeni sint angajati in
elaborarea pe baza de tehnologii proprii, originale, a unor materiale si pro-
duse noi cu caracteristici fizice, chimice si biologice superioare, competitive
si eficiente, prin valorificare la cote Tnalte a bazei de materii prime indigene
n paralel cu reducerea cheltuielilor materiale (in special a consumurilor de
materii prime, materiale si energie).

Prof. dr. GH. JIARCU
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ELECTRODUL DE PbS MONOCRISTAL SINTETIC (III) "

Determinarea zincului Tn prezenta aluminiului prin titrare potentiometrica
cu sulfurd de sodiu

TMI. CORMOS sl ELEOXORA FOGAS

Necesitatea determinarii zincului in prezenta aluminului apare la analiza
materialelor ceramicé (emailuri, frite, glazuri), a unor catalizatori si aliaje etc.
n unele din aceste cazuri, solutia obtinuta dupa dezagregarea materialelor con-
tine zincul alaturi de cantitdti mari de aluminiu si sulfat de sodiu.

Titrarea cu Na2-EDTA a zincului si indicarea chimica a echivalentei, dintr-o
astfel de solutie, nu furnizeaza rezultate corecte [1]. Zincul a mai fost determinat,
prin titrare potentiometrica, cu sulfura de sodiu utilizind electrozi de Ag2S [2,3]
sau PbS [4]. Aceste determinari au fost efectuate Tn absenta aluminiului. Zincul
s-a mai titrat potentiometric indirect cu Na2-EDTA utilizind electrozi ion-sensi-
bili de CuS-Ag2S[5], Cu2S[6], Ag2S[7], sau diferiti alti electrozi [8—13]. De
asemenea s-au mai utilizat electrozi de platind pe baza de sisteme redox ca Fe
(CN)»;/Fe (CN)r [14-18].

Tntrucit ionii A3+ au efect puternic depresor de potential fata de electrozii
de PbS, fapt ce impiedica titrarea zincului, lucrarea de fata se ocupa de stabilirea
conditiilor de titrare potentiometrica a zincului cu un electrod de PbS si sulfura
de sodiu fara separarea prealabila a acestuia.

Partea experimentalii. Electrodul confectionat dintr- -un singur cristal sintetic de PbS [|19]
este sensibil la ionii S,— Tn domeniul de concentratie 5 = 1—6, cu o panta a functiei de elec-
trod de 30 mV/unitate pS’~. Valorile potentlalelor de electrod s-au masurat fatd de electrodul
saturat de calomel. Ca |nstrument de masura s-a folosit un potentiometru PRACITRONIC —MV —
—85, cu sensibilitate maxima de 1 mV.

Solutiile s-au preparat cu reactivi p.a. si apa distilatd. Astfel, solutia de sulfurd de sodiu
s-a preparat din Na2S-9H?20, iar solutia de zinc din ZnSOj-7H?20. Solutla de” aluminiu s-a preparat
din A12(SO4)3- 18H,0, iar ca electrolit neutru s-a folosit NasSOt- 10H20.

Etalonarea solutiei de sulfurda de sodiu 0,1 Ma fost ficutd potentiometric fata de o
solutie de zinc de concentratle cunoscutd, utilizind electrodul de PbS. Solutia de zinc a fost eta-
lonata gravimetric.

Rezultate si diseutii. Influenta NaiSOi asupra titrarii Znl* Imposibilitatea
titrarii cu Na2EDTA a Zn2+, cu indicarea chimica a echivalentei, este cauzata de
prezenta sulfatului Tn concentratie mare.

Pentru a stabili inflenta concentratiei sulfatului de sodiu asupra titrarii
potentiometrice a Zn2+ cu sulfura de sodiu, s-au titrat probe de 50 ml solutie eu
un continut constant de zinc (33,955 mg) Tn prezenta unor cantitati crescinde de
sulfat de sodiu (0; 1; 2 si 3 g Na2SO4). Titrarile au fost conduse sub agitare con-
tinua cu un agitator magnetic.

Datele titrarilor au fost reprezentate in figura L

Valorile volumelor de echivalenta calculate din datele titrarilor cu metoda
Hostetter-Roberts 120J, indica pentru toate cazurile marimi identice (Ve=10,75+
+0,02 ml).
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Din curbele de titrare si valorile volumelor de
echivalenta se vede ca prezenta sulfatului de sodiu,
in concentratie mare, nu influenteaza titrarea po-
tentiometrica a Zn2+ cu sulfura de sodiu. Sulfa-
tul de sodiu prezent in concentratia mare se mani-
festa prin stabilirea ceva mai lentda a potentialelor
de echilibru pe parcursul titrarii.

in tabelul 1 sint cuprinse rezultatele a 12
determindri cu cantitatea de zinc cuprinsa fintre
13,58-67,91 mg.

Conform datelor tabelului 1, cantitatea de
Zn2+ gasita, fata de cea luata Tn lucru, nu difera
cu mai mult de 0,15 mg.

. Influenta AI3+ asupra titrarii Zfi +. Pentru a
constata influenta Al3+ asupra titrarii potentiomet-
rice a Zn2+ cu sulfura de sodiu, s-au pregatit
probe test de solutie de zinc la care s-au adaugat
cantitati crescinde de Al3+

n figura 2, curba 3, este reprezentata o curba
de titrare obtinuta la titrarea a 50 ml solutie cu un
continut de 33,955 mg Zn2+ si 6,8 mg Al3+.

Comparativ cu curba 1, figura 2, obtinuta la
titrarea aceleiasi cantitati de Zn2* in absenta Al3+,
se vede efectul puternic depresor asupra saltului de
potential Tn jurul echivalentei. Daca se titreaza
aceeasi cantitate de zinc, Tn prezenta unei cantitati ori mai mari de
Al3+(13,6 mg), saltul de potential la echivalenta dispare practic total.

Tabel 1
Titrarea Znl4' cu sulfurda de sodiu si electrod Indicator de PbS Tn prezenta unor cantitati crescinde
de Na2SO4
Nr. Zn’+ mg, Na,SO! Zn’+ mg, Diferenta Eroarea %
probei luat g/50 ml gasit O mg
adaugat
1 2 3 4 5 6
1 13,582 0 13,705 4-0,123 4-0,90
2 13,582 1 13,486 -0,096 -0,70
3 13,582 0 13,560 -0,020 -0,14
4 13,582 3 13,605 4-0,023 -0,17
5 33,955 0 33,810 -0,145 -0,43
6 33,955 1 34,005 4-0,050 4-0,15
7 33,955 2 34,061 4-0,106 4-0,31
8 33,955 3 33,875 -0,080 -0,24
9 67,91 0 67,84 -0,07 -0,10
10 67,91 ! 68,02 4-0,11 4-0,16
1 67,91 2 67,77 -0,14 -0.20
12 67,91 3 67,81 -0,10 -0,15
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Pentru eliminarea efectului depresor
de potential al ionilor Al3+ s-a procedat la
mascarea acestora. Tn acest scop, la 50 ml
solutie test de Zn2+ care contine si Al3* s-a
adaugat 0,5 g tartrat de sodiu si potasiu.
lonii de H+ eliberati in urma reactiei de
complexare a Al3+, cu exponentul constan-
tei de formare pKs = 8,7 [21], s-au neu-
tralizat prin adaos de hidroxid de sodiu.
Domeniul optim de pH care trebuie reali-
zat este 6,5—7,0.

Neutralizarea aciditatii aparute n
urma formarii tartratului de aluminiu, este
necesara atit pentru anularea efectului
ionilor H + asupra potentialelor electrodului
de PbS, cit mai ales pentru evitarea pier-
derii unei parti din Na2S sub forma de H2S,
fapt ce duce la erori in plus. Adaugarea
la neutralizare a unui mic exces de NaOH,
duce la formarea Zn (OH)2 si sustragerea
acestuia de la reactia cu Na2S, de unde
erori Tn minus.

Influenta tartratului de sodiu si potasiu
asupra titrarii Zni+. Tntrucit ionii tartrici
manifesta actiune complexanta si asupra
zincului, exponentul constantei de formare
fiind pK2 = 5,64 [22], s-au efectuat titrari
separate ale zincului Tn prezenta tartratu-
lui de sodiu si potasiu. Aceste titrari au

aratat ca tartratul prezent in concentratie pind la 0,5 g/50 ml nu influenteaza
asupra valorii volumului de echivalentd si nici asupra saltului de potential n
jurul echivalentei, asa cum se vede din figura 2, curba 2.

Pe baza observatiilor si a conditiilor de lucru stabilite, s-a trecut la deter-
minarea Zn2+ in prezenta unei cantitati mari de Na? SO4 (aprox. 6%) si a unor
cantitati crescinde de Al3+.

Titrarea Zn3+ in prezenta Al3+ si Na2SO4. Pentru titrarea Zn2+ in prezenta
Al3+ si a unei cantitati mari de Na2SO4, s-au pregatit si titrat probe a cite 50 ml
solutie test, cu un continut de 33,955 mg Zn2+ si 3 g Na2SO4, la care s-au adaugat
cantitati crescinde de Al3+si anume : 6,8 ; 17,0 si 34,0, mg Al3 + Pentru mascarea
Al3+, probele au fost tratate cu solutie 1% tartrat de sodiu si potasiu adaugata
Tn picaturi si sub agitare continua. Mascarea complectda a Al3+ s-a urmarit pH-
metric cu un electrod de sticld, considerind complexarea terminata cind pH-ul
solutiei nu a mai scazut.

Aciditatea solutiei, aparuta Tn urma complexarii Al3, + s-a neutralizat cu o
solutie O,IM de NaOH adaugata in picaturi si sub agitare, pina la atingerea pH-
ului 6,5—7,0 urmarit cu electrodul de sticla.

n figura 3 sint reprezentate curbele obtinute la titrarea cu Na2S a 3 probe
de 50 ml solutie test, cu un continut de 33,955 mg Zn2 +, 34 mg Al3+ si 3 g Na2SO4,
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tratate cu 0,5 g tartrat de sodiu si potasiu si
neutralizate cu NaOH. Valorile volumelor de
echivalentd indicd o buna reproductibilitate a
titrarii
Valorile diferite ale potentialelor Tnainte de
echivalenta ale celor trei curbe se datoresc Tn
cea mai mare parte starii diferite a suprafetei
electrodului la pornirea titrarii.
Rezultatele obtinute la titrarea unor probe
cu un continut de 33,955—67,91 mg Zn2+, n
prezenta a 3 g Na2SO4 si a AI3+ cuprins intre
3,4 si 34,0 mg/50 ml, sint trecute in tabelul 2.
Din datele coloanei 6 a tabelului 2, se
vede ca erorile procentuale, pentru cantitatile de
zinc luate Tn lucru, nu depasesc 0,5%. Rezulta-
tele nu sint inflentate de cantitatea de Als+
prezenta, daca acesta este complexat.
Concluzii. Zincul poate fi determinat n
prezenta aluminiului si a unei cantitati mari de
sulfat de sodiu (6%) prin titrare cu sulfura de
sodiu, pe cale potentiometricda, Tn prezenta elec-
trodului indicator de PbS,
Efectul depresor de potential al aluminiului
poate fi Tndepartat prin complexarea acestuia cu
tartrat de sodiu si potasiu. lonii de H+ elibe-
rati Tn urma complexarii se neutralizeaza cu NaOH pina la pH 6,5—7, 0. Du-
rata unei titrari nu depaseste 10 minute, iar eroarea de titrare este sub 0,5%,
in cazul titrarii unor probe cu un continut de zinc pina la 68 mg/50 ml si Al3+
pinad la 34 mg.

Tabel 2

Titrarea Zni+ eu sulfurd de sodiu in prezenta Al®+ si a 3g Na2SO4, folosind electrodul de PbS

Nr. Zn » mg Al'+ mg Zn2+ mg Diferenta Eroarea
probei luat prezent gasit amg %
1 2 3 4 5 6
6 33,955 34 33,96 +0,005 +0,01
6,8 34,10 +0,14 +0,41
3 10,2 34,06 +0,10 +0,30
4 17,0 33,88 -0,08 -0,24
5 . 34,0 33,79 -0,17 -0,50
6 67,91 34 68,19 +0,28 +0,41
7 6,8 67,72 -0,19 -0,29
8 10,2 67,80 -0,11 -0,16
9 17,0 68,12 +0,21 +0,31
10 34,0 68,23 +0,32 -L0,46

(Intrai in redactie la 11 ianuarie 1980)
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THE SYNTHETIC SINGLE CRYSTAL PbS ELECTRODE (IlI)

The détermination of sine in the presence of aluminum by Potentiometrie titration with sodium sulfid

(Summary)

The paper describes the détermination of zinc in the presence of aluminium and a large

amount of sodium sulfate, without preliminary séparation. Zinc is determined by potentiometric
titration with sodium Sulflde using a synthetic single-crystal PbS as indicating electrode. Zinc is
titrated direetly, after masklng aluminum with sodium-potassium tartrate and neutralization of the
Solution with sodium hydroxide to pH 6,5—7,0. The duration of a détermination is less than 10

min.,

and the error is less than +£0,5%, for amounts of zinc ranging between 10 and 70 mg/

sample of 50 ml. in the presence of 34 mg Al
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CONTRIBUTII LA TMBUNATATIREA PROCESULUI TEHNOLOGIC DE
FABRICARE A ACETILENEI PRIN PIROLIZA OXIDATIVA A
METANULUI

I. VODNAR, R. TIRIU, a. BIRO, L. GHIZDAVU si I. HOPARTEAN

Acetilena este substanta care a stat la baza fabricarii multor monomeri
de polimerizare Tn tara noastra: clorura de vinii, acetat de vinii, acrilonitril,
cloropren, esteri acrilici, stiren, butadienda etc. Mai multi din acestia se obtin
pornind de la acetilena. La scara industriala acetilena se obtine ptin mai multe
procedee, dintre care cel ce are la baza oxidarea partiala a metanului se mai
numeste si piroliza oxidativa a metanului, deoarece o parte din metanul utilizat
drept materie prima de baza este ars In amestec cu oxigen in scopul realizarii
temperaturii Tnalte la care restul de metan se descompune termic (se pirolizeaza),
dind acetilena. Continutul gazelor de piroliza in acetilena este de 6 -8%. Restul
pina la 100% sint CO, H2, CH4 netransformat, derivati ai acetilénéi, substante
aromatice etc. Din acest amestec multicomponent trebuie sa fie separata aceti-
lena cu o puritate de 98—99%, ceea ce presupune folosirea unei instalatii de
purificare ce cuprinde un numar mare de absorbere, scrubere, pompe si compre-
soare etc. Tn toate instalatiile de aceasta natura, apar depuneri solide care sint
considerate amestecuri de polimeri. Ele au proprietatea de a se autoaprinde n
contact cu aerul, iar uneori cauzeaza explozii distrugatoare. Din aceste motive
s-a impus Th mod stringent studierea naturii depunerilor solide. Probele supuse
analizelor au fost colectate din diferitele aparate si masini din componenta insta-
latiei de fabricare a acetilénéi din cadrul Combinatului chimic de la Isalnita-
Craiova.

Partea experimentald. Tn abordarea temei enuntate mai intii s-a studiat procesul tehnologic
pentru a se cunoaste cpnditiile concrete de exploatare a fiecarui aparat din componenta instalatiei
industriale. S-au efectuat urmatoarele serii de determinari si analize :

— combustia probelor de depuneri solide ;

— analiza chimica si spectralda a cenusilor obtinute la combustia probelor;

— studierea reactiei dintre gazele de piroliza si hidroperoxidul de cumen;

— studierea reactiei dintre depunerile solide si peroxidul de hidrogen ;

— analiza la derivatograf a sedimentelor solide ;

descompunerea termicd a sedimentelor solide in atmosfera de argon;

— analiza cromatograficd a gazelor formate la descompunerea termica a probelor.

in vederea unei prezentdari mai succinte a materialului, in continuare se dau numerele de
ordine precum si denumirile probelor utilizate, pentru ca in continuare sa putem face trimitere
pe scurt doar la numarul de ordine al probei date.

1. Sediment de la treptele de presiune joasda ale compresoarelor; 2. Sediment de la trep-
tele de presiune Tnalta ale compresorului; 3. Sediment din separatorul de cocs; 4. Sediment din
scruberul de negru de fum; 5. Sediment din electrofiltre; 6. Sediment de pe pulverizatorul de
apa de ,,célire”; 7. Sediment din coloana de absorbtie cu motorina C 106; 8. Sediment cules din
conducta care duce spre gazometrul destinat gazelor de piroliza.

Rezultatele obtinute la combustia celor 8 probe luate Tn lucru sin prezentate in tabelul 1
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Tabel 1
Rezultatele obtinute la combustia probelor
N Marimea Temp: de  Durata de Pierderi de Reziduu de Continut
kr). - probei combustie, calciuare, calcinare, calcinare, in Fe al
probet °C ore % cenusii, %
1 21,326 750 10,5 89,18 10,82 2,15
2 15,073 750 4 84,83 15,17 0,94
3 46,090 750 4 54,68 43,32 0,73
4 21,629 750 4 97,22 2,78 0,77
5 33,990 750 4 95,39 4,61 1,25
6 34,892 750 9 30,26 69,74 1,05
7 71,604 750 4 94,28 5,72 0,56
8 45,296 750 4 90,42 9,58 0,57

Dintre rezultatele cuprinse in tabelul | poate cea mai semnificativd este prezenta fierului
n toate probele analizate. Aceasta ne-a facut sa credem ca n instalatia industriald se fotmeaza
combinatii de fier volatile, care dau cu acetilena si cu derivatii acesteia substante macromoleculare,
organometalice sau de alta natura care se separa din faza gazoasa si lichida constituind depuneri,
sedimente solide. S-a preusupus ca aceste sedimente pot fi carbonili de fier superiori (sau carbonili
ai altor metale% si diferite combinatii organometalice (inclusiv produsi macromoleculari de aceastd
naturd) care se formeaza din sau sub actiunea carbonililor metalici, care' in majoritatea lor sint sub-
stante volatile ce pot trece din aparat in aparat.

n scopul de a se obtine argumente in favoarea presupunerii facute, s-a cautat sa se puna
n_evidenta prezenta oxidului de carbon n sedimentele solide, deoarece daca acestea se formeazd
printr-o reactie Tn care, iau parte si carbonilii metalici, atunci in componenta lor trebuie sa apara
Si una sau mai multe molecule de CO legate de unul sau mai multi atomi de fier. Punerea in evi-
denta a oxidului de carbon poate fi facuta prin descompunerea termica a probelor si analiza chimi-
ca a gazelor formate. Tn scopul cunoasterii temperaturilor la care descompunerea are loc cu
degajare mai Tnsemnata de gaze, probele au fost supuse analizei derivatografice. Rezultatele obtinute
sint cuprinse in tabelul 2.

Tabel 2
Analiza termogravimetried a probelor eu ajutorul derivatografulul
Treapta | Treapta Il Treapta 111

Nr. probei ; ; Temp. ; ; Temp. ; ; Temp.
p Ple(r]derl, finalg, Pierderi, finald Ple;gerl, finalg,
% °C 70 °C °C

1 6 110 26 340 68 640
2 2 130 36 340 56 700
3 22 155 — - 67 900
4 64 240 - - 28 565
5 68 220 - 24 650
6 — — — — peste 560
7 7 108 60 350 22 640
8 60 220 - - 30 680

Datele din tabelul 2 ne arata ca la temperaturi de peste 300°C probele se descompun cu
vitezd mare. Pe temeiul acestor rezultate s-a putut trece la descompunerea termica a probelor, care
s-a facut Tn atmosfera de argon pentru a se preveni denaturarea compozitiei gazelor de descompunere
sub actiunea unor reactii de oxidare cauzate de oxigen. Din motive de securitate a muncii s-a lucrat
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cu probe mid, cuprinse ntre 0,5 si 2 g, deoarece materialul prezinta pericol de explozie. Gazele
obtinute la descompunere au fost analizate la un cromatograf de gaze cu celuld de conductibilitate
termicd si cu o coloand de separare pe bazd de sitd moleculard 5 A, temperatura de lucru fiind
de 60 °C, iar gazul purtator argon. Rezultatele obtinute sint trecute Tn tabelul 3

Tabel 3
Analiza eromatografiei a gazelor de descompunere
Temp Compozitia chimica a gazelor, % voi.
Nr. .
: descompunere

probei 08 ' (6{0] H CH« 0 N
1 600 49,80 45,00 3,33 urme 1,34
2 600 26,70 60,55 6,52 urme 6,21
3 600 19,89 72,36 — 2,01 5,72
4 700 24,85 45,48 15,53 urme 14,12
5 600 43,68 45,78 9,53 0,34 0,68
6 600 2,00 10,20 1,00 1,00 2,01
7 »560 67,01 24,20 7,80 urme 1,01
8 525 45,50 48,17 5,33 urme 1,00

Se poate constata cd gazele formate la descompunerea termica_a probelor contin cantitati
mari de CO, ceea ce ne face sa credem cd in compozitia probelor trebuie sa fie prezenti carbonilii
metalici , indeosebi cei de fier, fie Tn stare libera fie in stare complexata.

n favoarea presupunerii facute mai pledeaza si rezultatele obtinute la interactiunea probelor
cu peroxid de hldroqen S-a constatat ca la un astfel de tratament se formeaza bioxid de carbon
n cantitati apreciabile (una din reactiile caracteristice carbonililor metalici). De exemplu, la tratarea

a 20 g din proba nr. 1 cu 40 ml H202 de 30%, la temperatura de 22°C, se formeaza 106 ml gaz
care contine41% CO2.

n urma analizelor efectuate si a constatrilor ficute, putem conchide ca in sedimentele
solide formate n instalatia de fabricare a acetilénéi prin plrollzé oxidativa a metalului pot aparea
carbonilii de fier (precum si ai altor metale prezente Tn corpul masinilor si aparatelor ce constituie
instalatia industriald) atit Tn stare liberd rit si in stare complexata sub forma unor combinatii
complexe care pot avea structuri foarte compllcate [L—3] rit si Tn componenta unor polimeri necunos-
cuti [2], la formarea cérora joaci rol de initiator de polimerizare.

Concluzii. Pe baza studiului si a experimentarilor facute, s-a ajuns la
concluzia ca Tn instalatia de purificare a acetilénéi de ceilalti componenti ai gaze-
lor formate la piroliza oxidativa a metanului apar o serie de impuritati, printre
care si carbonilii de fier (eventual si alti carbonili metalici), datorita carora se
pot crea situatii Tn care persista pericolul de incendiu si de explozie, se formeaza
cantitati relativ mari de sedimente solide care cauzeaza repetate opriri, reduc

randamentul produsului urmarit, maresc consumul specific de materii prime si
energie etc.

in lumina constatarilor facute se pot lua masurile necesare Tn vederea
reducerii pericolelor si neajunsurilor semnalate, creind conditii adecvate de exploa-
tare cit mai judicioasa a instalatiei industriale. Tn acest scop se propune mai
ales Tnlocuirea unor absorbere clasice cu cele cu pelicula turbulenta de lichid
[4—6], depozitarea Tn atmosfera inerta sau chiar arderea sedimentelor care se
formeaza Tn orice conditii, si prevenirea utilizarii absorbantilor pina la atingerea
unui grad de epuizare inadmisibil de mare.

(Intrai in redactie la 7 februarie 1980)
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CONTRIBUTIONS TO IMPROVING THE PROCESS OE ACETYLENE PRODUCTION,
BASED ON THE OXIDATIVE PYROLYSIS OF METHANE

(Summary)

This paper présents the experimental data and the conclusions oblained by multilateral
analysis of the solid sédiments from industrial equipment used in a plant of acetylene production
by means of the oxidative pyrolysis of the methane. Proofs are provided in favour of the hypo-
thesis that metal carbonyls are formed, in the industrial equipment which cause the polymérisation
of the acetylene and its derivatives, with formation of several organometallic compounds with intri-
cate structures. AU these substances appear in the form of solid sédiments, representing fire and
explosion danger, and cause many stopping of the plant, reduce the yield of acetylene, increase the
specific consumption of the raw materials and of energy. We make proposais to eliminate these
shortcomings.
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UTILIZAREA TUFULUI VULCANIC CA FAZA STATIONARA 1IN
CROMATOGRAFIA PE STRAT SUBTIRE (II)

Separarea unor compusi 1,4-benzodiazepinici

T. HODISAN, C. SARBU si | MARIANA LUNGU |

ntr-o lucrare anterioara [1] s-a studiat posibilitatea separarii unor compusi
beRzodiazepinici prin cromatografie pe strat subtire, utilizind ca suport
silicagelul. Tn unele din sistemele de solventi utilizate, separarea anumitor com-
ponenti din amestecul studiat nu era satisfacatoare, de aceea s-a utilizat teoria
informatiei [2] Tn scopul determinarii compozitiei optime a sistemului de solventi
pentru care se obtine o rezolutie maxima. Pe de alta parte, s-a constatat ca
cantitatea de informatie 1 nu este 0 marime adecvata pentru caracterizarea
gradului de separare a unui amestec complex de componenti, Tntrucit acest
parametru nu face nici o discriminare Tntre doua zone complet neseparate, pre-
cum si Tn cazul cind Tntre aceleasi zone exista un grad de separare mai mic
decit conditia impusa ca zonele sa faca parte din doua grupuri net distincte.
De aceea s-a introdus marimea I | Rtmin, unde 1 este cantitatea de informatie
furnizata pentru fiecare sistem, iar parametrul Himin este media rezolutiilor
tuturor zonelor adiacente. Aceasta marime aduce informatii privind separarea
componentilor in interiorul unui grup oarecare.

Tntr-un alt studiu efectuat recent [3] s-a experimentat pentru prima data
tuful vulcanic, ca faza stationara Tn cromatografia pe strat subtire, la separa-
rea unui amestec complex de aminoacizi. Studiul efectuat, comparativ cu cel
pe silicagel si celuloza, a scos Tn evidenta calitatile, deloc inferioare, ale tufului
fata de cele doua faze stationare atit de frecvent utilizate pe plan mondial Tn
cromatografia pe strat subtire.

Pentru a testa calitatile acestei noi faze stationare si pe alte clase de sub-
stante, in prezenta lucrare s-a efectuat un studiu privind capacitatea de separare
a tufului vulcanic in cazul unor compusi 1,4-benzodiazepinici, comparativ cu
silicagelul R UV fluorescent [4], care permite detectia compusilor in ultraviolet.
Pentru a exploata in intregime calitatile acestei noi faze stationare, s-a utilizat
teoria informatiei [2, 3] Tn vederea determinarii compozitiei optime a sistemelor
de faza mobila utilizate, pentru cazurile cind sistemul de solventi respectiv
nu realiza o separare corespunzatoare.

Modul de lucra. S-a studiat posibilitatea de separare a urmatorului amestec de benzodiazé-
pine : oxazepam (Ox), dordiazepoxid (CI), nitrazepam (Nitra), diazepam (Dia). Din acesti componenti
s-a facut o solutie 0,05% in cloroform. Din aceastd solutie s-au pipetat 10 pi pe placa Cu suport.

Faza stationard s-a pregatit in felul urmator: tuful vulcanic, spalat cu HC1 pind la reactie
negativa a ionilor Fe s-a macinat si s-au sortat particulele cu granulatla 10—70 pm. Cu acest
sort s-au tras placi cu grosimea de 0,5 mm, folosindu-se ca liant un amestec de medasol cu amidon,
1% din fiecare.

Identificarea componentilor s-a facut prin stingerea fluorescentei la 254 nm. Elutiile s-au
efectuat in camerd N nesaturata.
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Ca fazd mobild s-au utilizat 2 sisteme bicomponente : cloroform-acetond (5:3 v/v), benzen-
-acetona (9:2 v/v) si un sistem tricomponent (toluen-acetona-amoniac), in care s-a variat, cu un
anumit incrément, compozitia unui component al acestui sistem.

Rezultatele’obtinute sint prezentate in tabelul 1.

. Tabel 1
’c\lrri' Faza mobila (v/v) Faza stationara heRf
) Ox Cl  Nitra Dia
1 Cloroform-acetond (5: 3) Silicagel 60 48 70 76
2 Cloroform-acetona (5: 3) Tuf vulcanic 58 60 72 80
3 Benzen: acetona (9:2) Silicagel 10 3 16 28
4 Benzen: acetona (9: 2) Tuf vulcanic 10 8 38 66
5 Toluen: acetond: amoniac (25:50:1)  Silicagel 45 44 55 64
6 Toluen : acetona: amoniac
(25: 50 :1) Tuf vulcanic 46 59 70 78
7 Toluen : acetona: amoniac
(75: 50 : 1) Silicagel 16 15 33 45
8 Toluen : acetona: amoniac
(75:50 : 1) Tuf vulcanic 20 36 51 67
9 Toluen : acetond: amoniac
(75:25: 1) Silicagel 7 4 15 32
10 Toluen : acetond: amoniac
(75:25: 1) Tuf vulcanic 8 21 39 65

Din analiza tabelului 1 se constatd ca pentru sistemele de elutie bicom-
ponente se obtine un grad de separare mai bun Tn cazul utilizarii silicagelului
ca faza stationara. Pentru sistemul tricomponent, Tn toate cele trei variante,
tuful vulcanic da rezultate mai bune decit silicagelul.

Trebuie Tnsa mentionat faptul ca compozitia celor doua sisteme bicompo-
nente de faza mobila au fost optimizate [1], pentru componenta studiati, Tn
cazul utilizarii silicagelului ca suport. Transpunind, pur si simplu, aceste compo-
zitii pe tuf, rezultatele sint necorespunzatoare. Procedind Tn mod asemanator
si pentru cazul utilizarii tufului ca faza stationara, s-au determinat compozitiile
optime ale celor doua sisteme bicomponente [1], iar rezultatele sint redate
n tabelul 2.

Tabel 2
h1 Rf
(l;ltrr Sistemul de faza mobila (v/v) )
: Ox Cl  Nitra | Dia
1 Cloroform: acestond (62,5 : 30) 34 45 64 76
2 Benzen: acetond (45: 12,5) 13 20 47 43

Din tabelul 2 se constata ca se obtin separari excelente, mai bune chiar
decit in cazul silicagelului.

n concluzie, prin acest studiu s-a dovedit ca si Tn cazul acestei clase de
substante tuful vulcanic poate fi utilizat cu succes ca faza stationard in croma-
tografia pe strat subtire.

(Zfrfrol I» redactie la 9 februarie 1980}
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UTILIZATION OF THE VOLCANIC TUFF AS A STATIONARY PHASE IN THIN-LAYER
CHROMATOGRAPHY (I1)
The séparation of some 1,4-benzodiazepin compounds

(Summary)

In the present paper we studied the possibility of utilizing the volcanic tuff as a stationary
phase in thin-layer chromatography for separating some 1,4-benzodiazepin compounds, as com-
pared to Silica Gel.

In the aim of improving the composition of the mobile phase Systems, the information
theory was used. Very good results, even better than those obtained with Silica Gel were
reached, which allows the introduction of this new stationary phase in thin-layer chromato-
graphy of Benzodiazepin compounds.

2 — Chemie 1/1981
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UN NOU CRITERIU PENTRU ESTIMAREA PERFORMANTEI SEPARARII
TN CROMATOGRAFIA PE STRAT SUBTIRE

SIMION GOCAN si MARIA MIHALI

Problema aprecierii cantitative a separabilitatii unui sistem multicompo-
nent prin metode cromatografice a constituit subiectul mai multor lucrari.

Primul criteriu a fost propus de Giddings [1], cunoscut sub denumirea
suprapunerii totale a picurilor. Acest criteriu poate fi aproximat printr-o functie
de forma:

O = S exp(—22%) ()

Tn care Es se calculeaza cu expresia clasica a rezolutiei a doud picuri vecine i
si j, suma se refera la toate perechile de picuri. Optimizarea separarii se face n
sensul micsorarii valorii functiei O.

Al doilea criteriu utilizeaza functia cromatografica de raspuns [2], FCR,
pentru toate cele k perechi de picuri adiacente

FCR = £loge(P,) (2
11

unde P( este 0 masurad a separabilitatii a doua picuri adiacente [3].
Al treilea criteriu aplica teoria informatiei [4] la evaluarea separarii [5—8].
Puterea de informatie a unei cromatograme este data de relatia :

Pinf = £ log2(SJ (3)

i—1

unde Sj = 1/(2 X fractia de separare) pentru perechile de picuri respective.

Liteanu si Rica [9] utilizind trei sisteme cromatografice ipotetice
(8 componenti si 3 sisteme de eluenti) demonstreaza ca sistemului caruia Ti cores-
punde cea mai mare valoare a cantitatii de informatie, 7i corespunde de fapt
si separarea cea mai buna.

Pentru aprecierea cit mai obiectiva a separarii s-a propus utilizarea pro-
dusului ZAj.mta [10] in care | este cantitatea de informatie [11] iar este
media rezolutiei tuturor picurilor neseparate. Separarea va fi cu atit mai buna
cu cit valoarea produsului va fi mai mare.

Aplicarea criteriilor enumerate mai sus la aprecierea globalda a separabili-
tatii componentilor este destul de laborioasa. De aceea Tn prezenta lucrare se
propune un criteriu mai simplu si care satisface pe deplin cerintele impuse de
cromatografia pe strat subtire.

Sa presupunem separarea a n componenti prin cromatografia pe strat
subtire. Toti cei n componenti sint complet separati si distribuiti echidistant
Ipe intreaga lungime a stratului subtire. Aceasta situatie reprezinta un caz ideal
imita.
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Pentru caracterizarea echidistantei intre spoturi consideram distanta start-
front echivalentd cu 100 de unitati Rf. Atunci, in cazul celor n componenti,
existd (n — 1) intervale egale, avind fiecare valoarea :

AEZ = 100/(« — 1) @)

Aceasta valoare constituie intervalul teoretic dintre doi componenti vecini n

cazul unei separari ideale.
Fie valorile Rf experimentale ale celor n componenti, aranjate in ordine

crescatoare: Rfl, Rff, Rfi, Rfn. Cu ajutorul acestor valori se calcu-
leaza intervalele experimentale :
~Rfi — — Rh (5)

Se propune drept criteriu de apreciere a performantei separabilitatii prin
cromatografia pe strat subtire abaterea medie patratica a mediei de selectie, sM,
a valorilor intervalelor experimentale, &R/,, fatd de valoarea intervalului teo-
retic, A#z

O separare va fi considerata cu atit mai buna cu cit valoarea obtinuta
pentru sM va fi mai mica. Acest criteriu are Tnsusirea de a fi simplu si totodata
cu ajutorul lui putem sa apreciem, numai pe baza valorilor 7z tabelate, care
dintre separdri este cea mai bund. Evident, se presupune ca spoturile sint fara
cozi, dealtfel aceasta fiind o cerinta elementara ce trebuie respectata in cromato-
grafia pe strat subtire.

Pentru verificarea celor de mai sus s-a ales ca model experimental separarea
unor pesticide in diferite sisteme de eluenti.

Partea experimentald. S-au folosit placi cromatografice cu silicagel si indicator de fluores-
centa 254 nm gata preparate (Merck) si placi cromatografice cu silicagel —R cu indicator de fluores-
centd 254 si 364 nm gata preparate (Institutul de chimie, Cluj-Napoca).

Ca eluent s-a folosit eterul de petrol si benzenul in diferite proportii cu acetat de etil si

acetona.
Sistemul de componenti a fost alcatuit din trei compusi organofosforici si unul organofluorurat

H3CO S
\ll

P
H3CO/ Fosfotox R

HaCa0 S O OC2H§
\IL 1/
P P

-S-CH2-CO-NH-CHj

-S-CHa-

7/ \
HaCaO Fosfotox E  OC2H,
H3CO S

A\l
P —S—CH—COOCaHs5

/7
H3CO0 CHj-COOC;jH,
Malation
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n N-7474
| no!
|  CH2-CH2-CH,
N<
XCH2-CH2-CH3
Treflan

Primii trei compusi sint Tntrebuintati ca insecticide iar ultimul ca ierbicid. Probele au fost
aplicate pe placa cil strat subtire in volume de 3 pl/spot dintr-o solutie de concentratie de 0,05%
din fiecare component.

Developarea plécilor s-a facut ascendent in camera-N saturata.

Detectia componentilor s-a facut prin iradierea placii cu radiatii UV la 254 si 366 nm. Zonele
unde s-au gasit componentii au aparut sub forma unor spoturi inchise la culoare, datorita fenomenului
de stingere a fluorescentei.

llrzultate si discutii. Rezultatele privind separarea componentilor pe cele
doua tipuri de placi croinatogral'ice sint redate prin valorile hRf in tabelele 1 si 2.

Tabel 1
Valorile hRf ale unor pesticide

Placi cromatografice gata preparate cu silicagel FISI (Merck)

Nr. crt.  Component Fluent hR/ AR/,  saf
0 | 2 3 4 5
1 Malatioii Eter de petrol 0

19
Fosfotox R 19
37 132
Fosfotox E 56
6
Treflan 62
2 Malation Eter de petrol- 0
99
I'osfotox R benzen-acetat de 22
33 9,7
l'osfotox E  etil (1 :8:1, viv) 55
12
Treflan 67
3 Malation Eter de petrol- 6 ”
Fosfotox R acetat de etil 30
33 6,5
Fosfotox 1T (50: 50, v/v) 63 2

Treflan 83
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(continuare)

0 1 2 3 4 5
4 Fosfotox R  Eter de petrol- 0
6
Malation acetond (95: 5, v/v) 6
28 152
Fosfotox E 34
16
Treflan 50
5 Malation Benzen 0 1
Fosfotox R 1
39 132
Fosfotox E 50
10
Treflan 60
6 Malation Benzen-acetona 6 .
Fosfotox R (95:5, V/v) 10
48 17,0
Fosfotox E 58 ;
Treflan 65
7 Fosfotox R  Benzen-eter etilic 30
15
Malation (9:2, viv) 45
30 134
Treflan 75
5
Fosfotox E 80
Tabel 2

Valorile liRj ale unor pesticide
Placi cromatografice gata preparate cu silicagel F2M,36 (Institutul de chimie Clnj-Napoca)

Nr. crt.  Component Eluent hRj
0 1 2 3 4 5
1 Malation Eter de petrol 0
15
Fosfotox R 15
35 10,2
Fosfotox 15 50
14
Treflan 64
2 Fosfotox R Eter de petrol-acetat 30 20
Fosfotox E de etil (75:25, viv) 60
12 134
Malation 72 g

Treflan 80
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(continuare)

0 1 2 3 4 5
3 Malation Benzen 0
12
Fosfotox R 12
36 12,8
Fosfotox E 48
10
Treflan 58
4 Malation Benzen-acetona 5
4
Fosfotox R (95: 5, v/v) 9
51 173
Fosfotox E 60
8
Treflan 68

Tn acest caz numarul componentilor este n = 4, iar pe baza relatiei (4)
s-a calculat A7?/ = 33. Tn continuare s-au calculat intervalele experimentale
AE/j cu relatia (5). Rezultatele sint redate Tn tabelele 1 si 2 coloana 4. Tn final,
s-a calculat abaterea medie patratica a mediei de selectie su, cu relatia (6). Rezul-
tatele sint redate Tn tabelele 1 si 2 coloana 5.

Tntr-adevar, separarea cea mai buna Tn cazul placilor cromatografice
(Merck) s-a constatat pentru eluentul format din eter de petrol-acetat de etil
(50: 50, v/v) pentru care sM are valoarea cea mai mica, adica 6,5 (v. tabelul 1,
coloana 5). Pentru placile cromatografice produse la Institutul de chimie Cluj-
Napoca, rezultatele cele mai bune s-au obtinut in cazul folosirii ca eluent a ete-
rului de petrol, sM = 10,2 (v. tabelul 2, coloana 5).

S-a determinat si limita de detectie pentru componentul treflan, prin
metoda dilutiei succesive, si s-a gasit: 6 + 10-7 g/spot pentru placile cromato-
grafice Merck si 8,9 10-' g/spot pentru placile cromatografice produse de
Institutul de chimie Cluj-Napoca.

in concluzie, criteriul propus corespunde pe deplin cerintelor experimen-
tale Tn cazul cromatografiei pe strat subtire.

(Intrai in redactie ia 19 februarie 1980)
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A NEW CRITERION FOR THE ESTIMATION OF THE SEPARATION PERFORMANCE
IN THIN LAYER CHROMATOGRAPHY

(Summary)

A new criterion for the estimation of the séparation of n componente by thin layer chroma-
tography is proposed, namely the average square déviation of the sélection average:

=780/ - JER)M[(n - 1) — 2)]

where AE/ = 100/(n — 1) is the theoretical interval for the ideal case and AE/ = E/(a+1) — E/j are
the experimentally determined intervals, after the E/; values of the componentd having been
arranged in the increasing order.

The separability of the n componenta is the best when the value is the smallest.

This criterion has been confirmed in the case of the pesticide séparation using somé eluent
sistema.
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DIBENZOFURANS ¢l11)

On the nitration of 3-acetylamino-2-bromo-dibenzofuran

ILEANA BALAZS, VALER FARCASAN and COSTEL SARBU

As a part of our research in benzofurobenzimidazole séries we were intere-
sted to prepare the 4-bromo-benzofuro-[2,3-h]-benzimidazole(l). A possible way
to I, via 2-bromo-2,3-diamino-dibenzofuran(ll) involves the nitration of 3-acetyl-
amino-2-bromo-dibenzofuran(lll). This last reaction is the topic of the present

paper.

r=r=NH,R=H
2 5 2 4

VI R=CHj X R=R=H  Rj=NH2 R=NOa

X' R=R=H , R=R=NO2

Treatment of 111 with nitric acid in the conditions described in the experi-
mental section, gave a mononitroderivative (IV) as the main product.

Taking inté account the reactivity of the dibenzofuran nucleus (e.g. [2]),
the more suited positions for an electrophylie substitution in 3-acetylamino-2-

bromo-dibenzofuran(l1l) are 4,7 and 8.

By the bromination of 3-acetylamino-8-nitrodibenzofuran(V) we obtained
3-acetylamino-2-bromo-8-nitro-dibenzofuran(V1l). The melting point and the
electronic spectrum of this substance differs from those of compound IV. Thus
the position 8 was excluded.

o Part Il see [1].
+* The author of the chromatographie analyses.
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If nitro-group would be in position 4, by réduction in neutral medium
(hydrazine hydrate in éthanol) followed by boiling with hydrochloric acid, 4-
bromo-2-methyl-benzofuro [2,3-h]-benzimidazole (VII), would be formed having
in mind the behaviour of monoacetylated o-phenylendiamine (e.g. [3]). In the
same situation, if 1V is first hydrolysed and afterwards reduced with hydrazine
hydrate, 2-bromo-3,4-diaminodibenzofuran(ll) must be obtained. But in our
case the two routes afforded the same amine. Thus the position 4 was also
excluded.

All these data suggest that the nitro-group is in position 7 and consequently
IV is the 3-acetylamino-2-bromo-7-nitro-dibenzofuran. This also means that
the compounds obtained in the reactions sériés of IV with hydrochloric acid
and hydrazine hydrate, described above, are VIII, 1X and X.

It is noteworthy that the réduction of IV with stannous chloride in a boiling
mixture of glacial acetic acid and concentrated hydrochloric acid is not advi-
sable. In these conditions a complex reaction mixture was obtained in which by
t.l.c. besides VIII also IX, X and unreacted IV were detected.

It also may be pointed out that compounds IV and VI héave actually the
sanie Rf. in the conditions used by us. Thus a very close polarity of the two
substances was suggested, which is to be expected for two isomers with the nitro-
group in 7 respcctively 8 position.

Experimental. The m.p. were determined in capillaries and are uncorrected. The electronic
spectra were recorded in éthanol on an ,,Specord” spectrophotometer. Only the two more intense
maxima were reported. The purity of the compounds was checked by thin layer chromatography
on silica gel with magnésium fluorogermanate, using as eluent benzene-acetone 5: 3

3-Kcetylamino-2-bromo-7-nitro-dibenzofuran (?IV). To a warm solution of 1 g Il [4] in

9ml glacial acetic acid, 0,85 ml nitric acid (d = 1,52) were stepwise added. After 2 hours the precipi-
tate was filtered and recrystallized from 150 ml glacial acetic acid. The pure product, 0,55 g (48%),
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rgeltsdalt\IZgg-ZQBC’. UV-spectrum: X max 225 and 343 nm. Cl4H,BrN,O4 (349.13). Caled. N 8.03.
oun 0.

3-Acetilamino-7-amino-2-bromo-dibentofuran (VI11). a) To a solution of 0.2 g IV in 15 ml
éthanol 1 ml hydrazine hydrate and a small quantity nickel (from formiate) were added, the mixture
boiled for 1 hour and then filtered hot. The solution was cooled and the precipitate was separated.
Thus 0.12 g (66%) pure VIII, m.p. 227°, were obtained. UV-spectrum: X max 225 and 332 nm.
C,HNnBrN,O, (319.16). Caled. N 8,77. Found N 8.7.

b) To a hot solution of 0.27 g IV in 2 ml éthanol and 5 ml glacial acetic add, 0.2 ml
concentrated hydrochloric acid and a solution of 0.31 g stannous Chloride in 0.35 ml concentrated
hydrochloric add were added. The mixture was boiled for 20 min., then a solution of 0.2 stann-
ous Chloride in 0.2 ml concentrated acide was once more added and boitling carried on for another
30 min. After cooling, the precipitate was filtered and warmed on the steam-bath with 2 ml
10% sodium hydroxide for 30 min. The precipitate was filtred, washed with water and dried.

By t.l.c. near the main product (VIII), 1V, IX and X were detected.

2-Bromo-3,7-diamino-dibenzofuran (1X). a) To a biling solution of 0.1 g VIII in 10 ml étha-
nol and 2.5 ml dlmethylformamlde 2.5 ml concentrated hydrocloric acid were added and the boiling
carried on for 1 hour. After cooling was alkalinised with concentrated ammoénia. The precipitate
0,05g (57%) was recrystallized from ethanol-water. M.p. 178°. UV-spectrum : Xmax 223 and 340nm.
CItH,BrN,O (277.13) Caled. N 10.11. Found N 10.3.

b) A solution of 0.2 g 3-amiuo-2-bromo-7-nitrodibenzofuran (X) and 2 ml hydrazine hydrate
in 10 ml éthanol to which a small quantity of nickel (from formiate) was added, was boiled for
1 hour. To the hot filtered solution, water was added and the mixture cooled. The precipitate was
filtred and recrystallized from éthanol. M.p. 176-177°. CMH,BrN,O (277.13).

((j:aled N. 10.11. Found N 9.8. The mixed m.p. with the product obtained by method a) shows no
épréssion.

3-Amino-2-bromo-7-nitro-dibenzofuran ~ (X). A mixture of 0.5 g IV, 25 ml dioxane and
20 ml concentrated hydrochloric acid was boiled for 1 hour. Then the same quantity of acid was added
and the boiling continued for 118 hours. After cooling the precipitate was filtered, washed with
diluted amménia and recrystallized from dioxane. The yellow-orange crystalls, 0.25 g (58%) melt
ﬁt g%6 -277°. UV-spectrum: X max 223 and 396 nm. Cl4H,Br~O3 (307.13). Caled. N. 9.12. Found

3-Amino-8-nitro-dibezofuran (XI). To a boiling mixture of 0.3 g 3,8-dinitrodibenzofuran (XII)
[5] and 5 ml ethanol, 3 ml solution of natrium polisulfide were added boiling continued for
15 min. and then allowed for 2 hours at room température. The yellow-orange precipitate was filtered
washed with water and ethanol. After recrystallization from dioxane, 0.2 g (75%) crystalls m.p.
266—268° (lit. [5] 268°) were obtained.

For the préparation of natrium polisulfide solution, 1,5 g anhydrous naturium Sulfide were
dissolved in 7.5 ml boiling water, filtres and to the solution 0.45 g sulfur added. The boiling was
continued until the red-brown colour appears.

3-Acetylamino-8-nitro-dibenzofuran (P). A mixture of 0.8 g XI, 25 ml anhydrous benzene
and 3 ml acetic anhydride was gently warmed until no more yellow precipitate was formed. Then it
was filtered and the precipitate was recrystallized from dioxane. The pure substance, 0,65 g (65%)
melts at 250-252°. CI4HION,O4 (270.22). Caled N 10.36. Found N 10.8.

3-Acetylamino-2-bromo- 8-nitro-dibenzofuran (KI). To a warm mixture of 0.6 g V and 4 ml
glacial acetic acid, a solution of 0.1 ml bromine in 2 ml glacial acetic acid were stepwise added
under stirring. The mixture was warmed some minutes until the colour of the bromine vanished
and then kept at room température for 2 hours. The precipitate was filtered, washed with water and
recrystallyzed from dimethylformamide. The pure substance, 0,259 (32%) melts at 281°. The mixed
m.p. with IV shows dépréssion (m.p. of the mixtur ~ 240°) UV-spectrum: X max 225 and 285
nm. Cl4H,BrN,O, (349.13). Caled. N 8.03. Found N 8.1.

March 6, 1980)
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DIBENZOFURANI (I11)

Asufira nitrarii 3-acetilamino-2-brom-dibensofuranului
(Rezumat)

Se cerceteazd comportarea la nitrare a 3-acetilamino-2-brom-dibenzofuranului (111). Prin reac-
tii de hidroliza si reducere Tn mediu neutru, care au dus la obtinerea compusilor VIII, 1X si X, pe
de o parte, si prin comparatie cu produsul de bromuraare (VI) al 3-acetilamino-8- nitro-dibenzo-

furanului (V), pe de alta parte, se demonstreaza c& principalul produs la nitrarea lui 111 esteun 7
nitroderivat (1V).
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DIBENZOFURANS ¢1V)
3-Pyrimidinylamino (2')-dibenzofurans

I. CRISTEA and V. FARCASAN

The biological activity of 3-aminodibenzofuran (I) [2] and some of its
derivatives, [e.g. 3, 4, 5], as well as that of 5-alkyl-2-alkylamino-4-hydroxy-6-
methyl-pyrimidines (Il) [6, 7] were described. Moreover F.H.S. Curd and
F. L. Rose [8] have synthesized 2-arylamino-pyrimidines (l11) which show
a good antimalarial action.

To the best of our knowledge so far no pyrimidinylamino-dibenzofurans
have been reported.

On this basis we considered appropriate to synthesize this type of com-
pounds (IvVa ... d).

We prepared the 3- [4'-hydroxy-6'-methyl-pyrimidinylamino-(2') ]-dibenzo-
furan (IvVa) by three different methods:

A) The réaction of 3-guanidinodibenzofuran (V) with ethylacetoacetate
(V).

B) The condensation of 3-aminodibenzofuran (I) with 4-hydroxy-6-methyl-
-2-methoxy-pyrimidine(Vlla).

C) The reaction of 1 with 4-hvdroxy-6-methyl-2-methylthio-pyrimidi-
ne(VIlla).

The yields obtained (42%, 59% and 96%) as well as some difficulties
encountered in the préparation of V, determined us to use the last two methods
for the synthesis of the other 3-pyrimidinylamino-dibenzofurans (IVb ... d).
The data concerning substances IVa ... d are listed in table 1.

These data show that in each case, C is the method of choice, the methyl-
thio-group being more available for a nucleophilic substitution as the methoxy
one.

Pyrimidines with halogen substituent in the 4 position undergo a great
variety of reactions [9] and thus are valuable starting-compounds in syntheéses.

e Part 11l See [1].
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Sub-
stance

1Va

Vb

A/

Ivd

I1Xb
1Xe
IXd

3-Piriniidinylamino (2')-dibenzofurans (IVa...d, IXa...d and Xa.. .d)

Method
of obten-
tion

WO wowmOw >

O O O Oo

DIBENZOFURANS (IV)

b:=CH3 , c=CrHs

Yield
I

70

42.3
59.0
96.0
54.0
89.0
60.0

90.0
57.0

89.0
78.0

72.0
66.0
65.0

Solvent
used for
recrystalli-
zation.

Glacial ace-

tic acid-

éthanol
(1:2)

Ethanol-
water

Dioxane

Methanol

d: nCHj

Melting
point
°C

279-280

296
283

265

153
165
147
145

Formula
(Molecular
weight)

C,,HIIN3O?

(291.30

)

(305.33)
CI9H1IN, 02

(319.35)

C2AH2NIO?
(347.40)

C,H,,N30C1
(30950)

(323.75)
CI9H1IN, 0C1

(337.56)
C21H20N30C1

(365.68)

29

Table 1

Analyses
Calculated Found
%
N 14.43 N 14.2
N 13.77 N 13.6
N 13.16 N 12.9
N 12.10 N 123
Cl 11.47 Cl 11.2
Cl 10.97 Cl 111
Cl 10.52 Cl 104
Cl 9.71 Cl 94
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Table 1 (continuated)

Solvent ; Analyses
Sub- Ol;ﬂgéqgg_ Yield used for Mg';[r']rt]g 'l\:/lorlmulla 3 Y
SET I % recristalli- poC ( o_echutar Calculatéd Found
zation weight) % %
Xa E 94.0 Dioxane- 141 CAHAN.O, N 13.77 N 14.0
water (305.32)
Xb E 92.0 176 C™N.O, N 1316 N 13.0
(319.35)
Xc E 95.0 » 154 C,.HItN,0, N 1261 N 12.6
(333.37)
Xd E 96.0 151 Ciin'jN'Oj N 11.63 N 11.9
(36 .42{
For this reason we reacted the 4'-hydroxy-derivatives IVa .. d with phos-
phorous oxychloride to prepare the 4'-chloro-compounds I1Xa . d. The sub-
stances 1Xa ... d were then used to obtain the 4'-methoxy-derivatives Xa. . .d.

With the aim to characterize the new compounds, the IR and H —NMR
spectra were recorded.

Somé data are given in table 2.

In the IR spectra it is worth to mention that each of the 4'-hydroxy-com-
pounds (IVa. . .d) has a very strong band in the 1600—1700 cm-1 region, which
has no counterpart in the spectra of the 4'-chloro-

-(IXa ... d) or 4'-methoxy-derivatives (Xa ... d) and
must be due to the carbonyl bond Stretching vibration
(see fig 1) proving that in the solid state these com-
pounds exist predominantely in the lactam-form, as was
also observed by another 4-hydroxy-pyrimidines [10].

A common feature of the IH—NMR spectra of
compounds IXa ... d and Xa ... d, with cloro-res-
pectively methoxy-group in the position 4 is the pré-
sence of a peak with the chemical shift 8.10—8.27
3 (ppm). _

This peak may be assigned to the proton of the
aminogroup (NH) binding the dibenzofuran and pyri-
midine rings, taking into account-among other things-
the researches of Gronowith and Hoffman [11] on
tautomeric forms of the 2-amino-pyrimidine which
suggests the amino structure as the most probable.

Indeed in the spectra of dibenzofuran (XI) and
some of its derivatives substituted in the 3-position
with amino groups, namely 3-dimethylamino-dibenzo-
furan (XI1) and 3-(N-methyl-N-p-tosylamino)-dibenzofu-

ran (XI11), registered by us in the same conditions, the (800"
most deshielded proton peak may be observed at 3

7.80—7.70. For ail our compounds (IXa ... d and Fig. L IR spectraof IVa,
Xa ... d) the seven dibenzofuran ring protons show !Xaand Xain the 1600—

peaks in the 3 7.70—7.00 range, as the eight ones of :__1_8?\0/;?”“ 1range|Xa

the compound xt. Xa



Sub-
stance

IVa

Vb

IVc

Ivd

1Xa

1Xb

1Xe

1Xd

Xa

Xb

Xc

Xd

« In brackets the position of the band in the decreasing serie of intensity.

Table 2

Some IR and 41—NMR data of compounds IVa.. .d, IXa...d and Xa.. .d

IR Spectra

The first fifteen strongest bands in the 700—3300 cm-1 range

1730(12)
1520211

1480(12)
1280(15)

1240(13)

1590(1)
1435(3)
1210(11)

e= The multiplets are not very sharp resolved. i i
Abbrtviations : DBF—H — the protons of the dibeaxofuran ring, (q) — quartet; (t) — triplet.

1610(1
1315(8
820(15)
1590(3)

1380(10)

1215(15)
1580(9)
1430(6
810(14
1660(5
1490(1
1285(15)
1515(6)
1300(12)
1130(5
1570(2
1355(12)
1140(8
1585(1
1328(7)
810(13)
1560(3)
1380(11
1090(15
1540(3)
1430(7)
1140(12)
1510(9)
1285(14)
1135(6)
1545(8)
1375(4)
1205(10)
1535(4)

1430(2)
1140(5)

1290(7
750(14
1520(12
1368(11
1140314)

1585§3§

1560(8)
1410(12)
750(15)
1630(3
1470(4
800510;
1470(2
1280(7)
750(11)
1530(4)
1330(14)
750(13)
1535E3)
1260(10)
755(12)
1530(5)

1280(12)
750(6)
1520(11
1380(10
750(14)
1480(4)
1240(12)
750(10)
1515(9)
1335(13)
1130(5
1515(7

1375(8)
750(9)

IH—NMR soectra
Chemical shifts S (p.p.m)

DBF—H:7.72 — 6.95; 6'-CH, :222; -
-NH:8.10; 5—H:6.41;

DBF-H:7.75 - 6.97; 6'—CH, :2.27;
- NH:821: 5 -CH,: 2.06;

DBF-H: 771 — 6.94: 6'-CH3: 2.25
—NH:8.13; 5'-CH,CH,/-CH,-: 2.42 ()
—CH,: 1.00(t)

DBF-H: 7.74 - 6.95; 6'-CH,: 2.30;

-NH:8.17; 5-CH,-CH,-CH,-CH,/-CH,(a) :
12,46, -CH,-CH,-(b, ¢):1.35; -CH,: 0.85/»»
DBF-H: 7.72 - 6.99; 6'-CH,:2.19;

4'—QCH, : 3.82; -NH:8.22; 5'-H: 5.92;

DBF-H: 7.76 - 6.99,; 6' -CH, : 2.21;
4'—0CH, :391; NH:8.27; 5'-CH, : 1.90;

DBF-H:7.71 - 6.96; 6'-CH, : 2.25;
4'—OCH,:3.86: NH:8.25; 5'-CH,-CH,/
/-CH,-:233 (q);_-CH,: 0.95 (t)/

:3.92: DBF-H: 7.77-7.09; 6'-CH,: 2.25; 4'-OCH,:
NH:8.27; 5'-CH,-CH,-CH,-CH,/-CH, - : 2.38

-CH,-CH,-: 134, -CH, 686/

(A1) SNYYN40ZN3dId
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Moreover if Xd was boiled with acetic anhydride, to obtain N-acetyl-deriva-
tive, in the '"H-NMR spectrum of the reaction product only the peak at 8
8.27, attributed to the NH proton, disappeared.

The biological activity of the new compounds will be the topic of a future
paper.

Experimental. The m.p were déterminée! in capilaries and are uncorrected. For the recording
of IR spectra a double beam spectrophotometer Carl Zeiss Jena type UR — 20 was used, the
substances were prepared as KBr pellets. The H —NMR spectra were measured in deutero-chloro-
form (HMDS as reference) on a Tesla BS 487 C (80 MHZ) apparatus.

5,6-Dimethyl-4-hydroxv-2-methoxy-pyrimidine (VI/b). To a solution of sodium methoxyde in
methanol (obtained from 4 g sodium and 50 ml methanol), a solution of 13 g 2-methylacetoacetic
ethyl ester [12] and 12 g O-methyl izourea hydrochloride [13] were dropwise added with stirring.
The mixture was stirred 10 hours at room température and then refluxed for one hour. The met-
hanol was distilled off, the residue was dissolved in water and the pH adjusted at 6 with hydro-
chloric acid. The precipitate was filtered and washed with 15 ml water. Thus 9.8 g (63.3%), m.p.
196°, substance were obtained. After recrystallization from water, m.p. 197°.

C,H10NaOa (154.14) Calcd. N 18.18, Fourni N 18.1.

5-Ethyl-4-hydroxy-6-methyl-2-methoxy-pyrimidine (VI1lc). From 14 g 2-ethylacetoacetic acid
ethyl ester [14] under the conditions described above, 8.7 g (52%) crude product, m.p. 210°, were
obtained. After recrystallization from ethanol m.p. 214°.

CeHlaN,,0a (168.16) Calcd. N. 16.66, Found N 16.4.

3-\4'-hydroxy-6'-methyl-pyrimidinylamino  (2') *-dibenzofurans (1Va...d). Method A. A mix-
ture of 0,01 mole of 3-guanidinodibenzofuran (V) [5] and 0,3 mole ethylacetoacetate (VI) were
refluxed for 4 hours. Then 15 ml ethanol were added, the mixture boiled on the steam-bath for
5 min. and filtered hot. The precipitate was recrystalliezd.

Method 13. A mixture of 0,01 mole of I and 0,01 mole of the suited 2-methoxy-pyrimidine
(Vila [15], VHb—c, VIId [16]) was lieated in an oii batli at 150°—160° for 10—16 hours.The
product was boiled on the steam-bath with 15—20 ml ethanol for 15 min., filtered hot and the
precipitate recrystallized.

Method C. A mixture of 0,01 mole of I and 0,01 mole of the suited 2-methylthio-pyrimi-
dine (Villa [15], VIlIb...d [17]% was heated for 3—6 hours in an oii bath at 150—160°. After
cooling 15 ml ethanol were added, boiled for 5 min. on the steam-bath and filtered hot. The precipi-
tate was recrystallized.

3-[4'-chloro-6'-mcthyl-pyrimidinylamino (2°)}-dibenzofurans (IXa. . .d).

Method D. A mixture of 0,015 mole of the hydroxy-derivative (IVa...d) and 16 ml phos-
phorous oxychloride was boiled for 30 min. The excess of phosphorous oxychloride was then removed
under reduced pressure. The rezidue was poured on ice, alkalinized with amménia under stirring,
left for one hour and extracted with ether. The organic layer was separated and dried over anhy-
drous sodium sulphate. The ether was removed and the crude product recrystallized.

3- [6'-methyl-4'-methoxy-pyrimidinylamino (2) ]J-dibenzofurans (Xa. . .d).

Method E. To a suspension of 0,002 mole of the chloroderivative (IXa. ..d) in 25 ml ether,
a solution of sodium methoxyde in methanol (obtained from 0,2 g sodium and 8 ml methanol) was
added. The mixture was boiled for one hour and then poured into 50 ml water. The methoxy-deriva-
tive was extracted with ether, the ether layer separated and dried over anhydrous sodium sulfate.
After distilation of the solvent, the crude product was recristallized.

Acétylation of 3-[5'-n-buthyl-6'-methyl-4'-methoxy-pyrimidinylamino (2'?'}-dibenzofuran (Xd).
A solution of Xd in an excess of acetic anhydride was boiled for 2 hours. The mixture was poured
into water and kept at room température for 24 hours. The precipitate was filtered, washed thoroughly
mwith water, dried in dessicator and used thus for ‘H-NMR' spectrum.
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3- (N-methyl-N-p-tosylamino) -dibenzofuran (XI111).
To a solution of 10% KOH (10 ml), 1 g of 3-N-p-tosylaminodibenzofuran and 0,6 ml dime-

thyl sulphate were added. The mixture was stirred at room température for 2 hours, then the excess
of dimethyl sulphate was decomposed with concentrated ammdnia. The crude product was filtered,
washed with water, dried (0.93 g. 89%) and recristallized irom methanol m.p. 116°.

OCONOAPRWN

CSOHNNO3 (319,14) Calcd. N 4.39 Found N 4.2.
The compound XI1 was prepared using literature data [18].
(Received April 19, 1980)
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DIBENZOFURANI (1V)
3-PirimidinilaminoifL'ydibenzofurani

(Rezumat)

Se prepara 3-pirimidinilamino (2')-dibenzofurani substituiti Tn pozitia 4' cu gruparea hidrox

(Iva...d), clor (IXa...d) si metoxi (Xa...d). Pentru obtinerea hidroxiderivatilor se utilizeaza trei
cai (A, B si C) dintre care ultimele dou se dovedesc mai avantajoase.

Se inregistreaza spectrele IR si IH—RMN ale compusilor obtinuti pe baza cérora se fac

si unele consideratii legate de tautomeria componentei pirimidinice.

3 — Chemia 1/1981
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CYCLISCHE ACETALE VOM 1,3-CYCLOHEXANDIOL

SORIN MAGER, IONEL HOPARTEAN und MIHAI HORN

In FortfUhrung friherer Arbeiten beziglich stereochemischer Aspekte der
Acetalisierung von Hydroxyderivaten des Cyclohexans [1, 2, 3] sowie von
Diolen die zu 2,5-substituierten 1,3-Dioxanen fiuhrten [4, 5 6] wurde auch
die Acetalisierung des 1,3-Cyclohexandiols untersucht.

In einer friheren Arbeit [3] erhielten wir vom cis-l,4-Cyclohexandiol
(la, b) ein bicyclisches Acetal, das 2,4-Dioxabicyclo[3,2,2]nonan (I1), in welchem
der Cyclohexanring eine Wannenform einnimmt (1).

1)

Ib I

Ein isomeres Acetal mit einem 2,4-Dioxabicyclo [3,3,1 Jnonangerist konnten wir
jetzt unter Verwendung von 1,3-Cyclohexandiol erhalten.

Die Versuche wurden sowohl anhand eines Gemisches von cis und trans
1,3-Cyclohexandiol, welches durch die katalytische Hydrierung von Resorcin
erhalten wurde, als auch mit dem reinen cis Isomeren durchgefuhrt.

Im Falle des cis-trans Isomerengemisches wird durch die Acetalisierung
lediglich das cis Isomere (llla, b) verbraucht, dessen — durch intramolekulare
Wasserstoffbriicken begiinstigte — diaxiale Konformation (l1llb) die Bildung
des cyclischen Acetals ermdglicht (2) :

(2)

In Anwesenheit eines entsprechenden Reagens, ein Aldehyd oder Keton, das
in der Lage ist ein cyclisches Acetal (IV) zu bilden, wird das Gleichgewicht
Illa 111 b nach rechts verschoben.

Zur Darstellung des cyclischen Acetals verwendeten wir Isobutyraldehyd
und ein Gemisch von cis und trans 1,3-Cyclohexandiol sowie das reine cis Iso-
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mere. Die Acetalisierung wurde durch die allgemeine Methode der azeotropen
Entfernung des Reaktionswassers durchgefihrt. Als alternative Synthesemo-
glichkeit betrachteten wir auch die von Anteunis und B é ¢ u [7] beschriebene
Methode der "gemischten Acetale”. Mit Isobutyraldehyd konnte auf die Weise
das gewinschte Acetal nicht erhalten werden. Es sei bemerkt, dass Anteunis
und Bécu nur mit Formaldehyd Uberbriickte Acetale in guter Ausbeute erhielten.
Das erhaltene Acetal, ein 2,4-Dioxabicyclo [3,3,1Jnonan wurde vom stereo-
chemischen Gesichtspunkt aus untersucht ; desgleichen wurde ein massenspektro-
metrischer Fragmentierungsweg vorgeschlagen und mit dem Fragmentierun-
gsverhalten des Isomeren 2,4-Dioxabicyclo [3,2,2]nonans [3] verglichen.

Die Struktur des hier erstmalig beschriebenen 3-1sopropyl-2,4-dioxabicyclo
[3,3,Ilnonans (V) wurde anhand des Protonenrezonanz-und Massenspektrums
(M = 170) sowie durch Eiementalanalyse erwiesen.

H

Im 4HNMR Spektrum kann man muihelos die Lage der Signale des am
starksten entschirmten Protons Hc, 3 = 4,76 ppm als ein Dublett (3J = 4 Hz)
ausmachen. Das Signal der beiden d-Protone, 8 = 4,19 ppm erscheint als
unaufgelostes Triplett (anstelle eines komplexeren Kopplungsmusters welches
durch Kopplung mit den 4 nichtdquivalenten vicinalen Protonen e, e', f, f'
zu erwarten ist) und erstreckt sich Uber 15 Hz. Das breite Multiplett von 2,30
ppm bis 2,71 ppm mit zwei Maxima ordnen wir Proton e zu. Die beiden Maxima
sind der Kopplung mit dem geminalen He' zuzuschreiben (2J = 14 Hz).

Ohne weiteres kann man die Signale der 6 Protone der Methylgruppen
des Isopropylrestes als scharfes Dublett mit 3J = 6,3 Hz identifizieren ; ihre
chemische Verschiebung lieght bei 0,84 ppm. Die beiden nicht aufgelésten Ban-
den zwischen 0,69 und 2,30 ppm sind den miteinander gekoppelten Protonen
f, f, g, g' zuzuordnen. Im gleichen Bereich liegen auch die chemischen Verschie-
bungen der Protone b, b'.

Die Stereochemie des 2,4-Dioxabicyclo [3,3,1 Jnonangeristes kann einerseits
unter Berucksichtigung der Konformation des 1,3-Dioxangertstes als gleichzei-
tiger Bestandteil eines Cyclohexanringes, anderseits aber auch durch den

allgemeinen Fall eines Uberbrickten 1,3-Dioxacyclooctanringes beschrieben
werden.
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Es ergeben sich fur den allgemeinen Fall eines alicyclischen achtgliedrigen
Ringes hauptsachlich drei Konformationen: 1) eine Doppel-Sessel (Sessel-Sessel)
Konformation Va; 2) eine Sessel-Wannen Konformation, Vb bzw. Vb', in der
sich abwechselnd der Dioxanring und der Cyclohexanring in der Sessel (bzw.
Wannen) Form befindet ; 3) die Kronen Konformation Vc in welcher sich sowohl
der Cyclohexanring als auch der Dioxanring in der Wannenform befindet.

Anhand von Dreiding Stereomodellen kann man leicht erkennen, dass
in den "starren” Konformationen Va, Vb und Vb' starke van der Waals Wechsel-
wirkungen zwischen Hc und Hg' (Abstand im Modell ~ 0,8A) bzw. Hc und
Hf (Abstand im Modell ~ 1,8 A) sowie zwischen He und den Wasserstoffatomen
des Isopropylrestes auftreten mussen.

Far 3-Methyl-2,4-dioxabicyclo[3,3,IJnonan wurde anhand vor IR und
"HNMR Daten eine Doppel-Sessel Konformation vorgeschlagen [8]. Swaelens
und Anteunis nahmen anfénglich fuir das unsubstituierte 2,4-Dioxabicyclo
[3,3,Ilnonan eine abgeflachte Doppel-Sessel Konformation an [9]. Die 300
MHz — IHNMR Spektren des unsubstituierten 2,4-Dioxabicyclo [3,3,1 Jnonans
sowie des 7,7-Dimethylderivates und die Auswertung von Lésungsmitteleffekten
fuhrten Anteunis u. Mitarb. schliesslich zu der Annahme, dass fir das
DPipxabicyclo [3,3,1jnonangerist folgende Konformationen in Betrach zuzie-
hen sind [10]

— eine Sessel-Wannen Form Vb bzw. Vb’

— eine Wannen-Wannen Form (Kronen Form) Vc

— eine Doppel-Briefumschlag Form (abgeflachte Doppel-Sessel Form).

Ein Gleichgewicht zwischen Formen Vb und Vb' wird als unwahrschein-
lich angenommen. Die "HNMR Daten ermdglichen keine eindeutige Festlegung
auf eine der drei Konformationen. Jingste NMR-Studien von J. A. Peters
u.Mitarb. (11) ordnen anhand der Werte der Kopplungskonstanten, des Nuc-
lear Overhauser Effekts (NOE) sowie der Relaxationszeit Tx den unsubstituierten
Pibxabicyclo [3,3,1]Jnonan eine Sessel-Wannen Konformation des Typs
Vb, zu.

Im Falle des von uns untersuchten 3-Isopropyl-2,4-dioxabicyclo[3,3,1]
nonans (V) mit einer raumfillenden Gruppe an C—3, mit erheblichen Wechsel-
wirkungen zwischen Hc und Hg', Hc und Hf oder He und dem Isopropylrest
in den "starren” Formen Va bzw. Vb und Vb’ ist die Kronenform Vc wo sich
sowohl der Cyclohexanring als auch der 1,3-Dioxanring in der Wannenform
befindet, mit dem lIsopropylrest in ’bowspirt”’-Stellung am wahrscheinlichsten.
Dank der Flexibilitat des gesamten Gerlstes werden die charakteristischen
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Wechselwirkungen der Wannenforni gemildert; ein Gleichgewicht zwischen den
beiden Doppel-twist Konformationen Vc' und Vc" ist plausibel. Durch den
Ersatz zweier —CH2—Gruppen durch O-Atome kommt eine Abschwéchung
der transannularen Weschselwirkung zustande, ein weiterer Umstand der Form
Vc' und Vc” beginstigt.

In Anlehnung an &hnliche Verbindungen aus der Silizium-organischen
Chemie [12, 13] — den Silascaphanen — scheint es berechtigt Doppel-wannen-
systeme wie Vc als Discaphanformen zu bezeichnen.

Das massenspektrometrische Fragmentierungsverhalten des erhaltenen cyc-
lischen Acetals ist jenen cyclischen Acetalen analog die sich vom 1,4-Cyclo-
hexandiol ableiten [3].

Tab. 1 enthélt die wichtigsten m/e Werte sowie deren relative Intensi-
taten.

Tabeile 1

Die wichtigsten m/e Werte und deren relative Intensitéten

m/e 170 169 127 98 83 81 71 55 43 4

9% 4,4 3,9 10 55 375 902 72 35 100 44

Schema 1 gibt die vorgeschlagenen Fragmentierungsmoglichkeiten des
Molekulions (M = 170) wieder.

Er ist ersichtlich, dass der massenspektrometrische Abbau des Molekulions
nach drei Hauptwegen (a, b, c) erfolgt. Dieser Sachverhalt ist kennzeichnend
far eine grosse Anzahl von 1,3-Dioxanen mit Substituenden an C-2 [14]. Typi-
sche Fragmente der drei Primérzerfallsreaktionen sind: a = M—H ; b = M—R;
¢ = M-RCHO.

Das Wasserstoffatom von C-2 wird bevorzugt abgespaltet (m/e 169) ebenso
wie der Alkylrest R (m/e 127) der dem zur Synthese des 1,3-Dioxanes verwen-
deten Aldehyd entstammt. Dieses Aldehyd wird selbst als Neutralteil leicht
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abgespaltet (m/e 98). Das Signal mit der héchsten Intensitat (m/e 43) entspricht
dem Bruchstick CH3—CH—CH3 und entstammt dem Isopropylrest aus Iso-
butvraldehyd.

-HCOCH
'(M-RCHO)
—Crig m/e 98
—ch2=ch2
-CO
CH2—CH?
Xi./ 42
W
ch2——ch?2

Experimenteller Teil. Das 1,3-Cyclohexandiol wurde durch Katalytische H drieruni; von Resor-
cin mit Raney Ni nach den Vorschriften von Dimroth u. Resin [15] dargestellt.

cis-1,3-Cyclohexandiol wurde aus dem cis-trans lsomeren gemisch durch Uberfiihren in die
Phenylurethane getrennt [16].

3-Isopropyl-2,i-dioxabicyclo\3,3,1]nonan. 2,32 g cis-l,3-Cyclohexandiol (0,02 Mol). 4,32¢g
Isobutyraldehyd (0,06 Mol) und 0,02 g p-Toluolsulfonsdure werden in 50 ml Benzol unter magne-
tischem Rihren 4 Stunden am Rickflusskihler %ekocht. Nach Hinzufugen von weiteren 4 g
Isobutyraldehyd wird wéhrend 6 Stunden das Reaktionswasser azeotrop entfernt. Nach Verdampfen
des Benzols mittels Rotationsverdampfer destilliert man den Rickstand i.V. Eine wiederholte Desti-
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Hation der Hauptfraktion ergibt 1,2 g cyclisches Acetal vom Siedep. 92°/0,8 torr. Ausbeute 35%
d. Th.

C.0.0, (170,25) Ber. C 70,55 H 10,65
Gef. C 69,76 H 10,16] j
*HNMR (CDC1, 80MHz). 8la = 4,76 ppm (d), J =4 Hz; 8Hd = 4,19 ppm (m)j_

JHe = 2,51 ppm (m); 8Ha = 0,84 ppm (d), J = 6,3 Hz

Das "HMNR Spektrum wurde mit einem TESLA BS 487C Geréat bei 80 MHz aufgezeichnet.
Das Massenspektrum wurde mit einem Perkin-Elmer Spektrometer des Typs RMUG6L bei 70 eV,
2 X 10~ Torr und 180—200°C aufgenommen.

(Eingegangcm am 5 April 1980)
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ACETALI CICLICI Al 1,3-CICLOHEXANDIOLULUI
(Rezumat)

A fost obtinut, prin acetalizarea cis-1,3-cicloliexandiolului cu aldehida izobutiricd, un nou
acetal biciclic, 3-izopropil-2,4-dioxabiciclo[3, 3, ljnonanul, continind un ciclu 1,3-dioxanic. S-a
atribuit biciclului format prin acetalizarea conformerului diaxial al 1,3-ciclohexandiolului. o struc-
tura spatiala reprezentata printr-un echilibru conformational Tntre doua structuri mobile dubla barca
torsionata. Pe linga interpretarea spectrului H—RMN, a fost investigat si efectul impactului electro-
nic asupra moleculei, prezentindu-se principalele cai de fragmentare ale heterobiciclului.
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CONTROLUL SELECTIVITATII CATALIZATORULUI DE OXIDARE A
AMONIACULUI PE BAZA MODELELOR MATEMATICE DE BILANT

ILIE SIMINICEANU, CONSTANTIN CALISTRU, ALEXANDRU POP

Oxidarea cataliticA a amoniacului cu aer atmosferic este procesul chimic
fundamental din instalatiile industriale de obtinere a acidului azotic. Produsul
dorit al oxidarii este monoxidul de azot. Chiar in prezenta catalizatorilor de
platina cu selectivitate ridicatd, o parte din amoniac se pierde Tnsa transformin-
du-se in azot, datoritd unor reactii secundare.

Tn lucrare se urmareste stabilirea unui model matematic de bilant care sa
permita determinarea corectda a gradului de transformare a amoniacului in
monoxid de azot pe baza unui numar minim de concentratii masurate direct
in instalatiile industriale.

1. Ecuatiile stoechiometriee independente. Pentru stabilirea modelului
matematic de bilant Tntr-un proces chimic este necesara cunoasterea ecuatiilor
stoechiometriee independente ale proceselor de transformare implicate [1]. Tn
procesul de oxidare a amoniacului pot avea loc reactiile (1)—(4) atunci cind
masa de reactie are compozitia corespunzatoare ecuatiei caracteristice (5) :

4ANH3 + 502= 4NO 4- 6H20 )
4NH3 + 302= 2N2 + 6H20 )

2NO= N2 + O2 @)
4NH3 -r GNO = 5N2 + 6H20 (4}

[NHI + 02 + N2 4- 1.0 f + [Kls > [NO + H204-NH3 4-
+ 02 4 N2lg 4- LA'si )

Reactiile secundare (2)—(4) duc la scaderea gradului de transformare a
amoniacului in monoxid de azot. Dintre acestea, reactia (2) poate fi limitata
datorita selectivitatii ridicate a catalizatorului si printr-o proiectare riguroasa
a reactorului. Reactia (3) poate fi evitata prin racirea rapida a amestecului gazos
la iesirea din zona catalitica iar reactia (4) printr-o amestecare corespunzatoare
a masei de reactie initiala si mentinerea activa a ntregii suprafete a catalizatoru-
lui. Geometria reactorului contribuie, de asemenea, la diminuarea acestor reactii
secundare [2].

Toate reactiile luate Tn considerare sint posibile din punct de vedere termo-
dinamic si au constante de echilibru foarte mari in intervalul de temperatura
care intereseaza la scara industriald, asa cum rezulta din fig. 1.

Pentru stabilirea ecuatiilor stoechiometriee independente se aplicda metoda

ortogonalizarii [3, 4. 51.
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Fig. 1 a) Variatia cu temperatura a constantei de echilibru pentru reactiile 1—4.
b) Variatia entalpiei libere cu temperatura pentru reactiile 1—4.

Matricea elementelor, Aa asociata speciilor moleculare prezente in masa
de reactie la un moment dat, are forma (6) :

N H 0
NH3 71 3 of

o2 0 0 2 =Aa (6)
NO 1 0 1

HO 0 2 |

N2 2 0 0

Se poate deduce usor ca rangul matricei Aa este: R — 3. Ca urmare,
aplicind relatia (7), rezultda numarul de ecuatii stoechiometrice independente,
Z:

L=C-R=2 ©)

Pe baza tabelului 1 se poate constata cd pentru fiecare din reactiile (1) —(4)
este satisfacuta conditia de independenta (8):

Na. + A« = 0, i=1 2 3 4 ®)

Prin urinare, pentru descrierea stoechiometricd a procesului de oxidare
a amoniacului poate fi luata una din cele sase perechi ce se pot alcatui din
ecuatiile stoechiometrice (1) —(4). Tn aceasta lucrare se iau Tn consideratie doua
variante :

varianta A — ecuatiile (1) si (2) independente

varianta B — ecuatiile (1) si (3) independente

in varianta A reactiile sint paralele, iar in varianta B sint consecutive.
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2. Modele matematice de bilant. Corespunzator variantei A se definesc
gradele de transformare a amoniacului Tjj si rl2 pentru reactia (1) si respectiv
reactia (2) prin relatiile (9) si (10)

not  — AN »01 —< 7‘11No \‘,\7(,2"0 «li,0 -»°Hl,0
41 01 01
“NH, 5 N "'nh, 3 01
4 nh, 2 «NH,
N -2 02 2 2 02 2 402
nu, ’N11, o, "C) "n, — ’n, "h,ot! ’h,o
n2 02
WNH, 3 o L ,02 3 o
4 nh, 2 NH 2 INK,
Tabel 1

Matriciie coloana ale reactiilor posibile

Component
HN, -4 -4 0 -4
0, -5 -3 1 0
NO 4 0 -2 -6
H.O 6 6 0 6
N. 0 2 1 5

Avind in vedere ecuatia caracteristica (5) si faptul ca reactiile (1) si (2)
sint paralele, se pot scrie urmatoarele relatii de concretizare (11) :

01 . 02 0 02 0 2
Wnh, + »NH, — WN3 = WN, WN, — ~N,

01 . 02 0 a .= ju B I
W0y — Wo,,  WnH, <T ANH, — WnHj J Wn0 — WNO

0 0 a 1
»N]O = »NO = 8, «O. —F%, = »<>, ( )

01 | 0 0 a .=
WH,O0 ; WHjO — WH,0, AH,0 + WH,0 = Wh,0

Pe baza relatiilor (9), (10) si (11) se obtine modelul matematic de bilant
in forma primara din tabelul 2.

Tabel 2
Modelul matematic de bilant primar, in varianta Ji
Component Debit molare Kmol/s
01 02
NH, *NH, “© WNH, * 41 WNH, * 4«
- — .01 " 3,01
0, "o, —"0, 4 ™nh,' Il 4 "nh, 1t
NO

WNO ““ "'nh, * 41

0 1

N, " — ", + g “NHb ' 4

. 0 3/ 0! 02 \
Vapori de H,O WHO = 9HO0 + \nNH,’  + wnh, * 4<
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Tn continuare, pe baza relatiilor de concretizare (12), se obtin ecuatiile
secundare de bilant, prezentate in tabelul 3.

Tabel 3
Modelul matematic de bilant secundar
Component Debite molare Kmol/s

NH3
NO
Ha0
Na

TOTAL

«N. = «NH. " ¥ : 2(«N. — «N.) = «NH, * 1)2. - .. (12)

Pentru varianta B se definesc gradele de transformare r(( si prin relatiile

(13) si respectiv (14) :

«NH, — «NH, _ 70" — «O,__ «NO — «NO «H,0 — «H.O
‘01 5 «O0i R]iH 3 ol K
NH. 7 NH, « s ; _NQ.
« — « «N, —7”’N, «O, — «N,
b— (14)
no2 [RY) 1,02

»NO 2 »NO 2 No
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Relatiile de eliminare a indicilor intermediari au, de aceasta data forma

(15):
»NH, = Wo ™ Mo «NH, = «NH.
wo, //2)2, - "o. «0O, = WO,
I/IIO-},O = «H.O = «H.O
«02 _ «N, «N. —Aa.
«XO = «XO j
Introducind notatiile : = asi «wf = B, se obtin in continuare ecua-

tiile algebrice primare de bilant n varianta B, prezentate n tabelul 4

Tabel 4
Modelul matemntic de bilant primar, in varianta B

Component Debite molare Kmol/s
NH, ”sh, — «NH, — «nh, ' “
0, «0, = «0, — T «nh, (56 — 2)
NO «NO = «NH,!I® —~ R)
0 6 0
H,O0 «H,O0 = «H,0 + 4 «NH, ¢« “
N, «N, = «N, + T «NH, +
TOTAL nT= +T * 0

Daca se face apel la relatiile de concretizare (16) si (17), pentru Tnlocuirea
gradelor de transformare a si § Tn marimi masurate direct (xNO si xn,), se obtin
ecuatiile secundare de bilant identice cu cele prezentate Tn tabelul 3pentru varian-
ta A.

(16)

i * = «NO + 2(»X, = 7n) (17)

Faptul ca pentru ambele variante luate Tn consideratie se obtin aceleasi
ecuatii secundare de bilant demonstreaza, odata Tn plus, ca bilantul procesului

de oxidare a amoniacului poate fi elaborat pe baza unei perechi oarecare din
ecuatiile stoechiometrice (1) —(4).
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3. Verificarea experimentala a modelului de bilant. Pentru verificarea
ecuatiilor secundare de bilant din tabelul 3, care sint cele mai generale, s-au
facut determinari experimentale pe un reactor de oxidare a amoniacului. Com-
pozitiile masurate la intrare si la iesirea din reactor, exprimate in debite volu-
metrice si fractii de volum (molare) sint prezentate in tabelul 5.

Tabel 5
Bilantul reactorului de oxidare a amoniacului
Compozitia initiala Compozitia finala Compoz. finala
Component masurata masuratd calculata
Ve[m3/h] X° R[m3/h] * E[m»/h] X
NH, 2094,0 0,1100
o, 3340,0 0,1753 750,0 0,0384 750,17 0,03831
NO — - 2033,0 0,1040 2034,61 0,10400
H,O 966,0 0,0507 4108,0 0,2100 4107,01 0,20995
N, 12640,0 0,6640 12671,0 0,6476 12672,45 0,64775
TOTAL 19040,0 1,0000 19562,0 1,0000 19564,24 1,00001

Masuratorile efectuate Tntr-un interval larg de timp au aratat ca gazele
finale nu contin amoniac netransformat. Tn aceste conditii (nNH, = 0) rezulta

relatia (18) prin care parametrii care trebuie determinati direct se reduc la unul
singur, %i anume, xNO:

”nh, + 2”n, — ”no
) (18)

Ecuatiile secundare de bilant care satisfac relatia (18) sint prezentate Tn tabe-
lul (6)>

«»,=

Tabel 6
Ecuatiile secundare de bilant, cind nNHt = 0

Component Debite molare Kmol/s
NH, ”nh, — 0
7o, = 8| “ Tinh, _7f+T
o,
“no=nTP1 + T NH,j ' Noj
NO
WR,0 = NT << KH, )j
H,0 &
N N, ~ n<T —~ + T NH,| ‘ NO j

=nT™N + —

TOTAL
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Tnlocuind marimile masurate («T, X0, Si Xn) precum si 0 singura
marime finala masurata, xNO, Tn ecuatiile din tabelul 6 se obtin datele calculate
prezentate Tn ultima coloana a tabelului 5. Se observa concordanta foarte
buna a datelor calculate cu cele experimentale. Aceasta confirma validitatea
modelelor de bilant din tabelele 2, 3, 4 sau 6.

4. Determinarea gradului de transformare a amoniacului Tn monoxid de
azot. Tn practica operarii reactorului de oxidare catalitica a amoniacului, are
0 deosebita importanta cunoasterea Tn orice moment a valorii reale a gradului
de transformare a amoniacului Tn monoxid de azot. Aceastd marime, legata
direct de selectivitatea catalizatorului, se defineste prin relatia (18) :

*NO (19)

"hh,

Pe baza ecuatiei de bilant a monoxidului de azot, din tabelul 6, relatia
(19) devine:

20
e (20)

Valoarea lui corespunzatoare datelor experimentale din tabelul 5,
calculata cu relatia (20), este: = 0,971454. Aceasta se situeaza la limita

superioara a intervalului Tn care variaza aceastda marime conform datelor din
literatura: 4™ = 0,94 — 0,98 [21

in cazul in care nun, O, relatia de calcul a lui devine
0 1 + t (21)
ANH, ' 1 4 ANO 2 *N>|

Tn acest caz sint necesare douad concentratii initiale (xnh, Si si doua

concentratii finale (XNO si xNI).
Atunci cind datorita metodei de analiza se impune utilizarea fractiilor
molare raportate la gazul uscat, relatia simplificata (20) se modifica astfel :

*NO
(207

Cercetarea termodinamica arata ca, Tn conditiile reactorului industrial,
reactia (1) este practic ireversibila si, ca urmare, gradul de transformare teoretic
TQj este egal cu unitatea. Asadar, bilantul teoretic este cel stabilit pe baza unei
singure ecuatii independente si pentru gradul de transformare teoretic al acesteia
egal cu unitatea.
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Valoarea realda maxima a gradului de transformare Ty si prin urmare si a
lui , depinde de selectivitatea catalizatorului. Pentru ca in instalatiile indus-

triale sa se realizeze o valoare cit mai mare a lui este necesar sa se utili-

zeze o0 instalatie experimentala pentru testarea catalizatorului si a conditiilor
reale de lucru. Tn afard de natura catalizatorului trebuie sa se stabileasca Tn
special temperatura de lucru si concentratia oxigenului Tn masa de reactie ini-
tiala.

Concluzii. — Procesul de oxidare catalitica a amoniacului din instalatiile
de obtinere a acidului azotic poate fi descris stoechiometric de oricare doua din
cele patru reactii posibile ;

— se stabilesc modelele matematice de bilant primare si secundare plecind
de la doua variante : varianta A, cu reactiile paralele (1) si (2) si varianta B, cu
reactiile consecutive (1) si (3). Ecuatiile secundare de bilant sint identice pentru
cele doua variante ;

— se testeaza adecvanta modelelor matematice de bilant stabilite pe baza
masuratorilor efectuate la un reactor industrial. Concordanta este foarte buna;

— utilizind ecuatii de bilant stabilite Tn lucrare se indica relatiile de calcul
a gradului de transformare a amoniacului Tn monoxid de azot, in functie de
concentratii determinate direct in cadrul controlului interfazic.

Determinarea corecta a marimii , prin aceasta metoda, permite con-
trolul permanent al selectivitatii catalizatorului si operarea in conditii optime
a reactorului.

Notatii si indici. At — matricea elementelor; Ar. — matricea reactiei «; A"i — matricea
transpusa a reactiei i; C — numdrul de componente din masa de reactie gazoasd; H, N, O —
simbolurile elementelor chimice; i — numarul de ordine al reactiei, i =1, 2, 3, 4; ; — formula

componentului: y=NH,, OSNO, HSO, N, ; [K], — masa de contact solidd; L — numarul de ecuatii
stoechiometriee independente; nj” — moli initiali de] component j care participd la reactia «; °
— numarul total de componenti j din masa de reactie initiala; ¥ — moli de component j rezul-

tati din reactia »; n. — numarul total de moli de component j din masa reactiei finala; nft —
numarul total de moli din masa de reactie initiald; ni— numarul total de moli din masa de reactie
finald; R — rangul matricei elementelor; V°, V' — debite volumetrice la intarea si respectiv la
iesirea din reactor; x° — fractie molara |n|t|ala a componentului j ; — fractie molara finala
a componentului/; A* = fractie molara initialda a componentului j, raportata la gazul uscat; [NH, +
4- 0, + N,] g; Xj — fractia molard finala a componentului j, raportatd la gazul uscat [NO +
+0-1-N,]g;alB— grade de transformare definite prin relatiile: a =1, B = vy 4 —
gradul de transformare a amoniacului in reactia (1 ) pentru varianta A ; i), — gradul de trans formare
a amoniacului Tn reactia (2) pentru varianta B ; — gradul de transformare a amoniacului in
n reactia (1) pentru varianta B : — gradul de transformare a monoxidului de azot in reactor
(3), varianta B ; — gradul de transformare a amoniacului Th monoxid de azot; [ ] g — simbol
pentru faza gaszoasa.

(Intrai Tn redactie la 7 mai 1980)
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THE CONTROL OF SELECTIVITY OF AMMONIA OXIDATION CATALYSTE ON THE BASE
OF MATHEMATYC BALANCE MODELLS

(Summary)

It is established a mathematic model of balance slieet of the oxidation process of NH,
based on the reactions:
4ANH3 + 50, = 4NO + 6Ha0
4NH3 + 30a = 2Na + 6Ha0
2NO = Na + Oa
4NH3 + 6NO = 5Na + 6Ha0

On the basis of équation of balance sheet it shows the relation of calculations of degrees chan-
ges of NH, to NO depending on concentrations, determined directly in the industrial process. A
very good corrélation with measurements made on industrial reactor shows the real established
model.
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UBER NEUE PHOSPHAZENDERIVATE MIT N, P, K -
DUNGEREIGENSCHAFTEN

GERHARD SCHMIDT, PAULINA HARANGUS und EUGENIA SCHMIDT

Durch Austausch der Chloratome im Chlorcyclophosphazen-Molekil mit
Aminresten, erhalt man Amidophosphazene, eine Substanzklasse mit zahlrei-
chen praktischen Anwendungsmoéglichkeiten [1—8].

Dank ihres verhaltnismalig hohen Stickstoff- bzw. Phosphorgehaltes,
wurden in letzter Zeit die Dingereigenschaften einer Reihe von Amidophospha-
zenen von verschiedenen Autoren getestet; so z.B. wurde das Verhalten des
Chlorcyclophosphazendiamids als Dingungsmittel bzw. Zusatzstoff zu N, P-hal-
tigen Dungungsmitteln untersucht [9]. Ebenso wurden auch die Verbindungen
[PN(NH2)2]3 und [PN(NH2)2]4 getestet, wobei festgestellt wurde, dal} ihre
Anwendung zu einer bedeutenden Steigerung der Ernte fuhrte [101. Alle diese
Untersuchungen ergaben, dal kovalent gebundener Phosphor bzw. Stickstoff
von den Pflanzen leichter und schneller assimiliert wird als mineralischer Phos-
phor bzw. Stickstoff.

Ferner wurde beobachtet, daR die Pflanzen grdRere Dosen Phosphazen-
Dungungsmittel als mineralische, vertragen ; mit anderen Worten, die maxima-
len, noch ungiftigen Dosen fir die Pflanzen sind bedutend groRRer [11].

Diese Ergebnisse bertcksichtigend, hielten wir es von Interesse ein Phos-
frlazenmolekill  herzustellen, das neben Stickstoff- und Phosphor- auch Kalium-
atome enthalt und somit die Eigenschaften eines N, P, K-Dungungsmittels
besitzt.

Zu diesem Zweck synthetisierten wir die Verbindung:
P3N3(OK)3(HN—CO—NH?2)3 die folgende elementare Zusammensetzung hat
N% : 26,40, P% : 19,46, K% :24,57, also ungefdhr 70% assimilierbare Elemente
enthalt.

Die Wirksamkeit dieser Verbindung wurde im Vergleich mit einem Gemisch
von Kklassischen Mineraldingern bzw. Kaliumtrimetaphosphimat an Frihjahrs-
weizen getestet.

Um die Verbindung P3N3(OK)3(HN—CO—NH,)3 zu charakterisieren,
wurden neben der chemischen Elementaranalyse auch das IR-Spektruin aufge-
nommen und untersucht.

Experimenteller Teil. 1. Herstellung und Charakterisierung des Kaliumsalzes des Trihidroxi-
triureo-cyclotriphosphazens. Die Herstellung des P3N3ﬁOK)3(HN—CO—NH2)3 erfolgt! in zwei Stufen.
In der ersten Stufe werden drei Chloratome im P3N3Cle-Molekiil durch drei Harnstoffreste, nach einer
von uns, in einer vorhergehenden Mitteilung '12] beschriebenen Methode, substituiert.

In der zweiten Stufe wird das entstandene P3N3C13(HN—CO— NH,), mit Kaliumacetat behan-
delt, wobei auch die restlichen drei Chloratome ersetzt werden. Dadurch entsteht direkt das Kaliu-
insalz des Trihidroxi-triureo-cyclotriphosphazens nach folgender globalen Gleichung:

P3N3C13(HN—CO —NH2)3 + 6CH.,COOK 4- 3HiO-> P3N3(OK).,(HN-CO-NH3)3 V 3KC1 +
+ 6ch3cooh.

Experimentell wurde folgengermalien verfahren :

4 — Chemie 1/1941
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In einen mit Rihrer und Kihler versehenem Rundkolben werden 84 g ( ~ 0,2 Mol)
P»N,C13(HN-CO-NH2)3 mit einer Ldsung von 235 g 2,4 Mol) CH,COOK in 180 ml Wasser
und 140 ml Dioxan, 5 Stdn. lang unter stdndigem Ruhren auf 55—60°C erwarmt.

Zwecks Entfernung der Kaliumsalze aus der Losung, wird diese mit einem Uberschull Methanol
behandelt. Unter diesen Bedingungen féllt das Kaliumsalz des Trihidroxi-triureo-cyclotriphosphazens
neben Kaliumchlorid als weiller Niederschlag aus. Dieser wird in einem Extraktionsapparat 20 Stdn.
lang mit Methanol extrahiert, wobei der KCI — Gehalt auf unter 1% sinkt. Nach vollendeter Extrak-
tion wird filtriert und der Rickstand tber CaCl2 getrocknet. Das so erhaltene Produkt besteht aus
P3N,(OK)3(HN —CO—NH,), und stellt ein weille mikrokristalline Substanz dar, welche bei 250°C
ohne Zersetzung die Farbe &ndert, und bei 360°C _noch nicht schmilzt Sie ist in Wasser leicht
16slich, in organischen Losungsmltteln wie Athanol, Athylither, Aceton, Kohlenstofftetrachlorid und
Benzol unléslich. Phosphor — bzw. Kallumbestlmmung ergaben folgende Werte:

P ber.: 19,46% gef.: 19,41% K ber.: 24,57% gef.: 25,30%

Um uns zu Gberzeugen, daf wahrend den verschiedenen Reaktionphasen der Phosphazenring
erhalten blieb, nahmen wir die IR-Spektren sowohl des P3N,(OK)3(HN—CO—NH2)3, als auch dieje-
nige des Harnstoffes und P3N3C1, mit Hilfe eines UR-20 CarlZeiss Jena Spektrophotometers, in

- Presslingen, auf.

Das Auftreten im Spektrum des Kaliumsalzes, bei 1240 cm-1 der v P=N Frequenz, ist ein
Beweis, dal in der Substanz der Phosphazenring unzerstdrt vorhanden ist.

Das Spektrum des Harnstoffes weist zwei Kombinationsbanden (NH2 | CO), die erste bei
1680, die zweite bei 1620 cm-1, auf. Beide Banden sind auch im Spektrum des Kaliumsalzes vor-
handen und zwar die erste bei 1670, die zweite bei 1620 cm-1 in Form einer Schulter.

Im Bereich der NH-Streckschwingungen, tritt im Spektrum des Kaliumsalzes eine breite
Bande zwischen 3600 und 2800 cm-1 auf, was auf das Vorhandensein von kréftigen WasserstoffBin-
dungen im Molekil hinweist.

2. Untersuchung der N, P, K-Dingereigenschajten des Kaliumsalzes des Trihidroxi-triureo-
cyclolriphosphazens. Die Untersuchung der Dingerwirksamkeit des Kaliumsalzes des Trihidroxi-
triureo-cyclotriphosphszens, wurde in Vergleich mit Mischungen anorganischer Diingemittel einerseits,
und Kaliumtrimetaphosphimat anderseits, an Frujahrsweizen durchgefiihrt. Es wurden folgende
5 Versuchsgruppen gebildet :

Versuchsgruppe 1 : Frihjahrsweizen in Ackerboden ohne Diingemittel — Standard-Versuchsgruppe.

Versuchsgruppe 11 : Frihjahrsweizen in Ackerboden mit 2,5 g Dingergemisch pro 1000 g Boden,
folgender Zusammensetzung: 1| g Ammoniumnitrat, 0,5 g Kaliumsulfat, 1 g Superphosphat, was
folgendem Prozentsatz entspricht: 0,3500%, N; 0,1225%, P; 0,2241%, K.

Versuchsgruppe 111 : Fruhjahrsweizen in Ackerboden mit 2,93 g Kaliummetaphosp himat pro 100
g Boden, entsrpechend folgender elementaren Zusammensetzung : 0,35%, N ; 0,775% , P ; 0,975%, K

Versuchsgruppe 1V: Frihjahrsweizen in Ackerboden mit 1,33 g Kaliumsalz des Trihidroxi-triureo-
cyclotriphosphazens pro 1000 g Boden. Diese Menge entsprlcht folgendem Verhaltnis: 0.35%, N;

0,25%, P; 0,326%0 K.
Versuchsgruppe V : Frihjahrsweizen in Ackerboden mit 2,66 g Kaliumsalz des Trihidroxi-triureo-
cyclotriphosphazens pro 1000 g Boden, was einer Zusammensetzung von 0,70%0 N ; 0,50%, P ; 0,65%,
K entspricht.

Der Boden wurde ein einziges Mal mit den obenangefilirten Dilngemittellésungen getrénkt.
Die Saat wurde im Freien gehalten und t&glich mit deionisiertem Wasser begossen.

Nach einem Monat konnte eine raschere und kréftigere Entwicklung der Pflanzen der Versu-
chsgruppe V im Vergleich zu den restlichen Versuchsgruppen festgestellt werden. Wéhrend die Pflan-
zen der Versuchsgruppen |—IV blos swei Blatter trugen, waren bei denjenigen der Versuchsgruppe V
schon drei vorhanden Dieser Vorsprung wurde auch weiter beibehalten. Als bei der Pflanzen der
Versuchsgruppe |—IV das 4-te Blatt entspross, war dieses bei den Pflanzen der V. Gruppe schon
gut entwickelt. Was die Hohe der Pflanzen anbelangt, konnte hei denjenigen der V. Versuchsgruppe
eine doppelte Hohe im Vergleich zu de Pflanzen der restlichen Versuchsgrupﬁen festgestellt werden.
Die gleiche Menge anorganischen Diingemittelgemisches bzw. Kaliummetaphosphimats, verursacht
nur eine halb so kraftige Entwicklung der Pflanzen. An Hand dieser Ergebnisse konnten wir schluf3fol-
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gern, dal sich das Kaliumsalz des Trihidroxi-triureo-cyclotriphosphazens als Dungemittel gut
bewéhrt, und den klassischen Diingemitteln zu mindest in biologischer Hinsicht tberlegen ist.

Nachstehende Abb. stellt das Entwicklungsstadium der 8 wdchigen Pflanzen der verschie-
denen Versuchsgruppen dar.

Abb. 1
(Eingegangen am 21 Mai 1980)
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CENOUIA W
<mMupeI

DESPRE NOI DERIVATI FOSFAZENICI CU PROPRIETATI DE INGRASAMINT N, P, K
(Rezumat)

Prin nlocuirea atomilor de clor din P3N3C1, cu trei resturi de uree si hidroliza ulterioara
a triclorderivatului obtinut, Tn prezenta CH3COOK, s-a preparat P3N3(OK)3(NH—CO —NH,)3, sub-
stanta cu continut mare de N, P si K. Substanta — caracterizata prin analiza elementara si spectru
IR — a fost testatd pe griu de primdvard in privinta eficacitatii_ca Tngrasamint, in comparatie
cu amestecuri de Tngrasaminte minerale clasice, respectiv trimetafosfimat de potasiu. Datele_experi-
mentale au ardtat ca P3N3(OK)3(HN—CO—NH?2)3 are proprietati de Tngrasdamint superioare Tngrasa-
mintelor minerale clasice.
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KINETIC ANALYSIS OF THERMOGRAVIMETRIC DATA (XVII)
Thermal deamination of [Co(en)2(aniline)Br]Br2 and [Co(en)2(BR-picoline)CI112

JANOS ZSAKO, CSABA VABIIELYI and SANDOH MAGYAROSI

Under dynamic température conditions the thermal décomposition of
[Co(en)2(amine)X]Y2 type complexes (where amine stands for an aromatic
amine or pyridine basis, X and Y for halogens), occurs stepwise, and the first
stage of the thermolysis frequently seems to be a deamination, viz. the substitu-
tion of the amine molecule by an externai sphere anion [1, 2] :

[Co(en)2(amine)X]Y2 -> [Co(en)2XYiY -f- amine

In the present paper this deamination reaction has been studied by means
of thermogravimetric (TG) measurements, performed by using different constant
heating rates (9) and different initial sample weights (w() in the case of the
following complexes :

rCo(en)2(aniline) Br (Br2  (I); [Co(cn)2(B-picoline)CIL 12 (1)

From the TG curves kinetic parameters E and Z, which will be referred
to as réaction order, activation energy and preexponential factor, havc been
derived by using three computerized integral methods, proposed by one of the
authors [3i.

The first aim of this paper is to test the possibilities of the above mentio-
ned methods and to compare them with each other. Its second aim is to study
the influence of working conditions
and of chemical constitution upon
the Kinetic parameters.

A typical TG curve of each com-
pound studied is given in fig. 1. The
horizontal dashed line indicates the
sample weight corrcsponding to the
weight loss stop considered in kine-
tic calculations.

As seen 1'rom these curves, 110
plateau corrcsponding to a stable in-
termediate can be observed, only a
not well defined weight loss stop
appears and even at higher sample
weight values than expected. This
means that the deamination reaction
is not complete. The mean value of _ S
the conversion up to the weight loss ' '% L lipicai T?an(fﬁrvai) of Compounds (1
stop is of a = 0.76 in the case of com- a— 25 mg, q 10 K/min
plex (1) and onlv 0.59 with (I1). Never- b— —~75mg, q—5 -5 K/miu
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theless, it was attempted to derive kinetic parameters for this partial reaction
by considering a to be equal to 1 at the weight loss stop.

Derivins of kinetic -barameters. The main characteristics of the methods
used [3]:

Me.thod 1. Input data: heating rate (g), initial and final sample weights
(mfl, wij), experimental sample weight (m,) and température (/f, CC) pairs recor-
ded during the décomposition stage. The computer performs a double minimi-
zation of a relative standard déviation by varying n and E and calculates the
exponential integral by means of authors approximation formula.

Method 2: Input data are the same as with method 1. The method is
based on the Coats-Redfern linearization. The computer calculéates the slope
of the straight line corresponding to the maximum value of Jaffé’s corrélation
coefficient p, by varying n.

Method 3 differs from method 2 onlv wuth respect to the input data. By
plotting w,- vs. température and by tracing the most probable TG curve, nine
>t = KP/Tp values are graphically derived, correspondingto a = 0.1, 0.2, 0.3,. ..
..., 0.9 (Ta stands for the absolute température corresponding to the conver-
sion a). The input data are these nine values and the heating rate.

By using these methods, for the minimum relative standard déviation
S < 10““4, for the maximum corrélation coefficients p > 0.99 values have been
found, i.e. the considered portion of the TG curvcs can be very weil characteri-
zed by means of the Kkinetic parameters n, E and Z.

Results obtaiued are presented in Tables 1 and 2 (Z is calculated in s”1)

Table !

Kinetic parameters < the thermal deamination of |Co(cn)2(aniline) BrJBr2 derived by means of
niethods 1, 2, and 3

Heating rate,  Sample weight, n E, kj/mol log Z
K/min mg | 9 3 | 2 3 | 3
25 233 233 277 233 234 295 249 252 326
50 325 325 298 330 331 299 364 365 329
5 75 289 289 327 285 286 313 316 316 349
100 322 322 3.05 278 279 262 308 309 290
25 275 273 293 239 239 273 257 258 297
50 392 389 275 335 335 217 375 375 233
10 75 342 342 337 305 306 298 336 336 327
100 233 233 236 234 235 217 249 252 231
25 1.91 191 217 201 202 226 223 221 252
50 391 388 355 395 395 332 440 443 369
15 75 175 175 180 134 134 131 14.0 138 134
100 183 181 227 154 154 186 16.0 158 196
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Table 2

Kinetie paramétere of the thermal deamination of [Co(en),(B — pieollne) CI] 1, derived by means
of méthode 1, 2 and 3

Heating rate, ~ Sample weight, n E. kj/mol log Z
K/min mg | 2 3 | 2 3 | 9 3

25 247 250 280 146 144 149 155 151 161

50 248 248 269 202 200 205 226 224 231

5 75 122 122 097 195 194 177 222 221 200
100 166 167 116 246 244 182 29.2 286 21.0

25 261 260 272 175 176 189 197 196 217

50 216 219 250 122 122 130 127 125 138

10 75 136 136 156 114 115 129 121 122 139
100 108 109 111 127 127 133 134 136 142

25 278 281 297 151 151 155 164 164 170

50 230 231 281 121 121 132 130 128 146

15 75 170 172 192 96 96 104 9.5 96 10.6
100 225 225 263 127 127 144 134 133 156

It is obvious that kinetie paraméter values derived by means of both met-

hods 1 and 2 are practically identical, although these methods are based on two
different approximations of the exponential integral, method ! being more
correct from a mathematical point of view. These results show the very large
possibilities of the Coats-Redfern method and indicates the equivalency of met-
hods 1 and 2, as far as the numerical values obtained are concerned. On the other
hand, due to the double minimization performed with method 1, the computer
tinié is about tenfold as compared to method 2. Thus, our first conclusion is
that it is not worth using method 1, although it seems to be more correct,
because the same values can be derived in less time, by using method 2.
Influence of working conditions. The kinetie parameters given in Tables
1 and 2 are rather scattered and no clear corrélation can be found at first
view between these parameters and the working conditions. This is why a Sta-
tistical analysis of data obtained has been performed, by calculating the mean
values of the kinetie parameters separately for each sample weight and heating
rate used. Since for methods 1 and 2 the same mean values héve been obtained,
these are presented together in a single column. The mean values are given
in Table 3.
Table 3

Mean values of the kinetie parameters for different sample weight and heating rate values derived by
means of 1, 2 and 3

[Co(en)j(aniline) Br]Br, [Co(en),(B-picoline) CI] 1,

Working . .
conditions n E, kj/mol log Z n E, kj/mol log Z
1,2 3 12 3 12 3 1,2 3 12 3 12 3
ml=25mg 233 262 225 265 243 292 263 283 156 164 172 183
m, =50 mg 368 309 353 283 394 310 232 270 148 156 157 172
m =75mg 269 281 241 247 264 270 143 148 135 137 146 148
m0=100 mg 246 256 221 222 239 239 167 163 167 154 186 169
t=5 K/min 292 302 283 292 309 323 19 190 197 178 222 200
g=10 K/min 310 288 278 277 305 272 194 197 134 135 145 159
j=15 K/min 235 245 221 221 240 238 226 258 132 124 130 144
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Both mean E and log Z values decrease systematically with increasing
heating rate. This effect is well known and it has been observed also by other
authors [4—8], as well as in our previous papers [1, 2, 9, 10]. These parameters
show a decreasing tendency with increasing sample weight. This tendency is
much more clearly expressed in the case of values derived by means of method 3,
than with method 1 and 2. Similarly the decrease of E and log Z with increasing
heating rate seems to be more uniform if one considers the values derived
by means of method 3, as compared to the other two methods. This superiority
of method 3, observed in our earlier papers, too [10], might be due on the one
hand to the partial élimination of accidental errors by tracing the most probable
TG curve on the basis of the experimental points and on the other hand to the
more uniform répartition of the points considered (by recording m, values at equal
time intervals, one has ever more points at the beginning of the décomposition
stage and less for the high slope portion of the TG curve).

A similar decrease of the activation energy with increasing sample weight
has been observed also in our previous papers [1, 2, 9, 10].

The influence of the working conditions upon the apparent reaction order
n is not quite clear. It shows a decreasing tendency with increasing sample weight,
but with respect to the influence of the heating rate exactly an opposite effect
can be observed in the case of compound (I), than with compound (Il1). Method
3 gives a systematic decrease of n with increasing g for (I), but a systematic
increase for (I1). From a theoretical point of view both effects seem to be reso-
nable and both of them have been observed also experimentally [1, 2, 9, 10].

By taking into account the corrélation between the shape of theoretical
TG curves and the value of the kinetic parameters [11], one can teil that the
limitation of the décomposition rate by an effect which becomes more important
at higher heating rates, (as heat transfer, diffusion of the gaseous product towards
the air phase) what sort of influence will have upon the kinetic parameters.

Such an effect makes the TG curves to be flatter at higher q values (the
température interval of the thermal décomposition becomes larger), which in
terms of kinetic parameters means a lower activation energy E. If this effect
becomes important in an earlier stage of the décomposition step (at a < 0.5),
the shape paraméter 7 defined by us [12] as

005 — »0.9
- »0.1 — »0.9

might decrease, which in terms of kinetic parameters means decreasing of the
n value. If this effect becomes important only later (at a > 0.5), the 7 para-
méter increases as well as the apparent reaction order.

General mean values of the kinetic parameters and the kinetic compensation
effect. Since the above mentioned thermal décomposition reactions have been
studied in the same 12 working conditions each one, it seems to be legitime to
compare the general mean values, calculated from all individual values presen-

ted in Table 1 and 2, irrespective to the calculation method used. Results are
given in Table 4.
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Table 4

General mean values of the kinetie parameters, of the position paraméter and the Kinetie
compensation parameters

Compound n E kj/mol logz a a b
[CO(en)2(aniline)Br]Br! 2.79 262 281 2287 0111 0.116 -1.89
[CO(en)2(B-picoline)CI] 12 2.10 150 163 2448 0128 0.128 -2.79

As eau be seen, the activation energy of (I) is much higher than that of
(I1). This is in perfect agreement with our earlier observations, which show the
substitution of aniline by pyridine [10], as well as the substitution of the
externai sphere Br- anion by 1" [2, 10] to lead to lower values of E.

Since from the kinetie parameters given in Table 1 and 2 the décomposi-
tion températures do not resuit directly, the mean value of the position para-
méter of the TG curves, defined by us [12] as r = 9., is also given in Table 4
103/t can be taken for a kind of standard décomposition température).
Although the décomposition température cannot be directly correlated with
the activation energy, in the case of analogous reactions of compounds having
very close structure, a parallelism can be observed, viz. the higher the activa-
tion energy, the higher the décomposition température will be [2, 10]. Data
presented in Table 4 show the same parallelism between E and «

The mean values of E and log Z, as well as their individual ones, given
in Tables 1 and 2, vary in parallel. Generally, for a given reaction these magni-

tudes are correlated by a
logZ —akE + b

type kinetie compensation law [13, 14].

This relation is excellently verified by the E and log Z values reported
in the present paper, as shown by the high values found for Jaffé’s corrélation
coefficient (p > 0.99), by means of the least square method. The kinetie com-
pensation parameters a and b are presented in the same Table 4.

Garn [15] présumés the compensation paraméter a to dépend on a cer-
tain décomposition température (Tc). By taking 103/r for Te, Garn’s relation

becomes

As seen, the values of this a' paraméter, also given in Table 4, are very
close indeed to the experimentally found a paraméter values.

Experimental. The [Co(en)2(aniline)Br]Br2 and [Co(en)2(R-picoline)CI]I2 were obtained
by means of a substitution reaction from trans- [Co(en)2CI2JCI and [Co(en)2Bra]Br with the correspon-
ding amines, followed by double exchange reactions with NaBr and Nal, respectively. The purities
of the complex salts were controlled by détermination of the cobalt and of the halide contents.

The thermal décomposition of the complexes has been investigated in the presence of air,
by means of a thexmobalance constructed on the basis of literature data [16]. Sample weights of ma =
= 25,50, 75 and 100 mg and constant heating rates of ¢ = 5,10 and 15 K/min has been used. A
platinum crucible has served as sample holder. Kinetie paraméter data have been derived by means

of a FELIX-25r computer.
(Received July 5, 1980)
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ANALIZA CINETICA A DATELOR TERMOGRAVIMETRICE (XVII)
Dezaminarea termicd a complecsilor [Co(en)t(anilin6)Br]Brt si [Co(en)i(R-picolin<i'ICrjll

(Rezumat)

S-a_studiat descompunerea termica a complecsilor [Co(en)? (anilind) Br] Br, si_[Co(en)s
(B-picoling) CIJ 1, in conditiile analizei termogravimetrice. Parametrii cinetici 1, E sl Z au fost
calculati cu aJutoruI a 3 metode integrale computerizate ale autorului. Rezultatele aratd superiori-
tatea metodei 3 fatd de celelalte doud. Se discuta influenta conditiilor de lucru (greutatea probei
si viteza de incalzire) si a structurii chimice asupra parametrilor cinetici obtinuti, precum si efectul
cinetic de compensatie.
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NOlI HETEROPOLIWOLFRAMATI CU ION CENTRAL TORIU(1V)

MARIANA RUSU, AL. ROTAR si CORNELIA TROCAN

Bis-(boro-ll-wolframo)toratul(1VV) este un heteropolianion nesaturat din
seria boro-11-wolframica ce se obtine printr-o metoda diferita de cele aplicate
n cazul celorlalti membri ai seriilor nesaturate cu ion central toriu(1V).

Utilizarea pe scara industriald a acestor compusi in scopul obtinerii pulberi-
lor metalurgice de wolfram, de puritate avansatd, necesare industriei electronice
si electrotehnice, a deschis noi perspective pentru acesti compusi.

Partea experimentald. 1. Sinteza: 100 g Na2WO4.2H20 (0,303 moli) se dizolva Tn 500 ml
apa si pH-ul se aduce la valoarea 6—6,5 cu acid acetic glacial. Se adauga 10 g H3BO3 (0,162 moli)
ceea ce constituie un exces mare de ioni BOp fatd de cantitatea stoechiometrica necesard, care se
dizolva in cantitatea minima de apa. Solutiei de wolframat si borat i se adauga n picaturi o solutie
continind 8,28 g Th(NO3)4.4H20 (0,015 moli) ; amestecul se refluxeaza 30 minute la 80—90°C.

Solutia se raceste, se filtreaza si i se adauga 50 g KCI pulbere. Apoi se pastreaza la frigider
24 ore. Produsul separat se recristalizeaza dintr-o cantitate minima de apa distilata, Tncalzita la
70°C.

Plecind de la sarea de potasiu a heteropolianionului bis-(boro-17-wolframo) toratului (1V),
prin reactii de dublu schimb cu solutii concentrate de NH4C1, Cs2SO4 si H3CCOOT1 s-au preparat
sarurile de amoniu, cesiu si taliu ale heteropolianionului respectiv.

Aceste saruri se prezinta sub forma unor cristale albe, bine formate, usor solubile Tn apa.

2. Analiza chimica a sarurilor de potasiu, amoniu, cesiu si taliu ale heteropolianionului bis-
(boro-1I-Wolframo) toratului (IV) s-a facut dupd@ descompunerea lor prealabila prin fierbere cu o
solutie de NaOH 6M [1].

Wolframul a fost determinat gravimetric cu cinconina in mediu de acid clorhidric concentrat
si calcinare la WO3 [2]. Toriul s-a dozat sub forma de oxalat de toriu, prin precipitare cu acid oxalic
in mediu acid, si calcinare la 1200°C pina la ThO? [3]. Borul s-a determinat prin precipitare cu
Ca(OH)? la borat de calciu si calcinare la B203 [4]. Potasiul si cesiul s-au determinat ca tetrafenil
borati de potasiu, respectiv de(cesiu; [5]. Azotul's-a determinat prin metoda Kjeldahl [6]. Taliul s-a

determinat prin precipitare cu Kl la Tl I [7].
Continutul Tn apa a sarurilor sintetizate s-a determinat din derivatograme.
Rezultatele analizelor, care prezinta media mai multor determinari, sint redate in tabelul 1.

3. Studiul Tn solutie. Bazicitatea s-a determinat pe sarea de potasiu a heteropolianionului bis-
(boro-11-wolframo) toratului (IV) prin titrari conductometrice sl potentiometrice.

Masuratorile conductometrice s-au efectuat cu un conductometru Radelkis tip OK-102 si s-a
lucrat cu probe de cite 25 ml de solutie continind sarea de potasiu a bis (boro-11-wolframo) tora-
tului (1V) avind 7'w = 0,003096, care s-a titrat cu o solutie de CH3COOT1 avind T-n = 0,042795.

Titrarea potentiometrica s-a efectuat cu un pH-metru MV-11 cu electrodd de sticla si s-a
lucrat pe solutii ale sarii de potasiu a bis-(boro-11-wolframo) toratului (IV) din care s-au luat probe
a cite 25 ml avind 7"w = 0,003096 care s-au titrat cu o solutie de NaOH 0,1 N libera de dioxid
de carbon, avind TkpgoH — 0,003810.

Rezultatele titrarilor conductometrice si potentiometrice sint redate in figurile 1 si 2.

Spectrele electronice Tn UV. S-auinregistrat pe solutiile apoase ale sarurilor de potasiu, amoniu,
cesiu si taliu ale bis-(boro-ll-wolframo-toratului (IV) avind concentratia de 5+ 10_* M Tn complex.
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Rezultatele analizei ehlmice a heteropoliwolframatilor

Element
Combinatia complexa Greutatea moleculara Mi
calc. gasit.
KMThfBW?O,,),] 1 38H.0 6778,324 8,07 8,02
(NH4)14[Th(BWnO3,)a] *+ 53Ha0 5798,358 4,35 4,30
Cs14[Th(BW1103,)T + 67Ha0 7407,022 25,12 24,96
TI14[Th(BW1I03,)3] 1 50Ha0 8407,558 34,03 33,89
Fig. 1 Titrarea conducto- Fig. 2. Titrarea potentiometrica a solutiei apoase de
metricd a solutiei apoase de K14[ThtBW,,Olo) - 38H30 cu NaOH O,IN.
KM[Th(BWUQS&’)]T' 38Ha0
cu CHjC l.

Masuratorile s-au efectuat cu ajutorul unui spectrofotometru ,,Snecord UV—VIS” cu inregis-
trare automata. Spectrele electronice sint prezentate in figura 3.

4. Studiul termic s-a efectuat urmarindu-se actiunea caldurii asupra heteropolisarurilor sinteti-
zate Tn domeniul de temperatura cuprins Tntre 20 si 900“C. Masuratorile s-au efectuat pe probe
de cite 50 mg la un derivatograf Paulik-Erdely tip OD-102, fara mentinere Tn conditii izoterme,
imprimind o viteza de incalzire de 4“/minut si o sensibilitate a balantei d» 100 mg.

5. Spectrele IR s-au Tnregistrat pe pastile continind sarurile de potasiu, amoniu, cesiu si taliu
ale bis-(boro-ll-wolframo) toratului (IV) in KBr. inregistrarile s-au facut la un spectrofotometru
UR-10-Zeiss Jena. Valorile atribuite frecventelor sint redate Tn tabelul 2.

6. Studiul roentgenostructural s-a efectuat pe sarea de potasiu a bis-(boro-I 1-wolframo) tora-
tului (V) aplicindu-se metoda pulberilor Tn varianta difractometrica.
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Tabel 1
M} |Th(BWnNO3L), | * xH20 unde Mi = K+, NH+, Cs+T1+
9
Th B w H.O
calc. gasit. calc. gasit. calc. gasit. calc. gaasit.
3,42 3,39 0,31 0,29 59,67 60,04 10,09 9,86
4,00 3,85 0,37 0,35 69,75 69,41 16,46 16,21
3,13 3,00 0,29 0,27 54,60 54,32 16,29 16,30
2,75 2,53 0,25 0,24 48,10 48,20 10,17 10,64

Fig. 3 Spectrele UV finregistrate pe solutii
apoase de concentratie 5+ 10-6 M.

1. Ku[Th(BWnO8,)7] + 38H20
2. NH4)|14[Th(BWu03,)2& + 53H20
3. CSjIThfBWNON] * 67H20

1 1060 e 4. TIA[Th(BWI103,)7] + 50HjO.

Tnregistrarile s-au efectuat la un difractometru de radiatii X ,,Philips PW-1050" echipat cu
un contor proportional cu xenon si un analizor de Tndltime a impulsurilor, utilizindu-se radiatia CuK
monocromatizatd, cu filtru 8—Ni. Tn timpul expunerii proba s-a rotit cu 60 radiatii pe minut, imagi-
nea de difractie Tnregistrindu-se Tn mod clasic pe hirtie. S-a lucrat cu o vitezd de avans a goniome-
trului de 1/2° 20/minut, ceilalti parametri instrumentali avind valori standard.

Valorile difractometrice experimentale sint prezentate in tabelul 3.

Rezultate si discutii. Ecuatia ce sta la baza reactiei chimice de obtinere
a sarii de potasiu a bis-(boro-ll-wolframo)toratului(l1V) este urmatoarea:

22Na2WO4 + 2H3BO3 + Th(NO3): + 26CH3COOH
Z2Nau[Th(BW1039)2] + 26CH3COONa + 4NaNO3 + 16H20

Analiza chimica efectuata indicad pentru heteropoli sarurile sintetizate
compozitiile date in tabelul L



NOI HETEROPOLIVOLFRAMATI CU TORIU(IV) 61

Tabel 2
Spectrele 1U
Compusul v(em_1 Atrinuirea
760 W-O-W' (vsim) W = 0(v)
875 W-0O-W v9im; ir - Ogvg
K11[Th(BW1103,)2] + 38H20 960 W-O-W (Viim w = 0(v
1240 B-O U
1640 H-O-H EB)
760 W-O-W (vsim W = OH
850 W-O-W (vsim w  0(V
930u W-O-W (vsim w = 0(v
(NHJutThfBWnO,,),] + 52H20 960 W-O-W (V9im)  w = «H
1240 B-O (\g
1430 N-H (8)
1640 H-O-H (8)
760 W-O-W gvsim; w - OH
850 W-O-W (V9im W = 0(v)
930u W-O-W (vsimj  w = OH
Cs14[Th(BWuO05,)2 1 67H.0 960 W-O-W (V3im)  w = 0l
1240 B-O (v)
1640 H-O-H (8)
760 W-0O-W Ev9iDl; W = O(v
870 W-O-W (Viim w = Ogvg
TIj,fTh{BWjjOj,)»] 1 50H20 960 W-O-W (Vim)  w = 0(v)
1240 B-O (v)
1640 H-O-H (8)
Tabel 3
Datele difraetometriee
Nr. ert. 20 0= 1/d nexp. Ateor. 1/1,,(100%)
1 8,34 0,008866 3,00 3 66,66
2 9,48 0,011825 3,81 4 26,00
3 11,77 0,023598 7,98 8 34,00
4 16.61 0,035039 11,85 12 14,16
5 18,53 0,047250 15,98 16 60,00
6 21,98 0,056245 19,03 19 14,00
7 22,60 0,059248 20,05 20 28,00
8 23,58 0,071002 24,02 24 16,66
9 25,00 0,078851 26,88 27 33,33
10 28,92 0,094662 32,03 32 100,00
1 30,15 0,105331 35,14 35 17,91
12 31,38 0,106582 36,06 36 4,16
13 31,90 0,118826 40,21 40 10,80
14 32,45 0,131325 44,16 44 16,00
15 33,55 0,140169 47,93 48 68,65
16 34,63 0,149061 50,92 51 69,00
17 35,70 0,153624 51,98 52 21,60
18 36,70 0,167060 56,23 56 20,00
19 37,66 0,175890 59,12 59 47,50
20 38,62 0,189310 63,96 64 45,80
21 39,57 0,197128 66,97 67 10,00
22 40,38 0,200980 68,01 68 28,00
23 41,39 0,212593 71,94 72 4,10
24 42,30 0,221124 74,83 75 7,50
25 43,17 0,227066 76,24 76 8,30

26 44,18 0,236880 80,16 80 2,40
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Rezultatele experimentale obtinute la titrarea conductometrica a sarn
de potasiu a bis-(boro-ll-wolframo)toratului(lV) eu acetat de taliu sint redate
n figura 1. Punctul Tn care se intersecteaza cele doua drepte corespunde raportu-
lui stoechiometric, numarul de echivalenti de taliu ce revin unui mol de complex
fiind egal cu 14, Prin titrarea conductometrica s-a gasit bazicitatea totala egala
cu 14, valoare care este In bunad concordantd cu bazicitatea prezisa teoretic.

Titrarea potentiometrica vine sa confirme rezultatele obtinute prin titra-
rea conductometricd, Tn ceea ce priveste punctul de inflexiune ce corespunde
substituirii complete a celor 14 ioni de potasiu ionizabili din heteropoli compus,
totodata vine sa completeze aceste rezultate in ceea ce priveste al doilea punct
de inflexiune corespunzator degradarii iTn componente conform urmatoarei reactii
chimice :

[Th(BWUOM)2Ju~ + 400H = Th(OH)! + 2BO!" + 22WO04- + 20H20

Partea plata si lunga de pe curba titrarii potentiometrice indica faptul
ca heteropoli compusul studiat se degradeaza in timp sub actiunea bazelor tari
si ca acest proces are loc intre pH = 7,5—8.

Spectrele electronice in UV efectuate pe sarurile de potasiu, amoniu, cesiu
si taliu ale bis-(boro-ll-wolframo)toratului(lV) (fig. 3) sint asemanatoare si
prezinta trei benzi caracteristice cuprinse Tn domeniul 39 000 cm-1 si 41 000 cm-1,
benzi ce pot fi atribuite tranzitiei electronilor legaturii tricentrice W—0O —W
din edificiul poliwolframic. Aceste benzi de absorbtie mai slabe se gasesc in coada
unor benzi de absorbtie mai intense, care se contureaza si pe spectrele Tnregis-
trate, la frecvente mai mari decit 50 000 cm-1. Aceste benzi din urma pot fi
atribuite tranzitiilor pn—d,, din legatura W=0. Conform datelor din literatura
[8, 9] aceste benzi de absorbtie sint specifice heteropoliwolframatilor din clasa
boro-ll-wolframica care adopta structura Keggin modificata.

Studiile termice efectuate asupra sarurilor de potasiu, amoniu, cesiu si
taliu ale bis-(boro-ll-wolframo)toratului(lV) indicd un Tnceput de deshidratare
la 50°C, procesele termice inregistrate pe curba temperaturii diferentiale fiind
reprezentate prin trei efecte endotermice si un efect exoterm. Primele trei efecte
endotermice marcheaza trei etape de deshidratare ce decurg cu viteze diferite,
iar efectul exoterm cuprins Tntre 550°C si 600 °C este rezultatul a doua fenomene
concomitente : desavirsirea deshidratarii (reactie endotermica) si descompunerea
edificiului poliwolframic cu trecerea la 0 noua retea cristalind (reactie exoterma).
Efectul exoterm fiind rezultanta acestor fenomene, demonstreaza ca la formarea
unei structuri noi se degaja o cantitate de caldura mult mai mare decit este
necesara in procesul de deshidratare. De asemenea s-a constatat absenta unui
domeniu de stabilitate pentru compusul anhidru in cazul fiecaruia din cei patru
compusi.

Studiind termic seria sarurilor heteropolianionului bis-(boro-lI-wolframo)to-
ratului(lV), apare urmatoarea ordine

NH+ < T1+ < K+ < Cs+

n cazul sarii de amoniu procesul de desamonizare are loc paralel cu deshi-
dratarea in intervalul de temperatura cuprins Tntre 200°C si 450°C, cind se
Tnregistreaza cea mai mare viteza pe curba pierderii in greutate.
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Descompunerea termica a heteropolicompusilor studiati se petrece paralel
cu deshidratarea, iar distrugerea complexului este marcata n fiecare caz prin-
tr-un efect exoterm.

Spectrele de absorbtie Tn IR Tnregistrate Tn domeniul spectral cuprins intre
1700 cm*! si 700 cm*“l prezinta trei benzi de absorbtie datorate vibratiilor de
valenta ale legaturilor W=0O si W—O—W (cuprinse Tn domeniul 1 000—700cm*®})
specifice heteropoliwolframatilor [10], o banda de absorbtie specifica vibratii-
lor de alungire ale legaturii B—O la 1 240 cm*!l [11] si benzile de la 1 430,
respectiv 1 640 cm*l, caracteristice vibratiilor de deformare ale amoniacului
si apei.

Banda de la 1240 cm*‘l specifica vibratiei de alungire a legaturii B—O
este foarte bine rezolvatd, ceea ce demonstreaza ca oxigenul interior din legaturile
B—O nu participa la legarea toriului Tn heteropolianion.

Valorile difractometrice experimentale (tabelul 3) s-au prelucrat in varianta
clasicd a indexarii manuale prin metoda analitica [12]. Odata obtinut unghiul
lui Bragg (6) si calculata valoarea sin2 0 se verifica daca compusul face parte
din sistemul cubic de simetrie prin compararea lui Ncxp cu Nteor. Tn cazul sis-
temului cubic indexarea consta in exprimarea proportionalitatii valorilor sin2 0
din relatia :

sind 0 = A(h? + K2+ 12)

cu sirul numerelor intregi pe care-1 poate lua suma patratelor indicilor lui Miiller
(h2 k2 -f- 12) pentru fiecare reflexie Tn parte.

Deoarece valorile lui N se gasesc Tn raportul numerelor intregi ca: 3: 4
8:11:12:16:19:20:24:27:32 etc.,, se atribuie compusului sistemul cubic
de cristalizare modificatia cub cu fete centrate. Pe baza rezultatelor experimen-
tale, In continuare s-a calculat latura celulei elementare cubice si s-a gasit valoa-

rea medie de 18,40 A.

(Intrat in redactie la 17 septembrie 1980)
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NEW HETEROPOLYTUNGSTATES WITH THORIUM (IV) AS CENTRAL ION
(Summary)

In the present paper the K.+, NHt+, Cs+ and T1+ salts of the bis-(boro-I 1-tungsto) thorate
(IV) héve been described. The chemical composition, basicity, UV and IR absorption spectra,
crystal structure and thermal analysis of these lieteropolytungstates were determined.

The experimental résulte are a good evidence for a bis-(boro-I 1-tungstate) formulation of

these compounds.
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ON THE a-DIOXIMINE COMPLEXES OF TRANSITION METALS(LVIII)

Spectrophotometric study of some tris-dione dioximine-nickel(1V) type
complexes

JOZSEF HORAK, JANOS ZSAKO and CSABA VARHELYI

Introduction. In the presence of an oxidizing agent (e.g. free halogens,
H202, K2S208) and in alkaline media, the a-dioximes form red solutions with
nickel salts. The stability of the nickel complexes obtained is markedly influen-
ced by the experimental conditions [1—12].

The derivative of the dimethylglyoxime (*DH&) is the most investigated
chelate of this dass and it has an analytical application, too (spectrophotometric
détermination of trace amounts of Ni) [L—12]. From the other a-dioximes,
a-benzyldioxime, furyldioxime and nyoxime héve been studied from this point
of view [11—13].

The oxidation state of the Ni in these complexes has been very much
discussed, in part due to the experimental difficulties, viz. the presence of 5
components (Ni2+, dioxime, oxidizing agent, HO* and solvent).

Fei gl [1] présumés the red coloured complex obtained by oxidation
with iodine to be [Ni(DH)2(OH) I] with Ni(lV). Babko [2] présumés the
formation of complexes containing some oxidatiomproducts of dimethylglyoxime
(BOIH?2).

For the Ni chelate obtained in these conditions the following formulaé
have been proposed:

[(DHYNI(IV)O], [(DH)2Ni(IV) /O>Ni(IV)(DH)2] [6], [Ni(111)(DH)20H)][7],
y4 H
[Ni(ID(DH)3], [Ni(1I)(DOIH)3], [Ni(11)(DoxH)2] [2].

As shown by Ok ac and Sime k [14 — 16] the dimethylglyoxime must
be present in strong basic solutions as a double deprotonated anion D2-; This
is why they présumé the red coloured oxidized complex to be formed according
to the following équation

/OH-.
D Ni< /Ni + 41)2 _ 4e=2[Ni D3] +20H~
"OH

Ni4+ being a d® System, its complexes must be diamagnetic. The magetic
susceptibility measurements, performed on K2[Ni D3], gave indeed a zero para-
magnetic susceptibility. Thus the oxidation state 1V has been established expe-
rimentally.

¢ Part LVII. C. Macarovici, J. Horadk, Cs. Varhelyiand A. Benkd, Stud.
Univ. Babes-Bolyai, Chem., 25 (2) 71 (1980).

5 — Chcmia 11981
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The anionic complex [Ni D3% was extracted also in organic solvents with
the aid of N-base cations [12].

Other Ni (IV) chelates with amino-oximes have been isolated and characte-
rizedon the base of their magnetic properties by Mohanty et al. [17, 18].

It is worth mentioning that Ni(lll) chelates with dimethylglyoxime and
dipropylglyoxime héave been also isolated from etheral suspension and from
acetone solution by oxidation of the corresponding Ni(ll)-chelate in the presence
of free halogens and pyridine bases, obtaining e.g. [Ni(DH)2(Py)2]X. HX.
The oxidation state 111 of the Ni in these complexes has been proved by ESR
and magnetic susceptibility measurements [19 — 21]. The Ni(lll) chelates
décomposé in the presence of water.

In the present paper six [Ni(Diox)3]2_ type Ni(lV) complexes have been
studied, containing dimethylglyoxime (DH2) methylisoprolpyglyoxime (Pro-
pox. H2) 1,2 — cyxlohexane dione dioxime (Nyoxime : Nyox. H2) 1,2 — cyclo-
heptanedione dioxime (Heptox. H2), 1,2 — cyclooctanedione dioxime (Octox.
H2) and 1, 2, 3, — cyclohexanetrione trioxime (Triox. H3).

In alcaline solutions ail these oximes give with nickel salts, in the presence
of an oxidizing agent, e.g. K2S2Og, brown-red coloured solutions.

Experimental, Synthesis of the dioximes. 1,2-Cyclooctanedione dioxime was obtained by Oxi-
dation of cyclooctane with sélénium dioxide in boiling absolute ethanol, followed by the oxima-
tion of the destilled 1,2-cyclooctanedione (b.p.12: 95—105°C) with an excess of hydroxilamine hyd-
rochloride and potassium hydrOX|de (molar ratio: 1: 1) in aqueous solution (m.p. 230°C, decomp.,
after recryst. from hot water [22—24

1,2-Cycloheptanedione dioxime was oftnned on an analogous way. (m.p. 224°C, decomp.)

1, 2, 3-Cyclohexanetrione trioxime was obtained by the izonitrozation of cyclohexanone with etliyl
nitrite in the presence of HCI, followed by the oximation of the 1, 2, 3-cyclohexane trione dioxime
(1,3) by product with an excess of hydroxilamine. m.p. 224“C, decomp., recryst. from alcohol. [25]

Absorption spectra of the [Ni(O”)3]’- type complexes

In alcaline solutions ail these oximes give with nickel salts, in the presence of an oxidizing
agent, e.g. K2520g, brown-red coloured solutions. The absorption spectra of the complexes obtained
have been recorded in the UV and visible région, by means of a Specord recording spectrophoto-
meter. The logarithm of the molar absorption r is given in fig. 1. for the Heptox.H2, Octox. H.,
and Triox.H3 derivatives.

All six complexes héve a strong';_| absorption band in the visible region, viz. at 481 ntn
(Heptox.H3), at 486 uni (Octox.H2 Propox.H2, Nyox.H2)] and at 575 nm (Triox.H3),
respectivelv. It is worth mentioning, that 1, 2, 3 cyclohexane trione dioxime (1,3) gave no com-
plex with nickel salts in similar conditions (in the presence of 1 m NaOH and 0.1 m K2S203).

Absorption-molar ratio curves have been recorded at the wavelength of the visible absorption
band.

In this purpose three parallel sériés of 13—24 solutions have been prepared, containing the
same amount of Ni (6 x 10-5 M), NaOH (1 M) and K2S208 (0.1 M) and an increasing amount
of oxime. Absorbance of the solution has been measured by means of a VSU—2 sprectrophotometer
in 1 cm path celle against the same solutions without Ni. Samples have been kept in an ultrather-
mostat at 20 °C.

Results and discussion. The intensive colour reaction of Ni salts in
strongly alcaline and oxydizing medium with the above mentioned oximes
shows clearly the complex formation. As seen from fig. 1. the absorption spectra
in the visible region are almost the same in the case of the five dione dioximes
studied. Only a slight shift of the absorption band can be observed and even the
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Fig. 1. Absorption spectra of Ni(IV) complexes containing Heptox.H, (aJ.Octox.H,
(b) and Triox.H3 (c)

molar absorbtivity values are rather close to each other. Only the 1, 2, 3 — cyclo-
hexane trione trioxime présents some different features, viz. the absorption band
is shifted towards the larger wavelengths and the maximum molar absorptivity
in the visible region is higher.

In order to establish the composition of the complexes formed, an attempt
has been made to apply Job’s method [26], but it gave no reliable results. The
solutions are stable only in the presence of an excess of ligand an'd the formation
of a precipitate (or of a turbulance) at lower ligand to metal ratios makes it im-
possible to determine the ligand to metal ratio corresponding to the maximum
absorption.

The complex formation has been studied by using the method of the molar
ratios. By preparing samples with the same metal concentration and by varying
the ligand to metal ratio (R), the curves given in fig. 2. have been obtained.

Our attempt to derive from these spectrophotometric date the composition
and the stability constants of the complexes formed has failed. By using Yat-
simirsky’s method [27] no extrapolation of the corresponding curves was possib-
le. By presuming the formation of [Ni(Ox)a]? type complexes-and by Using the
same procedure as proposed earlier for AB? type complexes [28], no con-
clusion could be drawn, except one, that log33 > 10 for ail the complexes studied.
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Fig. 2. Absorption — molar ratio curves in Ni(IV) — dioxime
Systems. Cni = 6 x 10— M, 1 cm cell, t = 20°C.
1—-5: X =480 nm; 6: X =570 nm

The A—R curves given in Fig. 2. show a nearly linear portion at lower R
values, which is not easy to understand if one présumeés the successive formation
of AB, AB? and AB3 type complexes and indicates a special behaviour of these
compounds. At high R values the absorption becomes almost constant, which
means that the complex formation is practically entirely achieved. Since ail
these curves have been recorded at the same analytical concentration of Ni,
on the basis of the R value at which begins the almost horizontal portion of the
A—R curve, an order of decreasing stability of the complexes can be establi-
ched as function of the ligand. Fig. 2. suggests the following order

Nyox.Hg = DH, > Propox.Ho > Heptox.H» > Octox.H., > Triox.H3

10.83  10.54 - 10.65 10.54 8.16
[29] [30] [31] [31 [32]

Under each oxime is given the pKa value of the ionization of the first proton
at20°Cand ionic strength p.=0.1 (p.=1 for Triox.H3). As seen the order of de-
creasing stability of the Ni(IV) complexes seetns to correspond to the decreasing
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nucleophilic character of the dioxime anion, i.e. to the increasing acid strength
of the oxime. A single exeption is observed with DH2, but we must take into
account, that the pK,, values have been determined by different authors and by
means of different methods.

(Received September 27, 1980)
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DESPRE COMPLECSII ALFA-DIOXIMICI Al METALELOR TRANZITIONALE (LVIII)
Studiu spectrofotometric asupra unor complecsi de tipul tris-diondioximati de nichel (1V)

(Rezumat)

S-a studiat formarea complecsilor de Ni(IV) cu a-diondioxime Tn solutii apoase puternic alca-
line (NaOH 1 mol) n prezenta de oxidant (KaS,O, 0.1 mol). Se dau spectrele de absorptie in UV
si vizibil ale complecsilor de tipul [Ni(Ox)s¥ . Pe baza variatiei extinctiei in functie de raportul
ligand : metal s-a gasit ca stabilitatea complecsilor descreste in ordinea 1,2-ciclohexandiondioximi >
dimetilglioxima > metil-izopropil-glioximd > 1,2-cicloheptandiondioximd > 1,2-ciclooctandion-
dioxima > 1, 2, 3-ciclohexantriontrioxima. Aceasta ordine coincide Tn prima aproximatie cu ordinea
cresterii primei constante de aciditate.
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CONTRIBUTII LA STUDIUL UMOR PARAMETRI ELECTRICI Al
ELECTROZILOR DIN pile DE COMBUSTIE

L. OMCIU, I. MITRACHE, I. MARIAN

Parametrii electrici ai electrozilor ocupa un loc aparte in caracterizarea
performantelor pilelor de combustie.

Datorita structurii electrodului o abordare teoretica, presupune asimilarea
acestuia cu un circuit electric echivalent (fig. 1) [1—3].

n V(1)
ﬂﬂ"ﬂ, 1t- - I
Fig. 1. Circuitul electric echivalent pentru un Fig. 2. Trenul de impulsuri dreptunghiulare

electrod :

— Rorezistenta electrica a electrodului ;
— R rezistenta de polarizare ;

— C capacitatea stratului dublu electric.

Se presupune ca polarizarea se efectueaza cu impulsuri dreptunghiulare,
periodice, de tensiune (cu factorul de umplere 0,5), durata a, perioada T = 2a,
amplitudinea PTfig. 2).

Trenul de impulsuri este dat de relatia:

o (1

n timp ce expresia analitica pentru dependenta de timp a impulsului  k + 1”
este :

vk(t) — V[u(t — 2ka) — u(Z — (21 + Na)] ()
«(/) fiind functia treapta unitate.
Transformata Laplace a impulsului de tensiune VvA(Z) este:

Vk(p) = @} = 3 — e-<*+W] ©)]

Curentul corespunzator trenului de impulsuri este dat de expresia;

W= 0 @



72 L. ONICIU, I. MITRACHE, I. MARIAN

unde :
nm = W)} ©)
Impedanta operationald a circuitului intervine Tn relatia :
Vh(P) =Z(p) - Ik(p) ©)
si este data de expresia:
2» =K'+1T7/" )
Din relatiile (6). (7) si (3), rezulta:
y (a) = - i+pRC------ F K> e {k+Tap g
r (R,, + R) + pRtRC p ®)

Aplicind expresiei (8) transformata Laplace inversa Tn conformitate cu
(5) obtinem :

- N [' ~ %)
7 :ﬂ +R[1+AT|e c' - 2e)I-u{t—2ka)—

v fia ~MA+ A<+ ok + 1)a)
=+R | + Ry |

Curentul corespunzator trenului de impulsuri se poate scrie atunci, con-
form relatiilor (1), (2), (4) si (9):

©

(10)
Pentru .
2na <t < (2un + la, H)
unde n =0, 1, 2, 3, - _se observa (fig. 2) ca
v(t) = V. (12)
Daca se scrie (11) sub forma:
t =2na + aa — NnT + «a (13)

incare a e (0,1] iar T este, cum am precizat, perioada impulsurilor dreptunghiu-
lare de tensiune, atunci (10) devine:

1+ e~0+ + ]
t(«,a) = ——1 14 (14)
R .

e
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Cind t -» co:

v, [-«>«4 (V1)

lini i(n, a)=t(oo, a) —-------- , 15
o Ri+ 4(1;+1)+]
Pentru momentul terminarii impulsului de tensiune (a — 1)
1) =~T7-[14 ! )

Durata impulsurilor fiind aleasa arbitrasse pot considera 3 situatii, comparativ

cu marimeal— . (— 4- —H
C . 1)

! @ atunc f<ml oy, - « an

) a <[C_.(“ + :J)} 1, atunci i (oo, 1) 8 2 R R (18)
C —e(— + )] 1+1n2, i i(oo, 1 "o
3 - Ej + A% n atunci i(oo, 1) s R TR (19)

Deoarece nu se cunosc valorile parametrilor Ro, R si C ai electrodului,
este greu de precizat cind este Tndeplinita una din conditiile (17) —(19) sau oricare
alta. Din acest motiv pentru calculul valorilor Ro, R si C se recurge la polari-
zarea printr-un impuls treapta de tensiune (fig. 3), pentru care raspunsul n
curent al electrodului este dat de oscilograma din fig. 4.

Fig, 3. Semnalul treapta de Fig. 4. Oscilograma raspunsului in curent al elec-
tensiune. trodului la aplicarea unui semnal treaptd de ten-
siune.
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Tensiunea este data de relatia (fig. 3)

«f) =V 1u)
transformataei Laplace va fi:
/(/>) = @
iar
(/) =
) AP)

Tnlocuind (21) si (7) in (22) obtinem :

I(p) _v . —"~+P-RC
p (R, +B)+pR,RC

De aici prin transformata Laplace inversa se ajunge la:

»(/):?w[_R [‘ -|-f \ 0

La t— 0, r(0) = — deci Ro=
R»

0)
unde r(0) se poate determina din oscilograma (fig. 4)
Pentru t=o00 i(00) = v de unde R Y Ra,
R0+ R »(«=)
unde r(co) se poate determina din oscilograma (fig. 4)
Dinfig. 4 se observa ca:
tge=2W
deci :
—tg 0 =tgg = lim = M
NO at CR'

Din (25), (27) si (28) rezulta

unde t se poate determina din oscilograma (fig. 4)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

Asadar, in urma interpretarii escilogramei, se obtin valorile t(0), t(oo) si
+. Pe de alta parte, polarizarea se efectueaza cu un semnal treapta de tensiune

cunoscut (V).

Tinind cont de relatiile (25), (26) si (29), deduse prin calcul, determinarea

celor trei parametri R, Ro si C este imediata.
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Determindri ale parametrilor R, R0 si C in regim galvanostatic au fost
deja efectuate [4], iar in viitor ne propunem o verificare a relatiilor (25), (26)

sih_(29) pe sisteme de electrozi semiconductori fotoasistati din pile fotoelectro-
chimice.

(Intrat in redactie la 24 octombrie 1980)
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CONTRIBUTIONS TO THE STUDY OF ELECTRICA!, PARAMETERS OF THE FUEL
CELLS ELECTRODES

(Summary)

«The achievement of the détermination of the electrical parameters of the fuel cells électro-
des by the technique of a single step voltage puis is discussed.
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caracterizarea citorva compozitii de parfumare
PRIN CROMATOGRAFIA DE GAZE

Nota de laborator

S. GOCAN, ANCA IOANETE « L. KADAR

Succesul unui parfum pe piata este asigurat de mirosul acestuia precum
si de forma de prezentare. Forma de prezentare intra in sfera esteticii industriale,
iar mirosul in sfera de preocupare a chimistilor. Mirosul produselor cosnietice
este asigurat de asa numitele compozitii de parfumare. Industria de parfumerie
lucreaza cu sute de substante sintetice placut mirositoare si cu sute de uléiuri
eterice naturale. Parfumul este un amestec extrem de complex de uleiuri eterice
naturale cu produse chimice sintetice parfumate. Parfumurile alcoolice contin
n proportie ridicata uleiuri eterice naturale, pe cind cele pentru produse cosme-
tice si chimico-casnice contin numai 25—30% uleiuri naturale.

Printre metodele de analiza Tn domeniul compozitiei de parfumare o utili-
zare extensiva a primit Tn ultimii ani cromatografia de gaze [1—7]. Tn ceea ce
priveste controlul de calitate al uleiurilor eterice problemele devin din ce in ce
mai dificile, atit din cauza complexitatii compozitiei lor, cit mai ales a tendintelor
de falsificare Tnregistrate Tn ultimul timp. Cromatograma poate fi considerata ca
»amprenta” unei compozitii de parfumare.

Partea experimentald. Tn vedere gasirii unui criteriu obiectiv de caracterizare a compozitiilor
de parfumare cu ajutorul cromatografiei de gaze, au fost luate in studiu 12 mostre etalon de
compozitii de parfumare. S-a cautat stabilirea- unui astfel de criteriu prin prelucrarea cromatogra-
melor, Tn sensul stabilirii compozitiilor procentuale cu care participa diferitele fractiuni.

Avind in vedere complexitatea si diversitatea compozitiilor ce alcdtuiesc un parfum, au fost
ncercate mai multe faze stationare. Conditiile de lucru sint urmatoarele:

Coloana I :D =1 m, dj — 4 mm, umpluti cu 13% dinonilftalat (DNF), depus pe Chromosorb
W silanizat (0,136—10,173 mm).

Coloana Il1: L =1 m, dj =4 mm, umplutura cu 15% polietilenglicol 6000 (PEG 6000) depus
pe Chromosorb W silanizat (0,136—0, 173 mm).

Detectorul aparatului a fost catarometru (150 mA). Gaz purtator hidrogen (54 si 40 ml/minut).
Temperatura coloanei 120°. Volumul probei injectate 3 pl.

Coloana II1: 1. =25 m, d- = 3 mm, umplutd cu 20% dietilen-glicolsucciant (DEGS) depus
pe Gas-Chrom Q (O, 136—0,173 mm)

Detectorul aparatului SFractovap Mod-200, Carlo Erba) a fost cu flacara de ionizare.

Gaz purtator Nt, 30 ml/minut; presiunea: H, de 1 atm.; aer de 0,6 atm. Temperatura injec-
tor-detector 225°. Volumul probei injectate 1 pi.

Temperatura &rogramata Programul 1: Tn intervalul 80°—150°, 3 minute la 80°, cresterea
de temperatura 20°/min

Programul 2: Tn intervalul 150°—200°. 6 minute la 150°, cresterea de temperatura de 10°/
minut.

Coloanele 1 si 11 au fost operate izoterm Tn cromatograful cu catarometru; coloana Il _a fost
operatd dupa cele doud programe de temperaturd in cromatograful cu detectorul cu flacara de
ionizare.

Rezultate si discutii. Au fost luate in studiu 12 compozitii de parfumare.
Cromatogramele obtinute pe coloana | au prezentat un numar scazut de picuri
(circa 10) avind in vedere complexitatea compozitiei parfumurilor. Fiecare pic
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reptczentind probabil cite o fractiune bogatd in componenti asemanatori. Cu
toate acestea aspectul cromatogramelor diferda semnificativ una de alta, daca
nu prin dipunerea tuturor picurilor, cel putin prin ariile lor.

Rezultatele obtinute pe coloana Il, contrar asteptarilor, nu au fost cu nimic
mai bune fata de cele obtinute pe coloana I, Tn unele cazuri fiind chiar mai slabe.

Cromatogramele ob-
tinute cu coloana 111 izo-
term la 120° prezinta ur
numar mai mare de pi-
caturi dectt Tn cazul co-
loanelor 1 si Il. Opera-
rea coloanei 11l dupa
programul de tempera-
tura 7 nu a dat rezultate
prea bune, rezolutia fi-
ind mai slaba. Tn schimb,
programul de tempera-
turd 2 a condus la re-
zultatele cele mai bune,
obtinindu-sen jur de 20
picuri  pentru fiecare
compozitie de parfumare
cu o rezolutie destul de
buna pentru scopul pro-
pus. in figura 1 este re-
data cromatograma par-
fumului cu numarul de
ordine 3 din tabelul 1.

Cromatogramele pen-
tru toate cele 12 com-
pozitii de parfumare au
fost prelucrate calculin-
du-se timpii de retinere
si ariile celor mai impor-
tante picuri. S-a calcu-
lat apoi compozitia pro-
centuala a fractiilor :

Fractia % =
aria picului jaq
suma ariilor picurilor

tiiTD Imin)

Fig. 1. Cromalograma parfumului 3 din tabelul 1. Conditii expe-
rimentale : Coloana I, detector cu flacara de ionizare. progra-
mul de temperatura 2.

Valorile obtinute sint cuprinse Tn tabelul 1, in ordinea crescatoare a va-
lorilor timpilor de retinere tR. Tn urma analizei rezultatelor s-a observat ca exista
o diferenta neta intre compozitiile de parfumare studiate, atit Tn ceea ce priveste
timpii de retinere cit si Tn privinta compozitiei procentuale a fractiunilor. Ca-
zurile Tn care anumite fractiuni apar cu aceiasi timpi de retinere sint putine
si chiar Tn acest caz ele difera semnificativ ca si valoare procentuala.
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*

Tabel 1
Caracterizarea gaz-eromatograflei a parfumiirllor prin rompozitia procentuali a fraetmer
in functie de tg

Conditii experimentale: coloana 111, detector eu flatari de fenizare. programul de temperaturi 3
ZZ7 PARFUMUL
min. 1 2 3 5 6 7 8 9 10 > 12
0,10 — — - - 026 — — — -
0,15 — — - — 426 1115 — - - !
0,20 — - 566 — - - — - -
0,22 061 — - - 0,77 — — - — _ 1
0,25 — - — - — - - 034 — 1,05
0,30 — - — 112 — - - - - — - —
0,32 - 161 — - — — - — - _ _ -
0,35 1,87 151 141 -
0,40 1505  _ -
0,45 - — - — - - - 055 — -
0,50 — 0,68 1502 — - + - - - -
0,60 - — - — - 11,10 1366 — — ‘ -
0,65 - 20,06 - - 863 — - - - -
0,70 — - — 517 - - — — — _ —
0,75 207 - - - - - - 631 - _ 1092 —
0,80 - - - - - - - - — 1606 - -
0,85 — — — - — - — — 2258  _ — —
0,90 - - - — 2449 — — - - — -
1,00 + + + 48 — — + + - + —
1,30 15,07 - 6,55 — - - - - + - _
1,40 — - — 1153 1901 — 2560 — - + 17,07
150 - 1198 - - - - - 2817 -— _ —
1,60 - - - — — — - — 916 348 — —
1,80 + + + + - — — — - + _
2,10 - - — — 10,01 10,73 888 — 3,66 —
2,20 — - 799 851 — — — — — - —
2,25 + 860 —
2,30 - 3,64 - - - - - 12,05 - — — 12,29
2,35 — — - -
2,55 - — -
2,60 — 434 — — — - - — — -
2,70 - - — - - 571 4,16 1025 — — -
2,80 14,24 - - - — — - - 999 4 1457 —
3,10 -
3,20 1264 — — — — — - — + —
3,40 - - - - 153 4+ - = = - -
3,50 - - 756 6,72 — - - — — - + -
3,65 - + - — - - + — 4,72 + - +
4,00

- +
4,10 16,47 382 + 161S —
4,20 — — — — - -
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Tabel 1 (contmuare)

0 2 3 4 5 6 7 8 9 10,
4,70 - - - 4,03 832 - - — 7,30 12,67 —
4,90 - 768 — - - - - 1012 + - -

5,00 - - 942 - - = - - - - - -
520 2168 — — — - = -
5,50 + + + - - 703 557 4 -
5,80 — - - - - - - - - 659
6,20 - - - 493 o+ - - -
6,80 417 — 6,70 — - -
6,90 — — - — - 1147 773 - — - —
7,20 - — - + - - - — + +
7,90 22 - - - - - - - - 4+ + 93
8,75 - — 58 4+ o+ 340 38 — 4+ 4
9,10 - - - M
9,20 - 282 - — 110 + - - - - -
9,30 - - 110 - - - - - - 150 - -
9,50 - - - 542 - - - 881 702 — @ — -
10,30 020 — — - 4 - - - - - -
10,40 — 428 277 - - - - = - - = -
10,65 - — - 8% - - - - - - 98 —
10,85 323 — 132 - 463 420 347 + + 582 - —
11,40 550 — — + + + - - + - 5,81
11,65 + - + + 6,56 — - —
12,20 065 — 068 + - — - 200 - - —
12,45 — 2085 — — - - — - - 29,81 20,46 —
12,70 — - - 056 — — -+ - - - - -
13,80 - - - 128 — 0,75 - - - - -
14,10
14,80

+
|
|

|+
|
I

411 2,87 426 17,18
15,00 587 760 — — 365 — — 6,02 1130 - —

15,60 6,79 + -

15,80 - - - 750 454 256 — - - 7,47
16,00 - 258 — - - - - 245 + - - -
16,30 200 — 1151 1921 - - + + - - - -
17,00 + -

I+ +
|
|
w
N
w
w
(2]
~
|

n
[o2]
a1

I
I
|
I
I
|
I

4- — picuri cu aria sub 0,2 %

Un argument Tn plus Tn sprijinul ideii ca astfel de cromatograme se pot
folosi ca ,amprente” caracteristice fiecarei compozitii de parfumare il consti-
tuie analiza a doua dintre ele, care au acelasi miros dar au fost create Tn scopuri
diferite, parfum crema si lotiune (cu numerele de ordine 7 si 6 din tabelul 1).
Aceste doua parfumuri prezinta cite 9 picuri comune Tn ce priveste timpii de
retinere dar diferite Tn privinta compozitiei procentuale a fractiunilor si cite
4 picuri diferite atit ca timp de retinere cit si in privinta compozitiei procentuale.
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+ Concluzii. Din cele prezentate anterior se poate trage concluzia ca astfel
de cromatograme pot fi utilizate ca ,,amprente” pentru identificarea si caracte-
rizarea compozitiilor de parfumare.

Pe baza acestor rezultate se poate institui 0 metoda de control rapida si
eficienta atit asupra materiilor prime cit si a produselor finite.

(Intrai la rolacfi» ta 15 aaierabrie 1973)
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CHARACTERIZATION OF SOME COMPOSITIONS OF THE PARFUME BY GAS
CHROMATOGRAPHY

(Summary)

The present paper investigates the twelve compositions of the parfume by gas chromatography.
The best résulte were obtained with the column 25 m x 3 mm I.D. paked with 20% DEGS on
0,136—0,173 mm Gas Chrom Q and température programmed. A Fractovap Mod-200 (Carlo Erba)
gas Chromatograph with a flame ionization detector was used for Separation. The rétention time
and the area of the peak were determined. In conclusion the chromatograms can be used as
“fingerprint” for the identification and characterization of the parfume composition and as raw
material.

I. P. Cluj, Municipiul Cluj-Napoca cda nr. 3078/80
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