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STUDIUL UNOR COMBINATII COMPLEXE ALE HALOGENURILOR
SI PSEUDOHALOGENURILOR DE Co(ll), Ni(ll) SI Cu(ll) CU
PIRAZINAMIDA

RODICA MICU-SEMENIUC, MARIA SANDA si CRISTINA CRACIUN

Interesul manifestat Tn ultimul timp pentru studiul complecsilor metalici
cu pirazinamidd (PA) este justificat atit de proprietatile sale medicamentoase
[L — 10], cit si de capacitatea sa de a forma complecsi de compozitie si struc-
tura variabile. Avind o multipla capacitate functionald, pirazinamida poate
coordina monodentat (I—IIl) sau prin doi atomi din moleculd, formind punti
(IV) sau inchizind cicluri tetraatomice (V) ca in cazul benzamidei [11] sau pen-
taatomice (VI, VII).

Proprietdtile coordinative ale pirazinamidei au fost studiate in raport cu
o serie de ioni metalici, ca: Fe(ll) (IFe :2X :1 PA; X = OCN~, SCN~j [12];
Co(ll) (ICo:2X:2PA; X = CI-, Br~, I, C10J, NOT, OCN~, SCN~ si ICo:
ISO :2PA) [13-16]; Cu(ll) (ICu :2X :2PA; X = Cl~, OCN-, SCN-, C10T),
[12, 17, 18]; zZn(ll) (1Zn :2X :1PA; X = CN~, SCN*) [12]; Cd(ll) (ICd :
2X 1PA; X = OCN~, SCN~) [12]; Hg(ll) (IHg:2X:IPA; X = OCN-~,
SCN~) [12, 20] si Sn(lV), Ti(lV), Zr(IV) [19]. Studiile structurale efectuate
asupra compusilor semnalati in literaturd se refera in principal la determinari
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cristalografice [13, 15, 18, 19, 21, 22], spectre electronice si IR, momente

adoptd o coordinare de tipul 111 si 1V [12, 16, 17, 20] sau de tipul VII [18].

Partea experimentalii. S-au sintetizat o serie de combinatii complexe ale pirazinamidei (PA)
cu saruri ale ionilor Co(ll), Ni(ll) si Cu(ll). O parte a reactivilor utilizati, accesibili comercial,
erau de puritate p.a.; Col2, NiBr2, Nil2 si Ni(SCN)2 s-au obtinut in solutie prin amestecarea n
raport stoechiometric a azotatilor metalici corespunzatori, dizolvati Tn etanol si a sarurilor respective
de potasiu, Tn apa sau etanol, filtrindu-se KNO3 rezultat. Pirazinamida s-a extras din medicamen-
tul corespunzator, procurat din farmacie, punctul de topire fiind de 149—150°C. Complecsii s-au
obtinut prin amestecarea reactantilor (solutiile etanolice ale sarurilor metalice si ale pirazinami-
dei) la cald, Tn raporturi molare determinate. Analizele elementare, mareind raportul de combinare
realizat, si unele caracteristici ale compusilor sint trecute in tabelul 1

Tabel
Analiza elementara si unele caracteristici ale compusilor

% M % % N , P.1.

Compusul % . e ° N Culoare iM%  °c

calc. gas. calc. gas. calc. gas. (dese.)

1. CoCl,-4PA 9,33 950 11,23 1095 26,59 26,42 roz-niov 67 (270)
2. CoBr,-2PA 12,67 12,40 34,38 33,92 18,07 1821 portoca- 70 285

liu

3. Cola-4PA 732 7,64 3154 31,02 20,78 21,15 galben 57 191
4. NIC1.-4PA 9,44 9,35 11,40 1121 27,02 26,79 verde 65 (230)
albas- (190-;

5. NiBr,-4PA 8,26 7,92 22,49 22,12 23,64 .2342 tru 60 230)
6. NTI..4PA 728 6,89 3154 31,15 20,88 21,00 portoca- 50 (160)
liu (270)

7. Ni(SCN),-4PA 8,80 9,17 17,39 17,38 29,39 29,01 verde 55 156
(230)

8. CuCl,-4PA 10,14 10,59 1131 11,70 26,81 26,45 verde 82 (230)
260

9. CuBr,-4PA 8,88 8,93 22,33 2198 2348 23,12 verde- 70 (200)

oliv

Compusii obtinuti sint practic insolubili Tn solventii organici uzuali; se dizolvd in apd, cu
modificarea culorii. Randamentele reactiilor sint cuprinse Tntre 40—80%, fiind mai mici Tn cazul
iodurilor. Numai compusii 2, 3 si 7 au puncte nete de topire (tabelul 1), ceilalti se descompun la
temperaturi cuprinse intre 160—270 °C ; stabilitatea termica creste Tn ordinea: | < Br < Cl a SCN.
Continutul de metal s-a determinat prin metode gravimetrice uzuale, sub forma de CoSO04, Ni
(dimetilglioximat), si Cu(SCN)2py2 (py — piridind) ; anionii s-au determinat prin precipitare cu AgNO3,
iar azotul prin combustie.

Compusii au fost caracterizati prin spectre electronice, cu un aparat Specord UV —VIS, in
solutii proaspdt preparate prin amestecarea reactantilor in raportul cerut de stoechiometria com-
pusilor, Tn cazul complecsilor de Ni(ll) si Cu(ll), iar pentru compusii de Co(ll) s-au Tnregistrat
spectrele de reflexie difuza, in pastile diluate cu MgO, pe un aparat VSU—2G Cari Zeiss—Jena.
Spectrele IR s-au Tnregistrat cu un aparat UR-20 Cari Zeiss- Jena, in pastile de KBr, iar spec-
trele RES cu un aparat JES—3B, pe pulberi policristaline, la temperatura camerei.

Rezultate si discutii. Compusii obtinuti au raportul de combinate 1MX2:4PA,
exceptind compusul 2 care se obtine cu raportul CoBr, :2PA (tabelul 1). Acest
compus a fost sintetizat anterior si studiat cristalografie [15].

Spectrele electronice ale compusilor de Co (I1) indica simetrii locale diferite
pentru ionii centrali. Tn spectrul compusului CoC12-4PA apar cele trei tranzitii
permise de spin, sub forma unor benzi multicomponente, sugerind o distorsie
D,, a compusului hexacoordinat (tabelul 2). La 12200 si 13800 cm™*! apar, sub
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forma de umere, doua tranzitii interzise de spin. Distorsia semnalatase poate
corela, pe lingd inechivalenta atomilor donori, si cu efecte impuse de impache-
tarea n solid. S-au calculat parametrii spectrali utilizind metoda graficd cunos-
cutd [23]. Pe baza diagramelor de corelare pentru un ion di [24] se constata
ca diferenta dintre benzile v2 si (In cm-1) aproximeaza modulul cimpului
cristalin, 10 Dg. Valoarea obtinuta astfel (8 800 cm-1) concorda cu cea calculata
prin metoda amintitd (8 830 cm-1).

Spectrele de reflexie difuzd pentru compusii 2 si 3 (tabelul 2) diferd de
spectrele optice asteptate atit. pentru compusi de simetrie Oh ai cobaltului (11),
cit si pentru cei de simetrie Td, ceea ce presupune o simetrie plan-patratica a
acestora. Benzile si umerele care apar au aceleasi valori pentru amindoi compusii,
ceea ce inseamnd cd atomii donori provin de la ligandul organic, ionii Br~ si
I- neparticipind la coordinare in stare solidd, fapt ce se poate corela cu volumul
mai mare al acestor ioni.

Spectrele compusilor de Ni (11) aratd o hexacoordinare a ionului central,
exceptind compusul Nil2 + 4PA, al carui spectru are in domeniul vizibil o sin-

Tabel 2
Spectrele electronice si parametrii spectrali calculati (cm-1)
Compusul Benzile Atribuiri B' R 10Dq
1. CoCI2-4PA* 7100  <EQ(‘T29(F))--‘Tlg(F) 736 0,76 8830
9500 ‘B2g(“T29(F))-:—“T.g(F)
1800 ‘Blg(‘A2g(F))--“Tlg(F)
18900
19600 C*B2g + “B2g + “Blg)(Tlg(P)) — Tlg(F)
20400
2. CoBr2-2PA» 7100a; 9100; 11900u; 14800u; 16400u; 18900
3. Col2-4PA* 7100u; 9100; 14300u ; 17200u; 18300
4. NICL-4PA** 12930u  >Eg (D)-i-3A2g(F) 917 0,87 9170
15080  3Tli(F)--3Aig(F)
26150 "Tlg(P)’Alg(F)
5. NiBr2-4PAx»* 13080u N(Db-"AMF) 891 0,84 8900
15380  3TIg(F) -:-3A2g(F)
26300  3TJg(P)-:-3A2(F)
6. Nil2-4PA“* 15850
7. Ni(SCN)2-4PA** 13080 1IEg(D)-:-3A29(F) 853 0,81 9800

15850  3Tlg(F)3Aig(F)
26400  *Tig( P )’ Atg(F)

8. CuCl2-4PA*« 12770 2T29-;-sE

9. CuBr2-4PA«* 12560  3T2S-:2E

* spectre de reflexie difuza, pastild diluatd cu MgO
*e spectre de absorbtie Tnregistrate pe solutii proaspat preparate
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urd Iba_ndé (tabelul 2), asociindu-se cu o configuratie plan-patratica chiar si
In solutie.

Prin aceeasi metoda [23] s-au calculat parametrii spectrali ai compusilor
hexacoordinati. Valorile 10Dg sint cuprinse Tntre 8 800 — 9800 cm*l, iar pa-
rametrul nefelauxetic are valori cuprinse Tntre 0,76 — 0,87, fiind mai mic pentru
compusii cu atomi donori cu pronuntat efect nefelauxetic (Br* si SCN*).

Pe baza informatiilor oferite de spectrele optice putem sugera o configuratie
hexacoordinata, cu diferite grade de distorsie, pentru compusii MX2-4PA (M=Co,
Ni, Cu; X = CI, SCN) si o configuratie plan-patratd pentru compusii MX2-nPA
(M=Co; X=Br*;n=2;M=Co, Ni; X=1“;n=4);1n solutie, compusii
NiBr2 + 4PA si CuBr? + 4PA, apar de asemenea hexacoordinati.

Spectrele RES ale compusilor de Cu(ll) aratd semnale de diferite simetrii.
Linia RES a compusului CuCl? + 4PA este de simetrie axiala (1u/lp=7,25/12),
cu doud valori ale tensorului g (g =225; g =207) si AHI2 = 42 gauss,
in acord cu inechivalenta liganzilor din cromofor si cu distorsia Jahn—Teller
prezentd. Semnalul RES al compusului CuBr? + 4PA are o forma izotropa (IN/
lj_ = 8,5/8), cu singura valoare a parametrului g (g = 2,13) si AHL2 = 49 gauss,
in acord cu o simetrie DI ; Tn consecinta ionii Br* nu part|C|pa la coordinare
in stare solidd nici in acest caz, din aceleasi considerente ca in cazul compu-
silor plan-patratici de mai sus.

Spectrele IR. Benzile caracteristice ale pirazinamidei necoordinate s-au
atribuit prin comparatie cu ale benzamidei [25 — 27, 11]. Spectrele IR ale com-
plecsilor s-au interpretat in acord cu deplasarile ce au loc fata de spectrul IR
al ligandului liber, stabilindu-se atomii donori ai pirazinamidei (tabelul 3). Astfel,
pentru compusii MX214PA (M =Co; X =ClI; M =Ni, X=CIl, M = Cu,
X = Cl si Br) nu este afectat esential nici unul din domeniile in care apar ben-
zile gruparii amidice, ceea ce sugereazd cad legatura se realizeaza prin interme-
diul unuia din atomii de azot din ciclul pirazinic ; usoarele deplasari de benzi
care apar, se pot corela cu prezenta unei legaturi de hidrogen dintre un atom
de azot din ciclu si un atom de hidrogen al functiei aminice. din gruparea ami-
dica. Ligandul adopta o coordinare de tipul 111, cromoforul complexului fiind
MN;jXj, in acord cu spectrele electronice.

n cazul compusilor Col2 + 4PA si NiX2 + 4PA (X = Br*, 1**, SCN*) numai
domeniul vco este afectat prin coordinare, ceea ce inseamnad ca PA coordineaza
prin atomul de oxigen al gruparii carbonil, conform unui model de tipul 1. Com-
pusul NiBr2 + 4PA este probabil numai tetracoordinat in stare solidd, similar
cu celelalte doud bromuri complexe. Cromoforii realizati in complecsii studiati
sint, trecuti Tn tabelul 3 si sint in acord cu rezultatele experimentale obtinute.

Compusul CoBr2 + 2PA prezintd un spectru in care sint afectate domeniile
vNh, si vco (tabelul 3), ceea ce sugereazd ca intreaga grupare amidica participa
la coordinare, inchizind cicluri tetraatomice, n acord cu modelul V, asa cum
s-a mai ntilnit si in cazul unor complecsi cu aminobenzamide [11].

Compusul Ni(SCN)2 + 4PA prezintd o banda intensa la 2 100 cm*‘l datorata
vibratiei de alungire asimetricd a anionului, ceea ce atestd coordinarea ionului
SCN"pr‘In atomul de sulf, in acord cu cresterea ponderii_legaturii sulf-metal
spre sfirsitul seriilor tranzmonale [28, 29], compusul raminind hexacoordinat
5| in stare solida.
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Tabel 3

Spectrele IR ale complecsilor oblinu(i (cm-1)

Banda amida |, Banda amida Il Banda amida 111

Cromofor
VvCco VCO + 8nh? VCN

Compusul *NH,

3400
Pirazinamida 3300 1720 1618 1441 -
3172

3450
1. CoCl,-4PA 3282 1710 1598 1441 CoNA4C1,
3145

3320
2. CoBr2-2PA 3260 1670 1611 1440 CoOjN,
3140

3429
3. Cols-4PA 3300 1690 1610 1440 CoO4
3180

3430
4. NiCla-4PA 3300 1720 1618 1441 NiN.Cl,
3170

3432
5. NiBr,-4PA 3320 1677 1587 1442 NiO4
3150

3430
6. Nil,-4PA 3300 1675 1583 1452 NiO4
3130

3438
7. Ni(SCN),-4PA 3295 1688 1590 1441 NiO4Sj
3195

3447
8. CuCl,-4PA 3295 1719 1603 1448 CuC1,N4
3150

3438
9. CuBr2’4PA 3296 1715 1600 1443 CuN4
3165

S-au pus in evidenta diferite moduri de coordinare a pirazinamidei in com-
plecsii sintetizati si diferite stereochimii ale acestora, care depind de anionul
coordinat si care, in unele cazuri, difera in solutie de cele prezente in stare solida.

(intrat in redactie la 23 februarie 1981)
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INVESTIGATION OF SOME Co(ll), Ni(ll) AND Cu(ll) HALIDE AND PSEUDOHALIDE
COMPLEXES WITH PYRAZINE AMIDE

(Summary)

Some halides and pseudohalides of Co(ll), Ni(ll) and Cu(ll) with pyrazinamide (PA) as or-
ganic ligand were synthetized and investigated by electronic, infrared and EPR spectra.

Pyrazinamide coordinates in several ways: by a cyclic nitrogen atom, by the amidé group
oxygen atom and by both the oxygen and the nitrogen atoms of the amidé group.

The data show that part of the compounds arc six-coordinated, with a various degree of
tetragonal distortion in both solide and solution states; others are four-coordinated in solide state
only, with a square-planar (or T#) arrangement of the donor atoms. The compound Nil2-4PA
was found to be four-coordinated both in the solid and in solution states.



STUDIA UNIV. BABES-BOLYAI, CrELWA, XXVII, 1982

UBER PHOSPHAZENE MIT KORROSIONINHIBITORWIRKUNG

EUGEMA SCHMIDT, GERHARD SCHMIDT und LIDIA LL’'DMAXN-SALANKY

1. Einleitung. Die Klasse der Phosphazene umfallt gegenwaértig eine be-
deutende Anzahl cyclischer und linearer Verbindungen, die gewdhnlich aus
den betreffenden Chlorphosphazenen hergestellt werden. Die groRe Anzahl und
Vielfalt der Verbindungstypen dieser Klasse ist durch die Moglichkeit die Chlor-
atome der Chlorphosphazene durch verschiedene organische Molekilreste zu
substituieren, bestimmit.

Die weiten Anwendungsmoglichkeiten dieser Verbindungen kann eben durch
die Vielfalt der Vertreter erkléart werden. So z.B. werden einige dieser Vertreter
als Weichmacher [1], andere zur Erh6hung der Knitterfestigkeit von Geweben
[2] oder zur Herabsetzung der Entflammbarkeit [3], sowie zur Sterilisierung
einiger Insektenarten [4, 5], und als Dingemittel 6], verwendet.

Mit Ausnahme der o-Toluidinsalze der Trimetaphosphimsdure wurden die
ubrigen Vertreter dieser Substanzklasse auf ihre Korrosioninhibitorwirkung noch
nicht untersucht.

Eine Reihe von Untersuchungen beziglich der gunstigsten Struktur eines
Korrosioninhibitors [7] zeigten, dalR die grofte Wirkung diejenigen Molekile
aufweisen, die aus einem Kern bestehen, an dem Reste mit Inhibitoreigenschaf-
ten gebunden sind. Diese Ergebnisse berlicksichtigend, nahmen wir uns vor,
ein Phophazenmolekil aufzubauen, das den obenerwéhnten Bedingungen ent-
spricht.

In unseren ersten Versuchen wahlten wir als Molekilreste mit Inhibitor-
wirkung Harnstoff und Thioharnstoff, von denen bekannt ist, daR sie auch als
solche-wenn auch schwéchere — Inhibitorwirkung besitzen. Von diesen Ver-
bindungen ausgehend, stellten wir das Triureo-triamino-cyclotriphosphazen,
P3N3(NH2)3(NH—CO —NH2)3 » 3H20, und das Trithioureo-triamino-cyclotriphos-
phazen, P3N3(NH2)3(NH—CS—NH,)3 her, zwei Verbindungen die in der ein-
schlagigen Literatur noch nicht beschrieben worden sind.

Im Vergleich zu diesen beiden Verbindungen untersuchten wir die Korro-
sioninhibitorwirkung auch des Hexamino-cyclotriphosphazens, P3N3(NH2)e, eine
bekannte Verbindung [81. in der alle Chloratome des Chlorcyclotriphosphazens
durch NH, — Gruppen ersetzt sind.

Im ersten Teil der vorliegenden Arbeit, werden die Synthesen und Eigen-
schaften dieser Verbindungen, im zweiten die Ergebnisse beziglich der Inhibi-
torwirkung dieser Verbindungen gegeniber verschiedenen Metallen und Korro-
sionsmittel, erhalten durch gravimetrische und elektrochemische Messungen,
mitgeteilt.

2. Herstellung von Triureo-triamino-cyclotripliosphazen. Das zur Synthese
notwendige Hexachlorcyclotriphosphazen wurde durch in der Literatur beschrie-
benen Methoden erhalten [9]. Die Herstellung des Triureo-triamino-cyelotri-
phosphazens geschieht in zwei Stufen. Die erste Stufe besteht aus der Substi-
tution von drei, an verschiedenen Phosphoratomen gebundenen Chloratomen
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des Hexachlorcyclotriphosphazens, durch Harnstoffreste. Diese Reaktion ver-
lauft in Gegenwart von Trimethylamin als Chlorwasserstoffakzeptor. Das auf
diese Weise gebildete Triureo-trichlor-cyclotriphosphazen, wird mit flissigem
Ammoniak unter Druck behandelt, wobei auch die restlichen drei Chloratome
durch NH2-Gruppen ersetzt werden.

2.1. Experimenteller Teil. 2.1.1. Herstellung von Triureo-trichloro-cyclotriphosphazen. Zu 7,2 g
(0,12 Mol) Harnstoff, suspendiert in 100 ml Tetrahydrofuran, werden 17 ml (0,12 Mol) Trimethyl-
amin und 14 g (0,04 Mol) P3N3C1, hinzugegeben und 3 Stdn. lang unter stdndigem Rihren reflu-
xiert. Nach Erkalten wird das kristalline Produkt von der Ldsung getrennt, und zwecks Entfer-
nung des Trimethylaminchlorhydrats und des unreagierten Harnstoffes, mehrere Male mit Chlo-
roform extrahiert. Der Rickstand besteht aus Triureo-trichloro-cvclotriphosphazen mit F.155°C.

2.1.2. Herstellung von Triureo-triamino-cyclotriphosphazen. 16 g (0,04 Mol) des rohen
P3N3C13(NH—CO—NH,),, werden in einem ReaktionsgeféB, das sich in einem mit Azeton —CO2—Ge-
misch beschicktem Dewargefa befindet, mit einem Uberschuss flissigen Ammoniaks behandelt.
Sobald die Masse von Ammoniak bedeckt ist, wird das Reaktionsgefal? in einem Autoklaven gestellt
und 24 Stdn. lang bei Zimmertemperatur reagieren gelassen. Darauf wird die Reaktionsmasse in 350 ml
Chloroform suspendiert, 60 ml Diathylamin hinzugefugt und 4 Stdn. lang refluxiert, wobei ein Teil
der Reaktionsmas.se in Losung geht. Der feste Rickstand wird von der Losung getrennt, mit Chlo-
roform gewaschen, und durch Losen in wenig Wasser und Féllen mit Azeton, gereinigt. Das so er-
haltene Produkt schmiltz unter 360°C noch nicht.

Die Phosphor — bzw. Stickstoffbestimmungen :
P% Ber.: 22,40 P% Gef.: 22,65
N% Ber.: 40,58; N% Gef.: 40,76,
deuten auf folgende Zusammensetzung :
P3N3(NH2)3(NH—CO —NH2)3 + 3H20 Ber. M = 414,18

2.1.3. Herstellung von Trithioureo-triamino-cyclotriphosphazen. Die Herstellung von Trithioureo-
triamino-cyclotriphosphazen geschieht unter gleichen Bedingungen wie bei der Herstellung von Tri-
ureo-triamino-cyclotriphosphazen, wobei in der ersten Stufe Trithioureo-trichloro-cyclotriphosphazen,
in der zweiten das Trithioureo-triamino-cyclotriphosphazen erhalten wird.

Die chemischen Analysen:

P% Ber.: 20,00; P% Gef.: 19,49
N% Ber.: 36,33 ; N% Gef.: 36,09,
weisen auf folgende Zusammensetzung hin:
P3N3(NHS)3(NH—CS—NH2)3 + 3H20 Ber. M = 462,41.

2.1.4. 1.R. Spektren. Die auf Grund der chemischen Analysen angenommenen Formeln, wurden
mit Hilfe von IR-Spektren bestatigt.

Die Spektren wurden mit einem Spektrophotometer I'R 20 Carl Zeiss Jena in KBr — PreB3-
lingen aufgenommen. Die Spektren der von uns hergestellten Verbindungen wurden mit denjenigen
des P3N3Cle, Harnstoffs und Thioharnstoffes verglichen.

Das Hexachlorcyclotriphosphazenmolekil weist bei 1220 cm-* die P = N — Streckschwin-
gungsfrequenz des Phosphazenringes auf. Der Harnstoff weist folgende charakteristische 1*'requenzen
auf: CN — Steckschwingung bei 1010 cm-1; NH, — Deformationsschwingung bei 1160 cm-1;
symmetrische und asymmetrische NH — Streckschwiugung bei 3460 bzw. 3352 cm"l; NHa-|-CO
— Kombinationsschwingugng bei 1620 und 1680 cm'l. Alle diese I-'requenzen sind auch im Spektrum
des P3N3(NH2)3(NH—CO—NH,)3 * 3H20 Molekiils vorhanden, ein Beweis dafiir, dall der Phospha-
zenring im Laufe der Reaktionen unverandert blieb und die Substitution der Chloratome stattfand.

Das IR — Spektrum des Trithioureo-triamino-cvclotriphosphazens wurde mit dem Spektrum
des Thioharnstoffes verglichen. Letzteres enthalt folgende charakteristische Frequeuzen: NCN —
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Deformationsscwingung bei 495 cm"l; C = S — Streckschwingung bei 738 cm"l; NH, — Defor-
mationsschwingung bei 1625 cm-1; eine breite Bande zwischen 3400 und 3200 cm™l, die den sym-
metrischen bzw. asymmetrischen NH— Streckschwingungen entspricht. Die obenerwahnten Fre-
guenzen sowie die P = N — Streckschwingungsfrequenz des Phosphazenringes, sind auch im Spek-
trum des Trithioureo-triamino-cyclotriphosphazemnolekiils vorhanden, was die auf Grund der Ana-
lysendaten vorgeschlagene Formel, bestatigt.

3. Untersuchung der Korrosioninliibitorwirkung. Im zweiten Teil unserer
Arbeit untersuchten wir die Korrosioninhibitorwirkung der beiden von uns
hergestellten Phosphazene : Triureo-triamino-cyclotriphosphazen bzw. Trithio-
ureo-triamino-cyclotriphosphazen. Es wurde die Korrosioninhibition in ver-
schiedenen Korrosionsmitteln an Stahl 10 C 170 und Messing 63/67 untersucht.
Die Inhibitoreigenschaften der beiden Phosphazene wurde mit den aus der Li-
teratur bekannten Inhibitoreigenschaften des Harnstoffes bzw. Thioharnstoffes,
verglichen.

Die Korrosioninhibition wurde mit Hilfe von gravimetrischen und elektro-
chemischen Messungen untersucht.

3.1. Experimenteller Teil. 3.1.1. Bestimmung der Korrosioninhibition mit Hilfe von gravimetri-
schen Messungen. Die Untersuchungen wurden unter folgenden Arbeitsbedingungen durchgefihrt:
8 X 1,5 cm groRBe Stahl — 10 C 170, bzw. Messingplatten 63/67 wurden bei Zimmertemperatur
folgenden Korrosionsmitteln, statisch ausgesetzt: 0,1 N H2SO4, 0,5 N NaCl, I N NaOH. Zu diesen
Losungen wurden die Inhibitoren in einer Konzentration von 0,1% hinzugefiigt. Wir wahlten als
Korrosionsmittel H2SO4, da das Sulfation im Vergleich zum Halogen-, bzw. Nitration eine kleinere
Adsorptionstendenz besitzt, und somit eine eventuelle Wechselwirkung mit den adsorbierten lonen
vernachlassigt werden kann.

Die Schutzwirkung der Inhibitoren wurde mittels der gravimetrischen Daten mit Hilfe fol-
gender Formel berechnet:

Z% = ffgd ~ Kgl + 100
*go
wo Kgo die Kaorrosionsgeschwindigkeit des Metalls ohne Inhibitorzugabe in mg/cm21 h,
Kgl die Korrosionsgeschwindigkeit des Metalls in Gegenwert des Inhibitors (mg/cm2-h), bedeutet

Tabelle 1 enthalt die Wirkung der untersuchten Inhibitoren in Prozenten ausgedriickt.

Wie aus Tabelle 1 hervorgeht, héngt die Inhibitionswirkung der untersuchten Inhibitoren auch
vom Kaorrosionsmittel ab. So z.B. zeigt im Falle der Korrosion des Stahls durch Schwefelsaure,

Tabelle 1
Inhibitionswirkung der untersuchten Inhibitoren (%6)
Triureo- hioh u-{erg-hflr(i)z;- Hexe}mtir)o_-
Korrosions- triamino- Thioharn- g ~ cyclotri-i
Metall mittel Harnstoff cyclotri- stoff E?imr? cyclo_ phospha-
phospha
phosphazen zen zen.
Stahl H2S04 0,1 N 49,80 49,54 63,44 84,94 -
Stahl NaCl 0,5 N - 44 - 12 44

Messing H2S04 0,1 N - - - 92,86 50
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die beste Wirkung, 84,94%, das Trithioureo-triamino-cyclotriphosphazen, gefolgt vom Thioharn-
stoff mit 63,44%.

Die groere Wirksamkeit des Trithioureo-triamino-cyclotriphosphazens im Vergleich zum Thio-
harnstoff, kann durch das Vorhandensein von drei Thioharnstoffresten im Molekil des ersteren, er-
klart werden. In diesem Fall zeigt das Hexamino-cyclotriphosphazen keine Inhibitorwirkung.

Die Ergebnisse die bei der Inhibition der Korrosion von Stahl durch NaCl erhalten wurden, haben
eine -geringere Bedeutung.

Auch bei der Korrosion von Messing durch H2SO4, zeigt die beste Inhibitorwirkung, 92,86%,
das Trithioureo-triamino-cyclotriphosphazen. Die restlichen Verbindungen zeigen entweder sehr
schwache, oder gar keine Inhibitorwirkung. Im allgemeinen kann gesagt werden, daR dasTrithioureo-
triamino-cyclotriphosphazen fiir Stahl und Messing ein guter Inhibitor ist.

3.1.2. Bestimmung der Korrosioninhibition durch elektrochemische Messungen. In unseren elektro-

chemischen Korrosionbestimmungen wendeten wir die Tafelsche Methode, die wie bekannt, in der
Registrierung der anodischen bzw. kathodischen Polarisationskurven besteht, an. Es wurde unter
folgenden Bedingungen gearbeitet. Die Bestimmungen wurden mit Hilfe einer galvanostatischen
Schaltung durchgefihrt.
Die Stahl-, bzw. Messingplatten wurden in bekannter Weise vorbereitet. Es wurde bei Zimmertem-
peratur gearbeitet. Als Korrosionsmittel wurde 0,1 H.,SO4-, und 0,5 N NaCl — Ld&sung verwendet.
Die Inhibitorkonzentration war immer 1%. Als Bezugselektrode wurde eine gesattigte Kalomelektro-
de verwendet.

3.2. Interpretierung der Ergebnisse. Es wurden Messungen bei verschiedenen Stromstarken durch-
gefihrt. Mit Hilfe der erhaltenen Daten wurden Polarisationskurven aufgezeichnet, wobei die Elektro-
denpotentiale gegen den Logaritmus der Stromstarke dargestellt wurden. Mit Hilfe der Diagramme
wurde die Korrosionsstromdichte bestimmt, die uns dann weiter gestattete die Inhibitorwirksamkeit
mit folgender Formel zu berechnen :

P% = lo_~ lInh: . 100
i»

wobei i0 die Korrosionsstromdichte in Abwesenheit des Inhibitors, und ilnh die Korrosionsstrom-
dichte in Gegenwart des Inhibitors, ausgedriickt in A/cm2, bedeutet.

Tabelle 2 enthalt die mit Hilfe von Tafelschen Polarisationskurven berechneten, und in A/cm?
ausgedriickten, Stromdichtewerte.

Tabelle 2

Stromdichtewerte (J1/em2)

) ) Triureo-tri- ..~ Trithioureo- Hexami-
Metall Korrosions- Ohne Inhi-  Harn-  ainino-cyclo- harn- triamino-  no-cyclo-
mittel bitor stoff triphosph a- Stoff cyclotri- triphos-
zen phosphazen phazen
Stahl ILSO4 0,1 N 0,914- 10~4  0,502- 0,936-10-4  0,315- 0,158- 10~4  0,539-
+ 10~4 - 101 m10~4
Stahl NaCl 05 N 0,408- 10~4 — - - - 0,174-
-10-4
Messing H2S04 0,1 N 0,74- 10-4 - 0,296-10~4 - 0,102- 10*4 -

Durch Zusatz der Inhibitoren, fallt die Korrosionsstromdichte, ein Zeichen daR die Korrosions-
geschwindigkeit des Metalls in Gegenwart des Inhibitors verkleinert wird.

Mit Hilfe dieser Resultate konnte die Wirksamkeit der Inhibitoren berechnet und in Prozenten
ausgedriickt werden. Tabelle 3 enthalt diese Ergebnisse.
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Tabelle 3
Wirksamkeit der untersuchten Inhibitor« n (%0)
Triureo-tri- Tritliioureo- .
. . .. T Hexamino-
Korrosions- amino-cyc- Tliioharn- triamino- -
Metall mittel Harnstoff lotriphos- stoff cyclotri- %(Szloﬁgz'en

pliazen phosphazen phosp

Stahl H2SO4 0,1 N 45,08 - 65 82,22 41,03
Stahl NaCl 0,5 N - 48,70 - - 40
Messing H2S04 0,1 N - 49,75 - 86,22 40

4. Schluf3folgerungen. Durch unsere Messungen und Berechnungen konnten
wir feststellen, daR die beste Inhibitorwirkung, sowohl gegeniber Stahl, als
auch gegentber Messing, das Trithioureo-tr-iamino-cyclotriphosphazen besitzt.

Die stérkere Inhibitorwirkung dieser Verbindung im Vergleich zu den ubri-
gen, von uns untersuchten Inhibitoren, kann durch den verhéltnisméalig hohen
Schwefelgehalt, deren Atome leicht koordinative Bindungen durch die beiden
unbeteiligten Elektronenpaare bilden konnen [10, 11], erklart werden.

Was den Wirkungsmechanismus des Trithioureo-triamino-cyclotriphospha-
zens anbelangt, so ist dieser wahrscheinlich derselbe wir beim Thioharnstoff. [12].

(Eigegangen am 23 Februar 1981)
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DESPRE FOSFAZENE CU ACTIUNE ANTICOROSIVA
(Rezumat)

S-au preparat si caracterizat doi derivati din clasa fosfazenelor, nedescrise pind acuma in
literatura si anume: Triureo-triamino-ciclotrifosfazena si tritioureo-triamino-ciclotrifosfazena, sub-
stante ce contin drept grupe inhibitoare resturi de uree respectiv tiouree.

S-a studiat actiunea inhibitoare a acestor doi derivati Tn comparatie cu uree, tiouree si he-
xamino-ciclotrifosfazena, la coroziunea otelului si alamei Tn diverse medii corosive. S-a constatat
ca actiunea inhibitoare cea mai bund o prezinta tritioureo-triamino-ciclitrifosfazena, atit pentru otel
cTt si pentru alama.
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UBER DIOXIMINKOMPLEXE DER UBERGANGSMETADLE (LXII)
Polarographische Untersuchung tber das Fe(lIl)—Nyoxim System

FERENC MANOK, ENIKO KOSZEGI und CSABA VARHELYI

Einleitung. Die potentiometrische und spektrophotometrische Messungen
zeigen dass in Nyoxim (1,2-Cyclohexandiondioxim)—MX2—Systeme die fol-
genden Gleichgewichte eingestellt werden :

M2+ + Nyox H? it M(Nyox H) + + H+
M(Nyox H) + + Nyox H2 «i M(Nyox H)? + H+

(M = zweiwertige Ubergangsmetalle) [1—3].

Die Eisen(ll)-salze geben mit Nyoxim-lésung, in Abwesenheit von Ammo-
niak und Pyridinbasen, eine braunrote Farbung. Diese Farbreaktion hat eine
besondere analytische Bedeutung. Fir die Bestimmung der Bildungskonstanten
der Nyoximinchelate des Eines wurde die polarographische Methode verwendet.

Resultate und Diskussion. Polarographisches Verhaltes des Nyoxims. Die
a-Dioxime reduzieren sich an der Quecksilbertropfelektrode in einem acht elektro-
nischen Vorgang zu den entsprechenden a-Diaminen. Diese Reduktion steht
in engem Zusammenhang mit dem pH-Wert des Mediums. Es wurde beobachtet,
dass das Nyoxim bei pH-Werten < 6 in einer Stufe polarographisch reduziert
wird. Der Halbstufenpotential dieses Vorganges verschiebt sich nach negati-
veren Potetiale mit dem Zunehmen des pH-Wertes; In neutralem und schwach
basischem Milieu (pH > 6) nimmt die Hohe dieser Stufe ab und erscheint eine
zweite Welle bei negativeren Potentialen. Die Polarogramme des Nyoxims bei
verschiedenen pH-Werten sind in Abb. 1. wiedergegeben. Die Messungsergeb-
nisse sind in der Tabelle 1 ersichtlich. Die Stufenhthen der I-sten und Il-ten

Tabelle 1
Polarographische Daten Uber die Reduktion des Nyoxims
pH Ei/s (1) Volt Div. (1) Ei/s (II) Volt Div. (I1)
1,81 0,715 50 - -
3,56 0,77 48,8 — _
3,29 0,83 48,6 — —
4,10 0,90 48,3 - —
5,02 0,95 47,8 - —
6,09 1,035 40,8 — -
6,80 1,060 33,2 1,49 6,5
7,96 1,10 15,9 1,49 23,4
8,95 1,11 4,7 1,49 34,4
9,91 111 1,49 37,3
10,88 11 1,50 37,4
11,98 1,11 1,54 37,5

Sensibilitat: 8-10 < A/Div.

Mitt. LXI. Cs. Varhelyi, F. Manok, A. Nagy, Stud. Univ. Babes—Bolyai, Chem., 26
(2), 47 (1981)
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/
pH ), al / pH-6.6 pH-7,96 pH-11,96

Abb. 1. Polarographische Kurven des Nyoxims
[Nyox] = 4-10-4 M I-i; p4aClO,]=01 M I~i;
Britton-Robinson’sche Pufferlésung; Empfindlichkeit: 8- 10~s A/Div.

Wellen in Funktion der pH sind in Abb. 2. dargestellt. Wie es ersichtlich, ist
der Grenzwert fir Il kleiner als fir 1.

Die I-ste Stufe entspricht der Reduktion des nichtionisiertem Molekiils
und der ll-te Stufe kann zur Reduktion des deprotonisierten Nyoxiins (Nyox.
H~—Anion) zugeschrieben werden. Diese anionische Form tritt auf dem Pola-
rogramme bei viel saueren pH-Werten auf, als diese nach der Dissoziations-
konstante zu erwartend ist. (K = 2,52 + 10-10 [4]). Dieser scheinbarer Wieder-
spruch kann man durch den H+-ion Verbrauch im Elektrodenprozess bei der
Reduktion des Nyoxims an der Quecksilberelektrode zu erklaren. Dadurch wird
der pH-Wert in der N&he des Elektrodes erhoht.

Abb. 2. Die Anderung der polarographischen Stufenhéhen I und Il in Funktion
des pH-Wertes. [Nyox] = 4-10-4 M 1~* Empfindlichkeit: 8-10~* A/Div.
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Untersuchung des Fe (11)—Nyoxim Systems. Es wurden eine Reihe von
Nyoxim-Fe(ll)—Salzlosungen in NaC104—Britton—Robinson'sehen Puffer-
mischungen, als Stammldsungen bei 20°C polarographisch untersucht. Die
Messergebnisse sind in der Tabelle 2 wiedergegeben.

Tabelle 2

Polarographisehe Daten Uber das
Fe(I)—NyoxIm — System

Div. Nyox- H,

m- 104 Nyox  m-10+ PV (D
0 51,2 4 0
0,4 42,8 3,35 4,0
0,6 38,8 3,03 6,0
0,8 35 2,73 7,6
1,0 315 2,46 9,3
.12 28,1 2,19 10,4
1.4 25,2 1,97 116
1,6 22,0 1,72 12,3
2,0 17,0 1,33 13,0
2,2 15,0 1,17 13,1
. 2,4 13,0 1,01 12,9
Abb. 3. Polarogramm des I'e(ll) —Nyoxim— 26 116 0,91 12.6
— Systems. Britton-Robinson’sche Pufferldsung, 2’8 10:0 078 12'1
pH*“ 11,98 [NaCIOjl = 0,1 M ™1 ; Empfindlich- 30 8.9 0.69 116
keit: 6-10 8 A% Div. 32 8.0 0,62 11

Sensibilitat: 6-10 A/Div.

Fir die Bestimmung der Bildungskonstanten der Nyoximinchelate des
Eisens(Il) wurden die polarographischen Messungsergebnisse bei pH = 11,98
verwendet. Eine charakteristische polarographisehe Kurve des obenerwéhnten
Systems ist in Abb. 3. dargestelit.

Wie es ersichtlich, erscheinen in diesem Polarogramm drei Stufe. Die erste
Stufe beginnt sich um —0,6 V (gegen ges. Kalomelelektrode), sie ist weniger
gut ausgepragt und nimmt nicht linear mit der Konzentration des Fe(ll) zu,
erreichend schnell bei kleineren Fe(ll)—Konzentrationen einen Grenzwert. Bei
negativeren Potentialwerten tritt die zweite, gut ausgebildete Stufe (II) mit

einem Halbstufenpotential von E1/2 = —1,215 V auf. Auch die H6he der 1l-ten
Welle waéchst sich nicht linear mit der Konzentration des Eisens. Die dritte
Welle mit einem E1/2 = —1,54 V (gegen ges. Kalomelelektrode) kann zur Re-

duktion des nichtkomplexierten Nyoxims zugeschrieben werden, und wie es
erwartend, nimmt die Hohe der Ill-ten Stufe mit steigender (Fe(ll) Konzen-
tration ab (Abb. 4). Wir begegnen uns hier mit dem sehr seltenen Fall, wenn
die freie Digandkonzentration kann unimittelbar polarographisch verfolgt und
bestimmt werden.

Mit Hilfe der Daten aus der Tabelle 2 kann die Bildungsfunktion n der
Nyoximino—chelate des Eisens(ll) ausgerechnet werden

CNy0x—~— CNFyoxlo

W 1
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Abb. 4. Die Anderung der Stufenhéhen I1. und 111 aus dem Polarogramm 3 in
Funktion der Gesamtkonz. des Fe(ll).

(CNyox und Cpe2+ die analytischen Konz, des Nyoxims und des Eisens). Die
Bildungsfunktion ist in Abb. 5. wiedergegeben.

Wie aus der Abb. 5. ersichtlich, erreicht nicht die Bildungsfunktion den
Grenzwert 2 noch in einem grossen Uberschuss von Ligand. Aus dieser Daten
geht hervor, dass in den obenen Experimentierbedingungen nur die Eisen(Il)—
chelate mit Fe :Nyoxim =1:1 und ! :2 Molarverhéltnisse: Fe(Nyox. H)+
und Fe(Nyox. H)2 entstehen.

Far die Bestimmung der sukcessiven Bildungskonstanten kann die R os-
sotti und Rosso 1l i'sche graphische Methode [5] werwendet werden. Die

2 — Chemie, 1982
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von Rossotti und Rossotti angegebene Gleichung kann in diesem Falle folgen-
dermasse aufgeschrieben werden :

n — I Q n 2 nsTvA-~1
0 - mfyoxqy P11 Pag _y UNy®xo 2
wo
p [Fe(Nyox-H)+]
PL  [Fe2+] [NyoxJo )
und
__ [Fe(Nyox- H)a]
P2 [Fe+][NyoxJa 4)

(INyox]0 = die gesamte, nicht komplexierte Nyoximkonzentration)
Die graphische Darstellung von--------------—-in Funktion der —----

[Nyox]0 gibt eine Gerade (sieche Abb. 6)

Die Linearitat dieser Darstellung bestatigt die Gultigkeit der Vorausset-
zung Uber die Zusammensetzung der Komplexe in waéssrigen Ldsungen, Der
Schnittpunkt der Gerade mit der Axe der Ordinaten gibt den Rj—Wert, und
die Tangente der Gerade den R2—Wert:

Bj = 5,10 + 104 und 2 = 3,08 1 108

Rj und B2 sind von dem pH-Wert der Lésung beeinflusst. Fir die Berechnung

die vom pH- unabhéngigen Rx und R2—Werte soll die Aciditdtskonstante des
Nyoxims (Ka) in Betracht nehmen.

. [Fe(Nyox-H)+]
B = [Fers] INyox-H-] ()

[Fe(Nyox-H)2] Ka + [H+M*
[Fe2+] [Nyox-H“2 P2 | Ka I (6)

Abb. 6. Die graphische Darstellung der Rossotti’schen Gleichung.
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Mit Hilfe der Gleichung (5), bzw. (6) wurden die folgenden Werte

i = 5,08 104, bzw. R2 = 3,02 1 108,

Fur die sukcessiven Stabilitdtskonstanten wurden die" folgenden Werte
erhalten . Kj = 5,08+ 104 und K2 = 5,94+ 103, [K2 = d.h. das [Fe(Nyox.H)+]

hat eine grossere Stabilitat, als Fe(Nyox. H)2 Diese Erscheinung ist sonst
charakteristisch fir die meisten Komplexe des Typs [M(Diox H) +], [M(Diox.H)2].

Die Konzentration des freien, nicht komplexierten Fe2+ ergibt sich folgen-
dermasse

[Fe2+] = (7)
1 + BINyox] + R2[Nyox]>

Die [Fe(Nyox-H)+] und [Fe(Nyox-H)2] erhalten wir nach den Zusammen-
héngen :

[Fe(Nyox-H) +] = Bx[Fe2+][Nyox.] (8)
[Fe(Nyox-H)2] = R2[Fe2+] [Nyox]? 9

Auf Grund dieser Daten wurde die Mol. %-ige Zusammensetzung des Sys-
tems in Funktion der Konz, des freien Ligands graphisch dargestelit.

Wie aus der Abb. 7. geht hervor, erreicht nicht das Molprozent des Fe(Nyox-
H)2 seinen maximalen Wert noch in einem grossen Uberschuss von freiem Li-
gand, da in solchen Bedingungen auch die mehr bestdndigere Komplexform :
Fe(Nyox-H)+ noch vorhanden ist.

Die Anderung der Konzentration des Fe(Nyox-H)2 — Komplexes in Funk-
tion der Gesamtkonz. des Fe(ll) ist in Abb. 8. wiedergegeben.

Diese Kurve geht durch ein plattes Maxim bei einer Gesamtkonz, des Eisens
(1) von 2 + 104 Mol, analogerweise mit der Il-ten Stufe aus Abb. 8.

Abb. 7. Die Anderung der Mol-

prozente des Fe(ll), [Fe(Nyox-

H)]+ und des [Fe(Nyox * H)2]

in  Funktion der Konzentration
des freien Digands.
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Abb. 8. Die Anderung der Konzentration des [Fe(Nyox-H)2) in Funktion der
Gesamtkonzentration des Eisens (l1).

Auf Grund dieser Beobachtung kann man annehmen, dass die Il-te Stufe
des Polarogramms der Reduktion des Fe(Nyox-H)? — Komplexes entspricht.

Beim Vergleichen der Grenzstromwerte des Fe(Nyox-H)? — Komplexes
mit den berechneten Konzentrationen des Fe(Nyox-H)2, kann die Konstante
des Grenzstromes berechnet werden.

iD,c = kJFetNyox-Hjd (20)
Fir das freie Nyoxim ist die folgende Relation gultig :
iD, n = k2[Nyox] (11)

Die erhaltenen Resultate :
ki = 9,22 + 106 A M1 |
ki —768'10 5A MI! |

Durch Vergleichen der kx und k2 —Werte, man muss annehmen, dass der
Elektrodenprozess im Falle des [Fe(Nyox-H)2] nicht zu einer einfacher
zweielektronischer Reduktion des Zentralions entspricht, sondern neben dem
Fe(Il) auch de Nyoximin-gruppen partiell reduziert werden. Diese Voraussetzun-
gen sind gultig auch im Falle, wenn die Diffuzionskonstanten des Komplexes
und des freien Digands haben samtliche verschiedene Werte.

Far die Erklarung des Polarogramms aus der Abb. 3. kdnnen die folgenden
Elektrodenprozesse angenommen werden

— die I-ste Stufe, welche mit dem Zunehmen der Gesamtkonzentration
des Fe(ll) sehr schnell einen Grenzwert erreicht, ist wahrscheinlich die Adsorp-
tionswelle eines Fe(ll)-nyoximinkomplexes. Wegen der starken Adsorption
der Reduktionsprodukte an dem Elektrodoberflache erscheint diese Stufe bei
einer relativ weniger negativen Potentialwerte (,,Adsorptionswelle’).

— die Il-te Stufe entspricht der Reduktion des [Fe(Nyox-H)g]—Komplexes
mit der partiellen Reduktion der Nyoximingruppen.
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— die Ill-te Welle kann zur Reduktion des freien Nyoxims zugeschrieben
werden. Das selbstandige Auftreten dieser Welle zeigt, dass im Vergleich mit
den Elektrodenprozessen, die Bildung der Nyoximino-chelate des Eisens ein
relativ langsamer Vorgang ist. o )

— die bestandigere [Fe(Nyox-H)]+—Komplexform ist in unseren experi-
mentellen Bedingungen eine polarographisch inaktive Substanz.

Experimenteller Teil. Die polarographischen Messungen wurden mit einem Polarograph Ra-
delkis OH— 102 (MOM. — (Budapest) mit Hilfe eines Adaptors Tast-Rapid OH 991 — durch-
gefiihrt. Die polarographische Zelle bestand aus einer Quecksilbertropfelektrode und eine gesattigte
Kalomelelektrode. Tropfzeit: 0,3 Sek. Die geléste Luft wurde durch einem starken, gereinigten
Methanstrom aus den Proben entfernt. Die Probelésungen wurden in einem Ultrathermostat bei
20 = 0,1 °C gehalten.

Stammldsung : eine Mischung von 0,1 Mol NaClO4 und Britton-Robinson’sche Pufferlésung
von verschiedenen pH-Werten. Konzentration der Reagenzien in den Proben: Nyoxim: 4+ 10~4 M;
Fe(ll) : 0,4 — 13,21 10-4 M (aus Mohr'schem Salze),

rEingegangen am 25 Februar 1981)
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DESPRE COMPLECSII DIOXIMICI Al METALELOR TRANZITIONALE (LXII)
Studiu polarografic asupra sistemului Fe(I1)-nioxima

(Rezumat)

S-a studiat comportarea polarografica a nioximei (1,2-ciclohexandiondioximei) si a sistemului
I'e(I1)-nioxima in diferite solutii tampon Britton-Robinson. S-au determinat functiile de formare
ale complecsilor Fe(Niox-H)+ si Fe(Niox-H), pe baza variatiei undei corespunzatoare ligandului
liber. S-au determinat constantele de stabilitate succesive pe baza metodei Rossotti. Pe baza re-
zultatelor s-a interpretat originea celor trei unde polarografice care apar pe polarogramele siste-
mului Fe(ll)-nioxima.
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DERIVATIVES OF FURAN (XIV)*
5-Bromo- and 5-Nitro-2-furanilides

VALEU FARCASAN, FLORICA PAIU, ADRIANA DONEA, COSTEL SARBU
and GHEORGHE COMAN

It is well known that dérivates of nitrofuran are used in chemotherapy
[2]. Furanilides show also interesting biological behaviour [3]. Thus attempts
to prepare 5-nitrofuranilides (I) are of interest.

The substitution of the bromine atom with the nitro group using sodium
nitrite in acetic acid or nitrogen oxydes in the furén sériés was reported only
in few cases [e.g. 4, 5, 6, 7] and to our best knowledge this was not in the case
of 5-bromo-furanilides (I1). Moreover this reaction has not been thoroughly
studied. This prompted us to examine the obtention of 5-nitro-2-furanilides
(I) from 5-bromo-2-furanilides (II).

This paper reports our first results in this field.

The 5-bromo-2-furanilides (lla...n) were prepared by three different methods.

A. Acylation of the corresponding amine with the 5-bromo-2-furovl chloride

1),

é. zlondensation of the amine with the 5-bromo-2-furoic acid (IV).

C. Bromination of the 2-furanilide (V).

For the necessary comparisons 5-nitro-2-furanilides (la...h) were prepared
by reacting the amines with 5-nitro-2-furoyl chloride (VI).

0
moH  /==\
c-N-<< O/—I"2
[ a:Rj=NO2; R, =H I a:Rt=Br;, Rl==H
b:Rj = NO; Rl = CH3 b:Rj == Br: Rs == CH3
¢c:Ri =NO2; R2=Br c:Rj=Br: yl=Br
d:Rj = NO2; R? = OCH3 d:R, = Br; R == OCH,
e 'R, = NO,; Rl = COC2H5 e :Rt=Br; )= CO2C2H}
f:Rj = NO,; R2 = NO, f ‘Rt = Br; r%::n02
%:R,zNOZ;R2=A ‘Ri = Br; ri=A
'Rj = NO2; Rl =B ?‘IIR':zBr; r] =B
A= <O>- V:Rj=Rl=H
N ----- r-
B=
Sz

The new furanilides as those obtained by other methods or in conditions
unreported earlier are listed in Table 1

»Part XIII see [IJ.



2-Furanilide

=H

N()2

Il
>

Il c
R, -- R, = Br
\
Ri - RI=H
Il a
Rj = Br; R
Il d
R,=Br; R2=0OCH3
I f
R, = Br; Rl =
Il h
R, = Br; Ra =
|
R] =N02;g22
I h
R, = NO2; Rj

Il
w

2— Furanilides

Starting substances

2-Furanilide (V)

Amine

(Solvent)

Aniline (IX)
(Pyridine)

Aniline (I1X)
(Pyridine)

p-Anisidine (X)
(Ethyl ether)

p-Nitroaniline
(XI) (Pyridine)

2-Plienyl-4
(p-amino-phe-
nyl) thiazole
(XI1) (Pyridine)
4-Amino-biphe-
nyl (XIIT)
(Ethyl ether)
2-Phenyl-4 (p-
amino-phenyl)
thiazole (XII)
(Ethyl ether)

Acid or acid chloride
(Solvent)
2-Furoic acid (VII)
(Pyridine)

5-Brotno-2-furoic acid
(IV) (Pyridine)

5-Bromo-2-furoyl chlo-
ride (111) (Ethyl ether)

5-Bromo-2-furoyl chlo-
ride (111) (Pyridine)

2-Broino-2-furoyl chlo-
ride (I11)
(Pyridine)

5-Nitro-2-furoyl chloride
(V1) Ethyl ether)

5-Nitro-2-furoyl chloride
(V1) (Ethyl ether)

Metliod
(yield
%)

3

c
(54.0)

A
(76.0)

(79.0)
A
(82.0)

A
(78.8)

(89.5)



Solvent
used for

recrystal-
lization

4

Etlianol-
water

Ethanol

Ethanol

Ethanol

Toluene

DMFA

Melting Formula
point °C (Molecular
(Colour) weight)

5 6

154-5*
(light cream- -
coloured)

124-5**

(white)

145-6***

(cream-

coloured)

144-5

(creatn- CuHIOBrNO3
coloured) (296.11)

193

(yellow- CuHjBrNaO,
mustard) (311.08)
207-9

(creatn- C20H13BrN202S
coloured) (425.30)
218-20

(yellow-

orange) (308.28)

265-7 C20H13N304S
(vellow- [(391.38)
orange)

Table 1

Analysis N%

Calcu-
lated

7

4.72

9.01

6.59

9.09

10.74

I-'ound

8

4.9

9.2

6.9

9.4

10.6

(AIX) NvdNd 40 SIAILVAIYIA

ro
co
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The general method of C. L. Chiriac [8] for the préparation of amides was
applied by us in the furan sériés by reacting aniline with 2-furoic acid (VII),
5-bromo-2-furoic acid (IV) and 5-nitro-2-furoic acid (VIII) in pyridine in the
presence of chlorosulfonic acid. In the conditions described in the experimental
section the yields were good if acids VII and IV were used. In the case of VIII
the reaction seems to be more complicated and no pure la could be isolatcd.

The 5-bromo-2-furanilides (lla...h) were converted into the corresponding
5-nitro-2-furanilides (la...h) with sodium nitrite in glacial acetic acid. In the
conditions used by us (see experimental) very good yields — rough 75% —
were obtained in the case of compounds I,, Ig and Ih. In other cases the sépa-
ration of the nitroderivative from the unreacted bromoderivative required re-
peated recrystallizations and thus the yields were diminished, particularly for
Id. The nitroderivatives (I) obtained in this way were identified by comparison
with those prepared by other methods.

This method of obtaining 5-nitro-2-furanilides can be the most favourable
in some cases, as for instance for Ic. Indeed by reacting furoic acid (VII) with
aniline 2-furanilide (V) is obtained which by direct bromination yieldea IIC
Sodium nitrite in glacial acetic acid converts IIC into Ic. Thus a sériés of steps
required by the usual method to prepare I¢c [91, starting with the same substan-
ces (aniline and 2-furoic acid), were avoied.

A more detalied investigation of this substitution reaction will be pub-
lished later.

Some preliminry experiments show that this reaction takes place also if
nitrogéné oxide — generated by reacting starch with nitric acid — was bubbled
in a solution of 5-bromo-2-furanilide (I1) in glacial acetic or benzene.

In order to find an adéquate method for a quantitative survey of the above
mentioned process we examined the behaviour of the anilides | and Il by TTC
and their electronic spectra.

TTC has been performed on "Silicagel RF UV” plates, using benzene as
eluent. The data obtained are presented in Table 2.

Table 2
TLC* data for 2—furanllides 1, ,, and Il ]

2-Furahilide hxRp 2-Furanilide hxRp A(hxRP)«
Hc: Ri = Br; R2 = Br 57 Ic: Rx = NO2; R2 = Br 27 30
llg:Rj =Br; R, = A 2 1g:Rj=NO,: R, =A 24 18
Ilb: R, = Br; R, = CH, 37 Ib: Ri = NO2; R, = CH, 21 16
lla:Rx = Br; Rz =H 32 |a:Ri=NO,,R,=H 22 10
I1If: R, = Br; R2 = NO, 31 I{ . Rj = NO,; R2=NO, 9 22
Ilh:Rx = Br; R, = 24 |h:Rj=NO,,R=B 12 12
Ild: Rj = Br; R, = OCH, 18 ld: Rx = NO,; R, = OCH, 9 9
Ile: Rx = Br; R2 = CO2C2H, 15 le: Ri = NO?; R, = COZC H5 8 7

. ,,Sgicagel RFUV” plates manufacturée! by 1 stitute Gf Chemistry from Cluj-Napoca and benzene as eluent were
used.

ee A(hx/?F) = hxAF — hx/?F Ta...h.



:Rj = NO2; R?

Ri = NOa; R2

'R,

2-Furanilide

Rj = NOa; Rj=H

:Rx = NO2; Ra= CH3

Br

'R, = NO2; R? = OCHj3
: Rj=NO2 ; R2=C02C2H¢

'Rj = NO2; R2 = NO2

Il
>

Il
w

NO?: Ra

Electronic spectre of 2—fnranilides la

Xmax unl

320.0(8000) ; 252.0(10,000)
245.0(9500)

333.0(31,000)»* ; 293.0(37,500) ;
252.0(45,000)

326.5(16,000) ; 286.5(20,500)
255.0(26,000)

281.5(32,500)
317.0(40,000) ; 271.0(49,000)
317.0(24,500) ; 284.0(20,500)
277.5(76,500)

283.5(64,500)

The spectra were registered in éthanol

Shulder

h and

a:Rj

b:Rj

10 : Rj

1d: Rj

lle: Rj

If : Rj

Ilg ' Rj

Table i

\nax nm (£max)

284.0(19,000)

289.0(22,000)

274.0(23,500) ; 263.0(8,500)
252.0(7,000)

291.5(21.500) ; 263.0(16,000)**
301.0(44,500); 242.5(8500)**

325.0(26,500)

Ifa h in 240—360 nm ranpe*
2-Furanilide

=Br; R,=H

= Br; R2 =CH3

— Br; R, = Br

= Br; R2 = OCHj3

= Br; Ra = CO2C3H,

= Br; R2 = NO2

— Bri Rg = A

Ilb:Rj =Br; R2 =B

301.0(30,000)

312.0(41,000); 263.0(22,500)

(AIX) NvdNd 40 S3AILVAINEA

e
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It can be seen (see A RF (mm)) that by TTC a good. séparation of the 5-
bromo-2-furanilides (1) irom the corresponding 5-nitro-2-furanilides (I) is pos-
sible. All the nitroderivatives (I) have a smaller RF than the bromo ones (II).
In the case of 5-bromo-2-furanilides (l1) the RF diminishes in the sequence :
1> 1lg > 1lb > 1la> llp > IIh > 1ld > lle In the case of 5-nitro-2-fura-
nilides (I) some inversions of this sequence occurs namely at compounds Ib— Ia
and It — Ih

The electronic spectra of the two sériés of compounds (I and I1) were re-
corded in the 240 — 360 nm range in éthanol. The Amax and smax are listed
in Table 3.

The différences between the spectra of 5-bromo-2-furanilides (I1) and the cor-
responding 5-nitro-2-furanilides (I) enable the spectrophotometric survey of
the kinetics of this substitution reaction.

Experimentul. The m.p. were determined in capillaries and are uncorrected. The electronic
spectra were registered with a "SPECORD” spectrophotometer.

2-Furanilides. Method A. To a solution of 0.01 mole amine in pyridine (ethyl ether or dio-
xan) a solution of 0.01 mole of the corresponding 2-furoylchloride in pyridine (ethyl ether or dio-
xan) was added and the mixture was allowed to stand at room température for 3 ... 4 hours. The
precipitate was filtered. If no précipitation occurred the mixture was poured into diluted hydro-
chloric acid and then filtered. The crude product was recrystallized.

Method A'. As method A but the mixture was heated on a steam bath for 30...60 min.

Method B. The solution of 0.02 mole amine in 20 ml pyridine was cooled to 0°C and at
this température 0.022 mole chlorosulfonic acid was added dropwise under stirring. The stirring
at 00 was maintained for one hour and then 0.02 mole of the corresponding 2-furoic acid was added.
The mixture was warmed one hour at 50...60°C, 4 hours at 115. ..120°C and after cooling it was
poured on 200 g ice. The precipitate was filtered, washed with 5% sodium hydroxide, 7% hydro-
chloric acid and water. Thus the pure product was obtained.

Method C. To a solution of 0.0053 mole 2-furanilide (V) in 30 ml glacial acetic acid a mix-
ture of 0.02 mole bromine and 3 ml glacial acetic acid was added. The mixture was boiled for
30 min. and after cooling it was poured into 200—300 ml water. The precipitate was filtered,
washed with water, than with diluted ammonia and dried. After recrystallization from ethanol-
water, 1 g (54%) Il m.p. 154—5°C was obtained.

Method D — (substitution reaction).

To a solution of 0.01 mole 5-bromo-2-furanilide (1) in 30 ml glacial acetic acid warmed
on the steam bath, 3 g sodium nitrite was added in three portions during 2...5 hours. After
cooling the mixture was poured into 200 ml water, the precipitate filtred and recrystallized from
the adéquate solvent.

The following compounds were prepared using literature data: la [10], Ibc [9], Idf [11],
le [12], Ila [13], Ilbeg [12], 11C [14].

(Rcceived April 4, 1981)
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DERIVATI Al FURANULUI (XIV)
5-Bromo- si 5-mtro-2-furanilide
(Rezumat)

Se urmareste obtinerea de 5-nitro-2-furanilide (1) din 5-bromo-2-furanilide (), prin Tnlocuirea
bromului cu gruparea nitro sub actiunea nitritului de sodiu Tn acid acetic glacial. Se stabilesc
conditiile Tn care nitroderivatii (1) pot fi separati de bromoderivati (I) prin cromatografie in strat
subtire. Se Tnregistreaza spectrele electronice ale celor doua tipuri de compusi. Diferentele care
apar recomanda metoda spectrofotometrica pentru un studiu cinetic al acestei reactii de substi-
tutie.
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REACTII REDOX LA FORMAREA FILMELOR METALICE (II)
Sensibilizarea si activarea fibrelor poliamidice Tn vederea metalizarii chimice

G1IEO11GIIE MA1ICIT si ILEANA POP

Introducere. Fazele procesului tehnologic de metalizare chimicd a dielec-
tricilor cu metale comune sint: degresarea, asperizarea, sensibilizarea, activa-
rea si metalizarea chimica propriu-zisd. Fiecare faza va fi urmatd de spalare
cu apa distilata sau deionizata.

Aderenta peliculei metalice pe suprafata dielectricului este asiguratd prin-
tr-o bund asperizare, cind are loc formarea unei retele de microcavitati [2] Tn
care se ancoreaza germenii de metal nobil (activator) ce catalizeaza reactia de
reducere a metalului comun. Dimensiunea acestor microcavitati in cazul aspe-
rizarii A.B.S. cu amestecuri oxidante de acizi a fost determinata prin micros-
copie electronica ca fiind de 0,03—2 um [3].

Scopul studiului efectuat de noi a fost stabilirea conditiilor optime pentru
fazele de sensibilizare si activare a fibrelor poliamidice in vederea metalizarii
chimice a lor.

Partea experimentala. Experimentarile s-au facut pe fibre poliamidice cu diametrul de 44 iun,
tratarea cu solutii realizindu-se prin imersie. Sensibilizarea s-a facut cu clorura de Sn(ll), n di-
ferite conditii iar activarea cu solutii ale sarurilor de Pd, Au, Ag, Pt si Rli. Efectul de sensibi-
lizare si activare s-a urmatit prin determinarea rezistentei electrice a filmului de cupru depus
pe fibre, masurdtorile de rezistentd electricd facindu-se cu un voltmetru electronic tip E 0401.
Reactivii utilizati au fost de grad p.a. sau chimic puri.

Rezultate si discutii, a) Sensibilizarea cu clorura de Sn(ll). Asperizarea
suprafetei fibrelor poliamidice este o problema dificila avind in vedere dimen-
siunile reduse ale acestora. Tn acest scop s-a pus la punct o metodd chimica
adecvata.

Tn scopul sensibilizarii suprafetelor se utilizeaza Tn mod curent saruri de
Sn(l1), Pb(Il) si Ti(lll) ce poartd denumirea si de fotopromotori pozitivi [4].
Tn determindrile preliminare facute de noi, cele mai bune rezultate s-au obtinut
cind s-a utilizat clorurda de Sn(ll). Tinind cont de dificultatile ce se Tntimpina
la umectare si rezistenta redusa la agenti chimici a fibrelor de 15 denier, pentru
stabilirea parametrilor optimi de sensibilizare a fost necesara ntreprinderea
unui studiu. Factorii studiati sint: concentratia diclorurii de staniu, a acidului
clorhidric, clorurii de sodiu, etanolului, temperaturii si timpului de imersie.
Determindrile s-au facut la 19,5°C pastrind constanti parametrii celorlalte faze
ale procesului tehnologic. Durata de depunere a cuprului a fost de 15 minute,
Lolloslindu-se bdi de cuprare uzuale [5]. Rezultatele obtinute sint redate in ta-

elul 1.

Dupa cum rezultd din datele experimentale, concentratii mai mari de 0,4
N 1ICl influenteazd negativ asupra sensibilizarii. Fenomenul se poate explica
prin favorizarea formarii HSnCI;!, complex ce va fincetini hidroliza clorurii de
Sn(ll) in faza de spalare.
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Efectul negativ asupra sensibilizérii,
jucat de etanol se explica prin acumula-
rea lui in stratul superficial [6], fenomen
ce va Tmpiedica adsorbtia ionilor de Sn(ll)
pe suprafata fibrelor.

Clorura de sodiu are drept efect imbu-
natatirea stabilitatii solutiilor si micsorarea
unghiului de contact (fmbunatatirea umec-
tarii) [7].

Timpul de imersie optim este echiva-
lent cu timpul necesar stabilirii echilibrului
de adsorbtie.

Influenta temperaturii asupra sensi-
bilizarii se reda in fig. 1

Se observa o eficacitate maxima la
15°. Ea temperaturi mai mici echilibrul
de adsorbtie se stabileste mai greu iar la
temperaturi mai mari, prin intensificarea
miscarii termice a moleculelor, scade ad-
sorbtia.

Conditiile optime de sensibilizare cu
clorura de Sn(ll) sint redate Tn tabelul 2.

n astfel de conditii fibrele prezinta
stabilitate chimica iar solutule pot fi uti-
lizate timp de citeva saptamlnl in proce-
sul tehnologic in flux continuu de meta-
lizare a fibrelor.

Fig. 1 Influenta temperaturii

de sensibilizare.

asupra efectului
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Tabel 2

Conditii optime de sensibilizare cu clorura de Sn(ll)
SnClI2 + 2H20% HC1 M NaCl% t’C timp imersie min

2-5 0,2-0,3 1-4 15-19,5 2,5-5

b) Activarea cu saruri de metale nobile. Activarea suprafetei se realizeaza
prin formarea unui strat de germeni de nucleatie, constind Tn general din metale
nobile, care va cataliza reactia de reducere a metalului comun. in cazul de fata
formarea acestor germeni are loc prin reducerea ionilor metalelor nobile cu Sn(ll).
Ciclul tratarilor in fazele anterioare metalizérii a fost de 2,5 minute.

Lucrindu-se cu cloruri de Pd(lIl), Pt(1V), Rh(lll), Au(lll) in mediu de
HC1 0,1 M si cu azotat de argint Tn amoniac 0,1 M s-au obtinut datele cuprin-
se in tabelul 3.

Tabel 3

Rezistenta electrica a peliculei de cupru obtinuta prin activare cu
cloruri de Au, Pd, Pt, Rh si azotat de argint la concentratii de
3,38 10-« N (t = ao°c)

. R i1+ cm “timp de metalizare min.

Activatorul

2,5 5 10 15 20
Pd(ll) 25 17,5 7,5 7,5 7,5
Au(HI) - 17,5 12,5 7,5 75
Pt(1V) — — — — —
Ph(lIT) — — — — —
Ag(l) — 15 75 75 75

Tn conformitate cu rezultatele experimentale in conditiile determinarilor
noastre se poate constata ca numai Au, Pd si Ag joaca rol de activator. Pala-
diul se dovedeste a fi cel mai eficient, chiar la durate scurte de imersie in solu-
tia de cuprare chimicd. Probabil ca numai Tn cazul sistemelor redox Pb(Il)—
—Sn(I1) ; Au(lll) —Sn(I1) ; Ag(l) =Sn(ll) conditiile experimentale au favo-
rizat aparitia particulelor de germeni cu dimensiune critica, ce vor cataliza reac-
tia redox din baia de cuprare chimica [8].

Mentionam insa ca in literatura de specialitate nu se gasesc date referi-
toare la valorile dimensiunilor critice ale germenilor metalici pentru sistemele
amintite.

Pentru stabilirea conditiilor optime de activare cu Pb(ll) s-a cercetat in-
fluenta naturii sarii, a concentratiei acesteia si a pH-lui. Tn tabelele 4 si 5 sint
prezentate rezultatele obtinute la concentratii diferite de clorurd de paladiu
si respectiv acid clorhidric.

Se constata ca dupd o perioadd de 10 minute de cuprare chimica in tot
domeniul de concentratie Tn PdCI? studiat se obtin aceleasi rezultate, iar in cazul
concentratiilor de HCI mai mari de 0,025 N viteza de depunere a cuprului este
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Tabel 4

Influenta concentratiei clorurii de paladiu la activarea fibrelor
poiiamidice (HC1 0,1 N, t

PdCI2 N+ 10

0,33
0,67
1,69
3,38
6,76

= 20°C)

RE1 + cm ’/timp de metalizare min.

25

33
33
26
25
25

5

18,5
22
17
16
13

10

00 0O 00 0o O

15

00 0O 00 o 0O

Tabel 5

Influenta concentratiei 11C1 la activarea cu elorurd de paladiu
3,38+ 10-’ N (t = 20°C)

HCI

0,01
0,025
0,05
0,075
0,10
0,15
0,20
0,30
040
0,50

25

26
47
71
79
87
89
92
93
95
10’

Rif 1 cm ’/timp de metalizare min.

5

16
30
45
46
49
50
55
57
70
750

7,5

12
22
42
44
46
48
52
54
60
350

10

8
17
33
41
44
46
48
52
55

200

25

8
13
14
15
15
15
15,5
15,5
16
16

Tncetinitd, rezultatele cele mai bune obtinindu-se dupa 25 minute. Acidul clor-
hidric Tn concentratii mai mari duce la stabilirea clorocomplexului de Pd(II).
Rezultatele obtinute la activarea cu bromura de Pd(Il) sint redate in ta-

belul 6.

Tabel 6

Activarea cu bromura de paladiu in prezenta Hllr 0,01 N la
temperatura de 20°C

PdBr2 N+ 10’

0,22
0,44
0,88
1,76

Ri2+ cm 1/timp de metalizare min

2,5

50

32,5
32,5
32,5

5

18

12,5
12,5
12,5

7,5

18

12,5
12,5
12,5

Activarea cu alte saruri de paladiu, cum ar fi sulfatul si azotatul, are loc
cu rezultate bune obtinindu-se pelicule de cupru de grosime corespunzatoare
dupa 5 si respectiv 10 minute, asa cum reiese din tabelele 7 si 8.
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Tabel 7

Influenta concentratiei sulfatului de paladiu asupra rezistentei
electriee a peliculei de cupru (t = 20°C)

Ri1+ cm Utimp de meta-

PdSO4 N + 10» PH lizare min.
5 10
0,22 3 27 12,5
0,44 2,5 15 12
0,88 2 10 9
1,76 1 10 9
3,52 1 12 9
Tabel 8

Bezistenta electricd a peliculei de cupru la activarea eu azotat de
paladiu (t = 20°C)

RH + lem '/timp de meta-

Pd(NO3)2 N . 10’ pH lizare min.
25 5 10
0,22 5 225 35 17
0,44 5 75 35 16
0,88 5 73 22 15
1,76 5 73 22 15
3,52 5 72,5 21 14,5

Spre deosebire de solutiile pe baza de halogenuri de Pd acestea prezintad
o stabilitate mai redusa, avind tendinta de a hidroliza. De aceea se recomanda
utilizarea clorurii de Pd(lIl) care prezintd mare stabilitate ih mediu de acid clor-
hidric.

Conditiile optime de activare cu Pd(ll) sint redate in tabelul 9.

Tabel 9
Conditiile optime de activare cu clorurd de paladiu
PdCIj N1 103 HCI N timp imersie min. t°C
1,69-6,76 0,01-0,4 2,5 20

Concluzii. Tn urma studiului experimental privind sensibilizarea fibrelor
poliamidice de 44 p.m s-au stabilit drept conditii optime urmatoarea compozitie :
2—5% SnCI2 » 2H20 ; 1—4% NaCl ; 0,2—0,3 N HC1. Timpul de imersie indicat
este de 2,55 minute la temperatura de 15—19,5°C. Conditiile optime de acti-
vare cu solutie de clorurd de paladiu sint: 1,69—6,76 + 10-3 N PdCI2 in HC1
0,01—0,4 N, timp de imersie 2,5 minute la temperatura de 20°C.

(Intrat Tn redactie la 22 mai 1981)
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REDOX REACTIONS OF THE FORMING OF METALLIC FILMS (1I)
Sensitizing and activation of polyamide fibers for chemical metallizing

(Summary)

The parameters which influence the sensitizing and activation of polyamide fibers were studied.
The optimum conditions experimentally determined for sensitizing are: 2—5% SnCI2 « 2HrO ;
0,2—0,3 M HC1; 1—4% NaCl; immersion time 2,5—5 minutes and température 15—19,5°C.

Optimum conditions for activation are: 1,69—6,76 + 10-3 N PdCI2; 0,01 —0,4 M HCI; immer-
sion tinte 2,5 min. at 20°C.

3 — Chemia, 1982
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UTILIZAREA KIESEDGURULUI INDIGEN CA FAZA STATIONARA 1N
CROMATOGRAFIA PE STRAT SUBTIRE (1V)
Separarea zaharurilor pe straturi impregnate

T. HODISAX, E. MOHAUL si G. MUHGU

Dificultatile ce apar la separarea zaharurilor pe diferite suporturi de faza
stationara a impus modificarea conditiilor obisnuite de lucru Tn scopul cresterii
capacitatii de separare. O metodologie mult utilizatd Tn acest sens consta n
impregnarea suportului cromatografic cu diferite sisteme de solutii tampon,
agenti complexanti, acizi, baze, saruri, schimbdatori de ioni etc., in urma careia
s-ar parea ca suportul nu mai are nici o influentd asupra procesului de separare.
S-a constatat, totusi [1,2], cd exista o diferenta intre coeficientii de repartitie
calculati din date cromatografice si cei calculati din date de extractie, fapt ce
se datoreste, probabil, interactiunii suportului cu solventul.

Kieselgurul indigen a fost testat ca faza stationara in cromatografia pe strat
subtire, pe diferite clase de substante, In citeva lucrari anterioare [3—5]. Com-
pozitia, suprafata specifica, distributia porilor, precum si etapele procesului de
obtinere in final a suportului s-au descris Intr-o lucrare anterioarda [3].

Totodatd, Tntr-o alta lucrare anterioara [5] s-a studiat influenta unor agenti
impregnanti (solutie de fosfat monosodic 0,5 M si solutie de acid boric 0,03 M)
asupra capacitatii de separare a unui amestec de zaharuri pe kieselgur indigen
ca faza stationara, comparativ cu silicagelul-R. S-a aratat cd, in prezenta agen-
tilor impregnanti, capacitatea de separare creste si cd kieselgurul indigen poate
fi utilizat cu bune rezultate la separarea acestei clase de substante.

in prezenta lucrare s-a luat Tn studiu un amestec de zaharuri format din
urmatorii componenti . galactoza (1), zaharoza (2), maltoza (3), fructoza (4),
rafinozd (5), glucoza (6) si lactoza (7). S-a lucrat pe cele doud faze stationare
(kieselgur indigen si silicagel-R) neimpregnate si impregnate cu o solutie tam-
pon de pH = 6,9 (KH2PO4 + Na?HPOt + 12 H20, solutie 0,05 M). Impregnarea
s-a facut prin imersarea pldcilor n solutia cu agent imprégnant, dupa care acestea
sint lasate sd se usuce timp de 24 ore la temperatura camerel. Elutiile s-au
efectuat in camerd N-nesaturatd, utilizind urmatorul sistem de faza mobila:
alcool n-butilic-alcool etilic-apd (5:3:2 Vv/v).

Pentru vizualizarea zonelor s-a folosit sistemul format din: anilind-alcool
etilic-acid fosforic-benzen (0,1 :20: 1,0: 75). Dupa pulverizare, placile se intro-
duc in etuva la 140°C timp de 5 minute.

Interpretarea rezultatelor obtinute. Tn cazul in care se foloseste kieselgurul
neimpregnat ca faza stationard, in urma unei singure developari (fig. 1) amestecul
celor sapte componenti este fractionat in cinci zone, spre deosebire de silicagel-R,
de asemenea neimpregnat, care fractioneaza acelasi amestec ih numai patru
zone (fig. 2).

Dupa doua elutii succesive unidimensionale, kieselgurul fractioneaza ames-
tecul studiat in sase zone (fig. 3), Tn timp ce Tn aceleasi conditii silicagelul-R
il fractioneazd numai in cinci zone (fig. 4).
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Fig. 1. Cromatograma amestecului de zalia- Fig. 2. Cromatograma amestecului de zaha-
ruri pe Kkieselgur-R. ruri pe silicagel-R.

Fig. 3. Cromatograma pe kieselgur-R (2 elutii

Fig. 4. Cromatograma pe silicagel-R (2 elutii
succesive).

succesive).

Efectuindu-se trei elutii succesive, numarul zonelor fractionate ramine ace-
lasi pentru ambele faze stationare studiate, putindu-se remarca Tnsa o crestere
evidenta a gradului de separare a zonelor in cazul kieselgurului (fig. 5), lucru
ce nu se evidentiazd in cazul silicagelului-R (fig. 6).

Tn cazul impregnarii straturilor de Kieselgur si silicagel cu solutie tampon
de pH = 6,9 se constata urmatoarele: dupa o singura elutie, kieselgurul impreg-
nat fractioneazd amestecul considerat in sase zone relativ bine separate (fig. 7),
in timp ce pe silicagel se obtin numai cinci zone bine separate (fig. 8).

Efectuind trei elutii succesive, numarul de zone fractionate ramine acelasi

pentru ambele suporturi impregnate, crescind numai gradul de separare Tn ambele
cazuri (fig. 9, 10).
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Fig. 6. Cromatograma pe silicagel-R (3 elutii

Fig. 5. Cromatograma pe kieselgur-R (3 elutii f
succesive).

succesive).

Fig. 7. Cromatograma pe kieselgur-R impreg: Fig. 8. Cromatograma pe silicagel-R impreg-
nat cu solutie tampon de pH = 6,9 (o singura nat cu solutie tampon de pH = 6,9 (0 singurd

elutie). elutie).
o ®
o » »
o ®?
o
(@] O o
1 2 3 4 ... S 6....1 S

Fig. 10. Cromatograma pe silicagel-R impreg-
nat cu solutie tampon de pH = 6,9 (3 elutii
succesive).

Fig. 9. Cromatograma pe kieselgur-R impreg-
nat cu solutie tampon de pH = 6,9 (3 elutii
succesive).
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Tn concluzie, se poate afirma cé rezultatele obtinute Tn cazul utilizarii kie-
selgurului sint superioare celor obtinute pe silicagel-R, pentru compusii stu-
diati, evident in sistemul de elutie utilizat. Acest lucru este evidentiat atit in
cazul suportului impregnat, cit si in cazul celui neimpregnat.

(Intrat in redactie la 2 iunie 1981)
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THE USE OF THE NATIVE KIESELGUR AS A STATIONARY PHASE IN TLC (IV)
The séparation of sugars on impregnated layers

(Summary)
Some results are presented concerning the séparation of a complex mixture of sugars using

a new stationary phase, the native Kieselgur. As compared with Silica Gel-R, the Kieselgur has a
better capacity of séparation for this dass of compounds either in impregnated or unimpregnated form.
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KINETIC ANALYSIS OF THERMOGRAVIMETRIC DATA (XXII)*
Dehydration of calcium oxalate monohydrate

JANOS ZSAKO, CSABA VARHELYI, MARIA-JARMILA TOTH aud EVA PETER

Introduction. The thermal décomposition of the calcium oxalate monohy-
drate (CaC204 + H20) has been studied by many authors. It is known that du-
ring the thermal decomposition the following successive endothermal décom-
position processes occur

CaC20! + H20 = CaC204 + H20 (1)
CaC204 = CaCO3 - CO ()
CaCO3 = Ca0 + CO! (HI)

Since reaction (Il) is followed immediately by the strongly exothermal
reaction

CO + 1/2 02 = CO2 (V)

the second stage of the reaction gives an exothermal peak on the DTA curve.

Many papers have dealt with the kinetic analysis of the TG curves and
reactions (I) and (Ill) could be well characterized by means of the 3 apparent
kinetic parameters n, E and Z, which will be referred to as reaction order, acti-
vation energy and preexponential factor, respectively.

Due to the high reproducibility of the TG curves, reaction (I) has been
used for testing different procedures of deriving kinetic parameters from TG
curves [1—3]. Although the apparent activation energy values obtained in
the papers cited are rather close to each other (92 [1], 85 [2] and 90 kj/mole
[3]) and close to that obtained by Bancroft and coworkers (88 kj/mole
[4]), respectively, the dependence of the kinetic parameters upon working con-
ditions has been observed. This effect has been studied by Simon [5], by
using the calculation method proposed by one of the authors [6]. The results
reported by Simon are given in Table 1

As seen, the values obtained are very much affected by the working con-
ditions. Generally, the apparent activation energy decreases both with increa-
sing sample weight and increasing heating rate.

Results and discussions. In the present paper the influence of heating rate
and of the sample weight upon the kinetic parameters n, E and Z of reaction
() has been studied, by deriving the kinetic parameters from the TG curves
by means of “method 3”, a computerized integral method proposed in our earl-
ier paper [7].

The kinetic parameters obtained are presented in Tabl. 2—4. In these
tables the last column gives the mean values calculated for the same sample weight

* XXI = js;
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Table 1
i Sample weight, mg
State of the Sample Hs:;[éng
CaC204 + H20 holder K/min 70 200 300 1000
1 222 188 168 _
Pt plate 5 151 146 130 -
ground 10 126 126 109 —
1 — — 113 —
Pt crucible 5 — — 96
10 — — 92 —
1 276 188 159 -
Pt plate 5 213 168 122 -
crvstallized 10 146 130 126 —
Pt crucible 1 - — 101 96
5 — — 101 67
10 - - 75 67

m0, irrespective to the heating rate q and in the last line one finds the mean
values calculated for the given heating rate, irrespective to the sample weight.
In the lower right side corner the general mean value is written.

Table 2

Apparent rcaetion order values n

g: K/min
sample 1 2.5 5 7.5 10 n
weight, mg,
25 162 175 108 075 069 118
50 160 075 114 066 062 0095
75 1.00 081 093 064 087 0.85
100 079 0.67 072 055 052 0.65
n 125 099 097 065 0.67 091
Table 3
Apparent activation energies E (in keal/mole)
g: K/min
sample 1 25 5 75 10 E
weight, mg, m0
25 279 190 138 96 85 158
50 244 157 121 79 73 135
75 131 133 101 74 63 100

100 118 114 107 72 58 94
E 193 148 117 80 70 122
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Table 4

Lognritlim of the apparent pre-exponential faetor values
(ealeulated in s-1)

g: K/min
25 5 75 0 jog z

Sample
weight, mg, m(
25 3.1 2001 143 9.3 79 165
50 26.9 159 115 6.9 6.1 135
75 12.7 12.6 9.5 5.7 5.0 9.1
100 115 108 9.6 53 4.1 8.3
log Z 20.5 14.8 Mn.2 6.8 5.8 118

The apparent reaction order n shows a systematic variation with both g
and mo0, viz. n decreases with increasing q and with increasing m(0 (Table 2).
A similar effect has been observed earlier e.g. with the thermal de-amination
of Co(amine)2(NCS), complexes [8] but sometimes also an opposite effect is
possible [9].

The physical significance of this effect might be the following : in the ki-
netics of the thermal décomposition the diffusion of the gaseous product to-
wards the surface of the sample plays an important part. Both with increasing
heating rate and with increasing sample weight this diffusion becomes more
hindered, which modifies the shape of the TG curve, characterized by the shape
paraméter defined as [10]

0.5 — 909
\Y _ 9
’o.l 109
where means the reciprocal absolute température at which the conversion
attains the value a. Since the shape paraméter increases with increasing
apparent reaction order n, the modification of the shape means in terms of
kinetic parameters a modification of n. If the hindering of the diffusion is more
important at a > 0.5, n increases, but if this effect appears at earlier stages
(a < 0,5), the apparent reaction order might decrease. Since in our expériences
n decreases with increasing g and mo0, the hindering of the diffusion must be
important at the beginning of the thermal décomposition. This is quite easy
to understand, since at the beginning the sample is more compact, but the loss
of water presumably makes it to be more loose.

As seen from Table 3, the apparent activation energy decreases clearly
both with increasing q and increasing m0. This effect is well known [11] and
it might be also explained by the hindrance of the diffusion of the gaseous pro-
duct. It is worth mentioning that an attempt has been made by Fevre et al.
[12] to eliminate the influence of heating rate and to derive the “real” acti-
vation energy of the déhydration reaction (I). These authors reported a very
high value, viz. E = 610 kj/mole. Since our values obtained at low heating
rates and low sample weights are also high enough, the value reported by Févrc
et al. seeins to be realistic. Nevertheless, the physical meaning of this “real”
activation energy remains quite obscure.
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The apparent pre-exponential factor values (Table 4) vary in parallel with
E values which is called the kinetic compensation effect, corresponding to the
linear Kkinetic compensation law [11].

log Z=ak + b

The data presented in Tab. 3 and 4 allow us to calculate the kinetic com-
pensation parameters a and b by performing a linear régression. These calcula-
tions showed the validity of the above linear relation, since'for J af f é’s corré-
lation coefficient [13] a rather high value (R = 0.99) has been obtained. The
compensation parameters derived from our data are the following

a — 0.1218 mole/kj and b = —2.969
If one compares the a value obtained with the value of this paraméter in

the case of other thermal déhydration reactions, given in Table 5, it is obvious,
that this value is relatively low.

Table 5
Kinetic compensation paraméter a of thermal déhydration réactions

Hydrate Q, mole/kj Reference
[M(en)3]r « X3 -tHjO, X = simple anion* 0.1479 14
[M(en)3]r Is + t H20, Y = complex anion* 0.1613 14
M(1)2S30, + xH20 and M(11)S30e « xH20** 0,1464 15
cis—[Co(en)2(pyridine)CI] * Cl» 1 1.5 H20 0,1644 16
[CofNyox. H)2 (pyridine)2) + NCS + 1.5 H20 0.134 17
[Co(en)2X2]Y + n H20 *** 0.152 18
[Co(en)2(amine)X]Y2 + n H20; CaC204 1 H20 0.1218 this paper

¢ M=Co, Cr, en= ethylenedlamlne X =halide or pseudohalide, Y= [Co(DH)2XY] with DHj—dimethylglyoxitue X,
Y pseudohallde S03, S20

= M=Na, NH4, Mg, Ca, Sr Ba, Zn;

**¢ X, Y—Cl, Br, amme—amllne, pyrldme, picoline

In our earlier paper [14] a corrélation between the a paraméter and the
bond strength of the leaving group has been presumed, viz. the higher the bond
strength, the lower the value of this paraméter. In terms of this hypotlv sis,
the crystallization water of the calcium oxalate must be bonded much stror.gcr
than with the other hydrates presented in Table 5. Garn présumés the Kinetic
compensation paraméter to have nothing to do with the bond strength ar.d to
be simply [19]

log e
RTC

where Tc¢ stands for a certain décomposition température. Our earlier results
[16—18], [20—22] seem to be in agreement in first approximation with Garn’s
hypothesis, if one takes for T the experimental T0.i, value, but this agreement
is not complete [8].
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In order to verify Garn’s hypothesis, the experimental T = KFT6V values
have been determined. These values considered as being the standard position
Parameters of the TG curves [23], together with their arithmetical means,
are presented in Table 6.

Table 6

The position paraméter r as funetion of the workinp conditions

g: K/min
Sample 1 25 5 7,5 10 T
weight, mg, rag" "< ™~\
25 2422 2358 2397 2372 2432 2.396
50 2379 2352 2412 2409 2.403 2391
75 2421 2334 2369 2320 2364 2.362
100 2.372 2310 2351 2372 2405 2.362
T 2.398 2338 2.382 2.368 2401 2.378

The Kkinetic compensation paraméter

1000 R

calculated by using the general mean value of T is of
a' = 0.1242

in quite good agreement with Garn’s hypothesis.

From a theoretical point of view, if the kinetic parameters n, E and Z were
not influenced by the working conditions, the paraméter r could be indepen-
dent of m0, but it would decrease with increasing heating rate, because of the
shift of the theoretical TG curves, caused by the modification of q [24]. The
mean values presented in Table 6 are in complete disagreement with this “theo-
retical” picture, viz. they do not show such a shift with g, and a decreasing
tendency of T with increasing m0 is obvious.

As show in our previous paper [23], there is a possibility to define some
reduced shape and position parameters, which allow to derive the kinetic para-
meters n, E and Z by using a theoretical nomogram and an itération proce-
dure. The reduced position paraméter T has been calculated for our experimental
TG curves, by using the empirical formula given in our paper [23], as well
as the kinetic parameters presented in Tables 2—4. These values, together with
their arithmetical means, are presented in Table 7.

If the shift of the TG curves with increasing q occurred as for seen theo-
retically, t* would show a higher constancy than the experimental T values.
Actually, exactly an opposite phenomenon is observed, as clearly seen from
the standard déviations of the individual values from their arithmetical mean :
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Table 7
The redueed position paraméter T as fiinetion of the working
conditions
g: K/min
*
sample 1 2.5 5 75 10 T
weight, mg; m0“™~—
25 2355 2305 2353 2349 2432 2.359
50 2.306 2281 2.368 2.385 2402 2.348
75 2.284 2250 2320 2294 2363 2.302
100 2.220 2217 2302 2.343 2401 2297
r* 2291 2263 2.336 2.343 2399 2.326

At the same time the decrease with increasing m( is much clearer in the
case of t* as compared to t, and t* shows a well defined increasing tendency
with increasing g, as seen from the mean values calculated for different heating
rates. This means the experimental TG curves to be shifted towards higher
températures with increasing heating rate much less than expected theoretically.
This might be one of the principal features of the so called kinetic compen-
sation effect, which influences mainly the température interval of the thermal
décomposition and not so much the “décomposition température”, the tempéra-
ture at which practically begins the thermal décomposition. This reveals once
more the incorectness, shown in our earlier paper [25], of the procedures,
trying to derive kinetic parameters for a thermal décomposition by recording
several TG curves at different heating rates [26].

Experimental. CaC204 + H20 has been prepared by précipitation of Ca(NO3)2 in boiling aqueous
solution with an excess of oxalic acid in the presence of 0.1 mol acetic acid. The crystalline pro-
duct was filtered off, waslied with water and dried on air.

TG curves have been recorded in atmospheric air by means of a thermobalance constructed
on the basis of literature data [27], by using a platinum crucible.

Calculations have been performed by means of a Felix 256 computer.

(Received June 24, 1981)
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ANALIZA CINETICA A DATELOR TERMOGRAVIMETRICE (XXI1I)
Deshidratarea oxalatului de calciu hidratat

(Rezumat)

Se studiaza cu ajutorul unei termobalante deshidratarea oxalatului de calciu hidratat, folosind
probe de mase d ferite si viteze de incdlzire diferite. Sa determind parametrii cinetici ai reactiei: ordi-
nul de reactie, energia de activare si factorul preexponential. Se discutd influenta conditiilor de lucru

asupra valorii acestor parametri aparenti, dind o explicatie plauzibild efectelor observate. Se discuta
efectul de compensatie cinetica.
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MASS SPECTRAL STUDIES OF SOME SPIRANIC 1,3-DIOXANES
SORIX MAGER, RL’XAXDRA TARAXf, MIHAI 1IORX und XICOLAE I'’ALIRRODA
As a continuation of our earlier studies in the field of 1,3-dioxanic compounds

containing conformationally “mobile” and “fixed” structures [1,2] we examined
the mass spectrométrie fragmentation of somé mono- and dispiranic 1,3-dio-

xanes (I—I11) obtained by the ketalisation reaction of 1,2-, 1,3-, and 1,4- cyclohe-
xanedione with bis-(hydroxymethyl)-malonic diethylester. As it was shown [2],
while cyclohexane-1,4-dione gave the dispiranic 1,3-dioxane Ill, the other two

isomers gave in the same conditions the isomeric monospiranic 1,3-dioxanes
I and II:

O(NOH)
O—CH? COOC2H»
vC/ :
O-CH/ XCOOC2HSB
1(1V)
0
I
,C-CHZ) ,O-CH?, COOC2H5
CH,( Aa >c/

CH2-CH? O-CH/ COOC2HS
1

H5C200C CH2-O CH2-CH! O-CH? COOC2HES
)C; C C< YC/
H§CaOOCZ  CH2-OZ XCH2-CH2 xo-cH/ x COOCHS

Since only a few papers are dedicated to mass spectral studies, concerned
only with simple 1,3-dioxanic structures [3—9], somé of them being dedicated
only to conformational energy évaluation, we decided to investigate the frag-
mentation under electronic impact of the dioxanes I—I11 as well as of the oxime
IV obtained from the ketone I.

Table 1 shows the relative intensity in percentage values of the base peak,
containing only major peaks (more than 3%), except the case of some
small but important ones for the explanation of the fragmentation patterns.
The common main fragmentation of the three spiranic dioxanes I—I11 under
the electronic impact begins with the breaking of the central cyclohexanic
ring in the case of symetrical dioxane 111 (Scheme I) or of the cyclohexanonic
ring in the case of the monospiranic dioxanes | and Il (Scheme I1).
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The same fragmentation occurs for the oxime IV (Scheme I1I) but the
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m/e 2tS
Scheme 11
m/e 1713
Scheme 111
As shown by schemes I—II1 the first fragmentation of the molecular ions

involves the formation of the characteristic 1,3-dioxanic fragments with a po-
sitive charged double bounded oxygen atom (m/e = 231, 245, 257, 259) ob-
tained by the suited migration of hydrogen atoms of the cyclohexanic respec-
tively cyclohexanonic ring.

Table 1 shows three main différentiations for the four spectra, pointed
out by the abundant peaks m/e — 271 (58%), 259 (100%) and 231 (65%)
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present only in one of the three spectra belonging to the compounds Il respec-
tively 11l and 1V.

Concerning the peak m/e = 271 its origin can be only the fragmentation
b (Scheme 11) of the 3,3-dicarbethoxy-I,5-dioxaspiro [5.5]undecane-8-one
(I). The peak m/e = 259 can be generated only by the cleavage a (Sche-
me 1) of the symmetrical 3,3,12,12-tetracarbethoxy-1,5,10,14-tetraoxadispiro

[5.2.5.2]hexadecane (I11). The presence of the /C=N—OH constellation in the

oxime 1V, favouring the élimination of the neutral fragments CH2=CH—CN
and CH2=CH? (after the cleavage of OH), offers the explanation for the forma-
tion of the characteristic abundant peak m/e = 231 (Scheme IIl, a) present
only in the spectrum of the oxime IV.

It is noteworthy to mention also the possibility of the specific Splitting
of an ethene fragment only from the cyclohexanonic ring of the monospiranic
1,3-dioxanes 1 and Il generating the m/e = 286 fragment (M—28).

A general fragmentation pattern of ail the 1,3-dioxanic esters (I—IV) in-
volves the loss of an ethoxy group giving rise to characteristic M—45 peaks
m/e = 471 (111,5%), 284 (1V,4%) and 269 (1,5%; 11,12%).

The confirmation of the structures of some fragmentation ions was made
by means of high resolution measurements. Table 2 shows the molecular formula
of the respective m/e fragments.

Table 2
m/e value 314 286 271 269 257
Mol. formula Ae]5-A9NT CieHig0O? N27M5MT A18MT7A8 CjjHijO,
245 244 231 173 127 99
cnHlio. C11H1806 Ci0H150e c,H13o! C.H,0} C«H,03

Concerning the common fragmentation pattern of ail the four compounds
(I—I1V), starting from the common fragment m/e = 257, the situation is pre-
sented in schemes | and Ill which explain between other common fragmen-
tations, the origine of the m/e = 173 fragment, too. Its subséquent fragmen-
tation pattern 1s shown in scheme IV.

The most abundant fragments included in the scheme IV are the ions
m/e = 127 rﬂ)resenting the base peak for compound Il and m/e =55 (91%
for compound 1V).

A good confirmation of all these results may be considered Budzikiewicz’s

work .[10] concerned with mass spectral studies of some spiranic ethylen- and
bis-ethylen cetals.
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EtOOCM/MNCOOH
CHj coca
m/e 1C5 |
+CH
\
m/e TOI
>H.
f* v
¢ °90A
11 m/e 99 CcH? <(ty
m/e 173 mle 55
Q="
I -CHtCHO i .co ChG"C-CHj
h3c'<\. M *3 m/e 55
', nye 83
m/e 127
Scheme 1V

Experimental. The compounds I-1\VV were prepared by the condensation reaction of 1,2-,
and 1,4-cyclohexanedione with bis-(liydroxymethyl)-malonic diethylester, according to [2].

Mass spectra were recorded using a Perkin-ElImer RMU 61, mass-spectrometer operating at 70 eV ;
température 180—200°; presure 2 x 10 Torr.

1
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o

10.

(Received June 27, 1981)

REFERENCES

S. Mager, |I. Hopartean, M. Horn, |. Grosu, Stud. Univ. Babes-Bolyai, Chem.,
24 (1), 32 (1979).

S. Mager, R. Taranu, M. Horn, M. Muresan, Monatsh. (in press).

J. E. Collin, G. Condé Bull. Classe Sei., Acad. roy. Belg., 57, série 5(7), 978 (1966).
K. Pihlaja, Ann. Univ. Turku,Ser. Al, 114 (1967).

K. Pihlaja, P. Pasanen, Org. Mass Spectrom., 5, 763 (1971).

K. Pihlaja, J. Jalonen, Org. Mass Spectrom., 5 1363 (1971).

M. Vandewale, N. Schamp, K. Van Canwenberghe, Bull. Soc. chim, belges,
77, 33 (1968).

D. Jeremic, V. VVajas, J. Bihelovie, S. Milosavljevic, Bull. Soc. chim., Bel-
grade, 44 (6), 406 (1979).

V. l. Kadentsev, M. R. SKurko, O. S. Chizhov, S. S. Zlotskii, U. B. Ima-
?:?e(ill) DiO?I;d Rakhmankulov, R. A. Karakhanov, Doki. Akad. Nauk BSSR, 1979,

H. Budzikiewicz, AL Romer, Org. Mass Spectrom. 14, 514 (1979).

4 — Chemia, 1982



STUDIA UNIV. BABES-BOL.YAI, CHEMIA, XXVII, 1982

STUDIUL REACTIEI DINTRE IONUL Ni(ll) $I DIMETILGLIOXIMA
IN MEDIU ALCALIN OXIDANT (I)
Cercetari spectrofotometrice

L. ONICIU si VIRGINIA STOICA*

1. Introducere. Dimetilglioxima, CH3—C—C—CHS, notata HD, a fost

ol
HON NOH

propusa pentru prima datd ca reactiv analitic pentru nichel, Tn mediu alcalin
oxidant, Tn 1924, de cdtre Feigl [1]. Mai tirziu Hooreman [2] aratd ca
din aceastad reactie rezulta doi complecsi de coordinanta 2 si 4, ceea ce se con-
firma ulterior, primul complex fiind specific mediului amoniacal, iar al doilea,
mediului alcalin [3].

Tnca de la Tnceput, asupra structurii complecsilor formati, s-au formulat
pareri contradictorii. Astfel Feigl [1] explicd formarea complexului prin oxi-
darea ionului central la Ni+4 pe cind alti cercetatori [3, 4] limiteaza oxidarea
la Ni+3, propunind structurile Ni(OH)2(HD)2(H2D) sau Ni(HD)T — in mediu
alcalin si Tnlocuirea partiala a ligandului cu molecule NH3, Th mediu amoniacal.
Ulterior, prezenta speciei Ni+3 va fi infirmatd de masuratorile magnetice, care
vor demonstra diamagnetismul lor [5].

S-a avansat de asemenea si ipoteza cd ligandul este cel care se oxideazd
[6], sau ca se oxideazd ambii parteneri de reactie [7].

Cercetari mai recente au pus in evidenta si alte proprietati ale dimetilgli-
oximatului de nichel Tn mediu alcalin, cum ar fi:

— fixarea reversibila a oxigenului si formarea unui complex Ni: ligand:
oxigen Tn raport 1:6:05 ... 9 [8],

— capacitatea de polimerizare, sub actiunea oxigenului sau a gruparilor
-CH2- [9] si

— efectul catalitic la ciclizarea compusilor cu duble legaturi [10], impor-
tanta lor 1&sind oarecum pe planul al doilea problema elucidarii structurii.

Prezenta lucrare isi propune cercetarea sistemului Ni-dimetil-glioxima, in
mediu alcalin oxidant, prin metode optice.

2. Cercetari spectrofotometrice

2.1. Reactivi si aparatura. Solutia de baza de dimetilglioxima p.a. de 102 M s-a obtinut prin
dizolvarea reactivului Tn NaOH 0,025 M. iar cea de sare de nichel 10-2 M, s-a obtinut pornind de la
nichel electrolitic p.a. dizolvat Tn HNO, 0,045 M. Din acestea, prin dilutii convenabile, s-au preparat
solutiile de lucru.

Datele spectrale au fost furnizate de spectrofotometrele Spekord UV—VIS si Spekol EK 5, iar
pH-ul s-a masurat cu pH-metrul titrimetru MDM-tip AT 2.

Tntreprinderea mecanicd de masini si utilaj minier (IMMUM), Baia Mare.
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2.2, Comportarea ligandului Tn mediu alcalin. Caracterul slab acid al dime-
tilglioximei se datoreaza grupelor oximino protogene. Tn mediu alcalin, diso-
cierea are loc Tn doua trepte, carora le corespund urmatoarele valori ale pK [11] :

pKx = 10,57 + 0,1 (1)
pK2 = 12,05 + 0,2 @)

Intrucit ne-am propus sa studiem comportarea ligandului Tn functie de
pH, am Tnregistrat, Tn lumina UV, curbele de adsorbanta luminoasa ale dimetil-
glioximei in solutii tampon de NH4OH + NH4Cl cu pH 9,1 — 11,8 (fig. 1)
si de NaOH + Na2HPO4 cu pH, de la 9,2 — 12,1 (fig. 2).

Din fig. 1 rezultd c&, Tn mediu alcalin, curbele prezinta alura caracteristica
echilibrulur a 3 specii prezente Tn solutie si anume:

— molecule nedisociate,

— anionul mononegativ, cu adsorbtie maxima la X = 226 nm, si

— anionul dinegativ, cu adsorbtie maxima la X = 258—267 nm.
Existenta echilibrului de disociere Tn trepte este confirmatd si de aparitia celor
doud puncte izosbestice, de la X =210 nm (pH < 10) si X — 240 nm.

Tn mod obisnuit, obtinerea complexului de nichel Tn prezentd de oxidant
si Tn mediu amoniacal, are loc la valori de pH cuprinse intre 9,5 si 10, iar me-
diu alcalin, la pH >11.

2.3. Spectrele electronice ale combinatiei complexe. 2.3.1. Influenta pH-ului
n domeniu UV. Tn mediu de tampon amoniacal, ca oxidant s-a utilizat hipo-
bromitul de amoniu, rezultat din reactiile :

KBrO3 + 5KBr + 3H2S04 — 3Br2 + 3K2S04 + 3H20 (©)}
Brz + 2NH4OH  NH4BrO + NH4Br + H20 (4)

iar in mediu alcalin tamponat cu fosfat, solutie 2% de persulfat de potasiu.

Fig. 1 Variatia absorbantei H2D 5- 10 Fig. 2. Variatia absorbantei com-
M, n sol. tampon amoniacale. 1—pH 9,1; plecsilor de pH-ul in UV. [Ni’+] =
2—pH 9,7; 3-pH 10,15; 4-pH 10,8; =5+ 10 M; [HjD] = 9X[Ni*+] —

5—pH 11,75 — sol. tampon amoniacale. 1—pH

85, 2—pH 9,4, 3-pH 10,1, 4—pH
10,4; 5—pH 10,8; 6-pH 113;
7—pH 11,7;
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Curbele de absorbtie a luminii Tn UV (fig. 2) arata ca in solutii cu pH>8,5,
absorbanta maxima se deplaseazd de la X = 280 nm, apropiat de al ligandului
liber, spre 260 nm, corespunzator unei disocieri mai pronuntate a ligandului.

Dupa 24—72 ore, alura curbelor Tnregistrate in solutie alcalind tamponata cu
fosfat nu suferd nici o modificare, indicind o buna stabilitate a dioximei n sistem.

Tn solutie amoniacald tamponatd, insa, dupa 48 de ore (fig. 3) bande de
absorbtie maxima se aplatizeaza si la pH > 10 apare o bandad de adsorbtie ma-
xima spre X =280 nm si un umar la X = 260 nm, sugerind transformarea
ligandului Tn acest sistem (curbele 5 si 6).

2.3.2. Influenta pH-ului, Tn domeniul vizibil. Curbele de absorbantda in vi-
zibil au fost Tnregistrate in aceleasi conditii de lucru ca in UV, mai putin con-
centratiile reactantilor (Ni+2 si H2D), care au fost mai mari.

Tn mediu amoniacal (fig. 4, curba 5) se Tnregistreaza o curbad unicd de ab-
sorbtia luminii, In tot intervalul de pH de la 8,8 la 11, cu douda maxime de ab-
sorbtie la X = 445 nm, respectiv X = 537 nm.

Fig. 3. Datele fig. 4 dupa 48 ore. 1| —pH 8,9 ; 2—pH
9,3; 3-pH 9,7; 4-pH 10,1; 5-pH 10,6; 6-pH 111

Fig. 4. Variatia absorbantei complecsilor cu pH-ul in VIS ; mediu
tampon amoniacal si alcalin. pH de la 8,8 la 11 (curba 5) si pH
9,45—12,1 (curbele 1—4).
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Tn mediu alcalin (fig. 4, curbele 1—4), in afara de efectul hipercrom (ob-
servat de modificarea pH-ului de la 9,45 la 12,1), cresterea pH-ului peste 11
genereaza si aparitia celui de al doilea maxim de absorbtie de la 360—390 nm,
pe lingd banda principala de absorbtie maxima de la 440—470 nm; ambele
benzi prezintd tendinta de ingustare la cresterea pH-ului.

Dupa 48 de ore de la adaosul reactantilor, curbele Tnregistrate in mediu
alcalin nu prezinta nici o modificare, asa cum s-a constatat si in UV. Dar, in
mediu amoniacal curbele de absorbantd luminoasa se modificd dupa 48 de ore
(fig. 5), Tnregistrindu-se o variatie cu pH-ul a valorilor de extinctie. Disparitia
maximului de absorbtie de la X = 535 nm si prezenta benzii principale de la
440—470 nm, Tmpreuna cu cea de la X = 360—390 nm, duc la curbe similare
celor Tnregistrate Tn mediu tamponat cu fosfat (fig. 4, curbele 1—4). Aceasta
transformare Tn timp am observat-o si in domeniul UV, si este mentionatd in
literatura de specialitate [4].

Remarcam ca banda de absorbtie maxima, situatd in vizibil intre 360 si
390 nm, a fost consideratd caracteristica doar complecsilor obtinuti la oxidarea
cu persulfat [12], probabil din cauzd ca nu s-au urmarit modificdrile spectrelor
de absorbtie cu timpul.

2.3.3. Influenta naturii oxidantului. Efectul naturii oxidantului la formarea
dimetilglioximatului de nichel s-a urmarit atit in mediu amoniacal cit si alcalin.
Oxidantii utilizati sint Br2 (1) ; 12 (2) ; KMnO (3) si K2S208 (4), iar curbele
corespund acestei numerotari. Tnregistrarile s-au facut la 15 minute, respectiv
24 de ore de la adaosul reactantilor. PH-ul de lucru in solutia amoniacald de
citrat (necesar legarii Mn+4) a fost de 9,5, iar Tn solutie alcaling, de 12,1.

Permanganatul Tn exces, jenant prin culoare proprie, a fost redus cu azotit,
iar excesul de NO”, cu uree, conform reactiilor:

2MnO? + 3NO" + 20H-  2MnOf- + 3NO* + H20 )
2NO? + (NH2)2CO — 2N? + CO2 + H20 + 20H~ (6)

Fig. 5. Datele fig. 4 (curba 5) supa 48 de ore. 1—pH
9,0; 2—,pH9,3; 3-pH9,6; 4-pH9,9; 5-pH 10,2;
6-pH 10,7
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Daca pentru obtinerea complecsilor, in mediu amoniacal de halogen (fig. 6,
curbele 1—2) schimbarea ordinii de adaos a reactantilor a fost fara efecte, la
oxidarea cu permanganat si persulfat (fig. 6, curbele 3—4), complecsii s-au
obtinut numai respectind ordinea ligand-baza, oxidant si Ni+2, adicd oxidind
in prealabil ligandul in mediu alcalin. Aceeasi ordine s-a pastrat si in mediu de
NaOH, unde curbele inregistrate reproduc alura curbei 5 din fig. 6.

Tn mediu amoniacal, oxidarea a avut loc sub actiunea sistemelor redox :

BrO- + 2e- + H20 Br- + 20H~, cus°= 0,76 V/EHN )
ir + 2e- 31-, cue’= 0,54 V/EHN 8)
MnO? + 3e- + 2H20 "MnO2 + 40H-, cue’= 1,23 V/EHN 9
S20|- + 2e~ ~"2S502-, cue’= 2,05 V/EHN (10)

Tn mediu alcalin, primele doua sisteme se modifica:
BrOI' + 6e- + 3H20 Br- + 60H-, cus°= 0,60 V/EHN (12)
10? + 4e- + 2H20 10- + 40H-, cue°= 0,56 V/EHN (12)

in timp ce ultimele doua vor avea e° micsorat, corespunzator cresterii pH-ului
de la 95 la 12,1.

Din fig. 6 se observa rolul determinant pe care il are mediul alcalin de reactie
la formarea dimetilglioximatului de nichel, acelasi oxidant generind complecsi
diferiti Tn mediu amoniacal si alcalin. Se remarca de asemenea si stabilitatea
mai redusa in timp a complecsilor obtinuti n solutie amoniacald, ca si tendinta
lor de transformare Tn structuri stabile, identice cu cele obtinute Tn mediu de
NaOH (fig. 6, curbele 5, 6).

Influenta mediului alcalin de reactie se poate explica fie prin valoarea di-
feritd a pH-ului In cele doua experimente (9,5 fata de 12,1), fie prin coordinarea
moleculelor NH3 in complecsii obtinuti in solutia amoniacala.

Rolul pH-ului a fost studiat intr-o solutie de NaOH cu pH-ul de 12,1, in
care dimetilglioximatul de nichel a fost obtinut sub actiunea persulfatului de

Fig. 6 Influenta naturii oxidantului, mediu NH(OH.
1—Br2; 2—1j; 3—KJInO,; 4—K2S208 — dupa 15 min
5-Br,; 6-1.; 7-KIINnO, ; 8-K2S208 — dupa 24 ore 420 440 460 450 000 Ann.
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amoniu, in concentratie de 1 g, 0,5 g si 0,3 g/100 ml solutie (fig. 7). Se ob-
serva ca in cazul unei concentratii mai mari de oxidant si implicit de ioni NHJ,
se obtin complecsi caracteristici mediului amoniacal (curbele 1, 2), pentru ca,
pe masura ce scade concentratia de ioni NHJ, s& se regdseasca structurile ob-
tinute in lipsa amoniacului, in mediu alcalin de K2S208 (fig. 7, curba 3). Re-
zultd cd influenta mediului amoniacal de reactie rezida doar in angajarea mole-
culei de NH3, alaturi de dimetilglioxima la formarea complecsilor in acest mediu,
ipoteza deja semnalata [4], dar neverificatd practic.

Stabilitatea complecsilor cu ligand NH3 este Tnsd influentatd de natura
oxidantului, transformarea in complecsii cu stabilitate maxima fiind conditio-
natd de potentialul redox al acestuia. Astfel, la 24 de ore dupd adaosul reac-
tantilor, tranzitia este completa in mediu amoniacal de halogen (fig. 6, curbele
5 6), pentru ca in prezenta unui oxidant puternic (permanganat) ea sa inceapa
abia dupa 48 de ore (fig. 8).

Complexul de nichel s-a obtinut si prin oxidarga Tn aer a solutiei alcaline
de dimetilglioximd si Ni+2 cu pH > 11, curba absorbantei luminoase fiind i-
dentica celei corespunzatoare complecsilor obtinuti Tn mediu de NaOH (fig. 5),
oricare ar fi fost oxidantul utilizat, chiar si NiaO3 + H20, caruia i s-a adaugat
o solutie alcalind de dimetilglioximd. Stabilitatea acestui complex este practic
nelimitata si este demonstratd de posibilitatea cristalizarii din probele eva-
porate n aer.

3. Concluzii. Tncercdrile de pina acum aratda ca dimetilglioxima formeaza
cu nichelul, in mediu alcalin oxidant, complecsi ce contin si oxigen molecular
ca ligand.

Structura complecsilor ce se formeaza nu depinde de natura oxidantului,
ci numai de prezenta sau absenta ionilor NHJ in mediul alcalin de reactie.

Tn mediu de NaOH, la pH > 11, se formeaz& complecsi cu stabilitate prac-
tic nelimitatd, pe cind in mediu amoniacal, la pH > 10 se formeaza complecsi

Fig. 7. Influenta concentratiei oxidantului Fig. 8. Stabilitatea in timp, oxidant KMnO4
(NH4)2S208 in NaOH iu NHgOH 1- dupd 0,5 li; 2 — dupa 24h;
1—1g; 2—05 g; 3—0,3 g oxidant 3 — dupa 48 h; 4 — dupa 72 li
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n care, probabil, ionul central coordineaza si molecule NH3. Stabilitatea aces-
tora este redusd, prezentind tendinte de transformare Tn complecsi cu stabili-
tate maxima din mediu alcalin. Acest proces se desfasoara cu atit mai rapid,
cu cit taria si concentratia oxidantului sint mai mici.

Tn mediu alcalin, fixarea oxigenului Tn sfera de coordinare necesita pH
ridicat (>11) si exces de ligand. Cind aceste conditii nu sint asigurate, procesul
de oxidare nu are loc cantitativ si o parte din ionii Ni+2 precipita Ni(HD)2
aspect neintilnit niciodatda Tn mediu amoniacal.

Autorii multumesc conferentiarului dr. 1. Zsaké pentru discutii fructuoase.

(Intrai in redactie la 4 iulie 1981)

BIBLIOGRAFIE

. F. Feigl, Ber. dtsch. chem. Ges., 57, 758 (1924), cf. [4].
M. Ho or eman, Analyt. Chim. Acta. 3, 635 (1949).
E.Booth, J.D. H. Strickland, J. Amer. Chem. Soc., 75, 3017 (1973).
E- B. Sande 11, Colorimétrie Determination of Traces of Metals, New York, Interscience, 1959.
M.SimeKk, Coll. Czech. Chem. Comm., 27, 337 (1962), cf. [4].
A Wulff, L Lundberg, Z Deutsch. Chem., 48, 76 (1044) (1965) [4].
A. K. B abko, Zliur. Neorg. Khim., 1, 485 (1956), cf. [4].
. F. Dinkevich, 0. Ksenzhek, Khim. Tehn. Harkov, 18, 1267 (1971) ; Chem. Abstr., 76,
53749b (1972).
9. M. E. B. Jones, A. D. Thornton, Makromol. Chem., 49, 69 (1961), cf. Chem. Abstr., 56,
10375e (1962).
10. Truji Jiros.c., Kagaku No Roiki, 29, 50 (1975) ; Chem. Abstr., 83, 14687g (1975).
11. V. M. SoVostina, s c, Vestnik, Mosk, Univ. Ser. Il Khim., 18, 2. 43 (1963); ef. Chem.
Abstr.,, 59, 1062b (1963).
12. Z. M. GrafoVa, Ukrain. Zap. Yaroslavsk. Tehnol. Just., 1, 225 (1962); cf. Chem. Abstr.,
60,15129¢ (1964).

PNDOEWN

ON THE REACTION BETWEEN Ni(ll) ION AND DIMETHYLGLYOXIME, IN OXIDANT
ALKALINE MEDIUM (1)
Spectrophotometrical research

(Summary)

The stability of Ni(ll)-dimethylglyoxime complexes in alkaline (NaOH) and amoniacal media,
in absence and presence of various oxidants is investigated. The effect of pH and of the nature
of oxidants on the stability and on the oxygen molecule bounding capacity of these has been proved.
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STUDIUL REAC'[IEI DINTRE IONUL Ni(ll) SI DIMETILGLIOXIMA
IN MEDIU ALCALIN OXIDANT (II)
Cercetdri potentiometrice

L. ONICIL" si VIRGINIA STOICA*

1. Introducere intr-o lucrare anterioara [1], s-a urmarit, pe cale spectro-
fotometrica, formarea complecsilor de nichel (1) cu dimetilglioxima, Th mediu
amoniacal si alcalin cu pH variabil, sub actiunea unor oxidanti.

Tn nota prezenta se urmareste, pe cale potentiometrica, fixarea reversibila
a oxigenului molecular in complecsii mentionati.

1.1. Reactivi si aparatura. Titrarile potentiometrice automate au fost executate
cu titrimetrul MLM tip AT 2. Parametrii de lucru au fost stabiliti din curbele de
titrare obtinute cu ajutorul inregistratorului tip OH 814/1. Fixarea reversibila
a oxigenului in complecsi s-a dedus_atit din consumul de oxidant necesar formarii
lor, cit si din determinarea capacitatii oxidante a complecsilor fatd de unii redu-
catori.

2. Determinarea consumului de oxidant. Consumul de oxidant s-a deter-
minat prin adaugarea unei cantitati cunoscute (in exces) la solutia bazica a reac-
tantilor si retitrarea excesului cu un reducétor, In conditiile mentinerii complec-
silor nedescompusi.

~Un reducator convenabil, care sa nu reactioneaza cu complecsii formati,
utilizabil in mediu amoniacal de Br2 si 12, a fost solutia de arsenit, adaugata In
unele cazuri pina la echivalentd, alte ori in exces, retitrat cu solutie de iod.

Oxidantul utilizat a ridicat unele probleme legate de pericolul unor reactii
nedorite, soldate cu un consum suplimentar si deci cu denaturarea rezultatelor.
Minimizarea acestor efecte a fost aratata in fiecare caz particular.

Desi excesul de ligand necesar formarii acestor complecsi este de 8L : Ni
[2], cind oxidantul utilizat reactiona si cu ligandul liber, s-a lucrat doar cu ra-
portul 4L : Ni; Tn aceste cazuri, s-a determinat in prealabil gradul de formare
al complecsilor prin masuratori de extinctie.

2.1. _Oxidarea cu_brom _Tn mediu amoniacal. Tn acest c_az,__reagt,ia nedorita a
fost oxidarea amoniacului de catre brom, catalizatda de ionii Ni+2

3Br2 + 8NH3 -» N2 + 6NH! Br 1)

Efectul catalitic al ionilor Ni+2 s-a demonstrat prin titrarea unei solutii
de hipobromit cu arsenit, in prezenta si in absenta ionilor Ni42 (fig. 1). Urmarirea
scaderii concentratiei oxidantului cu timpul (fig. 1) arata ca din cauza reactiei (1)
oxidantul este diluat si instabilizat. Influenta nedorita a ei s-a evitat prin adaosul
reactantilor in ordinea: ligand — ioni Ni 12 — oxidant Tn exces — reducdtor in

Tntreprinderea mecanicd de masini si utilaj minier (IMMUM), Baia Mare.
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exces — retitrindu-se excesul de arsenit cu solutie
de iod, conform reactiilor :

Br2 + 2NH4OH NH4Br + NH4 BrO + H,0
NH4BrO + Na3AsO3 “"Na3AsO4+ NH4 Br
Na3AsO3 + 12 + 20H- “Na3AsOt + 21 + H20

Pentru reactia (4) s-a fixat la titrarea potentio-
metrica, = + 170 mV/ECS, la pH 10,5.

Rezultatele determinarilor (tabel 1) arata un
consum de oxidant aproape constant, atit pe mol
de ligand coordinat, cit si pe mol de nichel. Aceasta
denota ca ligandul liber nu este oxidat de catre
hipobromit in conditiile date, deci consumul de
oxidant se datoreste exclusiv formarii complecsilor Fig, 1. Scaderea concentratiei de
de nichel. Consumul determinat astfel, de 3 echiv. NHjBrO in timp. 1 — cu adaos de
oxigen/Ni concorda si cu unele date din literatura Ni*+; 2 — fird adaos.
[2], fiind pus pe seama oxidarii ionului central,
ntr-o treapta superioard de valenta.
2.2. Oxidarea cu iod Tn mediu amoniacal. Tn mediu alcalin de iod, are loc
reactia

L + 20H- I- + 10- + H20 (5)

care furnizeaza un oxidant mult prea nestabil, hipoioditul. De aceea, am preferat
solutia de (12 + KI), deplasind puternic spre stinga echilibrul reactiei (5) si
utilizind de fapt sistemul
ir + 2e~ 31- (6)
cu s° = 0,54 V/EHN

Dar in aceste conditii are loc si iodurarea dimetilglioximei, ceea ce obliga
la determinarea prealabild a consumului de oxidant/mol ligand pur (tabel 2)

Tabel 1
Consumul de hipobiromit la formarea complecsilor Tn mediu amoniacal

Raport de consum

NI , echiv./mol
ort. I’roba
Ol/Lc O/Ni
1 L singur Nu consuma
2 Ni-1 smgur — Nu consuma
3 L:Ni= 1:8 11 3»
4 1,0 3**
5 L:Ni= 1:6 1,06 3,2
6 L:Ni=1:4 1,03 31

=ligand H,D ; I« =ligand coordinat;
O oxigen

« [Ni*+]-2.10_"3M
ee [Ni+I]-1.10~3M
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Tabel 2
Consumul de iod eehiv./mol 1121) Tn mediu nlealin

Raport de . :
(':\:{ Proba _consum T'mp(r?]?n ;eact,le
) echiv./mol H2I) :
1 Dimetilglioxima 1,06 5
H2D in NaOH 0,025 M
2 —>l— —w>— > 2,07 30
3 — > ——  — 2,1 60
4 2,08 90

Deoarece probele 1—4, dupa reactia cu iodul nu au mai reactionat deloc
cu nichelul in mediu _alcalin, indiferent ca era prezent sau nu oxidantul, rezulta
ca produsul de reactie nu mai este 0 oxima ci, probabil, un iod-nitrozoderivat,

R-C-R' + I — R-CI-R' + HI. ™
I |
N-OH NO

Raminea deci sa delimitam, din consumul total de iod, cit anume revine
ligandului coordinat si cit celui liber, Tn exces, respectiv cantitatea de oxidant
necesara formarii complecsilor. Urmarind Tn timp aceste valori, cu concentratii
diferite ale reactantilor, am stabilit niste relatii in functie de parametrul m (echiv.
oxidant/mol ligand coordinat) si n (numarul de coordinare aparent).

X = moli ligand liberi =5--‘1-- =n Nt

—m

y = moli ligand liberi = — = H2l) — n Ni,
m

din care s-a obtinut 0 <m < 1,6 si n <3,2.

Numarul de coordinare aparent n < 3,2, reprezintd o medie ponderatd a
numerelor de coordinare 2 si 4 ; mentionate in literaturd [2]. Daca n = 3, para-
metrul m se situeaza intre 1,3 si 1,6, valori ceva mai mari decit In cazul oxi-
darii cu hipobromit. Aceste rezultate pledeazd pentru o iodurare la catena a
ligandului coordinat, ceea ce duce la un conspm de oxidant ceva mai mare decit
cel efectiv necesar formarii complecsilor.

2.3. Oxidarea cu persulfat in mediu NaOH. lonul SO2~ rezultat din reactia
de oxidare

S202- — 2e- — 2S02- ®)
a fost dozat gravimetric, prin metoda obisnuitd, cu ioni Ba42 Tn mediu clorhidric
BOI’ + Ba+? -* BaSO4. ©)}

Desi pe aceasta cale complecsii au fost descompusi, ireversibilitatea reactiei
(8) a asigurat corectitudinea metodei de lucru.

lonii SO|~ s-au dozat si volumetric, prin titrarea pindla pH neutru a solu-
tiei alcaline a reactantilor, inainte si dupd formarea complecsilor; diferenta
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volumelor de solutie acida utilizata este 0 masura a cantitatii de ioni SO«- rezul-
tati din reactia (8).

Precizdm c& in acest mediu oxidant s-a lucrat doar cu ordinea de adaos
ligand-nichel, deoarece la pH-ul de lucru (cca 12) trebuie Tmpiedicata oxidarea
Ni+2, care, in solutie alcalind, are loc conform reactiei

3Ni+2 + 40H- + O -» NiJ02(OH)t (10)

Rezultatele obtinute (tabel 3) arata cd, in acest caz, consumul de oxidant
necesar formarii complecsilor nu este riguros reproductibil. El variaza de la
1,9 la 3,3 echiv./Ni si de la 0,8 la 1,2 echiv./mol ligand coordinat, dar valo-
rile medii reproduc pe cele gasite in cazul oxidarii cu hipobromit, de 1 echiv./mol
ligand coordinat.

Tabel 3
Consum KeSO4 1n echiv. oxlgen/mol la formarea complecsilor in mediu de NaOH

NI Reactanti moli/proba H2S0? Raport de consum Metoda de
ort. H2D Ni ol Echiv. O/Ni  Echiv. O/Ec lueru

1 - 1+ 10-6 5,01 1 10-6 5,01 - Volum.

2 - 1+ 10-6 4,25+ 10-t 4,25 -

3 - 5+ 10-6 16,9 + 10%» 3,4 - Gravim.

4 54105 - Nu consuma - - -

oxidant

5 15+ 10-5 3+10-6 834-10-6 2,8 11 Gravim.

6 25+10-5 5+10-5 104+ 10-5 2,1 0,84

7 25+ 10-5 5+ 10-6 9,5+ 10-6 19 0,8

8 25+10-5 51 10-5 16,6 + 10-5 2,5 0,98
O =oxigen

I*c=ligand HjD coordinat

Daca retinem constanta consumului de oxidant pe mol de ligand coordi-
nat, am putea explica prezenta oxigenului in sfera de coordinare prin forma-
rea unor complecsi de tipul

Ni—02—L? si Ni—(02)2—Ex,

asemanatori celor descrisi in ultima vreme pentru metalele grupei VIII, cu oxi-
genul fixat reversibil [3]. Tn mediu amoniacal, complecsii formati initial cuprind,
probabil, si molecule NH3 in sfera de coordinare [1], Tn conditii de pH ridicat
In care in solutie se gasesc atit ioni HD- cit si D2~.
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Complecsii astfel obtinuti s-ar putea formula in felul urmator :

[Ni-O2-(HD-)2(NHs)2]1'p [Ni—02—(D2_)2(NHS)2] (11)
sau
[Ni-(02)2-(HD-)4]1 < [Ni—(02)2(D2-)4], (12)

prezenti concomitent in solutie. _ _ _
in mediu de NaOH, unde disocierea ligandului este mai avansata, s-ar
putea forma complecsii

[Ni—02—(D2.)2] Si [Ni-(02)2-(D2-)4], (13)

cu stabilitate foarte mare.

Complexul format conform reactiei (11) e mai putin stabil si s-ar trans-
forma, Tn timp, astfel:

[Ni-O2-(HI) j2(NH3)2j + 20H* — [Ni—02—(D—)2] + 2H20 + 2NH3  (14)

ceea ce rezultd din modificarea curbelor de absorbantd luminoasa cu timpul,
n mediu amoniacal, pinad la identitatea cu cele inregistrate in mediu de NaOH,
in prezenta aceluiasi oxidant [1].

3. Capacitatea oxidantd. Cercetarile efectuate asupra aductilor cu oxigen
au stabilit ca, prin coordinare, reactivitatea oxigenului molecular creste. in
sistem omogen, au fost realizate o serie de reactii de oxidare prin aductii cu
oxigen ai combinatiilor complexe de nichel, care au proprietatea de a fixa
reversibil O2[3, 4].

Tn cazul complecsilor studiati, reversibilitatea fixarii oxigenului a fost urma-
rita prin determinarea capacitatii oxidante asupra unor reductori, produsul de
reactie fiind Tntotdeauna precipitatul Ni(HD)2 Reactiile ce au loc ar putea fi
formulate astfel :

[Ni + O2(HD)2(NH3)2] + red  [Ni(HD-)2] + red + O2 + 2NH3
Si
[Ni 1 (02)2(HD)4) + red  [Ni(HD)2] + red 1 O2 + (HD)? + O2 (16)

Reducatorii capabili s& prezinte o variatie suficient de mare de potential
la punctul de echivalenta (la un pH 9,5) au fost acidul ascorbic si hidrochi-
nona; cu ei s-au titrat potentiometric_automat, pe rind, complecsii obtinuti
in mediu amoniacal de BR si 12 Tndepartarea excesului de oxidant s-a facut
cu arsenit, conform reactiei (3), iar potentialul de echivalentd s-a fixat la
—20 mV/ECS pentru acidul ascorbic si la + 10 mV/ECS, pentru hidrochinona.

Deoarece si ligandul singur este reducdtor (fapt confirmat prin obtinerea
aceluiasi precipitat Ni(HD)2 si atunci cind in reactiile (15, 16) specia red. a
fost dimetilglioxima), am evitat excesul acestuia la obtinerea complecsilor.
Raportul ligand: Ni a fost de 4: 1, la care pe cale spectrofotometrica s-a de-

terminat un grad de formare al complecsilor de 80%, valoare luata ulterior
n calcul.



62 L. ON1C1U, V. STOICA

Rezultatele determindrilor (tabel 4) arata un raport de consum reduca-
tor/complex apropiat de 2: 1 si, corelind cu datele din tabelul 1, rezultda un
consum de 3 echiv./mol complex format in reactia reversibilda. Acestea cores-
pund reactiei globale, deduse din Tnsumarea reactiilor (15) si (16).

Tabel 4
Consum de reduedtor Tn echlv./mol complex
Consum redueator
Nr. . Complex . . . «
ert. Reducatorul mol/proba echiv. echiv. Aspect la echivalenta
proba mol complex
1 Acid ascorbic 4+ 10”s 8,3+ 10_s 2,08 pp Ni(HD)s n
sol. incolord
2 Acid ascorbic 16+ io-* 3,6+ 10~s 2,2
3 Hidrochinona 44 10 7,2 ¢ 10%s 1.8
4 Hidrochinona 29+ 10 ¢ 1,71 10-5 17
Valoare medie 1,95 —

Faptul cd din reactia (16) ar putea rezulta un produs de oxidare al dime-
tilglioximei, a fost verificat dupa reducerea complexului cu acid ascorbic si fil-
trarea precipitatului rezultat Ni(HD)2. La adaugarea atenta a unei solutii dilu-
ate de sare Ni+2 in filtrat, se constata aparitia culorii rosu-deschis, ceea ce demon-
streaza ca o parte din ligandul aflat Tn solutie a fost oxidat si cd deci reactia
(16) este veridicd. S-a gasit cd in urma acestei reactii ia nastere complexul Ni
i (32 -(HD)2, in care raportul de combinare Ni :(HI))? O este de aproximativ

2,5.

4. Concluzii. Complecsii pe care ii formeaza nichelul cu dimetilglioxima,
in mediu alcalin oxidant, sint de tipul transportorilor de oxigen n solutie, fi-
xind oxigenul molecular in mod reversibil.

n reactia de formare a complecsilor oxidarea s-ar reprezenta, schematic,
astfel :

Me + nL + nO2 -» Me(O2)n + (L)n, -» (cu n — 12)
Capacitatea oxidantd a complexului rezultd din reactiile
Me+ (022 I« -» Mel2 + O2 + 1,2+ O2
Me+O2+12 ~* Mel,2 O2

Formarea acestor complecsi necesita un consum de 3 echiv. oxidant/mol,
citd vreme pentru reducere se consuma doar 2 echiv. redueator/mol, complex,

_oleoarec_:g_,I probabil, Tn mediu alcalin de reactie o parte din oxigen ramine fixat
ireversibil.

(Intrat in redactie la 4 iulie 1981)



STABILITATEA COMPLECSILOR DE NI (1) (1) 63

BIBLIOGRAFIE

L. Onieiu, V. Stoica, Stud. Univ. Babes—Bolyai, Chem., 27, (1). 51, (1982).
E. Both, J.D. Strickland, J. Amer. Chem. Soc., 75, 3017 (1953).
P. Spacu, S. Stan si colab. Tratat de chimie anorganicd, vol. Ill, Ed. tehnica, Bucuresti,

1978, p. 172-174 si 1156.
. S. Atsuka, A. Nahamura, Y. Tatsuma, Coli. Czech. Chem. Comm., 32, 836 (1967).

» Wb

ON THE REACTION BETWEEN Ni(ll) ION AND DIMETHYLGLYOXIME, IN OXIDANT
ALKAMNE MEDIUM (1)
Potentiometrie research

(Summary)

In oxidant alkaline medium, the Ni-dimethylglyoxime complexes are oxigen carriers. The
formation of these requires 3 equiv, of oxidant/mol but in the reverse reaction of réduction
only 2 equiv. of oxidant/mol of complex are liberated. This is a proof of the partial irreversible

bounding of oxygen in the complex.
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PEPTIDE SYNTHESIS (XVII)
Aminoacyl and dipeptidyl p-anisidinesz*

EUGEN VARGHA, DORIN BREAZU», EVA SZANTAIS, LIVIA MORARUS

Late literature reports obtain pseudopeptides with important physiological
activity. They are containing a biogen amine or one having therapeutical acti-
vity, the amine group .beeing acylated with a simple peptide [1]. Pharmaco-
logical properties are considerable improved when drugs are administred as
pseudopeptides, especially those having central nervous System action [2].

This paper présents our research to obtain substituted dipeptide amides
in which p-anisidine is the amino component.

To réalisé our purpose, enamine-method was utilised for N-protection
of amino acids and the mixed anhydride technique for the amine and peptide
bond formation.

Four C-terminal amino acids were utilized for model synthesis : L-alanine,
glycine, L-leucine, and L-phenylalanine, while for N-protection of amino acids
ethyl acetoacetate, 2-ethoxycarbonyl cyclopentanone, acetylacetone and ben-
zoylacetone.

Stepwise buildup of pseudopeptides, via the mixed anhydride technique
requires the following phases

a) a-Amino group protection was realised according to Balog and co-
-workers [3] method. A mixture of the amino acid, a R-ketoester (or R-diketone)
and dicyclohexylamine in methanol was refluxed 30 min—2 hrs, till an almost
clear solution resulted.

N-Protected derivatives are isolated from the reaction mixture as dicyclo-
hexylammonium salts, which were fairly soluble in organic solvents used for
peptide synthesis. Table 1 présents dicyclohexylammonium salts of N-protected
L-alanine, glycine and L-phenylalanine unknown in literature.

b) Amide bond formation of amino acids with p-anisidine was realized thro-

1 Previous paper: P. Gonczy, A. Balog, E. Vargha, D. Breazu. I. Haller,
Rev. Roumaine Chim., 23, 1092 (1978).

2 Standard abbreviations as recommended by the IUPAC — IUB Commission on Biochemi-
cal Nomenclature (1972) are used. Additional abbreviations used: MeOH, methanol; EtOH, éthanol,
AcOEt, ethyl acetate ; DMP, dimetliylformamide ; Et3N, triethylamine; TsOH, p-toluene sulpfonic
acide; EMV, 2-ethoxy-I-methylvinyl ; EcPe, 2-ethoxycarbonyl-cyclopenten-(I)-yl-; AMV, 2-acetyl-
-1-methylvinyl-; BMV, 2-benzoyl-1-methylvinyl; DCHA, dicyclohexylamine; DCC, dicyclohexyl-
caibodiimide ; An, -NHC,H4OCH3-p ; Pyr, 2-pyrrolidone-1-carboxylic acid.

8 Institute for Chemical and Pharmaceutical Research, Cluj-Napoca.
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ugh the mixed anhydride method in presence of pivaloyl chloride, ethyl chlo-
roformate or izobutyl chloroformate.

R

Q-NH-CH-COOH DCHA , .
1.
R

\
----- » Q—NH—CHCO—NH—CeH4—OCH3—p
2
Q = EMV, EcPc, AMV or BMV

This coupling step was carried out according to the general method gived
in literature [3], using dicloromethan as solvent. The BMV-aminoacyl-p-ani-
sidines are the most easily crystallizable N-protected derivatives from those
presented in table 2. AMV-Leu-An couldn’t be separated as a solid, the oily
product was worked up without isolation, it was deprotected with ethanolic
hydrochloric acid.

The solubility of enamiuoacyl-p-anisidines is very reduced, that is why the
removal of the N-protecting group is more difficult as in the case of enami-
noacid esters. Reaction time for removal of the N-protecting group is 3—6
times longer (even 5 days) in the case of substances presented in table 2, as
indicated in literature [4].

¢) Coupling of the enaminoacyl-p-anisidines to N-terminal amino acid. This
step includes peptide bond formation between four 4-aminoacyl-anisidines (2.8—
2.11) with another N-protected amino acid (EMV—Ala—0O~, EMV—Gly—O~
EMV—Ille—O~ and EMV-Leu-O%).

Mixed anhydride procedure was used for peptide bond formation, resul-
ting N-protected dipeptidyl-anisidines 3.1—3.4 with good yields (80%) (table 3).
Removal of N-protecting group was carried out siinilarly to enaminoacyl-p-
-anisidines.

When the N-terminal aminocid is 2-pyrrolidone-l-carboxylic acid (pyro-
glutamic acid), dicyclohexylcarbodiimide was used as coupling agent [5j;

O 'm COOH + HIN—CH—CO—NH—CeHi—OMe—p —S.
H

>0 n CO—NH—CH—CO—NH—CeH4—OMe—p
H
3.10 — 3.12
Experimental. Capillary inelting points are reported uncorrected. Optical rotations were mea-

siired with an automat polariméter (Polamat), Carl Zeiss, Jena in a 2 dm tube at 20—24°C. Infra-
red spectra were recorded on a Carl Zeiss UR—10 Spectrophotometer.

5 — Chemie, 1982
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1. N-Protected amino acid salts

N-I12-Ethoxycarbonyl-cyclopenten-(1)-yll-L-alanine dicyclohexylammonium sait (1.1). A mixture
of 5.34 g (60 mmol) L-alanine, 10.3 g (66 mmol) 2-ethoxycarbonyl-cyclopentanone and 11 ml (66
mmol) dicyclohexylamine in 80 ml metlianol was refluxed 3 hrs. The unreacted amino acid (1.45 g)
was filtered and the solution was evaporated to dryness in a rotatory evaporator. The residue was
triturated with petréleum ether, filtered, washed with petréleum ether and dryed, giving 17.2 g
(72.2%) product. For constants and analysis see table 1.

N-{2-Acetyl-1-methylvinyl)-L-alanine dicyclohexylammonium sait (1.2). It was obtained as
1.1, replacing ethoxycarbonyl-cyclopentanone with 6.5 ml (66 mmol) acetylacetone. The amino
acid was dissolved completely after 2 hrs refluxing.

Yield 18.7 g (88.4%).

N-/2-Ethoxycarbonyl-cyclopenten-(I)-yll-glycine dicyclohexylammonium sait (1.3). A mixture
of 7.5 g (100 mmol) glycine, 15.6 g (100 mmol) 2-ethoxycarbonyl-cyclopentanone and 16.5 ml (100
mmol) dicyclohexylamine in 130 ml methanol was refluxed 5 hrs. The unreacted amino acid (2.2 g)
was filtered. The solution was worked up in the usual manner (gived for 1.1) to yield 26.8 g (68%) 1.3.

N-(2-Acetyl-1-methylvinyl)-glycine dicyclohexylammonium sait (1.4). It was obtained as 1.3, rep-
lacing ethoxycarbonyl-cyclopentanone with 10 ml (100 mmol) acetylacetone. After 4 hrs refluxing,
the unreacted amino acid (0,3 g) was filtered.

Yield 29.5. g (87.2%).

N-(2-Ethoxycarbonyl-cyclopentenyl-(1)-yl)-L-phenylalanine dicyclohexylammonium sait (1.5).
A mixture of 9.9 g (60 mmol) E-phenylalanine, 9.3 g (60 mmol) 2-ethoxycarbonyl-cyclopentanone and
10 ml (60 mmol) dicyclohexylamine in 80 ml methanol was refluxed 1 hr. The unreacted amino
acid was filtered (0.5 g).

Yield 21.7 g (74.6%).

N-(2-Acetyl-1-methylvinyl)-L-phenylalanine dicyclohexylammonium sait (1.6). It was obtained
as 1.5 replacing 2-ethoxycarbonyl- cyclopentanone with 6.8 ml acetylacetone. After 30 min refluxing
the amino acid was quantitatively dissolved.

Yield 25.2 g (98%).

Table !
New dicyclohexylammonium salts of enamino acids involved in <lipeptidyl-p-anisidiue synthéses

Nr N—Protected amino acid Mp. °C 5_]16]_25 Formula (Mol. N %
salts i (c=1,MeOH) Weight) Calcd. Found
1.1  EcPe-Ala-OH 143-45 775 C23H40N20! 6.86 6.99
(408.6)
1.2 AMV-Ala-OH 93-95 155 207387213 795 8.04
(352.5)
1.3 EcPe-Gly-OH 156- 158 - N22/\38"2"4 7.1 6.57
(394.6)
1.4 AMV-Gly-OH 142-144 - CleH31N203 8.28 838
(338.5)
1.4 EcPe-Phe-OH 157-159 -139 AQ8NANING 5.78 6.05
(484.7)
1.6 AMV—Plie—OH 167-169 -203 A2BNON2N3 6.54 6.55
(428.6)

2. General method for obtaining of aminoacyl p-anisidine derivatives. A solution of 10 mmol dicy-
clohexylammonium sait of the N-protected amino acid in 20—30 ml dichloromethane was treated at
—5°C with 10 mmol ethyl chloroformate or pivaloyl chloride and 1 drop of N-methylmorpholine was
added. After 30 min stirring at —5°C, the separated dicyclohexylamine hydrochloride was collected
and washed with dichloromethane. The filtrate cooled again to —5°C, was treated with cooled solu-
tion of 10 mmol p-anisidine (distilled freshly under reduced pressure) in a mixture of 20 ml methanol
and 40 ml ethyl acetate. The reaction mixture was stirred for 2 hrs at —5°C and then kept overnight
at room température. Most of the solvent removed under reduced pressure. The residue was treated
with 12 ml saturated aqueous sodium hydrogen carbonate and 20 ml of water. Distillation was con-
tinued until the complete élimination of organic solvent. The crude product was separated usually as
a solid, filtered, washed with water and recrysallized from éthanol.
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N- (2-Acetyl-1-methylvinyl)-L-alanyl-p-anisidine  (2.1). A mixed anhydride was prepared
from 3.52 g (10 wwol) AMV—Ala—O~.ULHA.H' and 1.2 ml (10 mmol) pivaloyl Chloride in 25 ml
CH2C12. The cooled filtrate was treated with 1.23 g (10 mmol) p-anisidine in 20 ml ethanol and
40 ml ethyl acetate. The reaction mixture was workea up in the usual manner, to vyield 2 g (72.5%)
crude product. Recrystallization from 10 ml absolute ethanol yield 0.7 g 2.1. |-'or constants and
analysis see table 2.

N-(2-Benzoyl-1-methylvinyl)-L-alanyl-p-anisidine (2.2). The mixed anhydride was prepared
from 1658 (40 mmol) BJiV—Ala—0 ~DCHA.H~ and 4.8 ml (40 mmol) pivaloyl chloride in
100 ml dichloretane. After filtration it was treated with 4.9 g p-anisidine in 70 ml absolute metha-
nol and 70 ml anhydrous ethyl acetate, to yield 21.8 g crude product. It was recrystallized from
50 ml ethanol (abs). Yield 9.8 g (72.4%) 2.2.

N-(2-Acety|-1-methylvinﬁl)l-_?klcyl-p-anisidine (2.4). The mixed anhydride prepared from 25.15 g
(74 mmol) AMV—Gly—0 .DIHA.h+ and 89 ml (74 mmol) pivaloyl chloride was treated with
9.1 g p-anisidine in 140 mI methanol and 140 ml anhydrous ethyl acetate, to yield 16 g (82.4%)
crude product. It was recrystallized from absolute ethanol.

N-(2-Benzoyl-1-methylvinyl)-glycyl-p-anisidine (2.5). The mixed anhydride prepared from 25.8 g
(65 mmol) BMV—Gly—CT.IKHA.H' and 7.74 ml pivaloyl chloride in 160 ml CH2C12 was treated
with 7.92 g p-anisidine in 110 ml methanol and 110 ml ethyl acetate to yield 17.7 g (84.7%) crude
product. 5 g crude 2.5 was recrystallized from 150 ml anhydrous ethanol.

N-(2-Benzoyl-1-methylvinyl)-L-leucyl-p-anisidine (2.7). Was obtained from a mixed anhydride
(prepared from 14.3 g BMV —Leu—O~.DCHA.H+ and 3.76 ml pivaloyl chloride in 78 ml CH2C12) and
3.84 g p-anisidine m 35 ml methanol and 55 ml ethyl acetate. It was separated an oily product,
which crystallized from ethanol to yield 8,3 g (69.69%) crystalline product.

N- (2-Acetyl-1-methylvinyl) -L-phenylalanyl-p-anisidine (2.9). Was prepared from 15.3 g (35 mmol)
AMV-Phe-O—.UCHA.Ht as descnbed by general method. Yield 9.7 g (74%) crude proauct. It was
recrystallized from 30 ml ethanoi. Yield 0.4 g 2.9.

A'-(2-Benzoyl-1-methylvinyl)-L-phenylalanyl-p-anisidine (2.19). Was prepared from 17.9 g BMV-
Phe-O ADCHA.H+ and 4.38 ml pivaloyl chloride iu 90 ml CH2C12, 'to yield 16.3 g crude product.
After recrystallization from 150 ml ethanol yielded 10.25 g (67.9%) 2.19.

3. Removal of the N-protecting group

L-Alanyl-p-anisidine hydrochloride (2.3). Was prepared from 9.25g BMV—Ala—NH—CeH4—0Me
in 100 ml anhydrous ethyl acetate by treating to pH ! with a solution of ethanolic hydrochloric
acid. The obtained oily product was crystallized in 2 days. Yield 5.7 g (90.4%) crude product
Crystallization from ethanol-anhydrous ether yielded 5 g pure product.

Glycyl-p-anisidine hydrochloride (2.6). Was obtained from 8.5 g AMV—Gly—NH—CeH4—0OMe
in 100 ml anhydrous ethyl acetate with ethanolic hydrochloric acid. The crude product was filtered
off rfter 5 days. The crude product (6.a0 g — 96%), recrystallized from anhydrous ethanol-anhy-
drous ether, yielded 5.7 g pure 2.6.

L-Leucyl-p-anisidine p-toluene sulfonate (2.8). 7.75 g BMV —Leu—NH —CeH4—OMe in 75 ml
anhydrous ethyl acetate was acidified witn a solution of ethanolic hydrochloric acid. It wasn't
crystallized not even in 2 days. The clear solution was treated with 6 g p-toluene-sulfonic acid
in ethyl acetate and evaporated to dryness under reduced pressure. The residue was triturated with
ether and filtered. Yield 7.3 g (87.7%). The crude product was recrystallized from ethanol-anhydrous
ether. Yield 5 g pure 2.6.

L-Phenylalanyl-p-anisidine hydrochloride (2.11). 9.7 g MBV —Plie— NH-CeH4—OMe in 125
ml ethyl acetate was acidified with ethanolic hydrochloric acid. The crude product was crystallized
from the obtained clear solution in 2 days. It was collected by filtration.
Yield 7 g (97.5%).

4. Peptide bond formation through the mixed anhydride procedure

N-(2-Ethoxycarbonyl-1-methylvinyl)-L-alanyl-glycyl-p-anisidine (3.1). A solution of 2.85 g (7.4
mmol) BMV—Ala—O0-.DCHA.H+ in 22 ml CH2V12 was treated at —5°C with 0.9 ml (7.4 mmol)
pivaloyl chloride and ! drop of N-methylmorpholine was added. After 45 min stirring at —5°C, the
separated dicycloliexylamine hydrochloride was collected and washed with dichloromethane. The
filtrate cooled again to —5°C, was treated with a cooled solution of 1.33 g H— Gly — NH-C6H4— OMe
(set free from 1.6 g—7.4 mmol —HJ— Gly—NH—C6H4i—OMe.Cl with I ml triethylamine in
15 ml absolute methanol and 24 ml anhydrous ethyl acetate). The réaction mixture was stirred
for 2 hrs at —5°Candthan kept overnight at room température. Most of the solvent was removed
under reduced pressure. The residue was treated with 10 ml saturated aqueous sodium hydrogen
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Table 2
Aininoaeyl-p-anisidines
I - 20- %
Nr. -Anisidine derivatives* M.p. °C r580-25 Formula M. N

P P Lalo weight Calcd. Found

21  AMV-Ala-An 145-147 423° 10.13 10.30
(c = LEtOH)  (276.3)

22 BMV-Ala-An 102-104 368.6° A_QON22AQN3 8.28 7.90
(c= LLEtOH) (338.4)

23  HJ—Ala—An.CI* 165- 167  12.6° AOA1E M0 1214 12.40
(c— |.EtOH) (230.7)

24  AMV—Gly—An 158-160 — A_(14A13A2A3 10.68 10.52
262.3

25 BMV-Gly-An 178- 180 - “—i>>H20N203 8.63 8.62
(324.4)

26 HJ—Gly—An.CI* 197-199 — C,HI3CIN202 12.93 12.60
(216.7)

27 BMV-Leu-An 111-113 368.5° A_D3ND8-AIN3 736 7.25
(c=I,MeOH) (380.5)

28 HJ—Leu—An.TsO* 188-190 35.4° AJ) % 2 5 6.86 7.07
(c= .EtOH) 5 8.5)

2»  AMV-Phe-An 133-135  735° cllh!4nlo} 794 787
(c = |.EtOH) 5352.4)

210 BMV-Phe-An 158-160  214.4° cl,h’,nlo} 6.76  6.75
(c=I1,CH2CI2) (414.5)

211 HJ—Phe—An.CI* 181-183 131° C16H1#C1IN202 9.13 9.20

(c=1.EtOH) | (306.8)

« Abbreviation: An«=NH- C,H4-OMe

carbonate and 40 ml water. Distillation was continued until the disappearance of organic base odour.
The precipitated crude product was collectcd (2.5 g, 92.9%). After recrystallization from 10 ml
éthanol yield 1.45 g pure product.

L-Alanyl-glycyl-p-anisidine Hydrochloride (3.2). 1| g EMV —Ala—Gly—NH—CeH{—OMe in 15
ml anhydrous ethyl acetate was acidified to pH ! with a solution of ethanolic hydrochloric acid. By
acidification a clear solution was obtained. After 2 days 0.8 g crystalline product was collected.
It was recrystallized from ethanol-ether to yield 0,65 g pure 3.2.

N-{2-Ethoxycarbonyl-1-methylvinyl)-glycyl-L-leucyl-p-anisidine (3.3). A mixed anhydride was
prepared from 0.02 ¢ BMV—Gly—0O-.DCHA.H+ and 0,7 ml pivaloyl chloride in 17 ml CHtCls as
indicated for 3.1. It was treated with a solution of 1.35 g H—heu— NH-CeHi{—OMe (set free from
2.35 g Hi-Eeu-NH-C.H4—0Me.TsO- with 0.8 ml Et3N in absolute metlianol and 19 ml
anhydrous ethyl acetate. The reaction mixture was worked up as given for 3.1 to yield 2 g crude
product (85.8%). It was recrystallized from 45 ml éthanol. Yield 0.8 g pure product.

Glycyl-L-leucyl-p-anisidine p-toluene sulfonate (3.4). 0.8 ¢ BMV—GIly —Leu—NH—C,H{—0Me
in 10 ml ethyl acetate was acidified to pH 1 with a solution of ethanolic hydrochloric acid. The clear
solution was treated after 2 days with 0.4 g toluenesulfonic acid in ethyl acetate und evaporated
to dryness under reduced pressure. The residue was triturated with ether and filtered. Yield 0,8 g
(87.1%) 3.4.

N-(2-Ethoxycarbonyl-1-methylvinyl)-glycyl-L-phenylalanyl-p-a>iisidine (3.5). A mixed anhydride
prepared from 2.88 g BMV—Gly—O+.DCHA.H"* and 0,96 ml pivaloyl chloride in 24 ml CH2CL?
was treated with a solution of 2.1 g H—Phe —NH —CeH{—OMe in 25 ml DMP. The reaction mix-
ture was worked up as gived for 3.1 to yield 3.4 g (99.2%) crude product. Recrystallization from
éthanol gived 1.95 g pure 3.5.

Glycyl-L-phenylalanyl-p-anisidine  hydrochloride (3.6). 0.9 g BMV— Gly —Plie— NH — CeH4 —
OMe on 15 ml ethyl acetate was acidified to pH | with a solution of ethanolic hidrochloric acid.
The starting material was slowly dissolved, then crystallization began. After 2 days the crystals were
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collected by filtration. Yield 0.65 g (87%) crude product. Itwas recrystallized from ethanol-anhydrous
ether to yield 0.55 g pure product.

Glycyl-L-phenylalanyl-p-anisidine (3.7). The free peptidamide was obtained from solution of 0.45
g hydrochloride 3.6 in 20 ml water by treating with aqueous amménia to pH 7. The precipitated
product was collected by filtration. Yield 0,25 g 3.7 (61.7%).

N-(2-Ethoxycarbonyl-1-methylvinyl)-L-isoleucyl-glycyl-p-anisidine. (3.8). A mixed anhydride
prepared from 4.25 g (10 mmol) EMV —Ille—O—.DCHA.H+ and 1 ml (10 mmol) ethyl chloro-
formate in 25 ml CH2C12 was treated with a solution of 1.8 g (10 mmol) H—Gly—NH—C,H{—OMe
in 20 ml methanol and 40 ml ethyl acetate. The reaction mixture was worked up as given for 3.1
to yield 3.4 g crude product (83.8%). It was recrystallized from 10 ml ethanol. Yield 1.9 g pure
product.

L-Isoleucyl-glycyl-p-anisidine-hydrochloride (3.9). Was obtained from 1.9 g EMV—Ille—Gly—
—NH—CeH4—OMe as described for 3.9. The crude product (1.55 g) was recrystallized from etha-
nol to yield 1.2 g (77.4%) pure 3.8. It crystallizes with 1 mol H20.

5. Peptide bond formation through the carbodiimide method

L-pyroglutamyl-L-alanyl-p-anisidine (3.10). A mixture of 1.21 g (9.5 mmol) pyroglutamic acid,
2.2 g (9.5 mmol) H+-Ala-NH-CeH4-OMe. Cl- and 1.26 ml Et3N in 10 ml DMF was cooled
to 0°C and treated with 2 g (10 mmol) DCC in 5 ml DMF. The reaction mixture was stirring
6 hrs at 0°C, then kept at room température overnight. The N,N’-dicyclohexylurea was filtered off
and the solution was concentrated to dryness under reduced pressure. The residue was dissolved
in ethyl acetate, washed with a solutin of 0.5 n HCI, water, 5% solution of Na2CO3, water and dried
with anhydrous Na2SO4. The resulted solution was evaporated under reduced pressure and the dipep-
tidamide was filtered off. Yield 0.55 g (32%) 3.10.

Table 3
Dipepti<lyl-p-anlsidines

2 < 0-25 Analyzis

Nr. Dipeptidyl derivatives! M.p. °C [?(J)B:]_ Forvr\T/]eL;:;%éMOl' Calcd./Found
DMF) C H N
31 EMV—Ala—Gly—An 111-113 1475°2  cwhlindo. 5950 6.94 11.56
(363.4) 59.72  7.62 11.19
3.2 H+—Ala—Gly—An.Cl- 235-237 28.8°2 CI2HI8CIN3O3  50.10 6.31 14.60
§287.7?< 49.89 7.07 1450
3.3 EMV-Gly-Leu-An 176-178 25.8°3 "21K31K305 62.20 771 10.36
(405.5) 62.77 856 10.50
3.4 H+— Gly—Leu— An.TsO- 60 31.3% A22N-3IMN 5676 671 9.03
(465.6) 5591 756 9.47
3.5 EMV—Gly — Phe—An 210—dec. -8.6° C24H291\305 6558 6.65 9.56
(439.5) 66.04 7.49 9.76
3.6 H+ — Gly - Plie-An.CI* 191-193 5.1° CI8BH2ZCIN3O3  59.43 6.10 1156
(363.8) 58.93 6.45 11.05
3.7 H—GIv—Plie—An 165-167 29.1° 66.04 647 1283
(327.3) 65.92 721 1322
3.8 EMV-Ile-Gly-An 123-125 1562 C2IH3IN306 62.20 771 10.36
5 61.70 873 10.13
3.9 H+— lle = Gly — An.CI- 190-192 535° Cﬁ‘éﬁ%&lmm 51.79 756 12.08
(347.8) 51.63 825 11.95
310 Pyr—Ala—An 183-185 8.4° A5A-12730 5901 6.27 1176
(305.3) 5855 6.94 14.40
311  Pyr—Leu—An 164-166 -6.6° 6222 7.25 12.09
(347.4) 62.30 8.66 12.34
312 Pyr—Plie—An 188-190 32.2° C2H23N3OH 66.12 6.07 11.01
(381.4) 66.42 6.99 11.40

1 Abbreviations: An=NH—CtH4- OMe - p
e c-1, in ethanol
« c-0,5, in CHjCI,
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Characteristic infrared absorption frequencies: vN H 3320 cm-1; amidé 1 1720—1690 cm*;
amidé Il 1655 cm-1; vc_o_c 1250 cm-1 (asimm.) and 1040 cm-1 (simm.).

L-Pyroglutamyl-L-leucyl-p-anisidine (3.11). A mixture of 1.92 g (15 mmol) pyroglutamic acid,
6.12 g (15 mmol) LLL—Leu—NH—C6H4i—OMe.Ts—0* and 2 ml Et3N in 15 ml DMF was cooled
to 0°C and treated with 3.15 g (16 mmol) DCC in 8 ml DMF. The reaction mixture was worked
up as gived fo 3.10 to yield 3.6 g (69%).

Characteristic infrared absorption frequencies: vN_H 3300 cm-1; amidé | 1720 cm*1; amidé Il
1640 cm-1; vc_0O_c 1260 cm-1 (asimm.) and 1040 cm-1 (simm.).

L-Pyroglutanvyl-L-phenylalanyl-p-anisidine (3.12). A mixture of 1.92 g (15 mmol) H —Phe—
—NH—CeH4—OMe.CI* and 2 ml Et3N in 15 ml DMF was treated with 3.15 g DCC in 8 ml
DMF. The reaction mixture was worked up as gived for 3.10 to yield 3.4 g (59.4%) dipeptidamide
3.12.

Characteristic infrared absorption frequencies; vN, H 3340—3310 cm-1; amidé | 1710 cm"1;

amidé Il 1655 cm-1; vc_o c¢ 1240 cm*“l (asimm.) and 1045 cm'l (simm.).

SINTEZE DE PEPTIDE (XVII)
Aminoacil- si dipeptidil-p-anisidine
(Rezumat)

Pornind de la saruri de diciclohexilamoniu [3] ale N-aminoacizilor si aplicind metoda anhidri-
delor mixte s-au obtinut o serie de N-aminoacil-p-anisidine (tabel 2). Amidele au fost caracterizate
atit sub forma de derivati N-protejati, cit si sub forma de clorhidrati (2.3, 2.6, 2.11), respectiv tosilati
(2.3). Prin cuplarea acestor saruri cu enaminoacizi, dupa metoda anhidridelor mixte, s-au obtinut
dipeptidil-anisidinele 3.1 —3.9. Dipeptidil-anisidinele cu acid piroglutamic N-terminal 3.10—3.12
au fost preparate folosind ca reactiv diciclohexilcarbcdiimida (tabel 3).
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instalatie pentru Tnregistrarea automata a presiunii
TN SCOPURI CINETICE
— Notd de laborator —

NICOLAE AIAIASI, EUGEN CAMI’IAN, FRANCISE KACSO, IUBITA MURESAN

Cinetica reactiilor, cu participarea unui component gazos, se poate efectua
ntr-o instalatie la presiune constantd, in care se Tnregistreaza variatia de volum,
sau ntr-o instalatie de volum constant, in care se inregistreaza variatia de pre-
siune.

Instalatia prezentatd lucreaza la volum constant, pind la o presiune de
plus o jumatate de atmosfera fata de presiunea externa. Ea permite inregis-
trarea continua si automatd a variatiilor de presiune Th ambele sensuri, permi-
tind si urmarirea unor reactii complexe Tn care etapele de formare si de con-
sumare de gaz au loc consecutiv.

1. Descrierea instalatiei. Instalatia la volum constant se compune din
urmatoarele parti: 1.1. vas de reactie cu accesorii; 1.2. traductor presiune-ca-
pacitate ; 1.3. traductor capacitate-tensiune; 1.4. Tnregistrator de tensiune.

Schema de principiu a functiondrii instalatiei este urmatoarea :

Reactia chi- | Variatie de Variatie de

mica cu capacitate tensiune -» nregis-
. ,->Trad. — . :

variatie de proportio- proportio- trare

presiune nala nald

1.1. Vasul de reactie (1) (fig. 1), un balon cu trei gituri, are ca anexe o
pilnie de picurare (2) si un agitator magi, .ic (3). Pilnia de picurare are un
robinet cu deschidere largd (4), iar Tn partea superioara are un aplic cu slif
avind o prelungire din tub plastic in interiorul pilniei (5). Aplicul cu slif este
legat de unul din giturile vasului de reactie prin intermediul unui robinet cu
trei cdi (6). Aplicul mai are un robinet simplu (7) spre atmosferd. Al doilea
git al vasului de reactie se conecteaza — printr-un slif sau alt sistem care per-
mite conectarea si deconectarea fara schimbare de volum — cu traductorul
presiune-capacitate. intregul sistem este termostatat. Slifurile si robinetele tre-
buie sa fie asigurate cu arcuri pentru a rezista presiunii interioare. Turatia agi-
tatorului se controleaza cu un spidometru (8).

1.2. Traductorul presiune-capacitatc este un manometru de mercur, adap-
tat pentru functiunea de condensator variabil. O capilard in forma de ,,U” (9),
gradatd in mm la ambele brate, este prevazuta la unul din brate cu o ramifi-
catie (10) si un robinet (11). Celdlalt brat al capilarei este acoperit in exterior
cu o folie de cupru (12) cu un contact (13), aceasta avind rolul armaturii fixe
a condensatorului. Mercurul din capilara — a carei pozitie depinde de pre-
siune — formeaza armdatura mobild si este prevazutda cu un contact din pla-
tina (14). Diametrul capilarei este de | mm, diametrul exterior al tubului este
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Fig. L

8 mm, Tnaltimea armaturii de cupru este de 200 mm. Tn aceste conditii capaci-
tatea condensatorului variaza Tntre 80— 130 pF.

1.3. Traductorul capacitate-tensiune (fig. 2.) se compune dintr-un oscila-
tor RC si un divizor de tensiune (R'—R9) legat de condensatorul variabil (Cv),
adica de traductorul presiune-capacitate. Modificarea capacitatii condensato-
rului aduce cu sine variatia frecventei oscilatorului. Prin acesta se modifica
curentul de baza al tranzistorului T3 si se obtine o tensiune variabila la bor-
nele AB ale divizorului in functie de capacitatea condensatorului. Variatia de
tensiune de la bornele AB este urmarita cu un inregistrator automat. Potentio-
metrul P serveste la stabilizarea punctului zero (relativ) al milivoltmetrului inregis-

Fig. 2
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trator. Oscilatorul se alimenteaza cu o sursd de tensiune continua stabilizata
la 9 volti.

1.4. Tnregistratorul folosit este cel de productie indigend tip E.536 G.

2. Tehnica experimentald. 2.1. Operatii preliminare. Pentru efectuarea ma-
suratorilor cinetice este nevoie de urmatoarele operatii preliminare :

2.1.1. Determinarea volumului instalatiei.

2.1.2. Calibrarea finregistratorului:

tensiune = f (presiune)

2.1.3. Determinarea solubilitatii gazului Tn mediul de reactie.

2.1.1. Volumul vasului de reactie cu accesorii se determind conectind prin
robinetul (7) (fig. 1) o biuretd de gaz termostatata — avind ca lichid de Tn-
chidere mercur.

Se noteazd: pA — presiunea atmosfericd; [/> — cresterea de presiune ;
Vg — volumul gazului din biuretd la pA; V¢ — volumul capilarei de legaturd ;
M = 7va3 + Vc

Conform legii Boyle—Mariottt avem
Pa(Vs + V) = (Pa +
de unde

Yo

Si
Vvas — V Vtub de legatura

unde Wuws de legiturd se evalueaza din grosimea si lungimea tubului de legaturd
dintre robinetul biuretei si robinetul (7) al iInstalatiei.

Se fac mai multe determinari, pornind de la diferite valori Vs (la presiune
atmosfericd). De fiecare datd, prin ridicarea bratului biuretei, gazul se compri-
ma pentru a obtine Vy = 0. Valorile corespunzatoare [/> se citesc pe gradatiile
traductorului presiune-capacitate. Se face media aritmetica a determinarilor.

2.1.2. Pentru calibrarea inregistratorului se noteaza valorile indicate de acul
milivoltmetrului (MV) in functie de presiune (A/>), masuratd pe manometru
(mm col. Hg). Tn acest scop, cu ajutorul potentiometrului P (fig. 2) se potriveste
acul Tnregistratorului la zero. Apoi se cupleazad una din rezistentele R5—R38 (fig. 2)
astfel Tneit devierea maxima (5 mV) a Tnregistratorului s& corespunda aproxi-
mativ presiunii maxime care se va atinge in cursul determinarii. Dupa aceasta,
cu ajutorul unei pare de cauciuc (legata la robinetul 7, fig. 1) se stabilesc pre-
siuni />, pe Intreg intervalul de masurare si se citesc valorile mV corespun-
zatoare. Se Tntocmeste un tabel

bp
mV

jar din tabel se construieste graficul . tensiune = f(kp). )
Daca instalatia este corect executatd, functia de mai sus este lineara.
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2.1.3. Solubilitatea gazului care se formeaza in reactie ( sau care se consuma)
in solventul folosit se ia din literaturd sau se determina separat prin metodele
cunoscute.

2.2. Mersul determinarii. Solutia de concentratie cunoscutd se introduce in
vasul de reactie, respectiv In pilnie. Volumul total al celor doua solutii trebuie
sd fie constant la toate determindrile (V5i). Dupd pornirea agitatorului, prin
robinetul (11) se introduce timp de 10—15 minute un curent din gazul care
se formeaza n cursul reactiei. Robinetul (4) este inchis, (6) este inchis spre exte-
rior, (7) deschis. Concomitent are loc si termostatarea solutiilor la temperatura
doritd a reactiei.

Se nchid robinetele (11) si (7). Se controleaza pozitia de pornire a acului
Tnregistratorului si se porneste — potrivind viteza adecvatd — hirtia Tnregis-
tratoare. Se potriveste viteza agitatorului la o turatie in care viteza difuziei
este mai mare decit viteza reactiei. Se dechide brusc robinetul (4). Se obtine
curba experimentald inregistrata: p =/(timp).

2.3. Obtinerea curbelor de conversie.  «

Se noteaza: Vsuii — volumul ocupat de faza lichida; Vliber = Vvas — Kns ;
1Sz — solubilitatea gazului in solvent la temperatura reactiei si la presiunea
pt, exprimata in cmdcm’(a); pt — presiunea la momentul t al reactiei;

/ =1 ~ In-
A Volumul gazului, format pind la momentul t, exprimat in cm3, adus la con-
ditii normale, se calculeazad pe baza ecuatiei :

7 Miber i Sgaz +»oll o,
0~ [760( +0,00371) | “ 760  J°
exprimat in mol/litru avem:
Y =1

looo iz
N ' rsol + 22415" ' ' °

Pina la o suprapresiune de 0,2—0,25 atm. Sgaz poate fi considerat — in prima
aproximatie — constant si atunci curbele Tnregistrate pot fi folosite — cu aju-
torul graficului : tensiune —f{p) — drept curbe de conversie. Peste aceste pre-
siuni, curba experimentald trebuie recalculatda punct cu punct, conform valo-

rilor corespunzatoare ale Sgaz
Scara timpului se stabileste prin viteza de derulare a hirtiei Tnregistratoare.
(Intrat Tn redactie la !4 aprilie 1981)

AUTOMATISCHES DRUCKAUFZEICHNUNGSGERAT FUR KINETISCHE ZWECKE
(Zusammenfassung)

Es wird eine Einrichtung beschrieben die die automatische und kontinuirliche Aufzeichnung
der Druckveranderungen, in beiden Richtungen, und die Verfolgung der Kinetik einiger komplexen
Reaktionen bei welchen die Hildungs und Verbrauchsetappen, des Gases, aufeinander folgen, erlaubt.

Das Funktionsprinzip der Einrichtung ist folgendes :

/ Chemische Reaktionen Geber i Verhaltnismassige
1 mit Druckverdnderung. f Kapazitatséanderung - - Geber - -

i Verhaltnismassige
| Spaunungsveranderung. Aufzeichnung
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ANIVERSARI

PROFESORUL CONSTANTIN GH. MACAROVICI LA 80 ANI

La 7 martie 1982 profesorul Constantin Gh. Macarovici, membru cores-
pondent al Academiei R.S.R., Tmplineste venerabila virsta de 80 ani. Timp
de 55 ani a slujit Universitatea clujeand si stiinta roméaneascd, continuind sa
fie prezent si astazi Tn viata stiintifica, cu lucrari, carti si conferinte.

S-a nascut in Negresti (Vaslui), a urmat scoala primara si liceul la Vaslui
si Husi, si-a continuat studiile la Facultatea de stiinte a Universitatii din lasi,
iar doctoratul in chimie l-a obtinut la Universitatea din Cluj, Tn 1931, sub
conducerea lui Gh. Spacu.

Numit Tn anul 1927 ca asistent la Universitatea din Cluj, a parcurs n-
treaga ierarhie universitara pina la postul de profesor. A ramas fidel acestei in-
stitutii, slujind-o cu devotament pind Tn anul 1972, cind s-a pensionat, con-
tinuindu-si activitatea ca profesor consultant. Activitatea de dascél si-a in-
ceput-o de timpuriu, ca Tnvatator si profesor suplinitor, inca din ultimele clase
de liceu. Ca profesor universitar a dat curs vocatiei si pasiunii sale, initiind
multe generatli de studenti in tainele chimiei anorganice si analitice. A scris
pentru ci mai multe carti, mult apreciate, printre care ,,Chimie generald”,
»,Chimie analitica cantitativa. Gravimetria”, ,,Chimie anorganica-Metale”, ur-
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mate de carti adresate specialistilor : ,.Chimia oxizilor dubli si utilizarile lor”,
»~Analiza chimicd cantitativa anorganica”, precum si lucrari de istoria chimiei,
ntre care se remarcd biografia lui Nicolae Teclu.

Preocupdrile profesorului Constantin Macarovici in  domeniul cercetarii
stiintifice, concretizate in peste 200 lucrari publicate, singur sau cu colaboratorii
sdi, cuprind o arie vasta a chimiei anorganice si analitice, si aduc contributii
notabile la chimia combinatiilor complexe (in particular cu benzidina, toluiding,
sulfonamide, hidroxiacizi organici, baze Schiff si alte tipuri de liganzi), chimia
oxizilor dubli (elaborarea unor metode originale de sintezd) si chimia anali-
tica (noi metode de analizd pentru numeroase elemente). Aceste preocupari
s-au Tmpletit cu cercetdri de chimie aplicatd (obtinerea oxidului de magneziu
din dolomite, obtinerea dioxidului de titan din minereuri indigene) si cu con-
tributii la istoriografia chimiei romanesti si a nomenclaturii chimiel anorganice
in limba roména.

La implinirea virstei de 80 ani, pe care profesorul Constantin Macarovici
0 Intimpina activ, continuind s& scrie, sa Tndrume pe altii mai tineri, S&-si
aduca contributia la patrimoniul stiintei romanesti, Facultatea de tehnologic
chimicd a Universitatii clujene isi exprima dragostea, respectul si pretuirea
fata de distinsul sdu profesor si 7i ureaza multi ani de viata, sanatate deplina
si bogata activitate.
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David J. Pickett, Electrochemical
Reactor Design (Proiectarea reactoarelor electro-
chimice), Elsevier Seientific Publishing Company
Amsterdam, Oxford, New York, 1977, 434 p.

Lucrarea reprezintd cea dintii incercare (izbu-
titd) de-a oferi informatii fundamentale si de
detaliu Tntr-un domeniu de activitate practica
avind o deosebitda importanta in ultimii 10—15
ani. Datorita conjuncturii economice si a crizei
de combustibili, o serie de tehnologii conventio-
nale (in special cele energointensive) sint para-
site si regindirea lor conduce din ce in ce mai des
la o alternativa electrochimica. De aceea, n
ultima vreme, electrosinteza a depasit net preo-
cuparile tehnologice limitate, de pe platformele
clorosodice, dezvoltindu-se mai ales ramura
organicd (electrosinteza organica), gratie si
cunostintelor fundamentale dobindite Tn ultimele
decenii asupra transferului de sarcind si a elec-
trocatalizei si datoritd aparitiei unor materiale
noi.

Cartea lui Pickett Tncearca sa demonstreze
inginerului chimist ca proiectarea reactorului
electrochimie (celula de electrolizd) nu este
atit de misterioasa si dificild de abordat. Trata-
rea teoreticd este limitata la strictul necesar,
urmarindu-se mai degraba explicatii de detaliu
asupra subiectelor tratate. Materialul din carte
este divizat in doud parti, dintre care cea dintli,
cuprinzind cunostinte de baza, este tratatd in
primele 4 capitole, iar cea de-a doua, dedicata
aplicatiilor, Tn urmdatoarele 3 capitole.

Primele doua capitole se ocupa cu aspectele
termodinamice si cinetice ale reactiilor de elec-
trod, capitolul 3 este consacrat transportului
ionic, iar capitolul 4 transportului de masa.

Capitolele 5 si 6 prezinta metodele de proiec-
tare, avind la baza criteriul de clasificare a reac-
toarelor electrochimice dupd modul lor de functio-
nare.

Capitolul 7 este mai hibrid, incluzind, pe
linga elemente de proiectare, variante de conexi-
uni electrice, optimizare, culegerea de date
necesare proiectarii s.a.

Textul este clar, usor de urmarit, bine ilustrat
si cu foarte putine erori de tipar.
L. ONICIU

K6ros Endre, Molekulakomplexek (Com-
plecsi moleculari), Akadémiai Kiadd, Budapest,
1979, 332 p.

RECENZIOI

Chimia complecsilor moleculari, capata o impor-
tanta din ce Tn ce mai mare atit din punct de
vedere teoretic, cit si practic.

Monografia lui K8rés E., bogat ilustrata cu
numeroase figuri si tabele, cu o bibliografie
ampld trateaza Tn 13 capitole problemele cele
mai importante ale chimiei acestor compusi.

Tn cap. 2 este vorba de legaturile chimice care
apar in complecsii moleculari pe baza teoriei
lui Mulliken.

Cap. 3 da o scurta privire asupra structurii
cristaline a mai multor tipuri de complecsi pe
baza masuratorilor roentgenografice.

Cap. 4—7 sint consacrate studiilor fizico-
chimice referitoare la structura moleculara a
combinatiilor mai sus amintite. Astfel de exem-
plu, cercetarile spectroscopice de rezonanta mag-
neticd nucleara, Maossbauer, spectrele infrarosii
si electronice. Ultimele au importanta la iden-
tificarea si caracterizarea benzilor de trans-
fer de sarcina.

Complecsii moleculari prezintd Tn general o
stabilitate mai redusa si din acest motiv deter-
minarea constantelor de stabilitate releva o serie
oe greutati experimentale. Dintre aceste metode
se ocupa mai pe largcu metodele spectrofoto-
metrice, polarografice, cinetice, calorimetrice,
cromatografice, si altele (cap. 8, 9).

Proprietatile complecsilor moleculari nu sint
marimi aditive ale partenerilor. Acest fenomen
joaca un rol important la diferite procedee de
separare Th chimia organica si analitica.

Cap. 11 oglindeste rolul complecsilor mole-
culari la separarile si determinarile cantitative
pe cale cromatografica.

Tn cap. 12 se subliniazd importanta biochimi-
cd a complecsilor formati cu chinone, indoli,
flavine, proteine cu hidrocarburi carcinogene,
cu derivati de piridiniu etc.

Majoritatea complecsilor moleculari se Tnca-
dreaza Tn domeniul chimiei organice. Dintre
derivatii anorganici se ocupa mai pe larg cu
formarea si structura clatratilor metalelor tran-
zitionale cu N-baze organice cu o importanta
deosebita la separarea unor hidrocarburi izomere
(cap. 13).

Monografia se adreseaza studentilor si cerce-
tatorilor, anorganicieni, organicieni si specialisti-
lor din diferite ramuri ale biochimiei.

F. MANOK, CS. VARHELYI
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CRONICA

Participari la manifestari

tionale

stiintifice interna-

« Prof. dr. Gheorghe M arcu, n frun-
tea unei delegatii romane a facut un schimb
de experientd Th domeniul chimiei compusilor
de coordinatie la Institutul de Chimie Anor-
ganica din Moscova (12—16 ianuarie 1981).

e Tn perioada 26—31 iulie 1981, asist, dr.
Maria Tomoaia-Cotisel a participat
la al 6-lea Simpozion International de chimia
carotinoidelor, organizat la Universitatea din Li-
verpool (Anglia), si a prezentat lucrdrile:

Monolayer properties of xanthophylls at the
air/water interface (autori: E. Chifu, |. Zsakd
si M. Tomoaia-Cotisel)

Mixed films of egg lecithin with xanthophylls
at the airjwater interface (autori: M. Tomo ai a-
Cotiselsi E. Chifu).

e Tn perioada 17—22 august 1981, prof. dr.
lonel Haiduc, ca membru Tn Comitetul
stiintific international, a participat la cel de al
I11-lea Simpozion International de chimia ci-
clurilor anorganice la Graz (Austria) si a prezen-
tat lucrarile:

The coverage of inorganic heterocycles in Che-
mical Abstracts (autor |. Haiduc),

Some interconversion reactions of inorganic hete-
rocycles (autori: I. Haiduc si M. Cur tui).

© Tn perioada 23—29 august 1981, prof.
lonel Haiduc, membru in Comitetul inter-
national de organizare, a participat la cel de
al Vl-lea Simpozion International de chimie
silicoorganicd. Budapesta (R. P. Ungard), si a
prezentat lucrarile

Reactions of phenylamino-organosilanes with
phosphorus and arsenic chloro derivatives (autori :
I. Haiduc, M. Curtui si L. Silaghi-
Dumitrescu).

Organosilicon derivatives of phosphorus and
arsenic dithioacids (autori: 1. Haiduc, L.
Silaghi-Dumitrescu, R. Grecu, R.
Constantinescu)

« Tn perioada 1 august—30 septembrie 1981,
asist, dr. Maria Tomoaia-Cotisel a
efectuat un schimb de experienta la Universi-
tatea din Londra, Colegiul Chelsea pe tematica
filmelor interfaciale — modele de membrana bio-
logica.

e Prof. dr. Gheorghe Marcu, partici-
pant la cel de al Xll-lea Congres Mendeleev
de chimie generalda si aplicativa, organizat la
Baku (U.R.S.S.), intre 21—26 sept. 1981, a

prezentat lucrarea New Heteropolytungstates with
Transition Métais Ti(IV) and Ni(ll) as He-
teroatoms (autori: Gh. Marcu, R. Vatu-
lescu, T. Budiu).

Publicari de tratate, carti si cursuri

© Gh. Marcu, M. Brezeanu, C. Bejan, A.
Bitcd, R. Catuneanu, Chimie anorganica, Ed.
didactica si pedagogica. Bucuresti, 1981, 726 pag.

e S. Gocan, Chimie analiticd, partea a
Il-a. Metode de separare, Lito. Univ. ,Babes-
Bolyai”, Cluj-Napoca, 1981.

e C. Liteanu, S. Gocan, A. Bold, Se-
paratologie analitica, Ed. Dacia, Cluj-Napoca,
1981.

® M. \Vagaonescu, Lucrari practice de
chimie organica, fasc. 3., Lito. Univ. ,,Babes-
Bolyai”, Cluj-Napoca, 1981, 100 pag.

® Abraham S, I'elszeghy 0., Mak-
Kay p., Makkay K., Vodnar J.,, Zsako
J., Kémiai Kislexikon, Kriterion Konyvkiado,
2 vol.,, 1981, 1038 pag.

Lucrari stiintifice aparute iu diferite reviste
de specialitate din tara si strdinatate

E. Chifu, Z. Finta, M. Saldjan, E. Gavrilg,
Surface mobility of surfactant solutions, 1X.
Surface and capillary flow between drops linked
by surface canals, Rev. Roumaine Chim., 26
1345 (1981).

I. Stan, E. Chifu, Z. Finta, Efectul Maragoni
si difuziunea convectiva pe o interfatd sferica,
Rev. Chimie (Bucuresti), 32, 916 (1981).

M. Curtui, 1. Haiduc, Solvent extraction
of dioxouranium(Ujf) with dialkylphosphoro-
dithionic acids. VI. Synergetic effect of tri-
phenylphosphine oxide, J. Inorg. Nuci. Chem.,
43, 1076 (1981).

M. Curtui, |. Haiduc, Solvent extraction of
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