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Fig. 2 Variatia capacititii in functie de timp I'ig. 3. Variatia capacitiitii in functie de timp

in cursul adsorbfiei pe otel OLT 35 a substantei in cursul adsorbtiei pe otel inoxidabil a sub-

BICI 0,5°%, in HCl 109%,, la temperaturi de 20, stantei BHCI in HCL (0%, la temperaturi de
40 si 80°C. 20, 40 i 80°C.

3. Rezultate si discutii. Variatia capacitatii in functie de timp, in cursul
adsorbtiei, pe diferite metale, a substantei HBCl 0,59 in HCl 10%,, la tempera-
turi de 20, 40 si 80°C cste reprezentatd in figurile 2--9, iar gradele de acoperire
0, cu inhibitor, calculate dupa relatia (1), sint reproduse in tabelele 1-—3.

Tabel 1
Capacitatea si gradul de acoperire eu BHC al otelului OLT 35, al otelului inox. si al nichelului
in HCI 109,, la diferite temperaturi

C, 9 i
Metal \ C, ol 1 (6
t°C
I ‘ Cy } Ca Cay, Cw ‘ 14 B4 % ”:;
20 ¢ 3,20 0,53 0,45 0,32 83,46 85,94 90,00
OLT 35 40 3,32 0,45 0,42 0,31 86,45 87,35 90,66
80 3,38 0,42 0,40 0,30 86,98 88,17 91,12
20 4,00 0,79 0,56 0,41 80,25 86,00 89,75
Otel inox 40 4,04 0,74 0,54 0,39 81.93 96,80 90,60
80 4,08 0.70 0,52 0,38 83.11 87,52 90.64
20 1.40 0,48 0,26 0,20 65,71 81,42 85,71
Ni 40 1,44 0,42 0,22 0,19 70,83 84,72 85,77
80 1,47 0,31 0,21 0,18 78.91 85,78 87,77
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Fig. 4. Variatia capacititii in functie de Fig. 5. Variatia capacitatii in funciie de timp gf
timp in cursul adsorbtiei pe nichel a sub- de temperaturi la adsorbtia pe cupru a substan.
stantei BHCI in HCI 109, la temperaturi tei BHCI in HC1 10%.

de 20, 40 si 80°C.

Din analiza rezultatelor reiese cid metalele studiate pot fi impdartite in 3
grupe, in ceea ce priveste valoarea i variatia gradului de acoperire in functie
de timp si de temperaturd.

In prima categorie se grupeaza otelurile studiate si nichelul {tab. 1). In cazul
otelurilor se observid scidderea bruscd a capacitdfii in timp, gradul de acoperire
ajungind la valori ridicate dupd 30 de minute; la temperaturi mai ridicate aco-
perirea cu inhibitor este mai pronuntata, ceea ce pledeazd pentru fixarea che-
mosorbtivi a acestuia la suprafata metalului. Nichelul se comportd in mod analog,
prezentind insd un grad de acoperire mai redus la 20°C.

In a doua categorie sint cuprinsc cuprul si alama, la care se realizeazi grade
de acoperire cuprinse intre 70 si 759, fird o variatie sensibila in timp. La cupru
si alami (tab. 2) fractia de acoperire cu inhibitor creste lent, de-a lungul a doud
ore, dupa care se atinge valoarea de saturatie; la aceste doud metale efectul
protector diminueazd cu ridicarea temperaturii peste 40°C. Tot in aceastd cate-
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Tubel 2

Capacitaten si gradal de weoperire cu B ol cuprului, alamed s al plumbului in
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goric se gidseste st plumbul, @ clrul commortare ¢ diferitda in comparatie cu cele-
lalte metale studiate; cepacitatea sa inregistreazd un minirm dupd doud ore, si

o crestere ulterioard, iar eradul de acoperire un maxim, urmat de o scidere,
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Fig. 9 Variatia capacitiifii in functie de timp si de
temperaturd o carsul adsorbiiel pe aluininiu a substan-
tei BIICL in HCL 1075,

D ovariafia termicd a gradulul de acoperire se poate conchide c¢d substanta
BHUT se leagd de plumb prin legaturi preponderent fizice.

ircoarece dizolvarea aluminiulul si a zincului {(metale din a 3-a categorie)
in selutit dilmate de acizi este insotitda de o degajare abundentd de hidrogen, pe
acestea nu ose luregistreazd un grad de acoperire insemmnat; maximul observat
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8
Tabel 3
Capacitatea si gradul de acoperire al zincului si al aluminiului in solutie de HC1 102,
la temperaturi diferite
C, 6
Metal C, ulF ]
t, C
‘ l Co ’ Cip Cap Cm B1 l B2 l Ury
20 1,40 1,52 1,2: 1,03 - | 12,14 27,14
Al 40 1,44 1,20 1,01 0,90 16,66 30,71 37,50
80 1,57 1,09 0,94 0,81 27,81 ‘ 42,64 46,33
20 0,80 1,02 0,72 0,42 — 10,00 47,50 -
Zn 40 0,85 0,42 0,35 0,33 50,58 58,82 GL L7
80 0,82 0,35 0,27 0,26 58,53 67,07 68,24

la curbele referitoare la 20°C (tab. 3) corespunde desprinderii stratului protec-

tor.

Fractia suprafefei acoperite cu inhibitor creste cu temperatura, firi a

se atinge valori capabile si asigure protejarea acestor metale fatd de actiunca
corosiva a acidului clorhidric.

1. Oniciu, E.Csegezi, A. Horvdath C. Csegezi, Stud. Univ,

(Intrat in redactia la 15 fanuaric 1979)
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INHIBITORI DE COROZIUNE (IV)

CORROSION INHIBITORS FOR STEELS IN HCl SOLUTIONS (IV)
Adsorption of BHCI inhibitor on various metals

(Summary)

The coverage fraction 6 of BHCI (an original inhibitor) on various metals (steel, stainless
steel, Ni, Cu, brass, Pb, Zn and Al), in contact with 109, HCl solution was studied. 6 was calcu-
lated from double layer capacity, determined on the metal — 109% HCI solution interface, at 20,

40 and 80°C. Maximum values were observed on steel, stainless steel and Ni, and minimum values
on Zn and Al
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DETERMINATION DE LA CONSTANTIE DI STABILITE DU COMPLEXE
1:1 DE TUNGSTATE DE SODIUM-PYROCATECHINE PAR VOIE
PHOTOCOLORINMETRIQUIS

FON CETEANU of JANOS Z851K6O

pans un mémoire précédent 1 on a ctudid la stabilitd du complexe qui se
forme dans le systéme wolvbdate de sodiune-pyrecatréchine & pH x> 1,6 par
voie photocolorimétrique.

Dans le svsteme tungstate de sodium-pyrocatichine on constate éualement
In formation d'un unnplc\g jaunc-orange. Iin vue de déterminer la composition
de ce complexe, on a4 mesurc 1cxtnntmn dans une ‘;ériv ssomolaire, contenant
90 m! solution tampon 0,2 M de HCL ¢t KCL avant le pH z 16, ¢t 10 ml de
e d'une solution 0,5 M de Na,WO,-2H,0O ot d'une solution 0,5 M de
crichine, de sorte que la concentration analvtique totale o= ¢p soit 0,05 M.
On @ observd un comportement dilférent des S(‘l\l'i()\l‘% cn fonction de 'ordre
dans Iequel on a ajouté la solution de tungstate ¢t celle de pyrocatdchine a la
solution tampon. Cette dilférence est due m)babk’ uent 4 la formation d’isopoly-
tungstites si on (uoutc la }mmun fois 11 solution de tangstate a 11 so'ution
tamno.a. Cest pourquoi on a prépard les solutions cn v ajoutant la premicre
fois 1a pyrocatée th ct apres le tungstate. On obtient ainsi des solutions tres
stablos dont Uextinetion se stabilise en approximativement 2 minutes ¢t se
maintient plusicurs heures 4 la méme valeur.

(v1oa effectud les mesures a Vatde d'un photocolorimétre FISK, en utilisant
un filire blew. La courbe J ob obtenue est présentée dans Ia fig. 1. La courbe a
un masimim, correspondant
au rapport de combinaison 3
tungstate: 1 pyrocatéchine ot
un  deuxieme maximum au
rapport I Cette forme de la
courbe suggtre lidée qu'une

metan
pyToe

~

v e Y

concentration  de  pyrocateé-

o chine, comparable avee la
concentration du  tungstat

peut empecher la condensa-

tion du tungstate a ce pH et

que se forme unigquement  le

\ complexe 111 St cette con-

8 centration est trop faible, a

licu fa coudensation et isopo-

I'i g 1. 1 extinction dans une série isomolaire an pH = 1,6 Ivtungstate obtenu doune un
Concentration totale 0,05 M. Les ¢chantillons conticnnent
a ml solution de  pyrocatéchine, 10 — x ml solution de T )

tungstate et 90 ml solution tampou. combinaison 3:1.

comnlexe avee le rapport de
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Dans ce mémoire on a ¢tudid seulement la stabilitd du com
s forme dans la présence d'un excés de pyrocatéchine. v

Pour déterminer la constante do stabifité, oun a priparc deux séries de
solutions, contenant 230 ml de la solution tampon susmentionncée, 10 ml (sé-
rie 1), Y(‘S})CC‘LI\'C}IIL‘H‘C 20 ml (série 1Ty solution (),n AM de pyrocatdehine, en com-
plétant le volume & 300 ml, en v ajoutant 60, res }»utl\ ement 30 '*1 d’eau.
A ces solutions on a ajouté » ml de solution 0,5 M de tungstate de sodium et
on a mesurd Vextinction a 29°C dans une cuvette, avaat la longucur de 2 cm.
T rdsultats sont présentds dans

e tab. 1.

Tableaw 1

vinetions  des  mdlanges  de solations agueunses de tungstate de sodium et de pyrocatéehine, a
pil = 1.6 et lo logarithme de Ja constante de stabilite

. | airic
n I oy e 102 - I |., rie 11 :
ml } log A0+ cp o 107 I I log K
| : | "’" o :
7 | 1,14 | 163 1 oavd | o326 | 1,279
8 ; 1,30 | 1,62 0,194 | 323 1263
9 A6 1,62 0,204 [os2r | 0855 | 1,256
10 : 1 61 ,, 1,61 (5,220 | 323 1 0385 0 1,250
11 I B> A B I3 0,234 L322 0413 | 1244
12 ; 1,92 | 1,60 0,260 (A I L0440 | 1,239
13 Lo2.08 1,60 0,278 LS9 0470 | 1241
it 2,23 1,59 0,254 ! 3,18 ;0801 1245
15 2,38 1,59 0,314 ! 3,17 L0530 1,248
i 2,53 1.58 0,323 {816 0558 | 1.25]
17 P268 1.58 I 315 . 058 | 1133
18 o 2,83 1,57 | 1.34 L0617 1,262

i

4

Daus ies caleals on a ndgligé les coofficients dactivitd ¢t on a considéré
ld constante de stabilité est donnde par la relation

K (1)

1

R représente In conceatration du comnlexe, ¢ ¢t ¢p la concentration analyti-
que da tungstate et de la pyrocatéchine, respectivement.  Etant donnd que la
concentration du complexe est R == Eizd, olt F est extinction de ia solution,
z 1 coefficient mnlaire d'extinction ¢t d la longucur de la cuvette, Uexpression
de la constante de stabilité devient

KNoesw ——

fey e

(2)

- I

Commiz ¢ est inconnu, il faut le déduire des donnces expdrimentales. On a
considdrd que fa valeur « qui peat assurer le nicux la counstance de A, caleulée
4 Vaide de la formule (2), est Ia valeur correcte du coefficient molaire d'extine-
tion, Ainsi, ou a calculd la coustante A pour chaque point expérimental ¢t on a
varié systématiquement la valeur = Pour chaque \'alcur con a caleuld la dévia-

tion standard des valeurs K individuclics le leur movenne A
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Fig. 2. Déviation standard A et log K comme fonction de la valeur
présumde du coefficient molaire d’extinction.

Dans l1a fig. 2 on a représenté la déviation standard A comme fonction de
la valeur supposée de . On peut voir que la courbe passe par un minimum. Ia
position de ce minimum marque la valeur du coefficient molaire d’extinction, a
savolr

£=36751mol"! cm?

On donne dans la méme fig. 2 les valeurs log K, également comme fonction
de e. La valeur correspondante au minimum de la courbe de la déviation standard
peut étre considéré comme étant la vraie constante de stabilité. Les valeurs de
la constante de stabilité, calculées a Paide du coefficient molaire d’extinction
obtenu ci-dessus, ¢n utilisant les valeurs expérimentales de Pextinction, sont
données dans le tab. 1. leur valeur moyenne est

K=181--07

Ta stabilité du complexe ¢tudié est donc plus faible que la stabilit¢ da
complexe molybdénique analogue, a la méme valeur de pH [11.

(Manuscrud repm le 5 mars 1979}
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DETERMINARFA CONSTANTEIDE STABILITATE A COMPLEXULUI 1:1 DE WOLFRAMAT
DE SODIU-PIROCATECHINA PE CALE FOTOCOLORIMETRICA

(Rezumat)

Pe baza curbei Job inregistratd la pH ~ 1,6 se constatd formarea unui complex stabil cores-
punzitor raportului de combinare 1:1. Dupi aspectul curbei J o h se poate presupune la un exces
de wolframat aparifia unor izopoliwolframati care par a forma un complex cu pirocatechinid cu
un raport de combinare 3 wolframat: 1 pirocatechini, Misurind extinctia unor solutii la 20°C
si la pH ~ 1,6 in domeniul in care nu se produce condensarea wolframatului, se determind con-

stanta de stabilitate ' = 18,1 -1 0,7 a complexului 1 :1, precum si coeficientul lui molar de extine-
tic & 36,75 1 mot-! - cin—t.
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METODNY DE DETERMINARE A o RATHNSIUNIT HIDROGGENULU
S A ONICENULUTD DIXN ,\L\SI'I{A\IORI DY TENSIUNE &1 CURENT

PSZENTGYORGY S, L VITYS TARE

Introdueere. 1o prodoceren hidrogenulud prin electrolizd s-o it necesitatea
de a controla sopratessivniie de degajare a gazelor chiar in timpul functionarn
unui electroll tip pild de u>m.)1»‘[:e inversatd. Constructia acestor electroli-
zoare este atit de compactd nclt nu permite introducerea unui clectrod de refe-
rin{d fn interiornl celuled. Nuw este posibili nici misurerca petentialulul de zero
necesar pentru caleularea suyratensiunii, Pe de altd parte, intr-un montaj obisnuit
pentru misurarea supratensiunii de degajare a gazelor nu se pot repr mldco con-
ditiile hidrodinamice ¢xistente intr-o celuid reald de clectrolizd 1--3 1

Marimile caracteristice ce se pet determina ta un clectrotizor real <int tensin-
nea concctati fa bornele electrolizorulnt <1 intensitatea curontului, Supratata «

rezistenta electricd a clectrozilor. precum =1 rezistenta
1. . z PRV . . f Ty e ¢
e ohmicd intre coi dei clectrezd, e pot determinag la inceputu!
| sila siivsitul procesulul de electiolizg lutrucit midsuriton
Je supratensiune prin metoda clasicd o osint poesibile fa vy
3. clectrolizor tip pild de combustie Invaersatd, ne-ani propus
= elaborfin o roctodi pentru detenmivarea acestor supra
s | tensiund div masuritori de tensivre s In accasta
-t hucrare prezentim metoda 1 s1 oo comparim cu oy
5 clasicd.

: , E Brtatadia experiment <iomedul de Juerv. Instalatio utilizata in
| 4 cadrul ceented luorird este selifatd in fig. 1. Fa a fost asticl construitd
! . el s periti gatori wtit dupd netoda clasied, cit si dupd netoda
1 proprsd de noi: wea luerat potentiostatic, masnrind in acelagi timp s

T ’ tersiviiea Ia bornele electrolizorului,
i 10 Jusieloiis e Pensinnen O conectatdt intre electradul de tueru si electredul auxilios

Finie leld weoserie intelul nrndtor

tru; 2. Mxh\ y
trouis
terni
3. Ido

7 T TR SR i (¢ i

I ocare: U0 -~ tensiunca aplicatd, volti

4 de refe

L ) . iy - tensiunca teoreticd de descompuncre a apef, volti
4o Capilard Luggin: 3. 15 . c X
7. - supratensiunea anodicd, volti
fectrodut de tueru, cu su- ) : Lodied  voltd
prafati e 3 o . \_ It e - supratensiunea catodicd, voiti
i K 3. Velt- ¢ . PN . 5
metru electron il L - rezistenta electricit intre clectrodul de lucru si electrodul
il i b P .
auxiliar, ohmi
eutru saturarea so 1101 )
! @ e tein u I — curentul de electrolizii, amperi
cu gaz ;& Ilectrod cux 8

Denumind tensinune corectati U, diferenta definitd de relatia:

Har de nichel com

cu suprafatd de 80 cm?; U

9. BSolutin de hidroxid

de sodin; 10. Vasul de devine posibild caracterizarea clectrolizorului priutr-o wmiérime ce nu de-
reactie termostatat. pinde de constructia instalatiei.

= U — IR = i ~i‘ Ta 4‘ Tic {i'!

¢

* Tustitutul de tehnologie izotopicd si moleculard, Cluj-Napoca.
# Univ. ,, Babes-Bolvei”, Tac. de tehmologic chimicd, student.
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Dacd se aleve, un electrod de compuratic fatd de core se raporteazd polarizarea tuturor elec-
trozitor de studiat si electrodul auxiliar se mentine tot timpul neschimbat 1 in acelast iimp. coavenird
el electradul de studiat este catod, s poate serie:

i

PHUXilin VY vomnparatic

e amparatic K&
(pentru clectrodul de comparaticy, si
"‘\, iy g auxiling “ [

(pentrn clectredul de studiut

wparatie «f electrodul auviliar
arecare 3ioacelasi electrod axiiiag

tensiunea cclulel forma Ain clectrodul de o
tensinnea coluled Kur‘mm Gintr-un clectrord

T supratensiviien de degejare o hidrogenulut pe celectrodnl de studiat
(7., auxitior supratensinnea de devidare @ oxigennlni pooelectrodul auxilior
Diferenta color doud relediil este toomai renfe suproaonsiunil de degojore o bidre cennlud
AT L (l L\gmnpn.’;:{;q oo R comtariiie, TS —\’Q o)

Relatia (30 ne da posibilitatea caracterizirii unor clectrozi din punet de vedere clectrocatalitice,
fatd de un clectrod ales drept comparntie.
Dupa metoda clason, supratensiunca se caleuleazd prin diferenfa potentialului electroduind de
Jueru la diferiti curen)i de clectrolizd #i potentialul de zero al aceluiasi electrod. Supratensiuuca
astiel calenlatd este legata de densitotea de curent prin reletia tal Tafel:

T, z- €. o bbleg (<)
£o sotentinhul cloctrodulul de studiat, volti
¢ ;
S notentialul de zers ol (10(trmlulm de studiat, veltd
po== AN densitaten o cnrend, amperi, om?
S suprafota clecirednind Je luern, cm?
@ sid constantcle Jdin relotiz fui Tafel

Folosind relajiile de mai sus si daicie cuperintentale obtinute, se pot calcula si trasa, cun aju-
: 3 g I ALY t , 5
torul unutl caleulator, urmdtooarcie curbe pe aeecasi diagrami

1 — Curba tensiunil aplicnte (7 in functie de densitatea de curent 7 (caracterizeazd clectrolia
zorul in mod globals

2 — Curba tensiunii corcetute ¢ in funetie de densitaten de curent ¢ (caracterizeazidl electro-
lizorul din punct de vedere clectrocatalitic)

3 — Dreapta co coresprande tensiunii teoretice de descoripunere a apei
4 — wupratensivnen de degajare o gazuiul in fanetie de densitaten de curent
5 — Relatia Tui Tafel (relatia 6.

Se mentioneazd ¢d in experienfela nonstre drept clectrod de comparatie s-a outilizat o foita
de platind de acceasi suprafatd ca suprafuia ceometricd o dedivezilor de studiat.

Rezultate experimentale. In {ip. 2 si 3 e yrezintd diagramcle alcituite
pentru o experienti de polarizare catodici. Pentru a compara electrodul de
platind (electrod de comparatic) cu cel de nichel, se determind din curba 4 1o o
valoare datd a densitafil de curent, de cxemplu la 20 mA/em?, supratensiunea
de dcgajare a hidrogenuhud, atit pe platin& cit s pe nichel (domeniud A), apoi din
curba Z 1 3 suma supratensiunii de ucm]dzu a hidrogenului pe clectrodul de lu-
cru s clutrodul auxiliar (domunul 3). Facind apxo\mu‘rm ¢l valoarea supra-
tensiunii de degajare a oxigenulul pe clectrodul auxiliar, care din cauza suprafctet
mari a clectrodului variaza foarte putin in functic de curentul de du‘mm/\.,
este cea corespunzitoare unei densitati de curent de 20 mA/cm?, prin scidere
se poate determina valoarea supratensiunil de degajare a omgeuulm pe electro-
dul auxiliar.
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Tig. 3. Diagrama polavizarii catodice a electrodului de ni-
chel. 1. Curba tensiunii celulei; 2. Curba tensiunii corec-
tate; 3. Dreapta tensiunii teoretice de decompunere a apei;
4. Supratensiunea de degajare a hidrogenului; 5. Repre-
zentarea Tafel.
dul de lueru. Invers, fig. 5 indicd 0,35 V

electrodul auxiliar de nichel, si

In tabelul 1 se dau datele experimentale

S¢

masoard direct 0,38 V

E. TAR

In fig. 4 se prezinta di-
ferenga tensiunii celulelor de
clectroliza  corespunziatoare,
precum si diferenta supraten-
siunilor de degajare a hidro-
genului pe electrodul de ni-
chel s platind (relatia 5).

Figurile 5, 6 si 7 cores-
pund unor experiente pri-
\md determinarea supraten-
siunii de degajare a oxigenu-
lut pe electrodul de platind
st nichel.

O posibilitate pentru ve-
rificarca metodei de masurare
ne olerii compararea supra-
tensiunii de degajare a gazu-
lui pe electrodul auxiliar, care
in limita erorilor de méasurare
nu depinde de natura clectro-
dului dc studiat. Intr-adevar,
sc constatd ¢d supratensiunea
de degajare a  hidrogenulut
pe clectrodul auxiliar de ni-
chel este 0,36 V (fig. 2 si 3),
iar a oxigenului 0,26 V (fig. 5
si 6). Paralelismul diferentet
supratensiunilor de degajare
a gazelor pe cel doi electrozi

sl tensiunea celulei sint de
asemenea verificate {fig. 4
si 7).

Fixista corespondentd st
intre supratensiunca gazulut
calculatd pe clectrodul auxi-
liar $1 cea masuratd direct pe
clectrodul de nichel : din dia-
grama din tig. 2 se determini
0,26 " pentru supratensiunca
oxigenului pe electrodul au-
xiliar de nichel si se masoara
din fig. 6 0,20 V pe electro-

supratensiune pentru hidrogen pe

(fig. 2).

misurate si calculate conform
metodei de mai sus, pentru trei concentratii ale electrolitului.

Facind suma supra-

tensiunilor obtinute din masuratori de potul‘,flal st comparind accasta valoare
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Fig 7. Diferenia supratensiunilor de degajare a oxigenu-
litt pe electrozi de platind si wnichel! diferenta de tensiune
a celulelor de electrolicd.
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Talel 4
Supratensiunea hidrogenului si a oxigenului la 20 mA‘em® pe plating gi nichel
Din maéasuritori de potential ‘ Din curbele T (i
[ Suma supratensiunilor
Concentratia Llectrodul N . ) ) R
solutiei 9, . V Y\ Polarizare Polarizare
| - catodicd anodica
i : S \
! ! i
5 Pt L 0,28 0.74 1,02 0,54 1,04
Ni 0,43 0.18 0.61 0,64 0,52
| :
10 rt 0,20 i 0,68 i 0,88 ! 0,46 1,06
Ni 0,38 020 0,58 0,64 0,55
15 rt | 0,22 0,70 | 0,92 0,40 1,17
Ni : 0,32 0,16 : 0,48 ! 4,60 i 0,57

cu cea determinata din curbele U(7), se constata o concordanti intre ele, cu excep-
tia experientelor corespunzitoare polarizirii catodice a clectrodului de plating.
Experientele nu ofera explicatic pentru accasta neconcordantfi.

Din cauza complexitdtii anodului de nichel scufundat intr-o =olutic de hidro-
xid alealin, in care nichelul este acoperit cu un strat de oxid de comyporzitic varia-
bild, determinarea potentialului de zero se face cu mare nesiguranta. Instabili-
tatea comyjozitici chimice a clectrodulul introduce crori sistematice necontrolabile
la miasurarca potentialului de zero, si prin accasta la caleulirea supratensiumnii

degajarc a gazclor. Desi catodul de nichel este mai simpha, totusi trebuic sa
treacd un timp destul de lung pind cind suprafata lul se stabilizeazd 4- 57
Astfel, existd si in acest caz o oarccare nesigurantd la determinarca supratensiunii
de degajarc. Reproductibilitatea mai buna a diferentel tensiunii celulet de clec-

Ctroliza U, decit a diferentel supratensiunilor la compararca a dot clectrozt diteriti,
constatata in timpul expericntelor, reflecta de asamenca {aptut ca supratensianile

¢ determina mult mai nesigur din potentialele de clectrod, deelt suma supra-
tensiunilor din masuritorl de tensiune. Din aceste motive trebuie g8 se acorde
un grad de incredere mai mare valorii sumdi supratensiunilor, decit valorilor se-
parate ale acestora.

Coneluzii. 1. Metoda propusd permite caracterizarca unui clectrolizor prin
determinarea sumei supratensiunii de degajare a gazelor din masuritort efectuate
chiar in timpul functionirii.

2. Electrodul de platind nu este recomandat ca clectiod de comparatic
pentru caracterizarea unui clectrolizor ce produce hidrogen si oxigen. In acest

scop sc recomandi electrodul de nichel um} act supus in ]mal(ﬂnl unui pwtm—
tament prin clectrolizii cu o durata de ced putin o ori.
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3. Mctoda da posibilitatea determindrii suisel supratensiunii de degajare
a hidrogenului $i a oxigenului la electrolizoare tip pila  de combustie inversata,
la care metoda clasicit nu este aplicabila.

4. Folosind tehnica descrisdt in lucrare, s¢ pot compara intre cle din punct
de vedere clectrocatalitic celule de electrolizoare diferite, precum s electrozi
diferiti.

(Intral Dioredactie la 22 iunie 1978)
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DETERMINATION OF HYDROGEN AND OXYGIN OVERVOLTAGL BASED ON CELL
VOLTAGE AND CURRENT MEASUREMINTS

(Summary)

A relative method for hydrogen and oxygen overvoltage measurements is proposed, which
is suitable for inversed fuel cell type electrolysers. These electrolvsers have such a compact construc-
tion, that there is no possibility to insert into the electrolvtic cell a reference electrode for poten-
tial measurements. Therefore the authors determine the current-voltage characteristic curves for g
standard electrolyser and for the one which is composed from the concerned electrodes. The hvdro-
gen or oxygen overvoltage is caleulated from the sum of overvoltages read on these characteristic
curves. The suggested method is compared with the classical one. Good agreement is observed.
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FORMAREA ST COMPORTAREA DERIVATILOR CUMARINICI (II)

Studiul spectrelor TR al unor derivati substituiti
ai 4-hidroxi-cumarinei

MAKKAY CLARA si MARGARETA RUSE

Intr-o lucrare anterioard [ 1! s-a descris prepararea unor derivati at 4-hidroxi-
-cumarinei de tipul:

R, R,
-  —OH ~COCH,
I1: —OCH, —COCH,
II1: —OCOCH, ~H
V. —OCH, CH,—C =N - NH-CH,
' ,
VI: —OCH, CH,—C=N -NH -C,H,(NO),
VII: - N-NH-CH, - H, CH, C-N-NH—CH,
VI —OH CH,—C - N-=NH -C,H,(NOy),
OH X
IX: —OH CHy=CSN=N=C ~?
. |
H3CO 0

In vederea obtinerii unor informatii mai precise despre structura acestor
produsi, s-a efectuat un studiu spectral in IR in regiunea cuprinsd intre 400—
4 000 cm 1, folosind pentru comparare spectrele unor compusi similari.

Studiul spectrelor de absorbtie TR din accasti serie de substante este
strins legat de determinarea pozititlor vibratiilor de valentd: vou, ve—o (lac-
tonic si cetonic), ve ¢ 31 vyp, respectiv ve v (in cazul fenilhidrazonelor st dini-
tro-fenithidrazonelor).

Rezultatele obtinute pe baza spectrelor IR sint cuprinse in tabelul 1.



Freevenie caracteristice ale compusiler 1-1X

Tabel 1

Nr. : ~ UNOZ e e OO = O «__¢
sub- [sc—H| sc—0m | SO0 | dm s | w0CH, | vc—0 | 2T | o0 | vC=0 ) vC=0 N1 | vOH enolic
. lactonic . . st C= N ester lactonic |carbonilic
stanfei asimetric.
1. 7601 ] 1050 m | 1215 fi - 1620 m — 1730 1 — - 2500 - 3000
lata
11. 770 i - 1120dub- — 1120 m | 1150 s 1610 i - 1715 fi 1685 fi — -
1240 let
111, 785 i — 1215 fi - 1185 i 1610 n | 1785 i 1735 i - -
' dublet
IV, 7701 - 1210 i - 1180 m | 1620 m 1750 i —
V. 765 i — 1210 s — 1150 m 1180 m 1620 1 1745 fi - 3310 m —
VI. 760 m — 1120 m | 1310 i 1600 m | 1140 m | 1600 m - 1700 i - 3325 m -
1520 m | 1620 i
VII 760 i — 1270 m - - 1150 m | 1620 i - 1700 i - 3250 i -
VIII. | 770 i] 1050 m | 1210 s 1310 i - 1620 i 1710 i - 3290 m | 24002800
1520 m lata
IX. 770 i| 1050 m | 1210 m — — — 1620 i - 1720 i — - 23002800
lata

Indicatii: fi == foarte intens

i
m
s

= intens
== mediu
= slab

(10 IDINIMIVINADINONAIA-Y 1LV AI¥IC
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I cazul produsulul I ar exista posibilitatea unet tautomerii ceto-cnolice,
respectiy cumarin-cromonice I—ta 2

o (

A Sl o
oy TspcocHy C\/ A-CM iy
l I I “ \.,;
PPN

i la

Din speetrul IR reiese ¢d echilibrul este mult deplasat spre forma cnolicd.
Substanta 1 prezintda vibratia de valentd a grupet O sub forma unci benzi
late intre 2 300--3000 cm™ !, caracteristicd formel cnolice asociate, si lipsesc
benzile caracteristice formet cromonice. Se constati de asemenea lipsa vibratiilor
de valentd ve .o ale grupiril carbonilice din pozitia 3, din cauza implicirii acesteia
in legituri de hidrogen chelatice (Ib):

e \C;)
v}\ J
Ib

Chelatizarea : —OH ... O==C impiedicd probabil tautomerizarea. P’rin tratarea
substantel [ cu diazonietan sce obtine derivatul 4-metoxi I, in spectrul ciruia
lip\*c%tc banda caracteristica vibratiei de valentd veoy intre 2 300—3 000 ¢m .
Apare in schimb o bandd intensd la 1635 em * atribuitd carbonilului cetonie
exociclic, datoritd disparitiet chelatizarit din produsul 1 b,

Urmdarind frecventa benzil ve .o lactonice, se constati ¢i aceasta variazi
intre limite relativ largi: 1700 si 1750 em™!, in functie de substituentit din
pozitiile 4 51 3 "2, 31 ¢it i de gradul de conjugare al grupet C-=0O lactonice cu
dubla legaturd de la C,. Astlel, in cazul derivatilor I, III, IV unde este posibild
o suprinmire a conjugarii normale, se observd o crestere a valorilor vep lactonice
(1735 1750 ¢m 7). Presupunem ¢d sustragerca legiturii duble A® din conjugare
cu functiunea lactonicd se datoreste — in cazul substantel I — lmplicarii acesteia
in conjugare cu ciclul format datoritd chelatizirii; iar in cazul derivatului IV,
formirii heterociclulut  izoxazolic

o—N
!Cl
-
o \CH]
0 0
v
In d-acetoxi-cumarina 11l - asemdndtor unui ester vinilic — cresterca valoril

freeventel grupdrilor C=0 (lactonicd si estericd) se atribuie conjugirii, care
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favorizeazd scructura IIT a st efectulul — T al oxigenutul fatd de legitura C=C:
4,5, 6
- D
(+0~C_ ~
ATt
@ e
PPN
) .
NG N
la

La derivatul fenilhidrazonel Vose observit o crestere a valoril freeventel ve .o
(1745 cm™) fatd de derivatii VI-—IX {1720 -1700 cm 1), Faptul se poate explica
admitind existenta unel conjugari extinse intre A% si catena laterald In pozitia
3 a moleculel V, care suprimi intr-o oarecare misurd caracterul nesaturat al
grupel lactonice. Datoritd substituentilor voluminosi din derivatii VI—IX,
moleculele nematfiind coplanare, ca in cazul moleculei V, — fapt dovedit cu
modele de calota —, conjugarca cste Impiedicatd st caracterul nesaturat al lacto-
net este accentuat.

Partea experimentald. Spectrele in IR au fost inregistrate en un spectrofotometru UR—20
[Karl Zeiss Jena) in KBr. S-au inregistrat spectrele IR ale urmitoarelor substante: 3-acetil-4-hi-
droxi-cumarina (1), 3-acetil-4-metoxi-cumarina (II), 4-acetoxi-cumarina (III), 3-metil-izoxazolo-
4 5¢i-cnmarina (1V), fenilhidrazona 4-metoxi-3-cumaril-metil-cetonei (V), 2,4-dinitro-fenilhidrazona
4-metoxi-3-cumaril-metil-cetonei (VI), bis-fenilhidrazona 4-oxo-13H]-3-cumaril-metil-cetonei (VIID),
2 4-dinitro-fenilhidrazona  4-hidroxi-8-cumaril-metil-cetonei  (VIII),  bis-(4-hidroxi-3-cumaril-metil)-
cetazina (IN).

(Intrat in redactic 1a 19 septembrie 1978}
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FORMATION AND BEHAVIOUR OF CUMARIN DERIVATIVES (II)
110 Spectral study of seme substituted 2-hydroxy-cuwmarins

(Summary

An IR absorption spectral study of 3-substituted 4-hvdroxy-cumarins was carried out.

From the data of IR spectra the structures of compounds I—VIII were established; com-
pounds I and VIla appear as an eunolic chelat.
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THE KINETICS OF THE OXIDATION OF ASCORBIC ACID BY
CHROMATE

JOAN BALDEA and LILIANA MUNTEANU

Introduetion. There is a great interest in the use of ascorbic acid in medi-
cine, and as reducing agent in analytical chemistry. The product of oxidation
is dehvdroascorbic acid with almost all oxidizing agents 1—4 . The kinctics
of many reactions of this kind has not vet been studied. From the known mecha-
nisms, one can find out that mono- and bi-equivalent processes are involved,
producing free radicals as intermediates [1, 2, 537, or directly dehvdroascorbic
acid 3, 4.

When chromate is used as oxidizing agent, intermediate oxidation states
as Cr¥ and Cr!V play a role in the process, depending on the nature of reducing
substrate 6—11",

The reducing character of ascorbic acid or ascorbate ion is due to the
presence of a double bond and two adjacent hydroxyl groups. It seems to
be of interest to investigate the kinetics of the reaction between chromate and
ascorbic acid in order to compare it with the oxidation of alcohols 16, 9—11
or polvols [12] by chromate.

This publication reports a study of the oxidation of the ascorbic acid with
chromate in slightlv acid solution, where the process is not too rapid to be
measured.

Experimental. Analytical grade chemicals were used in the study, without further purifica-
tion. Solutions were prepared in twice distilled water. A stock solution of chromate was prepared
for each investigated pH, and fresh solutions of ascorbic acid were prepared hefore each set of runs.
To avoid oxidation by dissolved air oxygen, natural purified methane gas was bubbled through

the buffer solution before adding ascorbic acid. Buffer solutions were prepared from Na,HI'O,
and citric acid. There was no spectral evidence for the reduction of chromate by citric acid in
the investigated pH range.

The progress of the reaction was followed spectrophotometrically at 392 nm, where an isos-
bestic point was found on the spectra of CrVl at various pH values used in the study. The reac-
tion was performed in the cell, surrounded by a temperature jacket. The process was started by
injecting 1 ml of chromate solution, free of oxygen, by means of a thermostated syringe described
previously [13], over 4 ml ascorbic acid solution. The bubbling of methane gas into the cell was
maintained during the measurement. Kinetic curves containing %, of transnitted light intensity
versus time were recorded and converted into absorbance — time curves.

Results. Reaction stoichiometry was determined by titration of the ascorbic
acid before and after the redox process, by using Cu(ClO,), in the presence of
SCN™ ions and of Fe?+/Fe3+ system as indicator [14]. The ascorbic acid was
in the same excess as in the kinetic measurements. Ratios HA :Cr¥! between
1.55 and 1.6 were obtained without deaering the solutions, indicating an oxida-
tion to dehyvdroascorbic acid.

Kinetics. Kinetic measurements have been carried out by using a large
excess of ascorbic acid, ensuring both the oxidation to dehydroascorbic acid
and the first-order conditions.
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All data {it nicely to the linear cquation

kobs
log{Ad — A4_)=1log (Ady— A_) — —>3 1 m
g ) = 1og | «) T Sa03
where 4 denotes absorbance and indices refer to zero and final time. The slopes
of the graphs give the pscudo-first-order rate constants k. Figure 1 illustrates
a typical example, showing a good linearity over more than 909, of reaction.
Data for various experimental conditions are presented in Table 1.

The results of studies to determine the order with respect to the organic
substrate are shown in figure 2, where a lincar dependence of the first-order
rate constants versus the ascorbic acid concentration has been found. It is
apparent from the figures 1 and 2 that the reaction is first-order with respect
to both chromate and ascorbic acid, and the following rate law may be writ-
ten:

d [CrV1] T -
— ———— == £, [CrVT THA {2)
dt

where Cr'? refers to the actual global CrY? concentration, recorded during
the run, and HA™ i to the analytical concentration of ascorbic acid. Under the
present acidity conditions, the ascorbic acid exists predominantly as mono-ioni-
sated species HA™ 715, Second-order rate constants k, were obtained either
from the slopes of lines «imilar to those in figure 2, or by dividing kas by the
excess ascorbic acid concentration.

The values of the sccond-order rate constant are dependent on the acidity
in a manner presented in figure 3. A fractional order with respect to the aci-

kobs

,smo\o o5k
"é .
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)
<
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ig 06:
|

™

2 N
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26 S 1 Ne 05 70

|
15 20

]
L
2 6 8 10
¥ig 1. First-order dependence on Cr¥! iy 2. Dependence of the firsjc-mder
concentration. eVl s g 10, rate constans on the ascorbic acid con-
[H,A7] == 9. 24 x 10~% pH = 5.8 and centration at constant acidity.

T == 298 K



Table 1

Variation of %, (see ™) with aseorbie acid and hydrogen-ion coneentration at difierent temperatures

15°¢ 25¢ 357C
])TI - N i ~ 4 i T - N }
102 (H,d ] Bobys 108 H, 41 g obs W H, ]| Fobs
6.6 0.756 0.040(2) 1.27 0.134(3) 1.25 0.221
1.01 0.0331 1.56 0.164(4) 0.228(2)
0.0539 2.34 0.240(2) 2.50 0.450(3)
0.0335 250 0.256
0.246
§ 0.249 ;
6.4 0.854 0.067(2) 0.764 0.117(2) L0497 0.1213)
0.071 0.124 | 0.110
1.71 0.185(2) 1 0830 0113 S 08534 0.217(2)
0.137 0.124 ; [ 0214
0.129 5
1.529 0.238 ‘ .
0.223 :
0.212
171 0.264(2)
6.2 0.82 0.110 L0 a 0.083(3) Po0s812 ] 0302
0.098 | 0.82 ! 0.140 ; L0290
0.097 ; | 0.130 | 1.22 | 0.483(3
1.64 0.168(21 1 0.81 i 0.742(2) |
0.163(2) L 01303 §
1.23 ' 0.225,3) '
1o omessy
1.64 0.280(2;
.281
0.6 0.556 0.092(2) | 0388 1 011003 © 0375 | 0.163
L 0.086(2) 0.46 ; 0.120(2) 0.157
1.11 0.137 0.122(2) L 045 0.173(2)
0.180 0.667 0.185(3) 0.161
0.149 0.776 0.212(2) L0 0345
| L0920 1.240(3) , P0.356(2)
! 1.33 ! 0.380(2) 1.36 i 0370
| 1.38 i 0.380(2) {0,580
. ! 0.370 ‘»
! 1.84 4.430 i
L0470 .
2.00 L 056002 |
5.8 093+ | 0173 0.386 0.120¢2) 0431 1.250(2)
L0732 0.462 01423 0.862 0.461(2)
1.40 0.276(2) 0.772 0.238(+4;
7 0.370(3; | 0.924 0.280(5
0.934 0.301(3)
1.36 (. 4002,
1.40 0.435(2)
0,460
5.6 1.8 0.454 I 0.383 0.145(2) 0.90 ‘1 0.575(3)
0.491(3) 0.396 0.151(3) 1.80 lL15602)
2.69 0.690(2) 0.40 0.160(2) |
0.714 0.538 0.190(2)
1.769 ; .201
1766 | 1.299(2)
0.796 0.300(2)
1.08 0.405(2)
1.19 0.435(3) ;

Yigures in parantheses indicate the number of experiments wiving the <ame firs-order rute constant.
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dity of about 0.7 has becn found (rom 1 plot log £, versus (—pHj. This behaviour
may be described by an expression of the tyvpe:

KT .
Joy - AL (3)
14 k[ H-

Taking into account all the effects, the overall rate law 1z

1erve CPEL S er .
e F L CrYTUHA (4)
A RS S (RS

In order to obtain both £ and 47, cquation (3) may be rearranged in the linear
Eovpragy e -
PO

H- 1 kR .
S L - (4a)
fy i’ R B
i k" 1
S . S +4b
ky B RTH: ( )

Rate constants obtained over the range Ht | = (0.25 — 2.24) x 107% gave a
sood it to equation (4a) as shown in figure 4. k" and k' values were caleulated
from the intercepts and the gradients of the lines and listed in Tabl > 2

From the temperature dependence, log (£'/7T) against ( ) he following

values of the activation parameters have bccn derived: AH? == 11.7 +4- 2.7 keal
and AS* = 15 4 4 cal.l K *-mole
R T
»'(; rATgeC
[ ’
|

: ?
b i 1O
I i i ! L ] ! I
05 10 15 20 05 10 20
Iig. 3. Dependeuce of the second-order rate Fig. 4. Dependence of Hu1/k, on “HT}

constants on the acidity.
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Table 2 Our attempts to prove the involvment
Values of &' (M~2 sec=7) and 7 (m-1)  ©f free radicals in the mechanism were un-
determined from equation (4a) certain. The use of the chromate — ascorbic
‘ acid system to initiate polymerization of ethvl
Temp ¢ | 107 & } jo-¢ « p»  acryvlate did not produce rising of tempera-
ture more than 0.3 — 0.5 °C [16]. Although
15 | o303 | 44105 these increments arc quite small, this can-
s | 4.97;0.9 t 86 04 not rule Qut the involvment of such species
j 5 1 the mechanism.
35 | 100 2.0 | 11020

Discussion. Under the investigated expe-
rimental conditions chromium (VI) is it the
form of HCrO} and CrOf~ (17 as resulted also from the recorded spectra.

The oxidation of alcohols [6a, 18] or other organic or inorganic substrates
6a, 7, 19] proceeds via the formation of a compound of dichromate or “este-
ric” type:

R—OH + HCrOy = R-—-0—Cr0; + H,O (5)

When glveols are oxidized, a cvelic condensation intermediate 1127 could be
formed

C-0.
Cro,
C-0"

The ascorbic acid is oxidized to its double bond or to the two enol groups. It
seems to be reasonable to assume the formation of a condensation intermediate
of the esteric type:

H+
HA + HC1O; = HACrO; + H,0 (6)

The spectral evidence for the formation of such a species is difficult to obtain,
because the absorption maxima are located around 350 nm for all R—0—CtOs
compounds {187, and the redox reaction is relatively rapid. )
The formation of the ester is acid-dependent [Ga, 7, 201 explaining the
intervention of one proton. It could be detailed as:
H+ 4 HCrOy = H,0CrOQ,
C—OH C--OH
| + H,0C10; = H,0 +

|
!
C—0— C—0—Cr0y

i

'
{
t

{7)

where only the active part of the ascorbic acid molecule is presented. The ester
can undergoes an intramolecular electron transfer forming either CrV, in an one-
equivalent process, or Cr'V in a bi-equivalent process. If one-equivalent reduction



OXIDATION OF ASCORBIC ACID 29

is involved, it would vield to CrV and free radicals and requires a first-order
dependence on H+*. On the other hand, the ester may be converted into a cyclic
intermediate prior to the electron transfer. The cyclization would require a se-
cond-order dependence on H+, which has not been observed (sec fig. 3). An
alternative pathway for the rate-determining step would involve a base-assis-
ted bi-equivalent clectron transfer 21! which could be detaited as:

C—-0—H 4+ 0OH (=0 +H,0
— | (8)
C—0—CrOy C=0 Cro3-

Further, Cr', a labile species, may react fast with a second HA™ ifon via a
complex, to vield Cr''t and HA® The free radical reduces any oxidant species
in solution to form the final product, dehvdroascorbic acid. This approach
secms particularly appropriate because it requires a —1 order with respect
to H+ and consequently diminishes the global order with respect to the acidity,
and a low concentration of free radicals. On the basis of the above discussion
and the equilibria considered, the reaction seems likely to proceed via the follo-
wing mechanism :

HCrOy & H+ + CrOf - K,
HOCrO; + H+ = H,0CrO, K,
HA - -+ H,0CrO, = HACrO; -+ H,O K, (9)
HACrO; -+~ OH " — DHA -+ Crv k
Cr'¥ 4+ HA™ - HA® 4 ¢t fast
HA® 4 Cr'V 5 DHA - Crilt fast
})HA stands for dechyvdroascorbic acid. From this mechanism the rate law
s
— LU R[HACHO; |[OH -] = U HACO (10)
df ) [H+]

Taking into account the material halance of chromium
(CrVtl, s THCrO4 ] 4 [CrOf] - THACrO 1 4= TCrt) (11)
and the equilibria, the concentration of the esteric species is:
IV 00, [T I HA- 1[GV

THACrO7 | == (12)
: K, + TH') 4 KK, H+¥ HA- ]

and by substituting it in (10), the second-order rate constant of (2) is obtained
as:

KNy N,K, H
/1,‘ — k - Wiy J
Ky v H | o KK GH- 2 HA -

(13)
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[y
<o

K, N, may be considered as having a value comparable with the formation constant
for chromic esters of aleohols 18+ Therefore, the term NN H* 2 HA T could
be neglected as compared to A, — H=* . Consequently,

& 1 . . { \

- Ny KK, Ny WO, TH-
By p M Tems 00 g DI D — (14
: 1 Nyt H o

Ay H N, vy

This 15 o the form (3) having A"« A Ky KoK Kitand 27 = Kyt Thus, this me-
chanism leads to the experimental rate law and stoichiometry. On the other hand,
from the data obtained, a value of K, of (11.6 = 0.5) » 107 M at 25°C has
been caleulated, i good agreement with the vatue of 9.62 » 1007 M determined
quite recently by Scehwarzembach and Meier 220 This agreement
might be considered as an evidence of the above suggested mechanism.

{Recetved Janmwary 2f, 1079
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31
CINETICA ONIDARIT ACIDULUI ASCORBIC €U CROMAT

(Rezumat)
Reactia dintre

acidul ascorbic si cromat, en formarea acidului dehidroascorbic i Cr(IlI),
a fost studiati spectrofotometric in domeniul de pH intre 5,6 si 6,6 la temperaturile de 15,25
si 35°C.
S-a determinat legea de vitezi
dICH VT kOH T HA OV
dt 1+ k7 H
unde H.1—

reprezinti acidul ascorbic disociat. Valorile constantelor la 25°C sint: &’ (4,9 =
4 0,9) < 107 M2 sec? si &7 = (8,6 21 0,4) > 10° M-

Parametri de activare pentru domeniul de temperaturit investigat au valorile AH® = 117 +
-+ 2,7 keal si AST = 15 - 4 cal - mol~'K-1. S-a propus un mecanism care si explice stoechiometria
cinetica reactici i alte date.
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KOMPLEXVERBINDUNGEN DER URANYLSALZE MIT ORGANISCHEN
ANIONEN UND DIAMINODIPHENYLEN

GERHARD SCHMIDT. GERTRUDE MULLER und CHRISTA SCHORSTEN

Untersuchungen tber Komplexverbindungen mit Diaminodiphenylen als
Ligand, wurden zum ersten Mal von G h. Spacu und Mitarbeiter 1, 2, 3]
durchgefithrt. Diese wurden spiter von C. Macarovici und Mitarbeiter
4] erweitert. Im Rahmen dieser Untersuchungen wurde eine grofe Anzahl
Komplexverbindungen svnthetisiert, wobei von verschiedenen Salzen und
Diaminodiphenylen (insbesondere Benzidin) ausgegangen wurde. Komplexe dieser
Klasse mit Uranylsalzen sind nur wenig bekannt. C. Macarovici und G. Schmidt
stellten 1962 folgende zwel komplexe Uranylverbindungen her: [5]

BzdH,  UOL(CH,CO0), ,,  BzdH, TUO,(CICH,COOH), 1,

wobel Bzd das Benzidin svmbolisiert.

In vorliegender Mitteilung wird iitber weitere Komplexverbinduugen dex
Uranvlsalze mit organischen Anionen und Benzidin bzw. 2,2°-Diaminodiphenyl,
berichtet. Die bis jetzt von uns erhaltenen Verbindungen erginzen die vor Jahren
begonnene Serie; sie kounen in folgende Typen zusammengefaBt werden:

I [Amin H}{UO,(Anion),;
IT Amin H, [[UO.{(Anion), ],
IIT {Amin H,][UO,(Anion), |
IV [Amin [TUO, (Anion), Na=1;2 yv=3,7

Tabelle 1 enthillt die von uns hergestellten Verbindungeu.

Iiese Verbindungen kounen erhalten werden, wenn Uranylearbonat oder
komplexes Uranylcarbonat mit einem Uberschuf der betreffenden Sidure und
Wasser versetzt wird und die so erhalteneUranylsalzlosung mit einer alkoholischen
Benadinlosung vermengt wird. Es kann aber auch so verfahren werden, indem
zuerst das betreffende Uranylsalz hergestellt und isoliert wird, und dann die Losung
dieses Salzes mit einer Aminlosung zusammengebracht wird. Dabei entstchen
gewohnlich gelbe Kristalle, die durch Filtration von der Losung getrennt werden.
Die Analysendaten sind in Tabelle 1 zusammengefapt.

Mit Hilfe von IR-Spektren versuchten wir ecinige Strukturfragen dieser
Verbindungen zu kliren. Tabelle 2 enthilt einige charakteristische Frequenzen
der untersuchten Verbindungen.

Alle untersuchten Komplexverbindungen weisen bei 925 em™! die Uranyl-
bande auf. Ebenso zeigen die Spektren bei 1380 bzw. 15340 em 1 die symmetrische
und asyvmmetrische Strecksch\\mguug der Carboxylatgruppe.

Um Schliisse beziyglich der Bindungen der Aminogruppen im Molekil zichen
zu konnen, untersuchten wir auch dic Frequenzen im Bereiche 3600 —2800 cm 1.
Dabei stellten wir fest, dap im Falle der Verbindungen vom Typ IT und IIT,
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Tabelle 1

Verbindung

Reaktionsbedingungen.

Analvsen

\r. (Ber. Molekulargewicht) Es werden vermischt: Yarbe und Form Ber. i Gef.
1. "Bzd [UO,(HCOO), 1, 0,76 g UO,(HCOO), - H;0 0,737 g Bzd in 10| Gelbes Pulver U 56,487, | 56,349,
(1264,56) in 25 ml Methanol ml Methanol N 2,219 2,319
2. [BzdH, | TUOL(CH,COO); ], 1 g UO,{CH,CO0), - 2H,0 | 0,6 g Bzd — Ace-| Gelbe Kristalle U 44,089, | 44,209,
(1080) in 10 ml CH,COOH und tat in 10 ml CH, N 2,599, | 2589,
15 ml H,O COOH und 10 mi
H,0
3 [BzdH, | UO,(CICH,CO0),}, | 0.4 ¢ komplexes Uranylcar- | 0,2 ¢ Bzd in § g Hellgelbe U 36,999, | 36,68°%,
(1286.9) bhonat in § g CICH,COOH CICH,COOH und 5| Nadeln N 2,179 2,26°,
und 5 ml Athanol ml Athanol Cl 16,537, | 16,46,
1 | TB7dH] U0,(CH,CH,C00),] | 0.4 g komplexes Uranylcar- | 0.4 ¢ Bzd in 5 ml | Gelbe Nadeln U 35.299 | 35.60°,
( 674,53) bonat in 5 ml CH;CH,COOH| CH,CH,COOH N 4,149 4,299,
und 7 ml H,0 '
"3 T BzdH, ] COL(CH,CH,CO0,),| 0.9 g komplexes Uranylcar | 0,45 g Bzd in 10 ml} Gelbe Plattchen U 40,86% | 40,75%
(1164,82) bonat in 10 ml CH,CH,COOH| CH,CH,COOH N 240°% | 2389
und 10 ml H,O v
6. [BzdH, ] UOy(CHy(CH,), 0,4 g komplexes Uranylcarbo-| 0,4 g Bzd in 5 ml| Gelbe Nadeln U 38,12°, | 37,119,
CO0Y, 1, nat in 5 ml CH{CH,)COOH | CH,(CH,),COOH N 2,249, 2,300,
(1248,98) und 5 ml H,0
7T [BzdH, 1 UO(CH,(CH,), 0,4 g komplexes Uranylcarbo-| 0,4 g Bzd in 5 ml| Gelber samtartiger| U 35,72°, | 35,55%,
COO0Y, 1, nat in 5 ml CH,(CH,),COOH | CH,(CH,),COOH Niederschlag N 2,109, 2, 19‘5'0
(1332,98) und 5 ml H,0 k
T8 | [BzdH, ][ UVO,(CH(CHy) 0,8 g komplexes Uranylcarbo-| 0,8 g Bzd in 5 ml| Gelbe wachsartige | U 23,13%, | 21,709%,
CO0y, nat in 5 mt CH3(CH,)COOH | CH,(CH,),COOH | Masse N 2,720, 2,589,
(1029,12) unde 5 ml H,O und § ml H,0
9, 2,2 —DAD[UO,(HCOO) j; 0,76 ¢ UO,(HCOO),-H,0in | 0,37 g 2,2'—DAD| Hellbraunes U 69,759 | 69,829
(2389,72) 30 ml Methanol in 10 ml Methanol,} Pulver N 1,179 1,16°%,
2 Tage stehenlas-
ser
10,729 TDADH, [ CO, [ g UO,[CH,CO0),- 2H,0 | 0,4 g 2,2 DAD| Gelbe Kristalle U 44,087, | 44,129
(CHECOO), ], in 10 ml CH,COOH und 15 { in 10 ml Athanol N 2,59, 2,65°
(1080) ml Athanol
1L 2,2 —DAD: UO,(CH,CH, 1,02 g UO,(CH,CH,CO0), | 04 g 22°—DAD} Gelbe Kristalle U 39,60°, | 39,839,
C00), in 10 ml CH,CH,COOH in 10 ml Athanol N 4,669 4,679%,

(600,3)

und 15 ml Athanol

Teilweises Verdam-
pfen des Losung-
smittels,

Tater , komplexes Uranylcarbonat’ ist das Reaktionsprodukt zwischen einem Jostichen Uranylsalz und Ammoniumcearbonat
zu verstehen, Bzd = Benzidin
2,2 =DAD = 0,0" ~ Diaminodipheny!

AXTTHNONTANVYN

NATANTFHJIIAONINVIG LIW
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Nr. Verbindung TOi !
*” |
1. VOL(HCO0), H,0 930 |
2. CO,(CH,CO0),- H,0
3. Bzd [TOL(CHOO), 1,

4, [BzdH, 1 [UO,(CH,CO0), 1,

5. [BzdH] U0, {CH,CH,CO0), ] 925
6. [BzdH,1 U0, (CILCH,CO0), Y, 925

—

7. [BzdH, 1 UO,(CH,(CH,),.COO), ", , 925
8. 2,9 DAD. [UOL(HCOW) ‘ 930
9. (2,2~ DADH, ] [UQ,(CH,COO), 1, ] 960
10. 2,2~ DAD. UO,{CH,CH,CO0) O30
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Tabelle 2

Vnymc()o I \;I\'H{

Vasym COO Vasym NH vsym NH 3 N}{;
S S V1 - ; ,1!‘,
1600 | 1370 . ‘,
f ;
| e e
1550 | 1300 |
! " Breite Bunde B
x| 0 ~ reite Bande N
1954 1 1as0 3500 2800 ;
N T R o
1545 | 1357 1 83002800 | — 1 15101480 3
B | S ! Z
| |
1540|1382 82452800 | 3570 3473 | 1540,1450 =
) H :
Coasa0 | 1ams | 52802800 1540, 1480 z
- ; N -
BERERN 1383 | 3220 2800 1540,1483 g
o l Breite Bande
[560 110 3500 3000
1540 | 1375 | 32002800 | _ 1610
N i | A
1540 : 1580 i Breite Bande
1 |
: |

3500 - 3200




URANYLKONMPLENE M DI sy L e

beide  Aminogruppen  des  Diaminodiphenyiomolekiils in Fornn von —NHj
Tonen voritiegen. Dicses dufert sich durch Auftreten im Bereiche 3300 —2800 em 1,
ciner breiten .\bsorxvt.onmmudc mit mchrerou Maxima. Dicse Iwrdc weist also
auf das Vorhandensein eines [ Amin H, 2+ Tons hin, und folghch =oielt in diesen
Verbindungen das Benzidin — bz, das 2,2/ Diaminodiph (11\1 molekil die Rolle
cines  komplexen Kations.

Im IR-spektrum der Verbindungen vom Typ I, freten ueben der chi-
rakteristischien — NI Bande (3300 —2860 cm 1), dic asvimmcetrischie (3570 ¢m 1)

und symimetrische (3473 o ) Strecksehwingungsbonden der {refen Aminogrunpe
aul.

schrichen wurden, <ind somit it den IR-Untersuchungen 1o

Fs soll noch erwihnt werden, daf im Falle der 10 Wasser
ren Fettsduren, -vor allem bet der Capronsiure-, die gesamte U
sich in der siurescln

Dic Formeln die diesen Verbindungen anf Grund der

pidosiichen holie-

raniumnenge
ht ansammelt, Durch Zugabe ciner Benzidiniosung kann
danu leicht dos Komplexsalz in Form ciner seifenartigen uniostichen Substanz
geldllt und von der w \1»(11" 1 Schicht octrennt werden, Pieses Verhalten kénnte
eventuell bei der Fatraktion kleiner Mengen Uranvisalze aus wilsserigen Losun-
ven, pruktische Bedevtung gewinnen.

Was die Verbindung Bzd UOHCOO!, ;’111‘::’;11‘ gt. <o nchmen wir far
dicse cine trnukleare Struktur an, in der <’w

I ranviionen zu cinem dreikernt-
gen Katton zusanunentreten. An diese Kationen fagern sich beiderseitio, unter

cventucller Rettenbildung,  dic Benzidinmolekile  durch  dic Aminogruppen
an.

Fir diese struktur spricht avcel das IR-Spektrum dieser Substanz, das
im Absorptionsgebict der vNH o~ Scehwingungen eine breite sich im Bereich
34002900 cm b oorstreckende Bande, aulweist. Das Fehlen der freien Yasym
NH und veems NI Bande im Spektrum dieser Substanz, ist ein Beweis daliir,
da® beide NH.-Gruppen des Benzidins gebunden sind, Dicses aber ist nur dann
m()ghdL woni elne lineare oder cine grofe Ringstruktur vorlicgt.

Was die Verbindung  2.2-Diaminodiphenyl. TUOL(HCOO) !, anbelangt,
so muf angenommen \ur(lgn daf hicr ein cinwertiges Uranvlion vorliegt, was

Abb. 1.
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bedeutet, dap sich das Uraniumatom in einer 54 Oxidatiousstufe befindet.
Verbiniungen dieser Art sind bekannt {6] und sind in unserem Falle umso mehr
zu erwarten, als das Formiation bzw. die Ameisensiure die zur Herstellung des
Uranyliormiats verwendet wird, Reduktionseigenschaften besitzt, und daher
dic Reduktion des gewohnlichen Uranylions verursachen kann. Ubrigens ist
diese Figenschaft des Uranylformiats schon von A. M aller [7] beobachtet
und beschrieben worden.

{Fingegangen am 5 Februar 1979)
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COMBINATII COMPLEXE ALE SARURILOR DE URANIL CU ANIONI ORGANICI $I
DIAMINODIFENILI

(Rezumat)

S-au sintetizat 11 combinatii complexe noi ale sirurilor de uranil cu anioni organici si ben-
zidini, respectiv 2,2’-diaminodifenil. Pentru a putea trage unele concluzii asupra structurii pro-
babile s-au inregistrat spectrele IR ale unora dintre combinatiile sintetizate. Diaminele se gisesc
in aceste combinatii sub formi de cationi de tip oniu: [AmindH)+, [Amind H,]** cu exceptia
combinatiilor :

Bzd [UO,(HCOO), s, 2,2~ DAD[UOLHCO0)], si 22— DAD. UOQ,(CH,CH,CO0),, unde se
leagd probabil coordinativ prin atomii de azot. Pentru combinafia Bzd UO,(HCOO}, ,; se pre-
supune o structuri trinucleard a formiatului de uranil, iar pentru combinatia 2,2’ —~DAD{UQ,
(HCOO)1, un ion de uranil monovalent cu un atom de uraniu in stare de oxidare 5.
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TRANSITION METAL COMPLEXES OF SOME DERIVATIVES OF THE
AMIDOTHIOPHOSPHONIC ACID

JANOS ZSAKO und 10AN FENESAN

Introduction. The derivatives of the amido-thiophosphonic acid (I) can be
expected to form chelates with transition metals, similarly to the 0,0-dialkyl
esters of dithiphosphonic acid |1, or the derivatives of the dithiophospho-
nic acid diamides 2.

In the present paper the formation of such complexes has been studied
in the case of

R \‘P/S
RN COH
!
type compounds with
R NR/

1 —C.H,, N(CH,),
2 —CH, O N
3 —~CeH; -N(C;H;),

Y TN
4 CeH, O SN

Results and diseussions. Testing of the complex formation. Aqueous solutions
of the potassium salt of the above compounds (pH x 10) have been obtained
as described in {37 The complex formation has been tested first on filter pa-
per, by means of drop reactions. This test indicated the formation of coloured
products with Fe2 s, Co?+ and Cu?t ions, UV and visible spectra of aqueous
solutions, containing the above cations and 1—4, gave no cvidence of complex
formation.

In concentrated aqueous solutions the formation of complexes can be
observed and the compounds formed can be extracted with ethylic ether. The
intensively coloured ctheral extracts are completely decoloured by larger amou-
nts of water, 1.e. the stability of the complexes is very low in aqueous solutions.

Syathesis of the complexes. In order to prepare some transition metal com-
plexes, 1T M solutions of the potassium salt of 1—4 have been mixed with
1 M solutions of FeSO, - 7H,0, CoS0O, - 7TH,O and of Cu (NO,), - 3H,0, respece-
tively., The complexes have been extracted with ether. After evaporation of
the =olvent at room temperature, crvstalline powders resulted. ‘The iron com-
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dexes are dark brown, the cobalt ones are blue and the copper u)an;:k\cs‘ are
coloured in vellow-zreen. The products have been dited with anhidvous MeS0,.

b analysis {; PoCand H hinve been determined) gave o nean hﬂ';msl.
ratio and 2 (rab. D Presunebiv, the b

el N
b hieta

teoe complex, ctheral solution. It deeompos:-

T can be casls of severa! hours,
Talle

Pigand s metad ratio fn the comipinxes stadizd

Towaned Te L i Ca
decethvlomido-cvelolhiovane-thiophosphonic actd 1.70 174 1.80
prerpholingt cvelobovane- Gosplonic weid ,hsn L7s 1.9
ciovnviamido-phensd thiophosphionic acid IR 1.87
H invi-phenvi-thinphosphonie i (s

11 s worth mentioning the behaviour of 4, uiving 1o comples with On?
anl Cut ot e mentione:d condifions.

floctiond IR spectva of e comploves. UV aad visihle soectry of 10
conplexes obtained, as comnpa ared 1o the soectrum ol the parenl conido-thio-
vhosphonic acid, e nre sented in G Db Soectra nove bees recorded Bethera
sonttions, by nneans (>i‘ a ""“u)i\k) xtn@mmr)tum“w’ \1;4*"1;‘1 x‘lwm‘
clesrhv the Tormuation f)!' comy yeves, Thev coatain nvaniv
charee transfer transition bands,

IR spectra of the complexes have a recorded T
00 23G90 i Yo by menns of an IR spectrophotometer Vi
Maodddt 100 These spectra show the =hift of the absorption

e

Pebler 2
Postition of the P s aheorbtion band In the Feo Co and Cn eomplexes o 14 27 e
| -
. | .- . i N
Ticand [ L O O A O
! i
i - S
: s : ; - . . : o T
dimethyvlamido-cvelohexane thinphosphonic acid (ESEAURE B SOl NN
i i | i i
) | [ .
morphaiinvi-eyclohexane-thiophospiionic aeid boell (85 ] G02
) o |
b b

dicthivlunido-phenyvi-thiophosphonic acid RN 628 5R7
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e LUV and visible speetra of the di-
methvlamido-cvelohevane thiophosphonic a-
cid and of it Fe, Co and Cu complexes.

Y

Figo 3 UV and visible spectra of  di-
cthviamido-phenvi-thiophosphonic  acid
and of its Feo Co and Cuocomplexes.

AMIDOTHIOPHOSPHONIC ACIDS 39

Fig 20UV and visible spectra of mor-
pholinyi-evelohexauc-thiophosphonic acid
and of its Ve, Co and Cu complexes.
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Fig. 4. UV and  visible spectra of
worpholinyl-phenyl-thiophosphonic acid
and of its e complex.

of the Pe=s bond. This band, situated at 630—648 cm ! in the free ligands
1% i shifted rowards the lower wave numbers, as given in tab. 2. This shift

1

s oinoagreemont with the structure of the complex, supposed above and expre-
|

<sedd by formula 11

Lwe suppose the stability of the complexes to he proportional to the shift

)

ol the P8 band, the above data suggest the stability to diminish in the order

evelohexane =~ phenvt and dialkylamido = morpholinvl, ic. the complexes of

the morpholinyi-phenvi-thiophosphonic acid must be the less stable. This con-

Clusion seeits to be in agreement with our unsuccess to obtain the copper and

T R TR ’
SUDGHT COMTHeXeS 01 1

ST YLY
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COMPLECSII UNOR DERIVATI Al ACIDULUI AMIDOTIOFOSFONIC CU METALL
TRANZITIONALE

(Rezumat)

S-au obtinut 10 complecsi de Fe(Il), Co(Il) si Cu(Il) prin extractie cu eter din solutii apoase
concentrate continind sarea de potasiu a compusgilor 1—4. Raportul ligand : metal este apropiat
de 2:1. Se dau spectrele in UV si vizibil ale complecsilor gi cele ale liganzilor liberi. Deplasarea

benzii caracteristice legdturii P=8, observati in IR, atesti coordinarca ligandului prin intermediul
atomului de sulf.
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REACTII REDOX LA FORMAREA FILMELOR METALICE (I}

Cinetica reducerit Au(I11) cu hidrazina

GHEORGIIE MARCU si ILEANA POP

Introducere. Filmele metalice au o importanta deosebitd pentru diferite
ramuri ale tehnicii moderne cum ar {i: microelectronica, clectronica frecventelor
inalte, automaticd, calculatoare ete. Din aceasti cauzi si interesul pentru metodele
de obtinere a lor a crescut considerabil in ultimii ani.

Fatd de metodele fizice de depunere a filmelor metalice pe diferite supor-
turi dielectrice, care necesitd instalatii costisitoare pentru realizarea vidului
inaintat, metodele chimice prezinti avantajul ¢d se pot aplica la metalizarea
suprafetelor mari, in conditii de temperaturd si presiune obisnuite.

Hidrazina s-a dovedit a i un excelent reducidtor pentru ionii diferitelor,
metale, ducind la formarea de filme inalt reflectante de aur 1§, argint |2],
rhodiu 3}, nichel 4! cte.

Partea experimentalt. Pentru determinarea vitezei de reducere a Au(IIl) cu hidrazind in
mediu de hidroxid de potasiu si etilendiamini s-a urmirit diminuarea concentratiei ionilor de aur
in functie de timp, potentiometric §i fotocolorimetric, in prezenta clorurii de staniu (II) [5]. Pro-
cesul redox s-a inghetat in insisi mediul de determinare fotocolorimetricd, Aparatura utilizatii
pentru determindri a fost: potentiometru MV 85, fotocolorimetru PIK —>, ultratermostat U 10
si vibroagitator I 1.

Solutiile au fost preparate proaspit, utilizind apa bidistilatii in care s-a barbotat in prealabil
azot pur, timp de 15 minute. Reactivii utilizati au fost de grad p.a sau chimic puri.

Viteza de reactie (“/a) s-a determinat prin metoda tangentei in punctul in care concentratia
ionilor de Au(IIl} a ajuns la jumiitate fatd de concentrafin initiald.

Rezultate si diseutii. Reactia de reducere a Au(III), in mod similar cu
reactia de reducere a Ag(l) cu hidrazind 2!, este caracterizata de o perioada
de inductic (asa cum se poatc observa in fig. 1). Existenta perioadei de induc-
tie este caracteristicd, in general, reactiilor autocatalitice de reducere a iountlor
de metale nobile cu diferiti agenti reducitori. Perioada este determinatd de
timpul necesar formirii germentlor de nucleatie ce vor cataliza in continuare
procesul redox 6. Toate datele cinetice calculate se referd la timpi ce depa-
sesc perioada de inductic.

Determinarca ordinuliui de reacfic. Influenta concentratiei ionilor de aur{IIl)
asupra vitezel de reactic s-a urmarit in mediu de hidroxid de potasin 1,5 - 1072
M si a etilendiaminei 0,15 M la 25°C.

In fig. 1 se redda sciderca concentratici ionilor de  Au(IIT) in functic de
timp, observindu-se o crestere a vitezei de reactie proporfional cu cresterca
concentrajiel Au(IIl), fenomen ilustrat si de fig. 2.

Din aceste date experimentale se deduce ca reactie este de ordinul 1 in
raport cu Au(III).

Influenta concentratiei hidrazinei asupra vitezei de reactie s-a cercetat in
prezenta hidroxidului de potasiu 1,5 - 1072M si a etilendiaminei 5 - 107*M la
25°C. Datele experimentale ilustrate de fig. 3 si 4 atestd o dependentd de di-
recti proportionalitate intre viteza reactiei si concentratia hidrazinei. Deci,
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reactici in domeniul 1,5—1,8 - 10" 2M, s¢ poate observa, din graficul prezeutat
in fig. 5, ¢a intre 3—12 - 10-2M KOH, viteza reactici ramine practic constanta.
Intre 12—18 . 107 2M KOH viteza de reactie tinde a creste. Concentratii mai
mari de 18 - 1072M KOH nu au fost experimentate, avind in vedere cit la
aceasta concentratic aspectul filmului de aur se inrdutifeste, prezentind o
nuanti bruni.

bl Influcnta concentrafici agentului complexant (ctilendiamina). Modificind
concentratia ctilendiaminei intre 0,5—2 - 1071M, in conditiile indicate in fig. 6,
se poate observa ca in mod practic concentratia complexantului nu influentcazi
asupra vitezei reacticl. Se¢ remarcd, insd, o crestere a perioadel de inductic cu
cresterea confinutului de complexant, asa cum se ilustreazi in tabelul 1.

Tabel 1

Influenta concentratiei etilendiaminei asupra perioadei de induefie (7) s$i a vitezei de reactie

Proba TAu] - 10? N, : (KOH] - 10%| (en] - 102 < min vi, M/S - 108
1 2 0,3 1,5 5 4.4 1.4
2 2 0,3 1,5 10 5.6 1.3
3 2 0,3 1,5 20 6.5 1,4

¢) Influenta forfei iomice. Pentru a stabili efectul salin asupra procesului
de reactic s-au facut determindri in prezenia concentratiilor diferite de azotat
de sodiu, pastrind constanti ceilalyi parametri. In conformitate cu datele pre-
zentate in tabelul 2 efectul salin este nul.

Tabel 2
Influenta fortel lonice asupra constantei vitezel de reactie
Proba fAul . 10?2 l\ NyH [KOH] - 102, fen] . 10? NaNO,i ok M-t.s b 102
1 2 I 0.3 15 10 0 216
2 2 | 0,3 1,5 10 0,012 2,00
3 2 i 0,3 1,5 10 0,12 2,05
4 2 2 0,3 1,5 10 0,15 1,95
!
5 2 | 0.3 1.5 10 0,30 1,98

Influcnta temperaturii. Faclovul de frecoenta si parametvii termodinamict de
activare. Datele experimentale reprezentate in fig. 7 si 8 pentru determinari
intre 25—50°C, atesta ¢d procesul redox studiat este de tip Arrhenius, in acest
domeniu de temperatura.

Energia de activare calculatd din panta dreptei ce reprezinta variatia
log & functie de 1/T (fig. 8), este de 15,89 kcal/mol. Din ccuatia lui Arrhe-
nius s-a determinat log 4 = 9,87. In continuare s-a calculat entropia de acti-
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vare AS = —13.35 cal/grad.mol si encrgia liberd de activare AG = 19,89
kcalfmol.

Mecanismul de reactic propus. Cercetind produsii de reactie gazosi ce lau
nastere in urma procesului redox, prin barbotarea lor in apa bidistilata, s-a
observat ci pH-ul initial al apei nu se schimbid. De aicl s-a putut concluziona
¢ principalul produs final de reactic este azotul, ca $i in cazul reducerii Ag(I)
cu hidrazind [21].

Luind in considerare rezultatele experimentale obtinute la mfluenta asupra
vitezei de reactie a fortei ionice (tabelul 2), propunem urmitorul mecanism:

1) 2NLH, + Aud+ - 2N,H, 4 2H - 4 Au- (rapidd)
2) 2N,H, ~;F Awdr > 2N,H, + 2H~ + Au- (rapida;
3) NL,H Aut —» N,H 4 Au 4 H¢ {lentd)

4) N:,H -~ N, -+ H (f. rapida)
5) N,H, + H - XN,H, (f. rapida)
6) 2H — H, (f. rapida)

Formarea acestor intermediari de reactie in procesele redox caracteristice
hidrazinei a fost semmnalati de Mishra (7, Koltunov 8], Roma-
nov [9] etc

(Intrat in redacfie la 21 fehruarie 1979)
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REDOX REACTIONS OF THE TFORMING OF METALLIC IPFILMS (D)
Kinetics of Aw(lll) dons reduction by hydrazine
(Summary)
The kinetics of reduction of Au(IIl) ions by hydrazine in the presence of potassium hydroxide

and ethylenediamine were studied. The order of reaction, the frequency factor and the activation
parameters were determined. A mechanism of the reaction is also proposed.
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STUDIUI, PROPRIETATILOR FIZICO-CHIMICE ALY ALUMINELOR
PROMOTATE CU DIOXIZI METALICI (IV)
Chemosorbtia oxigenului pe ALO,—CeO,

NICU DULAMITA, MARIA STANCA si AUGUSTIN POP

Oxidentdrogenarea cataliticd eterogend a hidrocarburtlor reprezintd o cale
noud si de pgrspgc‘ ivi in dezvoltarca industri petrochimice, in sensul obtine-
i cconomice a aichenelor si dienelor 17, Acest proces constd in oxidarca
selectivi a hidrogenului din hidrocarburi cu formare de apa, folosind drept
acceptor oxigenul din acr, conform reactiilor:

CoHonow 0 0,530, - C Iy, -+ H,O (formare «de alchene)

C,H., - 0,50, — C.Hay » - H,O  {formare de diene)

Pe catalizatori de tipul ALO,—CeO), 1 -4 se¢ obtine sUmL din etilbenzen
in prezenta oxigenului din aer ca acceptor de hidvogen, dupd o reactic exo
It e ’ 5
termd si 1re\cxblbmx
C,H,—CH,—CH, - 0,50, - CH

g LR N R

AHY,, ~ 31,07 Keal/taol

s
—
-
et
i,
P

Intrucit accastd reactie este de tipul adsorbiie-reactie-desorbtic se Impune
s obtinem informatiii asupra procesclor de adsorbiic s desorbtic ale reactan-
tilor si produsilor.

[n acest sens am c¢iectuat un studin asupra procesclor de adsorbtic s
desorbtie ale oxigenului pe Al,O,-CeO,, folosind tehuica cromatograiiel de gaze
[5—87. Fatd de metodele statice, tehnica cromatografict de gaze este simpld,
rapidi si permite obfinerea de date CA},anmmk; Louxptnabllo si chiar in
conditiile desidsurarilt procesulul de oxidehidrogenarc cataliticd a ctilberzenu-
lui. S-a censtatat experimental ¢d la temperaturd mai micd de 490°C, adserb-
tia oxigenului pe ALO,-—CeO, este pracuc ireversibild, La temperaturd mai
mare de 490°C procesul devine reversibil si desorbtia decurge cu vitezi misu-
rabild. Din acest motiv studiul [5] chcmoxmbhu (>\1<>enulm pe ALO,—CeO,
s-a cfectuat in intervalul de temperaturd cuprins intre 300—570°C.

1. Partea experimentald. 1.1. Preparavea catalizatoridii de Al,O,— CeQ,. Intr-un reactor Syniax,
previizut cu agitator gi serpentinii interioard se introduc cinci litri apd distilatd si cantitatea cores-
punziitoare de azotat de aluminiu si azotat de cerin si amoniu, incit sistemul Al,0,-—CeO, sa
contind 69, CeO,. Hidroxizii de aluminiu si cerin s-au obtinut prin coprecipitare cu amoniac, la
temperatura camerei; dupid filtrare, spilare i uscare se calcineazi, in curent de aer, timp de
patru ore la 550°C.

1.2, Studiul termic. Curbele termice ale hidroxizilor uscati s-au inregistrat cu ajutorul unui
derivatograf de tip Paulik-Paulik, in intervalul de temperaturd cuprins intre 30—1050°C si viteza
de incdlzire de 10°C/minut.

1.3. Studiul textural. Datele texturale complete s-au obtinut prin adsorbtia azotului la tempera-
tura de fierbere a azotului lichid si prin penetrare cu mercur pind la 1000 at. Cumularea datelor
s-a efectuat la raza porilor de 150 A.



CHEMOSORBTIA OXICENULTA

Fig 1. Schemn instalaticd eromatografice de gaze pentru
studiul chamesorbtiel oxigenubul pe ALO, - CeO,.

1 — Surslt de gaze; 2 - coloand cu cupru; 3 — coloand cu
it moleculari SA; 4 — Ventil mnltiplu; 3 — Ramura de
referinti o detectorulul torude s 6 colounn  reactor;
7 — cuptoare: 8 — ramura de comparatic a detectorului

termic ; 9 - inregi:

trator o - fermocuple.

i
4
i
!

A 7 .

Fig. 2. Profilul concentratiei pulsului de¢ oxigen A — Vir-
ful cromatografic inainte de adsorbtie;
B — virful cromatogratic dupd adsorbiic; ¢ — Sehimbarcea
polaritdtii.

ate de

PoA fuialelio expoiinosidnla s
picdud de {uerp. Schema instalatic
de adsorbtie-desorbtie, in conditii di-
namice, este prezentatd in f 1. Ga-
zul purtitor folosit sul de

t a fost
puritate 99,8° vol., care inainte de
i ajunge peste proba de catalizator
a fost trecut printr-un sistemw de pu-
riticare ¢i uscare. Urmele Jdo oxi-
cen din azol s-au retinut pe cubru
mictulic la circa 190—2007C, iar ur-
ncke de hidrogen pe oxid cupric la
ccoccasi temperaturd. Uscarea gazelor
s-a efectuat in dond coloane umpluie
cu zeolit de tip 57, activat {ermiv
fa 330 ¢ Oxicennl s-a introdus cu
ajutorul und pipete calibrate. Wiste-
mul de inregistrare a fost previzut
cu un inversor de polaritate care
permite inrcgistrarea trecerii gazului
prin cele doud celule ale detectorului
termic. Debitul gazulul purtitor s-a
misurat cu flowmetrul si o fost de
4 ml/min.

In pipete reactor se cintirese
2 o eatalizator de granulatic 0.4
mm si apol se supune desorbtic
nului la temperatura de huern in
curent de azot, timp de 24 ore. Pro-
ha astfel pregitizd se supune proce-
sului de adsorbtie. Pentru accusta,
il volum mal wmare decit cel care
poate fi adsorbit pe probi cste in-
trodus cu ajutorul ventilului mul-
tipln 4 in curentul de azot. Oxigenul
introdus trece mat Intii prin ramura
de referintd a cclulel de condunctibi-
litate termicd 3, apoi peste stratul
de catalizator ¢i in final prin ramura
de masurd a celulel de couduetibili-
i3 In acest mod se inre-
: a4 doud virfurl cromatografice
we caror arit corespund  vohnuoului
de oxiven prezent, inainte si dupa ad-
sorbtie, fig. 2. Diferenta intre ariile
virfurilor inregistrate serveste direct
la determinarea oxigenului adsorbit
de probd. Pentru fiecare tempera-
turi e lueru se lasdt proba un timp
determinat ca si se desoarbi oxige-
nul de pe stprafata catalizatorulud,
Dupii ficeare timp de desorbiie, ca-
talizatorul se saturcazd din now prin
introducerea aceloragi volume misu-

enn. Volumele de oxigen retinute de probd misoard oxigenul desorbit in  intervalele

de timp respective, Volumul de oxigen adsorbit saun desorbit in intervalul de timp ales se caleu-

leazdl cu relatia:

I Iy
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1" - volumul de oxigen ads.rbit, in em® Njg

1y — volumul de oxigen inj ctat, in cm® Njg

4 — aria virfului cromatografic inainte de adsorbtie, in cmn?
A" — aria virfului cromatografic dupd adsorbtie, in cm?

in care:

2. Rezultate si discutii. Din curbele termice s-a observat c¢i amestecul
de hidroxizi uscati se dehidrateazd in doud trepte, cu virfuri endoterme la
120 51 320°C. Un virt exoterm la 520°C, fard pierdere de masd, justificd reor-
ganizarea retelel cristaline. Cantitatea totali de apa pilerduti pina la 1000°C
este de 33%,, din care 96—979, s elimind pina la 500°C. Analiza cu raze X
a probei calcinate la 350°C a indicat prezenta =n—ALO,; a—CeO, si a y—
ALO,. Parametrul de retea al % --ALO, a = 7,935A si al «a—CeO, a = 5,624A.
Prin studii de adsorbtie a azotului la temperatura de fierbere a azotului lichid
s-a stabilit ¢d adsorbiia are loc dupid o izotermid de tipul II, iar bucla de
histereza este de tip B--A. Cumulindu-se datele adsorbtiei cu azot cu cele ale
penetrarit cu mercur s-a determinat volumul cumulat al porilor ca fiind de
0,608 c¢md/g, raza medie a porilor de 73,02A si suprafata specificd 162 m?/g.
Distributia marimii porilor fu procente este redatd in tabelul 1, rezultind ci
porii majoritari au razele distribuite in domeniul 200--300A.

Utilizind tehnica cromatogratici Tabel 1
de elutiec (81 s-a constatat ¢d sub

o : . Distributia mérimit porilor in procente
490°C oxigenul sc chemosoarbe ire- i b ’

versibil pe suprafata catalizatorului Domeniul, A 0.
cu cnergie de activare a desorbtiel
foarte mare. In procesul de oxide- 515 16,48
hidrogenare al etilbenzenului  pe 2530 12,17
ALO,—CeO, energiile de activare mari HA 1610
: = =4 . . 10%-- 3. 10® 61,65
ale chemosorbtiel oxigenulul au ca 3.100— 109 20,70
cfect energii de activare mici [13], de 108 - 104 2,89
9,513 Keal/mol, in formarca stire-
nului. Peste 500°C se produce desorb- | o,
tia oxigenului cu conversii masura- “rl IR
bile. Oxigenul slab chemosorbit par- ‘ 5557
ticipd in formarca produsilor secun- 5
dari in reactia de oxidehidrogenare !
a etilbenzenulul, cu atit mal mult cu P
¢it temperatura este mai ridicatd. " e
In acest scop cinetica desorbtiei ot g

la timpi de desorbtie diferifi. Cinetica
chemosorbtiel oxigenului verificd ecu- o
atia lui Elovich. Viteza procesului

scade exponential cu volumul IV de - /

gaz chemosorbit potrivit relatiei:

P
oxigenului de pe suprafata catalizato- - >
rulul s-a studiat la 500,325 si 565°C, si . / /

av .
— = qe .
de
in care: — a sl « sint constante; ‘ K R

t — timpul in ore I'ig. 3. Curbele cinetice de tipul V = {(¢)
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Tabel 2

Valorile constantelor de viteza i ale energiei de activare

T K k-10%, min—? Jiq, kealfmol
773 1.64
798 248 21,5
838 4,72
ot
SE5C
os
9,
e
S50
[els
e
o5 2
X 500'C
co
206
/
o |
vy
ey I
|
Gl w}
© 20 10 L0 ‘q!
Fig., 4. Izotermele de adsorbtie liniarizate, 17 = f(lgt)
g v
9 6% \,ggz/gzg]
B
¥
AN
3
®
v
? £a:215 «cal/mol \
%4 lgj-rl(l
Fig, 5 Variatia constantei de vitezd cu in-
versul temperaturii absolute.
4 - Chemia 11986

Curbele cinetice de tipul
I7 == f(t) sint prezentate in fig. 3
Aceste curbe cinetice pot fi linia-
rizate in coordonate semilogarit-
mice asa cum s¢ vede din figu-
ra 4. Din pantele acestor drepte
s-au determinat coostantele de
vitezd ale procesulul de desorb-
tie, care sint redate in tabelul 2.

Reprezentind grafic logarit-
mul constantelor de vitezd in
functie de inversul temperaturii
absolute, fig. 5, din panta drep-
tel s-a caleulat energia de acti-
vare a procesului, a carei valoa-
re este trecutd in tabelul 2.

Prin contactarea cu oxigen
21 a acestor sisteme oxidice
tratate termic la diferite tempe-
raturi s¢ produc reactil conse-
cutive in care se formeaza specii
de oxigen chemosorbit, dupa ur-
maitoarca seccventd de transfor-
MArt :

0, (gaz) — O (ads) —
~ 03 (ads) — O*" (retea cris-
talind) = O (ads)

Aceste specit de oxigen par-
ticipd in procesul de formare a
stirenului ¢it s1 a produsilor se-
cundari rezultati in reactia de
oxidehidrogenare cataliticd a eti-
lenbenzenului (11,

3. Coneluzii. Prin  tehnica
cromatograficl de gaze s-a stu-
diat chemosorbtia oxigenului pe
ALO, - CeO, In conditiile con-
ducerii reactici de  oxidehidro-
genare a etilbenzenului. Energla
de¢ activare a procesului de che-
mosorbtie a oxigenului, in do-
meniul reversibil are  valoarea
de 21,5 Keal/mol.

Cinetica chemosorbtiel oxige-
nului pe suprafata acestor sis-
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teme oxidice verificd ecuatia lui Elovich, iar viteza procesulul scade exponen-
tial cu volumul de gaz chemosorbit.

Oxigenul se chemosoarbe printr-o serie de reactii consceutive cu formare de
specii diferite care participd in procesul de oxidehidrogenare al ctilbenzenulai.

(Infrat in yedacfie la 26 febrauarie 1979)
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STUDY OF THE PHYSICO-CHEMICAL PROPERTIES OF ALUMINA ACTIVATED WITH
METALLIC DIOXIDES {IV)
Chenisorption of  oxygen  on ALO,—CcOy
(Summary)
The chemisorption of oxygen on ALO,— CeQ, at temperatures ranging from 500 to $70°C
is studied by gas chromatography. The energy of activation of the oxyvgen chiemisorption is 21,5
kcalfmol.
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MODELAREA SI SIMULAREA PROCESULUI DE REFORMARE

PRIMARA A METANULUI

I. SIMINICEANU, €. CALISTRU si AL POP

Conversia catalitici a metanulul cu vapori de apd este procedeul cel mai
utilizat pentru obtinerea hidrogenului necesar sintezei amoniacului deoarece, in
comparatic cu metoda bazatd pe arderca partiald cu oxigen, reactia metanulyj
cu vapori de apd are avantajul de a obtine o cantitate suplimentard de hidrogen,

In instalatiile industriale actuale acest proces are loc in doud trepte suc-
cesive denumite reformare primard’ respectiv | reformare secundard’’.

In lucrari anterioare [1—-37 s-au claborat modele ale bilanturilor teorctice
si reale de masd si termice pentru cele doud trepte de reformare. Aceste modele
au fost verificate si aplicate la instalatiile industriale. In acest fel s-a confirmat
ipoteza desfdsurdrii procesului din reactorul industrial, la cchilibrul chimic.

In aceastd lucrare sc stabileste un model matematic | termic” al procesului
de reformare primara a metanulul care este apoil verificat comparind valorile
obtinute prin simulare pe calculator, cu cele masurate pe un reactor industrial
operat in aceleast conditii.

1. Modelarea proeesului. Modelul matematic al procesului se stabileste luind
in consideratie procesele de transformare si transter de masi st de caldura din
care cste alcdtuit, precum §i tipul de reactor industrial.

Structura proceselor de contact [47, aga cum rezultdi din schema structurald redatd in fig. 1,
include de obicei urmitoarele:
— transferul de masd prin faza gazoasi,
— transferul de masid prin porii catalizatorului,
— adsorbtia reactantilor,
- reactia chimicid
— desorbtia produselor de reactie.

—

CH,9 CH,p dscHl'

—rchD——

T —

T -
M09 +  Hop AdSH,0

Fig 1. Schema structurald o procesului  de  reformare cataliticd pri-
marid a metanului cu vapori de apd.

Procesul de reformare primard fiind puternic endoterm, el se desfasoard la temperaturi ridi-
cate. De aceea, in acest caz, trebuie luate in consideratie si procesele ,termice”. Considerind o
granuli de catalizator (2) din interiorul tubului de reformare (1) plasat la rindul sin in cuptorul
de incalzire, structura proceselor de transfer gi consum de cildurd poate fi reprezentatd prin schema
din fiy. 2.
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Fig. 2. Element de reactor i srtuctura proceselor termice. s
1 — element de tub; 2 — granuld de catalizator; Tcga — tran- C
sfer de cdldurd prin gazele de ardere; Tcp — transfer de cil- ?P’/‘ ¢
durd prin peretele reactorului; Teg — transfer de cildura prin ; / Teg
faza gazoasii; Tee — transfer de calduri prin particula de ca- l é
talizator ; Ce — consum de cilduri, /‘/la ;‘<
2 9
’ %\ Icga
4 \=
Tcs

..-.Tcgo-»—Tcp’ -—-Tcg-— ~Tcc-w —~Cc~—wm

Rezultdl cd procesul industrial de reformare primard a metanului este deosebit
de complex, putindu-se desfasura in functie de parametrii de operare, dupd un
numiar mare de modele macrociuctice simple sau combinate {3]. Analiza acestora
a dus la concluzia ci modelul cel mai probabil, pentru procesul din reactoarele
industriale actuale, este modelul macrocinetic combinat , trauster de cildurd prin
faza gazoasi de la peretele reactorului (tubului) la suprafata catalizatorului’.
Coeficientul de transfer de cildurd corespunzitor este deci un coeficient global
(K;.). Fcuatia vitezel acestui proces este:

S RyelT, = ) (1)

T dN

Deoarece procesul este continuu dar dS = 7 D-d, ecuatia (1) integrata,
devine :

L
AH =D ﬂ](,\(;(’l‘i, — 1) - dr (1)
It

In regim stationar, fluxul termic transmis (AH) este cgal cu cel consumat
(AH,) ce depinde de parametrii procesului de reformare:

AHC = F(ndu, Ty o B) (2)

Forma explicita a ccuaticl algebrice (2) a fost stabilitd intr-o lucrare anteri-
oard [1].

Gradele de transformare « si 8 sint cele teoretice $i se determind cu ajutorul
modelului matematic al desfasurdrii procesului la echilibru, compus din ecuatiile

@) si (4 1]

pHx — BB -+ pP (3)

1&‘,3
! 1 y o ) 1 £ ORI PNE |
(1 -- 2 - (,1;”‘() o= By (e fLo 2

4(3x - 8 (4)

1\’/’1 ) T
(2 - x’ﬂ * (xf['() T (i)
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Constantele de cchilibru K, si K,, s¢ pot determina cu ajutorul unor relatii
simple de forma [6}:

. Peo - P 11650 =
lg K, —lg "% 2 1 13,076 (5)
Pco” Puo T
. Pco, " P 1910 - N
}g AP oz ]g.-u == —— ],/64 ((7)
! Peo - f’u,o 4
Coeficientul de transfer de caldura (K;) se coreleazd sub forma unel ecuatii
critenale :
1\1( _C @ - dp "oogdeyn L (7)
x ( ‘ D ) )

Marimile % si w din ccuafia (7) depind de compozitia fazel gazoase si de tem-
peraturl, depondcn’ta de presiune in intervalul 1--50atm. putind fi neglijata [7.
Pentru dependenta de compozitie sint indicate ecuatii empirice de forma {8;:

I oxi (M)

- Yo (M2 .
W e wi ¥ (M) (9)
AR

iar pentru dependenta de temperaturd a marimilor 3; §i p; se propun relatiile:

T .
o= ki -0 10
1 ° (To ) )l ( )

Ty b Cyy (T 302
) (1 )

Compozitia la un moment dat se exprima prin f{ractiile molare ale compo-
nentelor {x,) care au urmitoarele expresii

0 T
L 1~ = v o %
Yew, == ——————~ An,o o
Pob-ap oo 2e "o T =% (12)
. & - 3 N G ) 3a 4 8
Xco == P P Ao, & M‘O 5 Ay, = _——————_—-_—’O ;
T g+ 2a b 200+ 2e Lo 2 o+ 2e

Diferenta de temperaturd (7, — 7') din ecuatia (1) variazd pe lungimea
tubului cu catalizator in functie de felul cum sint amplasate arzdtoarele in cup-
torul de reformare. Dacd arzéitoarele sint asezate la partea de sus a tuburilor, in
bolta cuptorului, profilurile masurate ale temperaturii aratd ci se poate consi-
dera (T, — T)=const.[9]. Cind arzdtoarele sint amplasate la diferite inéljcimi
se poate realiza o incilzire uniformi a peretilor tuburilor si deci T2 const.
ambele cazuri cxtreme este necesard o singurd valoare experimentald a tempera-
turii peretelui. In aceastd lucrare se considera prima varianti.
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Sistemul alcdtuit din ecuatiile (1)—(12) constituie modclul matematic al
procesului de reformare cataliticd primard dintr-un tub de catalizator. Conside-
rind comportarca identicd a tuturor tuburilor (circa 300), acesta este si modelul
reactorulut tubular de reformare.

Coeficientil Ky¢, A, 1, X;, $1 u; care intervin in model trebuiesc concretizati,
deci trebuie determinate constantele C, m, #, [, b,, C; din ecuatiile (7), (10) si (11).
Constantele 5, si ', din ecuatiile (10) si (11) utilizate in aceastd lucrare s-au de-
terminat corelind datele experimentale din literaturd [10] prin metoda regresiei.

Pentru calculul coeficientului Ky existd In literaturd citeva ecuatii empirice
"117 care insi nu dau rezultate satistacatoare la proiectarea reactorului de refor-
mare deoarcce au fost stabilite In conditil departate de cele in care are loc pro-
cesul industrial. Din aceastd cauzd (37 s-a utilizat o ecuatic de forma :

Nu = C" - Re” (13)

in care €' = 0,250 si m == 0,934. Valoarea lui m din ecuatia (13 este apropiata de
valorile raportate in lteraturd [12—14 .

2. Simularea procesului. Procesul de reformare primari, reprezentat prin sistemul format din
ecuatiile (1) — (12) cu coeficientii concretizati, a fost simulat pe calculatorul digital FELIX C—256.
Rezolvarea numerici a modelului la calculator implici urmitoarele etape : initializarea parametrilor
”LC:II.> P, Ty, 4’%30, D, dp, apoi se dau valori temperaturii ;= T, 4 AT; (AT; = 10°) si se obtin
variatille de lungime corespunzitoate lungimii (AZ;), dupd ce se determind AHg, Ax, A%, si Ape.
Variatiile gradelor de transformare Ax $i AB se obtin pe baza unui program Newton-Raphson
pentru rezolvarea ecuatiilor (3)—(6). Final se obtine suma L = £AZ; care reprezintd lungimea
reactorului. In felul acesta sint generate curbele «(Z), 3(Z) si 7(Z) reprezentate in fig. 3.

Profilurile simulate din fig. 3 concordd bine cu m#suritorile pe un reactor
industrial. Lungimea reactorului rezultatd din caleul (L = 9m) este foarte apro-
piatd de cea a reactorului industrial.

3. Coneluzii. Se stabileste un model matematic ,,termic” al procesului in-
dustrial de reformare primari a metanului considerind ci se desfisoarid dupi

un model macrocinetic |, transfer

07 1200 de caldura de la peretele reacto-
\ - o« rulul la suprafata catalizatoru-
Cor — 11100 lui”.

' . 23 < cee L . .

- Ny Se vertficd modelul prin si-

1“"5/%}" 900 mularea pe calculator. Concor-

" 800 danta buni a valorilor calcu-

v 8 late cu cele masurate aratd po-

o3t T 700 sibilitatea utilizdrii acestui mo-
! del la proiectarca reactorului.

02 1600 Notatii si indiei. 5;, C; — con-

stante ale ecuatiilor (10) si (11) speci-

O,ﬁ 1500 fice componentelor fazei gazoase; dp —

diametrul nominal al particulelor de ca-

: = talizator ; D — diametrul tubului cu ca-

Y ZD 34 50 80 70 80 90 talizator; I — functic; H — entalpia

z[m] masei de reactie; AHs — cantitatea de

I'ig. 3. Reprezentarea” datelor obfinute pe baza mode-  calduri consumatd in proces; Kp¢ — coe-

lului matematic propus. ficient global de transfer de cidldurd;
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Kp,, Kp, — constantele de echilibru ale reactiilor independente; L — lungimea tubului cu cata-
' Kye - D
lizator ; M; — masa moleculard a componentului ¢; Nu — criteriul Nusselt = —=——; /P — pre-

stunea totald in proces; S — suprafata de transfer de cdlduri; m, 2, I — constante ale ecuatiei (7);

o w - dp . L :

Re criteriul Revnolds == ————=—"; n?n — debitul mwolar initial de metan; 7p — temperatura
® e

peretelui; 7' - temperatura masei de reactie; 7, — temperatura initiald a fazei gazoase; Tp —

temperatura fazei gazoase la iesire din reactorul experimental; dZ — element din lungimea reac-
torului; o — gradul de transformare al metanului in reactia: CH, + H,0=C0O 4 3H,; 3 — produ-

sul dinire gradul de transformare al metanului i gradul de transformare al oxidului de carbon in

reactin ; CO - H,0--CO, 4 H,; » — conductivitatea termicd a amestecului gazos [CH, 4 H,0 +

< CO - COy -+ Hyly; g — viscozitatea unui component; w — viteza liniard a fazei gazoase;
)

"i1,0

< — timpul; &; — fractiile molare ale componentelor; x§) o — raportul molar initial =
3 720
CH,

(Intrat in yedactie la 2 martie 1979)
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MODELLIERUNG UND SIMULIERUNG DES PRIMAREN REFORMIERUNGSPROZESSES
DES METHANS

(Zusammenfassung)

In der vorliegenden Arbeit wird ein mathematisches | termisches’” Modell des primiren indus-
triellen  Reformiernngsvorganges des Methans aunsgearbeitet, wobel davon ausgegangen wird, dass
dieser Vorgang mnach ecinem makrokinetischen Model ,, Wirmeitbergang von der Reaktorwand zur
Katalysatoroberfliche verlduft.

Das Modell wird durch $Simulierung auf einem FELIX C—236-Rechner gepriift. Die gute
iibereinstimmung der berechneten und experimentell erzielten Daten beweist die Moglichkeit dieses
Modell zur Projektierung, Optimisierung und Reglierung des industriellen Reaktors zu verwen-
den.
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COMBINATII COMPLEXE DE Co(II), Ni(II), Cu(Il) $I Zn(lI) CU BAZE
SCHIFF DE LA AMINOFENOLI $I HIDROXIALDEHIDE AROMATICE

AUREL DORUTIU i ILIANA LOCHLI

In continuarea studiului combinatiilor complexe cu baze Schiff (1,237, se
prezinti noile combinatii complexe de Co(II), Ni(II), Cu(II) si Zn(1I) obtinute cu
baze Schiff de la hidroxialdehide aromatice si 0-, m- si p-aminofenol.

Pentru determinarea rapoartelor de combinare metal-ligand s-au efectuat
analizele elementare si pentru obtinerea unor indicatii asupra structurii acestor
complecsi s-au inregistrat si studiat spectrele de absorbtie in IR.

Partea experimentald. Sinteza substanfelor. Sinteza complecsilor prezentati s-a efectuat prin
amestecarea solutiilor acetatilor de Co(1I), Ni(IT), Cu(IT) si Zn(II), a hidroxialdehidelor aromatice:
2,4-dihidroxibenzaldehida (B-resorcilaldehida, 2,4-DHBA) si 3,4-dihidroxibenzaldehida (protocate-
chualdehida, 3,4-DHBA) i a o-, m- respectiv p-aminofenclului (0-AF, m-AF, p-AF), in aceastd
ordine. Solventul cel mai frecvent utilizat a fost metanolnl ahsolut, sau amestecuri metanol-509,,
apd, respectiv 30% apd. Unii complecsi s-au sintetizat fn etanol absolut sau in amestecuri etanol-
apd: (Zn CH,CO0), - (3,4-DHBA-0-AF) si Cu(2,4-DHBA-m-AF) - H,0. Complexul Ni(2,4-DHBA-p-
AT), - 2H,0 s-a obtinut plecind de la solutii apoase. Amestecurile de reactie s-au refluxat sub
agitare timp de 30 minute. Substantele complexe, care se prezinti sub forma unor precipitate
microcristaline, se filtreazi, se spald cu 10 ml solvent si se usuca in vid. Cel mai usor s-au obiinut
complecsii cu baze Schiff de la o-aminofenol §i cel mai greu de la m-aminofenol.

Unii complecsi obfinuti cristalizeazi cu una, doud sau chiar cu patru molecule de api. In-
cdlzite in vid pe anhidridd fosforicd, timp de 2—3 ore, combinatiile devin anhidre. Unii complecsi
contin gi anioni acetat.

Complecsii sintetizati sint greu solubili in apd, metanol, etanol (cu exceptia Ni(2,4-DHBA-o-
AY), care nu precipiti in metanol sau etanol), benzen si mai ugor solubili in cloroform, nitro-
benzen, piridind si solutii diluate de alcalii. In solutii diluate de acizi minerali se descompun.

Peste 200°C, aceste combinatii se inchid la culoare, insi nu se topesc pind la 300°C.

In tabetul 1 sint trecute noile substante obtinute, aspectul lor, masa moleculard calculati
si rezultatele unalizelor efectuate.

Spectrele It si unele considerafii asupra struecturii complecsilor eu haze Sehiff. Spectrele
IR au fost inregistrate cuun aparat UR~20 Zeiss Jena, pentru regiunea spectrald 3 600400 cm—!,
substantele fiind pastilate in KBr.

S-au studiat spectrele complecsilor in comparatie cu spectrele aminofenotilor,
ale hidroxialdehidelor aromatice si ale bazelor Schiff respective.

Benzile de absorbtie caracteristice in IR sint trecute in tabelul 2.

In spectrele bazelor Schiff si ale complecsilor, nu mai apar benzile ascutite
va NH, si vs NH, din regiunea 3390—3320 cm™!, corespunzatoare grupdrii
aminice din aminofenol, ceea ce indicd faptul ¢4 aceasta a reactionat cu gruparea
carbonilici a aldehidelor. Numai in spectrul complexului Cuy(2,4-DHBA-0-AF).
2 0-AF apar benzi ascufite la 3 275 cm™* si 3 225 cm™?, corespunzitoare grupa-
rilor aminice legate in complex. In cazul complecsilor, a bazelor Schiff, a hidroxi-
benzaldehidelor si a aminofenolilor, apare in domeniul 3 400—3 200 cm™ doar
o bandi largd, datoritid probabil vibratiilor de valentd ale gruparilor fenolice
libere sau legate intramolecular prin punti de hidrogen.

Studiind comparativ spectrele liganzilor si ale complecsilor se observa o
modificare a frecventei vibratiei vC = N. La bazele Schiff aceste vibratii apar
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Tabel 1

Combinatii complexe c¢u baze Sehiff de ln aminofenoli

a) Combinatii complexe cu baze Schiff de la 2,4-DHBA, respectiv 34-DHBA s5i 0-AF

Masa Analize
Nr. < N Aspectul molecu-
crt. Combinatia combinatiei lara Calculat © Gasit
| calculati ’ '
i. Zn(24-DHBA-0-AF) - H,0 Microcristale ‘ 310,62 Zn 21,05 21,63
aciculare galbene N 4,51 4,66
H,0 580| 556
2. Zn,(3,4-DHBA-0-AT) . 2CH,CO0 | Microcristale 476,07 Zn 27,47 27,08
portocalii — N 2,91 3,33
ciriimizii |
3. Ni(2,4-Di{BA-0-AF), Microcristale 515,17 Ni 11,40 11,10
galbene-brune N 5,44 5,09
4. Cu,y(24-DHBA-0-AF) + 2 0-AF | Microcristale verzi 570,55 | Cu 22,26 22,54
N 7,37 7.38
5. (Co CH,CO0), - 2H.0O - Cristale galbene 726,42 Jo 16,22 15,86
{ (2 4-DHBA-0-AF), portocalii N 3,99 4,17
H,0 4,96 4,62
CH,CO00~16,261 1589
6. 1 Co(34-DHBA-0-AL}, Cristale brune 518,40 | Co 11,43 11,35
{ N 5,43 5,51
b) Combinatii complexe cu haze Schiff de la 24-DHBA, respectiv 3,4-DHBA i p-AT
7. 1 (Cu CH,COO0) - ; Microcristale negre | 350,82 Cu 18,11 18,90
| (2,4-DHBA-0-AL'} | N 3,99 4,41
f CH,COO 16,83 | 16,56
8. i Zn(2, 4-DHBA-p-AT), ! Microcristale 521,84 | Zn 12,53 11,98
| } galbene N 5,37 5,28
|
9. | Ni(2,4-DHBA-p-AF), - 2H,0 ’ Microceristale 551,20 | Xi 10,65 9,85
| | verzui N 5,08 5,54
| | H,0 654 6,12

¢} Combinatii complexe cu baze Schiff de la 2,4-DHBA, respectiv 3,4-DHBA si m-AT

|

10. Cu(2,4-DHBA-m-AT) - H,O i Microcristale negre E 30878 Cu 20,98 20,19
| ; N 4,53 4,88

| | I H,0 5831 5,65

11. i Cuy(3,4-DHBA-m-AY) - 1 Microcristale 484,40 Cu 26,22 ' 26,84
i ({CH,CO0~) - 4H,0 | galbene-brune N 2,89 2,71

, } | | 1,0 14,88’ 14,25

in domeniul 1655—1622 cm™*. In cazul complecsilor de Co(II), Ni(II), Cu(II)
si Zn(II) se observi o deplasare a benzilor vO = N spre numere de undd mai
mici, intre 16401615 cm™, ceca ce dovedeste cd intre atomul de azot din
gruparea >C = N si metal s¢ stabileste o legiturd coordinativa. Cele mai mict
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deplasiri ale benzil corespunzitoare vibratiel vC = N s-aun intilnit in cazul unor
compleesi de Ni(IT), datoritd probabil tiriei mai mici a legidturii Ni-—N. Doar la
complexul Cu,(3.4—-DHBA-m-AF). CH,COO 4H,0 se observa o deplasare a
freeventer  vibratiel vC = N din baza Schiff de la 1622 c¢cm ! spre numere de
undd mai mari in complex si anume la 1 655 ¢cm™!. Accasta aratd ci atomul de
azot din gruparea azometinicd nu participd la legaturi coordinative. Vibratiile
de valentd  vaCOO ™ apar la unil complecsi in regiunea 1 560—1 3500 ¢m™?, iar
cele. vsCOO ™ la 1485—1 440 em™?, fiind suprapuse cu vibratiile 3CH, alifatic.
Benzile de absorbtie ale vibratiilor de valentd vC—N apar la bazele Schiff in
domeniul 1 280--1 260 cm Y, fiind deplasate spre {reevente mai mici la complecsi
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si anume in domeniul 1255—1235 em™. Vibratiilor de valenta vC—O fenolic
1i s-au atribuit benzile de absorbiie din regiunea 1250—1 160 cm™?. Peutru
vibratiile corespunzitoare legdturilor M- O apar benzi la numere de unda mici,
in jur de 500 cm™.

Dupa cum se poate observa din tabelul 1, s-au obtinut complecsi cu diferite
rapoarte de combinare metal-ligand: 1 :1 (st 2:2), 1 :2, 2 :1 ¢ chiar 2
©1 (+ 2 0o—AF). Structurile cele mai probabile propuse pentru unii din acesti
complecst, in care numarul de coordinare al metalului este 4, sint redate in fig. 1.

Si in cazul acestor complecsi este posibila o structurd dimerd sau polimeri,
ca si la alfi complecsi cu baze Schiff [4,5].

(Intrat in redacfie la 6 martie 1970
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LES COMBINAISONS COMPLEXES DE Co(II), Ni(II), Cu(II}) ET Zn(Il} AVEC DES BASIS
SCHIFF DES HYDROXVYALDIHIDES AROMATIQUES ET DEsS AMINOPHENOLS

(Ré¢sumé)

On présente les conditions de synthése de quelques combinaisons complexes chélatées nou-
velles, obtenues avec les acétates de Co(II), Ni(ID), Cu(Il) et Zn(II) et les bases Schiff du 2,4~
-dihydroxybenzaldéhyde (B-résorcylaldéhyde, 2,4-DHBA) et du $.4-dihydroxybenzaldéhyde (proto-
catechualdéhvde, 3,4-DHBA) avec o-, m- et p-aminophénol (0-AF, m-AF, p-AF). Les rapports
de combinaisoun entre les métaux et les bases Schiff sont de 1:1 (et 2:2) 1:2 2:1 et 2:1( 2
0-AYT) pour les complexes synthétisés.

D’aprés les spectres d’'absorption en IR étndiés on peut déduire les structures les plus proe
bables des combinaisons complexes obtenues.
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UNTERSUCHUNG DER OXNYDATION DES p-XYLOL> AUF
EINEM V,0,—KATALISATOR

LIVIU CORMOS, GHEORGHE WEISS, UTA MULLER und ALEXANDRU POP

Die Linder mit entwickelter petrochemischer Industrie haben eine bedeu-
tende Produktion an NXvlolen, dic vor allem aus den aromatischen Konzentraten
der katalytischen Reformicrungsvorginge gewonnen werden.

Da das Problem der Trennung der drei Xvlole aus der Cy— Fraktion gelost
wurde, werden heute moglichst okonomische Verwertungen jedes einzelnen Uesuaht

Die Verwertung des p-Xvlols ist scine Oxyvdation zur Terephtalsiure, die
m {lassigem Zustand mit Hilfe von Salpetersiure oder Luft vorgenommen wird.

Da die heterogenen katalvtischen Prozesse in Gasphase cine Reihe von
tehnischen und dkonomischen Vorteilen, gegniiber den hmnogcncn Vorgingen
in flisssigem Zustand aufweisen, und die unter diesen Bedingungen bei der Oxy-
dation des o-Nvlols erzielten Resultate gtnstig waren, w urde (hc Oxydation des
- “(V]Olddmpfcs mit Laft in Gegenwart verschiedener Katalvsatoren versucht

Frzielt man mit Hilfe des V,0; Katalvsators im Falle des o-Nylols gute
Frgebnisse, so beweist sich bei der ()\\ dation des p-Nylols der selbe I\ata]vsator
als wening sclektiv. Dic erhaltenen Oxvdationsprodukte sind cin Gemenge,
bestehend aus: Terephthalsdure, p-Toluvlsiiure, Maleinsdure, Maletnsdureanhyvdrid,
p-Toluvlaldehvd, Chinolin und andere.

In neueren Arbeiten [ 4--7 werden bet der Oxydation des p-Nylols aut
V,0, Ausbeuten von 25269, Maleinsiurcanhydrid verzeichent.

In vorliegender Arbeit wird die Untersuchung der Oxyvdation des p-NXvlols
in Dampfphase auf V,0;-Katalvsatoren mit geteilt, in welcher die Autoren
bestiebt sind optimale Bcdmkummn zu {inden, unter welchen die Ausbeute der
Reaktion in Terepthalsidure oder anderen Reaktiosprodukt wichst.

Experimenteller Teil. Die von verwendete Apparatur ist in Abb. 1 dargestellt. Bie wurde
hereits von anderen Autoren '1-—3] verwendet, die von uns vorgenommenen Verbesserungen erlau-
ben jedoch eine einfache Bestimmung des Verhiltnisses Luft/p-Xylol und eine bessere Homogenisie-
rung der Reaktionsteil nehmer. Die primire Luft stromt durch einen Druckstabilisator, ein Rheome-
ter und einen mit CaCl, gefiillten Trockenturm. Abschliessend gelangt sie in das Gefiss welches das
p-Xylol enthilt und thermostatiert ist, und dringt unter Blasenbildung durch die Ilitssigkeit wobei
p-Xyloldampfe mitgefihirt werden. Die p-NXyloldimpfe enthaltende Luft gelangt durch ein Homo-
genisierungsgefiiss in den Reaktor. Dieser befindet sich in einemt Bad geschmolzener Salze, welches in
ecinem Ofen mit automatischer Stenerung eingebaut ist

Die Reaktionsprodukte werden in ecinem Kondesator, und jene, die nicht kondensieren, in
zwei cisgekillten und weiteren zwei mit Wasser gefiillten Gefissen gesanmunelt. Die iibriggelbiebe-
nen Gase werden durch cinen. Gasmengenmesser in die Atmosphire entfernt.

In alten Versuchen wurde p-Xylol der Frdolraffineric Brazi und V,0; auf Siliciumearbid verweu-
det.

Die Reaktionsprodukte konnen in vier Klassen ein geteilt werden:

a) In Wasser bei ; 4°C unlosliche Stoffe wie: Terephthalsiure, Terephtalaldehyd und p-Tolyl-
siure.

b In Wasser bei -4 °C losliche Substanzen wie: Maleinsiure, p-Toluvlaldehyd und Chinon.

e} Nichtreagiertes p-Xylol

1) Produkte der totalen Oxydation (CO,i.
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In allen Bestimmungen wurden Terephthalsiure und p-Toluvilsiiure zusammen in Form von
Terephthalsiure ausgesdriick, wihrend das p-Toluvlaldehvd und Chinon in Form von p-Toluylal-
dehvd ausgedriickt werden.

Nach jedem Versuch werden die Produkte mit moglichst wenig heisseint Wasser aus dem Konden-
sator und den beiden eisgekithlten Gefdssen gewaschen. Das Gemenge wird 12— 14 Stunden bhei
-4°C stehen gelassen und anschliessend filtriert., Der Riickstand wird mit wenig Wasser zu eincr
Suspension vermischt und anschliessend mit einer n/10 NaOH-Losung titriert. Das Resultat wird
in Yrom von Terephthalsiure ausgedriickt. Die titrierte Losung wird mit einer alkoholischen Losung
von 2.4-Dinitrophenvlhydrazin behandelt, wodurch das Terephtalaldehvd in Form eines Hydrazons
ausfallt, Nach 24 Stunden wird das Hydrazon abfiltriert, getrocknet, abgewouen und die Terephthalal-
dehvdmenge bestimmt. Das Filtrat wird mit der Losung aus den beiden mit Wasser gefullten
Gefissen vereinigt und mit einer n/10 NaOH-Tosung titriert. wo bei die Malcinsiduremenge, in Irom
von Maleinsiureanhydrid ausgedrikt, bestimmt wird. Die titrierte Flitssizkeit wird, mit einer 2,4-Di-
nitrophenyihvdrazinlosung  behandelt, wobei das Hydrazon des p-Toluvlaldehvds und das Chinon
erhalten werden, Beide werden als p-Toluylaldehyd ausgedriickt.

Die wichtigsten experimentellen Daten werden in Tabelle 1 angegeben.

Tabeli: 1

‘ol 5 Temperatur, “C Aus b_(:u tem, ©

L. ;:1&1;:1::11- K();l:;;kt_ :\X]l::ltt?l;s Kataly- } Tereph- 'l‘ctrlc!)lh- '\‘{,aleh_l- p-Toluyl-

ur. digkeit S, :Luft/_\’y!. Bad sator ! _ thal al(lclllllvd (ll:l‘lli}giid aldeltyd.

wl bl ‘ schicht i»’zmrcn, 0 . ’ ;7:; ’ Ny
1| 7266 0,705 | 1190 340 340 - — 0,82 —

2 5100 0,496 ! 61,5 380 410 0,79 0,07 4,32 3,98
3 5550 0,547 122,0 380 400 0,85 0,28 i 6,00 5,84
4 8933 0,398 239,0 380 410 1,75 1,oo 1 13,50 13,00
5 10900 0,033 379,0 380 400 2,96 0,90 9,00 9,00
6 19290 0,019 307,0 380 400 2,53 1,20 15,00 8,10
7 1466 0,806 51,0 400 470 057 0,33 15,04 3,90
8 1656 0,761 88,0 400 440 0,51 0,83 29,75 7.20
9 2266 0,439 1300 400 430 0,64 (4,80 21,70 13,90
10 6946 0,519 1420 400 440 0,77 0,10 16,60 23,60
11 8800 0,410 153,0 400 430 1,42 0,88 16,30 5,80
12 8100 0,441 246,0 400 430 0,65 0,39 16,60 34,81
13 4200 0,820 95,0 410 450 0,39 0,43 23,70 4,88
14 8400 0,430 224,0 400 460 - — 40,80 9,50
15 6433 0,558 79,1 450 510 — 0,14 31,10 10,10
16 7133 0,504 187,0 460 490 0,52 0,13 29,80 18,81
17 7376 0,486 345,0 460 480 - - 22,91 20,00
18 4660 0,775 79,5 470 510 0,14 0,24 33,70 24,70
19 7266 0,494 117,6 470 520 - 0,28 26,20 18,40
20 7186 0,503 382,0 470 490 — — 24,11 26,20
21 7566 0,480 250,0 480 500 — — 24,00 24,40
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Abb. 1. Schema der experimentellen Anlage. 1 -- Kompressionspummpe, 2 - Druckstabilisator,

3 — Rhieometer, 4 — Trockenturm, 5 — Gefiss fir p-Xylol, 6 — Wasserbad, 7 — Homogenisie-

rungsgefiss, 8 — Reaktor, 9 — Thermoelement, 10 -~ Kondensator, 11 — FEiskiihler, 12 — Getiss
mit Waser, 13 — Kiihler, 14 - Gasmengenmesser.

Auswertuny der Ergebnisse. Dic Daten aus Tabelle 1 zeigen, dass dic Oxy-
dationsreaktion des p-Xvlols auf cinem V,0; Katalysator auf Siliciumcarbid
nicht unter 340°C stattfindet.

Bel 380°C finden die Oxydationsreaktionen statt, jedoch mit geringen Aus-
beuten. Wie aus Abb. 2 ersichtlich ist, hat der Umwandlungsgrad in Terepthal-
sdure, in diesem Temperaturbereich den grossten Wert.,

In Abb. 3 und 4 wird dic Anderung der erzielten Ausbeuten an Maleinsiiure-
anhvdrid als Funktion des Verhidltnisses Luft/p-Nylol dargestellt, undzwar in

{
A
i
%
2
\
1 13
V7
L ®
30 30 20 160 500 .
r 50 100 10 20 230, 300
PR Luft) o
Abb. 2 Anderung der Terephthalsiu- A LD, 3. Anderung der Maleinsaureanhydridaus-
reausbeute mit der Temperatur der Ka- heute mit dem Luft/p-Xylol-Verhiltnis bei Tem-
talysatorschicht, bei eine, Luft/p-Xylol- peraturen der Katalysatorschicht von 410—440°C
Verhitnis von 224—250 und Kontakt- und Kontaktzeiten von 0,44 —0,52 s.

zeiten von 0,40—0,48 s.
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Abb. 3 fiir Temperaturen der Katalysatorschicht zwischen 410—440°C bzw.
in Abb. 4 zwischen 450—490°C. Man kann feststellen, dass bei 400°C die Um-
wandlungen nur in geringem Masse (etwa 139)) Maleinsiureanhydrid ergeben,
withrend im Falle des p-Toluylaldehvds bei dieser Temperatur Ausbeuten bis

crzielt werden konnen, wice aus Abb. 3 und 6 ersichtlich ist.
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Abb. 6
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Xylol-Verhiltuis von 51--58.
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Zwischen 400 und 480°C verschwindet die Terephthalsiure und das Terepht-
halaldehvd aus dem Reaktionsgemenge, dagegen werden maximale Ausbeuten
an Maleinsiureanhyvdrid (Abb.7) und p-Toluvlaldehvd erzielt.

In Folge unserer Untersuchung gelangten wir zum Schluss, dass der von
uns verwendete V,0;-Katalyvsator zur Herstellung von Terephthalsiure, wegen
seiner zu grossen Aktivitit, ungeeignet ist.

Ausserdem wurde festgestellt dass die Oxydation das p-Nvlols zu Maleinsiu-
reanhvdrid bel Temperaturen zwischen 440—480° und cinem Luft/p-NXylol-Ver-
hiltnis von 230 am bestem verliuft, wobei Ausbeuten von 40,8%, erzielt werden
konnen. Gegentiber den in der Fachliteratur vorhandenen Werten, wo die Oxy-
dation des p-Nvlols auf V,0,-Tatalvsatoren mit Ausbeuten von 26329 Malein-
sdurcanhyvdrid beschrieben wird, erlaubt unser Katalvsator die Erzielung von
Ausbeuten von aher 40% Maletnsiureanhvdrid.

(Fingegangen am 7 Mar: 1979)
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STUDIT ASUPRA ONIDARIT p-NILENULUL PE V,04
(Rezumat)
in prezenta lucrare se face un studin asupra oxidirii p-xilenului in fazd de vapori, utilizindu-se
un catalizator de V,O; pe un suport de carburd de siliciu. Sint urmirite in special conditiile optime

in care randamentul in acid tereftalic creste. Sint urindrite conversiile realizate $i pentru alti produsi
de oxidare ca: aldehida tereftalicd, anhidrida maleict si aldehidd p-toluicd.

o Chemia 171980
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CARACTERISTICELE DE SUPRAFATA ALE SILICAGELULUI-R
CROMATOGRAFIC TRATAT TERMIC SI CHIMIC

L. LITERAT, 8. GOCAN si ELENA URSU

Structura silicagelului cromatcgrafic poate fi hotédrita atit in timpul pro-
cesului de obtinere cit si dupa aceca. Silicagelul cu structurd macroporoasi con-
trolati a fost obtinut printr-o reactie de policondensare hidroliticd a polietoxisi-
loxanului {1,2]. Alte procedee speciale au fost dezvoltate in vederea preparirii
unor particule sferice cu o structurda poroasd datd [3,4].

Modificarea structurii silicagelului poate fi realizatd si dup@ obfinerea aces-
tuia prin tratament termic {5,6], dar mai cu seami hidrotermal {7], cind se ob-
tine o structurd macroporoasd. Un astfel de tratament (la 250°, 350 atmeostere,
timp de 15—20 ore), aplicat unui silicagel cu miarimea porilor de cca 1004, a
permis obtinerea unui silicagel cu pori foarte omogeni cu diametrul de 900 A
[8]. Un tratament hidrotermal la temperaturi mai ridicate (350°) conduce la
cristalizarea partiald a silicageului cu formare de cuarf 9],

.
™ Partea experimentali.  Prepararea  probelov. S-au luat sase probe de silicagel-RH acid (de
provenientd indigend), pH=35,5, suspensie 109, silicagel in apé distilata. Primele trei probe au
fost neutralizate prin titrarea cu NaOH a suspensiei de 109 silicagel-RIT pind la un pH neuntru
pH == 7,18, in prezenta unui electrod de sticld ca indicator. S-a evaporat suspensia de silicagel
sub agitare continud. Pe urmi probele au fost supuse timp de 4 ore unui tratament termic dupa
cum urmeazii: SCNI120 la 120°; SCN300 la 300°¢ gi SCN300 la 500°. Celelalte probe au fost tra-
tate chimic cu NaOH ca mai sus dupd cum urmeazd: SCN, pH == 7,18 SCB, pH = 920 31 SCA
netratat, pH == 5,5, Dupd uscare probele au fost activate termic la 120" timp de 4 ore.

Caracteristicile texturale {suprafata specificd, volumul, diametrul si distributia de pori} au fost
evaluate din misuriitori de sorbtie a azotului la temperaturi sclizute {--195°) utilizind o instala-
tie tip Sorptomatic 1800 Carlo Xrba [107

Din izotermele de adsorbtie-desorbtie s-au calculat suprafata specificd (metoda B.E.T) [11]~
velumul si distributia porilor in functie de razd ‘1], Calculul a fost condus programat (13}

Discutia rezultatelor experimentale. Izotermele de adsorbiice ale celor tral
sorturi de silicagel manifestd particularitati distincte (fig. 1).

Silicagelul acid (SCA) adsorbe dupd o izoterma Langmuir in timp ce esanti-
onul bazic (SCB) urmeazd o izoterma de tip IV dupd clasificarea BDIYT {14 .
Silicagelul neutru (SCXN) ocupad o pozific intermediara, izotermé tip IL {11,
Pentru toate cazurile umplerea porilor se incheie la presiuni relative de cchi-
Jibru 0,6 < x << 0,8, dupd carc s¢ manifestd o pronuntatd condensare capilard
in spatiile intergranulare 157,

In privinta palierului de formare a stratului monomolecular de adsorbtic
si de aici valorile suprafetel specifice, deosebirile sint de asemeni importante
existind si corelafii evidente de evolutie. Trecerea de la silicagelul acid la bazic
determind o pronuntata restringere de suprafatd specifici {tabelul 1),

Intrucit tratamentul termic al csantioanelor a fost identic, moditicarea de
suprafatd revine in totalitate schimbului de pH s anume rezultd pentru fiecare
unitate de pH in plus o micsorare in medic cu 100 m?/g a suprafetei specifice.
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Influenta tratamentului termic asupra texturdi este ilustratd de izotermele
din figura 2 pentru silicagelul neutru (SCN). Pastrind in gencral aceeasi aliurd
de izoterme tip 1V, inrcgistririle aratd cd pe masura ridicdrii temperaturii de
calcinare inaltimea palierului de adsorbtic monomoleculari scade si, corespunzi-
tor, scade 31 suprafata spectficd (tabelul 2).

Caracteristicl de textura ale silicagelurilor—- R

Tabel 1

i Suprafati Volum total | Volum de strat Vo Diame tru media
Esantion | specificd de pori monomolecular e al porilor
Sim?fg | Fplemdjy! I lemdfg ] Vp d . Al
SCA 600 0,387 0,213 0,550 25,59
SCN 400 0,372 0,140 0,376 38,14
SCB 200 0,300 0,072 0.216 61,91

Tabel 2

Influenta tratamentului termic asupra caraeteristicilor de suprafati ale silicagelului - 1

i
!
["Temperatura

1

Volum strat

Pianetru me-

Suprafata | Velumul total monomolect- |5
Esantion [de tratament| specifict | de pori e — diu al porilor
' ; (¢ smfg] | U remdfg) Jar Vp A
! ' i o i r = Vo [om®jg REEEE
SCN l 120 400,5 0,372 0.139 0,374 38,15
SCN 300 317.0 0,295 0,113 0,383 37,24
SCN ‘ 500 157,2 0,238 | 0,057 0,239 60,55
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Liniarizarca BET (coordonate v-x, fig. 2) dezvilaie prin originea comuni,
nuld, a izotermelor, existenta unor solide inalt porose, lar panta diferitd a aces-
tora le fixcazd mirimea si extinderea, ca urmare a tratamentului termic. Astfel,
valoarca suprafetel specifice scade la 317 m?/g in urma caleindrit la 300° si la 157
m*fg dupd un tratament identic la 300°. Modificarca suprafetel este mai putin
importantd la 300°, dar esentiala la 300°. FEvolutia poate {1 atribuitd unor modi-
ficari structurale care implicd Erupﬁrilc OH de suprafati in cazul temperaturilor
nu prea mari si unor modificari de texturd prin sinterizare si largirea porilor,
Ia umpcm’turl ridicate 16, Ca indepértarca de apd prin dchldx()\darc superfi-
ciali are loc in micd masurd la temperaturi Joasg o dovedese izotermele, practic
suprapuse, ale azotului pe csantioane calcinate in vid (10 “tori) timp foarte
diferit (3 respectiv 18 ore) la 120°. Iuregistrarea dezviluic (fig. 3), in limita pre-
ciziel ex 'pcrimcntalc valori practic identice pentru suprafata speciticd (390 res-
pectiv 441 m¥/g), diferenta ilustrind evacuarea mai avansati a microporilor mai
de graba (kut modificarea structurii hidroxilice de suprafata (167,

valuarea modificdrilor texturale am incercat si o surprindem prin cal-
culul distribatiei porilor functic de razi, prin masurarca volumului de lichid
condensat in pori (V) s1 a celui necesar realizarii stratului monomolecular (V).
Rezultatele caleulelor sint ilustrate grafic in fig. 4 si tabelele 1 s 2

Curbele diferentiale AV/AR == {(R} arati o deplasare a razel medii de la
in jur de 10 A spre 30 A in ordinea SCA, SCN, SCB, iar pentru acelasi sort SCN o
Iargire a porilor corelatd cu temperatura de caleinare. Curbele 2 ¢i 3 pentru SCN
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subliniazi pe lingd cresterea razei porilor si o largire a spectr ulul de distributie.
In sfirsit, pentru un control suplimentar, curbele 4 si 5 redau distributia, se v cde
concordanti ; dedusi prin calcule cfectuate asupra ramurii de adsorb‘glc, res-
pectiv desorbtic a izotermed.

in tabele este dat, pentru o corelare suphmentard a datd()r diametrul
mediu al porilor, calculat dupid 117

d, =4 17,5 (1)
in care: d, este diametrul mediu caracteristic, A, 17, — volumul total al pori'or
(la x = 0,9), ecm?¥/g st S— suprafata specificd, m?/g.

Datele confirmi corclatia mentionatd, . evoluind de la 2559 A (SCA)
38,14 A (SCXN) si 61,91 A (SCB) iar functie de tratamentul termic pentru SCN
de Ta 37—38 A la 60,35 A pentru 500°.

Tabelul 2 mai subliniazd cd sub 300° modificarile texturale nu implicd o
largire insemnatd a porilor esantioanclor, valorile pentru d, fiind practic aceleasi.

Pe de altda parte, un caleul al volumlai stratulul monomolecular comparat cu
volumul total al porilor permite evaluarca aportului suprafetet (pelicula mouno-
moleculard) la volum (tabelul 1). Rapoartele aratd o participare de 359, (preponde-
rent volumul stratului monomolecular in porii foarte fin) in SCA, 37,69, in SCN
si abia 21,69, in SCB. Valorile sint ilustrate si in cazul SCN (tabelul 2) pentru
modificarile de textura induse de regimul termic.

Coneluzii. Silicagelul cromatografic isi modificd textura si structura prin
tratament hidrotermal controlabil. Alcalinizarea conduce la o crestere a dimen-
siunii porilor, probabil ca urmare a dizolvarii prin spilare a silicatului format
superficial prin schimb lonic cu grupirile OH. Calcinarea de asemenea conduce
la o crestere a diamctrului mediu al porilor.

Tipurile de silicagel-R cercetate sint comparabile prin valorile caracteris-
ticclor texturale cu sorturit de import din categoria: Sferosil, NOAqyg se0. 200,
Lichrosorb ete. (187,

(Intrat in redactic la [7 wmartie 1979)
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SURIFACE CHARACTERISTICS OF THERMALLY AND CHEMICALLY TREATED
CHROMATOGRAPHIC SILICAGEUL R
(Summary)
Chemical treating of silicagel R with NaOH determines a decrease of the specific surface

area from 600 to-200 m?/g, and an increase of the pore size from 25 to 62 A, respectinely. A simi-
lar effect has been obtained by heating at temperatures between 120 and 500°C.
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INDIRECT POLAROGRAPHIC STUDY OF ACID-BASE EQUILIBRIA OF
SOME BENZOIC ACID DERIVATIVES (II)

The use of an electrode with forced detachment of the mercury drop

E. GYARFAS*, 8. TOKES* and L. KEKEDY

Our earlier investigations concerning the acid-base equilibria of some ben-
zoic acid derivatives with direct [1] and indirect polarography [2], respectively,
showed the applicability of this method to the study of the kinetics of dissociation
and recombination reactions of polarographic inactive organic acids. This paper
deals with a new variant of the method used earlier [2], based on the application
of a dropping electrode with forced detachment of the mercury drop [3]. This
clectrode offers a larger drop-time scale (0.4—7 s) for the same mercury flow rate,
cnabling thus the observation of larger current variatious. In this case Rietschi’s
kinetic current equation [4] has the following form :

(7P = const. — 0.87 \/[__)"” \/—K_ Ko ka i (1)
Dyga {d-]

The dissociation rate constant can be calculated from the slope of the /62 vs.
(e line:

te? 2 lA- ]
g= (2)
0-873K, Dy+/Dya

The recombination rate constant is given by the equation:

k «
k, = 24 (3)
Na
K, being the acidity constant of the organic acid investigated.
The same R ~CgH,—COOH acids were investigated as in our previous work
2] in the same conditions: 2 x 10 % M acid concentration in 1.9 M LiCl in
859, aqueous ethanol in the presence of either azobenzene (2.5 X 1072 M), or
p-nitraniline (2.0 1073 M) (mediators), and of R—CH-COONa (2.3 x 1072M),
respectively. The kinelic waves of the mediators, determined both by the rate
of the dissociation of the weak acid present, and diffusion (first wave) have been
recorded (Fig. 1). The equations of the regression lines /2% vs. i/#'/8 obtained from
experimental data are given in Tables 1 and 2 respectively. &, and %k, values
were calculated using equations (2) and (3), respectively, the D+ Dyy, and K,
values used being determined earlier [2] (Table 3).

* Laboratory of Physical Chemistry, Medical and Pharmaceutical Institute, Tirgu Mures.
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The data obtained with the
present method confirm those ob-
tained with the simple drop-time
method {27

1. The acidity constants of the
acids vary parallel with the respec-
tive dissociation rate constants:

namely :

lg K, = (1.034 -+ 0.096) 1g kyay —
ro= 0.971
—(9.31 -+ 0.33)
S + 0.074
(0.926 =+ 0.060) g kup) —
r = 0.985
(8.95 - 0.24)

Sy = -+ 0.053

B. TOKES, L. KEKEDY

Fig
g.

as a function of drop time in the presence of ben-
zoic acid. Experimental conditions in the text.

Drop times:

1. The kinetic reduction wave of p-nitraniline

1 — 7.1s; 2 --21s; 3 -~ 082 s

4 040 s,

Table 1

Ecuations of the i1}/ vs, 7/t}/® regression lines for different henzoie acid derivatives.

Mediator : azobenzene
R- LGH%R COOH Equation (1)
- 38 = 10,740 1 0,.060)018 4 (1.611 + 0.065)
¥ —0.993 Sy = --0.034
0 cl 313 = - (1.33 4 0.13)i/8]/5 + (212 = 0.13)
= y e —0.990 S, = +0.054
4l 18—~ (1.659 4 0.028)4/31% 4 (3.39 = 0.12)
-t ¥ o —0.9997 S, = +0.013
i il = (1,479 <. 0.045)ij45 + (2 620 + 0.052)
— BT 7 o= —0. 9991 — £0.019
o cn B = (1,09 -k 01730008 4 (1.77 + 0.16)
—CHs yo= —0.977 S, -0.070
3 cH 13 = — (0720 -1 0.019)i/£1/8 + (1.348 = 0.018)
— &y ¥ o= —0.9993 S, = - 0.0095
icn Y = —(0.418 L 0.024)i/}/® + (0.779 < 0.017)
=ty y o= —0.997 S, = =0.011
. NH 313 = —(0.437 < 0.025)7/1/% 4 (1. 034 = 0.025)
2 r = —0.997 Sy = 4 0.019
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(continued ) Table 1

R C“”l“, COOH Equation (1)
- AR — (0520 - 0.064)i /75 | (1.160 - 0.064)
S y = —0.985 Sy = - 0.037
R i1 = — (0.339 L 0.019)1/4° | (0.0976 © 0.018)

NH, y = —0.997 Sy - = 0.012

1 On {213 = —(1.000 -4: 0.073)i/1}/% 1 (2.56 = 0.11)
d-C y= —0.995 So = — 0.048
4o P~ 0317 L 00511 - (0.747 = 0.039)

o —0.982 Sy = — 0.020
- Q15— (0.381 £ 0.022)i/11'% § (1.058 = 0.022) B o
4-0Cl, = —0.985 Se - = 0:014

LTable 2
Leuations of the /¢33 vs, 1]/ regression lines for henzoic acid derivatives.
Mediator: p-nitraniline

l\~th,‘7U)UH Fquation (1)

R :
" | ijes (0815 1 0.033)if/° 4 (3.837 £ 0.080)
P - 0.998 Sy = = 0.040
- (1372 0.096) 81 (3,673 L 0.016)
2 F o 0.995 Sy - = 0.063
e e LTS 022100 (6.78 - 0.85)
;= 0985 Sy = = 0.20
‘s e (1677 ¢ 0.0567% 1 (1059 < 0.091)
—br ¥ 0.9989 Se = = 0.032
o cm GG (1016 ¢ 0,099 7 (2.63 - 0.15)
3 e 0.990 Se - 0.068
Q33 (0589 - 0061 L (2,022 0.094)
3-CH, ¥ o= —1).989 S 6057
. R (0486 1 00280115 L (1525 — 0.030)
4-CH, P 0,997 S, - - 0.019
o NI GBI — (0448 1 0.044)7,75 + (1609 - 0.092)
2-NH, e 0991 S = 0.0048
4 NIT GBI (0510 0.041)i2105 1 (1.637 - 0.054)
3N, y o —0.993 S, - 0.033
. G210~ (0.248 - 0.054)/81% 1 (1.609 - 0.092)
4—XNH, y= —0.955 S, - - 0.078
e iR —(1.019 1 0.085)(/A15 { (3.79 L 0.18)
3-0H y— —0.993 Sy - -0, 082
iomn | AR — —(0.2302 1 0.0063)7/1° | (1338 0.010)
p e —0.9992 Sy = — 0.0070
. 210 — _ (0.3591 L 0.0054) /8% + (2.197
s—oc, i (0.3591 1= 0.0054)if}1% 1 (2.197 = 0.011)

i o= —0.9997 Sy = -1 0.0080
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Table 3

Dissotintion rate constants (k;) and recombination rate constants (k) of difterent benzoie acid
derivatives in the presence of azobenzene (A) or p-nitraniline (N) as mediators

R—CH,COOH Dyq 10 K, 108 ka(ay 1073 hr(H10-? ka(ny10-3 ke 10—
R cm?s 1 M st M-o1g-1 51 M—1g—1
H 1.888 2.12 3.00 1.42 3.64 1.72
2—-(1 1.854 19.16 1.05 0.055 1.12 0.058
4 Cl 1.853 4.45 7.05 1.58 8.16 1.83
4 Br 1.830 4.28 5.76 1.34 7.40 1.73
2 CH, 1.696 1.92 6.41 3.33 5.61 2.92
3-CH, 1.714 1.76 3.11 1.76 2.08 1.18
4--CH, 1.714 1.27 1.45 1.14 1.96 1.54
2--NH, 1.919 6.22 3.70 6.06 3.89 6.37
3--NH, 1.924 1.37 2.34 1.70 2.25 1.64
4--NH, 1.924 0.28 1.66 5.18 2.27 7.28
3--0OH 1.903 2.79 4.20 1.51 4.36 1.56
4--0OH 1.890 0.61 1.07 1.76 0.99 1.62
4 - 0OCH, 1.805 0.93 1.74 1.88 1.55 1.67

Indices (A) and (N) refer to the
mediators used ; azobenzene and
p-nitraniline, At
the same time the recombina-
tion rate constants have practi-
callv the same values for all de-
rivatives, regardless the method
of investigation used. This em-
phasizes newly that the meta
and para substituted benzoic
acid derivatives manifest a nor-
mal behaviour [27].

9

respectively.

the
K, — k, parallelism appear ow-
ing to the orto-effect of som:
substituents (o-Cl, o-NH,), as
well as in the case of p-NH,
benzoic actd.

3. The linear
between K,, k; or k, and the
substitution coefficient 5 reflects
the correlation the
rate constants constitu-
tion (Fig. 2):

from

Deviations

relationship

between
and

9 hgiA)

e 2

derivatives in the presence of different mediators. Media-

Ly

tors used : A
D2 —

R:1 - H

— 5 relatioship for different R —C H,—~COOH

— azobenzene; B — p nitraniline
4CL; 3 - 4Br: 4
6 - 3NH,;7 — 4NH,; 8 - 30H; 9

S 3CH,; 5 — 4CH,;
40H : 10 — 40UH,
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lg K, = (1.329 + 0.035) » — (5.677 = 0.010)

y = 0.998 Sy = + 0.026
Ig fgay = (1.26 + 0.06) 6 — (3.509 -+ 0.015)
r = 0.989 Sy == -+ 0.043
lg hasy = (1.42 = 0.10) o — (3.530 < 0.021)
y = 0.983 Sy = -+ 0.060

I'rom the slope of these regression lines the corresponding reaction constants are:

ok, = 1335 g, = 1265 5, = 142

which, considering the error limits, practically coincide.
4. Validity ol Hammet’s equation indicates the predominant effect of the
dissociation of the weak acid on the depolarization of the electrode.

( Received April 10, 1879}
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STUDIUL POLAROGRAFIC INDIRECT AL ECHILIBRELOR ACIDO-BAZICE IN SERIA
UNOR DERIVATI AI ACIDULUI BENZOIC (ID)
Utilizarca electrodulus cu ruperca forlatd a picaturii de mercur
(Rezumat)
S-au determinat constantele de disociere si de recombinare pentru acidul benzoic si 12 derivati

prin metoda polarograficd indirectd a lui Riletschi, utilizind drept mediatori azobenzen, respectiv
p-nitroanilind si un electrod de mercur cu ruperea fortatd a picidturii.
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SCHIFF'S BASES AND BENZYLAMINES FROM 2-PHENYI-4-(4" -AMINO-
PHENYL)- THIAZOLE AND 4-AMINOBIPHENYL. SOME UV DATA

VALER FARCASAN and ADRIANA DONEA

In ajrevious paper 1 we justified our attempts to comyare the behaviour
of 2-phenyvl-4-(4"-aminophenyl) thiazole (I) with that of 4-aminobiphenyl (11).
With this aim in view, in the quoted work we prepared some Schiff’s bases of

amines I and II and analysed their JR spectra.

7\
e -

1

We now report the preparation of benzylamines I11 ... VIII listed in table 1,
synthesized by reacting the azomethines IXN, XI ... XIII, XV and XVI with

sodium borohydride and of the new Schiff’s base 2-phenyvl- 4-(4'-(p-methoxy-
benzylidenamino) phenyvl -thiazole (X). :

R, ——@——CHZ N —R, R‘—-<:>\~—CH =N —R,

I : R, =H: R, ~ DFT  IX : R, - H; R, = DIFT
N

IV : R, = N(CH,),: R, = DET X : R, == OCH,; R,=DFT
v . R, = NO,; R, == DFT  XI : R, — N(CH,),; R, = DFT
VI R, = H;: R, = BF  XII : R, -NO,; R,=DFT
VII R, = N(CH,),; R, == BF  XIII : R, -~ H; R, = BF

VIII : R, = NO,: R, = BF XIV : R, OCH,; R,= BF
‘‘‘‘‘‘ \ XV : R, - N(CH,),; R, = BF

~ N———— - XVI : R, =NO,; R,=BF
prr— 7 N\ 1 N/ !

[

7\ /' \

I

BE =

We examined the UV spectra of compounds I...XVI in dimethylformamide
(DMFA) and for some cases also in 1,4-dioxane (see table 2).



Benzylamines obtained by the reduction of Sehifi’s hases

Table

7

e lamine | aacting | Solvent uSed | stelting point ¢ Fromula o Analysis N0
NZVic e e S O eCrysiai- . .
senzyiam hase 1\_“&0“ and colour (Molecular weight) iszlculatedi Yound
111 IX | Acetone 125-6, white P CnlN,S 818 | 82
‘ | (342.45) t
v NI | DMPA 169-70, cream CoHgy N, S 1090 | 111
coloured (385.51)
v NII | DMEFA 2034, orange CooH s N, 0,8 10.45 10.4
! | (387 .453)
VI1* g NXIII Acetone 94-4.5, whitegrey
VIl NV Toluene 137-8, white Cy Hyp N, 9.26 9.2
(302.40)
""" V1T TNVI L DAMFA 15356, vellow CroH N0, | 920 9.1
(304.33) ! |
* Lt 1494 8A0
Table 2
UV spectra of eompounds I.. . XVI
»omax™™ (= maxt < 10-3

Compound

Band 1

|

Band II

Solvent

ANMINES
2-Phenyl-4-(4-aminophenylithiazole (I

4-Aminohipheny! (IT)*

DENZYELAMINES
2-Phenyl-4-(4-benzylaminophenyljthiazole (IT1)

2-Phenyl-4- /4~ (p-dimethylaminobenzylami-
noj-phenyvi/thiazole (IV3

2-Phenyl-4-/4-(p-nitrobenzylamino)phenyl/-
thinzole (V)

4-Benzylamino-biphenyl (V1)

- p-Dimethylaminobenzylamino)-biphenyl
(VIn

4-{p-Nitrobenzylaminej-biphenyt (VIII;

SCHIFF'S BAKES

2-Phenyl-4-(4-benzylidenaminophenyly thiazole
(IXH
2-Phenyl-4-/4"-(p-methoxyhenzyvlidenamino) ple-
nyl/thiazole (X)
2-Phenyl-4-/4"-(p-dimethylaminobenzyvlidena-
mino)-phenvl/thiazole (NI
2-Phenyl-4-/4"-(p-nitrobenzylidenamino) phenyl/
-thiazole (XTI
4-Benzyhidenamino-biphenyt (NILD
4-{p-Methoxybenzylidenamino)-biphenyl (XIV)
4-ip-Dimethyvlaminobenzylidenamino)-hiphe-
uvl (XV)
4-(p-Nitrobenzylidenaminoj-biphenyl (NX\'D

* it (5) {registered in other condtions;

** lIntlexi on

294.0 (36.5)
285.5 (35.0)
294.0 (21.6)
2855 (21.5)
298.5 (37

8)
206.0 (58.2)

304.5
294.5 (26.7)
297.0
293.0
299.0
294.0

(45.5)
(43.5)
21.5)
(26.1)

305.5 (27.6)
291.0 (22.1)
297.0 (31.6)
287.0 (35.3)

336.0 (26.0)

336.0 (40.5)
[~ 336.0%%/
382.0 (14.6)
335.0 (17.6)
335.0 {46.0)

[~ 335.0%%
372.5 (17.0)

|

1

276.0 {32,
297.0
377.5
286.5

277.5
290.5

(24.0
(24.6;
(46.0y

372.0 (49.5)
280.0 (24.0y

DM A
1,4-Dioxane
DMI'A
1,4-Dioxane

DAMIEFFA
1,4-Dioxane

DMIFA
1.4-Dioxane

DMPFA
1,4-Diaxone
DMFA
1,4-Dioxane
DMEFA
1.4-Dioxane

DMPFPA
1,4-Dioxane

DMEFA
DMEFA
DMEFA
DMIFA
DMEA
DMEFA

DMFEFA
DMFA
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The spectra of ami- i
nes 1 and IT show a single
band with the same 7, 2
but different ¢,,,. The °
change of the solvent “J
from 1,4-dioxane (p == 30t
= (,4) to a more polare
one, the DMFA (1:=3.8)
brings about an identi- 27
cal bathochromic shift.
These data. as well as 24}
the value of the g,
> 10.000, point out that

this band originates from 21T
n -~ m¥ transitions.

If the spectra of the 18
two amines (I and 11) |
are recorded in the same |
solvent but in the pre- 12

sence  of  hvdrochlorie
acid (sce fig. 1) they be- |
come identical with the 9
one of the parent com-
pounds, 2 4-diphenylithi-
azole (XVII) and biph- 3
enyl (XVIII). Thus the

importance of the n—= S : : . . . -
interaction between the 38 36 34 32 30 28 -3
aminogroup and benze- 1/2°10 cm

ne ring in the chromo- 1jig 1. UV spectra of I, II. NVII, NVIII in DMIA and

fore  generating  this DMEFA HCLT =152 — T -=HCE: 3= NVII; 4 = XVII 4 HCL;
. ’ 5 I1: 6+ 1I -~ HCl; 7  XVIIIL,

band 1s obvious.

The comparative examination of the spectra I... VIIT shows that the N-
substitution with the benzylgroup shifts the absorbtion toward the long wavelength
region in both solvents. In DMFA a more important shift is observed for the
amincs bearing as substituent the p-dimenthylaminobenzyl group (IV and VII)
while in 1.4-dioxane the shift is the most marked for the amines I1IT aud VI,
substituted with a benzyl group.

M. Ashraf et al. 2] analyse the clectronic spectra of Schiff’s bases in
terms of two weakly interacting moieties of the molecule, namely the benzal and
the aniline parts, owing to the noncoplanar molecular structure. They show
that the first and third band are sensitive to substitution in the anilitic part
while the second and the fourth ones to the substitution in the benzal part. These
conclusions were drawn comparing the spectra of compounds NXIX, XX and
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XXI in cyclohexane on the one hand, and that of XXII,NIX and XXIII in
ethanol on the other hand.

R, N =t Y R,
NXIN: R, — OCH,; R, == H NNIT: Ry = H; R, H
NXX: R; = OCHy; R, = C(H, XXIIT: R, - - H
XXI: R, = OCH,; R, == OCH, XXIV: R, = NO,; R,=H
We tried to analyse the spectra of our Schiff’s bases IX... XVI from the

same point of view and to perceive the difference between the 2 4-diphenylthi-
azole (XVII1) and biphenyl (XVIII) as substituents of the azomethine group.
With this aim in view we compared the spectra of the pairs IN—XITI, NX—
NIV, XI—XV and NII—-XVI, each with the same substituent in the benzal
part of the molecule. One observes (see table 2) that the change of 2 4-diphenyvl-
thiazole with the biphenyvl, except the last pair, NIT—XVI, has a larger influence
on the second band thau on the first one. That means that by these derivatives the
above 2] mentioned behaviour was not confirmed. Unfortunately our compo-
unds are not soluble enough in cyelohexane for running the spectra in the same
conditions as Ashraf did and thus to exclude a possﬂ)lc assumption that this
non-concordance would be determined by the solvent (DMEA) cffect.

Bx our two series of compounds (IN, X, XI and XIII, NIV, XV) with the
same C-substituent of the azomethine group as the Schiff’s bases studicd by
Ashr af et al, (27, namely NNXII, NIX and XXIII, the conclusions of the
authors were confirmed. Indeed by N and NIV, the presence of the methoxy
group influences only the position of the second band shifted to longer wave-
length (sce table ’3) The dimethylamino group (XTI and XV) determines a very

strong bathochromic \hlft of the sccond band which becomes the I(mg(st wavelength
band and covers the first one w Hich

appears as shoulder. However, in

Influence of the p-substituent from the henzal part  the case of the nitroderivatives XII
of the Nchiff’s bases on the position of the seeond and XV both bands are bathoch-

Talde 3

band in the UV spectra of compounds IX ... N1 romic shifted. This seems not to be

Compo- | . . . ) _ o - an cxception for our c‘on}pounds,

und | Substituent G DMEA A because using the dataof Kra uss

‘ S ! . ¢t al. ‘37 obtained by recording the

24-Diphenylthiasole devicatiods spectrum of 4-nitrobenzylidenani-

I L H 976,40 line (XXIV) in ethanol — as

X | OCH, 297.0 N S I Ashraf ctal (2 did for their

XL | N(CHY), 377.5 poo-101S series — a similar behaviour may
XII | NO, 286.0 | 10.5 be observed.

i Tiiphenyt d”m.m”/: . If the influence of the substi-

}):111\1 gCHq :’!&7)2); ]‘ a0 tuents (OCHy, N(CHy), and NO, on

NV | N(CH,), 3790 L 910 the position of the second band ol

XVI | NO, 286.5 i 1.5 the Schiff’s bases derived from amit-
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nes T and IT are compared (sce table 3), it is obvious that the bathochromic
effect is more intense in the first series (IX ... XII). Thus, a more important
interaction between the two moieties of the Schitf’s bases molecule is suggested
in the case of the derivatives of 2-phenyl-4-(4-aminophenyl) thiazole (I).

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

RBenzvlamines 1IT ... V1T, To a solution of 0.2 g Schiff’s base in 10 ml 1 4-dioxane and
10 ml methanol, 0,1 g sodium borohydride were stepwise added under stirring. The stirring was
kept on for one hour. The mixture was allowed at room temperature for 24 hours and then poured
into water. The precipitate was filtered and reerystallised from the suited solvent. Aditional data
were given in table 1.

2-Phenvl-4-[4'-( p-methoxybencylidenaminn ) phenylithiazole (X). Trom [ and anisaldehvde,
in the conditions deseribed in another work 1], X was obtained. The crude product was recrys-
tallvsed from DMEFA. Cream-green crystals, m.p. 185 6"

CoaHigNLO8 (370.46). Caled. N 7.56. Found 7.5.

A-(p-Methoxybenzvlidenawina) biphenvt (X111 ). From II and anisaldehyde, under the condi-
tions deseribed in another work (1), NIV was obtained. The crude product was recrystallized from
chlotoform. White-cream coloured cryvstals, nmip. 159 —-61".

Coo H, NO (287.30). Caled. N 4.87. Found 4.7. (Lit. (61 161.57).

( Recetved August 1, 1979}
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BAZE SCHIFEF SI BENZILAMINE DE LA 2-FPENILA4-(4-AMINOPENIIVTIAZOL 51
FAMINOBIFENTIL. CITEVA DATE UV

(Rezumat)

Se preparii benzilaminele IIT...VIIT prin reducerea bazelor Schiff TN, NT.. . NI, XV si
XVI cu borohidrurd de sodin. Se sintetizeazi si azometina X
Se inregistreazid si se analizeazil aspectrele UV ale compusilor T.. . XVL

[etreprinderea Poligrafica Cluj, Municipiut Cluj-Napoca cd. 3078 1970
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