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IL'UTILISATION DES MEMBRANES INTERFACES
LIQUIDE-LIQUIDE COMME LELECTRODES ION-SENSIBLES (II)

Les interfaces alcool amylique-eau et cyclohexanone-cau
pour le titrage des acides et des bases.

MARIA MIOSCU, MAREA MURESAN et ELVIRA STEJERAN

L’interface de deux liquides non-miscibles doit fonctionner comme
électrode-indicatrice parce que la comncentration des ions sur les deux
faces de Vinterface est différente. Dans un ouvage antérieur [1] nous
avons montré la possibilité d’utilisation de l'interface n-butanol-eau comme
électrode indicatrice pour le titrage potentiométrique de quelques acides
et bases.

Dans le présent travail on expose les résultats des titrages de quel-
ques acides et bases, effectués en utilisant comme électrodes indicatrices
les interfaces alcool amylique-eau et cyclohexanone-eau.

Les titrages ont été exécutés dans une celle dont la surface de la
base est d’environ 20 cm?, en appliquant sur la solution a titrer une couche
de solvent non-miscible d’environ 0,5 cm saturé préalablement d'eau.

Le potentiel de l'interface a été prélevé au moyen de deux électrodes

de calomel, mesurant ainsi la f.e.m. de la celle suivante: + E.S.C. —
— solvent non-miscible/solution aqueuse — E.S.C. — Sur la figure

1 (courbe a) est donée la fonction électrodique obtenue au cours du
titrage HCl ~ 0,1 N par KOH ~ 1 N, dans le cas d'utilisation d’in-
terface alcool amylique — solution aqueuse. Les valeurs du pH corres-
pondantes ont été mesurées an moyen d’'une électrode de verre. La courbe
b présente la fonction électrodique obtenue au cours du titrage KOH ~ 0, 1IN
par HCl ~ 1 N, c’est & dire en allant du domaine basique vers le domaine
acide. On observe pratiquement la méme allure de la courbe pour ia fonc-
tion électrodique.

Ia figure 2 présente les fonctions électrodiques obtenues au cours
du titrage des acides HCl et H,50, ~ 0,1 N par KOH ~ 0,1 N dans le cas
de I'interface cyclohexanone-solution aqueuse.

Les deux courbes pour la fonction électrodique ont la méme allure
qui différe seulement dans le domaine basique de celle des courbes pour
Vinterface alcool amylique-solution aqueuse.
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STEJERAN

La figure 3 présente les
courbes de titrage de lacide
HCl ~ 0,1 N par KOH ~ 1N,
obtenues avec les deux in-
terfaces, Ainsi comme nous
nous attendions, ces courbes
n'ont pas la forme classique
des courbes de titrage potenti-
ométrique. Au point d’équiva-
lence, que l'on saisit trés fa-
cilement, la pente de la cour-
be change. 1, allure des cour-
bes est identique, signe que
les deux interfaces ont le
méme comportement. On ob-
serve que dans ce cas, dans
le titrage avec l'interface al-
cool amyvlique-solution aque-
use on obtient une variation de
potentiel un peu plus grande.

La figure 4 se référe au

titrage HNO, ~ ,1 N par
KOH ~ 1 N. On remarque
une variation de potentiel

beaucoup plus petite dans le
cas du titrage en présence
de Vinterface cyclohexanone-
solution aquese. Toutefois on
saisit  nettement  le point
d’équivalence dans tous les
deux cas.

La situation est pareil-
le dans le cas du titrage
HCIO,~0,1 Npar KOH~ 1 N.

Les titrages du H,80,~
0,1 N par KOH ~ 1 N sont
présentés sur la figure 5. La
courbe de titrage a une allure
différente pour le titrage en
présence de linterface alcool
amylique mais semblable avec
celle obtenue en utilisant
Pinterface n-butanol-solution
aqueuse [1]. Par échange, le
titrage en présence de l'inter-
face de cyclohexanone dé-
coutle bien, en s’enregistrant
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des grands variations de potentiel et un point net d’équivalence. Partielle-
ment ces differences dans l'allure des courbes de titrage s’expliquent par
les propriétés différentes d’extraction des solvents devant les acides.

Le titrage HIO; ~ 0,1 N par KOH ~ 1 N(fig. 6) découle en de bonnes
conditions pour toutes les deux interfaces.

Le titrage H,S0, ~ 0,1 N par KOH ~ 1 N (fig. 7) présente des cour-
bes assez bizarres. Le titrage exécuté en présence de linterface d’alcool
amyliqgue donne une courbe qui ressemble a celle obtenue pour le titrage
du H,SO, avec la méme interface. En utilisant l'interface de cyclohexanone,
le point d’équivalence correspond a un minimum a peine perceptible de la
courbe de titrage.

Le titrage H,PO, ~ 0,1 N par KOH ~ 1 N (fig. 8) se déroule d'une
maniére semblable pour les deux interfaces (On peut saisir seulement
la premiére étape de neutralization). On constate la méme situation pour
le titrage HCOOH ~ 0,1 N par KOH 1 N (fig. 9).

Un comportement différent de ces deux interfaces, dans le titrage
CH,COOH ~ 0,1 N par KOH ~ 1 N est relevé par la figure 10. Les courbes
de titrage ont un aspect étrange, les variation du potentiel sont en sens
contraire, Une explication consisterait dans les propriétés de tensioactif
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MEMBRANES INTERFACES LIQUIDE—LIQUIDE (1) 11

du CHZ;COOH, car les variations de la tensiou superficielle aménent des
variations de potentiel.

Pour étudier l'influence de la concentration de l'acide titré sur la
marche du titrage ont été exécutés des titrages de HCI par KOH a plu-
sieurs concentrations: 1 N, 10-1N et 10-2N.

On a observé que l'augmentation de la concentration est favorable
pour le titrage, parce que en méme temps augmente la variation de poten-
tiel. A des concentrations ~ 10-3N le titrage ne découle pas en de bonnes
conditions.

On a etudié aussi I'influence de la concentration en électrolyte étranger
en travaillant dans un milieu de KCl de différentes concentrations: 0,1 M,
05 M 1M 2Met5 M Surla figure 10 on observe qu'en milieu de KCl1
apres le point d’équivalence on n’enregistre pas des variations de potentiel.
Les concentrations croissantes en KCl n’ont pratiquement aucune influence
sur la localisation du point d’équivalence, celui-ci pouvant étre aisement
determiné méme sur un fond de KCl 5 M. I.a situation est identique pour
les deux interfaces (Fig. 11).

Relativement au titrage des bases, sur la fig. 12 on présente les cour-
bes de titrage de KOH ~ 0,1 N par HCl ~ 1 N respectivement H,SO, ~
1 N. Bien que les variations de potentiel qu’on enregistre durant le titrage
soient assez petites, au point d’équivalence on observe un saut net de poten-
tiel, les courbes de titrage ayant cette fois-1a une allure presque classique.

Le titrage du Ba(OH), ~ 5.10-3N par HCl ~ 1 N (fig. 13) enregistré
pour les deux interfaces, un grand saut de potentiel a I'équivalence ( ~ 80mV)

Tableaw 1

Hésultats des fitrages des acides et bases, obtenus avee les électrodes-membranes interfaces
alcool amylique-eau et eyelohexanone~eau.

Vo (ml) o
interface €
- [

(\ri Titrage "'.5‘) :;E ‘ %
R 28
= -0 (S =

H HC ~ 10-N - KOH ~ 1 N 6,55 6,60 6,54 0,15 0,9
2 HNO, ~ 10" N+ KOH ~ 1 N 5,00 | 4,90 | 495 B —1
3 HCIOy ~ 10 - N 4+ KOH ~ 1 N 4,40 4,65 4,50 — 1,56 3,22
4 HyS0, ~ 10-N - KOH ~ 1 XN 7.50 7.70 7.65 --2,61 -1-0,64
5 HIO; ~ 10+ KOH ~ 1 N 6,40 6,40 6,45 - 0,78 0,78
o Hyn0, ~ 10 "N 4 KOH ~ 1 N 7.00 7,20 6,95 —0,72 -+ 3,47
7 H,PO, ~ 10N &+ KOH ~ 1 XN 6,30 6,30 6,40 — 1,58 --1,58
8 HCOOH ~ 10 "N - KOH ~ 1 N 3,40 3,40 3,35 — 1,47 - 1,47
9 CH,COOH ~ 10 "N + KOH ~ 1 N 7,00 7.10 6,95 =071 + 2
) KON ~ 10 - N « HCl ~ 1 N 3,90 3,87 +0.76 —
H,80, ~ 1 N - 3,60 3,65 — - 1,3
1] Ba(OH}, ~ 3+ 10 2N + HCl ~1 N 2,10 2,15 2,08 0,95 ~3,5
6.30
2 NH,OH ~ 10- XN & Tl ~1 N 6,40 | 355 | 3,65 . 1,56 2,74
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Le titrage de NH,OH ~ 0,1 N par HCl ~ 1 N découle dans de mauvaises
conditions, toutefois le point d’équivalence peut étre saisi.

Yn exécutant des titrages pour KOH a de différentes concentrations,
on a observé ainsi qu'a mesure qu’'augmente la concentration en KOH
augmente aussi la variation de potentiel au point d’équivalence.

Concernant l'exactitude des titrages présentés plus haut, la valeur des
volumes d’équivalence a été établie graphiquement par lintersection des
deux branches de la courbe de titrage trouvées dans l'immédiat
voisinage du point d’équivalence. Cette valeur a été comparée avec celle
obtenue en titrant en présence d’'un indicateur.

Les résultats sont présentés sur le tableau 1. En examinant les données
du tableau 1 nous observons que les erreurs se trouvent entre les limites
des erreurs volumétriques. Regardant en général, on constate que 1’électrode
membrane-interface alcool amylique eau, donne des erreurs plus petites
(& Yexception de H,50,). Nous n’avons pas pu constater des différences
significatives dans le comportement de ces deux électrodes. Il est trés
probable que les autres solvents mnon miscibles forment aussi des
interfaces avec des propriétés pareilles.

{ Manuscrit regu le 30 Novembre, 1972)
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UTILIZAREA MEMBRANELOR INTERFETE LICHID-LICHID
CA ELEFCTROZI TONI SENSIBILL (11)

Interfefele alcool amilic-apa si ciclohexanond-apd ™ titrarvea acizilor gi bazelor

(Rezumat)

In continuarea studiului asupra proprietitilor clectrodice ale interfetelor s-au cfectuat
o serie de titrdri acido-bazice in faza apoasid, potentialul de o parte gi de alta a interfetei fiind
preluat cu doi electrozi de calomel.

S-au titrat astfel o serie de acizi ca: HCl, Hy80,, IINO,, HIO,, H,8¢0,, H,PO,, HCOOH si
CH,;COOH cu KOH precum si baze ca KOH, Ba(OH), si NH;OH cu HC!l si H,50,. Se constati
unele deosebiri nesemnificative in modul de comportare electrodicd a celor doui interfete.
Se obtin rezultate bune pind la 1072N. Viteza de ridspuns a electrozilor este mare. $-a caracteri-
zat exactitatea titririlor calculindu-se eroarea in raport cu volumul de echivalentda obtinut
la titrarea in prezentid de indicator.
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HMCIOJIb30BAHUE MEMBPAHHBIX MEXIPAHEN JXUIKOCTb-KUIKOCTL B
KAYECTBE HMOHOYYBCTBUTEJIbHBIX SJIEKTPOAOB (II)

Mexzpatiu amurosuisl cnupm-600a u {uKA0EKCAHOH-8000 8 MUMPOBAHUL KUCAOM U OCHOBAKUL

(Peswome)

Tlponmonkas wuccleJoBaHHe 3JeKTPOAHBIX CBONHCTB MexKrpaHel, aBTOPLl NPOBEIH PAN
KHCJIOTHO-OCHOBHBIX THTPOBAHHMA B BoxHOH ¢ase, H3Mepsist NoTeHUHal ¢ 00eHX CTOPOH MekKrpa-
Heli C NMOMOUILIO ABYX KaJIOMEJbHEIX 3JeKTPOJOB.

ABTOpH THTPOBaJIH PsIL KHCJIOT, a WMeHHo: HClI, H,S0, HNO,, HIO,, H,5¢0,, H,PO,,
HCOOH n CH;COOH ¢ nomouiblo KOH, a Takie HEKOTOpble OCHOBaHHMA, Kak: KOH
Ba(OH), 1 NH,OH ¢ nomomsio HCI 1 H,S0,. YcTaHORMEH! HEKOTOPEIE HE3HAUHTEJbHbIE Pa3fiH-
M5 B Cnocofe 3JeKTPOLHOrO NOBefleH sl ABYX Mexrpaneil. ITosyueHsl xopoiuHe pe3yabTaTh A0
1072 N ; oTBeTHast CKOPOCTb 3JEKTPOIOB GoJibiiasi. ABTOPE 0XapaKTepH30BalH TOYHOCTL THTPO-
BaHMi, BEIYHCANS TOrPEUIHOCTL [0 OTHOIHEHHIO K O0beMy 3SKBHBAJEHTHOCTH, [OJYUEHHOMY B
NPHCYTCTBHH HHIMKATOPA.






ON THE CHROMIUM AND ZIRCONIUM DOUBLE OXIDES

CONST. GH. MACAROVICI and EMILIA MOTIU

The double oxides, due to their properties (electric, magnetic, cataly-
tic, refractory etc.) are of very high interest because of their wide use in
the field of technology. The properties of double or multiple oxides depend
on the nature of the components, on their combination ratio, on the syn-
thesis, and on the result of the interaction (combination, solid solution
or simple mixture).

Some authors proposed to calcine the oxide mixtures (1,2, 3, 4] or
the coprecipitated hydroxides [5], to obtain double oxides, but finally,
they concluded that no combination was formed even when the argon-
plasma (5000°K) was used to heat the system. The conclusion of these
studies was that at high temperature, only stable solid-solutions were formed.
After cooling the whole system, an eutectic decomposition may take place
[3]. According to Becherescu [4] the fluorite type solid-solution
formed in the system modifies the parameters of the crystalline lattice of
the components.

Assuming that the method of obtaining the double oxyde systems
may influence the activity of the components, we tried to obtain double
oxydes in the Cr,0,—Zr0O, system by thermal decomposition of some
mixed complexes.

The synthesis of mixed complexes has the advantage of providing
a molecular mixture of the components in the same iatter that is the most
homogeneous possible. The thermal decomposition takes place at low tem-
perature, the results yielding a high activity oxide-system, which facili-
tates solid-state reactions [6, 7). That’s the reason why we started the
synthesis of chromium-zirconium double oxides from the following mixed
complexes :

I [CrCl{NH,);]5[21r(C,0,),]-4H,0 red-gray
I [Creng ,[Zr(C0,)4]s vellow
The mixed complexes we have synthesized were heretofore unknown.

After calcination two Cr—Zr double oxides with 1:1 and 2:3 Cr/Zr
ratio, were obtained.
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The thermolysis (I'GA and DTA) of the above mentioned complexes
was examined, by means of IR absorption and X-ray diffraction.

Experiments. To prepare the two mixed complexes I and II, the following complexes
were used :

(NH,), Zr(C,0),] + 2H,0, "CrCHNH,),Cl, and [Cren, Cly - 3,5H,0.
These complexes were synthesized according to well known methods.

The complex 1 was obtained by adding under stirring the stoechiometric amount of
chrom chloropentamine chloride solution to the aqueous solution of amonium oxalatozirconate.
The precipitation was started by a very slight alkalinization (one or two drops of amonium
hydroxide).

In the same way, but by using [Cren,ICl, - 3,5H,0 we obtained the second complex
as a vellow microcrystalline precipitate.

The data concerning the chemical composition of both complexes are given in Table 1.

Table 1
Analytieal Data for Complex I and I

N°® Combination Croy | Zro) kzu(/)‘ Noy | Clog Hg()
SO o

T [CrCINH,) ¢ 1o [Zr(Cy00y) cale. 12,08 | 10,60 | 40,90 | 16,28 | 8,24 | 8,37
M == 860,62 found. 12,22 | 10,49 | 41,05 | 16,21 | 8,22 | 8,50

11 [Creny , [Z1(Cy04), 1y calc. 9,20 | 12,11} 46,75 | 14,88 — -
Mo 225914 found 8,95 | 12,231 46,85 | 14,00 —

sum of oxides conformly TGA (1) == 31,989 (at 6007); 31,00°, (at 12007).
Sum of oxides conformly TGA (I1) = 29,83°, (at 1200°); 29,807, cliemical analysis.

An K. Paulik, J. Paulik, L. Erdey derivatograph (MOM-—DBudapest) was used, and
samples of 200 mg were examined in the temperature range 52°—1200°, heating speed
10° - min~t (fig. 1 and 2).

Yor the infra-red spectra, an UR—10 VIIB Carl Zeiss Jena equipment was used (KBr
pelletsy (Table 2, fig. 3) and a TUR--60 Dresden apparatus for X-ray diffraction-powder
niethod-analysis (fig. 4).

Results and Diseussion. Because of the succession of the processes
which take place and also of the probable superposition of the decom-
position effects of the complex cation and anion, there are difficulties to
explain the thermolysis of these mixed complexes. That is the reason why
we could appreciate only the total reactions and did not fail to detect
any intermediate compound.

Examining the TG curve (fig. 1) of the complex T we can observe that
the decomposition begins at about 60° and ends at about 160—165°;
in this temperature range the complex loses water. A very strong loss
of weight due to the decomposition of the complex and the expelling of
NH,, HCl, N,, CO and CO, was observed.

On the T.G. curve we can see a continous loss of weight pointed out
by a slow slope up to about 320°C followed by an abrupt loss of weight.
The aspect of the curve changes after 420°, becoming nearly horizontal
till 1200°.
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On the TD curve we can
see two endothermal effects at
150° and 320° which are follo-
wed very near by a strong exo-
thermal one at 420°, due to the
formation of the crystalline lat-
tice of both oxides just formed.

No other effect appears up to
1200°.

The total decomposition and

calcination reaction is most pro- ] 10
bably the following: A L

EX0

OWEIGHT LOOS(*)
F ¥y -
3

A
PEARS

[CrCl(NH;); o[ Z1(C,04),) - 4H,0 + Boge
25-750°

= 1/20, —> Cr,0, - Zr0, + 3 \

- 8NH, -+ N, -+ 2HC(Cl - 4CO -+
-+ 4C0, 4 6H,0.
The sum of the oxides cor- \

responding to the residue regis- 5
tered on the TG curve is 329 \

ENDO: «-~— TERMIC

(600-), and there is a good agree-
ment between the registered and
calculated (31,989,) values. Lﬁ

The decomposition of the
complex II begins also at about
60°. The TG curve has a very
slow slope till 280°, becoming

. : 00 1
nearly upright between 280°— o 20 e 800 TEMPEEATUREZEPC)

—400°". {Xf’ter 400° the slope be- Fig, 1. The TGA and DTA curves for
comes slighter and between 620° T ICECHNH,), T, 7GR0, - AHL0.
and 1200° it is nearly horizontal.

On the TD curve we can observe an endothermal effect followed ins-
tantly by a strong exothermal one, at 380°. The latter, due to the calci-
nation of ethilendiamine is superposed over another effect due, probably,
to Cr,O; and ZrO,, formed in the above mentioned conditions. As we
could observe the process ends at about 620°.

The calcination and decomposition of complex II is developing accor-
ding to the scheme:

. L . 257800 | o .
“Crenyl, Zr(C,0,), 15 + 18 0,2205 9Cr,0, - 3710, - 24NH, 4- 36 CO -
+ 12 CO, 4 12 H,0.
Most probably during the calcination of ethylendiamine small quan-
tities of HCN or (CN}, were formed, partly on the account of ammonia.

2 — Chemia 21973
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= Anyway the process of decom-
é position and caleination of com-
s plex II is complicated and the
) 420° scheme mentioned above is only
S ‘ a first approximation.

= sl The IR spectra of both coni-
n - - plexes are very little modified

till 2007, when the two substan-
ces become anhidrous. Table 2
gives the IR spectra of hoth
complexes at the temperature ol
2007 in the range of 400 cm—1t
-— 1800 cm~* together with thosc
concerning the residues of the
above mentioned complexes cal-
cined up to 1200°. In the last
two columus (table 2) are men-
tioned the characteristic vibra-
tious of Cr,O, and ZrO, obta-
ined separately by heating up
to 1200° the corresponding hyd-
roxides.

In the range of 3300--3100
\ cm~! the characteristic vibrati-

ons, at room temperature, for

o 1G] NH, and OH, for the correspon-
ding complexes diminish and
finally disappear, with rising

0 000  Bw temperature. Between 3007 - 400°

TEMPERATURE(C) the vibration about 1600, 1400,

I'ig 2. The TGA and DTA curves for 1100 cm~' characteristic  for

Cren, , Zr(Ca00, . ) C—0O, COO-, NH, CN, ete.

disappear too, while those

specific for the M--O bond (Cr,0, and ZrO,) become stronger aund
stronger.

Fig. 3 shows the IR spectra of complex I at room temperature, as
well as those obtained by heating at various temperatures as compared
to those corresponding to the Cr,O, and ZrO,. It can easily be seen that
the spectra both of complex I and of complex II calcinated at 1200° has
the same feature as the spectra recorded for each oxyde separately.

7
p
e

PEAKS ———s EXO

IS
I
TERMIC

ENDO @

By examining the X-ray powder diagrams we can conclude the same
fact. Fig. 4 gives the diffraction diagrams of both complexes calcined
at 1200° compared to those of Cr,0, and ZrO, obtained separately and
heated at the same temperature. The IR spectra as well as the X-ray dif-
fraction diagrams, permit to conclude that no reaction takes place bet-
ween Cr,04 and ZrO,, in spite of the homogeneous molecular mixture formed.
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Table 2
It Spectra for the First and Second Compound, Between
1800 — 400 ¢m—1?
[CICHNT,), 1,1 27(C0), ] [Cren, , 1Zr{C,0,) 1
Vibration ¢ ( .:)‘,],‘z [ (Cy 4)4 ] L SIE B ( a 4) J3 g;(z)((;x) '{‘;8';0
206 [ 12007 200° 1200° |
o R . |
WC—0 f 1715 ~i ’ J 1718 vi :
- L1695 vi | \
wCoo- a0 v D oreso i ; |
SNH i Co1Ess v |
| } Cren0 vi
, NEEEE |
W0 1405 i { ’
‘ 1380 vi ?
WOO ™ 1205 i 1290 | ;
; 1265 mi L1260 m | '
| 1160 mi | : ]
‘ {1058 mi | !
W00 el m o910 m 5
810 mi | L8200 mi |
E ; 800 mi |
il - ; 745 i 1 745 wm 750 i i — 750 i
! | 665605 vi | 650605 vi , 6858315 vi | -
| - 590535 vi | 570 w 590--515 vi | 590--570 vi | 575 i
! 545 mi | - E’ 520 wm 560 mi [
yM -0 5 - 505 sehild 2 —— 500 schld - : 505 m
490 m i 485 mi —- —
| L4554 ‘ 450 schld 450 i 455 ~i
445 m : I 1454 145 1 —
| ! |
| ‘ ; 1 - - 425 i
L5 | 4150 | ETER 415 m -

In the range of temperature we worked out both complexes, we could
not obtain compounds corresponding to a Chromium zirconate or poly-
zirconate. The product we obtained 1s a mixture, a stoechiometric double
oxide, probably a solid solution. This conclusion confirms the results obtai-
ned by other research workers {1 ... 5], who worked in different condi-
tions. There is no reason why the molecular mixture of these two oxides
should not have certain electric, magnetic, catalytic etc. properties, making
them worth for further studies.

(Received December 12, 1972}
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Fig 3. The modification of IR spectra during the
thermolysis of the [CrCl{NH,);[Zr(C,0,)] - H0.
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ASUPRA OXIZILOR DUBLI DE CROM $I ZIRCONIU
(Rezumat)

In cadrul studiului sistemului Cr,04— Zr0,, s-a urmarit termoliza [CrCHNH,); 1, [Zr(C,0,),]-
- 4H,0 si [Creng],[Zr(C,0,),]5-complecsi nou obtinuti, folosind analiza termogravimetric3
si termodiferentiala absortia in infra-rogu si difractia roentgen.

Prin calcinarea complecsilor mentionati, rezultd urmitorii oxizi dubli: CryO,-2rO, si
2Cr,04- 3710,

JBOWHBIE OKHCH XPOMA U LIHPKOHMS

{Pesiome)

IIpu n3yuennn cuctemnl CryOy — ZrQ, aBTOPLI MPOC/AEKHBAMH TePMOJIH3 HOBOIOMY-
yeHHbIX KoMIvieKcos [CrCl(NH,),1,{Z2r(C0,),] - 4H,0 ¥ [Crien),],[Z2r(Cy0,),J5, NPHMeHss Tep-
MorpaBBMeTpHUeCKUIl H TepMoauddepeHliManbublil ananus, nordoilernte B MK oGractu u pent-
resoudpaxLHIo.

TlyTeM KanblMHALMH BHILEYNIOMSHYTBIX KOMIJIEKCOB NONVYAIOTCS ClefyIoliHe ABOAHbIE
OKHCH : (1,04 - ZrO, ¥ 2Cr,0, - 3Zr0,.






COMPLEX COMPOUNDS OF AMINO ACIDS (III)*
A Chromatographic Study on «-Amino Acid Complexes of Cu (II)

s
FELIKS KARCZYNSKI, HENRYK RATAJCZYK, HENRYKA MARKUSZEWSKA**

Numerous reports are to be found in the literature dealing with com-
plex compounds containing two different amino acids moieties in the
molecule. For instance, Martin, Paris and co-workers have published
a cycle of works [1—3] in which they report results of potentiometric and
molecular optical rotation measurements indicating that by the action
of a mixture of two amino acids, e.g. glycine and alanine, on the Ni(II)
or Cu(Il) cations, mixed 1:1:1 complexes {e.g. Ni/glycine/alanine) result.
Wellman and Wong [4] have suggested, based on results of the
measurements of the optical rotatory dispersion, that in a solution contai-
ning two cupric complexes the following equilibrium is likely to take place:

Cu(Gly), + Cu(4), = 2Cu(Gly, A)

where A — stands for an «-amino acid, for example alanine.
Chapurina and Ablov [5], based on results of X-ray studies,
have reported the possibility of formation of mixed complexes during
crystallization in the system Cu(II) — Gly — Ala — alcohol — water.
Some stereoselective effects accompanying formation of metal cation
complexes with racemic amino acids have been studied by Petit and
Paris [6], Gillard and co-workers [7—10], Wellman and
Wong (4], as well as by Ritsma and co-workers [11] and also by
Yasui, Hidaka and Shimura [12,13]. Later, Gott and
Bailar [14], Harada [15], and Shiba and Fujita [16] made
use of the steric effect due to the I, or D configuration of an amino
acid for resolving a racemic mixture of amino acids into their optical anti-
podes via crystallization of their cupric complexes. Recently, Rogozin
and Davankov [17], as well as Angelici [18] resolved racemic

*Part II: Ratajczyk H., Karczynski I, Chem. Analit, 17, 121 (1972)
** Tnstitute of Chemistry, University, Gdansk — Poland, Department of Chemistry, Peda-
gogical College, Stupsk — Poland.
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“

mixtures of amino acids into optical antipodes, by making use of the
steric effect, during the chromatographic separation of their cupric com-
plexes on an optically active chromatographic column.

In this work results have been reported of investigations aimed at
establishing the composition of complexes being formed in the reaction
of cupric cations with a mixture of two optically active or racemic amino
acids

Experimental. Keagents. Amino acids: D-alanine (D-Ala), L-alunine” (L-Ala), DI-ala-
nine (DL - Ala), I-leucine (L-Leu), DL-valine (DL-Val), D-phenylalanine (D-Phe) and L-phe-
nylalanine (I-Phe), manufactured by , Reanal” (Budapest) were purified by crystallization
from aqueous methanol. The purity of the amino acids was checked chromatographically,

Diatomaceous earth with gypsum added (Kieselgur G manufactured by | Merck’,
was used as the adsorbent for thin-layer chromatography. Solvents: n-butanol, n-propanol’
chlorobenzene and cyclohexane were all purified by distillation. Basic cupric carbonate p.a.
was not puarified prior to use.

Technigue. Both the technique employed and the procedure for the preparation of cupric
complexes of amino acids have bheen described in detail in the preceding part [19i. The
preparation of the complexes and the ligand exchange within the co-ordination sphere of
Cu(Il) were carried out at 20 and at 100°C. A mixture of two amino-acid complexes was
examined by an earlier described procedure 197 using the following pairs of reagents:
1. Cu(D-Ala), -~ Cu(l.-Phe),; 2. Cu(Il) - (D-Ala, L-Phe); 3. Cubh-Ala), @ Cuf{l-Leu),; 4
Cu(Il) -+ (D-Ala, L-Leu}); 5. Cu(D-Ala), - DL-Val; 6. Cu(l-Lewy, - D-Ala; 7. Cu{l.-Phe),
-+ 1,-Ala; 8 Cu(D-Phe), -+ DL-Ala; 9. Cu(l-Phe), - D-Ala; 10, Cu(D-Phe), I-Ala.

Solution no. 1 and 3 were prepared by mixing together two complexes in solution.
Solution no. 2 and 4 were obtained by mixing together two amino acids prior to reaction
with Cu(Il). Solution no. 5-- 10 were prepared by reacting an amino acid complex of Cu(ll}
with another amino acid to exchange ligands in the co-ordination sphere of Cu (II).

Thin-layer chromatograms were developed and  spots were rendered visible on them
similarly as described in {19! using the following solvent syvstews:

- Butanol n-propanol - water (8:2: 1) (A)

n-Butanol - n-propanol — chlorobenzene - water (3:2: 1015 (B)

n-Butanol - n-propanol cyvelohesane water (3-2:1: 1y (Cy

Results and Conclusions, Some selected examples of the results obtai-
ned have been presented in the Fig. 1. The results indicate that by reac-
ting Cu(ll) with a mixture of two amino acids, having the same or diffe-
rent configuration, two complexes are being formed, both containing one
kind of the amino acid only (chromatograms 1-—4).

It has also been found (chromatograms 5 and 7) that on reacting an
aqueous solution of a complex (e.g. Cu/D—Phe/,) with another amino
acid occurring as a racemate or as pure optical enantiomer, an exchange
of a Cu(II)-bond ligand takes place to give a new complex containing
likewise moieties of one amino acid only.

Apparently, the above reactions proceed as follows [197:
2Cu(11) 4 2D-Ala -+ 2L-Phe = Cu(D-Ala), + Cu(l,-Phe), (1
Cu(I.-Phe), -+ 2D-Ala = Cu(D-Ala), -+ 2I.-Phe (23
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No reaction of the type:
Cu(ll) -+ D-Ala -+
-+ L-Phe = Cu(D-Ala, L-Phe) ’ ¢ 00 ’ 0
3)
Cu(l,-Phe), -+ D-Ala =2
= Cu(l.-Phe, D-Ala) -+

-+ L-Phe 4
or
Cu(L-Phe), + I-Ala = 6 6 6 6 6 6 6 o o
= Cu(l.-Phe, I-Ala) +4- 1 2 3 4 5 8 7 8 8
-+ 1,-Phe (3)

. ¥ig. 1. Thin-layer chromatograms of cupric com-
leadmg to COIIIpleX molecu- plexes of the optically active amino acids developed
les comprising two different in the n-butanol — n-propanol — water (3:2: 1) svs-
j . : soa . tem on diatomaceous earth . 1. Cu(D-Ala),; 2.

1 id moieties, hav . \ . N
%m 110{ aCdd " IltO itle ’1 X ra\ ¢ Cu(L-Phe), ; 3. Mixture of Cu{D-Ala), and Cu(L-Phe),
een oun 0 take Dplace. complexes; 4. Cu(D-Ala), -+ Cu(D-Phe),; 5. Solution
The above reactions of of Cu(D-Phe), - DL-Ala; 6. Cu(L-Leu),; 7. Solution
C()mplex formation proceed of Cu(L-Leu), -+ D-Ala; 8. D-Ala; 9. I-Phe. Spots

analogouslv in methanol. Ho- & chromatograms 1 -7 were rendered visible with
- ’ rubeanic acid {19 to produce vellow spots with

wever, the reactions of ligand Cu(II), those of 8 and 9 with ninhydrin (I, 2, 6, 8,
exchange within the co-ordi- 9, are control chromagotrams for 3, 4,5, 7).
nation sphere of Cu(1I) (chro-

matograms 5 and 7) have been found to proceed at a markedly slower
rate in methanol than in water.

It has also been noted that the exchange rate of the ligands is depen-
dent on the configuration of an amino acid employed (equation 2).

The magnitudes of Ry indices for the cupric complexes synthesized
in hot solutions (100°C) and immediately subjected to chromatographic
separation, have been found to be greater than those for compounds
synthesized at 20°C. As an example, results obtained for Cu(I,-Phe), have
been shown below.

The phenomenon may be explained in terms of formation of | cis”
and ,,trans” (based on position of amine groups and hydrocarbon radicals.
of ligands) isomeric modifications.

The isomers have been found to differ, among others, in the magni-
tudes of their dipole moments. Hence the different Ry values appear to
be justified. An analysis of
molecular models of a com-

. . Complexes Complexes
lex showed that two opposite Developing nthesized i - ood i
pcis” and , trans” effectls}())ccur system N HS:Z“I::? R HS:?ZTSI "
1 1)
in the compounds considered N 092 0.80
involving optical antimers as B 0.90 0.78

ligands. Thus, when in the ¢ 0,93 | 0.82
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molecule of a complex [e.g. Cu(l.-Phe),] the amine and carboxyl groups
are in ,,cis’’ position, the hydrocarbon radicals of the ligands are in the
,trans” one, and vice versa. It may be assumed that at a proper tempera-
ture a measurable equilibrium is set up between the two isomeric modifi-
cations, for instance:

R R
(L)|-N  N=1) (L)]-N O
Cu Re— Cu R
0 No-i” ~0” SNl L)
R Ry
Amine and carboxyl Amine and carboxyl
groups in ,,cis* posi- groups in ,trans” po-
tion, radical (R) in sition, radicals (R} in
,trans“ position. (L- ,,cis® position.

configuration of the
amino acid).

With the increasing temperature of the solution in which reactions
leading to complexes are taking place, the equilibrium is shifted towards
that isomeric modification, the Ry index of which acquires slightly

higher values.
{ Received February 9, 1973)
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COMBINATIT COMPLEXE ALE AMINOACIZILOR (III)
Studine cromatografic asupra complecsilor de cupruf(Il) cu aminoacizi
(Rezumat)

S-a constatat ca prin actiunea unui amestec format din doi aminoacizi optic activi
asupra cationilor de cupru se formeazd doi complecsi conform schemei

2Cu(Il) -+ 2D-Ala -+ 2L-Phe 2 Cu(D-Ala), -+ Cu(L-Phe),
{configuratia aminoacizilor este acceasi sau diferita).
Reactie conform schemei :
Ca(IT) - D-Ala + 2L-Phe 2 Cu(D-Ala) 1-Phe)
na are loc.

Reactii de schimb de ligand la complecsii de mai sus se desfdsoard prin complecsi micsti.

KOMITIEKCHDBIE COEAMHEHHS AMUHOKHCIOT (1)

Xposmamozepaguseckoe  ucciedosanue Komnaexcog sedu (1) co -amunoxuciomamu

(Peslome)

yCT(lHOBJIeHO, UTO B pe3yabTate JEHCTBHSA CMeCH ABYX ONTHUYECKH AKTHBHbIX AMHHOKHCIOT
na KaTHONLI Me W NOJAYUaloTCsl ABa KOMIIeKCa 110 ¢xeMe :

2Cu(I1) + 2D-Ala -+ 2L-Phe — Cu(D-Ala)

a

Cu{L-Phe),
{KCHHTYPAUHA AMHHOKHC/IOT OQHHAKOBASL WM pa3jindas).
Peakuusi no cxeme:
Cu(Il) + D-Ala -+ L-Phe — Cu{D-Ala, L-Phe)
HE WMMeeT MecTo.

Pearuuu JIHFaH AHOTO OOMeHa Y BBILLIEYNMOMAHRYTHIX KOMIIVIEKCOB HMEIOT MeCTO NOoCpejCTBOM
CMEHIAHHBIX KOMITTIeKCOB.






TIAZOLI (VI)*
Degradarea Curtius a azidelor 4-R-fenil-2-carboxi-tiazolului

ANDRELI BENKO si ANA BOTAR

Cea mai insemnatd i cea mai studiatd reactie a azidelor este degra-
darea Curtius. Aceasta degmdare insd s-a aphcat in foarte putine cazuri
in seria tiazolului [2]. In lucrarea de fatd s-a incercat aplicarea degradarii
Curtius a andelor 4-R-fenil-2-carboxi-tiazolului, care se poate prepara
dupd urmaitoarea schema de reactie:

7N A . N -
R——\\~/——(J/() N NH, R \\—; /—%7——1\
‘ 2 )_:gl? : —COOCH;
CH C—COOC,H, : HC C—-COOCH
Br S *
Z N\

“ .
R-- < L --1\
NHNH, - HyO “
ohial Shiulst i A

HC C — CONHNH, =
Ny

Ta—VIa

R-7 N ocooN
b= I
HC C—CON,
N

Ib—VIh

s Verd 10,
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R: M~ (I P-CN e (IV)
p-CH, (11} PN, (V)
p-Br— (111) m-NO, - (VI

.

p-Mctil-fenil-e-bromacetofenona 37, p-brom-w-bromacetofenona {47,
p-nitro-w-bromacetofenona .57, n-nitro-eo-bromacetofenona 37 au tost
sintetizate dupa datele din lhiteratura, far p-clan-o-bromacetofenona prin
reducerea p-nitroacetofenonei la p-aminoacetofenona care prin diazotarc
s1 tratare cu CuCN rezultd p-cianacetofenona care a fost ulterior bro-
murata.

Prin condensarea tiooxametanului cu R—CiH,—~CO—CH,—Br in
solutie alcoolicd se obtin esteril etilici ai acidului K-fenil-2-carboxi-tiazolic
(I—\1), care prin tratare cu hidrat de hidrazind {ormeazd hidrazidele aci-
dului R-fenil-2-carboxi-tiazolic (Ia—\VTa).

Hidrazidele Ia—VI1a au fost transformate in mediu apos cu ajutorul
NaNO, ¢1 HCl in azidele acidului R-fenil-2-carboxi-tiazolic (Ib—VIb).
La aceastd reactie, avind in vedere solubilitatea redusd a substantelor
la—\Vla, se intrebuinfeaza un exces mare de NaNQ,. Solubilitatea sub-
stanfelor se poate mari printr-un adaos de tetrahidrofuran. In acest caz,
dupd terminarea reactiel se dilueaza cu apid amestecul de reactie. Randa-
mentul se poate mari si prin agitare mai indelungata (90 min.).

Degradarea Curtius o azidelor Ib—VIb s-a incercat pe mai multe
Cal

a) Prin fierberea in benzen, xilen sau alcool butilic normal (descom-
puncrea incepe la 90957 azidele 1b-—\VIb se transformi in uretanii cores-
punzatori care insa prin hidrolizd cu acid clorhidric (timp mai indelungat)
nu dau produse unitare.

b) Dupa datele lui C. Naegeli si colab. 6} degradarea Curtius se
poate efectua si cu acid sulfuric 609, fusd cu pericolul de explozie. Dupa
accastd metodd s-a incalzit azida Vb cu acid sulfuric 609, obtinindu-se
insd 4-p-nitro-fenil-tiazolul 7 cu p.t. 174 (in literaturd 178 —179°), ceeca

ce denotd ¢da a avut loc decarboxilarea in pozifia 2.

¢) Nu s-au obtinut rezultate satisficatoare nici dupa aplicarea metoder
date de Aeberli i Erlenmeyer [8] cu ajutorul anhidridei ftalice.

d) Randamente mult mai bune se obfin dupi metoda dati de Frlen-
meyer si Prijs (9] prin fierberca azidelor 1b—VIb cu un amestec de acid
acetic glacial si anhidridd acetica (1:10). In acest caz se formeaza ames-
tecul de amina liberd $i amina acetilata. Prin fierberea produsului brut
cu anhidrida aceticd se obfin cu randamente bune 2-acetilamino-4-R-fenil-
tiazoli {Ie—VIe).

Pentru a dovedi ca a avut loc degradarea Curtis, 4-p-nitro-fenil-2-ace-
tilamino-tiazolul a fost preparat si pe altd cale prin condensarca acetil-
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tiourcei cu p-nitro-o-bromacetofenoni. Cele doud substanfe obtinute au
fost identice, nu dau depresiune la punct de topire.

S
///m’ ‘\t\« ~ S
R D CX
HC  C CoN, 7
Ny >
Ib—VIb R — 7 \\ — e N
N e i il
SO I
o HC C--NH-CO-—-CH,
2T ~uo
R~ X S

T — HBr,
S T 7

SCO 4 H,N

| \
CH, C--NH—CO CH,

/S
N\

Parten experimentald

peMetit-w-bromacelofenond @ 35 ¢ (0,26 moli) p-metilacetofenond (10 se solvd in 40 ml
acid acetic glacial si se adaoga prin picurare 13,3 ml (0,26 moli) brom. Solutia devine rosie
intensd, se lasd si stea 12 ore apol se toarnd in api. Substanta obtinutd dupd filtrare se
usucdt si se recristalizeazi din aleool etilie. Pot, 48— 50%. Randament 24 ¢ 420.%

p-Cian-w-hremoacetofenoni. p-4minoacelofenond : Se suspendi 100 ¢ p-nitroacctofenond
in 500 ml apd si 50 ml acid acetic, se adaoga 20 g CINH, si 1/, din cantitatea totald de
piliturit de fier (se foloseste ferrum hidricum reductum) 120 g. Reactia porneste sub agitare,
amestecul de reactie incdlzindu-se de la sine, Temperatura se mentine prin adfiugarea in porfinni
a restului de piliturd de fier. Dupi ce ultima portiune de fier a fost adiiugata se continud
agitarea incii 3—4 ore. Dacit amestecul de reactie devine prea viscos se mal poate adiuga
solutiei apf-acid acetic in raportul initial (1:10). Dupd terminarea reactiei, se racegte, se
filtreazdi; substanta de pe filtru se extrage cu eter, dupd uscare pe Na,»0, anhidru, se

* bupd Kunckell 3] s intrebuinteazia ca solvent o cantitate mai mare de acld acetic <i dupa termi-
narea reaciiel se mai incilzeste pe baia de apid, care fnsd nu prezinti nicl un avantaj,
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P

distila eterul, iar reziduul se spali cu apid. p-Aminoacetofenona se purifici prin distilare in
vid PA. 157/3 mm. Randament 759.

p-Cianacetofenond : Se suspendd 12,5 g p-aminoacetofenona in 50 ml apa si 25 ml
acid clorhidric concentrat. Se riceste la 0—5° gi se adaogd treptat prin agitare o solutie
de NaNQ, (8 g in 40 ml apd). Se mai agitd incd 3--4 ore mentinind temperatura intre 0—5°,
Are loc solubilizarea aproape completi a substantei initinle, formindu-se sarea de diazoniu.
Taralel cu formarea sirii de diazoniu se solvd 25 g CusO, in 100 ml apd si se incilzeste
la 60—70°, apoi mentinind temperatura se adaugd o altd solutie de 27,5 ¢ KCN in in 50 ml
apd. La solutia de cianurd cuproasd, la 60° si sub agitare, se adaogi solutia sirii de dia-
zoniu nentralizata in prealabil cu CaCO,. Dupi ce toata solutia sirii de diazoniu a fost adiu-
gatd se mai agitd 15 min., dupid care se filtreazd. Din filtrat i din precipitat se extrage
cu eter p-cianacetofenoni. Solutia etericd se spald cu NaOH 2N apoi cu api si acid clor-
hidric diluat. Se usucid solutia ctericd pe CaCl,, se indepirteazi eterul, iar p-cianacetofenona
se purificd prin distilare in vid. P, 117°/4 mm, P.t. 59° Raudament 56°.

CoHLNO (1451 ale. N 9,71 gdsit N 9,95

p-cian-w-bromacectofenond : 5,2 g p-clanacetofenond se solvd in cloroform la rece, solutiei
astfel obfinute i se adaogd in picituri si sub agitare 2 ml brom in 10 ml cloroform. Pentru
amorsarca reactiei se pune o spatuld de AICI; anhidrd. Reactia este exotermai, se riceste in
aga fel ca temperatura si nu depigeascd 20°. Dupd addugarea bromului se mai agiti 30 min.
Se filtreaza precipitatul, se spald cu apd. iar din filtrat dupi uscare se indepirteazi clorofor-
mul obtinindu-se §i de aici p-cian-o-bromacetofenoni care se recristalizeazi din henzini.
P.t. 89, Randament 857 .

eI NOBr (224,2y cale. Br 35,67 gdsit Br 35,49

d-fenil-2-carbetoxi-tiazolul (1) : Solutiei obtinute prin solvirea a 18 g cloracetotenon
in 70 ml alcool etilic absolut i se adaugd 15 g tio-oxametan 7117 solvit in 50 ml alcool
etilic absolut. Amestecul de reactie se refluxeazd pe baia de apa timp de 2 ore, dupi care
se lasd s se ridceascd de la sine. Dupd evaporarea alcoolului se obtine un lichid galben por-
tocalin viscos. P.f. 189--191/8 mm. Randament 8,5 g.

4-p-metil-fenil-2-carbetoxi-tiazolul (11) : Ta o solutie formata din 18 g (0,08 moli) p-metil-
o-bromacetofenond si 30 ml aleool etilic absolut se adaugd 10,5 g (0,08 moli) ticoxametan
solvit in 60 ml alcool etilic absolut. Amestecul de reactie se refluxeazit pe baia de api 2 ore,
apoi se toarnd in apd si se neutralizeazd cu NaHCO,. Se separii un strat uleios care se extrage
cu benzen. Extractul benzenic se usucd pe Na,50, anhidru. Dupi evaporarea benzenului
depun plici cristaline galbene. P.t. 46 497 Randament 8 o (4007},

CLHL,0,NS (247,30 cale. N 526 gidsit N 5,07
A-R-fend-2-carbetoxi-tiazoln] (R :-p-Br, III; R :-p-CN, IV): Solutiei obiinute prin sol-
virea la cald a 18,5 g (0,06 moli) p-R-o-bromacetofenonei in 130 ml alcool etilic absolut i
se adauga 8,85 g (0,06 moli) tivoxametan solvit in 50 ml alcool etilic absolut. Amestecul de
reactie se refluxeazi 90 min. pe baia de apid, dupi care se lasi si se riceasci de la sine. Dupi
evaporarea alcoolului se obtin substante solide de culoare albi, care se recristalizeazi din alcool
etilic absolut.

N9,
R AL .t Rand. cale. gisit
-p-Br 312.18 113* 80v ), 4,48 4,70
-p-CN 238,38 172~ 800, 10,84 11,49

4-R-fenil-2-cavboxi-tiazolul (R -p-NO,, 17, R -m-NO, VIJ: S¢ solvd la cald 4,8 g
(0,02 moli) 4-R-bromacetofenoni in 20 ml alcool etilic absolut la care se adaogi 2,6 g
(0,06 moli) tivoxametan solvit in 50 ml alcool etilic absolut. Amestecul de reactie se inciil-
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[ 2%

zeste pe baia de apd 5 - 10 apin Se obtin sul

1 ubstante cristaline albe care se pot reeristoeliza
din aleool etilie.

IN AL Pt Rand.
D-NO), 278,27 136 FREN 19,06 14,
m-N), 27827 TES o 149 S, 10,06 98

Hidraideio acididul - R-foni -2 carboxi-tia ¢ Pl o Se solva 4-Refeail-2-carbetoxi-
-tazelul in aleod] etilic absolut, apol se adaogd hidrat de hidrazinid 100°, in exces (de trei
ori) fata de cnntitatea teoreticd Amestecul de reactic se refluveazit pe baia de api timp de
o ord, dupit care se lasd o siowe de 1o sine. Dapd evaporarea solventulud se depun
substante erista din solventi adeevati cveri tabelul L

e

oreut.,

|
i
Tiidyarzide | S ; . X ! 1
Hidrazide { ol SUETCI e auTednre gl
nol. |
- e - ——
i
| cristale weicatare 134
| albe etz
i

23528 cristale geienlan 113
| albe i Loexilen i |
LSO EE O cristale wciculare ; T [T
i i H i N
IR R IV R ALY 2313
RASEALIAS foadn et 20,98
|
. | i
RESEIELE I Tl Lo 21,12
|
I ; !

A-pe-fegn2ecarboy
urboxi-tizzolic se !
solutia concentratd o 0,03 mli NaNay, in
mentine intre 4 3.0 Dund tenmnidier
ittreazi, »

i ool moll hidrasbis
ie o 100 ml HC 2N =
amestecului de reactie se
90 min. Produsul de reactie
spall cantitativ en apd (pind Lo indepartarea completd a substantelor anorga-
nieeh. Seousued Lo cemmeratura camered.

spendd in

Tabsl 2

A st mel | $en i sunean 5 lemperatura de
C,ON S i \ 230,24 l 108, - 116
O ON S Ih RESRLY | ‘[ 135
UL 0N, S 15 | 209,15 ; j 137
Cy HL,ONS IAGH ! 275,24 % 126
CioHLO N, v | 27524 ; ; 127
ol 0N S VI ] 275,24 ; | 130

Ao fo-fomdl-2-acctilamino-tia ol (le—1Ic) 0 Ye adaoglt la 2 ¢ azida acidului-4-R-fenil-2-
~carboxi-tiazolic un amestec format din 10 ml anhidridd aceticd si 1 ml acid acetic glacial.
Antestecul de reactie se inefilzeste 11 95 - 1007 timp de 2 ore, dupd care se lasil si se riceasca

3~ Chemia 2/1973
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de la sine. Dupa ricire se filtreazi. In cazul ci nu depune, se dilueazi cu apd apoi se fil-
treazi. precipitatul format. Se recristalizeazid din solvenyi adecvati (vezi tabelul 3).

Tabel 3
nil-2-acetil- 3 . N,
4—R—fgul 2 au;tll GAL Starea de PA Rand. ¢
amino-tiazol agregare cale. gisit
C L HONGS Ic 218,27 solid galben 201 85°, 12,84 13,03
(n-heptan)
CH,ON,S Ile 232,30 | solid galben 198 — 200 820 12,06 12,27
(n-heptan)
) H,ON,SBr 1le 297,17 | solid galben 198" 65°,, 9,42 9,61
(n-heptan)
CoHyON,R Ve 243,28 | solid alb 262° 680 17,27 17.52
{n-heptan)
Cy HyO, NS Ve 263,25 solid alb 208 630, 1595 15,76
{acid acetic)
glacial
CjiH O,N S Vie 263,25 sold gilbui 300" 72°, 15,95 16,12
{acid acetic)
vlacial
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THA3OJIBE (V)
Kypuyuesa deepadayust azudos 4-R-perua-2-kapOorcu-muasoaa

(Peswowve)

Hoayien psi asHaos 4-R-gennn-2-kapOOKCH-THA30M0BEIX KHCAOT. LI 3THX BellecTs
OLIIH VCTAHOBIEHBL ONTHMAJIBbHBIE YCIOBHSU 115 Kypuuesofi Jerpajauny.

THYAZOLES (VL)
Diégradation Curtius des azides du 4-R-phénvi-2-cavboxv-thyazole
(Résum¢d)

Une série d'azides des acides du 4-R-phényl-2-carboxy-thyazoliques a été préparée
On a établi pour ces substances les conditions optimales pour la dégradation Curtius.



NEW TRANSFORMATIONS OF 24-PHENIL-24-0X0O STEROIDS*

F. . HODOSAN and ALEXANDRA GOCAN

The preparation of 24-phenyl-24-ox0-3«, Ba-dihydroxy-5@-cholane (I),
its bromination at C-23, and the conversion of the bromo derivative into
thiazole compounds were reported in a previous paper [1]. We describe
here a series of new transformations at C-23 and C-24 of the same phe-
nylketone 1.

As expected, compound 1 was found to be readily reducible with
sodium hydridoborate. The isolated triol II, m.p. 113—116° (a), =
= +15,8°, was considered to be a mixture of two diastereomers, as in
the case of reduction with the same reagent of the analogous, strongly
hindered phenyl-22-ketone III [2]. The conversion of a phenyl-24-ketone
under the action of lithium hydridoaluminate into the diastereomeric
alcohols [3] supported also this assumption. However, attempts to resolve
our reduction product as well as its triacetate (m. p. 121—123°, («), =
= +37°) (Ila) by repeated crystallizations from various solvents or by
TLC failed, contrary to the observation [4] that 24-epimeric alcohols can

be easily separated by TLC even when a relatively large number of polar
groups are present.

9
i
/M\
Il/ CGH:)
,/\{ o
NN T
N 111
a0’ NS

* This is part 111 of a series entitled ,, Steroids With Modified Side Chain’’. Previous part
see reference no. 1. The authors are indebted to Dr. habil. W. Schafer (Max-Planck-Institut

fiir Biochemie, Miinchen) for the helpful advices concerning the interpretation of the mass
spectra.
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On the other hand, treatement of product 1T with formic acid and
subscquent saponificetion or the crude reaction product afforded a mix-
ture from which, besides the unsaturated dicl IV, o new trici with the

same formula IT (m. p. 98— 102 (), 107 trine tate, mn po 9821017,
° or
Gy CHg V/\%“‘
e —————— )
3 o ‘ -
"o - R H R TR ko -

L Ta:R:Ac W:ran
/ Na:2:A
[+]

————
-~ s
Ro W o
1.R=H
Ta:R=Ac l Y\/\CH
T3k Y

N Ro L B
Ka:R-Ae
(2}, 2671 was solated Ly columm eromatogranin Lo empha-
sized that the constants of the two perrs of produi “vodifferent,
excepting the Ri values which are idontical. From these dota i ois Giri-
cult to conciude whether thiose products are pure diast

o

mixtures with different compositions. Anvhow, we cnn L
formation oi only one isomer during the reduction of the

The absence of the moleculor ion 1s characteristic for
trum of the triol T (W 1) The peaks oo 4350 480 and
to M -HO M- 2H,0, and M —3H,O. The frageiont (U
responsible for the appearence of the base peais mo- 1
benzvlaleohol miotety of the molecule,

TrOlans npec-

The triacetate Iln exhlubits anoiocous
value 320 correspouds 1o 3 - AcOML (1. 2).

In the mass spectriun of the phenyiketone dincetate In a very small
molecular peak and two  strong  peaks  moe 120 and 105 due to
(CeH, —~CO—CH,)* and (CgH,; - C=0) . ruspectively, are observable (Fig. 3).

As for the frams configuration of the unsaturated compound IV it
was proved spectrometrically. The UV spectrum (3 252, 284, 293 nm;
= 21.000, 1.800, 1.200) was ltound to be identical with that of frans-
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Fig, 3. Mass spectrum of 3a.6a-diacetoxy-24-oxo-24-phenyvi-535-cholane (la).

propenylbenzene {5]. In the IR spectrum a strong band at 960 cm-1
pointed also to a frams-disubstituted double bond.

The mass spectrum of the unsaturated diol IV exhibits a very small
molecular peak mfe 436 (4% of the base peak). An abundant m/e 117
fragment arises very likelv from an allvlic fission and it should have the
formula (C,;H;—CH=CH-CH,)".

Huang-Minlon reduction of compound I vyielded the 24-phenyl-cho-
lane VI.

Bromination [1,6,7] and isonitrosation [8] reaction at C—23 of
24-phenylketones proceed under the usual conditions. Our attempts to
carry out an aldol condensation with benzaldehyde on the phenylketone
I using ethoxide anion as catalyst were unsuccesful. Only with potassium
tert. butoxide in DMSO [9] a rather complex mixture was obtained from
which after acetylation and column chromatography two main products
could be isolated. One of them was found to be the expected 23-benzy-
lidene derivative VIII and the other the tetrol triacetate IXa.

In the IR spectrum of compound VIII the characteristic absorption
of an unsaturated, chalkone type ketone was found. In the UV spectrum
a doublet at 249 nm (¢ 13.100) and 281 nm (z 12.000) pointed to the
same structural feature. Comparison of these data with the spectra of
{rans- and cis-benzylidene-acetophenone (Xa and Xb) showed that in
compound VIII the phenv! and the benzoyl groups have very probably
a ois configuration [10].
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H.,CO-CH, H.  CO—CH,
C C
g &
HC,, OH 1 G H,
Xa Xb
225 nm (e 12.200) 247 nm (¢ 14.000)
208 nm (¢ 23.700) 289 nm (e 8.900)

In the mass spectrum of compound VIII (Fig. 4) besides the expec-
ted molecular ion m/e 624 two characteristic peaks mfe 223 and 222
were found. The latter is consistent with a McLafferty rearrangement

(Fig. 5).

{004
{o%

804
6
-

207 T 55 9195 l
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222
223

%9

1001 111}

801
£04

401 253 283

e

o] W—1 .

2% 300
¥ ig 4. Mass spectrum of 3x 6a-diacetoxy-23-benzylidene-24-phenyl-24-ax0-58-
cholane (VIII).

204 I
1

Fig 5 McLafferty rearrangement of the molecular ion of compound VIII.
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The peak mije 223 is consistent with a Cyy- Cop bond fission accompa-
nied by a double hvdrogen rearrangement leading to the ion XI.

H,C o CO—C.H,
C
|
CH,

C(iH’)

NI mje 223
1

As for the structure of compound IN o we found 1 s IR spectrum
bestdes the (\pu ted acetyv] bands the characteristic absorption of a hvdro-
xyvl group (3470 cii=1. The absence of the molecular ton and the occu-
rence of a fragment M—H,0 locate this {ree hvdroxy] group at C 24
The selectivity of the acctylation reaction in the side chain is due, undoub-
tediv, to steric factors.

The base-hvdrolveis of the trioceteis INa cove “he tetrol IN. This
showed um]\tlml data suggcesting a strong retention of solvent molecules,

The tetrol IN formation Jduring the un‘.dmls:z‘rim) ol phenylketon: I
with benzaldebhvde can be rzxtn“mh/rd thirough the in‘tc»rnu(uaa_\ of the
aldol condensation product VIT which is reduced beou osecond benzalde-
bvde molecule according to the equation

C.H,

R - CH
CHOH—C,H,
VI
CHOH G,
C.H, CHO - R CH L CH, COOH
CHOH - C,H,

X

Bxperinunta®* 8o G i
Sissclved in 40omiloof tetrahivdrofurane
5 ml oof weter. The solution was stirrea for 8 hovrs ot reom temperature, then allowed to
statid overnighit, and finally poured into ooomixture of 225 il of water and 60 i of acetic
acid, After extraction with cther, washing of the organic laver swith sodinm bicarbonate
solution  and aliereatter  with water, drying  over magnesium sultate and evaporation to
dryness. o resinons product (0.9 g) was obtained. Dissolution in boiling cethyvl acetate aftorded
after cooling o resinons precipitate frem which a first erop of o ervstalline preduct (0.3 u

X

could be chtained by maceration with benzine; mop. T1I3 TG softening at 8900 A secoud

2d-pliesi
won treated with 0.5 ¢ of sedium hyvdridoborate in

Sochoians (1l Compound 1ol ¢

All mclting points were token using o Mikreheitztiseh Doetins, Rotations were deter
quned in chlorotorm solutions at reom temperature. IR spectra were determined in Kbr
pellets unless otherwise {ndicuted, Mass spectra were wmeasured using o direct insertion svs
cemowith o Viarien MAT SN T omass spectrometer ol 70 ¢V and source tamperature 210




JPHENY L-22-ON0O STEROIDS 11

crop (04) melting at 110 116 was precipitated from the ethivl acetate sclution by dilution

with benzine. TLU on silica gel ¢ in dichleromethione ~ methinol 901 showed the identity
of the two crops and the lack of side products. ‘The UV specirum exhibited no significant
absorption bands. No IR absorption in the carbonyl range. {zif, 15.8

Cal O HLO 4727 Caled. O, 76220 11 10238
Fogead, s Co 76290 1L 985
32.Cx 242 Tiracclovv=24-plonyl- Fodowc Hacs Prons compound T with aeevie anhvidride
in pyridine under the usual conditions. Needies frem methanol ; nip, 126127 0 IR spectrum
1745 em 7; no bands in the OH stretehing recion. (i, - 37

CplToOf (38081 Caled - (. 74440 11 902
Fownd 2 ¢, 74800 HL 903

S Gu-Loifivdiony-24-pheivi-Sa-chol-2l-cne 110 The erude compound T wis cdis-
soived in formic acid 98¢, and allowed to stand two dave at rocm temperature. The solution
was poured into cold water, the precipitate filtered, warhod with water and dricd at roow
temperature. The crude substance (6 ¢ conteined two mnin products as showed the TLC in
clohexane ether 3: 1. Their isclation w corried out byocolumn chromatography on
300 ¢ of siliea gel (159G H,0). prepared with petroleum cther boetzene 1o 1o The substance
was dissolved in 20 ml of the same mixtare, The column was washed as fellows:

4300 ml ef petroletn ethier bengene 1ol
1560 ml of benzene

430 ml of henzene - 17, cethyl ether
300 m) of benzenco 20 ethyl ether
2000 ml of benzene 50 ethyl ethier
300 ml of benzene P07 cthyl etier

2000y ml ol ethyl ether

Tractions of 140 ml were collected and evaporated to dryvness. After cheeking 0 TLU thes,

actions were unified as tollows

A ractions ] 5 (120 mw
3 . s S (il mys
[ . 9 13 (56 my
RIS . 4 20 (352 myg
1 22025 (127 my;
1 2626 42039 mye
[N 3032 (2488 my

I . 3340 (540
I 4146 1123

Fractions A, B and 1 were not worked up. From the fractions D oand 0 after nnifyving
andosaponification  with petissivim hyvdroxide  in wethancl ¢ st erop of compound IV
d g was obtained ; mup. 237 0 289 (methanols.

Fractions F, G, IT could not he puritied. After unifving thev were re-fonmuleted and
re-chromatographed on 325 o of silica gel (137, 11,05 The coluinn was prepared with petro-
leum cther - benzene [: [0 The elution was perforined with 0 750 ml of petroleunt other
benzene 11, 50 ml of benzene., 1800 ml of hurnzene vooethvl ether, 600 ml of ben-
zene - 100 ethvi ether, and finall> 1300 ml of cthyl ether. Fractions of 100 ml were
collected and evaporated to dryvmess. After checking by TLU these fractions were unified
as follows :

AT fractions 1 e 126

B it 16 (1l oay
(O 17 48 (335 my;
D 49 (13 g
O SO 34 (2330 myw
O 35 67 (1228 my;
[ , 63 74 250 my

fractions eluted with ether (3000 1

7
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Fraction ¢ unified with the fraction C from the previous chromatography afforded after
saponification 120 mg of compound IV ; m.p. 235—240° (muethanol). UV spectrum (methanol) :
252, 284, 293 nm (e 21000, 1800, 1200). IR spectrum: 960 cm™1.

CaoH, 0, (436.7) Caled.:  C, 8251; H, 10.15
Found.: C, 82.76; H, 10.48

I'ractions D’ -+ B/ + ¥’ 4 G’ 4 H’ after saponification and purification by dissolution
in ether and precipitation with benzine gave 1.87 g of a compound melting at 98 —102°,
(a)p = -+ 10°. Its elemental analysis pointed to a trihydroxy derivative corresponding to the
formula IT

CooH g0y (454.7) Caled.: €, 79.45; H, 10.19
Found. :  C, 79.26; H, 985

Triacetate; m.p. 98-101°, (o), +26°, Purified from aqgueous acetone.

CogHesOg (580.8) Caled.:  C, 74.44; H, 9.02
Found. . €, 74.77; H, 9.22

3a,6a-Diacetoxy-24-phenyl-58-chol-22-ene (I Va). From compound IV (50 mg) by reflux-

ing for 2 ~2~ hours in 3 ml of acetic anhyvdride. Cryvstalls from methanol, m.p. 139—141°,

CyH O, (320.7)  Calcd. : C, 78.42; H, 9.29
Found : C, 78.82; H, 9.73

3,6,24-Trioxo-24-phenyl-5B-cholane (V). Compound I (500 mg) was dissolved in 20 m
of acetic acid. A solution of 800 mg of chromic anhydride in 10 ml of sulfuric acid 2N was
added dropwise under stirring and cooling between -5 and 0°. The addition required about

1
—2— hour. Atfer the addition was complete the solution was stirred for ~2— hour, then diluted

1
with 20 ml of sulfuric acid IN and stirred an additional — hour. The reaction mixture was
9

extracted with dichloromethane, the organic layer washed with sodiwm bicarbonate solu-
tion, with water, and finally dried over magnesium sulfate. After evaporation in vacuo to
dryness the residue was purified by TLC on silica gel in dichloromethane. The eluted ketonic
fraction was recrystallized from methanol. Yield: 0.2 g; m.p. 208--210". UV spectrum
(methanol) : 242 nm. IR spectrum: 1720, 1690 cm 1.

CyoH,y Oy (448.6)  Caled. - C, 80.31; H, 8.99
Found : ¢, 79.72, H, 8.93

3a,8a-Dikydroxy-24-phenyl-53p-cholane (V). Compound 1 (1 g) was dissolved in 15 ml
of ethanol and 6.6 ml of diethyleneglycol and treated with 1 ml of hydrazine hydrate 859,.
The solution was refluxed for 2 hours. After cooling a solution of 1.5 g of potassium hydro-
xide in 1.5 ml of water and 3 ml of ethanol were added. The solution was refluxed for 1 hour
and the solvent was then partly removed by distillation until the temperature of the reaction
mixture rose up to 170—-180°. The solution was refluxed for 2 hours and after cooling
poured into a diluted hydrochloric acid. The precipitate was filtered, washed with water, and
dried at room temperature. Crystalls from methanol; m.p. 170—173° Yield: 0.56 g. No IR
absorption in the carbonyl stretching region.

CyoH 0y (437.7)  Caled. : <, 82.32; H, 10.36
Found : C, 82.46; H, 1046
3a,6a-Diacetoxy-23-benzylidene-24-phenyl-24-0x0-5B-cholane (1'111) and 3u,6a,24%-triace-

toxy-23-(phenil-hydvoxymethyl)-24-phenyl-58-cholance (IXa). A solution of potassium tert-buto-
xide was prepared starting with 2 g of potassium and 66 ml of tert-butanol. The excess
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alcohol was removed in vacuo at 60 and the residue was dissolved in 53 ml of DMSO
and 13 ml of tert-butanol. The warm solution (60°) was treated with 2.6 ml of ethyl acetate
and after 10 minutes cooled to the room temperature. Compound I (5 g) was added under
stirring and, after dissolution, 14 ml of benzaldehyde in a mixture of 6.7 mil of DMSO
and 1.7 ml of tert-butanol. The solution was stirred in an inert gas atmosphere for 3 hours
and then poured in a cold mixture of 400 ml of water and 100 ml of conc. hydrochloric
acid. The precipitate was extracted with ether, washed with a sodium bicarbonate solution,
with water, dried over magnesinm sulfate, and evaporated in vacuo to dryness. The unreacted
aldehyde was removed by steam distillation. The resinous product thus obtained, after harden-
ing and drying, was acetylated with 40 ml of acetic anhydride and 150 ml of pyridine.
The crude product was chromatographed on 1100 g of silica gel (15% H0). The column
was prepared with petroleum ether and the product adsorbed separately on 80 g of silica

gel which was introduced in the upper side of the column. The elution was carried out as
follows :

750 ml of petroleum ether

1500 ml of petroleum ether - 29, benzene
1000 ml of petroleum ether -~ 59, henzene
1500 ml of petroleum ether - 10%, benzene
1000 ml of petroleum ether i 25% henzene
7000 ml of petroleum ether -+ 509, henzene
1500 ml of petroleum ether -4 659 heunzene
49250 ml of bhenzene

2000 m! of benzene -+ 1°, ether
2000 ml of benzene = 29, ether
2000 ml of benzene i 59, ether

8000 ml of benzene -- 10°; ether
1500 ml of benzene -+ 50°, ether

Fractions of 250 ml were collected and evaporated to drvness. After checking by TLC they
were unified as follows:

A fractions 1 24 (61 mg)

B: . 25— 33 (91 mg)
¢ . 34— 39 (40 my)
D . 40—~ 46 (50 mg)
o . 17 67 (47 myg)
JU . 68 82 (433 mg)
G . 83— 90 (291 mg)

H 91--115 (1065 mg)
1 116 --121 (140 mg)
I: . 122135 (480 mg)
K: L 136--151 (284 mg)
L: 152162 (125 mg)
M 163— 186 (305 mg)
N . 187 -208 (184 mg)
O: . 209--237 (140 mg)
P 238 — 258 ?

QO . 259268 (112 mg
R: . 269274 (222 mg)
S .
1

275289 (2278 my)
290 --208 (302 my
299 - 306 ?

Fraction T» treated with methanol gave 25 mg of a crystalline product, m.p. 177 —181°,
which was not studied. Fraction E (10 mg after maceration with methanol) was found to
be identical with the previous fraction.

Fractions ¥ — 1 gave no crystalline products.
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¥

From fracticns J - () reervstallized from methanol — acetone 9:1 the benzyluienc
derivative VIIT (0014 ) was isolated ; mop. 181 - 1850 UV spectrum (methanoels : 249,
e 13100, 12000); IR spectrum {(CCL o 3065, 3033, 1750, 1663, 1610, 1250, 1035 cm !

nm

CoH,,0, (6248)  Caled.: O, 7881 11, 8.40
Fownd - L7879 H, 8.45

Fraction R macerated with methansl afforded 20 me of an unstudied compound ; win
114 121

Fraction S was puritied by TLC on silica gel with henzene ether 6:1 and subsequent
recrvstallization from methanol. The compound IXa was thus obtained in a vield of 0.2% g
mp. 102106 TR spectrum (K J) 0 3480, 3080, 3060, 3020, 1733, 1600, 1496, 1235, 1020 ¢

CuH, 0, (686.9)  Caled. @ C. 7518 H, 851

Jennd O, 75506 I, 8.66

Irom the fractions T and U no pure substances conld be iszolated.

3.6 24 2-Trihvdrony-23-(phenyi-lydrovyvinethvly-24-plienvl-5G-cholane (IX). The triucetuto
INa (225 mg) was stirred for 4 hours with 80 ml of methanofic potassivm hydroxide 39,
and allowed to stand at room temperature for one dav. The solution was concentrated in
vacuo to 43 ml and poured into 200 ml of diluted hvdrochloric acid. The precipitate formed
was extracted with ether, the organic laver washed with water and dried over sodiun sul-
fate. After filtration, the filtrate was evaporated to dryness and the residue purified by TILC
on silica gel v with  dichloromethane — methanol 9: 1 and subsequent muaceration with
opropyl ether; mop. 120124 No acetate bands in [R.

Cop HG 0 2CH O (7) (62497 Caled. : ¢, 7496 H, 9.74
Iound » Co 7480 H, 745 (1)

( Recetfeed March 17, 10755
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NGO TRANSFORMARIL ALL 24-FENIL-24-0X0O STEROIDILOR

Rezumat)

S-a studiat reducerca 24-phenyl-24-ox0-3 4,6 z-dilivdroxy-5%-cholanului (1) la 24-slcoolud
corespunzitor, deshidratarea acestuia din urmi, precum si reactia de condensare u substented |
cu benzaldehida, S-a discutat structura substantelor obtinute pe baza spectrelor de nmasa,
IR 51 UV
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HOBDBIE TTPEOBPAZOBAHKS 24-OKCO-CTEPOMIIOB
{(Peawne)
Asropnr sveatn Bocctanosenie 24-denna-24-0xc0-3a-6x, aurinaporeu-d%-xoaana (1) 1o
TBETCTBYIOWEr0  24-CrlpTa, AeTHAPATALHIO 1OCTeHEro, a TAKKe PeaklHio KOl eHCAllHU

sa 1 ¢ fewsaangernion. OOCYIRIaTach CTPYKTYDA BellecTB, NOJYVUENHLY 114 CCHOBe
canix, HK 1 ¥ cnexrpon.







UBER o-DIOXIMINKOMPLEXE DER UBERCGANGSMETALLE
(XXXIX)*

Papier- und diinnschichtchromatographische Untersuchung
iiber verschiedene Chelattypen des Kobalts mit a-Dioximen

ATTILA SO0, €SABA VARIELY! und GYONGYT KISS-GALFALVI

Die papier- und diinnschichtchromatographischen Methoden koénnen,
neben der vielseitigen Anwendbarkeit in der priaparativen organischen
Chemie und in der Biochemie, auch zur Untersuchung einiger komplex-
chemischen Problemen angewendet werden. So zum Beispiel kénnen die
relativen Mobilitdten der verschiedenen Komplexformen in Funktion der
Zusammensetzung der Laufmitteln, der inneren Koordinationssphire der
Komplexe mit identischen Zentralatomen oder in Funktion der Natur
der Metallionen mit gemeinsamen Komplexbildern bestimmt werden. Die
relativen Mobilitdten in verschiedenen Losungsmittelmischungen dienen
zur Ausarbeitung von analytischen Trennungsmethoden fiir die Uber-
gangsmetalle als Chelate mit Komplexonen {1], Ditizonaten {2, 3], Nitro-
so-naphtolaten [4], usw. Durch Papier- und Dinnschichtchromatographie
kénnen wir die verschiedenen Isomeren bei einigen koordinationschemi-
schen Synthesen oder bei den Iigandaustauschreaktionen trennen und
quantitativ bestimmen.

Die Papierchromatographie wurde zur Trennung von geometrisch
isomeren Komplexen verwendet [5, 6]. Aus neueren Untersuchungen (7, 8]
geht hervor, dass die Dinnschichtchromatographie, im Vergleich zur Papier-
chromatographie, wegen der kiirzeren Entwicklungszeiten, zur Trennung
der geometrisch isomeren Komplexverbindungen mit hoher Isomerisie-
rungsgeschwindigkeit geeignet ist.

In fritheren Mittetlungen [10, 11} wurden eine Reihe von verschie-
denen Chelattypen des Kobalts mit x-Dioximen (Dimethyl-glyoxim (DH,),
a-Benzyldioxim (Dif. H,), 1,2-Cyclopentandiondioxim (Cpdox.H,) und
1,2-Cyclohexandiondioxim (Niox. H,) dargestellt und charakterisiert. Die

* XXXVIII Mitt. R. Ripan, Z Finta und Cs. Varhelyi, Rev. Roumaine
Chim., 18, .... (1973), im Druck.
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UR-spektrosk pischien und - rontgenegraphizchen  Messungen  hestiitigen,
dass dicse Verbindungon ciue, durch siarke intramolekulare Wassertoff-
bindungen (O H. O} stubilisicite, geowetrische Trans- Konfiguration ha-
hen 12

Bei dicsen Cielaten treten oft schr feine Isomericiragen auf; und
Zwaroeine \hhlm”\l\(mum fder Anwesenhett von  stellungsisomsren
Aminliganden i dor inneren Keordinations-sphire zufolge 2B, "Co(Di-
ox . Hi,(Amin) X . Co(Diox. Hi,(Aminy, X, und  cine  Koordinations-
isontcric bhet den biniren Komplexsalzen Co(Diox Hil(Amin),
Co(Diox. HYN. tnd  Co(Diox. H)" Auin), . Co(Diox H)L,X, mit ver-
schicdencnt Dioxim-Chelatbildern,

Ba den Cholaten mit homologen alvell  schen Dioximen (Cpdox. H,,
Niox. H,, Heptox. H,) konnen wir auch cine  Strukturizemerie (2.B.

Co(CpdoxH. v Aniling, - Co(Niox., Hi,(Fyriding, Co(Cpdox. H),
(v-Picolin), " nachzuweisen. In cinigen T Ttlen unterscheiden sich dicse

tromeren  Romplexsalze  durch Loslichlieit, Farbtonung,  Kristallform,
Ro-Werten, wew,

In fritheren Arbeiten 13, 147 haben wir die relativen Mobilitidten
[Ry-Werted einer Rethe von CotDiox. Hy,(Amin), Br-Komplexen und Koor-
dinationsisomerers vom Tyvp  Co{Diex. Hy,(Aminy, Co(Diox. HJHNO,),
unter Anwendung von Methanol-u-Buthanol, bzw. Methanol-n-Buthanol-
verd, Salzsdure-Mischungen wis Laufmittel, auf papier- und ditunschicht-
chromatographischem Wege untersucht und einige Regelmissichelten in

.\z:ucnmg der Re-Werte 1 Funktion der Zusammenscetzung der Kom-
})1(‘)152-11%(* und  jener des Lavimittels beobachtet. In Fortsetzung dieser
Intersuchungen haben wir in vorliegender  Arbett moenobasische Komplex
sdquren . H Co(DH)LX, . Acideaquo-Nichtelektrolvte : "Co{(DHL{H,GIYN,
Actdo-ammidn-Nichtelektrolvte : Co(DHLINHONT und bindre Komplex-
salze der Povano-siuren: H Co(DH)L(CN . HICo{Cpdox.H),(CN), unad
H Co(Niox. H),(CN),  papicr- und dinnschichtchromatographisch unter-
sucht, um einerseits die relative Mobilitit der Komplexe in verschiedenen
Laufmitteln mit Hille der obenerwihuten zwel chroematographischen Me-

thoden zu bestiminen und vergleichen, andererseits cinige Koordimations-,
Struktur- und Stellungsisomericerscheinungen nachzuwelsen.
Experimenteller Teil. ) Fapierchromatograplische  Untcersuchungen.
e Komplexverbindungen wurden 1n Methaunol, bzw. in Wasser geldst.
Volumen der untersuchenden Losung: 002 ml Laulmittel 1 Methanol,
n-Buthanol und 0,1 n Salzsiure in Wasser in verschiedenen Volumver-
hitltnissen. Versuchstemperatur: 20°C. Papiersorte: | scheicher und Schiill
Nr. 2043/b7. Die Rp-Werte der Komplexe wuarden nach dem aufstei-
genden Verfahiren hestimmt. In einigen Fallen entwickelten wir die chroma-
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tographischen Flecken mit Ammoniumsulfid. In den meisten Fallen muss-
ten aber keine Reagenzien zur Entwicklung der Flecke verwendet werden,
da die Dioximin-Chelate des Kobalts im allgemeinen sehr stark geférbte

Verbindungen sind. Die Versuchsdaten sind in den Tabellen 1-—-4 zusam-

mengestellt
Tabelle 7
Papicrchromatographisehe Byp-Werte einiger Komplexsiiuren des
Typs HCo(DH),X,]
Lautmittel K‘””’:,
Nr. Formel ; - - : n e 10 -2
A ! B | L | D 100 ml
T [ S |
1 H CoiDHLCL: “ (4,750 } 0,670 0,482 ] 0,632 * 4,50
2 H Co{DH,Br, 0718 0652 | 0472 0,618 | 460
3 I Co(DH), 0,700 ’ 0,625 | 0418 0,600 460
4 H ColDHL(CN], 0,724 i 0,618 | 0460 ’ 0,510 | 4,40
51 I CoDH)LINOL(CN) 0,660 | 0632 1 0496 | 0470 1 450

Tabelle 2

Papierchromatographische Rp-Werte einiger Nichtelektrolyte des
Typs [Lo(DH),(H,0) X]. bzw. [Co(DH),(NH,;) X]

Laufmittel I Konz.

Nr Formel - ; g 10 2

A ‘ it ‘] L ! b I 100 ml
i [ColDHILCHH,LO) 1,730 ] 0,688 0.570 0,562 | 4,30
2| ColDH),Br{H,0) 0,616 [ 0,600 0,364 0557 | 440
31 ICo{DH)LINO,) (H,0) 0,690 1 0.652 0,366 0,504 1 460
4| ICo(DHILNCS)(H,0) 0774 1 0526 0,501 0448 1 430
5 Co(DH),{NCSe) (1,00 0.648 | 0,564 0,450 l 0370 [ 432
@ ColDHLCHNTL) 0,656 | 0,552 0,456 0430 14,30
7 ColDH), JINT,) | 0.646 | 0,546 0.418 0,396 440
8 CofDFD(NCS)(NH,) 0,612 | 0,606 0,882 | 0464 494

7 Mcthanol-n-Buthanol-0,1 n HCL (6L ¢
. Methanol-n-Buthanol-0,1 v HCl (71

7 Methanol-n-Buthanol-0.1 n HCY (7
D7 Methanol-n-Buthanol-0.1 n HCL (8:1:1;

31

B) ])mms‘vhic‘hlc/zmnzatograj)/zL’x‘c'/za Unlersuchungen.  Dic Herstellung
der Silikagel-Schichten wurde aus einer homogenen Suspenslon von gerei-
nigtem }\lcselqel Gips und Wasser, nach der von Balogh 9 angege-
lxnen Methode, durchgefithrt.

Die zu untersuchenden Iosungen wurden auf die Startlinie des Chro-
matogramms mit einer Mikropipette aufgetragen (0,01 —0,02 ml-Lisung).
Die Startlinie liegt 4 ¢ vom Plattenrand entfernt. Nachdem die Sub-
stanz auf die Startlinie aufgebracht und angetrocknet war, wurden die
Platten in die Trennkammer nach dem aufsteigenden Verfahren mit einer
Neigung von 30° eingesetzt. Versuchstemperatur 20°C. Versuchsdauer :
30 Min. ILaufmittel : Methanol-n-Buthanol-0,1 n Salzsdure in Wasser.

4 - Chemia 21973



A, SOO, Cs.

VARHELYT,

GY. KISS-GALFALVI

Papierchromatographische Rp-Werte einiger bindren Salze
[Co(DH),(Amin},],- [Co(Diox.H),(CN),]

des

Tabelle 3

Laufmittel Konz.
Nr. Formel i - N w1072
A . B ‘ C { D 100 ml
1 Lo(DHjy(o-Toluidin),
FCo(Niox H),(UN), | 0,850 0,510 0,708 0,700 4.U8
2 [Co(DH)y(m- lolmdm)zf
(Co(Niox. Hy,(CN), |} 0,804 0,790 0,762 0,633 406
3 [Co{DH),(p-Toluidin), | _
LCo(Niox. Hj,(ON)y 0,858 0,586 0,778 0,712 .04
4 [Co{DH)4(o-Toluidin},] .
Co(Cpdox.T),(CN), - 2H,0 0,814 0,560 0,650 0,644 4.1¢
5 [Co(DH),(m-Toluidin), ] .
[Co(Cpdox. H),(CN), - 2H,0 0,797 0,670 0,600 0,623 1.08
6 | (Co(DH),(p-Tolidin),} _
{Co(Cpdox.H),(CN),] 0,834 0,718 0,774 0,649 4,02
7 [Co(DH),(o- lolm(lm),J o
(Co(DH},(CN 0,780 0,556 0,509 0,709 418
8 [Co(DH)y(m- Iohudm) ] ) b
1Col( DH} (CN),] 0,710 0,752 0,672 0,621 1,10
9 ‘Co(DH)y(p. Tolnidin), ]
Co{DH),{CN), 0,810 0,780 0,798 0,718 4,20
10 [Co(DH)y( - \'aphtxlamin),} ;
[Co(Niox.H),(CN),] 0,876 0,730 0,504 0,509 14,08
11 [Co(DH) (a-Naphtylamin), | (.
iCo(Niox. H),(CN), ] 0,864 0,720 0,500 0,616 4,1
12 Co(DH),(B-Naphtylamin),]
Lu)(ﬁpdo\H 2(CN)y 0,838 0,656 0,506 0,742 4,20
13 ‘L()(I)H)g(’i \dphhldmm) ] §
T[Co(DH) (O 0,806 0,780 0,514 0,530 4,24
14 Co(DH),(o- &t]x\ ~anilind, !
[Co(Niox. H) »(CN), 0,768 0,588 0,520 0,710 4,30
15 Co(DH),(p- Atlnl aniliny, -
»u)(l\ ox.H),(CN3, 0,794 0,634 0,548 0,634 116
16 Co(DH) (8- I’nolm)
Co(DH)L{CN), 0,812 0,766 0,608 0,618 4,08
17 1(o(l)H)_,(v-molm)
[Co(DH),(CN 0,800 0,640 0,500 0,614 4,24
18 [Co(DHy, ~‘xnllm)
TCo{DH),(CN), ] 0,748 0,714 0,610 0,666 4,16
19 [CO(DH) (5 Pluﬂm) ]
[Co(Niox. 11 12(CNY, 1 0,834 0,606 0,490 0,640 4,20

Stellungsisomere Verbindungen: 1,
Strukturizomerie der lLigande bei:

1,23~ 4,56 — 7,89 — 10,11 — 12,13
16,17 — 18, 4,56 — 19,

14,15 — 16,17,
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Tabelly 4

Diinnschichtehromatographische Rp-Werte einiger Komplexsduren
des Typs H[Co(DH), X, |

Laufmittel Konz.

Nr. Formel w102/

A 1 D 100 ml
L] H[Co(DH)CL | 0,460 0,270 1,50
0 | n g‘co(DH)zlzr , 0,415 0,263 1,56
3 | H{Co(DH),J 0,430 0,242 1,60
4 | H|Co(DHpICN )z 0,534 0,261 4,40
5 7 HICo{DH),(NO,CNY | 0488 0,230 4,50

Tabelle 5

biinnschiehtehromatographische Ry-Werte einiger Nichtelektrolyte
des Typs [Co(DH),(H,0) X[, bzw. [Co(DH)(NH ) X]

Ny Formel 1,(\|1f1‘1;1ttz1 : I\uulf),“gl-nll() /
1 ] Co(DH),(11,0) <1 0,470 4,50
2 | iCo(DH),(H,0) Br 0,410 1,40
31 Co(DIH),(H,0) NCS 0,485 1,30
4 | [Co(DH),(H,0) NCSe’ 0,418 4,32
5 “Co(DH),(NH,) Cl! 0,495 4,30
6 Co(DHJo(NH,) T 1,437 4,40
7 (Co(DH),(NH,) NCS | 0,460 4,24
8 | (Co(DH),{H,0) NO,’ 0,450 4,60

Darstellung der untersuchten Verbindungen. Die monobasische Kom-
plexsduren des Typs H[Co(Diox. H),X,] entstehen durch Luftoxydation
der CoX,-Salze in Gegenwart von Dioximen in verd. Athanol:

2CoX, - 4Diox. H, -+ 1/,0, = 2[Co(Diox. H),X, = + H,O +

Die Acido-aquo-Nichtelektrolyte wurden durch die partielle Aquoti-
sierung der Komplexsiduren erhalten :

H[Co(DH),X,] = [Co(DH),(H,0)X + X-

Die Acido-ammin-Nichtelektrolyte erhielten wir aus den entsprechen-
den Komplexsiduren durch behandeln mit Ammoniumacetat unter Erwir-
men. Die bindren Komplexsalze der Dicyano-Siuren wurden durch doppelte
Umsetzungsreaktionen aus H[Co(Diox. H),(CN),] {15] und [Co(Diox.H),
(Amin),] acetat [10, 11] in wissrigen-alkoholischen Lésungen erhalten.

Allgemeine Darstellungsmethode: 5 mMol [Co(Diox.H), (Amin), J-ace-
tat oder -bromid in 100 ml 50 proz. Athanol werden mit 5 mMol
H[Co(Diox.H)4(CN),] oder K[Co(Diox.H),(CN),] in 50 ml Wasser versetzt.
Die ausgeschiedenen kristallinen Salze werden abfiltriert, mit Wasser aus-
gewaschen und an der Luft getrocknet.
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Die in Tabelle 6 charakterisierten Substanzen sind in der Fachlite-
ratur noch unbekannt,
Tahelle 6
Neue Komplexsalze vom Typ [Co(DH),(Amin),] - [Co(Diox.H),(€N),]

Mol. Analyse
Nr. Formel Gew, Charakteristik - -
ber. Ber. ! Get.
I Co(DH} ol I‘inulin)2 : Kleine branne § Co 14,43 14,20
Co(DH),( 816.6 Sternclien N 20,59 20,30
2 &()(1)}1,;(’5 11)11t\ aming, - Dunkelgelbe
Co(DH, ) 9167 Dendryte N 18.33 18,63
3 A(U(I)I1}2((>-’l\()111i(1i11)2 : Braune Nadeln § Co 13,95 13,70
Co(DHILCN, 844.6 N 19.90 19,69
4 ColDH (m-Toluiding, - Gelbe rhomb,
Co(DH),ICN), REENS] Platten N 19,80 19,67
5 TCo(DIH,(p- lnlultl'n) : Braune Prismen N 19,90 19,75
L()(I)II;.&\) 8446
G [CothHfo-Toluidin),” Rhomh. branne, Co 13.13 13,22
Co{Niox I11,ICN}, RO6.7, | Platten N 1875 18,67
7 Co(DID,{%-Naphtylamin, - Gelbbraune,
"Co(Niox ), (CN), 968.8 lange Prismen N 17,35 17,32
8 Co{DHi,(0- Athylaniling, - Braune Co 12,74 12,86
CCo(Niox HIL(CNY, 9248 Dendryte N 18,17 17,73
9 ColDH,{5-Picoliny, - Glinzende, Co 13,57 13,40
Lo(Niox Hi,(ON), 866.7 quadratische
Prismen N 19,35 19,41
160 ‘Co{DHj,(%-Naphtylaming, - Braune unre
[Co(Cpdox. HYL(CNY, 940.7 cehmiissive N 17,86 17,50
Krist, ’

sSchlussiolgerungen. 1. Es wurden dic relativen Mobilitaten (Rp-Werte)
vou vier Tvpen der Kobalt(III)-dioximin-Chelaten: H!Co(Diox. H),X,],
[Co(Diox. H),(H,0)X |, .Co(Diox. H),(Amin)X | und [Co(Diox. H),(Amin),’
[Co(Diox. H),(CN),] unter Anwendung von Methanol-n-Buthanol-0,1 N
HCl (in Wasser) in vier verschiedenen Volumverhiltnissen als Laufmittel
auf papier- und dimnschichtchromatographischem Wege untersucht.

2. Es wurde allgemein beobachtet, dass die relatn'en Mobilitaten mit
der \ermmderung des W asaergehaltcs des Laufmittels abnehmen. Die
grossten Ry-Werte wurden bei Anwendung von Laufmitteln mit dem
hochstem Wassergehalt (6 Vol Methanol, 3 Vol n-Buthanol, 3 Vol. 0,1 N
Salzsiure) beobachtet.

Die auf papterschromatographischiemr Wege erhaltenen Rp-und ARg-
Werte sind grosser, als diejenigen  die aus dunnschichtchromatographi-
schen Messungen hervorgehien.

3. Die Rp-Werte der H Co(DH),N,-Sduren und der Nichtelektrolyte

Co(DH),(H,O)X, bzw. Co(DH),(NH,)X fallen in der Reihe
N o= Cl > Bro> J, bzw, NCS > NCSe.

u_
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4. Bei  den untersuchten  bindren  Salzen  der Dicvano-Siuren
[Co(LH),(Amin),  Co(Diox. H),{CN),| treten durch die Koordination von
. 2 -.‘L = b . - . . s
isomeren aromatischen und heterocyclischen Aminen einige feine Struk-
tur- und Stellungsisomerieerscheinungen auf.

Die Ryp-Werte dieser Isomerpaaren wurden mit 4 Laufmittelmischun-

. F . . . . .
gen paplerchromatographisch bestimmt. Die ARp-Werte dieser Isomeren
sind 0,01—-0,05.

Die Re-Werte nehmen in den folgenden Reihen der Amine ab

3-Naphtvlamin > o-Naphtylamin
Naphtvlamin > Toluidin

p-Toluidin > o-Toluidin >> m-Toluidin

Mit identischen Aminen kann im allgemeinen eine Abnahme der Rp-Werte
auch in der Rethe DH > Cpdox. H > Niox.H beobachtet werden. Diese
Re-Anderungen stehen in Zusammenhang mit dem Molekulargewicht der
koordinierten Dioxime und Amine,

Diese Rethentfolge kann sich in ienigen Fillen in Funktion der Zusam-
mensetzung des Laufmittels dndern.

Foingecanges aom (20 April J975}
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DESPRE «-DIOXIMATII METALELOR TRANZITIONALL (XXXIX)

Studiu cromatografic pe hivtie si pe stvat subtive asupra difevitelor tipur
de chelati cobaltici cu w-diovime

(Rezumat)

S-a studiat comportarea diferitelor tipuri de chelati cobaltici cu x-dioxime (dimetil-
glioximé : DH,, 1 2-ciclopentandiondioximi: Cpdox.H, 1,2-ciclohexandiondioximi: Niox.H,),
si anume a unor acizi complecsi monobazici: H Co(DH),X,7, a unor neelectroliti:
{Co(DH),(H,0)X ], [Co(DH),(NH;)X1, precum si a unor siruri binare de tipul {Co(DH),
(amina),][Co(diox.H),(CN),]. izomeri de structurd si de pozitie, in conditiile cromatografiei
pe hirtie si pe strat subtire.

Diferentele ARy dintre izomerii studiati sint mai mari pe cromatogramele pe hirtie
decit pe cele pe strat subtirc.

S-au descris si o serie de chelati noi de tipul [Co{DH),(amind),]} [Co(diox. H),(CN),].

OB «-ITMOKCUMATAX TMEPEXOIHbBIX METAJIJIOB (XXXIX)

Xpomamozspagunecroe uccaedosanue Ha Gymaee 1 HA MOHKOM CAOC PA3IUMHBLX MUNOS
KOBWAbMOBbLX xeAamos ¢ a-OUOKCUMAMU

(Peswxye)

Mayuanoch noBejesHe pPasfHuHblX THIOB KOGAJNBTOBBIX XeJaTOB C «-JHOKCHMAMH (JHMe-
THAMNIMOKCHM ¢ DH,, 1,2-uukaonentanadonadokenm: Cpdox - H,. 1,2-HHKJIOTeKCaH AROH AHOK-
cuM: Niox - Hy), a HMeHHO HEKOTOPBIX OJHOOCHOBHBLIX KOMIWIEKCHBIX KHCJAOT: H[Co(DH),X,],
HEKOTOPBIX He3neKTpodHuToB: [Co(DH),(H,0)X7, [Co(DH),(NH;)X], a Takke HEKOTOPHX
aBoiinbix coseft THna [Co(DH),(amuH),] [Co(diox - H),(CN), ], ABIAIOULMXCA H30MEPAMH CTPYK-
TYPHl H TOJOXKEHHSI B YCIOBHSIX OYMAKHOH H TOHKOCJOHHONI xpoMartorpaduy.

PasHoCTH ARy MeX/y H3ydaeMbMH H3oMepaMu Goabiue Ha OyMa’kKHblX XPOMATOrpamMmax,
YeM Ha TOHKOCJIOHHBIX.

Onsncan Takxke P HOBBIX XxedaToB THna [Co(DH),(amun),] [Co(diox . H),(CN),].



EXPERIMENTAL APPROACH TO THE CHARACTERIZATION
OF PRETREATED PLATINUM ELECTRODE SURFACES (IV)

E-pH Function of Pretreated Platinum FElectrodes in Peroxide Stabilized
Systems*

L. KEKEDY and L. NEMES**

Theoretical Aspects. The use of platinum as indicator electrode in
acid-base titrations dates as early as the twenties of this century based
on the assumption that it works as an oxygen electrode whose po-
tential is evidently pH-dependent (1, 2]. Although it was observed
jrom the very beginning that the electrode is highly irreversible and
ts potential depends on the partial pressure of the oxygen varving with
the time too, it was considered that the slow potential drift (53— 10 milli-
volts per hour in acid solution) does not masc the trend of the titration
curve, several acid-base titrations being performed {1]. During these inves-
tigations the necessity of the pretreatment of the electrode was also
recognized stating that the electrode, coated with platinum black, before
use had to be ,,seasoned”’ for some time to allow its potential to reach
a steady-state value. It was observed that if the electrode was the anode
during the previous cleaning the potential fell gradually during this
,,seasoning’’, and, on the contrary, it rose if it was the cathode. The very impor-
tant observation was also made that the titration of dilute HCI solu-
tions could be improved by addition of hydrogen peroxide [1, p. 2217.

Recently Petrakovich and co-workers [3,4,5] have investi-
gated the pH-response of pretreated Pt electrodes performing different
types of acid-base titrations in aqueous as well as in nonaqueous media.
No uniform pH-response was obtained through the entire pH-scale, the
electrode function being 42 mV/pH in the pH range 3—6 and 60 mV
in the range 6—9. The sensitivity showed variations with the pretreatment
as well as with the nature and concentration of electrolytes present, decrea-

* Paper presented at the Symposium on , Membranes and Hlectrochemical Sensors
in Analytical Chemistry” lheld in Craiova 1413 September 1972,
** Pedagogical Institute, Tirgu-Mures.
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sing even to 10 m\V/pH. The following potential determining processes
were suggested
Pt(OH), + 2Ze = Pt - 20H~

2Pt - O, « 2H,0 — 2Pt(OH),

Apte and Dhaneshwar 6 found a sensitivity of 32 m\V pH, the
mechanism of the electrode process being explained by the pH-dependence
of platinum oxide formation on the electrode surface. Dolezal and
Stulik 7 also observed pretreatment effects as well as the influence
of different salts oun the shape of the titration curves. From polarization
curves they concluded that by the titration of HCIO, with NaOH the
equilibrium potential is given by the reduction of air-oxvgen and anodic
oxidation of water which is dependent on the pH of the solution. The
potential break varied even with the area of the electrode, owing to the
overvoltage variation of the above mentioned irreversible reactions. In
the absence of dissolved oxvgen no potential break occured at the equi-
valence. Dolezal and co-workers have performed acid-base titrations with
two polarizable electrodes (Pt-——Pt or C--C, glassy carbon) using biam-
perometric, bipotentiometric and a.c. potentiometric techniques 8.

Meanwhile the problem of the rest potential of the platinum and
its pH dependence were thoroughly investigated 9, 10°. Nevertheless
the literature reveals sometimes conflicting data indicating that as vet
not all the details are well understood. A mixed potential mechanism for
the rest potential of Pt in oxygen saturated acid solutions was first pro-
posed by Hoar 11! considering the cathodic reduction of oxveen on elec-
tronically conductig Pt-- O sites and PtO formation.

This mechanismi is consistent with the observation that the rest
potentials depend on the oxvgen partial pressure, pH of the solution and
electrode preparation, being conditioned on the relative area of the anodic
and cathodic sites on the electrode,

H. Wroblowa and co-workers 12 analvzed the nature of the
rest potentials at Pt electrodes in | N H,S0, with various partial pres-
sures of oxygen ranging from 0.005 to I atm. They also give the possible
potential determining reactions.

According to these authors oxide-frec Pt electrodes immersed in an
aqueous solution of H,S0, acquire a mixed potential due to cathodic reduc-
tion of oxygen and oxidation of impuritics as the anodic component. The
potential in turn determines the coverage by oxwvgen atoms, which arise
from an equilibrium of the water discharge reaction with the Pt surface.
According to this model this reaction, and not the dissociative adsorp-
tion of oxygen is the origin of oxvgen coverage at the surface. Most recently
Appleby (13! subjected to a thorough analysis the relevant literature
data and ruled out all the possible mechanisms which were inconsistent
with the experimental data. He considers that in ultra clean acid solu-
tions (i.e. with low impurity levels) the rest potential of a phase oxide-free
{prereduced) platinum  electrode is a mixced potential determined by
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one or two stage processes tor either - OH or —O adsorption on platinum
by the water discharge under Temkin conditions:

Pt 4 H,O = PtOH + H7 — ¢~

eventually followed by  PtOH PtOy - H - ¢
and molecular oxygen reduction, the rate determiningy step being:
O, -+ H* -+ ¢ == (O,H) 4,

On the basis of the mixed potential theory increasing coverage with
adsorbed ~ O or - OH should normally be accompanied by a slow rise
1 mixed potential (Vi) at constant pe, except when the film redue-
tion reaction is sufficiently slow to be neglected. It has been deduced
(13 that the po, dependence 1s: dVy dinpe, = RT I 2o 60 mVilnp, ;
d6/dnp., ~ RT q (6 = coverage, ( == heat of adsorption) or after long
exposure time in oxyvgen saturated electrolyte (appearence of phase oxide)
AV /dlnpe, = RT 41 and  dV,,odin H> = AV /dpH o RV —
= 60 m\'/pH.

This mechanism is consistent with the reported polarization behaviour,
time-dependent O, partial pressure behaviour, and pH dependence of the
platinui oxyvgen-electrode. Appleby cmphasizes that the results obtained
will apply only in electrolvtic solutions with a very low impurity level,
when tmpurities are present perhaps the anodic impurity oxidation will
be predominant 12,

Willard and Fenwick 14 observed for the first time that
addition of H,O, improves the ¢.p. indication in acid-base titrations. Now
1t 15 well established that in oxvgen-saturated acid solutions the rest
potential of a Pt electrode becomes less noble as the H,O, cone. in solu-
tion increases 9 until it reaches a value of about 10-% mole 1 after which
it becomes independent of - H,0, |. This 1s consistent with the mixed poten-
tial mechanism proposed first time by Roiter and collab. 15 and
accepted today by many workers, considering  that in this case the
following cathodic process is operative

O, - 2H~ Qe .0, Is (3682 v
{actd medium) i1
O, - H,O - 2¢ - OH - HO- It 0076 V

{alcaline medium)

Bagotskii and co-workers 116 recently have corroborated experi-
mentally that equilibrivun (1) can be established at a reduced Pt elec-
trode in both acid and alcaline solutions provided only small amounts
of O, arc introduced into the system so that the Pt surface does not
become covered with adeorbed oxygen. The presence of adsorbed oxygen
on the surface or dissolved oxvgen in the metal disrupts the O,/H,QO,
equilibrium and the usual (higher) mixed potential is observed. At HLO,
concentration below 1073 mol;1 the dependence of the rest potential on
H,O, conc. and po, becomes very complicated resulting in inconstant and
not reproducible potential values. later Urbach and Bowen have
found in KOH 17 a linear relationship in this region.
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The aim of this paper is to investigate the influence of H,0O, on the
E-pH function of differently pretreated Pt electrodes in a large pH-
domain in order to improve their indicating properties in acid-base titra-
tions. Constant E-pH functions are expected only if provision will be
made to constant po,, oxygen coverage and other clectrode surface con-
ditions.

Experinwnlal, discussions. Spherical platinum electrodes (beads; with approx.
1mm@ were used. The pretreatments applied are summarized in Table 1. Analytical grade
reagents

Table 1
Applied pretreatments*
Pretreatment Iixperimental
A. Oxidative pretreatments
1 heating The electrode is kept in the oxidative part of
a Bunsen flame (natural methane gas) 10—-15 s.
2 with HNO, cc. soaking 1015 s
3 with aqua regia idem
4 with H,0, 309, idem
5 anodization the electrode is anode in 1 N H,50, 4V
(cathode is also Pt).
B. Reducing pretreatments
1 with KI sat. soaking 10~ 1§ s.
2 with HF conc. idem
3 cathodization the electrode is cathode in 1 N H,80, 4 V
4 preparation of bare surface (free first treatment A 3 is applied, then after rinsing
of both fine platinum and with bidist. water, treatment B I.
oxide film).

and doubly distilled water were used, but no special care was taken to further purification
of the solutions to keep usual analytical conditions. They were air-saturated, no special
care was taken to assure a constant O, partial pressure. In order to establish the minimum
H,0, concentration necessary to obtain constant E-pH functions increasing values of 39,
H,0, were added to 10 ml Britton-Robinson buffers of different pH.

The influence of H,0, concentration on the pH-response of some
reduced electrodes is represented by the plots of Fig. 1. Similar curves
were obtained with electrodes treated with HF, 309, H,0, or with bare
ones. The same influence on oxidized electrodes is illustrated by Fig. 2.
Similar responses have been obtained with other oxidized surfaces obtai-
ned by treatment with conc. HNO,, or aqua regia.

Using these data the E-pH curves have been constructed considering
the peroxide-stabilized stady-state potential values. Some of them are
represented in Figs. 3 and 4 (curves 2). In order to allow a comparison,
I-pH plots in the absence of H,O, are also given (curves 1). It isevi-
dent that the H,O, over a certain concentration has a stabilizing effect
on the rest potential of platinum electrodes indicating that process (1)

* After each treatment the electrodes were thoroughly washed with bidist. water. 3
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becomes operative. One can see that this stabilization can be achieved
with a approx. 0.05—0.159, H,0, conc. in the solution, depending on pre-
treatment. FElectrodes oxidized electrochemically apparently needed a
tenfold H,O, concentration being good H,0, decomposition catalysts. As
far as the direction of the potential drift 1s concerned in the presence of
H,O, two cases can be distinguiched. In the case of initially reduced

-
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1*ig. 1. Influence of H,0, addition on the rest potentials of reduced electrodes
at different pH values: a) soaked with KI, b) cathodized.

clectrodes (KI, KF, cathodization), in acid medium the increase of the
H,0, concentration causes an increase in the rest potential presumably
owing to the ,oxidation’ of the platinum surface, i.e. the formation of
a uniform (O).q,. laver. The decrease of the rest potential in alcaline
medium can be attributed to the reducing effect of H,O, in this
medium. This same explanation seems to be confirmed by the fact that
the rest potential of oxidized electrodes (Fig. 2) is depressed by H,0, in
the entire pH-domain investigated, indicating that towards an oxidized
surface the H,O, behaves like a reducing agent. The highest potential drift
vs. the initial (H,0, free) rest potential has been observed with the electro-
chemically oxidized electrodes indicating in accordance with literature
data that these electrodes are highly oxidized. Bare electrodes as well
as those treated previously with H,O, 309 behaved from this point of
view as being reduced omes. H,0, generally improves the linearity of the
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E-pH functions as well as their slope. The pH-response characteristics of
differently pretreated Pt electrodes in the presence of H,0, (~ 10~2mol/l}
are summarized in Table 2.

Table 2

pH response eharacteristies of differently  pretreated Pt oelectrodes in the presence of 1,04

Treatment pll range of linear function ﬁlupc ,”f Li-pIT function
in this range mv/pH
heating 10— 4.0 43.0
4.0—13.0 57.8
ce. HNO, 10— 4.0 36.6
4.0-11.0 64.2
11.0—13.0 40.0
aqua regia 1.0— 4.0 35.6
+.0-13.0 60.6
300, H,0, 1.0 13.0 35.7
anodization 1.0— 9.2 533.7
9.2-11.0 105.0
11.0—-13.0 40.0
sat. KI 1.0— 7.7 53.3
7.7-13.0 64.0
cone. HIY 1.0— 7.7 48.6
7.7—13.0 58.0
cathodization 1.0— 638 48.0
6.8~13.0 63.0
bare 1.0 7.7 57.5
7.7 9.2 48.0
9.2.-13.0 i 58.3

Close inspection of the data in Table 2 reveals that only the electrode
previously treated with H,0, 309, showed a linear pH function over the
whole pH-range investigated (1.00—13.00) with a slope of 55.7 mV/pH,
indicating with good approximation a Nernstian behaviour. The other
electrodes have two or more linear domains with different slopes. Those
heated or treated with aqua regia showed a Nerustian response over a
relative large pH interval (4.00—13.00).

Although H,0, in general has a strong potential stabilizing effect this
shows characteristic aspects according to the pretreatment used. Table 3
contains the observed stabilized rest potentials (vs. SCE) in the presence
of H,0, with differently pretreated Pt electrodes at different pH values.

Throughout the electrochemically oxidized electrode showed the
highest potential values in accordance with earlier findings that electrode
potential is a function of the coverage of the electrode surface with
oxygen, depending on pretreatment, too (see {9, p. 35]). The smallest
rest potential values have been observed by the heated electrodes,
in acid medium by that treated with HF.

Trurther studies, concerning analytical applications, too, arein progress.
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Tably 3

Steady state rest potentials in the presence of 0.05°%, H,0, as a function of pretreatment

and pHt  (millivelts)

3H

P 1.00 } 250 1 400 | 645 | 7.71 | 918 | 10.93 | 13.00
o Pretreatment

sat. K1 535 460 390 242 180 80 30 | - 160
conc, M 480 400 335 212 155 68 40 1 130
cathodization 510 445 1 373 230 165 90 30 | 142
heating ' 487 | 4100 343 0 2021 130 | 35 60 | — 180
conc, HNO, 512 457 400 242 170 75 530 1 123
aqua regia 198 438 390 236 170 72 - 50 -137
anodization 570 485 405 280 242 | 190 32 ~75
hare b520 432 367 205 150 80 40 150
300, H,0, {517 0 432 5300 205 140 ] 65 50 150

Conclusions. 1. Pretreatment has a considerable effect on the pH-

function of platinum electrodes.

2. In the absence of H,O, no well defined pH-function can be ob-

tained.

3. In the presence of small amounts of H,0, (0.05—0.15%,) stabilized

Pt/O, rest potentials can be obtained at different pH wvalues, depending
on the pretreatment of the electrodes.

4. H,0, improves the linearity of E-pH functions as well as their slope.

Electrodes previously treated with 309, H,0, showed a Nernstian function
over the whole pH range investigated (1.00-13.00).

5. The pH response observed is in agreement with the mixed-poten-

tial theory.

1.
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ABORDAREA EXPERIMENTALA A CAR;\'C'I‘I{RIZ,V\I{I1 SUPRAFETELOR
DI FLECTROD D PLATINA PRETRATATE (IV)

Ponctic L-pH a dectrosilor de plating  pretratali iy sistewe stabilizate cu apd oxvigenald

(Rezumnati

Dupil trecerca in revistd a conceptiilor privind potentialul de repaus al clectrodului
de platindt in solutii cu continut de oxigen, se studiazd influenta apei oxigenate asupra functied
-pH la electrozi de platind pretratati diferit, cu scopul de a le imbunatati proprietitile de
clectrod indicator. Un adaus de H,0, 0,05 0,137 stabilizeazd valorile de potentiale in
functie de pretratament. S-au stabilit urmatoarele © 1. pretratamentul are un efect considerabil
asupra functiei E-pH al electrozilor. 2. in absenta apei oxigenate nu se obtin functii bine
definite, 3. apa oxigenatd imbunititeste atit linearitatea acestor functii, eit i panta, 4. valo-
rile de potentiale observate sint in concordantd cu teoria potentialului mixt

SKCIMEPHMEHTAILHOE HCCIEIOBAHHE XAPAKTEPHCTIHKH
HPEABAPHTEIBHO  OLBPABOTAHHDBIX TOBEPXHOCTEM 1TVIATHHOBbBIN
SAEKTPOIOB (1V)y

Dyunqust -pH naamunossix saekmpodos, npedsapumiedbto 00pabomersnx
8 CuCmemMux, (INL6!(,ll(.’ftlp()(i(IHHbl.\' HCPCRNCHH /.’:)M(;pm)a

(Pesiove])

Iocae ofsepa BOIPEUHI, KacHOHHXCS TOTeHIWHMTH HOKOS 114 THHOBOTO  371eKTPO1d B
DAVIBOPAN, COZeDAAUIHY  KHCGIOPOL, HIVUALTCS BIHAHHE HEPEeRHCH BOLIOPOLH i QVIHKILHIO
F-pl v pasiivuno npeiBaputeInio o6padoTaniblX IWIATHHOBBIX 2TeKTPOAOB. ¢ Hedblo Viyy-
e st HX CBOHCTE HILTMKATOPROTO 31ekTpoia. Jlofasra H,0, 0,05 0,157, cradnianinpyer
SHANeHHS TIOTEHILIATOB B SABHCHMOCTH 0T [PeABAPHTEIHHOI 06padoTKH.

NCTaHOBAEHO  CaeaVIouee : . npedBapHTeIhliasd o0paltoTK OKA3bIBAET CVULeC TBEHHbI
sixberT Ha GyvoruHo B-pH 9aekThoion s 2. B OTCYTCTBHE HePeRHCH BOJIOPOILA lie NTOIVUAIOTCS
XOPoIo olpeleentbie GYHKIHN; 3. HePeKHeh BOA0OPOIA VIVHLHALT Kak JHBeHocThH 3THX Qyi-
KILWIT, Tak B VKIOH: 4. 3HAYeHHsT HCCJTeIVeMbIX ITOTeHIHATOB HaxX0I8ITCsl B COOTBeTCTRHH ¢
FEOPHEIT CMEIAHHOTO HOTeHIHAT .
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EXPERIMENTAIL APPROACH TO THE CHARACTERIZATION
OF PRETREATED PLATINUM ELECTRODE SURFACES (V)

A Microscopic Study*

L. KEKEDY and 8, DUSA**

Among the many investigations concerning the characterization of
pretreated platinum surfaces {1, 2] few microscopic studies are known.
Davis [3] seems to be the first who published photomicrographs of
oxidized {with argentic oxide in 6 M nitric acid) and of reduced (catho-
dization in 1 M sulphuric acid) surfaces respectively. Using 600 times
magnification ounly a small difference could be observed, the grain boun-
daries on oxidized surfaces being a little darker than on reduced ones,
He attributed this to the formation of PtO and PtO, at the grain boun-
daries. Chao, Costa and Tadjeddine in a scries of papers [4]
published further photomicrographs revealing the effect of polishing and
successive heating, chemical purification and/or cyclization on platinum.
They could observe a restructuration during the cyclizations manifested
in the appearence of crystal boundaries. Knowing that mechanical poli-
shing yields very impure surfaces, their results are consistent with the
view that the effect of cyclization manifests simply in elimination of the
impurities [57].

Concerning the incontestable possibilities of characterization of the
method, we have reconsidered these experiments using a wide scale of
pretreatment procedures. A metallographic microscope Reichert MeF-2 has
been used (obiective 80 X, ocular 8 x, aperture 0,85), the final magnifi-
cation of the photomicrographs given below being 16800 times.

The electrodes were not new ones, they have been used before as
indicating electrodes for several electroanalytical purposes. They were
not polished before the pretreatments, but afterwards they were always
thoroughly washed with doubly distilled water. Figures 1 and 2 show
the surfaces of two different platinum foils, without special pretreatment.

* Paper presented at the Symposium ou ,, Membranes and Electrochemical Sensors in
Amnalytical Chemistry”, Craiova, 14—15 September 1972

** Medical and Pharmaceutical Institute, Tirgu Mures.

5 - Chemia 2/1973
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v, 1. Untreated surface platinum foils

IFig. 20 Untreated surface (platinum foili,



Fig 4. Heated platinum foil, immediately after heating,



after heating

<.

1'ig. 6. Heated platimum wire.
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Tig 7. Platinum foil anodized at - 1500 mV vs. SCI in 1 N H,50,




Fig 90 Platinvm 1oil reduced electrochemicully COO AV s SCE in TN LSO

TFig 100 The effect of cvelization. 2 volts w.e. during 30 minutes.



MICROSCOPY  OF PRETREATED PLATINUM ELECTRODES i1

Thetr former pretreatments were unknown, too. The great final magni-
fication used reveals first of all the nonuniformity of the surfaces. a remar-
kable difference in roughness being evident. The parallel lines which can
he observed are due presumably to the lamination. Preparing a bare
surface /6! (treatment with aqua regia, then with KI} (Fig. 3) one can
ohserve the known solving effect on platinum of aqua regia, vielding
more smooth surface with a smaller roughness factor. The bhoundaries of
the crystals are well recognized. The dark spots on each Figure cannot
be identified with certainty, 11c\c1thcless they represent nonuniformities
due either to corrosion, or to impurities. Heating vields a more uniform
smooth surface (Fig. 4). On allowing to stand a 1)101101111(0(] recrystalliza-
tion can be observed {ig. 3} in accordance with earlier findings '7 . The
persisting dark spots after heating are due presumably to former corro-
ston. A platinum wire after heating showed traces of superficial melting
Tig. 6).

Oxidation generally increases the number of dark grains on the so.-
race in accordance with Davis’s findings {Fig. 7). This appears evidently
even on the small surface of a thin wire (Iig. 8). This dark , oxide film”
disappears completely by reduction (Fig. 9). It is well known that a repea-
ted anodic-cathodic c_\'cli’/,ati(m results in the increase of the thickness
of the fine platiuum deposit, i.c. in the platinization of the surface '8
a progressive darkening of the clectrode being observed. This is clearly
seen on Tig. 10, The fine platinum deposit evidently appears, but the
“lectrode ts nat uniform cven after 30 minutes of cvelization {frequency

Hz).

Conelusions. The present study reveals the possibilities of characte-
rization of pretreated platinwm surfaces (generally of solid clectrode sur-
faces) by imicroscopy. Oxidized, reduced, heated or bare surfaces can be
distingnished clearly, the pictures obtained being similar with those repor-
ced earlier. Although our findings are not absolutely conclusive. because
not the same part of the electrodes could he investigated, the C THICTOSCOPIL
nictures can be used for the auxiliary characterization of solid electrodes,
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ABORDAREA EXPERIMENTALA A CARACTERIZARII SUPRATVETELOR
DY ELECTROD DE PLATINA PRETRATATE (V)

Un studine microscopie

(Rezumat)

Se prezintd microfotografii ale unor suprafete de platind pretratate. Marirea finald
este in jur de 1600 de ori. Suprafete oxidate, reduse, goale sau calcinate se pot deosebi ugor.
In urma nned clelizini anodice-catodice se observa foarte clar formare de platind fin divizati,
fapt bine cunoscut din literaturd. Suprafata electrodului nu este uniformi nici dupi 30 min.
cichizare. Caleinaren di o suprafata neteda, uniforma, la scedere observindu-se o tendintit de
reeristalizare,

SKCHEPHMENTAJILHOE HCCIEJOBAHUE XAPAKTEPHCTHKL
NMPEABAPHTEJILHO OBPABOTAHHBIX [IOBEPXHOCTEIL!
[VIATHHOBbBIX VIEKTPOJI0B (V)

Murpockonuneckoe uccaedonakie

(Peswove)

ABTOpEr BpHEOAST MBEpoQOTOrpahHl HEKOTOPLIX  HPeABAPHTCILHO  00PatoTainbiX 1iid-
THHOBLIX nonepxnocTeil. Koneunoe yseanuenne npivepro 8 1600 pas. OKHCTEHHb®, BOCCTHHOB-
Jennble, 00HAKEHHbIe HIH KaJIbUHHHDOBAHHLBIE ITOBEPXHOCTH JEeTKO pasanuainTcsa. B pesvantate
ABOAO-KATO 110 LHKIN3AUMA 3aMeuaeTes 04erb Y6TKo o0pa3oBanie MeKo pasd1etseioll naati-
Hbi — (PAKT, XOpOWO H3PeCTHBI B JnTepaType. [loBepxHOCTL 3JeKTPOLA He CTAHOBHTCH PaBHo-
Mepliol jdaxke M nocae 30 munyT unkanzauun. Kaaeiunauusi JaeT IVAAKYIO, PABHOMEDHYIO
HOBEPXHOCTL ; Mepes HeKoTOpoe Bpedst HaOMo1aercst TelJlenlits K [1ePeKpHCTATHI LN,



STUDIUIL RAPOARTELOR MOLARIE ALE COMPONENTILOR
DIN CENUSILE PIRITOASE, IN PROCESUIL DY PURITFICARE
PRIN SUBLIMAREN CLORURILOR

CONST. GH. MACAROVICE &i 1. STOICOVICIU

Studii privind reactiile de clorurare care au loc in procesul de puri-
ficare a cenusilor piritoase (folosind ca agenti de clorurare Cl,, NaCl si
Ca(l,) aufost publicate de Sorokina ¢ colab. (17, de Akira Yazawa
[27, deducind din calcule termodinamice ordinea cloruriarii elementelor
componente. Intr-o lucrare anterioard 10], am trasat curbele variatiilor
entalpiilor libere de reacfie AG,; a NaCl g1 CaCl, cu oxizii*, sulfurile si
sulfatii metalelor din cenusi pentru intervalele de temperaturd 23—1 200°.
1 numeroase alte lucrdan [3, 4, 37 sint studiate experimental conditiile
de clorurare in fazd de laborator, semiindustrial [6] si industrial [77,
autorii demonstrind cd purificarea poate fi realizatad, impuritatile fiind
indepartate intr-o proportie de 60—909.

Aceastd purificare a cenusilor piritoase, urmaritd in scopul valorificdrii
lor in siderurgie, are Joc datoritd cresterii intense a tensiunilor de vapori
a clorurilor la temperaturi mai ridicate (> 600°), cind, termodinamic,
reactiile se desfdsoard cu degajare de caldurd. La aceasta contribuie si
dimensiunile mici ale granulelor (cu diametru sub 1 mm), din cenusile
piritoase, care avind o suprafatd relativ mare de reactie favorizeazd atit
viteza de reactie cit si procesul de volatilizare a clorurilor. Neexistind
faza lichida in care clorura si se dizolve partial, la suprafata granulelor
vor exista In permanenta cloruri mectalice sub forma de vapori al caror
echilibru termodinamic va imprima in esentd un anumit grad de puri-
ficare a cenusilor piritoase. Acest cchilibru va fi condifionat de tempera-
turd §i concentragie. Mentinind temperatura de lucru constanta (3i ridicatd),
in general in domeniul in care tensiunile de vapori ale tuturor clorurilor
sint ridicate, influentd hotaritoare o va avea concentratia componentilor
din cenugi. Or, se stic ¢d masa compusilor fierului este foarte mare in

* Agentii cloruranti Na(l si CaCly reactioneazda cu oxizii wetalici, dind eloruri, numat
in prezenya B0, produs din sulful rdmas in cenusi,
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raport cu masa compusilor celorlaltl componenti, acest lucru influentind
procesul de purificare intr-o mdasura marc.

Caleule termodinamice. Plecind de la presiunile partiale ale cloruri-
lor, obfinute in urma reactiel componentilor metalict din aenu;a cu agentit
Lloruran‘m se poate calcula valoarea raportului molar minim la care se
ajunge pentru fiecare metal fatd de fier, cunoscut fiind faptul ci se des-
fagsoard cu precddere acea reactie a carei valoare negativd a entalpiei
libere de reactic AG, este mal mare. Acest raport este de asemenea con-
ditionat si de presiunea aerului atmosferic $i a bioxidului de sulf care
trebule si fie inferioard celel realizate de cloruri. Prezenta bioxidului de
sulf provine din sulful remanent in cenusi (cca. 2,5%;) si din sulful intro-
dus suplimentar pentru crearea unei atmosfere reducdtoare (A. Mosco-
vici ‘87, in total cca. 4,39, Presiunile partiale ale O, 51 30, legate de
oxidarea acestui sulf au fost calculate utilizind valoarea \'aria‘gm ental-
pici libere de reactic.

In tabelul 1 sint prezentate presiunile partiale ale O, st S0,.

Tabel 1
| A ‘ ls T /
KN : ¢ K ) '

] I3 moli | ) D oY
873 1454 464053 9410 6.3 - 10
973 | 14,469 3,25000 1.7 - 1o 2 b1 102
1073 i 14427 | 293828 RAVERE [T 19 - 102
1173 | 14,349 267336 441002 2.9 .10 2
1273 ! 13,933 2.39536 6.4 102 1210
1873 | 13785 219400 R7 - 10 ¢ 5810 @
473 ] 13911 2 06394 106 - 10 1 7,06-10

Se poate observa ¢l presiunile relativ scidzute ale acestor doud gaze
nu intluenteaza in sens negativ procesul de sublimare a clorurilor, a ciror
tensiune de vapori, in intervalul de temperaturd indicat, este mai ridi-
cata 9

Pe de alta purte, asa cum s-a ardtat mai sus, valoarea raporturilor
molare minime la care se ajunge prin procesul de sublimare a clorurilor
~¢ poate caleula din variatia entalpiilor libere de reactic date de ccuafiile:

MO = SO, -1, 0, - 2NalCl == ML, - Na,S0, (la)
saus
MeO = 850, -+ 1, O, - Cally == MeCl, - CanOy, (1h}
care sint cuntoscute (107 st care se pot exprima prin relatia:
. - e r el sy, S ()
AG, - AGE S RTIn A (2)
Poo, POl e - Uxaa

In care AG, este variatia entalpiilor libere de reactie pentru ccuatiile
{la) sau (Ib) si AGG este valoarea el pentru temperatura datd. Iar prin
3= notat activititile compusilor desenafi ca indice. Acesti compusi
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pastrindu-se in tot intervalul de temperaturd, in care se desfasoard pro-
cesul, In stare solida, activitafile lor pot fi confundate cu concentratiile
lor.

Pentru fiecare temperaturd se stabileste un cchilibru in care caz ental-
piile libere de reactie trebuie sd fie egale atit pentru reactia de clorurare
a oxizilor de fier cit si a celorlalfi oxizi, respectiv:

AGy, (pentru formarea FeCly) = AGy, (pentru formarea MeCl,)  (3)

adica:

P e, o
el Na, S0, A .
> . ];‘ 2 y = A(I[“l -
K0, o, " Uxacr Aoy

AGH - RTTn

Paect, * @xagso
| > - 2 Syt g
—+ ]\ [hl - T (4)
UG Oaa Dareo
separind termenii in expresia (4) aven:

P

/1%(1‘. : “Nuﬁm

) 12
ISH) ) [U:

n Clxa f”}m_gm

IR . (5
Mo, TN, 90,

> »1.2
/ S0, /uA C et Dareo

Si pentru c¢d in procesul de clorurare concentratia Na,SO, a NaCl st
presiunile SO, si O, siut identice, se pot clectua simplificdrile corespun-
zatoare trecindu-se totodatd la logaritmi zecimali:

L R s (6)
- 1 Metl, ([[:((l 4576 T

.
lg _ Tl P [T,

2
Prrect, v

(7)

31 deoarcee la fiecare treaptda de temperaturd se stabileste o egalitate intre
presiunile clorurilor, raportul presiunilor este egal cu unu, respectiv loga-
ritmul cu zero,

Dieet:

- (s .
l 1“ I'eor 0 (8)

H’,\h-()

Utilizind  expresia (8) se poate caleula raportul minim ce se stabileste
intre oxidul feros, a carul concentratic poate {i consideratd egalad cu uni-
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tatea*®*, si ceilalfi oxizi metalici, a cdror indepdrtare se urmdreste in pro-
cesul de purificare a cenusilor, pentru diferite trepte de temperaturd. Tot
expresia (8) se poate utiliza luind in considerare valorile variatiei ental-
piilor libere de reactie a reactiilor de clorurare cu Cl,, NaCl si Call,. Aceste
calcule indica stabilirea de raporturi absolut identice intre FeO si oxizi

Q

Mel ]

7

. \ ) «
19

N | N e
o - r— Cu,d 2
- N
w* ik 73
- ) .s .-Ca l / .
o | //Pbo T

J | A A

10

0° I"ig. 1. Variatiara-
2 2 poartelor molare in
functie de tempera-
; turda ce se stabilesc
a6 ©In procesul de puri-
h! ficare a cenusilor pi-
ritoase, intre Cu0y (1),
Cu, O (2), ZnO (3,
w7 PhO (4) $i un mol
de FeO. Curbele 5,
- 6, 7 indica scidderea
continutului de Cu,

10°° AT Zun, Pb in conditii
25 W0 06 50 ed wg Ay % o

experimentale,

** S-a plecat de la concentratia de | mol FeQ, doar pentru a avea o baza de caleul
De fapt cea mai mare parte din fier se giseste sub forma de Te,0, si Fe Oy si mai putin sub
formi de I'eO.
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de cupru, zine, plumb, indifercnt care este agentul de clorurare (Cl,, NaCl
$i CaCly).

In graficul 1 sint redate curbele acestor raporturi calculate in functie de
temperaturd (din o sutd in o sutd grade). Urmairind aceste curbe se poate
spune In general ci un raport minim se obfine la 1000°. De asemenea

O
|
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B ey
200 — A o b = L o et
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Fig 20 Scaderea concentratict i'¢O in raport cu PHO, Zn0),

CuO) si Cu,O pentru temperaturile de 600° (linie punctata) si
1200 (linie continud).

s-a caleulat scaderea concentratiel IF'eO In raport cu cea a celorlalfi oxizi
metalicl, mai sus amintifi, Ia temperatura de 600 s respectiv de 1 .200°,
in graficul 2 fiind prezentate curbole respeetive,

Din calculele efectuate se poate observa ¢i o scddere relativ micid
in oxizi de cupru, zince si plamb ifmplicd o pierdere foarte mare in oxid
feros. Plerderile de fier in procesul de purificare a cenusilor prin volatili-
zarea clorurilor sint conditionate deci in primul rind de ponderea de FeO
existent 1n cenuse In raport cu ccilalfi oxizi de fier, deoarcee prezenta unei
cantitifi mari de oxid feros duce la o pierdere integrald prin volatilizare
sub formi de clorurid feroasi. Pentru a diminua aceste picrderi este nece-
sar deci sii se conducd operatia de prijire a piritelor in medii puternic
oxidante care si creeze premiscle formirii cu precadere a 1fe,0,.

Experimente. S-au facut cxperiente de purificare a doud tipuri de
cenusi prin clorurare volatilizantd In prezenga agentului clorurant clorura
de var in amestec de 39 fn conditii statice, proba fiind introdusi intr-o
naceld de Pyrolan asczata iIntr-un tub ceramic Incalzit intr-un cuptor
electric. Tubul ceramic a fost pus in legiturd cu o sursii de aer pentru
indepdrtarea vaporilor degajati, iar controlul temperaturii s-a facut cu un
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termocuplu de Pt-PtRh. Rezultatele experientelor au fost recalculate in
moli $1 raportate Ta 1 mol de fler (FeQ) trasindu-s¢ curbele 5, 6, 7 din
graficul 1 pentru mtervalul 200—1000-. Prin luia punctatd trasata la
stinga curbelor s-a indicat descresterea continutului de cupru, plumb i
zine de la continutul initial la prima treapta de temperatura, panta fiind
mai mare pentru plumb, zine i foarte micd pentre cupru. Iar ordinea aran-
jarii curbelor este similara cu cele rezultate din caleule. In aceste conditii
confinutul de fier a scdazut de ta .97 moli existent initial Ta 074 wioli la
1000, pe scama volatihizar clorurii fercase (sau ferice).

In experientele conduse in conditii dinamice 160 g amestec 1ol cu
5 ¢ agent clorurant a fost asczat pe o placd perforata fntr-un tub ceramic
dispus vertical intr-un cuptor clectric incllzit la accleasi trepte de tewpera-
turd ca i in prima experientd, timp in care s-a suflat acr prin place per-
forata o1 stratul de cenuse. Rezultatele experienfelor, cu mici abater, siut
aproape identice cu cele din primul set,

i

Tabel 2
i Cu - 1o Phofiy ! VA I AR
Tewyp. R
m ¢ Co . ! . I
I meli fata I RS S  UR PRI i fonol i i mol
i W Ty . hody { P o
de initind ' ; ¢ : i1 omol Fe He bnol Be
i i i o
Dezagrevare in timp de 60 minute .
200 (IR Y 4,50 .70 386 1,35 P4
300 ! thabd bAe 4.72 344 1,23 i3
iy : 3R 137 +.67 I 530 1,20 12x
St | 0922 RNV .56 [ A 1 16 i
i _ . -
Gag (1830 390 1,69 R 1,06 i
{00 0.800 385 181 523 0,82 Les
1600 : {18 3A00 | $37 kv 040 [ENEE I
Dezagrecare in timyp de
300 (RIS bl 1,57 2 JER] 12
[l QR 387 171 e (IR [
St : (790 38 {86 o [ A S (.96
feGa G760 510 ;a0 2 E TR A
Dezagregare dn thap de 1200 minute
S00 JERSIRIN 387 427 1.52 [.67 097 [
GO0 1_N00 380 ! 1.75 147 183 0es I 1s
seg 1790 370 168 [ TURE S B A 1 I 0,74
oG 6,790 270 | R 130 1 el | o086 1 043
! : ‘ : I J : :

S-uurmdarnit apol evolutia procesulul de sublimare a clorurilor in tnup
de ©0 51 120 min. Ia 500 si respectiv 1000 . Rezultatele sint trecute in
tabelul 20 Din acestea se observa ¢a pind la o anumitd limitda descresterea
continutului de fier din cenusi este foarte accentuata, dupd care se observa
o stagnare, probabil datoritd reactiel FeO prezent in cenusi cu agentul
clorurant #1 volatilizarca acestuia, stagnarea mareind tocmai epuizarea
continutului de oxid feros.
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Coneluzii. Abordind problema purificarii cenusilor piritoase prin prisma
calculelor termodinamicii chimice privind raporturile molare minime ce
se stabilese intre oxizi de Cu, Pb st Zn fatda de FeO i paralel prin efec-
tuarca unor experimente In conditii statice si dinamice, reiesc :

I Existd concorduantd intre caleule s1 cxpcnmulu care atestd stabi-
lirea unui raport molar minim intre oxizit din cenusd in procesul de puri-
ficare prin clorurare volatilizanta, determinat de variafia entalpiilor libere
de reactic 31 de tensiunca de vapori a clorurilor.

2. Dat fiind masa mare de oxizi de fier fatd de masa cclorlalii oxizi,
primul pardscste cu preponderentd cenusa, astfel ¢d pierderile in fier sint
mal accentuate. La acensta se mai adaugd pierderile co au loc prin antre-
narea de particule solide mai fine Tn procesul de purificare prin pat flui-
dizat. Acesta desigur poate {1 recuperat, insi ridic problema prefului
de cost.

3. Rapoartele molare e se stabilese in procesul studiat pind la 1200
sint identice, indiferent de agentul clorurant (Cl,, NaCl, CaCl,)

4. Pierderile in fier prin procesul de sublimare sint hmltau in cazul
i care acesta se gaseste sub formd de Te,Oy s FeyO,, intrucit variagiilc
entalpiilor libere de reactic Ay cu agentii cloturantt intre 600 1 200
au valorl pozitive.

Aceste concluzii conturcazd ideca unei relative ineficiente a procesu-
lui de purificare o cenusilor piritoase prin clorurare volatilizanta.
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[lpucyrcreue Goabiroro KoaudectBa FeO B 30iaX CHOCOGCTBYET 3HAYMTEJLHON foTepe
JKeje3a B OTIHUHE OT OCTAJIbHHIX OKHCeH Keseda (I'e,O; Fey0,).

TepMozHHaMHUeCKHe PACUETHI, 4 TAKIKe SKCNEDHMEHTANbHbIe JaHHble C XJODHOH H3BECTHIO
B KauecTBe XJIODHPYIOULEro areHTa NOAYEPKHBAIOT TOT GAKT, YTO OYHCTKA NyTeM Y/eTyuHBao-
HEre XJIOPHPOBAHHMS NHPHTOCOLEP KAllHX 30 e TaeT YIOBJETBOPHTENbHBIX BBIXOAO0B.

LTUDE DES RAPPORTS MOLAIRES DES COMPOSANTS DES CENDRES
PYRITIQUES LORS DE LA PURIFICATION PAR SUBLIMATION
DES CHLORURES

(Résumé)

Le travail traite des rapports molaires établis entre 1 mol FeO et CuO, Cu,0, ZnO
PbO entre 25°-—1200° ainsi que de la diminution du premier par rapport aux autres oxydes
lors de la purification par chloruration volatilisante des cendres pyritiques.

La présence d'une grande quantité de FeO dans les cendres favorise une perte impor-
tante du fer, & la différence des autres oxydes de fer (Fe,0; Fe,0,).

Les calculs thermodynamiques, ainsi que les données expérimentales, utilisant le chlorure
de chaux comme agent chlorurant, soulignent le fait que la purification par chloruration
volatilisante des cendres pyritiques ne donne pas des rendements suffisamment bons.



UTILIZAREA EFECTULUI SALIN IN MEDIU ORGANIC

IN TITRAREA ACIDO-BAZICA (IV)

Studiul efectului salin in titrarile acizilor de tipul HA
in mediu metanolic in prezenta sarurilor metalelor
alcaline si alcalino-pamintoase

AGNES BLAZSEK-BODO si C. LITEANU

La forte ionice ridicate, obtinute cu Ca(NO,),, in cazul acizilor ali-
fatici (1], aromatici [2], dicarboxilici si a hidroxiacizilor [3] s-a constatat
o crestere a aciditdtii relative, precum $i imbunititirea conditiilor de
titrare prin cresterea valorilor AE. -, in jurul punctului de echivalenti.
Efectul Ca(NO,), la tarii ionice I > 0,95 este remarcabil atit in cazul aci-
zilor grasi cu catend mai lunga, cit si in cazul hidroxiacizilor si a acizilor
aromatici o-substituiti. S-a presupus cid in aceste cazuri ar exista, in afara
de efectul salin propriu-zis, reactii chimice, In primul rind de precipitare
sau de complexare, datoritd cirora se modifici aciditatea relativa a acestor
solutii. Prin deplasarea echilibrului:

2HA -+ Ca(NO,), & Cad, + 2H* 4 2NOj7 (1

se mareste concentratia protonilor disociabili.

Presupunind cd efectul sarii depinde atit de natura cationului, cit
s1 de cea a anionului, s-au realizat solujii metanolice cu fortd ionicd ridi-
catd, cu azotatfii si clorurile ionilor de Ca?*, Mg?*, Sr2¥ Ba®f, Nat, K+
si Lit.

Majoritatea acestor saruri au o solubilitate mai redusi in metanol,
realizind astfel in multe cazuri tirit ionice mai mici decit in cazul Ca(NQ,),
26,0%,. (Tabelul 1). Pentru a avea date comparabile, s-a studiat efectul
Ca(NO,), si in solutii diluate (solutia de bazd fiind 2,69,), realizind tari
ionice intre I == 0,02 si I = 044

6 — Chemia 271973
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Tabd 1 Pentru clucidarea  efectulu:

Tiarin joniea a solutiilor de saruri neutre sarurtlor  cercetate, s-a luat co
R : exempla comportarea acidulul ben-
Concentratia Limitele zoie, folosit s ca substanta stan-

. | osoluticl de f tarici ioniee R S N
Barea o I i Tositc dard in cazul titrdarilor in metano!
i l 1 la fortd tonica ridicata, precum si
——— _ S —— e actdulut mandelic, ca reprezentant
200 IR UR T IR al hidroxiacizilor,
RRSE ARTCE T
283,50 LS B Titrarile  potentiometrice Lo diterit
AP o PR ; . ,
1508 LN 248 tari donice an fost cfectuate looan poten
H 15 3 s n P ETI [ . . N
““;“ j 0003 - 07 ticmetry MULTOSKODP V) e <istemul o
FIRD 2 -y ri 1 R :
MEA] ULV cloctrozi s clectrad  de stiviacalomel
.00 AL R Poentru earacterizarea aciai <uhstant e
~ oy ‘ . S ae . .
m:‘ BEAUALE «U_” Ioroin solutii netanolice suh nento
. ] 004 .73 feriteior saruri, s-a luat cu indicin modaii

S R carca potentintului de semineutralizare (15,0

care poate servi drept eriteriu peutru apres

cierea influentet exercitate  de solvent asupra taviel ackdobazice o substantei dizolvaic

4 13 . Potentialul de cchivalenta 1) s-a calealat dupd meteda Tlahn-Weitler 14
G imbundtdtires condititlor de titrive este refivetata prin o't [ potenticl din jurn’
puneinhii de o cehivaienta (A1 cddonlat prin wmetoda el

Valorile ATL , obtinute in cazul acidului benzoic in prezenta siou
rilor studiate la diferite taril fonice sint trecute fu figs st in iz 2 pees

<

tru acidul nandelie.

DBiscutia rezultatelor. Prin compararca curbelor de titrare 51 a valo-
mlor I, rezulth oi efectul salin este legat in primul rind de natura catio-
nului st in al deilea tind de tdria fonicd a solufiel. Ca st sotutitle de
Ca(NOy),, solutiile concentrate de CaCl, au un cfect puternic asupra mod:-
tearti aciditatii relative. In prezenta de Cally, in cazul acidului henzoic
la 1--200, AL 4 100mV ; folosind Mg(NO,),, la T == 200, N5 .
= 68 mV. Moditicarca valorii A¥. ;. in cazul acidulul mandelic s¢ pre-
zintd in {elul urmitor: la adaos de Call,, la | 2,00, AE.,. f15 mV
adiungind Mg(NOy),, lu aceastd tarie ionicd Al 125wV, Lifectu!
salin nu oeste atit de pregnant in solutiile diluate ale cationilor bivalenti
exemplu solutii 2,69, de Ca(NOQ,),, solutii dilnate de Sr(NQy), 31 Ba(NOy),
precum st in cazul folosirii sarurilor ionilor alcalini: K=, Na®, Li . Dir
aceste experienfe rezultd ¢ anfonii de clorurd st azotat n-au o contribufic
excrcitat asupra actdului HAL Saltul de potentia

csentiala In efectul
ramine aproape uneschimbat (fig. 1 w1 2).

Odatid cu cresterca saltului de potential In jural punctului de echi-
valenta se modificd, evident, si aciditatea relativd a acidului benzoic g
mandelic la forte ionice ridicate. Schimbarea acidititii relative se oglin-
deste prin variatia potentialulul Ej o e neveia 1a 1200,

Din fig. 3 rezultd ¢d scaderea potentialului de semineutralizare Ii.
a acidului benzoie este remarcabilda folosind solutii concentrate de ioni

de calein sauw magnezia, In prezentd de CaCly, ALy oy, . = 147 m\V, i
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AE@ix
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o FO= 8 o—t
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40 {,@J © L ¥)
20 " - .
0.2 0.4 0,6 33 10 C
i, Lo AModificarea valorilor A pentru acidul benzoie i fane-
tic dotaria donicd, i presentd e saruri diferites L CaeNO
SriNOL, 30 BasNO oL 0 RICH 50 KO 80 NaNGy
AEpreg)
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60 ~B—fw== s o=/ - 15 A
/ [ ] 2 4 FAS
.
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I 1w, 20 AModificarea valorilor A pentru achdnl mandelic in

functic de taria tonicd, in prezentd de sdarort diferites T CaeN Oyl

SHNOLL, 30 B NOG,, 40 i 30 KCL 60 NaNOy,

cazul Mg(NOy),, AEiu, 1, — H3 m\V Tn prezenta sdrurilor diluate de
Ca(NQy)y, AE vy 1,5 - 70mV In cazul solutiilor de LiCL AE oy, 4o, -
71 mV; de KCLOAE, o, 1, .0 = 11L,0m\V  de NaXNOy, AL g0, 1, =0m\
In fig. 4 sc¢ arata modificarea potentialului de semineutralizare Iy, a
acidului mandelic i prezenfa diferitclor saruri la forfd ionicd variabila.
Atit in cazul acidului benzoic, ot i al acidului manddlic, efectul
sdrurilor alcalino-padmintoase este mail puternic. Solubilitatea mai redusa
a Sr(NO,), st Ba(NQ,), limiteaza posibilititile de lucru la concentratii mai
marl. Din datele obtinute la I - 3,0, s¢ poate determina seria cu actiune
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descrescinda a ionilor asupra cresterii aciditafii relative:
> Li7 > S o Ba®s pentru acidul

> Mg®t =~ Ba* > Li-, in cazul acidului
ionilor din seria

Mg? > Ca®* o
benzoie, si Ca*n > Sr

.

mandelic. Inversarea actiunii

metalelor alcalino-pamintoase in modificarea aciditatii
7
mV

500

N _-Q\E.

, E /3 (2<0)
R e = = -
_)‘ 6 7
~0
5 \;i\_x_,o o &
400- \0\.\‘A A"

300 . ; \
02 0,4 06

i i

0.8 10 12 3
Fig 3. Modificarea potentialului de semincutralizare in functic de cresterea
tiriei ionice in prezenta sirarilor alealine s alealino-pamintoase in cazul aci-
dulni benzoic. 1. CaCly, i CaiNO, 20 MatNOy,. 30 SriNOy,. 4

Ba(NO, 1, 5.
LiCl 6. K<L 7. NaNO,

500
Eq
ny

TR ST --~ B4z (3:0) acEnzoc,
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8- B45(3:0)AC MANDELIC

[~

200

N . N .
0.2 0.4 0,6 08
Y 4 Modificaren potentialuln e
i prezenta sarurilor alealine sioal
CalNG i, 20 MulNO,,

10 12 3
semineutralizare in funetic de cresterca tariel fonice
ino-pamintoase in cazul acidulul mandelics 1LoCadly st
30SriNO, 4 BaiNO, A Lich 60 KCL 70 NaNo,

i1
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celor doi acizi studiati pledeazd pentru ipoteza formarii unor complecsi
cu o stabilitate mai pronungatd in prezenta ionilor de Ca®v.

Influenta clorurilor alcaline i a CaCl, asupra disocierii acidului boric
in solutii apoase a fost studiatd de Vinogradov si colab. (15, con-
statind cresterea cea mai mare a aciditatii relative a HyBO, in prezenta
de Call,, respectiv LiCl, comportare similard cu cea determinatia de noi
i solutn metanolice.

In solutii metanolice, dintre ionii metalelor alcaline, litiul se remarca
printr-o actiune mai puternica, fapt explicabil prin solvatarea si solubili-
tatea mai mare a ionilor de litiu fagd de ionii de Na®™ ¢ K*. Shkodin
st Podolianko (16] studiind comportarea LiCl in alcooli, constata
disocierea practic completd a 1iCl in alcooli inferiori, respectiv si in metanol.

Actiunea ionilor studiafi se datoreste deci atit efectului salin, cit si
reacjiilor chimice existente intre ionii sarii i anionul acidului HA,

Efectul, care poate ti exprimat prin modificarea coeficientulul de acti-
vitate, este compus din influenta metanolului, pe de o parte, si de cea
a sarii, pe de alta parte. In solutit metanolice cu ior‘;d tonicd ndxcqta actiu-
nea solventului se exprima prin efectul mediului (yvi), iar sarea prezenta
acfioneazd prin modilicarca coeficientului de activitate, exprimat prin
cfectul concentratici, sau cfectul salin (gys). Trecind in solutii metano-
lice, yvi scade, in schimb cregte valoarea lul v Aceste interactiuuni
contradictorii se manifestd prin cresterea aciditatn relative a unei specii
HA fata de starca in solufie metanolicd la 1 == 0. Coeficientul global de
activitate (v/) in aceste solutil poate fi exprimat deci prin relatia

‘{f == sal i (Zl

Datele valabile pentru modificarea aciditdtii relative a unor acizi
organict In solutii saline apoase tratate in literatura 17 - 29 sint in buna
concordanta cu experientele noastre efectuate in xoluyn metanolice. Meta-
nolul fiind un solvent asemanator cu apa, este de asteptat existenta unui
efect asemanator cu cel constatat in solutii apoase, diferentele existente
survemnd in primul rind datorita constantei dielectrice mult mai mici a
metanolulul (=« 32.6) declt a apel (= == 78,5).

afral tn dedacfic ia 27 apriiic 17
: { !
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HCHOML3OBAHHE COJITHOIO 30®MEKTA B OPFAMHYECKON CPEIE TTPH
KHCJIOTHO-OCHOBHOM THTPOBAHIHIHM (IV)
Hecaedosarue coagmoeo aperma npu mumponaruy Kucaom mune HA 6 yemaroiosol
cpede 8 NPUCYMCMOUIL COICN  WLA0UHBLY 1L H{CI0UHO-30MCIDHBIX  JEMaA1108

(Peswone)

ABTopul NpoBedH NOTEHUHOMETPHUECKOe THTPOBANHE GCH30IHON U MUIATLHON KHCJAOT
B METAHOAOBLIX PACTBOPAX B NPHCYTCTBHH codefl:  Ca(NO,), CaCly, Mg(NO,),, Sr(NOy),,
Ba{NO,),, NaNO,;, KC n LiCl. Tutposanus, npoeileinble NPH DA3IHUHBLIX HOHHBIX Cusax,
NOKa3BBAKOT, YTO COgSTHON 3(})(1)&1(1“ CBSI3a4 BO-TEPBLIX ¢ NPHPOAOI KaTHOHA 1T BO-BTOPHIX C HOH-
HOIT ¢Haoft pacrsopa. Ha paunnix, nodyuennnix npd 1 = 3,0, \m/;\m onpe Lew Th pﬂ;[ ¢ yOuiBa-
IOUIMM LEHCTBHENM HOHOB Ha POCT OTHOCHTEILHON KHCIOTHOCTH o s Lit e Sr2t > Balt
B cavuae O6en3oiinoil KHCA0Thl H O o Sr2h o Me?t oo B ey Ll BoCaviae MitH A HOM
KHCAOTHI. B nmocaezuen cayyae npeinonaraetcst CVUICCTBOBAHHE XIMHUECKHX B3aHn0I1ellcTBiil
MEAY HOHAMHM KaaLUMsl H MHHEIATLHOIL KHCAOTOI, B Pe3VaALTATE KOTOPLIX [OBLILAETCH KHCJIOT-
HOCTb 3THX ACTBODOB.

DIE VERWENDUNG DES SALZEFPEKTES 1IN NICHTWASSRIGEN LOSUNGIEN
BLT ACIDO-BASISCHIN TITRATIONEN 1V}
Die Untersuchung des Salzeffektos tn Titrationen von Sauven des Tvps HA 4w methanolischen
Mediion und Gegencoait von Salzen der Alkali- wnd Evdalkalimetalles

(Zusammenfassungj

2
In der Vorauwssetzung, dass die Wirkung von Salzen auf das Verhalten einer Siure vom
Tip HA in Losungen holer Tonenstirke, sowohl von der Natur der Kationen, als auch von
der, der Anionen alyl hingt, wurde die potentiometrischer Titration der Benzoesiiure und det
Mendelsdure ifin  metanolischer Losung  bel  Goomwart  der  Salze CalNQ,),, Call,,
Mg(NOy), SriNO,, Ba(NOy),, NaNO,, KCU unl TiCl ausgefiihrt. Aus den, bei ver-
schiedenen  lonenstirke durel motuhrt(n Titrationen geht es klar hervor, dass der Salzefekt
in erster Reihe von der Natur der Kationen umd in zweiter Reille von der lonenstirke der
Losung abhiingt. Aus den Dbei 1--3,0 erhaltenen Resultaten kann die Serie der abnehnien-
den \\ ‘rk ung der untersuchten Tonen auf das relative Ansteigen Jder Aciditiat: Mg2T > Ca?t >
> AT > 82T = B2t dm Falle dor Bonzoesiare, hoaw, G5 s 35 = Mg . Ba?™ > Lit
fiir A\Lnldcls;iure bestimmt werden. In diesem letzteren Falle kann auch die Gegenwart von
chemischen Weehselwirkungen zwischen den Tonen des Caleinms und der Mandelsdure voraus-
gesetzt werden, durch welche dus Ansteigen der Aciditat in diesen Tosungen erfolgt,




STUDII PRIVIND INFLUENTA TEMPERATURII
ASUPRA PRESIUNII DE VAPORI A TELURULUI
DIN UNELE SISTEME METALICE CU TELUR*

GIH. MARCU xi ELENA VERMESAN

Studiile intreprinse de autori asupra unor sisteme metalice cu telur
an scos in evidentd cd temperatura are un rol deosebit de important in
ce priveste modificarea compozitiel chimice a sistemului. Variajia modifi-
carilor survenite in compozifia chimica In functie de temperaturd se dato-
reste 111 mare masurd tensiunii de vapori a componentilor, care devine
cu atit mai mare cu cit creste temperatura.

Sistemele studiate (Te—Te*; Fe—Te*, Cu—Te*; Ph--Te*; Sn—"Te¥*,
Cu—Sn—"Te*), tratate la temperaturi ridicate, prezinti fenomene de eva-
vorare a componeuntilor, tocmai datoritd cresterii tensiunii de vapori a
¢lementelor cu ridicarea temperaturii.

Cunoasterea presiunii de vapori a telurulul intr-un sistem studiat la
o anumitd temperaturd are o importantd deoschitd, dind posibilitatea de
a se stabili dinainte cantitatea de telur ce poate pirdsi sistemul prin
cvaporare, datoritd tensiunii lui de vapori la o anumitd temperaturd. Im-
portanta creste si mai mult cind unul din elemente se giseste in cantitati
mici fatd de ceilalti componenti ai sistemului si cind se urmdiresc efectele
pe care acesta le are In functie de concentratia cfectiva din probd si nu
fatd de cea introdusd initial.

Literatura de specialitate prezintd date privind tensiunea de vaport
a telurului, atunci cind acesta se gaseste singur sub forma de element.

Studii privind tensiunca de vapori a telurului au fost ficute inca
din 1872. Gernez A. [17 stabileste ¢d telurul distild la o temperatura ri-
Jdicatd, fard a stabiliexact valoarea. H. von Wartemberg [2], Dolan
J.J, Partington J. R. {3, Zwikker C [4], Krestov-
aikov A N.si Sahov A S [5) determind tensiunea de vapori a

* Tucrare prezentati la A 3-a Conferintd republicand de chimie, fizicd generald si apli-
ratd, 47 septembric 1972, Bucuregti.
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telurului In functie de temperaturd stabilind valorile acesteia, care sint
trecute in tabelul I

Tabel 1
e .. . . |
Je}l.slmua (l} vapori | gy 40 .10 i .
in atmosfera }
| {
Temperatura "¢ | 188 I 578 [ 671

Doolan J. J, Partington J. R [3]si Kelley K. K. [6]
stabilesc o relafie intre variatia presiunii de vapori a telurului si tempe-
ratura absolutad, dind ecuatia:

6820, o -
Iog - Pum, cot 11 =5 = - fi;- - 3,02 Tog 'I' - 14,466

Schneider A, Schlupp R. 7 studiaza variafia presiuniz
vaporilor saturati de telur printr-o metodd dinamicd, stabilind in acelasi
timp o relatie intre presiunea de vapori si temperatura absoluta :

. J
fog: Pum. cot iy == 6,78 - -

Brookes L. S 8 determind presiunca vaporilor deasupra telu-
ralui lichid intre 516~ si 832°C, gisind \"1101110 de 1,1 rcspeatlv 164 mm
col. Hg. Prin Q\trapolaled rezultatelor la 760 mm col. Hg. s-a obtinut
temperatura de fierbere a telurului ca fiind egald cu 9898 - 3,8"C

Slavinski M. P. 9, Gattow Gosinchuneider Al 710 {ac
un studiu asupra presiunii vaporilor saturati de telur in intervalul de tem-
peraturd de 550-750°C, extrapolind rezultatele pentru 760 mm col. Hg..
obtinind temperatura de flerbere a luil egald cu 943°C. Brookes I,. 5.
8, stavinski M P 9], Gattow (. 107 obtin aceeasi relatic
intre presiunea vaporilor saturati de telur si temperatura absolutd:

- 5960 - 14.53%
log- Pom. e = 7.6 1 0,014 (3 J
"

In 1961, Kudriavteev A, A i Ustiugov G, P. 11 deter-
mind relatia intre temperatura absolutd si presiunea vaporilor de telur
intre 13 s1 760 mm col. Hg.. stabilind ecuafia:

5960.3

bl . —~ Pl
1()g' I mm. col Hg — 77 T - = {0 5992,

Calculind cu aceastd ecuatie temperatura de fierbere si caldura de
vaporizare a telurului, obfin AHv = 27,66 K cal/mol.

Niwa K. st Sabata Z. '12] au mdasurat tensiunea de vapori a
telurului solid, obtinind valori cuprinse intre 0,887 si 45.10~% mm col.Hg.

Korneva I.V, Pasinkin A, S, Novoselova A V. st
Priselkov A I '"13] determind presiunca vaporilor saturati de telur



PRESIUNEA VAPORILOR DE TELUR 89

sub punctul de topire $i prin prelucrarea datelor experimentale prin metoda
celor mai mici pitrate, obtinind ecuatia:

7599 "
1()g Pmm,col}lg —_ T -+ 9» 753.

Caldura de sublimare a telurului obtinuta de autori folosind aceastd
ecuafie este de 34,76 Kcal/mol.

In literatura de specialitate nu se gisesc indicatii privind tensiunea
de vapori a telurului, cind in sistem sint prezente si alte elemente.

Cercetarile prezente privind presiunea vaporilor saturati de telur in
sistemele binare: Te—Te*, Fe--Te*; Pb—Te* Cu—Te*, Sn—Te* si
ternar Cu—3Sn—Te* stabilesc modificarile ce apar In presiunea partiald
a vaporilor de telur, in functie de temperatura, de natura elementului care-1
insofeste In sistem si de legaturile pe care acesta le formeaza cu atomii
elementului respectiv.

In sistemele studiate, telurul se gaseste in concentratii mai mici de
0,19,.

La baza studitlor privind presiunea vaporilor saturati de telur in
sistemele amintite a stat metoda Langmuir de urmarire a vitezei de
vaporizare a clementelor de pe o suprafati deschisd In vid. Din viteza
de vaporizare a elementelor in vid se poate pune in evidentd presiunea
de vapori gi modificdrile el la diferite temperaturi. Aplicind metoda Iang-
muir, auforii determina cantitatea de telur ce se evapord la diferite tem-
peraturi din sistemele cercetate, folosind izotopi radioactivi ai telurului
(1251“ %127'1‘@) i

Viteza de vaporizare a elementului s-a determinat pe baza radioacti-
vitatii condensatului de pe un perete rece. Cunoscindu-se activitatea ini-
tiala a telurului din proba si activitatea telurului condensat, In urma eva-
porarii din sistem, viteza de vaporizare (v) s-a determinat practic din
raportul dintre activitatea specitica (As) a telurului condensat si produsul
dintre activitatea specifica inifiala (As,). suprafata liberd de evaporare
{(s) s1 durata experienfel (t).

- As
Vo AL S

S

Intre viteza de vaporizare (v) a clementului exprimatd in giem®-s,
si presiunea (p) a vaporilor, s-a stabilit relafia:

oz R T
)= v\ /R
PV VE

in care: R, este constanta gazelor in stare ideald, T — temperatura
absolutd In °K $1 M — masa moleculard.
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artea experimentaki. In vederea efectuirii studiffor experimentale s-a conceput si
realizat un aparat dal, prezentat in fig. 1.
o et Aparatul este confectionat din cuart si permite vidarea interioard. Proba de stadiat
este introdusd in creuzetul care se sprijind pe un suport (tuln, lirgit la partea superioarfi
in asa fel incit si asigure pozitia verticala a crenzetului,

Prin partea laterald o aparatului
este introdus un termocuplu de Pt-PtRh.
Prin interiorul tubului de sprijin ter-
mocuplul patrunde pina la probd prin
orificiul din partea inferivard a creuze-
tului. Creuzetul are o conicitate spre in-
terjor in asa fel fdcutd in raport cu mdi-
rimea probei, fneit in cazul cind proba
se topeste materialul topit sd curgd in
partea de jos a creuzetului {intre con si
peretele lateral), fard a patrunde prin

orificiul din virfulJconului in iustalatie.
-

i

Creuzetul cu proba de studiat si
suportul pe care se sprijini sint fixate
de corpul aparatului printr-un alt tub
din sticli™ razoterm care face legdtura
cu restul aparatului. Deasupra suportu-
1 og ARy ] lui cu creuzetul se asazd un manson
de cuart previzut cu slif la partea in-
ferioard, care inchide instalatia si asigu-
rd mentinerea vidului in interjor.

Prin partea laterald a corpului a-
paratului s-a ficut o ramificatie care
permite vidarea interioari.

¢ Controlul gradului de vidare din
instalatie s-a realizat prin montarea unei
joje ionice sudate in partea de jos a
aparatuluni. Incilzirea probei la tempe-
ratura doritd s-a realizat cu un induc-
tor, cu o instalatie de curent de inaltd
frecventd. Puterea maximi a instalatiei
folosite a fost de 5 Kw. Inductorul ins-
talatiei a fost confectionat dupd dimen-
siunile aparatului si montat pe partea
exterioard a mansonului de cuart. Dea-
supra indnetorulni se asazt un vas cu
pereti dubli in care se introduce azot li-
chid pentru a crea o suprafatd rece in
calea vaporilor izotopului radioactiv al
telurului, ce rezultd In urma ncdlzirii
sistemuluni studiat, dind posibilitatea con-
densirii rapide a lor.
) Miasurarea temperaturii s-a ficut prin metoda compensatiei, la un galvanometru nulti-
tlex cu un compensator potentiometric.

Tiroarca de misurare a temperaturii a fost de --0,1°C.

Probele de cercetat au fost formate din pulberi metalice in care s-au introdus in can-

TERMOCUPLY

1ONICA

1"ig. 1. Instalatia.

tititi bine cunoscute izotopi radioactivi ai telurului (R THE7Te), formind  sistemele
Me-Te*.

Amestecul de pulberi metalice si telur a fost bine omogenizat, pentru a se realiza o cit
mai buud repartizare a radioizotopului in pulberea metalicd utilizata.

Sistemul in stare de amestec cu activitate cunoscutit este presat intr-o matriti special
dimensionatd in raport cu dimensiunile aparatului si al nacelei. Proba sub formi de pastild
s-a format prin presare bilaterald a amestecului la forte de compactizare cunoscute, en aju-
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tornl a douil ponsoane, unul de formd cilindrici iar celilalt eilindric cn un con in extremi-
tate, in asa fel incit pastila are forma reprezentind imaginea negativit a nacelei de cuart in
care se face fncilzirea. S-a determinat activitatea specificd a radioizotopului inainte de intro-
ducerea lui in proba de analizat.

Tn instalatie s-a realizat un vid de 10-%mm col.1Tg. si s-a mentinut constant tot timpul
experientel. Timpul de fnedlzire a probei a fost in asa fel realizat Incit s# fle c¢it se poate de
seurt, pentru a nu aduce erori in rezultatele finale,

Prin incdlzirea probei telurul existent fn sistem se evapord intr-o anmmitd cantitate si
se condenscazi pe partea interioard a mansonului de cuart de deasupra inductorului unde
intilneste suprafata ydieitd. Pupi atingeren temmeraturil la care se face determinarea, se
mentine proba Ia aceastdd temperaturd timp de 20 minute, dupi care se desface mansonul
instalatiel. Telural condensat pe partea interioard a mansonului se dizolvii in acid azotic con-
centrat. S-a avut erfift ca la toate determinfirite volumnl {final de solutie dupi dizolvarea
cantitativa a tclurulud radioactiv condensat s fie acelasi. pentru a nu se introduce erori la
determinarea activititii solutiei prin variatie de volnm,

Se determinit activitatea solutici la un numiritor de particule si se calculeazit activi-
tatea specificd a telurului condensat en ajntornl clreia se calenleazit apoi viteza de vapori-
zare si presinnea de vapori a teluralni, folosind relatiile ariitate la inceputul Inerarii.

Suprafata probelor din sistemele studinte s-a calenlat folosind dimensiunile pastilelor
dupi formare. Toate probele din sistemele: Te-—Te*; Te—Te*; Cu—Te*: Cu—Sn—"Te* an
fost formate la o forti de compactizare de 39,24 107N/m?, iar probele din sistemele Pl —Te*
i 8n--Te*, au fost formate la o fortd de compactizare de 19,62 . 105N/m?2.

Dupit vieire probele au fost recintiirite Ia balanta analiticl pentru a verifica pierderea
in greutate a probei si a putea fi corelatd cu cantitatea de radioizotop ce se evapord datoritd
tensiunii de vapori Ia o anumiti temperaturd,

Deoarece in timpal fneidlzirii se evapori si o eantitate din celilalt component al siste-
mului, simpla cintirire a pastilei inainte si dupi incilzire nu da indicatii precise si totdeauna
demne de luat in considerare asunra cantititii de radioizotopi ce se evaporid din sistem.

Pentru verificarea rezultatelor obtinute s-a determinat prin analize cantitative conti-
nutul (activitatea ratoizotopului) de telur rimas in sistem dupi tratarea lui la temperaturi.

Cunoseindu-se cantitatea si activitatea initiald a radioizotopului introdus initial in proba,
cantitatea de radioizotop condensatdt pe manson in urma evavoriirii si cantitatea de radio-
izotop rimasi In sistem dupid inedlzire s-a calenlat tensiunea de vanori a telurului la fiecare
temperaturid si sistem stndiat, lnindu-se in considerare numai acele determiniiri a ciror rezul-
tate an fost foarte apropiate in toate cazurile.

Valorile presinmii de vapori a telurului calenlate pe baza datelor experhmentale obtinnte
sint trecute in tabelul 2. Toate valorile obtinute au fost prelucrate prin metoda celor mai
mici pitrate pentru a se putea vedea care este dreapta cea mai probabhild ecare trece prin
punctele experimentale. Operatiile de caleul an fost rezolvate la un caleudator tip IRTS C.R. 125,
folosind Himbajul FORTRAX.

Interpretarea rezultatelor. Valorile experimentale obtinute in tabelul
2 sint reprezentate sub forma variatiel logaritmului presiunii de vapori
a telurului in functie de inversul temperaturii absolute in fig. 2.

Din diagrame se constati cit Tn toate cazurile presiunca partiald a
raporilor de telur variazd exnonential cu temperatura.

Toate curbele tensiunii de vapori a telurului din sistemele studiate
reprezinti o dreaptd cu pantil negativit ai cidrel coeficienti unchiulari
variazd de la sistem la sistem in functie de natura componentilor sistemu-
Tui in sensul: (Cu-Te*) << (Su—~"Te*) < (Te—Te*) << (Ctui—Sn - Te*) < (Ph—Te*),

T Din studiile intreprinse se ajunge la concluzia cid In toate sistemele
studiate, pentru aceeasi temveraturi, nresiunea vaporilor de telur este
mai micit decit in cazul sistemului Te —Te*. Toate dreptele de variatie a
tensiunii de vapori a telurului in functie de inversul temperaturii absolute
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Tabel 2

Sistemul § P, Na® | log Z)K“\V"mz g T P 1T - 107 rt(

1 2 3 1 4 1 5 6
120010 411059 | 48317 l 20,34 = 210
ORI 432634 1 48965 1 20902 | 2163
. T41-10 0 314644 | 51315 1 1951 x 240
Lo456.10 8 365896 53265 1881 2593
L w0500 8 235218 | 56355 1 1773 i 200 4
820.10 2 1 201855 38615 17,2 : 3135
! 20810 1! 1 35703 03,95 : 16.59 ] 3308
TR 1.66558 621,65 ; 16,1 i 3483
C987-10 Tou432 L 63905 | 1563 366
L0754 10 094304 . 65595 | 1521 i 382 ¢

Te- Tex Dooseso0 0 a7s435 68805 0 L4AL 415
L1974 10 [ 07808 J 70315 . 1420 430
62010 1 79546 763,63 1301 | 1903
1.33- 102 019316 1 782,93 2.8 3 300,
(.67 102 282413 ‘ 87463 1142 Bl
267103 342619 : 974,05 10,28 ' 700 v
133108 119516 | 063,13 941 ]9t
1,051 103 1.29026 1 0us. 13 9,10 8253
Sa2ol0T L 452218 114515 871 472
9 356 100 197109 1 201,65 R31 9285
5.631- 100 5.75029 127865 706 1 0005
| 824010 126102 o143 10,03 541
266110 L4203 ow TIRT 7is
Fe To* f 4.286- 101 1.63205 1 0405 9,63 | 763
CR410-10 172513 0 10503 951 777.5
6,097 10 188519 1103 9.0 832
852410 ! 1,930012 1 306 7.6 1 033
9,852- 10 1,99791 D10z 7.6 1130
1.998.10 5 5,30060 799 125 5955
1,096 10 5 5.61232 815 12,22 541,5
Pl Tor 704110 ¢ 5.86012 846 11,80 3725
393810 151021 880 11,34 606,5
5022040 4 170001 Coa2) 10,86 #47.5
1.075-10 3 3.03123 936 10,412 682,5
4.6-10 9 366969 | 993 10,06 7105
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1 2 3 4 5 6
1,362-10 2 213418 885,5 11,29 612,0
1,718-10-2 2,23510 913.5 10,94 640,0
1,811-10 2 2,25790 994 10,06 720,5
Cu—Te 1,931-10 -2 2,28578 999 | 1000 | 7254
2,001-10 -2 2,30125 1032 968 7585
239410 -2 2,36624 1 056 9,47 783,0
2,373-10 -2 2.37521 {120 8.93 847
1,996-10 4 1,30013 548 18,20 274.5
6,668-10 4 1,82504 596 16,70 322,5
Sn- Te* 8,934-10 4 4,95105 657.5 15,20 384,0
1,228 10 3 3,08920 726 13,73 452,5
1,532.10 » 3,18526 784.3 12,75 510,8
3.350-10 3 3,52504 901.0 11,1 627.5
1,084-10 -2 003513 834 11,99 561
2,057-10 -2 2,31320 902 11,08 629
Cu—8n - Te* 3,849 10 -2 258532 949 10,53 676
6,080-10 = 2,78390 1039 9.62 766
9,895 10 -2 2,99542 1 069 9,26 796
3,274 10 1 1,51519 1141 8,76 868

sint situate la valori mult mai mici ale presiunii de vapori fata de ceca
a sistemului Te—Te*.

Dreptele de variatie a tensiunii de vapori ale telurului din sistemele
Fe—Te*; Cu—Te* Sn--Te* ¢i Cu—Su-—Te* sint grupate si merg destul
de apropiate unele de altele, in comparatie cu cea a sistemului Te—Te¥,
care este mult mai deplasatd spre valori ridicate ale presiunii de vapori.

Modificarile survenite in tensiunea de vapori a telurului in sistemele
studiate la temperaturd se datoresc pe de o parte legaturilor chimice ce
se stabilesc Intre telur si elementul care-l insoteste in sisteni, retinindu-l,
iar pe de altd parte proprietdtilor telurului de a difuza in cantitate mai
mare sau nai micd in masa metalicd i de a forma solutii solide cu acestea.
Legaturile chimice ce se formeaza intre telur si celdlalt component al sis-
temului la 0 anumitd temperaturd, precum si legaturile fizice ce se stabilesc,
se opun tendintei telurului de a se evapora din sistem prin cresterea tensiunii
Iui de vapori datoritd ridicidrii temperaturii.

Metoda de studiu a presiunii de vapori a telurului din sistemele cerce-
tate. prin urmirirea variatiel vitezel de vaporizare de pe o suprafata
deschisd in vid, di indicafii prefioasc in ce privesc modificdrile ce au loc
in presiunea partiala a vaporilor de telur din aceste sisteme. Utilizarea
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Figo 20 Variatia presiunii de vapori o telurului in functie de temperaturdd,

m sistemele ;s Te--Te*; Te Te®, Ca- Te*: PhoTe*; sn--Te*; Cu -Sn ek,
radioizotopilor de telur in studierca moditicarilor ce apar in tensiunca de
vapori a telurului in functie de temperaturd a marit scnsibilitatea $i exactita-
tea metoded.

Instalatia counceputd si realizata pentru efectuarca studiilor privind
tensiunea de vapori a telurului, da posibilitatea efcectuarii determinarilor
experimentale, reusindu-se sd se obtina rezultate bunc in condifiile descrise.

Coneluzii.— Presiuuca partiald a vaporilor de telur variazd exponen-
tial cu temperatura in toate sistemele studiate. La toate sistemele, la acecasi
temperatura presitnea vaporilor de telur este mad mica decit in sistemul
Te—Te* ; toate dreptele de variatie a logaritmului presiunii de vapori in
functie de inversul temperaturii absolute se inscriu la valori mult mai mic,
fati de dreapta ce reprezinti acceasi variatie pentru sistemul Te—Te*.

— Instalatia conceputa si realizatd permite utilizarea el cu rezultate
bune, nut numai in acest scop, ci si pentru studiul altor fenomene.

Intral in redactie la 5 mai 1973}
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HCCIEJTOBAHIE BJMSIHIST TEMUIEPNTNPLL HA CLABJTEHHE TIAPOR TEIJINDA
B HEKOTOPHIX METAVHMECKHX CHCTEMAX C TN PO

(Pezwoe)

ABTOpLL HaVUady ABOHULIC CHCTEMBI [ - Te*
HAVIO cHeTeMY Crt— Sui—"Te*, B KOTOPBIX TEIIVD HAXOAHTCA B KOHLeWTP a1 MeHbine, dem 0,17, .
AAdist H3yvenua HTHX CcHeTeM CHPOEKTHPOBAI H OUVILECTRIACH CHeLBATbHBHT TPHGOP, HPH TTOMOULH
ROTOPUrO, HPHMEHSIS MeTO Jaurnyupa T8 1pOCIe AMUBAHIS CKOPOUTH BLITAPHEBAUHS Ha O1-
KPLITOIL IOBEPXHOCTH B BAKYYAME, MOKHO BhUSIBHTL HEMEHeHHH, ROSHMKAIOW e B 4acTHHHO B-
JeHHI TTAPOB TeLTYPa B 9THX CHeTeMax, Ot HPOBOMIATICL BPH HOMOILH Te LTV POBOIO. pajiio-
HiotTona 8 e - 1 e,

CROPOCTL  BHIHAPHBAHMS ONPEIENNIACH 13 OTHOWEHH S MeKIAY VIETL1E0H GRTHBHOCTLIC
AeMeNTd, KOHICHCHPOBANUONO 8 Pe3yviabTaTe BLITAPHBAHKS, H 1IPOU3Beleiie) LY Havadb-
HOI YV 1eJIbHOI ARTHBHOCTLIO, HOBEPNHOCTLIO HCHAPeHHST 1 1IP0I ARITEALHOCTLIO OILITA.

Ph-Te*; Cu--Te*; sn- Te* n 1poit-

B

STUDIES CONCERNING THE INFLUBENCE OF THEMPERATURLE ON THLLURIUM
VAPOUR PRESSION IN  SOAME METALLIC SYSTEMS WITH THLLURIUM

(Pummary)

The paper studies the binary systems: FeeTe¥ ;o Ph-Te*; Cu-Te*; sn—Te* and
the  termary  Svstem Cu--Su-—"Te*, in which tellurium is to be found in a concentration
smaller thau 0,19, A special apparatus was projected and built, by means of which, using
the Langmuir method of following the vapourization speed on an open surface in vacuum,
there can be set off the modifications which appear in the partial pression of the tellurium
vapours in this systems. The experiments were carried out with the radioisotope of tellurium
26 L 327'1":'

The vapourization speed was determined by the relation between the specific activity
of the element condensed after vapourization and the product between the initial specific
activity, the evaporation surface and the duration of the experiment.
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NEUL THIOHARNSTOFFHALTIGE DIOXIMINKOMPLEXE
DES KOBALTS

GHEORGHE MARCU. CSABA VARIELYT und GEORGETA CIRSTOIU

Der Thioharnstoff (S==C(NH,),) und seine N-substituicrte Derivate,
wie 1-Naphtyl-thio, Methyl- .. und Diphenyl-thioharnstoff koordinieren
sich leicht zum Kobalt(IIl) in Anwesenheit von zwet-und vierzidhnigen
Chelatbildnern, wie «-Dioxime, Polvamine, Schiff-sche Basen [1-—67.

Die Bildung des [Co(DH),(Thio),]"—Kations (Thio:S=C(NH,),)
wurde von A blovund Samus |1, 2° berichtet. Dieser Komplex verliert
leicht einen Thioharnstoff-Ligand. Die Gleichgewichtskonstante des Aqua-
tionsprozesses

[Co(DH),(Thio)," + H,O == [Co(DH),(H,0)(Thio)]* - Thio

wurde von Ablov und Bovikin {3] spektrophotometrisch bestimmt.

Das zweite Thioharnstoff-Molekitl ist sehr stark in der inneren Koordi-
nationssphire gebunden und wird nur durch NCS- 505~ verdridngt [4, 57.
Der [Co(DH),(Thio)(H,0)] nimmt an Anatationsreaktionen mit aromati-
schen Aminen (pK < 12) und mit elnwertigen Anionen teil. Mit aromati-
schen Aminen entstehen Komplexsalze vom Typ[Co(DH),(Thio)(Amin)]X.
Der Aminligand aus diesen Komplexsalzen kann sehr leicht durch NOj,
NCS-, S0%- verdriangt werden (4, 5.

In unserer vorhergehenden Arbeit 6 haben wir einige thioharnstoff-
haltige gemischte Komplexsalze mit der Schiff-schen Base : Athylendiimino-
bis-acetylaceton (ec.H,) dargestellt und charakterisiert: [Co(cc)(Thio),]*.

In Fortsetzung dieser Untersuchungen beschreiben wir in der vorliegen-
den Mitteilung neue Thioharnstoff-Derivate mit Kobalt(I1I)-dioximin-
Kern. Fiir die Synthese haben wir Dimethylglyoxim (DH,), 1,2—Cyclohexan-
diondioxim (Niox.Hs) und 1 2-Cyclopentandiondioxim (Cpdox.H,) ver-
wendet.

Wir haben beobachtet, dass die Kobalt(II)-Salze in Anwesenheit von
Thioharnstoff und von den obigen x-Dioximen sehr leicht oxydiert werden :

2Co*t + 4Thio + 4Diox. H, + 1/,0, = 2[Co(Diox.H),(Thio),]* + H,O + 2H*

7 — Chemia 2/1973
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Bei ecinem kleinen Uberschuss von  Thioharnstoff  entstehen  dic
{Co(DH),(Thio), ", [Co(Niox.H),(Thio), * und Co(Cpdox.H),(Thio), " cin-
wertigen Chelate von zweiter Ordnung in holien Ausbeuten.

Aus den wissrigen alkoholischen I6sungen dieser Chelate wurde cine
Reihe von Komplexsalzen durch doppelten Umsetzungsreaktionen erhalten.
Ifir diesem Zweck verwendeten wir Komplexsiuren mit voluminésen Anio-
neu, wie die Thiocyanato-chrom(1IT)-Siuren und dic Dimethylglyoximato-
kobalt(111)-Sduren, usw.

Die Charakterisierung der dargestellten neuen Verbindungen ist in
Tabellen 1 und 2 wiedergegeben.

Die analogen (Co(DH),(Thio), X, Co(Niox.H},(Thio), X und Co
(Cpdox.H),(Thio), X verhalten sich dhnlich  gegen  Reagenzien und
unterscheiden sich voneinander in einigen Idllen in Idslichkeit, Farbtonung
und in thermischer Stabilitat.

Dic termische Stabilitit ciniger Verbindungen von dieser Klasse wurde
voi uns thermogravimetrisch untersucht. Die Kristallwasser-haltigen Sub-
stanzen verlieren thren Wassergehalt bis 130— 150 *. Die entwisserten Sub-
stanzen sind — in Funktion der Natur des Dioxims und jener des in dusseren
Koordinationssphiire gebundenen Anions - bis 170 - 2107 bestindig (Aut-
heizungsgeschwindingkeit 107 Min).

Talelle 7

Neue Derivate des Typs [Co(DH) (Thio) |\

; ; i
! | i !

Mol ! | i Analvse
: i (Aush. . o !
Formel |Gew, ) Charakteristik - —
z 1 ber () \ Ber | .
4 ‘ : i , er. 1 et
oo s ‘r ? I
11 Co(DIN(Thioy, - : ! Aggregate aus Co 10,95 LS
C 0 Acctat-2H,0 Co536 - 70| schimmernden !
‘ ‘ voldenen Prismen 11,0 6.71 6,40
2 CotDHyiThio;, - ; Gelbbraune Co 16,41 16.20
L COINHLINO,, 7184 80| Dendryte N 27,30 27,10
30 ColDHj,{Thioy, , | Glinzende, welbe 1o 13,653 L1320
| CotDH)L(INOGS0, 12079 30 1 Dendryte BN 29 65 20 40
1 CotDH)(Thio}, , Braune Dendryte ¢y 13,59 L84
£ Co(DH),INCSHNO, RUNK R ;
S0 ColDH),{Thios, ! Glinzende, gelbe | Co 1421 1454
Co{NOylg 1659 Nadeln
s | Co(DH),(Thio), ; 9399 | 80 | Rotbraune Nadeln) N 20,39 20,70
CrINCS) (p-Tolniding, ;) ! 173 Co,04 -+ 1/2) Cr,0y
‘ e | 16,63 16,28
7 0 Co(DID),(Thioy, - Fo93n el 83 | Rotbraune, Lkleine N 20,39 20,60
CriINCS)(Benzylamin), : I Nadeln P13 Co,0p 5 120,00,
" E 1, 16,63 16,1&
8 Co(DH)(Thivi, - ESRCRY i 70 Braune kleine N 20,39 20.10
P Cr(NCSy (m-Toluiding, ! Nidelchen 13 Co,05 — 172{ Cry0,
‘; ; : 16,63 16,50
9 ColD N, Thivg, - | ! Brawne mikrokristy 13 Co,0, - 1.2 Cr,0,
CriNH,,NCSy 7893 80 1 Masse i 20 56 T RIS
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Tabelic 2

Thieharnstofibaltige Dioximinkomplexe des
Typs [Co(Niox.H),(Thio) ,[ X und [Co(Cpdox.H ),(Thio),] X

! Mol ‘ Analyse
| . . \u\l! R C
. Formel Gew, ‘ Charakteristik
5 ber. ! 1 Ber. Gt
i Co(Niox HY,(Thio), - T G20,2 50 ] Goldgelbe Krist, o 9,50 9,25
| 1 20,46 20004
2 Co(Niox, Hi,(Thion, - Agyregate aus
- Co(DHLINO,, 874.6 45 | kleinen, gelben
Platten Co 13,48 13,10
3 (Co(Niox. Hig(Thio), | - Gelbe Dendryte Co 13,80 13,63
1Co(DHLCL, IORA3S 30 N 19.68 20,00
4 1 Co(Ninx. II),\lhm . ; Kleine, gelbe Na- f
Co{DH),{CN), | L8341 1 50 | deln Coo 1445 14,24
5 | iCo(Niox. H),(Thio), |- ! Co 13,12 12,94
oD LINCS), L8981 | 40| Braune Nidelehen ©N 2183 \i 21,28
6 1 Co(Niox. H)y(Thio), ’ | Diinne, gelbe [ Co 15,30 1 15,24
‘w(\u VANOL, CHLO 0 D 76889 0 60 1 Tafeln RO 28 233
71 Co(Cpdox Hy, Thio), - ; Braune Prisnien Co 14,61 R RS
Co(D1i), kA\ﬁ, S0t 145 N 24,32 Co24
8 Co(Cpdox. Hy, i Thioy, - ; i Unregeliméssige, Ca 15 88 16,01
Co(NTL)LINO,) 7419 1 35 hraune Platten B Co0, ‘_’! Cr,O,
Y Co{Cpdox. Hi, ' Thioy, ¢ Hellbraune mikro- | 20,04 L 19.84
L‘n\'n},,»\x 782,91 60 | krist. Masse 95,17 2470
10 ColCpdox i, Thio), i i Glinzende braune | N 21,18 20,83
CriNCsyAniling S 9342 1 35 Dendrvte P13 o0, 120 SOy
' ‘ ‘ 1670 L0724

Linige Thermogramme der obcnerwihnten  Verbindungen sind in
Abb. 1. wiedergegeben. Die Verbindungen mit einfachen Anionen (Br, J)
geben wahrscheinlich  [Co(Thio), Br und "Co(Thio), J als Abbauzwischen-
produkte der Thermolvse.

Die partielle Dezaminierung der Verbindungen des T'yvps Co(DH),

Amin, !N
Co(DH),(Aminy, X - Co(DHL,(Amin)N . Amin

wurde ber den Tioharnstoff-Abkommlingen nicht beobachtet 7, 8. Die
Zersetzung der Derivate mit Komplexanionen findet ohne Bildung von stoe-
chiometrischen Abbauzwischenprodukten statt. Das Endprodukt der Pyro-
lyse um 900 ist Co,0, oder ein stochiometrisches Gemisch von Co,Of
und Cr,Q),,

Die thermische Stabilitit der analogen Co(Diox.H),Thio),N-Verbindun-
gen nimmt i der Reihe DH ™ Niox. H > Cpdox. H ab.

Ultrarotspektroskopische  Untersuchungen. Die Ultrarotspektra  der
‘Co(Diox.H),(Thio),]J sind wegen der Uberlagerung der Absorptionsbanden
der Diox.H, und Thio-Iiganden kompliziert. Die Co-Diox.H Schwingungs-
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frequenzen wurden im Falle von einfacheren Systemen, wie H{Co(DH),Cl,],
usw. identifiziert und erortert.

Die UR-Spektra des {reien, nichtkoordinierten Thioharnstoffs und
jene der{Co(DH),(Thio),!J und [Co(Niox.H),(Thio),]J sind in Abh. 2—4
dargestellt,

Die Formel des Thioharnstoffs konuen wir mit den folgenden Rezonanz-
strukturen aufschreiben

NH, NHF NH,

s a /
s-C os & Ls

. RN AN

NH, NH, NHIF

I 11 111

Die Metall-Thiohamstoff-Bindungen konnen durch das Schwefel oder
durch ein Stickstoffatom verwirklicht werden. Im Falle einer Me-S-Bindung
miissen wir die II-te und IlI-te Rezonanzstruktur mit C—S Einzelbindungs
charakter und mit erheblicher Polaritiit in Betracht nehmen. Die Ent-
stehung ciner Me-Thio-Birdung durch eine NH,-Gruppe gibt eine grissere
Wahrscheinlichkeit fur die Struktur 1. Durch Koordination verschieben
sich die "C—8S, "N—H, 3N —C-—N und 8N —-C—S— Valenz- und Deforma-
tionssch\\inqunﬂm Die Richtung und die Grosse dieser Verschiebungen
zeigen die Natur der Me-Thio-Bindung 911",

Wie aus Abb. 2. ersichtlich erscheinen die ®N—H Valenzschwingungen
des freien, nichtkoordinierten ‘I'hioharnstoffs im Bereiche 3500—3100 cm-1
als sehr breite, starke Absorbtionshanden. Dieses Phianomen ist mit dem
Auftreten von intramolekularen H..N—H Wasserstoffbriickenbindungen
erkldrlich. In den UR-Spektra des [Co(DH),(Thio),]J und [{Co(Niox.H),
(Thio),]J treten wohldefinierte starke Absorbtionsbanden in diesem Gebie-
te auf. Durch Koordination verschwinden diese H..N--H-Wasserstoff-
bindungen. Die *N—H Valenzschwingungsfrequenzen treten um 3180,
3300 cm~ ! wie im Falle einiger Metall-amin-Komplexe mit Me —N-Bindungen.

Fiir den freien Thioharnstoff ist ¢s charakteristisch das Auftreten einer
starken Banden bei 1083 cm~! (eine Uberlagerung von SN—C--N, NH,
und*C==35). In den Spektren der[Co(DDH),(Thio), J und | Co(Niox.H), ('I hio, :]
findet cine Uberlagerung der obenerwihnten Banden mit jener der
"N—O—Schwingung des koordinierten Dioxims (1090 —1100 cm~1) statt.
Nach Literaturangaben schwicht oder verschwindet sich diese Bande bei
Koordination des Thioharnstoffs durch das Schwefelatom (Verminderung
des Doppelbindungscharakters des C=8). Eine andere charakteristische
Bande des Thioharnstoffs, bei 1470 cm~! (3N—C—N) verschiebt sich nach
hoheren Wellenzahlen infolge des Doppelbindungscharakters der C=N--
Gruppe in der zweiten Rezonanzstruktur, wenn Me—S-Bindung vorhanden
ist.  Bei den von uns untersuchten Verbindungen tritt diese Bande im
Yalle des Dimethylglyvoximin-Derivates um 1510 cm~!, beim Nyoximin-
Chelate erscheint aber nur ein schwacher Schulter in diesem Gebiete.



102 GELOMARCU, OS. VARIELYL G CIRSTOIU

NachYamaguchiund Mitarbeiter [9] ist dic Verschiecbung
des °C—S Frequenzes des freien Thioharnstoffs von 730 ¢! nach niederen
Wellenzahlen ein Beweis fiir die Me—S-Bindung. In  den vorliegenden
Spektren beobachten wir nur eine sehr kleine Verschiebung.

Diese spektroskopische Untersuchung bestitigt, dass wir das Problem
der Co-Thio-Bindung in den Dioximinkomplexen nicht eindeutlich lésen
kiénnen. In den obenerwidhnten Verbindungen sind vielleicht Co-—S-Bin-
dungen vorhanden.

Experimentelier Teil.  CotDiox Hi (L hioy, ~acctai-Losungen. 5.0 2 (20 mdob Colacetaty, -
411,00 werden in 30 ml Wasser aufgelost und mit ciner Mischung von 60 mMol Thioharn-
stoff und 40 mMol x-Dioxim (4,6 ¢ Dimethylglvoxim, 5 ¢ I.2-Cvclopentandiondioxim, bzw.
5,6 g 1,2-Cvelohexandiondioxim) in 100 ml 70 proz-em Nthanol versetzt. Die so entstandene
braune Flissigkeit wird mit einem starken Laftstrom 46 Std. lang oxydiert, dann von den
Oxyvdationsnebenprodukten abfiltriert und zur doppelten Umsetzungsreaktionen verwendet

Fiir diese Umsetzungsreaktionen verwendet man 12 proz-e NH,{Cr(NCS)(NTI),7,
NI CriNC8H) (Anilin), | NHICrH(NUS)(Benzylamin), . NH,; Co{NH,),{(NQ,),7 in Wasser, hzw,
in  verd. Athanol (I: 1), Kobalt (1II)-Komplexsiuren vom Tvp H{Co(DH),Ny1, und
I, Co(DH),XY | in verd. Athanol SR TR

Analvse Der Kobaltgehalt der Proben wurde nach Zersetzung der organischen Testand-
teile durch Kochien it konz. Schwefelsiure und festem KNO, - komplexometrisch in Anwe-
senheit von Murexid-Indicator bestimmt. Der Stickstoffgehalt wurde nach Dumas ermittelt,
In chromhaltigen Komplexen warde die Summe der Co,0p - Cr,0, gravimetriseh bestimmt,

Die Ultrarotspektra wurden mit einem UR-20 sSpektrophotometer {Carl Zeiss, Tenu)
in KBr-Presslingen untersucht.

Die thermogravimetrischen Messungen wurden mit ciner Aufheizungsgeschwindigkeit
von 107 Min ausgefithrt, Fingewogene Problemenge : anniliernd 100 g, \ ‘

(Fingecangen am S, Mai [073)
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NOI COMPLECSI DIOXIMINO-COBALTICI CU TTOURELIA

(Rezumat

S-au obtinut o serie de chelati noi dioximino-cobaltici de tipul [Co(diox H},(Thio),”+
prin oxidarea cu aer a unui amestec format din acetat de cobalt (1), a-dioxime si tioureea
{I'hio} intr-un raport molar (1:2:3) (Diox.H, = dimetilglioxima, I,2-ciclohexandiondioximi,
}"-ciclopentdudiondio‘{inl&) Pentru caracterizarea chimicd a catmmlor [Co(DH),{Thio)yi+,
[Co(Niox.H)j, (lhm),,+ si [Co(Cpdox.H)y(Thio), + s-an folosit reactil de dublu schimb, in
sp((ml cu acizi complecsi monobazici de tipul H| Lr(\*L‘x Jamind),, resp. H{Co(D ), X,

b Pe baza spectrelor infrarosii ale tioureei libere si ale unor derivati dioximino-tioureea-
cahaltici s-a discutat problema legiturii Co-tioureea.

HOBBIE JTHOKCHMHH-KOBAJIbTOBLIE KOMILIERCHI C THOMOUEBHHOL

(Peswne)

Todayuenr psi;l 1OBLIX  AHOKCHMHI-KOOAALTOBLIX  xedatos THHa [Coldiox. H),(Thio),”+
[IVTeM OKHCJEHHST BO3AYXOM CMeCH, cOCTaplenHoil 3 auertara xoGambra (1), x-aHOKCHMOB M
THOMOueBHHBL  (Thio) B moasprom otnowennn (1:2:3) (Diox. Hy = JuMeTHITIROKCHM, 1,2-
DHKJOIeKCAHAHOHAHOKCHN, |, 2-uHKAonenTan 1HOnRHOKCHS). IIasl XHMHUECKOIT XAPAKTePHCTHKY
KaTHOHOB[Co(DH,) (Thio),]*, Co(Niox.H),(Thio),"+ 1 [Co(Cpdox, H)y(Thio),1+ OGbutd HCNOAL-
30BAHb! PEAKILHH JABOHHOro 00MeHa, B 0COBEHHOCTH ¢ KOMIIEKCHBIMH 0AHOOCHOBHBIMH KHCJOTAMHK
THia H{Cr(NCS), (amun),| 1 HICo[DI),X,], COOTBETCTBEHIO.

Ha ocnore MK criekTpor cBOGOAHON THOMOUEBHHLI H HEKOTOPBLIX AHOKCHMHII-THOMO'EBHHO-
KOO@IBLTOBBIX NPOM3BOANLIX 06CY & Jadach upofiaena cpsdn Co-THOMOUEBHHA.






UBER #-DIOXIMINKOMPLEXE
DER UBERGANGSMETALLE (XIII)*

Eine neue Anatationsreaktion hei dem
Nitro-aquo-bis-dimethyl-glyvoximino-kobalt (111) mit Natriumazid
CSABA VARHELY!, FRANCISC MANOK und SANDOR KISS

Das Verhalten des Azid-Ions aus koordinationschemischem Standpunkt
wurde nur wenig untersucht. Beck und Mitarbeiter [1, 2] haben eine
Reihe von[Me(N,),]"~ und [Me(N,)s]"~ -Derivate (Me = Sh, Sn, Pb, Bi,
Cr, Au, Pt)als Tetraphenylarsonium-bzw. Tetraphenylphosphonium-Salze
isoliert. Uber Azido-Salze der Metall(I1I), (II11)-amine, wie [Co(NH,), (Nys,
trans-[Co(en),Cl, 1N, [Ni(NH,),](N;), und  [Ni{Pyridin),(N,), haben
Strecker und Mitarbeiter [3, 4] berichtet. Es sind mehrere gemischte
Azido-komplexe der Ubergangsmetalle, wie [Co(NH,);N,]>* cis- und trans-
(Coen),(Ny)o ]+, [Cr(en)y(Ny), 1™, [Colen)y(NO, Ny 1* [5—8], [Rh(NH,),N, 2+
(97 bekannt. Es wurde die Kinetik der Aquation des {Co(en),(NO,)N, '+,
[Co(NH,);Ng1#,# [Cr(H,0);N, 2+ (8, 9) untersucht und das Auftreten von
protolytischen Gleichgewichten in wissrigen Ldsungen der obenerwihnten
Komplexe nachgewiesen.

Das Azid-Ton mit starken nukleophilenFigenschaften tauscht leicht die
Halogen-Tonen und das Wasser in der inneren Koordinationssphire der
Komplexe der Ubergangsmetalle aus. Die Kinetik der Anatationsreaktionen
mit Azid wurde im Falle der Komplexe: “Co(NH,),(H,0?*{10],
(RU(NH,),(H,0) P (117, Cr(H,0)6 Pt 127, bzw.  [RhCI(H,0) 12~ {13
verfolgt und diskutiert.

Wie aus unseren vorhergehenden Untersuchungen hervorgeht, dienen
auch die Aquo-acido-his-dimethylglyoximino-kobalt(I11)-Nichtelektrolyte :
(Co(DH),X(H,0) (X = (1, Br, J, NCS, NO,) zu leicht durchfiihrbaren
Anatationsreaktionen mit verschiedenen Anionen.

Das koordinierte Wassermolekiil im Nitro-aquo-Nichtelektrolyt kaun,
leicht durch Halogen und Pseudohalogen-Tonen, durch SO%~, HSO;, COi-
Co0%~ verdringt werden. Durch diese Substitutionsreaktionen entstehen
ein- oder zweibasische Komplexsiuren, bzw. ihre Salze, abhingig von der
Ladung des eintretenden Anions. In einigen Fillen kann ausser dem Wasser-

* NLI. Mitt. R, Ripan, Z Finta, Cs. Varhelyi, Rev. Chint. Minerale (Paris)
im Druck,
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molekiil auch die Nitro-Gruppe ersetzt werden {z.B. mit {tberschiissigem
Na,SO, oder Na,5,0;).

Nach unseren Beobachtungen tritt das Azid-Ton leicht in das obener-
wihnte Nitro—aquo-Nichtelek’trolyt ein :

[Co(DH),(NO,)(H,0) | + Nj = [Co(DH),(NO,)N, = - H,0 (1)

Das entstehende gelbe Lomplexamon kann aus der wissrigen I,0sung
durch eine Reihe von doppelten Umsetzungsreaktionen amgeschledcn werden.
THir diesem Zweck verwendeten wir Schwermetallsalze, wie AgNOQO,, TINQ,,
Kobalt(HI) und Chrom(I1I)-amin-Komplexe von verschiedenen Typ.
Das [Co(DH),(NO,)N,; ]~ verhilt sich analog mit den anderen {Co(DH),X,1-
Komplexen.

Hexamine- und Monoacido-pentamine scheiden das Co(DH),-(NO,) N3]~
ats wissrigen Losungen nicht ab. Diacido-tetramine dagegen bilden mit
diesemn Anion schoéne, kristalline Salze. Als Fillungsmittel erwiesen sich
am zweckmissigsten die [Co(DH),(Amin),” " Katione (Siehe Tabelle 1)

Tabelle 1
Neue Komplexverbindungen des Typs Kation. [Co(DH), (NO,)N,]
! 1 Mol Analyse
i S R Aush. . e
. i Formel | Gew. ) Charakteristik
Z | ] ber. - Ber. Gef
1 Ag[Co(DHLNO) N, { 485 80 Lichtempfindliche, Co 15,63 | 15,74
| | gelbe, mikrokrist, i
; Masse Ag 2230 | 22,10
2 THCo(DH)(NO, N, CA8L6e G 70 Braune, mikrokrist. i
; ! Masse Co 10,14 | 10,18
3 1 trans-[Cr{en),(NCSY, ! Hellgelbe Platten Co,0, - Cr,0, 1
[Co(DH),(NOL)N, {6,460 23,49 | 93,57
i | N 29,60 29,10
4 1 Co(Pyridin,Cl, ' Aggregate aus  klei-
1 Co(DH), \(H 3] 1 8234 . 90 | nen. gelben Nadeln Co 14,81 14,00
5| K _L()(])H}_,\\()_)A 1 H,0 C 434,41 30 1 Braunrote Prismen Co 13,537 13,21
| : | H,O 433 3,70
6 ! trans-iCofen), | i Rlwmboedrische griine
U)(I)Il)z(I\ L ee7 35 1 Krist. Co 18,80 ;1 1828
7 . trans-iColen), ra,»
C(w(DH)g(\O IN,T 715,91 40 Gelbgriine Nadeln Co 16,45 16,97
8 LO(DII)_O_(%mlm)
| Co(DH),(NO,)N 832,5' 60 | Braune, lange Nadeln ; Co 13,83 13,81
9 Co(DH),(p- Jolmdm} ] i Co 13,38 13,57
\ Co(DH),(NO,IN;] C 880,61 70 Draune, lange Prismen ! N 22 38 292 10
10 Co(DH)_(p Phenctldm\ I Dunkelbraume Platten | Co 12,52 12,53
o Co(DH),INO)N ©940,7 40 N 20,95 20,45
11 | ‘)(DH)Z(m \xhdm) Braune rhomb. Co 12,97 12,92
| [Co(DH),(NO,) N, 908,7 | 45 Prismen N 21.75 21,30
12 } "Co(DH),{Pyridiny,
P Co(DH),(NO,N, 3 824.,5 35 Hellgelbe, glinzende Co 14,30 14,80
! Krist.
13 | [Co(DH),(NH,)," 7004 50 Gelbe kubische Co 16,80 16,12
7(0(1)”) (NO, }\' D Krist. !N 28,14 27,77
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Eine Natrium-azid-Losung fillt auch die [Co(DH),(Amin), ¥ Kationen

m Form schioner kristallinen Salze vom Typ Co(DH),(Amin), IN,. kinige

Kobalt(I1I)-amin-Azide von diesem neuen Tyvp sind in der Tabelle 2 charak-
terisiert.

Tabelle 2

Neuwe Azid-salze des Typs [Co(Amin), XLIN, . bzaw, [Co(DH),(\ning, |\,

‘ Aol ; Analvse
i Formel Gew. | Charakteristik
> ber. Ber, (ef,
|
i transs Colen Ol N, 2914 | Hellgriine Dendryte | Co 2019 20,03
2 trans Coten,Bry Ny 3808 | Gelbriine, kurze
E Prismen (leieht Ios
i lich) Co 15.84 16,20
3 Co(Pvridin U1, N, 488.3 | Seidengliinzende Co 12,07 12,04
1 | Prismen (sehr schwer
| Lostich N 2008 | 19,65
{ ColD N L, N TLO 383.2 1 Aggregate aus gelben | Co 15,20 15,00
Prismen (leicht
loslich
3 ColD 1y, Pyriding, "N, - 11,0 1807 4 1 Schimmernde hexa- Co o 1160 11.41
: vonale Platten L0 3,60 3.00
Colb I, Aniling, N, H,0 53533 | Lange, diinne Nadeln | Co 11,01 10,64
N 2354 | 0314
N ColD,ip-Toluidiny, " N - 11,0 363.5 | Schimmernde, bravne | Co o 10,46 10,16
| Prisnien H,0 3,50 3,40
¥ Co(DI,mm-Xylidiny, "N, - 1,0 391,53 | Kurze, hraune Pris- Co 89,96 9,20
: men N 21.33 20,84
9 | Co(DHypPhenetidin), " N, - L0 | 6235 | Braune, ditune, lange | Co 9,45 9,20
; Nadeln N 2023 19,84
L "Co(DH, 2 Naphtylaminy, "N, 617,535 Rotbraune rhomb.
i I Prismen (aus 757 -
; ! Uigem Methanol) Co 954 9,31
i ColDML L o5-Nuphtylaming, N, 8175 | Aggregate aus  klei
: : nen, diinnen Nadeln Cor G54 10,00
’ CiAus 750 <igem Me
© thanol LN 2ot | 20,07
Diese Kobalt(IIDamin-Azide : Kation. ' Co(DHL(NOLN, und

Lo(DH),(Amin), [Ny sind, in Gegensatz zu den Aziden der anderen Schwer-
metalle,  wie Pb(Ny),, Pd(N,),, K[Au(N,),|, K, Sb(N,),]. in trockenem
Zustand Dberithrungsstabil und daher leicht zu handhaben. Beim Iirhitzen
verputfen  diese Verbindungen heftig.

Die UR-Spektren der Azido-Metallkomplexe zeigen jewetls finf charak-
tertstische  Absorptionen bei 2050, 1300, 600, 300400 und 200 cm~—1,
Dicse Banden kounen in erster Niherung als Gruppenfrequenzen einer
Me-N, - Gruppe aufgefasst werden und der antisvmmetrischen v N, und
svmmetrischen v Ny-Azid-Valenzschwingung, den N,-Deformationsschwin-
agung SN, der Metall-N-Valenzschwingung “Me — N, sowie der 8Me N —N-
Deformationsschwingung Me - N - N zugeordnet werden. Die noch zu erwar-
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tenden N-—Me—N-Deformationsschwingungen liegen vermutlich bei sehr
kleinen Wellenzahlen (~100 cm~1). [14—16].

Wir haben die IR-Spektren von zwei Azid-Salze: trans-[Co(en),Ci,]-
N, und [Co(DH),(NH,),]NH, und jenes des T1[Co(DH),(NO,)N,] aufge-

A

/\A NN / //‘\’
N lfﬂl i

AT,
i ; 1/ (oo ) |
{

up | oo s 1o 800 6 P
Wellenzahl (cm)

e — . L ]

by

Abb. L.

nommen. e charakteristischen UR-Frequenzen, im Vergleich mit den-
jenigen des KN, und NH,N;, sind in Tabelle 3 ersichtlich.
Tabelly 3

Charakteristische UR-Absorptionsbanden einiger Metall-Azide und Azido-Komplexe

Schwingungsfmqucnz {em™1)

Formel , v Yo YN
YN N N, | "re-x|%0- Yeex |, O] S
as ™, o g | MeN RO O TC=N | Gximy | (NOw

KN, 16} 2041s 13445 G453 — — — —
NH, N, i14] 20305 13455 6325 - —
KL iCr{Ny) 4 2] 2100s 1348m
2050 12955 578n1 | 4025 e - —
2022s
KoOAu(Ny, 2 20305 1261m | 378s 432m - - —
' 1251m
trans- Cofen),Cly N, | 20402 | 1380xs | 6435 <
20805 636 | : -
ColDIN,(NH,), N,
2040ss 1760schw 1241ss
2160ss 1360ss | 645m - 1680m 1090ss
THCO(DH),(NO) T 590m | 405ss | 1730 1585ss
2030ss 132055 | 6810schh 1750m 1241ss | 1410s=
2150sch 1570ss | 109535 | 1380m

ss = sehr stark, s == stark, m = mittelstark, sch = schwach.

Die Schwingungsfrequenzen des ionogen gebundenen N;—Tons treten
bei anndhernd gleichen Wellenzahlen, wie im Falle der KN,, NH,N, auf.
Bei den Nitro-azido-Komplexen beobachten wir Verschiebungen. Die Zahi
der Azido-Frequenzen des [Co(DH),(NO,)N,]~ ist grosser, als diejenigen
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der Azid-Salze. Dies lisst auf cine Symmetrieerniedrigung und damit auf

N—N—
/ . .
gewinkelte Co—N,-Gruppen entsprechend Co im [Co(DH)(NO,)N,1-
N—N-—N
o
schiliessen. Die nicht lineare Me -Bindung, bei welcher die N,-Gruppe

selbst linear bleibt, wurde von IForster und Horrocks (17], bzw.
von Palenik (18] aus den UR-Spektren des [Co(N,),*~ und den ande-
rerr Azido-Komplexen gefolgert.

Es ist bemerkenswert, dass einige Azido-Schwingungsfrequenzen im
Gebiete 700—1400 cm=! wegen der Uberlagerung mit den Frequenzen des
koordinerten Dioxims und der Nitro-Gruppe nur schwer zugeordnet werden
konnen.

Das (Co(DH),(NO,) N, ~-Ton aquotisiert sich in wissrigen I.0sungen
wobti die Nitro-Gruppe dmd] Wassermolekiile ersetzt wird.

Analoge Anatationsreaktionen von [Co(DH),(H,0)C11. [Co(DH),—
H,O)Bri, Co(DH),(H,0)J und Ny fiilhren zur Bil dung von gumschten
”:ﬂn“(l]()—d/ld() Komplexsiuren. Dl(“«t‘ Azido-Sauren \\crd( n in einem kiinf-
tigen Artikel heschirieben.

Experinienteller Teil.  Darstellung  der Na Co{DH)o(NO,)N,]-Liosung.
100 mMol | Co(DH),(NO,)(H,0)] werden in 400 ml Wasser mit 100 m’\Iol
NaN, (6,8 ¢) behandelt. Die Mlsdnmg wird auf dem Wasserbade 30—40
Min. digeriert. Die braunen Kristalle des Nichtelektrolytes verschwinden
allmdhlich wobei eine  dunkelbraune Lisung entsteht. Nach Filtrierung
wird diese  Stammlosung zu den doppelten Umsetzungsreaktionen ver-
wendet. Je 40 ml der Iosung enthalten anndhernd 10 mMol Na[Co(DH),
‘iN()z\}Naj

Far die Fiallungsreaktionen verwendeten wir 30 --100 mMol KCl, AgNO,,
Tl-aeetat, "Cofen),ClL,ICL "Co(en),Br, Br, [Co(Pyridin),Cl, 1Cl in 50—100 ml
Wasser, bzw. 153—20 mMol [Co(DH),(Amin), Cl in 100 ml verdimntem
Athanol (1:1). Die entstandencen kristallinen Nicederschlige wurden nach

5--30 Min. Stehenlassen abgesaugt, mit wenig Wasser gewaschen und
an der Luft getrocknet.

Darstellung der Azid-Salze des Typs [Co(Amim)X,[N,, fzw. [Co(DH),
{Amin), |N,. Die I\omple\ﬂl/e wurden in wenig Wasser oder verdiinntem
Athanol (1: 3) gelost und mit {iberssiger Natriumazid-Lisung versetzt.

Die U ]\ Spektren der untersuchten Verbindungen wurden mit einem

UR-Spektrophotometer UR—20 (Carl Zeiss Jena) in KBr Presslinge auf-
gcmmnnou
¢ Einseganzen o S0 Mat 1073)
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DERPRE  »-DIONIMATID METALELOR DE CTRANZITIE (XLID
) noud reactie de anatatic lauedlectiolited pitio-aceosbis-d i tiicloovineatoseobalt (111
cuasotura de sodiu

Rezumat

S-iconstatat i jonul Nyocu proprietdti nucleotile pronuntate mlocuieste usor apu coor-
dinatd din neelectrolitul nitro-acvo-bis-dimetilglioximato-cobalt (1110 Co(DHLINO,) (H, (0
Compozitia anionului complex format prin aceasta reactic de anatatic: "Co{DHLINO)N,
s-a stabilit pe cale preparativil printr-o serie de reactii de dublu selhiimb. S-an obtinut siazo
turi noi de tipul "Co(DHj,(amin), - N, din solutia acctatilor respectivi cu un exces mare
NaXN,. Pe baza spectrelor IR <o discutat problema lecdturii Coo Noin CotDFiNOL N,

OB« JTHOKCHMATAN HEPEXOIBIX METALIOB (X1ih

Hosas pPeaKus dHamaui HOFICRIN PO LA ui\'tﬁ’()-I’)u(*(UM!L’/HU,]«’,IU{)I\LlUHIIIZ()-HuN?/)(F
robaann (1) ¢ asudose nampusy

(Pesiove)

MCTAROBACHO, MT0 HOIL Ny o0 GHOUIBH BUIPAAREHHBAMH HVKIeOPIILHBIME CBOHCTBAMI
JIeT KO MellldeT KOOP IHHHPOBAHIYIO BOAY H3 HeIJAeKTPOJIHTA aKBO-OHC- AHMETHANIHOKCHMATO-
HHTPO-KOOaILT (1)1 Co{DH)(NO,(H,0) | CocTas KOMUJAECKCHOIO AHHOHA, OOPa3oBaAHHOI:
nocpeacTsor  yToll  peakuHd anaTauMH: (Co(DH),(NOy)N, ",  vCTaloBsen HPeNAPATHBHLIM
nyTeM P IoM peakUuil aofinoro ooMena. Tostyuensl Tak e 10Bbie a3u A6l THNA [Co(DH),(amuu), |.
N, H3 PAcTBOPU COOTBETCTBYIOUMUX alueTatoB ¢ 60JAbUIHM HAOLITKOM NaXN,;. Ha ocnose HK criex -
TPOR ofcvaIIach npotaena et Co - Ny B (ColDHLINOLYN,



PLATINUM-GRAPHITE BIAMPLEROMETRIC INDICATION
IFOR THE DETERMINATION O NANTHATES

B. B, PRASAD, G, Do KHANDELWAL. M. L QURAISIHE and M. N, SHARMA*
Recent use of graphite electrode in various electrometric estimations

"1 5] and its successful adoption (in combination with platinum clectrode)

in biamperometric determinations (67, prompted us to investigate its appli-

cability for the direct determination of xanthates. These constitute a va-

fuable group of sulphur compounds and are finding extensive use in vario-

8.0
Z 6.0 1
=
—
3
T &0
e8] i
Q
> 2.0
<
(&)
0.0
A 3 — 1 J
0.0 1.0 2.0 GO 1.0 2.0 0.0 1.0 2.0
VOLUME OF IODINE SOLUTION IN ML.
11 ¢ 1 Current-volume curves in the Platinum-Graphite DHiamperomet-
of XNanthates: 1 K-cthyl xanthate (3.139 myg);

ric determination

I K-butvl xanthate (4.085 myg): 171 K-amyl xanthate (3.282 mg).

us quantitative estimations particularly of metals 7 107, The present
communication reports determination of potassium ethyl-, butyl-, and
amyl xanthates using iodine as titrant,

* Department of Chemistry, Faculty of Science, Banaras Hindu University, Varanasi

221005, Iadia.
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P

The electrode system consisted of a graphite electrode, impregnated
with wax, and a platinum microelectrode -- fitted suitably in a rubber
stopper at fixed interspace (3 cm) and alwavs kept in distilled water when
not in use.

The xanthates mentioned above were prepared and purified as des-
cribed by Vogel [11]. All chemicals used were of analytical grade and
the solutions were prepared in double distilled water and standardised
potentiometrically.

To a known volume of a standard xanthate solution (2.6 x 10—t —
1-1 x 10—2 M) taken in a titration vessel, standard iodine solution was
added from a 5 ml semi-microburette. The current through the cell (at
a constant polarising e.m.f. with graphite electrode as positive) was measured
with a sensitive galvanometer, two minutes after each addition of the
titrant. The solution was stirred uniformly (a magnetic stirrer was used)
throughout the titration. The requisite polarising e.m.f. (25—100 mV)
was impressed from a battery-operated potentiometer.

The typical current-volume titation curves are shown in Fig. 1 The
reversed I-shape as obtained here, is anticipated since the increase in cell
current (due to the inception of the current-indicating couple I—/I3)
occurs only after the complete oxidation of the xanthate. The oxidation
taking place in the present reaction is as follows:

2ROCSSK + I, » (ROCSS), - 2KI

Further, the curves obtained with various xanthates are essentially
similar to those usually encountered in the determination of irreversible
by reversible couples using biamperometric indication. The additional
advantage, which 1s associated with the dissimilarity in the present elec-
trodes, is the indication of end points by sharp breaks.

The method suggested above is simple, avoids much instrumentation
and 1s capable of vielding quite accurate results e.g., error found, lies within
0-1—1-5% for xanthates of low concentration range (10—2 — 10—4M).

Our thanks are due to Prof. G. B. Singh, Head of the Department
of Chemistry for providing necessary facilities, to Dr V.S.5. Rao for valua-
ble suggestions and to M/S Union Carbide (India) Ltd. for cost-free supply
of graphite electrodes.

(Received  3May. 15 1973
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DETERMINAREA NANTATILOR PRIN INDICARE BIAMPEROMETRICA
CU ELECTROZI PLATINA-GRATIT

(Rezumat)
S-a determinat etil-, butil- $i amilxantogenatul de potasin prin titrare cu iod, cu indi-

care biamperometricd folosind perechea de electrod grafit impregnat cu ceard $i microelectrod
de platind. Precizia este 0,1--1,5% in domeniul de concentratii 10 2. 10 % moll

OHNPFAEAEHHE  KCAHTATOB TINTEM DHAMITEPOMETPHYECKOIO VKABAHHA
C IMPUMEHEHIIEM 2JTEKTPOJOB H3 IVIATHHDBLI-TPAGHTA

(Pesiwome)
ABTOPLL OHPEARTHAN 3THI-, OVTHA- H AMHIKCAHTOPEHAT KATHSL 1Y Tes THTPOBAHHSL HOAOM,
< OMAMIIEPOMETPHUYECKHM VRKA3alHeM, NPHMelsisl Hapy 9J1eKTPOJOB, COCTOSIYI0 W3 rpaduTHOrO

SACKRTPOAA, NPONKTAHHOIO BOCKOM, H HI HAATHHOBOrO MHKPO3ACKTPOAN. T()‘H!()&“Yb COCTaBAAeT
0.1--1,5%, 8 ofiaacTd Konuentpaiit 102104 aoau /.

8 - Chemia 21973






STUDIUL SISTEMULUI Cu-—-Te (cu 19, Te), IN FUNCTIE
DE TEMPERATURA SI PRESIUNE*

GHEORGHE MARCU «i ELENX VERMESAN

Cercetdrl sistematice asupra sistemului Cu—"Te au fost facute de
Chikoshige M. 1, prin metoda analizel termice s$i microscopice,
punind In evidentd mai multe faze caracteristice ! 1--o0 faza lichidd care se
extinde de la aproximativ 1- 32 atomt ¢, Te, la temperaturi de 1033°C:
2—o0 faza care se topeste la 875°C in care a fost pusd in evidentd com-
binatia Cu,Te (50,109, Te in greutate). S-a stabilit ca la 857 °C, compusul
Cu,Te formeazd un eutectic cu cupru: 3— la 623°C, are loc o reactie
peritecticil in urma céreia se formeaza CuyTe,, care contine 607, telur in
greutate

Cu,Te -+ topitura — Cu,Te,
)

formeazad un eutectic cu compozitia : Cu,Te, + Te. In urma acestui studiu
s-au pus In evidentd doud combinatii definite

40 fazd stabild la temperatura de 344°C, pentra 719, atomi telur, care

Cu,Te st Cu,Te,.
2 » 4 3

Keymling O, 2, prin studii repetate folosind metodele de ana-
liza termicd st microsopicd, reugeste i stabileascd diagrama de echilibru
a sistemului pe baza datelor experimentale, care sint foarte aproplate
de cele obfinute de Eboral R. 3.

Puskin [4], pe baza misuritorilor de forfa clectromotrica si a unui
studiu microscopic, semnaleazit existenta compusului CuTe, confirmata de
Keymling O. (2] prin studii metalografice si roentgenografice.

Fabre C. 3]st Chikoshige M. [1] determini caldura de {or-
mare a compusului, ca fiind egald cu 14.300 cal/mol.

Anderko K. g1 Schubert K. /6, 7] printr-un studin dilato-
metric a aliajelor cu 34,59, atomi telur, au aratat ca Cu,Te suferd transfor-

* lacrare prezentata la Sestunea de o comuuicari o cadrelor didactice a Universitatii
Babes-Bolvai™ Cluj, 2526 mal 1973,
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mari la 180, 303, 343 si 465 Prin studii roentgenografice la temperatur
ridicate au demonstrat ca Cu Te, suferd transformiri la aproximativ 367°C,
iar in cazul compusului CuTe prin studiile intreprinse nu s-au pus in evi-
dentd transformari.

Roentgenogrameic obtinute pentru Cu,Te (3509, atomi telur), la
640" (temperatura peste punctul celei mai inalte temperaturi de transformare
400-—555%), au pus in evidenta o refea hexagonala, centrata cu 12 atomi,
pentru o celuld elementard cua = 6,11 A, Nowotny H. 8 stdblleycg
pentru aceeasi combinatic o retea he\agonala cu a = 42458, ¢ = 72894,
cla = 1717 A, presupunind in acelasi timp o struc tura mult mai unuplc Xi
dCCIt cea hexagonald, finind seama de existenta unui numar mare de efecte
termice.

Mol ée R.si Hocart R. 9, 100 ajungla concluzia ¢a se formea-
z4 compusi de tip veisit, de compozitie Cu. Te i richeardit de compo-
zitie Cuy JTe,.

Kocineva, M. Tu si Zaidman T. H. 111 casi Patzak L
[12], pun in evidentd compusul Cu,Te cu o structurd mult mai complexi
fatd de ceaindicatide Nowotny H. 8}, compusul Cu,Te; corespunzitor
compozitiei 41,79, Te si compusul stoechiometric Cu l‘c

Grawemann i Wallbaum (13 determingd tempcmtum de
fuziune a compusului U1 Te ca fiind egala cu 1 111°C. Faza X pusi fu evi-
dentide Hocart R. si Molée R. "147 este un compus care se descom-
pune foarte usor prin incalzire {157

Prin studiile efectuate in lucrarea prezenti, s au urmarit moditicarile
ce au loc in compon‘pa chimicd a sistemului Cu—Te in functie de tempera-
turd, punindu-se in evidentd In special variatia cantitdfii de telur din sistem.

Studiile Intreprinse au la bazd comportarea diferita a substantelor,
privind modificarea presiunii lor de vapori in funcjie de temperatura.

Presiunea de vapori a substangelor la o anumita temperaturd este mult
modificatd si de condifiile i care aceasta se giseste, In stare purd sau for-
meazd anumite sisteme cu alte elemente [167.

‘artea experimentald. Cercetarile experimentale s-au efectuat pe probe formate din
amestec de pulberi de cupru si telur, omogenizat prin rotire in vase cilindrice cu spirale
interioare pind cind se obfine cea mai bund repartifie a granulelor de telur printre grauulele
de cupru.

Gradul de omogenizare a amestecului a fost stabilit in urma analizei chimice si spectrale
a probelor din amestec, luate la anumite intervale de omogenizare si din locuri diferite ale
amesteculud.

Amestecul omogenizat a fost introdus intr-o matritd cilindricd i presat bilateral la
forte de compactizare de 1962107, 39,24.10¢ si 59,86- 107N/ m?, obtinindu-se pastile cu com-
pactitdti diferite, la care s-a masurat exact greutatea.

Prin aplicarea de forte diferite de compactizare la formarea probelor se obtin compacti-
14l (densitdti) diferite in functie de mdirimea forfei aplicate. Cu cit compactitatea probei
este mai mare, cu atit se realizeazii o coeziune mai mare intre granulele de pulberi.

Compactitatea probelor sub forma de pastile, pe care au fost efectuate incercirile, creste
1 acelasi sens cu forfa aplicatd la formarea lor.
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Tratarea la temperaturd a sistemulud s-a facut in vid de 10 % coll Hy intr-o instalatie
conceputd si realizatd de autori si descrisi in altd Jucrare ;16! Pentru a realiza aducerea
oit mai rapidit a sistemului Ta temperatura de studin, incilzirea s-a facut, prin curenti de inaltd
frecventd cu o instalatie cu puterea maximd de 5 KAV,

Timpul de aducere la temperatura doritd a fost de maximum 5 see. ccea ce consideram
ci nu afecteazdt rezultatele obtinute. Gradul de vidare al instalatiel a fost mentinut iutre 104
si 10 5 mm col. g, tot timpul determinitrii.

Temperatura probel a fost mdisuratd prin metoda compensatiei, la un galvanometru
multiflex, cu un compensator potentiometric, Lroarea de misurare a fost de -2 0.1 C.

Timpal de wentinere la aceeasi temperaturdd a sistemului format la aceeasi forta de pre-
sare a fost de 20,30 i 40 min. pentru pastile diferite.

Concentratia in telur a sistemului a fost de 19, Te in greutate.

Dupd tratarea sistemului Cu-—Te la o anumitd temperaturd si intr-un interval de timp
cabilit, s-a determinat continutul de telur, respectiv pierderea in telur a sistemului la tempe-
ttura si in intervalul de timp luat in considerare, prin analize chimice i analize speetrale

baza curbelor cantitative de etalonare,

Discutia rezultatelor. Rezultatele experimentale privind variafia con-
nutului de telur din sistem la diferite temperaturi, timpi de mentinere la
emperaturd, fortd de compactizare, sint trecute in tabelul 1.

Tubel T
| | |
| | Timp de ¢ v, pierderi
R ¢ Temperat. | ,, Te rimas |
Forta de { i menpmr( de telur, din
. .1 de tratare | \ sistem |1
compactizare | | late mperi- | i1, Te, dupx
N 2 pa s1~tcmuim thpd tratare, |
m ! | turd in ! | tratarea sis-
; lin1”, Te |
! I minute j | temuliy
| ~|=
i 1 2 ¥ ‘ i | 5
; 100 99,23 0,70
1 300 98,4 1.5
GO0 98.3 1.5
t 700 20 97.43 152
! 800 93 44 4.5
{ 850 IR 7.5
900 a1.01 7.02
$00) 98,22 1,75
500 97,80 275
| GO0 97 50 2,55
PO B2 107 700 30 96,23 3.75
| 800 94,71 5,25
: 850 93,40 .3
! 900 914 8.5
- - - RS N B
! 160 97.71 2,25
i 300 97,44 230
f’ GO0 97,33 2,55
i 790 o 95,73 4.25
S0 93.70 6,25
| 850 92,40 7.6
% 900 90,01 9,08
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{Tabel 1 continuare)

Torta de

Temperat.
de tratare

Timp de
mentinere

9/, Te ramas
in sistem

vy plerderi
de telur, din

compactizare dstemului la tempera- | dupd trata- | 19/, Te, dupa
N/m? 4 bhtf}nu w turd in re, din tratarea sis-
minute 10/, Te temului
1 2 3 4 5
400 R 34 0,50
500 99 .38 0.61
S00 99,22 0,75
700 20 97,71 225
800 96,3 3.3
850 85,43 4,5
900 93.5 5.8
400 98,74 1,25
300 98,43 1,50
600 98,42 1,50
3924107 700 30 97,01 2,90
800 93,53 1,45
850 9444 5,51
ST 92 40 7.50
400 9824 1,73
00 98 17 1,51
600 98,46 1,50
700 40 935,97 4,01
800 94,46 5,50
330 93,20 7,73
900 91,95 8,73
400 99,47 0,52
500 99,15 0,53
GO0 99,23 .57
700 20 97.3 2.9
s00 94,9 3,01
830 95,0 4.8
940 941 3,81
400 SRRE (0,U8
300 G40 0,00
600 94,7 121
59,86 107 700 30 G7.7 2,25
800 SRS 3,75
830 SRR 5.2
900 93,01 G,20
400 98,76 1,23
560 98,74 1,24
GOO 98 46 1,52
700 10 87,21 2,76
800 95,30 4,62
850 93,8 6,1
900 92,41 7,53
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Valorile privind pierderile, respectiv cantitatea de telururi din sistem
se referd la cantitatea procentuald din 19 Telur in greutate existent ini-
fial In sistem,

Rezultatele experimentale privind variafia cantitdtii de telur ce se
evaporeazd din sistemul Cu—Te in timpul fncilzirii la diferite temperaturi,
sint reprezentate In diagramele din fig. 1, 2 si 3.
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Mig. 1. Variatia compozitici chimice u sistemului Cu—Te, 1 for-
tade compactizare de 19,62 107N /m#, in functie de temperaturi,
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171 g 2. Variatia compozitiei  chimice a  sistemului Cu—Te,
L forta de compactizare de 39,24 107N/m2, in functie de tem-
peraturd.
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Fig. 3. Variatia compozitiei chimice a sistemului Cu—Te, la for-
ta de compactizare de 39,86.107N/m? in functic de temperaturi.
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Ne constata cd prin ridicarea temperaturii, cantitatea de telur cc
pardseste sistemul prin evaporare este din ce in ce mai mare. In toate
cazurile studiate s1 prezentate In diagrame pierderile de telur nu depasgesc
109 din cantitatea inifiald de telur din sistem, chiar pentru temperatura
cea mai ridicatda la care s-a lucrat (900°C). La temperatura de studiu,
cantitatea de telur ce se evaporeazd devine tot mai mare. Se vede deci ¢
prin cregterea temperaturii si mdrimea duratel de mentinere la temperaturg,
o cantitate tot mai mare de telur reuseste sd pdardseascd sistemul, totusi
accasta rdminind sub 100, din cantitatea initiald de telur din sistem.

In fig. 4 este pusa in evidentd influenta fortel de compactizare apli-
catd la formarea probelor, asupra cantitdtii de telur ce poate sd pardseasca
sistemul la o anumitd temperaturd, pentru un timp de mentinere de
30 min.

Din diagrame se constata ¢d atunci cind sistemul se giaseste intr-o
stare de compactizare mai inaintata, deci atunci cind existd o mal mare
coeziune intre granulele de cupru si telur, posibilitatea telurului de a parasi
sistemul este mai mica fata de cazul ¢ind sistemul este intr-o stare de com-
pactizare mai micd,

Se vede dect cd atunci cind creste fur‘;;x de compactizare a sistemulul,
scade cantitatea de telur ce se cvapord din sistem.

In functie de mirimea fortei de compactizare aplicatd la formarea
pastilelor, acestea vor fi mai mult sau mai pugin poroase. O parte din telu-
rul ce pardseste sistemul la o anumitd temperaturd cste cel repqrtuat pe
suprafefele deschise ale porilor gi a probei, care nu a avut timp sa reacfio-
neze cu cupru $i sa formeze ]egdturl chimice, inainte de a ajunge la tempe-
ratura la care tensiunea lui de vapori este deja suficientd pentru a putea
pardsi sistemul. Telural inglobat in probe, care ar putea ajunge dupd un
anumit timp, prin difuzie, la suprafata libera de evaporare, intirziind
in vecingtatea particulelor de cupru un timp mai indelungat reuseste sa
formeze Iegitura cu acesta ingreunind sau Impiedicind  desprinderea lui
ulterfoara si parasirea sistemului.

Dect cu cit forfa de compactizare aplicatd este mal mare cu Atit numi-
rul de cavitafl (pori) din proba este mai mic si deci suprafata liberd de
cvaporare mai mica, ceea ce influenteaza prin micsorarca cantitatii de telar
ce pardseste sistemul

Pierderile de telur din sistem in functie de temperatura si forfa d
compactizare au mat reprezentate lingd diagrama tensiunii de vapori a
telurului in fig. 4, pentru a se putea reda mai bine anumite fenomenc.

Din lig. 4 rezultd ca plcrden]c de telur nu sint proportionale cu ten-
stunca de vapori a telurului in intervalul de temperaturda 500—900°C. In
timp ce tensiunea de vapori prezintd o crestere de la 0,01 atmosfere la 0,2
atmosfere, deci o crestere de circa 20 ori, picrderile de telur ale sistemului
cresc de la 2,10 la 8,5 pentru forta de compactizare de 19,62 107N/m?,
de la 1,50 1a 7,59, pentru forta de compactizare de 39,24 10°N/m?, si de
la 0,99 la 6,2°, pentru forfa de compactizare de 39,86.10°N/m?, decct
creste de cirea 3.5 ori in medie pentru toate fortele de compactizare.
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I i g 4 Variatia compozitiei sistemului si a tensiunii de vapori a tehu-

rului in functie de temperaturd, pentru un timp de mentinere la

temperaturd de 30 min. 1 - sistemul Cu  Te, la 1962-10°N/m?;

2 sistemul Cu--"t'e, Ta 39,24-10°N/m?: 3 sistemul Cu - Te, la
59,86 107 N/m?

Neproportionalitatea provine pe de o parte din compactitatea dife
ritd a probelor in studiu in functie de forta de compactizare, iar pe de
altd parte (ceea ce constituie factorul principal), la temperaturi ridicate
telurul formeaza cu cupru legaturi chimice covalente dind nastere la diferiti
compugi cu structuri complexe. Unii dintre acesti compusi cum sint CuTe
si Cu,Te formeazd Impreuna o solutie solida de tipul Cu,Te, O altd parte
din telur formeazd solutii solide cu cupru, dind aliaje de compozitii diferite
in functie de temperatura la care se trateazd sistemul. Legiturile care se
stabilesc Intre cupru si telur In sistemul Cu - Te in counditiile experimentale,
determina deci cantitatea de telur ce poate sau nu pardsi sistemul prin
evaporare.

Concluzii. 1. Sistemul Cu-—Te, suferd modificari a compozitiei chimice
datorita evaporarii telurului la ridicarea temperaturii.

2. Cu cit creste temperatura, cantitatea de telur ce paraseste sistemul
este tot mai mare.

3. In toate cazurile studiate, pierderile de telur nu depasesc 1095, pen-
tra cea mai ridicatd temperaturd la care s-a lucrat.

4. Telurul care ramine in sistem dupi tratarea la temperatura, formea-
78 cu cupru legaturi chimice (Cu,Te: Cu,Te, CuTe) si fizice, legaturi care
determinad cantitatea de telur ce poate sau nu pirdsi sistemul prin eva-
porare.

(Intral in yedactie la 19 mai 1975)
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LTENT I RN -

HCCAEZOBAHIE CHCTEMDBI Cu~Te (C 17, Te) B 3ABHMCHMMOCTH
OT TEMIIEPATYPDLI JABJAEHMA

(Pesone)

ABTODBI HAVHAAH H3MEHEHHe XIMHUCCKOTO CoCTaBa CHoTeMbl Cu—Te, B 3aBHCHMOCTH OT
reMiiepaTyphl, Ha 00pasuax B BHIe TalJeTOK, MOJdYUYeHHbIX TP CICIVIOMHEX CHIAX KOMIAKTH3A-
udu: 19,62.107; 39, 24.107 1 59,86. 107 N /ind. YCTaHOBAECHO KOIHUYECTBO TeAIVPA, NOKHAAILIee
CHCTEMY NTyTeM HCrapernusi, 6Jarofapst YNpyrocti ero napop npH onpefelCéHHOH TeMmilepaType.
flposesens! cpaBHHTEAbHLIE HCOIEAOBANIA, KACAlOMHecs NoTepell Te1aypa B H3MeHeHUs ynpy-
TOCTH €TO IAPOE B 3TOH CHCTeMe.

STUDY OF THE Cu-Te (WITH 1Y, Te¢) SYSTIM DEPENDING
ON TEMPERATURE AND PRESSION

dSummary)

The paper studies the variation of the chemical composition of the Cu—Te system,
depending on temperature, on pill shaped samples formed forces of compactization of : 10.62.107 ;
39.24.107; 59.86.107 N/m? The quantity of tellurium which leaves the system by evaporation
owing to its vapour tension at a certain temperature has been established. Comparative
studies have Dbeen made concerning the loss of tellurium and the variation of its vapour
tension in this system.
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DIE DARSTELLUNG UND DIE UNTERSUCHUNG
DES INDIUMPEROXOTITANATES
UND INDIUMOXALOTITANATES

CONNT. GH. MACAROVICI, E. PERTE, M. BIROU und M. STRUJESCU

In etner vorhergenden Arbeit (17 haben wir die Ergebnisse des ther-
mischen und rontgenographischen Studiums von In- und Ti-Hydroxyd-
Koprizipitaten bekanntgegeben. Zur Ergianzung dieser Untersuchungen,
sowle fiur die Darstellung von pulverférmigem, reinem Titanat, haben wir
folgende Substanzen synthetisiert:

— Indiumperoxotitanat ;

— Indiumoxalotitanat.

Experimenteller Teil. Das Peroxotitanat des Indiums stellten wir nach
einer bekannten Methode [2] dar, u.zw., durch Komplexieren des Ti-Ions
mit auf 107 gekihltem H,O,, Versetzen mit NH,OH und schliesslich mit
In{NOy),. Der gebildete Niederschlag ist sehr fein, homogen, zitronengelb.
Wir versuchten diese Synthese mit verschiedenen molaren Verhaltnissen
der Komponenten durchzufithren doch nur ein Produckt war einheitlich
wzw., jenes aus 2In: 111 Verhiltnis der Komponenten. Die anderen Ver-
hindungen, enthalten neben Indiumperoxotitanat, entweder Indium, oder
Titan, in Abhédngigkeit vom Verhiltnis der Komponenten. Diese Tatsache
konnten wir darch chemische, thermische und réntgenographische Analysen
nachweisen. Aus diesem Grund werden wir nur die Verbindung welche
sich bel Reaktion der Komponenten in 2In: 1T1 Verhiltnis bildet, bespre-
chen. Die chemische Analyse dieser Verbindung gab folgende Frgebuisse
{Tabelle 1.).

Titan wurdekolorimetrsch Tabelle 1

bestimmt, Indium als Oxyd, Ergebnisse der ebespisehen Analysen
g filr Indivmperoxotitana
durch Differenz der Oxydsumme
und der peroxydische Sauerstoff Ti 1 In f Peroxydischer
. . . > (o [IEa I Qiyrpara 0/

durch Titration mit KMnO,. (") (i | Sauerstoff (%)
Jiese KErgebnisse zeigen
Diese Ergebnisse zeigen, dass Ber - 16,09 38.50

das Verhiltnis der Elemente in  Gef. :

5
W
W3

16,04 | 3843
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er gebildeten Verhindung folgendes ist: 2In: [T 20. Die entsprechends
ormel wire:

In (OH), _ O/TIO(OH), - 2H,0

~= auf Grund der FEigenschatten des Titans, in Losung das
[THOH),(CL0,), B -Ton zubilden, versuchen wir das Indiumoxalotitanat
auf zwei Wegen darzustellen :

1. Dic wissrige TiCl-Lisung haben wir mit cinem kleinen Uber
schuss von Osxalsaure versetzt 3—37 und darauffclgend ddne wiserig
In(NO,),-Losung hinzugeftigt,

2. Aus der wissrigen TiCl,-1Losung haben wir das mikrokristalline hivara-
tierte Anatas, 110, x H,O, gefallt, welches gut gewaschen und i ciner
konzentrierten Losung von Oxalsdure gelost 6., Ti{OH),(C,04, 2 -Ton
(frei von Cl7) ergab. Zu dieser Losung haben wir, schliesslich, elne wiissrige
In(NO,)-Losung zugegeben.

Alle unsere Versuche ergaben ein einziges positives Irgebnis.

Nach dem zweiten Weg erhielten wir einen leicht filtrierbaren, weissen,
Niederschlag, mit folgender Elementaranalyse (Tabelle 2.).

Die entsprechende Formel wire
iy TH{OH)L(C0,), 7, - 3H,0.

Tabelle 2

Ergebnisse der chemisehen Analysen

fiir Indiumoxalotitanat Zur Erldauterung des Reaktions-

T , m" T . () o 11‘1cch‘zmismus haben wir tolgende phy-

ol b RN sikalisch-chemische Methoden heran-

i, o ‘\ (_’L!h ”( :)'»irm_ gezogen : TG und DT-Analyse und

Her. : 1360 : - i 19.97 r(mtgqmg“apl‘n'sche Anulysci. ‘ .
Ok | 1367 | 2176 | 4988 Die Thermoanalyse der syntheti-

sierten Verbindungen wurde mit etnem
Derivatographen des Typs Erdely-Paulik, im Temperaturbereich 25 - 1000
untersucht.  Die  Rintgenbeugungsspektren  wurden mit  einem  Gerit
T-U-R60 (Dresden), nach dem Debye-Scherrer Verfahren, aufgenomuen.

Auswertung der esperimentellen Ergebnisse. Im allgemeinen Zeigen
die Derivatogramme (Abb. 1) des wasserhaltigen Peroxotitanates, dass
das Wasser, abhingig von sciner Bindugsstirke, zwischen 50 —670° abge-
spalten wird. Dag Derivatogramm verzeichnet eine Gewichtsabnahme von
25,20°,. Zwischen 30 und 670" zeigt die DTA Kurve (Abb.1.2) cinen
Fudothermetfekt der sich mit drei Exothermeffekten die der vélligen Zer-
setzung der Peroxotitanates entsprechen, itberlagert. Der Endothermeftekt
(bei 2007) kennzeichnet das Entweichen des Kristallwassers und den Beginn
der Zersetzung des Peroxotitanates. Dem ersten Iixothermeffekt (bei 3037)
entsprechen zwei Vorgidnge: das Entweichen des Strukturwassers und
des peroxydischen Sauerstoffs —~ endotherme Vorgidnge -~ sowie die Bil-
dung und Strukturierung des T10, (Anatas) und In,O;— ein stiarker exother-
mier Vorgang. Der nichste xothermeffekt (bei 673°) entspricht der Reak-
tion zwischen den Oxyden und der Bildung des Indiumtitanates, In,TiO; ;
der letzte Exothermeffekt (bei 920 ) zeigt dic Verdnderung des Kristall-
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netzes des gebildeten Doppeloxydes an. Die Gesamtreaktion der thermischen
Zersetzung des Indiumperoxotitanates ist folgende:

306507

> 1,0, - TiO, | 6H,0 -+ 17,0,

In(OH), , O,TIO(0OH), - 3H,0

In,0, - TiO, == In,Ti0,

Im untersuchten Iall bildet sich als Endprodukt cin Indiummeta-
titanat.
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Die thermische Zersetzung wurde auch anhand der Rontgenbeugungs-
spektren der aus den Ausgangsverbindungen bei 1000° entsatandenen Zer-
setzungsprodukte untersucht. Die Rontgebeugungsspektren (Abb. 2) der
durch Erhitzen des Indivmperoxotitanates bei ungefdhr 1000° erhaltenen
Metatitanate fihren zu elner einzigen Verbindung. Aus Abb. 2 ist ersich-
tlich, dass die Endprodukte nicht dieselben Rontgenlinien aufweisen wie
die beiden Oxyde, TiO, und In,O,.

Dic thermischie Zersetzung des Indiumoxalotitanates wird in Abb. 3
dargestellt.

Die Untersuchung der TG (Abb. 3.1) und DTA (Abb. 3.2) Kurven
zeigte, dass das Wasser zwischen d0—240 abgespalten wird. Diesem Vor-
gang wird zwischen 220--320° die Zerestezung der Indiumoxalotitanat
itherlagert. Als Frgebnis der Zersetzung bildet sicl ein metastabiles Oxvd-
Svstermm welches kleine Mengen Kohlenstoft als Verunreinigung enthilt,
Dicses anfangliche  Oxvd-Svstem verdndert sich mit dem Anwachzen
dev Temperatur durch der Kohlenstoffverunreinigung Verlust und gelangt
auf dicse Art zu cinem stabilen System. Dic wassertreie Verbingung  ist
zwischen 320 unc 4007 stabil, doch werden bei 4007 und 6007 kieine
Verluste aufgezeichnet. Die erwihnten Zersetzungsvorginge werden von
dret Exothermeffekten, bei 3607, 400° und 4257, begleitet. Praktisch ist
diese Zersetzung bei 6007 vollendet und, schliesslich, gelangen wir zu cinems
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Abb. 4. Rontgenbeugungsspektren des: 1.T1i0,, 2.1n,0,, 3.1n,TiO;
und 4.In,Ti0; -+ TiO,.

Doppeloxyd mit gut bestimmt Kristallstruktur., Es finden wahrscheinliche
foleende Reaktionen statt:

£

CTHOH),(CL000, Iy -3H,0 s THO(CL0,), oI, |+ 6H,0

200 g2u7

THO(CL0,), 15In, -+ 30, == 3Ti0, £ In,0, | 1200,

{

3190, -+ Tn,0, = In,TiO, - 2TH0,

Dic chemischen, thermischen und rontgenographischen (Abb. 4) Ana-
Ivsen lassen die gleichen Schlussfolgerungen zu, dass das Svstem ist ein
Gemisch folgender Zusammensetzung : In,T10O; und Ti0O,.

Die Réntgenbeugungsspektren, der durch Frhitzen des Indiumoxalo-
titanates erhaltenen Doppeloxyde, zeigen dass neben den Far In,TiO;
charakteristischen Iinien, auch die fir Ti0, entsprechenden enthalten
sind.

Das molare Verhiltnis zwischen Indium und Titan, in der neuen Ver-
bindung, ist 2: 1, obwohl des Verhiltnis des Ausgangs-Indiumoxalotitanates
2: 3 ist.

Sehlussiolgerungen. Im bindren System 1,0y —T10, wird c¢ine chemi-
sche Verbindung, In,Ti0;, gebildet, unabhingig davon ob von Hydroxvd-
Koprazipitaten, Indiumperoxotitanat oder Indiumosxalotitanat ausgegan-
gen wird.
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Die Bildungsreaktion des In,TiO; durch thermische Analyse des
Indiumoxalotitanat findet bei einer niedrigeren Temperatur (600°) statt,
als in dem Fall des Koprizipitates oder Indiumperoxotitanates (675°).

Die Ergebnisse dieser Arbeit bringen rusiitzliche Beweisem betreff
der Bildung des Indiummetatitanates,

(Fingegangen am 4 April [973)
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OBTINERTA ST STUDIUL PEROXOTITANATULUI- SI ONALOTITANATULVUI
DE INDIU
{Rezumat)

In lucrare se prezintd obfinerca peroxotitanatului de indiu st a oxalotitanatului de
indiu, precum si studiul lor prin masuratori termogravimetrice, termodiferentiale §i prin ana-
liza roentgen.

HOJINUEHKWE M H3YUEHHE HEPOKCOTHTAHATA 1 OKCAJMOTHTAHATA
HHIHA
(Pesove)
B pafiore npHBOAHTCS TOJVYenHe NEPOKCOTHTANATA HUIAHS H OKCATOTHTAHATI HHIHA, a

TAK/KE HX H3VdeHHe NYTEM TepMOrpaBHMeTPHUECKHYN, TepMOIHPDepeHiuHaALubiX K PelTreHo-
rpahHieCKHY allasTH30R.



MECANISME ALE REACTIEI DE ELECTROREDUCERE
A OXIGENULUI IN PILE DE COMBUSTIE
CU ELECTROLIT LICHID (I)

E. ONICIU si . ML SUCIE

1. INTRODUCERE. Interesul mereu mai mare manifestat in ultimii ani
fatd de pilele de combustie a stimulat cercetiri aprofundate asupra reactiel
de electroreducere a oxigenului, reacfie de importanjd covirsitoare in
conversia electrochimicd de energie. Se stie cad oxigenul este tot atit de
important pentru pilele de combustie ca $i pentru arderile chimice sau
pentru viatd. Practic, toate pilele de combustie folosesc drept reactant
catodic oxigenul (pur sau diluat sub forma de aer}. Fenomenologia reactiet
de reducere a oxigenului in pilele de combustie este inca foarte neclari.
Dificultatile ce apar in studiul mecanismului si a catalizei acestei reactii
fac sd persiste Tncd multe controverse. Principalele dificultdfi ar putea fi
enumerate astfel |[1]:

a) Se stie ca reactia de reducere a oxigenului, in mediu acid, are loc
intr-un domeniu de potential cuprins intre 1,0 si 0,5 V (EHN). Compara-
rea acestui domeniu cu potentialele standard tabelate arati ¢i numirut
metalelor ce poate rezista fird a se dizolva sau pasiva este foarte mic.
in soluie acida, numaérul electrozilor si a electrocatalizorilor metalici ce
pot fi deci utilizati in acest domeniu se reduce efectiv la metalele nobile
si unele bronzuri. In solutie alcalind se mai adaugd, la acestea, carbonul
si unii oxizi metalici.

b) Reactia de electroreducere a oxigenului este o reacfie lenta in compa-
ratie cu alte reactii de electrod. Datoritd valorii mici a densitatii curentului
de schimbh (~ 10~ A/cm?) reactia poate fi examinatd numai la supratensiuni
ridicate, ceea ce nu este avantajos pentru elucidarea mecanismului. (In
vederea micsordrii supratensiunii sint necesare studii catalitice laborioa-
se.)

¢} In domeniul de potential in care se desfasoara recafia pot aparea
schimbari in substrat soldate cu acoperirea suprafefei cu imici cantitidfi
de oxid, oxigen adsorbit sau grupari OH. Aceasta ingreuneaza mult analiza
datelor pentru stabilirea mecanismului 257,

9 — Chemie 2/1973
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d) In conversia electrochimicd de energie eficienta maximi corespunde
reducerii oxigenului conform unui proces tetraelectronic:

0,4 4H* 4 4e~ — 2H,0 (1.1)
in mediua acid, sau
0, + 2H,0 + 4e~ — 40H~ (1.2)

in mediu alcalin. Pot avea Insid loc i alte doud reactii bielectronice prin
care oxigenul este redus la apd prin intermediul apei oxigenate [6—8]:

0, 4+ 2H+ & 2~ — 1,0, (1.3)
H,0, - 2H+ -L %~ — 2H,0 (1.4)

Aceste doui reactii pot interfera cu reactia tetraelectronica, Ingreunind mult
analiza mecanismului. Este posibila chiar gi desfiasurarea paraleld a reactiei
(1.1) cu (1.3) si (L.4).

e) O alti dificultate se datoreazi numdrului mare de intermediari ce
apar in diferitele etape ale procesului global. Se¢ cere deci elucidarea rolu-
lui fiecirui intermediar in desfdsurarea reactiei |9—11].

f) Sensibilitatea mare a reactiei la prezenta unor impuritati reprezinta
de asemenea o dificultate in calea stabilirii mecanismului. Impuritagile
chiar si in urme, mai ales cele organice, pot influenga cinetica globala.
Drumul si viteza reacfiei sint profund afectate de prezenta impuritédfilor
in concentratii chiar mai mici de 10-7 M [9, 12].

2. REACTIILE DI ECHILIBRU ALE OXIGENULUL In electrochimie se cu-
nosc trei reactii de echilibru la care participd oxigenul si apa oxige-
naté (tab. 2.1).

Tabel 2.7

Potentialele termodinamic reversibile ale reaetiilor oxigenului si apei oxigenate in mediv acid
si alealin

Reactia in mediu acid e V/IHN Reactia in medin alealin 5V EHN

: | 040 2D
0, +H,0 1 2¢~ = O -+ HO, | —0,07 | (2.2
HO,” & 1,0+ 27 < 301 - 0,91 | (2.3)

p FAHT L det 220,00 | 123 | 0, 4 2H,0 & de e 401
O, + 2HT 4 2¢° = H,0, | 068
H

H,0, -+ 2HF -+ 2e~ & 2150 1.77

Potentialele din tabel, ¢,, sint calculate din date termodinamice pentru
conditii standard $i pH = 0 respectiv pH = 14 [13—15]. Relatiile ipotetice
curent-potential (anodic si catodic), pentru aceste reactii, sint schifate
in fig. 2.1. Fiecare dintre aceste reactii are aceeasi dependentd a potentia-
lului de pH; —59,2 mV/unitate de pH. Pentru reactiile (2.1) si (2.2), in
mediu acid, panta dreptei = —log p, (p,, — presiunea parfiald a O,),
este 14,8 respectiv 29,6 V.
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2H,0 + KO, 2K 2e

0,40, 12H 2 €]
e "shep2H,0

068
0, +2H +2¢ > Hzoz

{ (scard arbitrara)

1 ig. 2.1 Variatia ipoteticd potential-curent pentru re-
actiile de electrod a O, st H,O, "1 .

Simultan cu reactitle (2.2) st (2.3) mail poate fi consideratd si reactia
de descompunere catalitica:

2H,0, = 2H,0 + O, (2.4)

Dintre aceste reactii, desigur cea mal lmportantd este (2.1) peutru
aplicatil in convertizoarele de energie. Ar {1 de dorit ca aceastd reactie sd
se petreaca cu vitezd suficientd g1 cu polarizare mneglijabila. Aceastd
reactie este Insd puternic ireversibila st In conseciniad poteniialul siu
teoretic reversibil este atins foarte rar in practicd si aceasta numai in
conditii de laborator. Ho ar [16] a fost primul care a demonstrat existenfa
potentiatului de 1,23 V/EHN prin extrapolarea liniilor Tafel la densitate
de curent micd. Bockrissi Huq[17] au fost primii care au atins aceas-
ta valoare pe electrozi de Pt in solutie acida, la densitate de curent mica.
() datd stabilit, potentialul a putut fi mentinut la aceastd valoare aproxi-
mativ o ord. Potentialul de 1,23 V/EHN a fost observat si de alti cerceta-
tori {18 --201, in solutii cu un grad de purificare ridicat.

2.1, Valori ale potentialului de eleetrod observate experimental sime-
canisme propuse, Grove [21] care a folosit pentru prima data un electrod
de oxigen, obginea de reguli potentiale apropiate de 1,0 V/EHN;
rareori se depisea aceastd valoare, fard fnsa a se atinge vreodati 1,23
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V/EHN. Valori apropiate de 1,0 V/EHN au fost observate si de alfi cerce-
tatori [22—25]. In mod obisnuit in practici nu se depasepte 0,98 V/EHN,
inregistrati si pe electrozii de oxigen din convertizoarele electrochimice de
energie folosite la ora actuald in diverse domenii.

Primele incercari in direcfia exphcam potentialelor observate la electro-
reducerea oxigenului s-au grupat in jurul asa-zisei ,.teorii a oxidului”,
Conform acestei teorii, electrodul pe care se (lesta;oara reactia este acoperit
cu un film de oxid iar potentialul, in circuit deschis, este determinat de
cuplul oxid/oxigen si nu de cuplul metal/oxigen. Aceasti teorie a fost
emisd pentru prima datd de lLorenz st Hauser {26}, si a fost accep-
tata si susfinutd de un numar destul de mare de cercetdtori. Grub e [27]
sugereazd ci valoarea de 1,23 V/EHN poate fi determinatd de formarea
oxizilor superiori pe suprafata electrodului; de exemplu pe un electrod
de Pt asemenea oxizi ar fi de forma PtO,; st PtO,. Foerster [28)]
observat c¢a potentialul electrodului de Pt anodizat, in circuit deschis,
trece prin valorile: 1,23; 1,1; 1,06 V/EHN. El considerd ca valorile diferite
observate sint rezultatul diverselor combinatii intre asa-zisii ,,oxizi nestoe-
chiometrici’” PtO, si PtO,. Foerster considerd deci c¢d oxizii superiori
sugerati de Grube, fiind foarte instabili, se descompun fiutr-un amestec
de PtO, si PtO,. Narav-Szabo 29]in urma studiilor efectuate pe
clectrozi de carbune platmat afirma ci potentialul de electrod este determi-
nat de prezenta pe suprafata negrului de platind a oxidului PtO.

Bain [30; a atras atentia asupra insuccesului inregistrat in incercarile
de a folosi teoria oxidului la caleulul potengialului de repaos pe electrozi
film de metal nobil- oxigen si compararea cu valorile experimentale.

Brislee (31], In urma masurdtorilor efectuate cu o celuld Grove,
aratd cd potentmlul electrodului de oxigen cregte in timp si cd In electrolit
se poate decela apd oxigenatd. Dacd produsul primar al reducerii oxigenu-
Iai ar fi H,O, in loc de H,O, potentialul de repaos ar putea fi determinat
de prezenta apei oxigenate in solutie (32, Tilley si Ralston [33)]
mentioneazd ca potentialul de electrod este influentat de concentratia per-
oxidului in solufia de electrolit. Aceste observatii au condus la elaborarea
unei noi teorii asupra mecanismului de electroreducere a oxigenului numita
teoria peroxidului”. Ea a fost elaborata de Tarter si Wellman
[341, care afirmd cd potentialul electrodului de oxigen este determinat
de prezenfa peroxidului in solutie $i nu de prezenta oxidului pe suprafafa
electrodutui. Este interesant de ardtat ca in experiente recente nu s-a
decelat apa oxigenatéd in solufia de electrolit, la electroreducerea oxigenului
pe electrozi de Pt, in circuit deschis, Se ajunge la concluzia [35] ¢i aparitia
apel oxigenate este foarte probabil datoratd existentei unor impurititi
in solutia in care s-au efectuat primele determindri; ele ar fi la originea
unor pile locale, pe suprafata electrodului.

O altd teorie. ce a fost emisa In legaturd cu mecanismul de electroredu-
cere a oxigenuluil, este | teoria potentialului mixt”. Conform acestei teorii,
potentialul de repaos al electrodului de oxigen este un potential mixt [36]
Intre potentialul reactiei (2.1) sau (2.2) si potentialul unei reactii ce implica
locuri active de pe suprafata clectrodului; sistemul devine un polielectrod
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3739 . Primul care a propus mecanismul potentialului mixt, pentru
explicarea  electroreducerii  oxigenului pe Pt fu mediu acid, a fost
Hoar [16]. El explica deviatia potentialului de la valoarea de 1,23
V/EHN prin prezenta pe suprafata electrodului a unui film de oxid cu
fisuri, avind o oarecare permecabilitate pentru solufie si care determini
aparifia unei pile locale film de oxid-substrat metalic, procesul de electrore-
ducere desfasurindu-se pe suprafata filmului. Din cauza actinnii pilei locale
s¢ produce o scddere a potentialului sub valoarea reversibila de 1,23 V/EHN.

LLewartowicz 407 sugercaza ca potentialul electrodului Pt/O,,
in prezenta unui sistem redox apare ca un potential mixt intre potentialele
a doua reactii ce se desfagoara simultan pe electrod in locuri diferite.
Teoria acordd o importantd deosebitid prezentel impuritatilor, deoarece
s-a observat 41447 ¢d rezultate reale st reproductibile se pot obtine
numai cu un control riguros al concentratiel acestora.

Au fost elaborate tret mecanismie de reactie pornindu-se si de la ideea
modificdrii structurale a moleculei de oxigen. In acest sens, se poate presu-
pune (a) formarea de straturi de atomi de oxigen pe suprafaa electrodului
45--49] prin interactiunea moleculelor cu electrodul ; se acceptid ¢ mole-
cula de oxigen se disociazi in atomi in decursul unui proces anterior. Meca-
nismul corespunde teoriel oxidului prezentati mai sus. Se poate presupune
(h} ¢ molecula de oxigen nu se scindeazd 50-—337 intr-o primd ctapi ci
abea dupa formarea de radicali peroxidici. De asemenea se poate considera
¢d in etapa initiala nu sint implicati atomi de hidrogen adsorbiti pe clectrod.
Mecanismul corespunde teoriei  peroxidului.

Intr-o a treia varianti (¢) se poate presupune cd formarca peroxidu-
tui sau a radicalilor peroxidici implicid atomii de hidrogen adsorbiti pe
electrod.

In medin alealin, mecanismul de tip (a) se poate desfasura astfel:

0, + 2M — 2MO (2.5)
OMO  + 2M © 2H,0 = 4MOH (2.6)
4MOH + de- — 4M 4 40H- (2.7)
0, £ 2H,0 + dem == 40H- (2.8)

unde M reprezintd un atom de metal de pe suprafata electrodului.

Un exemplu de mecanism de tip (b) ar fi formarea peroxidului de
hidrogen dupd succesiunea :

O, + M H* + ¢ == MHO, (2.9)
MHO, 4 H* & em = MH,0, (2.10)
MH,O, &AM - 2MOH (2.11)
OMOH + OH* - 2~ — 2M - 2H,0 (2.12)

0, - OH*t i dem = 2H,0 (2.13)
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Mccanismul de tip (¢) se poate ilustra prin succesiunea :
MH - O, = MHO, (2.14)
MHO, +fe= — MH - OH- (2.15)

2.2. Piscutarea mecanismelor propuse. 2.2.7. Observatii expevimentale.
In vederea discutarii mecanismului de electroreducere a oxigenului in pilele
de combustie trebuie sa se ia in considerare citeva aspecte fenomenologice
ale potentialului de repaos (stationar) masurat pe diversi electrozi (12,
Astfel s-a observat:

o dependentd linlard a potentialului de repaos de log po,;

in domeniul  presiunilor pe, = 0.5 atm, o independenta aproape
totald a acoperirii cu oxigen de presiunea oxigenului ;

o variatic aproximativ liniard a potentialului de repaos de acope-
rirca cu oxigen, liniaritatea accentuindu-se in domeniul de  acoperire
cuprins intre 25 si 110 pClem?;

-- o variatie liniard a potentialului de repaos cu pH-ul, panta avind
valoarea — 2,3 RT/I;

o independentd a potentialului de densitatea de curent catodicd
la valori 2> 10-7 Ajcm?® ale acesteia ;

o densitate de curent anodicd limitd la aproximativ 1077 Ajom?
accastd lmitare dispare treptat cu cresterea puritdtii solutiei.

2.2.2. Interpretiri teovetice. Pentru interpretarea rezultatelot cxperi-
mentale prezentate mai sus i a potentialului de 1,0 V/EHN au fost propuse
mat multe modele [57-—-59]. Dintre acestea, asa cum s-a mai aratat,
cel mai important este acela in care potentialul de electrod este atribuit
aparitiei unor forme de peroxid ce intrd in reactia de electrod, de excmplu:

O, + H* 4+ ¢ - HO, (2,16
O, -+ 2H* + 2~ — H,0, (2.17)

Dracd fusa se caleuleazd cantitatea de peroxid ce se poate forma conform
acestel teorii, ea se glseste foarte micd | ~1072° mol/l pentru reactii de
tipul (2.16) si ~10-% mol/l pentru reactii de tipul (2.17]; or, asemenca
concentratii sciizute nu pot fi la baza densitatii de curent observate. Asadar
teoriile ce presupun reactii de tipul (2.16) si (2.17) nu pot fi acceptate ca
perfect valabile,

Intr-o altd teorie |57, se propunce un model in care interfata electrod;
electrolit este privitd ca polarizabild in regiunea de potential de 1,0 V/EHN
sau mai jos. Conform acestel teorii, variatia potentialului de repaos al elec-
trodului de oxigen cu presiunea oxigenului are la origine inlocuirea dipolilor
apei. de pe suprafata electrodului cu atomi de oxigen. Diferenta intre
dipolmonmentul legdturii M~ O si dipolii apei ar justifica schimbarea valorii
potenfialulul cu presiunea.

Wroblowa gicol. [60] propun o teorie ce permite unele interpre-
tari calitative. i sustin cd curentul catodic ce apare la electroreducerea
oxigenului este perturbat de un alt curent datorat unor procese anodice
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ce aun loc concomitent cu reactia catodicd; in aceasta alternativid se for-
meazad un potential mixt (¢,). Ca reactie anodicd poate servi orice reactie
la care participd impuritati (organice) prezente in urme in electrolit, cum ar fi:

Impuritati -+ 2nH,O = nCO, - 4ne~ + 4nH* (2.18)

avind un potential reversibil de 0,2—0,3 V/EHN. Teoria are dezavantajul
ca substantele organice in cauzd ramin neidentificate, dar prezintd avan-
tajul concordangei cu rezultatele experimentale, care aratd ci atunci cind
solufia este bine purificatd se obtine valoarea de 1,23 V/EHN mai degraba
decit cea de 1,0 V/EHN si poate explica unele dependente functionale
observate. Astfel, poate fi prezisa corect, cantitativ, dependenta potentia-
julut de pH s1 po,. Relatia linfara dintre acoperirea s‘uprafetei electrodului
cu oxigen si potentmlul de repaos poate ft rafionalizati in acest model, al
potentmluhu mixt pe baza condititlor de adsorbfie Témkin. In concluzie,
potentialul de 1 V/EHN se datoreaza unui potential mixt ce este rezultatul
reducerii tetraelectronice a oxigenului si al oxidirii anodice a unor impuri-
tati din solutie, procese ce decurg la densitatea de curent limitd. Purifica-
rea solatici reduce concentrafia impuritatilor si face potentialul de repaos
al electrodului si tinda spre potengialul r(\erslbﬂ al reactiei de reducere
tetraelectronica a oxigenului.

Complexitatea rcac‘,cnlor electrodului de oxigen poate fi ilustratd prin
fenomenele ce apar In prezenfa apei oxigenate [61]. Cind aceasta se
adaugd unei solutil in care este cufundat un electrod de oxigen se stabi-
leste un potcn‘glal ce este dependent de pH dar mdependent de concentratia
apel oxigenate, desi ea determind acest potential in domeniul de LOI]CLlltId'CIL,
10-%—10 mol/L. S1tuatm a fost explicatd de GerischersiGerischer
627 ca un re/,ultat al unui potential mixt ce se stabileste intre reactiile :

L2t L 2 = HLO, (2.19)
H:()z L2HT - 2% = 2H,0 (2.20)

Concentratfia apei oxigenate

nu are nict un efect asupra
potentiatului mixt al electro-
dului, deoarece ea este con-
sumatd atit in reactia anodicd
¢it s1 cea catodica si ordinul
de reactie al fiecdreia este 1.
In fig. 2.2 sint redate re-
latiile densitate de curent —
potential pentru electrooxida-
rea si electroreducerea apei . L
oxigenate pe electrod de Pt in 6 ( mA/cm )
H,50, 1 N, pt‘ntl;u d()L.l‘d COI™ iy 220 Curbe de polarizare la electroreducerea st
centratit de apd oxigenatd . Goosidarea 11,0, pe Pt in 1L,SO, LN, pentra
_(’;3 IS¢ observa illd(‘])&‘l‘ndﬁllj&l douil (‘um‘(‘l-nr.ut,ii diferite e TL,O, 63 .
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potenfialului mixt de concentratia apei oxigenate ; intersectia liniilor cato-
dice g1 anodice are loc la 0 84V pentru ambele umwutratu
I)1f1u11tat11< intimpinate la 111terpretdwa teoretica a rezultatelor expe-
rimentale ale reactiei de electroreducere a oxigenului, pe diversi electrozi,
au condus la elaborarea unui sir de mecanisime posibile. Astfel, in urma nu-
nmeroaselor cercetdri efectuate atit in medin acid c¢it $i in mediu alcalin,
au fost propuse nu mai putin de 16 variante. Gnanamuthu st Petro-
celli 1647 au dat o listd completa a mecanismelor posibile propuse pentru
clectroreducerea oxigenului fmpreuna cu pantele Tafel catodice. Rid di-
ford 43], de exemplu, in urma cercetarilor efectuate atit in mediu
alcalin it si In mediu acid sustine urmitoarele ciai de reactie posibile:

A o nediun alcalin

a) - calea oxidica
0, = 2M 2M(O) (2.21)
1( + HL,O 4 2e A(()H - OH- (2.22)
M(OH) ¢~ =M 4 OH- (2.23)

cu specificarea cd etapele (2.22) sau (2.23) pot {1 determinate de vitezd pen-
tru procesul global. THecare dintre aceste reactii se petrece de doud ori
in procesul global.

b) calea peroxidica

0, POM o HLO b e =2 M(HO,) - OH- (2.24)
M(HO,) e e M(O) 4+ OH- (2.25)
M(O) o M 4 1L,O — 2M(OH) (2.26)
M(OH) 4e= — M + OH- (2.27)
0, -+ 2H,0 +-de == 4OH- (2.28)

Titapa determinantid de vitezd este ctapa lenta (2.26), avind coeficientul
stoechiometric 2.

B — medin acid
a) — calea oxidici
0_, oM - 2M(O) (2.29)
M(O) + HY 4 ¢ = M(OH) (2.30)
M(OH) - H*t +e- =M | HO0 (2.31)

ctapa lentd determinantd de vitezd fiind (2.29).
b) calea peroxidica

O, © M = H* b o= = M(HO), (2.32)
M(HO), - H¥ 4 e~ = M(O) + H,0 (2.33)

M(O) == M 4 H,0 = M(OH) (2.34)
(M(OH) 4- H* + ¢~ = M 4 H,0 (2.35)

ctapa lentd este (2.35).
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Se observa deci cii procesul global este un proces tetraelectronic re-
prezentat in media acid prin reactia:
O, b AHT -+ dem == 2H,0 (2.36)
sau o succesiune de doud reactii bielectronice ce implicd formarea peroxi-
dulur:

O, = 2H* + 2~ = H,0, (2.37)

H,0, -+ 2H" -} 2¢- = 2H,0 (2.38)

Reducerea tetraelectronica, (2.36), poate fi considerata ca decurgind
printr-un mecanism similar celui ce implicd reducerea O, la H,0, si apoi
reducerea H,0, la H,0. Un argunient in favoarea acestei afirmatii este
faptul cd, In multe cazuri, in solujie s-a observat prezenta apei oxigena-
te in decursul reduceril. Recent '65--67 s-a constatat cd aceastd obser-
vatie nu este esentiala, deoarece la valoarea potentialului standard (0,68
V/HEN) al reactiel (2.37) existd posibilitatea desfasurarii paralele a reac-
tiel de reducere tetraelectronica a O, la H,O si de reducere bielectronici
a O, la H,O,, mai ales la supratensiuni ridicate i in solutii insuficient
purificate. Aceastd posibilitate ar explica existenta apei oxigenate in solutie
chiar ¢t In cazul unui mecanism tetraelectronic 681,

Bockris sl Ssrinivasan 69 aduc urmiatoarele probe calita-
tive in favoarea unui mecanism de reducere a oxigenului prin intermediul
apel oxigenate

la reducerea oxigenului pe Hg se obtin doud potentiale de semi-
unda ; unul corespunzator reducerii O, la H,O, si altul corespunzator re-
ducerii H,O, la H,O;

-~ pe electrozi de carbon, 1n absenta catalizatorilor de descompu-
nere a H,0,, potentialul de repaos urmeaza variatia cu concentratia ionilor
OH~ i HO, ¢ cu presiunea partiald a oxigenului, conform ecuatiei lui
Nernst pentru reactia:

HO, - H,O - 2¢ — 30H- (2.39)

in lucrarile cu trasori, cind s-au folosit specii de oxigen marcat,
dupa reducerea catodicd i degazarea solutiel, analiza apel oxigenate a
confirmat faptul ¢a orice cale ce implicd ruperea legiturii O--O nu poate

fi luatd in considerare ; apa oxigenatd confinea oxigenul marcat [70].

2.3, Diseutii asupra reactiilor eu transfer hielectronie ¢e implicd pe-
roxidul de hidrogen. 2.3.7. Reducerea O, la H,0,. Rolul H,0, in reactia de
clectroreducere a oxigenului este incd viu discutat. Se stie c¢id, in unele
cazuri reducerea completd are loc prin intermediul apei oxigenate, viteza
procesului global, de reducere tatraelectronici, depinzind de viteza de
reducere a O, la H,O,.
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T'ig. 2.3. Supratensiunea oxigenului pe catozi 'de Pt lucioasd in
H,50, 2N; o — prima polarizare, A — a doua polarizare {19].

Studii efectuate asupra desfdsuririi procesulai, In conditii stationare,
pe catozi de Pt si metale platinice [71—73], au condus la curbe de tipul
celor schifate in fig. 2.3; din acestea se pot obfiune informatii asupra etapei
determinante de vitezd. In general asemenea curbe prezinti o regiune
Tafel Intre 10-5—10-3 Ajem? cu o pantd in jur de 0,1 V. Extrapolarea
pantei Tafel la potential nul, di pentru curentul de schimb i, o valoare
cuprinsd intre 10-%—10-20 Ajcm? S-a observat ci supratensiunea (n)
descreste cu cresterea temperaturii, dar cd panta Tafel ramine constanta.

Este interesant de mentionat cd la densitate de curent micd (<{10-¢
Afcm?®) nu s-a decelat H,0,, dar ea a fost senmalata la deusitate de curent
ridicatd (>10-* Ajecm?). In urma unei polarizirii catodice prelungite, con-
centratia de H,O, s-a ridicat pini la o valoare constanti cuprinsd Intre
10-¢—10-5 M.

La densitati de curent foarte scizute s-aobservat o deplasare a curbei
de polarizare spre valori mai ridicate ale lui v, pe masurdi ce creste
numdrul de polariziri efectuate pind la obtinerea unor valori reproductibile,
fig. 2.4. S-a ajuns la concluzia cd aceasta deplasare se datoreazi sciderii
potentialului de repaos cauzati de cresterea concentratiei H,0, produsi
in clectrolit la densitdti de curent ridicate. O dovada in acest sens este
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Iig. 24, Curbe de polarizare la clectroreducerea O, pe Pt in H,50, 18,

raptul cad la densitdti de curent <<10-¢ Ajcm? curbele n—logi sint para-
lele iar la densitati de curent >1078A/cm? ele se uncsc avind aproximativ
aceeasi panta.

Dupd cum se observd din fig. 2.3., valorile % la densitd{i de curent
cuprinse Intre 10-¢ si 10-* Ajem? sint mai ridicate in cazul primei pola-
rizari decit in cazul urmditoarei. Acest fenomen se pare ci este datorat
existentei pe suprafafa electrodului a unui film de oxigen adsorbit care,
conform constatdrilor lui Breiter [76], Wielstich [77] si ale lui
Myuller si Nekrasov [78], inhibd rcducerea O,. La densitifi de
curent de aproxlmatw 10-% Ajem? situatia se schimbid; v este mai mici
in cazul primei polarizari decit in cazul celei de a doua. Aparent, la den-
sitafi de curent mari, cind formarea H,0, este importantd, v oxigenului
este scdzutd. Aceastd constatare este un sprijin in favoarea afmna‘gu lui
Bianchi sicol [79], dupd care prezenta unui film de oxigen pe supra-
fata electrodului accelereazi reducerea H, ,0, 1Ta H,0.

Myuller si Nekrasov [80] aduc dovezi ferme in sprijinul
afirmatiei ci electroreducerea O, la H O are loc prin intermediul H,0,

In urma studiilor cfectuate pe clectrozi disc-rotitor ei confirmi reducerea
i doud ctape:

O, -+ 2H* & 2= > H,0, (2.40)
H,0, L 2H* -+ 2e- > 2H,0 (2.41)
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specificind ¢ atuncel cind procesul se desfasoarda pe electrozi acoperift
cu oxid k, > &, iar cind procesul se desfasoard pe electrozi liberi de oxid
ky >k, Faptele sint in deplin acord cu datele obtinute (fig. 2.3). care
aratda i filmul de oxigen adsorbit pe suprafata platinel micgoreazd viterza
de reducere a O, la H,0, (creste n ), in regiunea 10-%-10-% A/cm?®, unde
nu s-a acumulat H,0, In electrolit, dar mareste viteza de reducere a H,0,
la H,O (deci scade 7) in regiunca 10-* - 10-2 A'cm®, unde In electrolit
s-a acumulat H,O,.

Se poate dect spune ¢d H,0, se formeaza in decursul procesului global
al reducerii oxigenului la orice densitate de curent. Ia densitate de curent
micd {(<210~* A‘cm?), ea nu se semnaleazd in clectrolit, deoarece in acest
domeniu activitatea catalitica a platinel pentru descompunerea H,O, este
in acord cu densitatea de curent respectiva st deci viteza de descompunere
egaleaza viteza de formare. La densitate de curent ridicatd (> 10-1 Ajc®)
viteza de producere a H,0, este mai mare decit viteza de decompunere
a et stoastfel se ajunge la acumularea et (In cantitati mici, 105 10-3 M}
in clectrolit.

Gradul de puritate al solutiel influenfeaza de asemenca desfasurarca
procesulul | s-a observat cd impuritdti adsorbite pe suprafata electrodului
micsoreaza activitatea cataliticd a platinel in dirceetia descompunerii H,0,.

Propunerile conform carora mecanismul de reducere al oxigenulul se
schimba, de la unul in care H,0, nu este un intermediar, la densitati
Jde curent mict, fa altul in care H,O, este un  intermediar, la densitats
Je curent mart, nu sint constderate ca reale.

S-au efectuat numeroase experiente in vederea cluctdarii mecanismu-
tul de producere a 1,0, Reactiile general acceptate pentru formarea o1
inosolutit actde respeetiv alealine, sint

O, 2H" - 2 H,0, (242
O, 1 H,O - 2 . HO, - OH (2.43)

Cercetart efectuate in medin alecalin '80- 82 au ardtat ¢d potentialul
de repaos @ osatisface relatia Tui Nernst cu privire la dependenta deactivi-
tatea tonilor OH- st HO, | ca st de presiunea partiald a oxigenului:

I i -
oy Ol P
2t In = {244
i ])lJ: Cdppo

In solutii acide 8371 este satisfacuta relatia ¢
z const, - T—1n pq,, — I 1 (2.45

ande 1 oreprezinta densitatea de curent.
Studii efectuate pe diversi electrozi au condus la concluzia ¢ atunct
cind panta Tafel are o valoare de 0.1 V. EHN s 7 depinde de temperatura



ELECTROREDUCEREA OXIGENULUI 141

si de presiunea parfiald a oxigenului, calea cea mai probabili de formare
a H,0, este urmitoarea succesiune de etape:

(Og)ags  -F e = (02)aus (2.46)
(O3)aas -+ HT = (HOy)uas (2.47)
(HOy)uas 4 ¢ == (HOY )aas (2.48)
(HO Jags - HY = (H,0,) 0 (2.49)

Valorile pantelor Tafel si efectele pH-ului sint compatibile cu presupu-
nerea i prima etapd ce implicd transfer de sarcind este determinantid
de vitezd. Un astfel de mecanism este sustinut de majoritatea cercetitorilor,
18487, pentru formarea H,0, pe electrozi de platind si metale platinice.

Studii efectuate pe electrozi de Ag, Ni [88-—94] si carbune 95-98°
in mediu alcalin, au scos in Q\lan‘Ld (hcpt cea mai probabila cale de
formare a H,0, urmitoarea succesiune :

(Ocure -+ = (02 ) (2.50)
(07 Jaas -+ HLO - (I Oyl -~ HO- (2.31;
(H()v_))mls ¢ ( J ):ni~ (252)

Ambele mecanisme de producere a H,0,, prezentate mai sus sint in
concordantd cu observatia lui Yeager 70, potrivit cireia in decursul
reducerii oxigenului legatura O—0 nu sc distruge.

2.3.2. Reducerea H,0, la H,0. In urma experientelor lui Veager.
etectuate pe electrozi de carbune, apa oxigenatd ar putea {i consideratd
ca un produs final al reactiel de reducere a oxigenului. Cercetarile au aratat
insd cil procesul nu se opreste aici, in solutii semnalindu-se o concentrafic
stationara de H,0, Au fost propuse mal multe variante de desfisurare
in continuare a procesului de clectroreducere a oxigenului.

Ia concentratii mari de H,0, 51 pe suprafete liberefde oxigen adsorbit.

(rerischer si Gerischer 7 sustin un mec amsm de pild localid
compus din reactiile :
O, - 2H7 - 2e = H,O, (" 1.77 V;EHN) (2.53;
H,O, «+ 2H "~ - 2¢7 = 2H,0 (c¥ - 0,68 V/IEHN) (2.54

Avind In vedere c¢a potentialul normal standard al reactiei (2.54) este mai
pozitiv decit potentialul normal standard al reactiei (2.53), echilibrul (2.54)
este deplasat in directic catodica, pe cind cchilibrul (2.53) este deplasat
in direciie anodicd, astfel ¢d procesul global este de fapt consumarea apet
oxigenate :

2H,0, — 2H,0 | O, (2.55}

Dacd pe suprafata electrodului se presupunce existenta unui fih

de oxigen adsorbit, Bianchi, si col. 997 sustin c& Hy), este
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descompusd chimic. Ei afirma ¢d suprafata electrodului este oxidatd con-
form unei reactir de tipul:

H,0, -+ M — H,0 -1 MO (2.56)
dupd care urmeazd interactiunea dintre H,O, si oxidul intermediar format :
H,O, + MO - H,O -+ M | O, (2.57)

oxigenul eliberat putind participa la un nou proces de electrod.

Myuller s1 Nekrasov [100] susfin ¢d pe electrozii pe a ciror
suprafatd existd un strat de oxigen adsorbit este favorizati descompunerea
catalitica a H,O,:

9H,0, ~55 9H,0 - O, (2.58)

Se afirmi cd descompunerea cataliticd initiala a H,0,, cind este foarte
probabil ca pe suprafata electrodului sd existe un strat de oxigen adsor-
bit, are loc dupd un proces chimic (deci un mecanism Bianchi). Dupd ce
stratul de oxigen adsorbit a fost distrus complet, descompunerea catalitici
continud printr-un proces electrochimic (mecanism Gerischer).

Pe electrozii de cirbune, [1017, in solutii alcaline, evolutia apei oxige-
nate formate este dependentd de catalizatorul incorporat. Poate avea loc
o reducere chimica:

HO, -+ HyO + 2¢- += 30H- (2.59)
<au o reactie de descompunere chimicd printr-un mecanism de autoreducere
2ZHO; —» O, 4 201~ (2.60)

Recent s-au efectuat studii asupra desfisuririi reactiei de ecleetro-
reducere a oxigenului in prezenta unor chelati metalici de tipul ftalocianine-
lor, tetraazulenelor si tetraporfirinelor [102-—105].

Se crede cd mecanismul de desfisurare a procesului ar {i urmatorul

1067
Mo MY -boem s (d2?)t e (d2?) 4 em (2.61)
(Oy)suprafata — O,(solid) (2.62)
O,(solid) 4 Mt — O,nM™* (2.63)
O,mM* -1 e™ =5 0 (solid) 4 M* (2.64)
M* b em - M (2.65)
O, (solid) — O7 (suprafata) (2.66)
Og (suprafatd) 4 e~ + H,0 —» HO, + HO- (2.67)

unde M reprezintd un metal de tranzitie.
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Adsorbtia moleculei de oxigen are loc prin intermedial unei legdturi
slabe = intre un atom de oxigen (arbital =*) si suprafaja de adsorbtie
{atom de metal, arbital ds, si dy,). Ligandul intervine prin donare sau
acceptare de electron (legaturd = cu ionul central).

2.4. Natura supralietei electrodului si mecanismul de reactie. Mecanis-
mul reactiei de electroreducere a oxigenului diferd mult cu natura suprafetei
clectrodului. Posibilitatea existentel a doud suprafete diferite — una aco-
peritd cu oxid, la potentiale mai pozitive decit 1,0 V/EHN si alta, acoperita
cu oxigen adsorbit, 1a potentiale mai negative decit 1,0 V/EHN constituie
una din principalele dificultdti ce apar in elucidarea mecanismului de reactie.

Dupid numeroase cercetdri s-a ajuns la concluzia cd atunci cind acti-
vitatea cataliticd este mare si supratensiunea tinde si devind mai mica
decit 0,2 V/EHN substratul de reactie este oxid. Dacd supratensiunea este
insd mai mare decit 0,3 V/EHN este posibil ca reac;ia si se desfagoare
pe o suprafatd libera de o- 4000

xid. Natura suprafetel elec-

trodului depinde de pretra-

tamentul sau. > 300 & i
Appleby st Bo- »

ruska 11077 folosind trei

tipuri de electrozi de It 800

Jiferiti prin natura suprafe-

E(m/)

tet lor, au aritat modul pu- - - 5 -4
ernic 1n cate este 1 )

ternic in care este influentat Lo { ( A/cnl)
mecanismul dc natura su- g

*“df(te hg 25. I'ig. 2.5, Curbe de polarizare obtinute pe electrozi de
2. / Sglﬁyafgjg (W?d(l- Pt; o — suprafatd oxidatd, A -- suprafata liberd de

N P s afata v 1107 0.
ir LH electrod a carui su- oxid, {7 suprafata activa [107
prafatd este total acoperita 2000 T T T T T
enofazd de oxid produs prin
anodizare la potential inalt 1800 | .
se cousiderd a fi osuprafata \C
RE VRl ook o 1600 o®
oxidatd pe care poate sd se  —~ L N\\ e
idesfisoare clectroreducerea >
Oy T 1400 | - .
- A ey //

Fxemple tipice de pan- oy ., i
1 Tafel, anodice si catodice 1200 1

afel, anodice si catodice,
ahvtinute la redicerea oxie
obtinute Ia 1mduu,_l ea oxi 1060 04>
cenulml pe eiectrozt cu su- - B
prafata oxidatd, in mediu 800
acid, sint redate in fig. 2.6. d
Intersectia acestor pante —8 8 -7 *6 - -4 “3
are loc in jurul valorii de ‘ . 2
1.2 V/EHN, deci foarte Log Lt (A/em?)

»

A})roap.e de Vallo_area pOte.nf 1P ig. 2.6, Intersecia pantelor Tafel pe electrozi cu su-
t1alului reversibil al reactiel prafati oxidatd [162.



144 L. ONICIU, M. SUCIU

de electroreducere a oxigenulul, ceea ce sugereazed cd etapa determinants
de vitezd este aceeasi pentru reactia anodicd ca s pentru cea catodicd s1
ca viteza lor este aproximativ egala.

Tlolosind pentru exprimarea pantei Tafel ccuatia:

b 23 RT T -« (2.68)

se poate utiliza relatia lui Parsons pentru determinarea numdarului stocchio-
metric v al reactiei:

2

ny == (2, - % (2.6

unde n reprezinta numarul total de electroni mmplicatt iu procesul global,
iar 7, sl o, sint coeficientii de transfer (anodic, respectiv catodic). Presu-
punind cazul simplu, Tn care reactia de clectroreducere decurge in etape
conscceutive si in conditii de adsorbtie Langmuir, s¢ pot scrie relatiife

%, 7 By A 1,y (2.70}

a
7o == {1 — Bl oy (270

unde 8 reprezintd factorul de simetrie anodic, n, numarul de electrons
implicati In etapa (unicd) determinantd de vitezd, 1ar n, $1 n, numdarnd
total de electront transferati inaintea etapei determinante de viteza in pro-
cesul anodic, respectiv catodic. Conform relatiilor (2.70) i (2.71), pentru
v = 4 (valoarea observati experimental de mal mulft cereetatori), in presu
punerea ci 4 oSt g, &~ 2. =~ ', se obtine:

el

o ung e ] n, o lung, (2.72;

Seoobserva ca singurele solutii compatibile cu accastd ecuatie sint
fien, = I,cun, = n, =0;flc ng = 0cun, n, 2 healtfel presupunerea
¢a etapa determinanti de viteza este un transfer de sarcind este compati
bila cu prima solutic. Aceste solutil presupun ca nu se fransferi niei un
clectron inaintea etapel determinante de viteza, nicl i directic anodici
nicl in directie catodicd ; ctapa determinantd de vitezd are loc ea Insiss
de patru ord, rezultind un transfer de patru electront.

Dintre cele 16 mecanisme propuse pentru electroreducerea oxigenulus
64 numai trel sint compatibile cu aceste solutii. Unul dintre acestea este
mecanismul - peroxidului metalic” propus de Bockris (108

O, -+ M - MHLO == MHO, - MOH (2.73;
MHO, + M = MO -+ MOH (2.74:
MO - MH,O 2MOH (2.75
MOH « H™ e M - HO (2,76}

Datele obtinute in urma studitlor asupra electroreducerii oxigenuius
pe suprafete oxidate sugereaza ca primul transfer de sarcind poate fi con-
siderat ca etapa determinantd de viteza in toti electrolitii acizi, independent
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Jde antoni, concentratie sau temperaturd. Natura anionului intluenteazi
numal constanta de vitezd a reactiel si, Intr-o oarecare masurd, factorul
de simetrie.

2.4.2. Suprafete libere de oxizi. Un electrod pe a carui suprafatd existd
atomi de oxigen sau radicali HO—, adsorbiti in mai putin decit un strat
monoatonic, este considerat o suprafata libera de oxizi pe care se poate
desfasura clectroreducerea oxigenului. Astfel de suprafete se obtin prin redu-
cerea unor suprafete oxidate la 1,3 V/EHN timp de 1020 h.

[ucrari recente au aratat ¢d, in conditil de puritate avansatd, supra-
fetele libere de oxizi sint mai active decit suprafetele acoperite cu oxizi.
S-a ardtat de asemenea cd pe astfel de suprafefe adsorbtia impuritatilor
este asociata cu formarea apel oxigenate care se produce printr-un proces
paralel cu reactia de reducere tetraelectronicd a oxigenului la apa. Apa
oxigenatd nu s-a decelat in regiunea Tafel, dar ca s-a semnalat in regiu-
nea unde erau adsorbite impuritati. In solutii pure reducerca oxigenului
pe electrozi liberi de oxizi este un proces de ordinul intii, iar panta Tafel
este de 23 RTI. Presupunind ca adsorbtia are loc in conditii Langmuir,
se poate folost urmatoarea relatie pentru coeficientul de transfer «:

7o Bn e e (2.77)
2
unde 4 este factorul de simetrie pentru etapa determinanti de viteza, v
numarul stoechiometric al etapei determinante de viteza, n numarul de
clectroni transferati in etapa determinantd de vitezd, n, numirul de elec-
troni transferati Inaintea etapei determinante de vitezd.

Se presupune ca etapa determinantd de vitezd este un transfer de
sarcind cu B == 1/, s1 ¢cd un singur electron este transferat in etapa deter-
minantd de viteza, valoarea experimentald a lui = este 1, deci:

Singura solutie este ny, == 1 si v = 2. Dect daca v == 2, pentru ca procesul
global sd aiba loc o data. au loc doud reactii identice de trausfer de sarcina.
Ordinul chimic al reactiei de reducere a O, fiind 1/, si nu | cum s-a observat
experimental. Dect In conditii Langmuir etapa determinantd de vitezd nu
poate fi un transfer de sarcind dacd v nu are o valoarc apropiatid de uni-
tate. Dacd etapa determinantd de vitezd este un proces chimic, n = 0,
1n, /v = 1; din nou pentru ordinul unitar de reactie v poate fi 1 daca n, = 1.

Dintre mecanismele de reactie propuse pentru electroreducerea oxigenu-
lui 64 doar trei satisfac conditiile discutate. Unul dintre acestea este
cel propus de Conway si Bourgault [109

O, =M -+ MHO-= MHO, - MOH (2.79)
MHO, - M - MOH - MO (2.80)
MO - HY 4 e - MOH (2.81)
MOH - H' @ o~ M - H,0 (2.82)

10 Chemija 214973
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Damjanovice si Brusic [110] arata ca datele experimentale
nu se pot explica in presupunerea ca adsorbtia este de tip Langmuir.
S-a ajuns la concluzia ¢d in domeniul de potential fn care are loc reducerca
oxigenului electrodul este acoperit cu o cantitate de fragmente de api
(HO= si O7), mai micd decit un strat monoatomic. Dacid se presupunc
cd in procesul de electroreducere, intermediarii urmeazi aceeasi izoternid
ca yi fragmentele de apll adsorbitd, atunci este posibil si se demonstreze
ca datele experimentale sint conforme cu urmitorul mecanism :

Oy -+ M = MO, (2.85;
MO, - HY e = MHO, (284

etapa (2.84) cste determinanta de viteza si este urmatd de reactia:
MHO, -+ BHY -+ 3e~ = 2H,0 - M (2.85,

care se desfdgoard intr-o succesiune incd neelucidati. Adsorbtia intermediari-
lor este descrisd de izoterma Témkin.

De curind au fost redeterminate liniile Tafel, anodice $i catodice pen-
tru electroreducerea oxigenulul pe electrozi de Pt in H,80, 1 N. Valorilk
obtinute sint trecute in fig. 2.7. Linia 1 reprezinta valori obfinute pe elec-
trozi acoperifi cu oxid, iar linia 2, valori obtinute pe electrozi liberi de oxid.
Masuratorile efectuate pe clectrozi liberi de oxid aratd existenta unui

palier orizontal in jurul valorii de 1,0
4o g V/EHN. Dupa cum se observi liniile ano-
' § dice se intersecteazd cu cele catodice
| numai pe electrozi acoperiti cu oxid.
i Pantele diferite ale liniilor 1 si 2 arata ¢
la aproximativ 0.9 V/EHN viteza reactiei
14 ¢ de electroreducere a oxigenului este de
| , aproape 100 de orl mai mare pe electrozi
= gn ¢ liberi de oxid decit pe cel acoperiti cu
2 N oxid.
Y 245 Suprafete active. O ,suprafata
10} 2 activd” se considerd a {1 un electrod
! pe a carui suprafata exista un film de
oxid partial redus, considerat de Schu l-
08 L diner 1t Warner {1117 ca avind
atomi de oxigen adsorbiti in primele
T S Y S T straturi ale retelel metalice, iar de Fe t d-
8 6 4 berg . 112] pe jumitate din MO i
. 2 altd jumatate din MOH.
—Log t (Alem™) Cercetarile efectuate pe astfel de
suprafete arata ci la valori de potential
Fig 27 Curbele Tatel (anodice si mai mici deeit 0,73 V/EHN acestea sint
catodice) obtinute pe deetrosi cu su-pai phutin influentate de prezenta iti-
prafete in stéri diferite; o — suprafata oy N . LY )
oxidatd, A — suprafatd liberd de oxia  puritdtilor decit suprafefele oxidice =au
41, cele libere de oxid.

(5]

M
[l
=

1

10
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S-a sugerat cd un electrod de Pt care a fost puternic oxidat sl apot
redus cste o ,.forma activd’” stabila citeva ore, care este acoperitd cu un
strat de PtOH. S-a constatat insa, c¢d pentru reducerea oxidului de pla-
tind este necesard o cantitate de electricitate ce corespunde mai degrabid
reducerii oxigenului | dermasorbit’” decit reducerii unui strat de PtOH.
Termenul de ,oxigen dermasorbit” a fost introdus de Schuldiner
si Warner 111], care afirma ¢d dupa anodizare si reducere se formeaza
o tetea de atomi metalici dezordonatd ce contine atomi de oxigen, ,,oxigen
dermasorbit’”’.

Fste de notat ¢d suprafete cu adevirat active se obtin numai prin
anodiziri repetate sau prin tratamente cu agenti puternic oxidanii.

Se poate presupune ¢d refeauna de oxid redus confine un numar mare
de capcane de oxigen (ioni de oxid sau radicali de oxigen), radicali OH~,
precum si protoni ce difuzeaza prin retea. Straturile superioare ale electrodu-
lui sint de asemenea dezordonate si confin diferite vacante. O astfel de
suprafatd nu este deosebit de stabild, dar este mail stabild decit suprafata
platinei lucioase. Energia mare de refea, creatd prin prezenta radicalilor
de oxigen, Impiedici difuzia si deci destrimarea retelei cristaline. Cu creste-
rea cnergiei retelei metalice, creste taria legaturii intermediarilor adsorbitt.
ceea ce poate explica vitezele mai mari de reactie observate pe asgrel de
suprafefe. Adsorbfia are loc conform izotermei Langmuir.

Cercetarile arata ca si pe suprafete active etapa determinanta de viteza
pentru electroreducerea oxigenului este primul transfer de sarcina :

O, + M- H* & = = 2\HO, (2.85)

care are loc in conditii Langmuir.

(Intrat in redactie fa 28 mai 16757
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MEXAHH3MbL PEAKITHH VIEKTPOBOCCTAHOBJIEHMST KHC/TOPOJA
B TOTWVIHBHDLIX JIEMEHTAX C KHIKHM 2JEKTPOTMTOM (1)

(Pesonme)

CraThsi NPeACTaBIsieT oGOl COBPEMEHHYIO, HUUEPULBAIOULYIO TPAKTOBKY TeOPHH, Hbip-
GOTAHHLIX € LeAblo OOBSICHEHHS MEXAHH3Ma JIEKTPOBOCCTAHORJEHHS KHCJIOPOAA B TONIMBHLIX
3JeMEeHTAX C KHAKHM 3JexTposanToM. O6CYXKIAIOTCSA NpeiJoKenHble MeXaHH3Mbl, IKCIIepUMeH-
Tadblble Jlalibble, NoJyueHHble PA3JHUBLAE aBTOPAMH, 4 TAKJKe 1eficTBHe, OKa3anuoe 110BepX-
HOCTLIO 3NEKTPOAA 11 XOJI PEAKIHH.

MECANISMES DI LA REACTION D'ELECTROREDUCTION DE L’OXYGENE
DANS LES PILES & COMBUSTIBLE A [FLECTROINTE LIQUIDL (L,

(Résumd

1,/ étude est une présentation exhaustive moderne des théories élaborées pour expliquer le
mécanisme de Vélectroréduction de l'oxygeéne dans des piles 3 combustible A électrolyte
liquide. On discute les mécanismes proposés et les observations expérimentales de certains
auteurs, ainsi que le role de la surface de 'électrode dans la détermination de la voie de la
réaction,



Atlas of Thermoanalytical Curves, cdi-
ted by Go Liptay, Akadémiai Kiadd Buda-
pest, Hevden et Son Ltd., London., 1971
volo 1) 1973 (vol. 2).

Metodele termoanalitice s-au dezvoltat
toarie rapid in ultimele doud decenii giasindu-se
aplicatii largi atit in munca de rutind a labo-
ratearclor  de analizd, cit s in cercetare.
Aparatura modernd de mare productivitate
permite obtinerea de curbe termice complexe
TG, DTA, DTG dintr-o singurdt proba in
conditit diferite de lueru imarimea probed
incalzire, ctesy. permitind studiul

viterza de
comportarii termice o unui mumar mare de
combinatii. Fditerii prezentulul Afas si-an
prepus st pund la dispozitia cercetiitorilor
oocateetie de dingrame cu datele termoana-
Htieo cele mal importante  ale substantelor
~tudiite din acest punct de vedere. Piecare
substanta este caracterizatd prin doud seturi
de o earbe (luate cu o derivatograful  MOM).
Uunt se referit I o cantitate mici de probi
s oviteza de incalzire micd {de obicei 3 fminut
pentru combinatii  anorganice si 1 jminut
pentra combinatii organice), celilalt set de
dingrame o fost Inat cu o proba de 5--10
riomal mare, sioo vitezd de incilzire de ase-
mene mai tde obieei 10 minut pentru
combinatii minut  pentru
contbinatii lingd mirimea pro-
het st viteza de incdlzire, curbele de descon-
puncre uncori sint influentate si de alti fac-
tori (de exemplu atmosfera de laeru), semna-
lati de asemenca pe curbe. In unele eazuri
portiunile caracteristice ale curbelor de des-
compunere sint redate si pe o scard marita,
pentru a putea unmdri unele aspecte intine
ale descompunerii, de exemplu eliminarea
apei de cristalizare. Tot pentru acest scop
scara axel ordonatelor nu este uniformi la
toate  diagramele,  depinzind  de mirimea
sehimbiirilor de ¢reutate ce an loc in probi.

si 3

RECENZII

Tu vederea asigurdrii unei uniformjtiti
oarecare sia  posibilititii de compirare a
diagramelor din colectie, unele conditii expe-
rimentale au fost generalizate in conformi-
tate cu recomandirile ficute de ICTA (Con-
ferinta  Internationali pentru Analiza Ter-
micd) pentru standardizare, $i anume : a) pro-
hele au fost uscate la aer si au fost prelucrate
fird alt tratament termic, b) proba a fost
trecutd prin sita de 63 um, substanta
de referinta a fost totdeauna alfa-A1,0,, cal-
cinat la 1500 Pe lingd datele mentionate
se indicd si originea substanted Ia care se referd
curbele prezentate (firma producitoare sau
metoda de sintezd), greutatea moleculard st
vradul de puritate. Sub titlnl de Nofe se
rezumid pe scurt datele cele mai importante
ale curbelor, eventualele interpretiri, impre-
uni cu unele observatii practice utile, de
exemplu in cursul descompunerti se degaji
oaze nocive, cteo Sub  titlul de References
<e indici cele mai importante surse de infor-
mare privind investigarea termoanaliticd a
combinatiei prezentate.

Toate aceste date sint tipirite pe ambele
arti ale unei fise mari, aranjate in colectie
1

b
fupd ordinea aliabeticd n numelul substantei
in limba engleziy, Sistemul de dosar cu sine
permite rearanjarea fisclor dupi orice sistem,
respectiv completarea colectiel cu fisele ce
apar ulterior. Dintre cele doud volume api-
rute pind in prezent primul contine 50 de
substante (1--50), far vcel de-al doilea 75 de
substante (51--123), de naturd foarte dife-
rit combinatii ancrganice, oruanice, sub-
stunte mnaturale (argile, cirbuni, dolomita,
ete). Lucrarea, prezentatd in conditii grafice
exceptionale, permite documenturen rapidd
asupra proprietitilor termoanalitice ale sub-
stantelor, fiind deoscbit de ntild unui cerc
Lurg de specialisti.

!
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- Tn cel de al XVIll-lea an de aparitie (1973) Studia Universitatis Babes—Bolyai cuprinde
seriile
matematicd—mecanica (2 fascicule) ;
fizica (2 fascicule) ;
chimie (2 fascicule) ;
geologie — mineralogie (2 fascicule) ;
geografie (2 fascicule) ;
biologie (2 fascicule) ;
filozofie ;
sociologie ;
stiinte economice (2 fascicule) ;
psihologie —pedagogie ;
stiinte juridice ;
istorie (2 fascicule) ;
lingvistica—literatura (2 fascicule).

Ha XVIII rogy n3gaHua (1973) Studia Universitatis Babes — Bolyai BbIxognt cnepyto-
LUMU  CEPUAMM

MaTemMaTuKa—MexaHuKa (2 BbIMyCKa);
m3rka (2 BbINYCKa) ;

XUMUA (2 BbINYCKA) ;
reonorvs—muHepanorna (2 BbiMycka);
reorpama (2 BbinNycka) ;

6uonorus (2 BbIMycKa) ;

thunocodms ;

COLMONOrns ;

3KOHOMMYECKME HayKu (2 BbIMycKa) ;
NCUX0NOrNs—nefarorvka ;
opuanyeckne Hayku ;

uctopusi (2 BbINYCKa) ;
A3bIKO3HaHNe—NUTepaTypoBegeHe (2 BbIMycKa).

Dans leur XVIll-e année de publication (1973) les Studia Universitatis Babes—Bolyai
comportent les séries suivantes :

mathématiques—mécanique (2 fascicules) ;

physique (2 fascicules) ;

chimie (2 fascicules) ;

géologie—minéralogie (2 fascicules) ;

géographie (2 fascicules) ;

biologie (2 fascicules) ;

philosophie;

sociologie ;

sciences économiques (2 fascicules) :

psychologie—pédagogie ;

sciences juridiques;

histoire (2 fascicules) ;

linguistique—littérature (2 fascicules).
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