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ACID-BASE EQUILIBRIUM OF
THE PHENYLCYANOMETHYLENE-P-QUINONE-OXIME

10AN ZSAKO, CECILIA ANGHEL and REBECA COHN

The condensation of the benzylcyanide with nitrobenzene leads to the for-
mation of the phenylcyanomethylene-p-quinone oxime (I), as shown by Davis,
Pizzini and Benigni [1]. Accordingly to the presumed mechanism [1], first the
nitroso tautomeric form of I appears, i.e. in alcaline solutions the existence of the
following tautometric equilibrium can be presumed:

N=0 N—-0O—
N
N\ A4
(—)C—CN s C“—~CN (1)
7\, /l\
O 0
II 111

In the case of the final product 7, obtained by the addition of a proton to the
above anion, IR and NMR studies of the mentioned authors [1] could check up
only the presence of the conjugated acid, corresponding to the quinone oxime form I11.

The product [ is precipitated from alcaline solutions by acetic acid. Thus,
the existence of the following protolytic equilibrium can be presumed :

N—O- N—OH
& O
Yoo ¥

C—CN + H* = C—CN 2)
A A
\/ \/

III I
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In the present paper an attempt has been made to study the equilibria (1)
and (2) on spectrophotometrical way.

In order to make a quantitative study of the acid-base cquilibrium (2) and
to check up the existence or inexistence of the tautomeric equilibrium (1), the ab-
sorbtion spectrum of [ has been recorded in UV and visible regions, in solutions

of different pH values, cove-
[ fillg the range from O to 14.
These spectra showed the
existance of two forms, one
for pH < 7. the other for
pH = I1. In these conditions
the spectrum was not influ-
enced at all by the concentra-
tion of perchloric acid, or of
sodium hydroxyde, respecti-
vely. The corresponding ab-
sorbtion spectra are given in
Iig. 1. As seen, the shape of
the curves is the same in both
cases, onlyv the maxima are
shifted in acid solutions to-
wards the shorter wave leng-
ths. Since recording was per-
formed only beginning from
220 nm, one can presume the maximum at 271 nm in alcaline solutions to be
shifted so much by acidifying as it cannot appear in the studied region.

The wave lengths and the molar absorbtion coefficients for the absorbtion
maxima observed, are reported in Tab. 1.

In the pH range from 7 to 11 the absorbtion spectra show the existence of

an equilibrium between the two forms. Since [ is readily soluble in alcaline solu-
tions and it is precipitated by acetic acid,

7aple 7 it 1s obvious, that the above mentioned two

forms correspond to a protolytic equilibri-

Absorhtion maxima of / in acid and in um. Since the acidifying of the alcaline
alealine solutiou’s m.ul the f‘?r‘rﬁspondillg molar  goliition does not lead to a visible change
extinetion coefficients in colour and the absorbtion spectra are

06t

ot

02t

Fig. 1. Absorbtion spectrum of /.

pH — 5 pH - 13 of the same Shgpe, tl}e.re 15 no evidence for
% nm B x 1074 7, nm B x 1074 any tautomo‘f:rlc equilibrivm and presuma-
’ bly the studied compound has a quinone
260  0.586 271 0555 oxime structure in both solid ‘state and in
372 3.6l 312 0,353 aqueous solution.
105 3.97

In order to obtain quantitative data
concerning the protolytic equilibsrium (2),
Beer's law has been veryfied at 372 and 405 nm, corresponding to the large
maximum of the absorbtion curve in acid and in alcaline solutions, respectively.
Our measurements showed the validity of Beer’s law, as seen from Fig. 2.

The validity of Beer’s law allows us to determine the acidity constant of 1,
i.e. the equilibrium constant of reaction (2), by presuming the additivity of the
extinctions. The extinctions of the solutions at different pH values in the vicinity



ACID-BASE EQUILIBRIUM OF QUINONE-OXIME 7

of pH = 9 have been measured at 372 and 405 nm. By presuming the additivity
of extinctions, the overall extinction of the solution £, at the wave length 2 can be
given with the aid of the following relation:

Ao

Ey = Eyz o+ E; (1 — %) (3)

where o stands for the degree of dissocia-
tion, E,,, and E,; for the extinction of ¢
a solution of the same analytical concen-
tration at pH = 13 and pH = 5, respec-

tively, measured at the wave length 2. 08

By using the relation (3), the acidity
constant of 7 can be given in the following 06
way : 4

[HT" fH| I, — E oy

K=2X" 20 T 22T P rt (4 04

(1 — ac 1 - 1250, — 195 ’

By measuring E, in buffer solutions ool

with known pH values, relation (4) enables
us to derive K values. Some of the re-
sults are presented in Tah. 2.

One can observe the satisfactory cons-
tancy of the K values obtained, at both
wave length. Thus, the two absorption Iig 2 Verification of Beet's law.
spectra given in Fig. 1 can be considered
indeed to correspond to the protonated form [ aud to the anion I/, respectively.
Thus, in the pH range from 9 to 11, the protolytic equilibrium (2) really takes
place, and it can be characterized at 20°C and ionic strength of J = 0.1 M by
the following acidity constant:

A J
'

K = (1.31 + 0.07) x 10-9

Error has been calculated on the usual statistical way, on the basis of the
standard deviation, obtained by means of the least square method and by using
the tabuleted ty,, value [27.

Table 2
Determination of the acidity constantof / at 20°C and ionic¢ strength
J=01M
no=372nm, It ;= 082, I |, = 039 » = 405 nm, F;,; = 0.246, £ 5 == 0.90
pH
E; 4 K x 10° s « K x 10°
8.8 0.62 0.465 1.377 0.55 0.464 1.372
9.0 0.57 0.581 1.387 0.625 0.579 1.375
9.2 0.53 0.674 1.305 0.67 0.663 1.241
9.4 0.50 0.744 1.168 0.74 0.755 1.226

l mean value 1.309 mean value 1.303
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Experimental Part

Synthesis of the studied compound has been carried out accordingly to literature data [1]. A
standard solution of 5 x 1072 M of the studied compound has been prepared in ethanol-water mixture
1:1 and diluted as it was necessary, with water or aqueous solutions.

Absorption spectrum of the acid and alcaline solutions has been recorded by means of a Beckmann
recording spectrophotometer in the UV and visible region, from 220 to 800 nm.

Verifying Beer’s law and equilibrium measurements have been carried out by means of a VSU-1
spectrophotometer.

Buffer solutions of an overal concentration of 0,1 N have been prepared from KCl containing standard
boric acid and standard NaOH solutions.

All measurements have been performed at 20 4+ 0,5°C.

(Received August 12, 1970)
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ECHILIBRUL ACID-BAZA AL FENILCIANOMETILEN-P-CHINONOXIMEI

(Rezumat)

Inregistrind spectrul de absorbtie in UV siin vizibil a solutiilor de fenilcianometilen-p-chinonoxim
la diferite pH-uri, se stabilesc maximele de absorbtie gi coeficientii molari de extinctie corespunzitori pentru
forma acid# gi cea bazicd. Se observi o deplasare a maximelor in mediu acid spre lungimile de und3 mai mici,
fird schimbarea caracterului spectrului. Se presupune ci forma predominantd este cea chinonoximicd gi
in solutii. Se determini spectrofotometric constanta de aciditate a substantei studiate la 20°C gi la forta
ionicd J == 0,1 M. Se obtine valoarea de (1,31 - 0,07) - 10-°.

KHCJIOTHO-OCHOBHOE PABHOBECHE ®EHHJ/JILIMAHOMETHUJ/IEH-II-XHHOHOKCHMA
(Peswme)

3aperucTpupys CrieRTp norsiomeHHs 8 YO B B BUAHMOH 06J4CTAX PACTBOPOB (peHHILHAHOMETH/EH-
-NI-XHHOHOKCHMA 1IpDH pazanudblx pH, yCTaHABAMBAIOTCH MaKCHMYMbl IIOMVIOLIEHHSI H COOTBETCTBYIOULHE
MOJISIpHBle KO3(GHUHEHTH 3IKCTHHKIUMH A1 KHCJOH H OCHOBHOH ¢opmsl. OTMeyaercsi cMeLI€HHE MAKCH-
MYMOB B KHCJIOH Cpejle K MEHbLIHM JUIMHAM BOJIHB, 0e3 H3MeHeHHsi XapakTepa cnektpa. I[lpeanosaraer-
¢s, uyro npeobaanawoweil gopmoil sBasiercss GopMa XHHOHOKCHMHAs H B pactBopax. Onpegensercs Clek-
TPoPOTOMETPHUECKH KOHCTaHTA KHCJOTHOCTH H3yueHHoro BeulectBa npyu 20°C W npu HOHHOH cHie
J = 0,1 M. INonyyaerca 3nauenne (1,31 = 0,07) 10-2.



ON SOME QUINOLINIC HYDRAZIDES

CECILIA ANGHEL and ALEXANDRU SILBERG

In the present paper some new hydrazides are described, namely 2-methyl-
8-hydroxy-quinoline-4-carboxylic acid hydrazide (I), 2-methyl-5-hydroxy-qinoline-
4-carboxylic acid hydrazide (II) and 2-methyl-6-hydroxy-quinoline-4-carboxylic
acid hydrazide (III).

O O
R, c< R, ¢
| | "NH--NH, I | "OCH;,
SO0 ()
\\\/!\N/__CH:} \/\N/_"CH:;
| |
R, R,
I: R, =R, =H; R, = OH IV: R, =R,=H; R, = OH
II: R,=R,=H; R, = OH V: R, =R, = H; R, = OH
II: R, =R, = H; R, = OH VI: R,=R,=H; R, = OH

These compounds were obtained from the following acids : 2-methyl-(5. resp. 8)
hydroxy-quinoline-4-carboxylic acid synthetised by us in a earlier work [1] and
2-methyl-6-hydroxy-quinoline-4-carboxylic acid synthetised by J. Halber-
kann [2] and E. Dane [3]. These acids are converted in their chlorides, then
ipdesters. These esters are used for the preparation of the above mentioned hydra-
zides.

Some data concerning the new esters and hydrazides are listed in table 1.

Presuming the hydrazides I, II and III to have antimicrobic activity, their
activity, “in vitro”, was tested on several microorganisms. This testing was carried
out by Dr. Berkoff! from Smith-Kline-French Laboratories, Philadelphia.

From the three compounds (I, II and III), III gives a wide spectrum of
activity “in vitro” (see table 2) especially upon Candida Albicans. The same hydra-
zide also shows some activity in vitro upon M. gallisepticum (see table 2a). Tested
in vivo, by using ice infected with Candida Albicans, the substance ITI does not
show any activity (see table 3).

} We wish to express greateful acknowledgement to Dr. C. E. Berkoff for testing the bacterio-
static activity of the compounds prepared by us.
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Table 71
New compounds
Molecular Melt'mg N9 _
Compound Brutto formula weight point Yield ¢ calculated | N% found
= (uncorrected)
v CaH s NO, 231.16 75— 77° 16.22 6.06 6.66
v ' . 196 —198° 80.11 " 6.68
Vi " " 189--191° 31.58 . 6.53
I ¢, Hy; N;O, 217.0 259 —262° 67.60 19.35 20.50
11 » . 269--271° 78.12 . 19.40
ITT " . 260—263° 44.64 . 18.50
Table 2
The aclivity ”in vitre” of compounds
1, IT and 111
ug/ml
Compound Number
I ( 11 ‘ It
1 S. Faecalis — -
2 5. Aureus (R) - - -
3 8. Aureus (5) — — -
4 K. Pneumonia — — —
§  Ps. Aeruginosa - - —
6 E. Coli — - —
7 8. Typhimurium - - —
8 T. Menta - — —
9 Myco Smegmat. — — 3.12
10 C. Albicans — — 3.12
11 B. Subtilis — 200 3.12
12 Tricho. Foetus — — 10
13  Fus. Oxysporum - - 200
14  P. Citrium - - 200
15 A. Niger - 200
16  C. Noeformans - - 200
17 H. Capsulatum - e 200
18 B. Dermatidis — — 200
19  Xanthomonas V. - — —
20 8. Pyogenes — 200 —
21 Sarc. Lutea — - | -
Note: Test levels

12,5—3,12 ug/ml.

Test levels for T.” foetus were:
{Indicates NO activity at highest level tested}.

for bacteria and fungi

were : 200, 50,

10 and 50 ug/mi.

Table 2a

Test Ldentification Mic AGAR Dilution
Antimyecoplasma PPLO Test

i =y -
PE £ :
= 95 R =
225 S L | e
O &g < A |ZEC
111 M. gallisepticum yes 1.25 | 313
519 S—-6
TII M. Salivarium

no




QUINOLINIC HYDRAZIDES

11
Table 3
The aetivity of eompound 111
Compound . In vitro In vivo testing
number Infection activity : .
: ’ Animal ; Dose level Roote Davs l Activity
Candida l ]
11X albicans 3.12 l - —
11T Candida i %
albicans - mouse | 250 ! s.e | one inactive
’ my/ky i

Experimental. Al the three esters (TV, V, V1) and hydrazides (I, 11, II1), were prepared in
the same way. Since in the present paper the main attention is paid to compound I1I, the synthesis
of this one will be described.

2-Methyl-6-hvdroxv-quinoline-4-carboxylic acid

cthyl ester (VI)

3.4 g Z2-methvl-6-hydroxv-quinoline-4-carboxylic acid {2, 37

are suspended in 20 ml  anhvdrous
benzene.

10.7 ml thionyl chloride are added stepwise under cooling with ice. The mixture is allowed
at room temperature for 3 —4 hours and then heated on the stcambath for 90 minutes (a tube with CaCl,
is applied). The excess of thionylchloride and benzene are removed by distillation under diminjshed pressure
on the steam-bath. The residue {crude acyl chloride} 3.1 g is extracted with hot absolute ethanol, until
the solution obtained will be colourless. After filtration the ethanolic solution is distilled in vacuo, to re-
move the solvent, the residue is suspended in water, neutralized with 209, Na¥CO, and extracted with
ether. The ether laver is dried on anhydrous Na,80,, and then the ether removed by distillation. 1.2 ¢

crude VI is obtained so after two rtcr}st'\lhldtums from ethanol. The pure substance melts at 189—
—191°C.

2-Methvl-6-hvdroxy-quinoline-d-carboxylic acid hydvazide (711}
1.2 ¢ VI s suspended in 5 ml absolute ethanol and 1 ml of hvdrazine hydrate is added under cooling,

The mixture is boiled on the stem-bath for about 60 inutes ; then charcoal added and hot filtered. After

cooling, precipitate, 0,4 g III, in.p. 260—263°C. (The capllldr) tube containing the substance is put in the
sulfuric acid-bath at 255°C).

Other experimental data concerning the substances T ... VI are given in table 1.

{Received October 7, 1970
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HIDRAZIDE DIN CLASA CHINOLINTI

(Rezumat)

Lucrarea de fatd se referd la sinteza unor esteri (IN, 'V, V) si hidrazide (I, 11, II1) din clasa chino-
leinei (tabelul 1) necunoscute in literaturd si se indicit unele testiiri referitoare la activitatea antimicrobiani
a acestora, cu deosebire a produsului ITT atit ,,in vitro” ¢it si,,in vivo” (tabelul 2, tabelul 2a si tabe-
al 3).

Aceste testdri s-au executat in colaborare cu Smith-Kline I'rench

Laboratories din Philadelphia,
prin reprezentantul siu Dr, C. E. Berkoff.



12

T'UMAPA3HMIbBI M3 KJACCA XHMHOJIMHA
(PestoMe)

ABTOpH 3aHHMAIOTCH CHHTE3OM HEKOTOPHX CJIOXKHBIX s¢upos (IV, V, VI) u ruapasanos (1. 11,
I11) u3 xaacca xunonuua (Taba. 1), HeH3BECTHBIX B NHTEPATYpE, H YKA3HBAIOT HA HEKOTOPHE TECTH, CBHAe-
TeALCTBYIOHE 06 HX AHTHMHKDOGHOR aKTHBHOCTH, B ocobennoctd coepmuenus Ill, xak in vitro, Tak
H in vivo (rabamum, 2, 2a H 3).

3TH TecThl ObIM NPOH3BElleHH B COTPyAHHMuecTBe ¢ Smith—Kline French Laboratories wuz
Ouaazeaspuy yepea Hx npeactasureas Dr. C. E. Berkoff,



THE 2.4-DINITROPHENOL PREPARATION FROM 2.4-DINITROHALOGEN-
BENZENE (II)*

MARIA VAGAONESCU and MARIA IONESCU

The quaternary pyridinium salts of nitrohalogenbenzenes are able to give
splitting reactions [2-6], the yielded products depending upon the medium and
work conditions. By the 2.4 dinitro-phenylpyridiniumchloride hydrolysis, under
the action of formaldehyde, the 2.4-dinitrophenol was obtained [1]. This reaction
indicates a first order kinetik, having k = 2.6.10—2 min—! and % = 27 min. {7].

We decided to follow the influence of the halogen nature upon the stability
of the pyridinium derivatives, working comparatively with 2.4-dinitro-fluoro-,
chloro-, bromo- and iodo-benzene, obtaining, in all the cases, the 2.4-dinitrophe-
nol. The formation of the phenol occurs by means of the 2.4-dinitrophenylpyri-
dinium salt, according to the reactions:

a) “\ N TN NN x-
NO, NO,

b) TN TN - CH,O TN
NO, NO,

X =F, Cl, Br, J

As follows from the experimental data (table 1) the following order of reac-
tivity for the halogens is to be found: Cl > F ~ Br > J, according to the formed
phenol, with a maximum yield (93.64%,) for the chloroderivative, while the iodo-
derivative gives the lowest yield (63.459,).

* Note I see {I1].
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Table 1

Preparation of I.%-dinitrophenol from 2.4-dinitro-lI-halegenbenzene

SHEREN b) Vield o),
PN N\ yN CH,0 /N
Nr. O,N - { — 2 O, N — - 0OH
' ONLA N/
3 g g |
NO, o, NO,
i X o= I 0.981 0.354 79.7
2 | X = (1 " . 93.6
3 X = Br " " 81.9
4 o= ] , 63.5

a) 0.2--0.5 g of 2.4 dinitrohalogenbenzene have been used in all the determinations.
1) Solutioas of 347, formaldehyde d == 1.043 have Leen used.
¢} The vields represent the average of 10 determiuvations.

The same order of reactivity is also found in the case when the reaction is
started from the Z.4-dinitrophenylpyridinium halogenides prepared beforehand,
but with a lower yield (table 2). The reason of that fact is that, as the 2.4-dinitro-
phenol is formed, it is engaged in the reaction with the pyridiniumhalogenide,
giving N 2.4 -dinitrophenylpyridinium 2.4-dinitrophenolat :

P jrum— Ve —_— .
ox- N—on + [oxn-( \‘Ii N x-

. | N_/TNA Y TEY
| | |
NO, NO,

- TN NN o TN

- ON=G 2-N T 2p 0N -0

[ |
| O, NO,

We can also notice from table 2 an increase of the phenol vield with the increase
of the pvridine quantity. The nucleophilic substitution of the halogen is in indirect
rate with the molecular refraction, which increases in the following order F < Cl <
< Br << J (table 3).

The halogeus order of mobility coincides with the anion stability, which
decreases in the direction: F > Cl > Br > J.

The halogens mobility coincides with the solubility of the 2.4-dinitrophenyl-
pyridinium-halogenides, formed in the first stage of the reaction ; for the same cation
this solubility depends on the anion, in the following order: ¥ > Cl > Br > J.

The increase of the phenol yield with the amounts of pyridine, can be explained
by the fact that pyridine is a solvent for the quaternary pyridinium salts.

We have noticed that the nucleophilic displacement of activated halogens,
except fluorine, from aromatic derivatives, by pyridine, belongs to those known
so far about the other nucleophilic agents [8—15] namely, it presents an inversion
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Table 2
Preparation of 2.4-dinitrophenol from 2.4-dinitrophenyl-pyridinium halogenides
vield
O,N ‘”<:>"N<:> ‘;J VAR C SN ' ‘
- 2] N H,0 |O,N- —0OH
" o oo
J i o ”, :
NO, g s NO, )i o0
t=] g :
|
x == Cl
1 2.5060 0.0495 0.354 0.2402 67.04
2 Vs 0.4905 o 0,2682 82.10
3 . 0.4905 - 0,2645 80.94
x = Br
1 0.3381 0.0495 0.354 0.0899 47.15
2 0.3694 0.4505 ' 0.1377 65.70
3 0.4243 0.49035 ' 0.1670 69.72
1 0.4733 0.981 0.354 0.0991 37.80
2 0.4976 1.962 . 0.1299 46.20
3 .4550 1.962 Vs 0.1050 47.06
Table 3
2.4-dinitrohalogenbenzene copstants
/TN a) b)
OaN TN -X Mol. weight nLp. Mol refraction | Bond energy
f M, (G M, ¥ kcal/mole
NOy h
I |
OzN~\<:>~ P 186.10 46 43.296 1110
T
NO,
ogN—<:>_c1 202.55 53 48.366 1077
T
NO,
OZN»<:>—~Br 247.01 74 51.246 1064
i
NO,
OyN -~ <:\//\,~ J 294.00 87 56.466 1056
N
NO,

a) The molecular rcfraction Mr, has been calculated from Vogel's table data (1952) which contains the bond refrac-
tions for the I3 sodium line.

b) The boud energy has been calculated from the bond energies for the covalent bondings which appear in molecules,
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of the halogens reactivity compared to the alkylic halogene-derivatives in the SN,
reactions, in which the order is: J > Br > Cl > F.

Coneclusions. — An advantageous method for the preparation of 2.4-dinitro-
phenol from 2.4-dinitrohalogenbenzene, pyridine and formaledehyde is given.

— 2.4-dinitrophenol is obtained in identical conditions from 2.4 dinitrofiuoro-,
chloro-, bromo- and iodo-benzene, the chloroderivative giving a practical quan-
titative yield.

— 'The following halogens reactivity order is noticed: Cl << F ~ Br < J.

Experimental. 2.4-Dinitrophenol was obtained on heating the 2.4-dinitrohalogenbenzenes, pyridine
and formaldehyde on the water-bath, for 4 hours. The reaction product is poured into ice and by acidu-
lation with HCl, the 2,4-dinitrophenol with m.p == 112 — 113° is separated. The yield is calculated for the
raw product. The data are in the tables below.

Preparation of 2.4-dinitvophenylpyridinium 2.4-dinitrophenolat. 0.5 g 2.4-dinitrophyenylpridinium-
chloride is heated on the water-bath with 1 ml pyridine and 5 ml formaldehyde 349, for 30 minutes.
By pouring the reaction product into ice, 0.1436 g of N 2.4-dinitrophenylpyridinium 2.4-dinitrophenolat
is obtained, which recrystallises from ethyl alkohol. The product was identified by the melting point de-
termination, m.p. = 134° (lit. 142—143°) and by elementary microanalysis.
€2 H O N, (429.3) Caled. C 47.53, H 2.57, N 16.31

Found C 47.37, H. 2.78, N 16.38
(Received August 1, 1870)
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OBTINEREA 2.4-DINITROFENOLULUI DE LA 2.4-DINITROHALOGEN-BENZENI (II)

(Rezumat)

Se descrie o metodd avantajoasd pentru obtinerea 2.4-dinitrofenolului, de la 2.4-dinitrohalogen-
‘benzeni, piridina si formaldehidi. In conditii identice de lucru se obtine 2.4-dinitrofenolul de la 2.4-dinitro
F- Cl, — Br- si J-benzen, randamentul maxim fiind dat de clorderivat. Se constati urmitoarea or-
dine a reactivititii halogenilor: Cl - I’ ~ Br > J.

[MOJIYUEHUE 2.4-AMHUTPOGEHOJIA U3 2.4-IUHUTPOrAJIOTEHBEH3O0OJIOB (1)
(Pezome)

OnucniBaeTcst BHIFOAHBI Mero] nodyuenns 2,4-aunutpodenosna H3 2,4- AMHHTPOrajoreH6eH3onon,
NHpHAKHA H opmaablernia. B oauHakoBwx ycaoBHsx palorthl nosyyaercss 2,4-AHHHTPOdeHON H3 2.4-
anguTpo F,—Cl, —Br-, H J-GeH30/1a, NPHYUEM MAKCHMaJbHHI BEIXOJ AaéTCS XJOPNPOH3BOAHBIM. YCTaHo-
BJeH C/e]yIOWHH NOPSLOK PeakTHBHOCTH rajoreoB: Cl > F ~ Br > J



DETERMINARFEA ASCORBIOMETRICA A AURULUI, ARGINTULUI SI
BIOXIDULUI DE PLUMB

Aead. RALUCA RIPAN si GRIGORE TAUTU

Proprietétile puternic reducatoare ale acidului ascorbic au dus la o largd uti-
lizare a acestui reactiv in chimia analitici, cu ajutorul lui putindu-se doza un
numdr mare de substanfe oxidante.

Studiul intreprins de autori a dus la elaborarea unor metode ascorbiometrice
de determinare a aurului, argintului si bioxidului de plumb, prin adiugare de exces
de acid ascorbic la solutia sdrurilor de analizat, care apoi a fost titrat bromato-
metric in prezenta 2-6 diclorfenol-indofenolului drept indicator redox [1].

Acidul ascorbic a fost utilizat pentru determinarea aurului si argintului cu
indcarea potentiometrici a punctului de echivalentd [2], [3]. De asemenea pentru
determinarea gravimetricd a argintului (4] si peatru titrarea indirecti a aurului,
excesul de acid ascorbic fiind determinat iodometric [5]. Reactia acidului ascorbic
cu Pb** a fost utilizatd pentru titrarea potentiometrica a acidului ascorbic {6, 7].

Metodele propuse de dozare a aurului, argintului si bioxidului de plumb au
avantajul cd sint precise, conditiile de lucru sint usor de realizat si stabilitatea
solutiilor folosite este mare.

Mersul analizelor. Reactivii utilizafi:

— solutie de acid ascorbic 0,1 n gi 0,01 n, 0,02 n, cu titrul stabilit prin cintirire §i volumetric cu
bromat de potasiu {1];

— solutie de bromat de potasiu cu bromuri de potasiu, 0,1 n, 0,01 n, 0,02 n cu titrul stabilit prin
cintirire ;

— solutie apoasi 0,19, 0,05°;, de 26 diclorfenol-indofenol sau amestecul 1: 500 a acestui indicator
cu clorurd de sodiu solidi ;

— azotat de argint 0,1 n, 0,01 n cu titrul stabilit gravimetric {4];

— acid clorhidric 6 N (1 : 1) volume} ;

— amestec de acid azotic conc. d = 1,42 gi acid clorhidric cone. pa. = 1,19 in proportie de 1:3;

— aur pur;

— bioxid de plumb pulbere;

— acid acetic glacial.

Determinares aurului. Proba ce contine 1050 mg aur se dezagregi cu api regald si se duce la
sec de 3—4 orl pe baia de apit cu 20 ml acid clothidric pentru indepirtarea vaporilor -1 trosi. Apoi se acidu-
leazi solufia cu acid clorhidric astfel ca concentratia in acid clorhidric 93 fie 1 —2 N. Se adaugi apoi solutia
0,02 N de acid ascorbic in exces ¢i se 1asd s3 stea 5 minute pentru reducerea completd a Audt la aur elemen-
tar. Se aciduleazd din nou cu acid clorhidric astfel ca concentratia finald a acidului clorhidricsi fie 23 N.
Se adaugi 2 — 3 picéturi de 2 — 6 diclorfenol-indofenol gi se titreazi cu solutie 0,02 N bromat de potasiu pind
1a virajul indicatorului de la incolor la rogu violet persistent.

9 — Chemia fasc, 1/1971
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Tabel 7
oRait Froarea
Nr | Aur luat Aur gisit fati de | Rezultatele calculului
ert. g - medie X statistic
g (,U
i 0,01869 | 0,01873 | 100,21 +0,20 X = 100,019,
2 10,01869 | 0,01873 | 100,21 40,20 5, = 0,083
3 1 0,01869 | 0,01867 99.90 - 0,11 s? o« 0,042
4 0,01869 | 0,01873 | 100,21 -0,20 a =095k =9
5 1 0,01869 | 0,01867 99,90 -0,11 ty = 2,26
6 | 0,01869 | 0,01867 99,90 —0,11
7 1 0,01869 | 0,01873 | 100,21 40,20 A = 100,01 + 0,14
8 | 0,03738 | 0,03730 99,80 --0,21
9 | 0,03738 | 0,03725 99,65 0,36
10| 0,03738 | 0,03742 | 100,11 +0,10
Tabel 2
Argint - sRsi Hroarea
Nr. luat Argint yisit fata de Rezultatele calculului
ert. I - medie X statistic
g o
1 0,1078 0,1080 100,19 +0,10 Ix - 100,09
2 10,1078 0,1081 100,28 +0,19 i s, = 0,104
3 | 01078 0,1083 100,47 -+ 0,38 st = 0,093
4 | 0,1078 0,1082 100,39 +0.,30 x =095k =8
5 | 02156 0,2155 99,95 —0,14 |ty = 2,30
6 | 02156 0,2154 99,90 - 0,19 A == 100,09 = 0,24
7 0,0539 0,0539 100,00 0,0
8 | 0,0539 0,0536 99,45 ~0.684
9 0,0539 0,0540 100,18 +0,09
Tabel 3
, Bi‘l”‘idr Bioxid de plumb | piroarea
Nr. |de plumb gisit fats de | Rezultatele calculului
crt. luat - - medie X statistic
g g 0
1 0,0344 0,0345 100,29 - 0,48 X = 99,81
2 | 00412 | 00412 100,00 0.0 5y = 0,164
3 | 0,0508 0,0505 99,41 (), 40 s = 0,21
4 10,0873 0,0576 100,52 0,71 2= 0,95 k-~ 7
5 | 0,0635 0,0833 99,70 - 011 ty = 2,37
6 | 0,0665 0,0665 100,00 0,0 A = 99,81 + 0,39
7 | 00710 0,0705 99,30 -0,50
8 | 0,0892 0,0885 99,22 —1,59

Rezultatele determini-
rilor sint cuprinse in tabe-
Iul 1.

Pentru probe ce con-
tin intre 10—350 mg aur nu
este necesard filtrarea au-
rului inainte de titrarea cu
bromat. Pentru probele ce
contin peste 50 mg aur se
recomandd filtrarea sau o
diluare corespunzitoare a
solutiei de analizat. Prin
aceasta se inldtura efectut
jenant al aurului care are o
culoare rosie si la concentra-
tii mari ingreuneazi obser-
varea virajului indicatoru-
lui de la incolor la rosu
violet.

Determinarea argin-
tului. La solutiile slab acide
de siruri de argint ce con-
tin de la 50 —200 mg argint
se adaugd 20-50 1l solu-
tie 0,1 n acid ascorbic, se
lasd sii stea 2—3 minute, se
adaugii apoi acid clorhifric
astfel ca concentratia in
acid clorhidric s fie 2-3 n.
Se adaugd 23 picituri in-
dicator 2-—6 diclorfenolin-
dofenol si se titreazd cu bro-
mat de potasiu 0,1 n pina
la virajul indicatorului de Ia
incolor la rosu violet persis-
tent. Pentru concentratii
mai mici de 50 mg. argint
se vor folosi pentru titrare
solutii0,01 n de acid ascorbic
si bromat.

Rezultatele determi-
nirilor sint cuprinse in ta-
belul 2,

Determinarea  bioxi-
dului de plumb. La o probi
ce contine 10— 100 my bi-
oxid de plumb, se adaugi
25 ml apa si 5 ml acid ace-
tic glacial. Se incilzegte
ugor pinil la dizolvarea pre-
cipitatului. Se ricegte si se
adaungd 25 ml. acid ascorbic
0,1 n si acid clorhidric astfet

ca concentratia in acid clorhidric si fie 2—3 n. Se lasi sid stea 3—5 minute dupa care se adaugd 2-3

picitturi de indicator 2~35 diclorfenol-indofenol si se titreazd cu o solutie 0,1 n bromat de potasiu pind la
virarea indicatorului de la incolor la rosu violet persistent.

Rezultatele determinirilor sint cuprinse in tabelul 3.

Coneluzii. Determinarea aurului, argintului si bioxidului de plumb din solu-
title care contin Au®*, Ag™ si Pb**, la care se adaugd exces de acid ascorbic are
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apoi este titrat cu bromat de potasiu in prezenta 2—6 diclorfenol-indofenolului ca

indicator redox. s¢ poate face cu o precizie de - 0,14 pentru aur, 4- 0,24 pentru
argint si - 0,39 pentru bioxidul de plumb.

{Intrat in redactie la 15 iulie 1970)
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ACKOPBHOMETPHUECKOE OINPEAEJEHUE 30J0TA, CEPEBPA M JIBYOKHMCH CBHHIA

(Pezome)

K pacrsopaM, cojepHaiti™ Auvd+ i coasinyio kacaory 1w, Agtiu Put “(Ph0Q,, pacrtBopenHas B
YKCYCHOR KHC0Te) do0apaseTcd ackopOHHOBAN KHCJA0TA B H30wiTke. Uepes 3-5 MHHYT HOXKHCISETCS COS-

HOH KHCIOTOH 10 KOHUCHTPauHH 2-3 H M THTpyeTcss GPOMaToM B IPHCYTCTBHH 2-6 AHXJI0PEHON-HHE 10~
denoaa. Tounocrs Metoga -+0,149, aas soqota, 0,249

6 A cepedpa, -10,39°, Aas ABYOKMCH CBHHUA,
adst Kouneurpaunii 1050 mr soaota, 50--200 mr cepeGpa v 10—100 Mr ABYOKHCH CBHHUA.

DIVTERMINATION ASCORBIOMIYIRIOUE DE 1OR, DI 1IJARCENT ET DU BIOXYDE
DE PLOMB

{(Résumé)

Aux solutions contenant Aw’™, de U'acide chlorhydrique 11, Ag™ et Pb*" (PbO, dissout dansde l'acide
acétique) on ajoute de I'acide ascorbique en excés. Aprés 3—5 minutes on acidnle avec de Vacide chlor-

hydrique jusqu'a concentration de 2—3 n et on titre avec du bromate en présence de 2—6 dichlor-
phénol-indophénol. Précision de la miéthode : -

+0,142, pour l'or, 2-0,249, pour largent, - 0,399, pour
le bioxyde de plomb, pour des concentrations comprises entre 10—50 mg dor, 50200 mg d’argent et
10 — 100 mg de bioxyde de plomb,






UBER o«-DIOXIMINKOMPLEXYE DER UBERGANGSMETALLE (XXX)
Bis-Cyclopentandiondioximato-dinitro-kobaltiate

CSABA VARHELYL, LASZLGO SZOTYORI und 10SIF PALFI

In fritheren Arbeiten [1—3] wurde die Luftoxydation von Kobalt(1I)-salz-
Josungen in Gegenwart von alicyclischen Dioximen (1,2-Cyclohexandiondioxim,
1,2-Cyclopentandiondioxim) und von aromatischen Aminen untersucht und eine
Reihe von einwertigen Komplexkationen vom Diacido-tetramin-Typus : [Co(NioxH),
(Amin),]* und [Co(Cpdox. H),(Amin),]* (wo , NioxH"” und ,,Cpdox.H"” das koordi-
nierte Cyclohexandiondioxim, bzw. Cyclopentandiondioxim, und , Amin’” ver-
schiedene aromatische Amine bedeutet) beschrieben und charakterisiert.

Wir haben nachgewiesen, dass beide Dioxime mit Hexanitrokobaltiat sehr
leicht reagieren.

In dieser Arbeit beschreiben wir eine neue monobasische Komplexsiure:
H{Co(CpdoxH),(NO,),], deren Natriumsalz aus Natriumhexanitrokobaltiat und
Cyclopentandiondioxim entsteht.

Na,[Co(NO,)e] + 2 CpdoxH, == Na|Co(CpdoxH),(NQ,),] -+ 2NaNO,

+ 2HNO,

,CpdoxH” = H,C—C=N-OH
L

H,C. C=N-0
N\
CH,

Zur Darstellung des Natriumsalzes erwdarmt man das Na,[Co(NO,)s] mit 1,2-
Cyclopentandiondioxim im Molarverhiltnis 1:2, in verdiinnter #dthanolischer
Losung, wobei 4 Nitrogruppen durch 2 Oximreste ersetzt werden. Die Siure
H[Co(CploxH),{(NO,),] kann man aus der Loésung des Natriumsalzes mit Salz-
sdure oder mit Amberlit IR—120 Kationaustauscher in R—H Form in Freiheit
setzen. Der pH-Wert einer 0,01, molaren Lésung der Sdure betrdgt anndhernd

2,2—2,3. Die Verbindung ist also eine starke Sdure gleich der analogen Bis-dimethyl-
glvoxxmato -dinitro-saure : H{Co(DH),(NO,),} [4].

Die Salze mit farblosen Kationen sind briunlichgelb, die Alkali- und ¥rd-
alkalisalze in Wasser leicht 16slich. H{Co(CpdoxH),-(NO,),] bildet mit hetero-
cyclischen Aminen und Alkaloiden ammonian: salzahnliche Verbindungen, die
im Gegensatz zu den Reineckeaten (Amin.H C.(NCS),{NH,),]) in Wasser und
Athanol leicht Ioslich und deshalb fiir analytische Zwecke ungeeignet sind.
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Die wissrige Losung des Natriumsalzes gibt mit Metallsalzen, wie CsNO,-
AgNO;, TINO,, Ph(NO,), und Hg(NO,), und mit Komplexsalzen der Diacidotetramin,
Reihe : [Colen),ClL,]Cl, [Co(Pyridin), CIZ]CI, [Co(en),Br, |Br. Fillungsreaktionen.
Die zwei- und dreiwertigen Metallamin-kationen, wie [Ca(NH,;1,12%, [Zn{NH,],1*",
[Ni{en),*", [Colen),(Amin)C12* (Amin = NH,, Anilin, Pyridin, Picolin),
[Co(NH,)s1*%, [Colen);1*+, [Cr(en),** und die Me?* -ionen: Cu, Ni, Co, Zn, Mn,
und UOZ* geben keine Fillungsreaktionen.

Fir das Co(deoxH)‘,(N o))" ist die B11dung bindrer Komplexsalzen vom
Typus [Co{DioxH),(Amin),] Co(&pdoxH) (NO,),: sehr charakteristisch.

Es wurden 18 Salze der HICo(CpdoxH),{NO,), ! dargestellt und charakteri-

siert. Die Herstellung von diesen Verbindungen bhestitigt die Formel des mneuen
Komplexanions.

Zur Klarung einiger Strukturfragen wurden auch spektrophotometrische
Untersuchungen im UV und IR-Bereiche des Spektrums durchgefiihrt.

Experimentelter Teil

Synthese von 1,2-Cyclopentandiondivxim. Durch Hydrolvse von 2-Brom-cyclopentanon {57 beim
¥rhitzen in wissriger Losung entsteht 2-Hydroxv-eyclopentanon, das mit FeCly zu 1,2-Cyclopentandion
oxvdiert wird. Dieses wird mit Hydroxylamin zum Dioxim umgesetzt. [8]. Na[Co(CpdoxH)y(NO,) 1-
-L.dsung. 4,04 g Na, [Co(NO,), (10 mMol} in 25 ml Wasser, werden mit 2,45 g 1,2-Cyclopentandion-
dioxim (20 mMol) in 25 ml 70 proz. Athanol versetzt und 2 Stunden anf dem Wasserbade erhitzt,
Unter Stickoxyd-Fantwicklung entsteht eine dunkelbraune Iosung. Nach dem Filtrieren wird diese fiir
die doppelten Umsetzungen verwendet.

H{Co{CpdoxH),(NO,),] wird aus der konz. Losung des Natriumsalzes mit {iberschiissiger 25 proz.
Salzsiiure erhalten. Die ausgeschiedenen, gelbbraunen Prismmen werden abgesaugt, mit wenig Ather-
Athanol-Mischung (10: 1) ausgewaschen, bei Raumtemperatur an der Luft getrocknet. Ausb. 25--30¢9
d. Th. Leicht Ioslich in Wasser und Athanol.

H{Co(C,H;N,0,),(NOyj," (406,2) ber. Co 14,51, N 20,69
gef. Co 14,65, N 20,80
Cs[Co{CpdoxH),(NO,),]. 3 mMol NalCo(CpdoxH),(NO,), in 25 ml Wasser werden mit 2 g CsNO,

in 20 ml Wasser vereinigt. Nach 12 stindigem Stehenlassen wird die ausgefallene, gelbbraune kristal-
line Masse abgesaugt und mit wenig Wasser gewaschen. Kleine, gelbbraune Prismen. Ausb. 509, d.Th,

Cs{Co(C,H,N,0,),(NO;),1(538,1) ber. Co 10,95, N 15, 62
gef. Co 11,10, N 15,50
Ag[Co{CpdoxH)43(NOy)y . Beim Behandeln von 3 mMol NaCo(CpdoxH)(NO,},1in 25 ml Wasser mit

3 g AgNO, in 30 ml Wasser, fiillt nach 1 — 2 8td. eine mikrokristalline, braungelbe Masse
aus. Ausb. 45°%, 4.Th.

AgCo(C,H N, 0,),(NO,),1.(513,1) ber. Co 11,49, N 16,38
gef. Co 11,60, N 16,29
T1 Co(CpdoxH)4(NOy)e? 3 mMol Na{Co{CpdoxH)o{NO,),] in 25 ml Wasser werden mit 2,1 ¢

(7,5 mMol) TINO, in 30 ml Wasser versetzt. Nach 3 Stunden wird die ausgefallene, gelbe, mik rokris-
talline Masse abgesaugt. Ausb. 559, d. Th.

TI[Co(C,H,;N,0,),(NO,), (609,6) ber. Co 9,66 N 13,79
gef. Co 9,52, N 13,66

trans-[Colen),Cly| [Col ﬁdoxH)g(N()) 1. Grosse, olivgriine, hexagonale Tafeln erhaltlich aus 3
mMol Na{Co(deoxH),()O },in 25 ml Wasser und aus 5 mMol trans-{Co(en),Cl,}Cl in 150 ml Wa sser
Ausb. 309, d.Th.)

[Cof{CyHN;),Cly T [Co(C HRN;0,),(NO,), 1 (655,0) ber.: Co 18,00, N 21,39
gef.: Co 18,18, N 21,46
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trans-[Colen)yBry } [Co(CpdoxH),(NO,),]. Man lost 5 mMol trans-{Co{en),Br,]Br in 100 ml Wasser
und versetzt tropfenweise mit 3 mMol Na[Co{CpdoxH),(NO,},| in 25 ml Wasser. Gelbgriine Prismen.
Ausb. 609, d. Th.

[Co(CHgN,),Bry ! [Co(C.HN,0,),(NO,),1 (744,0)  ber. Co 1584, N 18,83
gef. Co 15,73, N 18,86
{Co(Pyridin),Cly | [Co(CpdoxvH)3(NO,),, 1, wird aus 5 mMol [Co(Pyridin}, 1, C1{7] in 100 ml Wasser
und 3 mMol Na[Co(CpdoxH),(NO,),] in 25 ml Wasser crhalten. Gelbgriiner, mikrokristalliner Nieder-
schlag. Ausb. 659, d.Th)
[ColC,H N, Cly ! [Co(CLHLNLO,),(NO,), 1 (851,4) ber.: Co 13,85, N 16,45
gef.: Co 13,70 N 16,31
[ColDH){NH ) [ColCpdoxH),(NO,), ] Man erwirmt 5 mMol [Co(NH,) C11CL,, 10 m Mol Dimethyl-

glyoxim in 200 ml 70 proz. Athanol auf dem Wasserbade. Nach 2—3 Stunden filtriert man die Losung
und vereinigt mit 3 mMol Na[Co(CpdoxH),(NO, in 25 ml Wasser. Gelbe Prismen. Ausb. 409, d.Th.

{Co(C,H,N,0,),(NH), | [Co(C,H.N,0,0,(NO,),1(728,3) ber.: Co 16,19, N 23,06
gef.: Co 16,26, N 23,17

[Co{DH) (Amin)y | [Co{CpdoxH){NOy, 1. 1,16 ¢ (10 mMiol) Dimethylglyoxim in 50 ml Athanol
werden unter Zugabe von 15 mMol Amin (Anilin, Toluidin, Anisidin, Phenetidin, Naphtylamin, usw)
unter Rithren auf dem Wasserhbade erhitzt. Dann gibt man 1,25 ¢ (5 mMol} Co(CH,-COO0), . 4H,0
in 15 ml Wasser hinzu und leitet 3—4 Stunden einen starken TLuftstrom durch die Losung {87, Nach
Filtration wird die gelbbraune, bzw. rotbraune Fliissigkeit mit je 3 mMol NajCo{CpdoxH),(NO,),] in
25 ml Wasser behandelt. Die entstandenen kristallinen Niederschlige werden nach 1—-2 Stunden ab-
filtriert und mit verd. Alkohol gewaschen. Die Versuchsdaten sind in Tabelle 1 zusammengestellt,

Tabelle 1

Neue Komplexsalze vem Typus [Co(DH), (Amin),j] (Co(Cpdoxt), (NO,),]

2 :'1\ Analyse
B Mol.-
Nr. Verbindung 2 Charakteristik <o
- z Gew, . Gef
z2s Ber. xef,
1 [Co(DH),(Anilin), ]A 43 Gelbbranne 880,6 | Co 13,18 13,28
Dendrite N 19,08 19,25
2 [Co(DH),(m-Toluidinj, |.A 58 Dunkelbraune 908,6 | Co 12,96 12,68
Tafeln N 18,49 18,70
3 [Co(DH),(p-Toluidin), . A 40 Grosse, hraune 908,6 | Co 12,96 12,64
Prismen N 18,49 18,30
4 [Co(DH),(m-Amino-phenal), |.A 30 Unregelmissige, 912,4 | Co 12,92 12,88
hellbraune Tafeln N 18,41 18,60
5 [{Co(DH),(p-Anisidin), iA 55 Schongewachsene 940,5 | Co 12,50 12.42
braune Prismen N 17,86 17,70
6 [Co(DDH),(p-Phinetidin), A 65 Rotbraune Prismen 968,5 | Co 12,17 12,05
7 [Co{DH),(p-Athyl-anilin), . A 75 Gelbe Nadeln 936,5 | Co 12,58 12,50
N 17,98 17,80
8 [Co(DH),(«-Naphtylamin),]A 85 Helibraune, kleine 980,51 Co 12,24 12,10
Plattchen N 17,13 17,30
[Co(DH),(-Naphtylamin),].A 75 Rotbraune Tafeln 980,5 | Co 12,24 12,30
10 [Co(DH),(p-Cl-anilin), ].A 50 Rektangulire, braune | 949,2 | Co 12,42 12,36
Plittchen N 17,70 17,50
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Die Lichtabsorption von Cs[Co(CpdoxH),(NQ,),] wurde in 50 proz. Athanol
gemessen. Die dargestellte Kurve folgt in allen Teilen dem Beersehen Gesetz.
Das Absorptionsspektrum (Abb. 1) zeigt 2 Maxima: ; = 335 nm, logs, = 3,82,
Ay == 255 nm, loge, = 4,40 und 2 Inflexionspunkte » = 410 nm, log £ = 2,70
und % = 290 nm, loge = 3,95. Die Bande bei 255 nm, steht wahrscheinlich in
Beziehung mit der Atomgruppierung:

O—H.0O
| 1
—C= N N =C—
NS
Co
AN
—C— N N =C-
! |
O0..H-0O

Diese Bande wurde in den Spektren der Kobalt(III)-dimethylglyoximinkomplexe
von Ablov und Filippov [9] bei 250 nm gefunden.

Das Ultrarotspektrum von Cs{Co(CpdoxH,)(NO,),} wurde mit einem Spektro-
photometer UR 10 (Carl Zeiss Jena) gemessen. Die Substanz wurde in KBr-Press-
lingen untersucht.

Die in diesem Spektrum bei 1545 cm—! auftretende Bandeist der C=N Vlenz-
schwingung des koordinierten Dioximes zuzuordnen.

Diese Bande tritt bei den freien o-Dioximen bei héheren Werten auf: 1640
cem~1 Nach Blind¢ und HadZi [10] sind die Valenzschwingungen "N—O und *"N—OH
des koordinierten Dimethylglyoximes bei 1090 und 1240 cm~-! erkennbar. Diese
Frequenzen erscheinen wahrscheinlich bei dem Cs[Co(CpdoxH),(NO,),] um 1100
und 1230 cm—?, und geben einen direkten Beweis fiir den kovalenten Charakter
der Co-N (Oxim)-bindung. Die Valenzschwingungen*N—Q und die Deformations-
schwingungen §0—N-—O der Nitrogruppen bei 1418,1330 und 824 cm™! sind wie
auch im Falle anderer Kobalt(III)-komplexverbindungen: Nas[Co(NO,)s], [Co(en),
(NO,),1Cl, usw. erkennbar. Die Anwesenheit der zwei Cyclopentandiondioxim-
liganden in der inneren Koordinationssphidre verursacht keine Verschiebung der

A
e d
kS 00 ‘ — - «
51 w1 ‘ ‘/L/’ . /
-~y
cainge f\\{
%, i
& S
:250- l f/\J
° 1
£ 4 !
3 Sl CS[&(C}JU/UX/'/)‘;(/VUZ)%/
3 |
L TR
2 . . - 0 ian 200 g0 0 o0 1ok 90 W0 6 S0 4R
2 W W A Wellen zahl (cm")
Abb. 1. Absorptionsspektrum Abb. 2, UR-Spektrum des Cs.[Co(CpdoxH),(NO,),].

des Cs.[Co(CpdoxH),(NQ,),].
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Schwingungsfrequenzen der Nitrogruppen. Bei 2360,2300 cm~! bei 1700 cm™!
treten schwache Banden auf, welche nach Angaben fiir die analogen Dimethyl-
glyoximin Co(III)-komplexen [11, 12], der intramolekularen Wasserstoff-Bin-
dung des Co(CpdoxH),-Radikals zuzuordnen ist. (*OH : 2360, 2300, SOH : 1700
cm~t). Das Auftreten dieser schwachen Banden ist ein direkter Beweis fiir die
Planarkonfiguration des Co{CpdoxH),-Restes, bzw. fiir die trans geometrische
Konfiguration des [Co(CpdoxH),(NQ,),|~ Anions,

{Eingegangen am 7. Oktober 1970}
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DESPRE «DIOXIMATII METALELOR DE TRANZITIE (XXX)
Bis-ciclopentandiondio ximato-dinitro-cobaltiapi

(Rezumat)

S-a obtinut un acid complex monobazic nou: H[Co(CpdoxH),(NO,),] din Na,[Co(NO,),] si din
1,2-ciclopentandiondioxima (,,CpdoxH,”’). Formula acestui acid s-a dovedit pe cale preparativi obti-
nindu-se 18 siruri cu ioni metalici (Cs™, Ag", TIT si Hg*") i cu cationi complecsi cobalt(IIl) aminici
monovalenti. Pentru limurirea unor probleme structurale s-au efectuat misuritori spectrofotometrice
in domeniul UV si IR al spectrului.

Ob «-JMOKCHUMATAX NEPEXOJHBIX METAJIJIOB (XXX)
Buc-yuxronenmanOuonduokcumamo-Ounumpo-kobaivmuanot

(PesziomMme)

TNonyyeHa HOBas MOHOOCHOBHas KoMIsieKcHast Kuceaora: H[Co(CpdoxH),(NO,),] #3 Na,[Co(NO,),]
¥ u3 1,2-nmukgoneuranauongnokcuma  (,,CpdoxH,”). Popmynra 3Toft KHCAOTH OHia  JlOKAasaHa npe-
NapaTHBHLIM MYTEM, NPHUYEM Owto nonyyeno 18 cosell ¢ Meta/yiHuecKuMH HoHaMH (Cst,Ag™,T1+ Hg?t)
H C KOMIIEKCHhIMH OAHOBaJeHTHHMH Ko6aapT (II1) amunupiMu katHoHamu. [lnisl BHACHEHHS HEKOTODPHIX
CTPYKTYPHEIX BONDOCOB OHIK NpoH3BeJeHHb! criekTpodoToMeTpRUeckHe Hamepenus B YP u MK obaactax.






METODA ARIEI IN DETERMINAREA VOLUMULUI DE ECHIVALENTA
IN TITRAREA POTENTIOMETRICA

D. C. CORMOS si 1. MARUSCIAC

1. Introducere. Una din metodele de determinare a volumului de echivalenti
in titrarea potentiometricd constd in urmitoarele: dupd ce se reprezintd grafic
datele experimentale, se cautd si se ducd o dreaptd (fig. 1) astfel incit cele doud
domenii determinate de aceastd dreaptd si curba obtinutd sd fie echivalente, adici
sd aibd arii egale; abscisa punctului de intersectie a dreptei cu curba este tocmai
volumul de echivalenta [1]. Acest procedeu este aplicabil in cazul curbelor simetrice.
Dacé curba de titrare nu este simetrica, atunci, cunoscind coeficientul de asimetrie,
se aplicd metoda amintitd dupa ce in prealabil se simetrizeazi curba de titrare.

Aceastd metodd are dezavantajul cd, aprecierea ariei ficindu-se ,,dupd ochi”,
precizia este mica. Dealtfel toate metodele grafice se caracterizeazd printr-o precizie
redusa.

In prezenta lucrare se propune o metoda numerici, avind la bazi aceeasi idee,

adicad ideea egalitatii ariilor, insd calculul ariilor se face cu cunoscuta metodd a
trapezelor.

2. Deserierea metodei. a) Cazul curbe- f pH( £)
lor stmetyice. Pentru simplificarea scri-
erii sd punem V = x gi pH(E) = v,
atunci egalitatea ariilor domeniilor D, '
si D, (fig. 2) se exprimd sub forma ~
egalitdfii
Su =Sy
unde
v d
5 :
So =\ /(z) dx (1) !
x, i
:
este aria trapezului curbiliniu mirginit 'v >
superior de curba de titrare % v

¥ = fx) Fig L
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iar

~? [

Sy =B, — ) @
este aria trapezulul mirginit superior de
dreapta capitata.

Intrucit curba teoretici se aproximeazi
printr-o curbid experimentald, f(x) se cunoaste
numai pe punctele 4,(x,, v), i=1,2, ..., #n
integrala (1) se poate calcula cu metoda
trapezelor. Astfel, aplicind formula trapezu-
lui fiecarui interval fx,, x,.;], avem

X

|
1
b
i
A i
: : w1tk n -1 .
o Si=5 | ode = T u e - ),
). [l [ 1 -
Co |
[ : : X salt
I, x x, x e
i I
Fig, 2. Sp = b, (i + v (0 — ). (3)

1==1

In cazul cind pasul titrdrii este constant, atunci

Xy — X, = Ax = AV}, t=1,2 ..., n— 1

si formula (3) devine
N 4 1 Ax
Su = 2 (vi +v)Ax = ",;i (vi+va+ v vy g+ oy e
R ~

| i 0!
T S ) (3}

Prin urmare in cazul cind titrarea se face cu pas constant, aria S, se calculeazd
dupid formula obisnuitd a trapezelor:

<

; oty , . <
S:‘ = (__1_._’1 _iL :\"2 .%V }"3 + - + .\,"’ l) Ax‘ (3')
Algoritmul propus constd acum in urmatoarele :
, . v, . . T . 5
1°. Se ia un punct x, = - s se alege apoi x, aproximativ simetric fata de

punctul de echivalenta.
2¢. Se calculeazd apoi S’ si §” dupa formulele (2) si respectiv (3) sau (3').

Daci

* Prin V, s-a notat volumul de echivalenti.
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atunci
Xy Xy

g, =2ty

o

Dacd S, < S,’, atunci se trece la x,.,, calculindu-se din nou S;., si S,/ si
procedeul se repeta.

Dacd S) > S/, atunct se trece la x, ,, calculindu-se S;, ;i S,/ |, si din nou
procedeul se repetd.

Algoritmul se opreste atunci cind vom gisi un indice n pentru care avem

S, = S;’, sau pentru care
’ A < N4 .. ~f !
Sn < ‘SM 51 5n11> ‘Sﬂ 1
sau respectiv

o S
Sf'l > S‘rl §1 B rlz -1 << sz 41

adicd dupa care sensul inegalitatilor se schimba.

Atunci
. Vi s Vg
5= Lt @
unde
~ Yy = ¥n
yn - 9
si
> Y1 Ve =
L\”l l. S — (o)

9

Observatia 1. Pentru a calcula S;., sau respectiv S, |, cunoscind deja S

nu e nevoie si se foloseascd formulele (3) respectiv (3'), ci ele se calculeazi dupd
formulele

1
’ 7 .
SH 1T Sﬂ + ;(\’n —!' S n 1) ('\'u 1 xn)
, Ly (6)
S” -1 7 ‘Sn —“ ,; (yn— 1 ‘%‘ yn) (xn I 1)'
Observatia 2. In practica, drept y, se poate lua
-+ y .
,\,6:3'1!301 sau ,\,6:,1’1“}’1:‘1
i 2 - 2
- . . .. ~ . 1. . \ R
corespunzitor diferenfei minime intre S, si S, si respectiv S;,, 1 S, .
3°. Valoarea volumului de echivalentd se calculeazd dupi formula
i . Ye — %1 .
I‘tf = xa = X _é" L (xn - xl)) (7)
¥u — Y1

. . . ’ a4 . v A ~
unde n este indicele pentru care diferenta S, — S, este minima in valoare absoluta.
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<

o . Yo Ny Lot U . o . N .
Daca diferentele [ S, — S, | i (S, — S, ;| diferd putin intre ele, atunci
7] 1

se poat calcula volu mul de echivalenta dupd formula

A L, yn - yx Ay v Ay -y . ~r
s 11 My 2

Observatra 5. Metoda propusd poate fi aplicatd si pentru gasirea valorii pro-
prietafii de echivalen{d. Pentru aceasta este suficient s folosiin formula (4), adica
. Y BEER! .

2
Deoarece proprietatea corespunzitoare volumului de echivalentd este infinitd 12--37
intruclt dreapta

Yo x =V,

este asimptota curbei teoretice, prin proprietatea la echivalentd infelegem proprie-
tatea corespunzitoare punctului de intersectie al dreptel considerate cu asimptota
x ==, = b, .

b. azul curbelor asimetrice. In cazul curbelor asimetrice de titrare potentio-
metricd, se poate aplica metoda deserisa la punctul ¢ daca se cunoaste printr-o
metodd oarecare gradul de asimetrie.

Astfel » fiind gradul de asimetrie al curbei experimentale v = f(x), curba

v

~o= fF(x), unde
/‘:E:('\,) p {f(x), : B /6 . } R )
SV i fx) = f(V )], v = 1,
este deja o curba simetricd careia i se poate aplica metoda de la punctul a.

Astfel, in loc de f(17,) se poate laa v = v, “
143

marginale ale saltului maxim de proprietate (ApH, AE). Atunci

- Awv,, unde v, si v, sint valorile

VE = b (v ) = (1 — )V ey

sl avem :

, Lk pored . i
Sie D Ot v LS T T 0 b L A
= T - T =
insd avem
n o1 * 1 . 1 no
A = E (vi B2 9Ax - (1 -k v)Any, = — 2 =)y + v +
kel = ik b

, L - 1 _ . _
=¥ oy G IAY A (= 7 A = (1 8(x, — )

w 1
+ (v + v JAx -
T 3t

“ ik

1 - 1
g (I —w)y(vey — x) + o (% v Az,
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Notind cu

rezulta

A:

(SR

si astfel

~/
S) =

1
2 (vi 2 )Y+ = (e uvey)Ax, +

lvl'—'

f=k--1
3 (v A+
1=}

+ (1 - /”").\—’(xn - '{‘)’ (8)

unde x,, x5, ..., ¥, sint punctele dinainte de punctul de echivalenta, iar x, ., x,.,,
... Xy, sint punctele de dupd echivalenti.
In cazul in care titrarea este condusd cu AV coustant, S/ se va calcula cu formula

’ Yt Vi | ’ Yo 4 Y
Sy = ( e L TRy 1) Ax + “( L TE T R D'n—x)Ax +

p IS Ny (1 — w)p(x, — 1), (8

Pentru calculul lut Sy, se foloseste formula :

- Yih vy
S;: = _IE'L (Xn - xl)' (9)

Algoritmul de gisire a lui V' si a proprietatii de echivalentd este acelasi, adicd cu
S, s1 S se procedeazd la fel, cu singura modificarc ¢ proprietatea v, la echivalenja
se calculeaza cu formula

~ T’»z - }';H 1 10
R NSRS ¥
Ve P (10
unde
- LTIl
Yu = >
si
~ Y+ y::%-l
yn—}— 1 2 >

iar volumul de echivalentd ¥, se calculeazd cu formula

y Ve — ¥
Vo=, = x + =% - (%, — x0) (1
Yn— Y1

Observatiile 1—3 se refera si la acest caz.
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3. Determinarea coeficientului real de asimetrie u. Pentru determinarea
coeficientului real de asimetrie se aleg intervale AV aproximativ egal distanfate
de intervalul corespunzidtor saltului maxim de proprietate (AE, ApH) sise cal-
culeazd rapoartele:

AVIAE]
AV,/AE, !

unde AV/AE] reprezintd raportul diferentelor de volum si proprietate de dupa
echivalen{d. Pentru ca coeficientul real de asimetrie s fie cit mai reprezentativ,
acesta se determind de citeva ori alegind mereu alte intervale si facind final media
asimetriilor astfel obtinute.

4. Partea experimentald. Pentru ilustrarea modului de calecul se folosesc datele a dou# titriri
potentiometrice i anume: o titrare acid-bazicd cu o curbi de titrare aproximativ simetrica si o titrare
bazati pe o reactie redox puternic asimetricd cu o curbi de titrare experimentald asimetrici. In cal-

cule se utilizeazi valorile (x, y) de la stadiul de 509, al titrarii ( Vo> T)f] pinid la maximum 150 9/
titrant adiugat.

a) In cazul titrdrii potentiometrice acido-bazice ale cdrei date sint trecute maijos, se calculeazi
ariile celor doud domenii mirginite de curbil si respectiv de dreaptii folosind relatiile (2) si (3) respec-
tiv (3').

Ba(OH), Ba{OH),

ml PH ml pH
% =45 ¥y, = 2,90 Xy = 17,0 ve = 5,80
%y = 5,0 ¥y = 3,02 x; = 7,50 ¥y = 6,20
%y =55 ys == 3,19 xg = 8,0 Yy = 6,45
xg = 6,0 vy = 3,45 xg == 8,50 3y = 6,62
g = 6,8 yg = 4,08 X = 9,0 Yo = 6,78

Intrucit din datele de mai sus se observd ci saltul maxim de proprietate este intre x; si x,, consi-
derdam ca valori simetrice fata de punctul de echivalents, valorile x, si x,, Atunci, utilizind formula
(3") avem:

Vi +y
Sty = (w’ POV T CRRR ys) =

2,9 4+ 6,78 . =
| 1 3,02 4 3,19 4 3,45 -+ 4,08 4 5,80 - 6,10 -+ 6,45 = 6,62)0,5 -~ 21,825

Pentru calculul lui Sf se foloseste formula (2; , adicd avem :

L Vit Y 294678

Sty == gy 1) - 5 (9,0—-45) = 21,78

Intrucit se vede ci S, »» S7,, se trece la S} si SI. Astfel folosind forinula (6) avem :

1
Sy Sty (v + v — x) = 21,825 — 0,5 (6,62 + 6,78)(9,0 — 8,5) = 18,475

- iar
Y1 b Ve 2,9 .4 6,62

8§ = T (xy — xy)

5 ~ (8,5 — 4,5) = 19,04

Intrucit S, « S7, algoritmul se termini.
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Deoarece diferenfele Sg si ], respectiv S, si S%, sint apropiate, pentru calculul lui y, 5i respectiv
a lui ¥V, vom folosi formulele (4)—(5) si respectiv (7"). Astfel

+ ’
F - Y1 T Ve 484
2
. Nt -
Vo 2 = 4,76
si
Ve + 71 4,76 -+ 4,84
o Vs '+ Yo ~ 48
2 2
Aplicind acum formula (7), gdsim:
-y Xy 4+ x
V, = x, = x + Ye — W1 (9 : w”"/x):
Yo + V1o —y 2
2 S
48 —29
=45 4 — (8,75 4,50) = 6,625 ml.
67 — 29

b) Valoarea coeficientului real de asimetrie » in cazul curbei de titrare redox a fost calculat cu
ajutorul procedeului indicat mai sus. In acest scop s-au folosit urmitoarele intervale luate din veci-
nitatea saltului maxim de potential care este situat, asa cum se vede din datele titririi redate mai jos,
intre V == 1,4 mlsi VV = 1,5 ml

K,Cr,0 E o ou e AE Observatii
ml mV mV

% = 1,0 vy, = 503,5 — % = 4,4

% = 1,1 y: = 514,0 — y, = 692 mV.

xy == 1,2 vy, == 526,0 -

%, = 1,3 vy = 5430 —

¥, == 1,4 vy, = 580,0 —

xs = 1,5 ye = 727,0 817,80

¥, = 1,8 y. = 736,0 857,40

2 = 1,7 ys = 740,0 874,98

xy = 1,8 yo = 7425 885,98

X0 =19 Yo = 744,5 894,80

Astfel avem :

AV, 14 —10 AV  15-—19

—t e e 0,0023 —t 10,0228

AE, 580 - 503,5 AE] 727 — 7445

AV, 13-—12 AV, 16— 17
e = (,0059 e . 0,025

AE, 543 — 526 AE, 736 — 740

AV, 13-—1, AV, 1618

— e 1 . 0,00689 = . 0,0307

AE, 543 — 526 AE,  736— 742,5

N 1,3 - 1,0 N 1.6 — 1,9

L . 0,0076 et = - 0,0353

AE, 543 — 503,5 AE, 736 — 744,5

3 — Chemia fasc. 1/1974
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Pentru coeficientul real de asimetrie obtinem urmitoarele valori:

AVIAE,  0,0228

1y e T 4 36
AV, JAE,  0,00523
AVLAE,  0,0250

Uy = B 2

TAV,AE,  0,0059
AVIAEL  0,0307

g = - = 4,45
AV AE,  0,00689
AVIIAE]  0,0353

"y = = 4,40

Faecind media, obtinem:

7

Cunoscind  acum  coeficientul real

) i

Voo b T Ay

w1
Astfel avem

iar
¥
:‘10

In mod analoy se gisese si celelalte valori y* de dupa echivalenta.

AVAE,  0,0076

436 + 4,24 + 4,45 1 4,64
1

de  asimetrie, sge calculeazi

44
P 380,50 -2 147 = 700,3

5,4

760,3 + 4,4(744,5 — 700,3)

= 4.4

valorile

= 894,8

y¥ o

Fouly, -

i), In care

- e .. N - o~ ; . . ~ »
Mdrimea ariel Sy se caleulenzd cu formula (8), iar a ariei S, cn formula (9). Astfel avind y = 700,3

1482,5)0,1 -+ 0,5 (580

503,35 - 885,98

314y = 885,98, pentru 5; vom avea
Sy = 212,75 4 2,2(1463 4 1476 4
iar pentru 57 vom avea:
NG
'\9

Re

3,8 - 555,

- 3198.8)0,1 — 3

79

0

y e

- 700,3 - 0,35

590,08

Intrucit S} > S7 se trece la x, si se repetd caleulul. In acest caz y* = 700,3 4 4,4(740,0 — 700,3) =
= 874,98, si pentru S si SY vom avea:

Sy = 212,75 -

N4
T8

Deci si in acest caz S§ > S{, din care cauzd se trece la urmitoarea valoare x,. Astfel avem

¥

53,5 - 874,98

9

2,2(1463 - 1476)0,1 -+ 0,5(580,0 + 3198,8)0,1 — 3,2 -

o TR TR 07 - 482,47

vy == 700,3 -+ 4,4(736,0 — 700,3) == 857 4, iar pentru S/ si S; vom avea;

§i

4
T

503,5 4 857,4

2
“

- 0,6 = 408,27

700,3 - 0,25 = 488,03

S§7 == 212,75 + 2,2(1463 - 0,1 + 0,5 (580,0 + 3198,8) 0,1 — 3,2 - 700,3 - 0,15 == 387,41
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H
Intrucit 87 < 87, sensul inegalitatilor s-a schimbat, algoritmul se opreste aici, si intrucit cea mai mici
: 7 £ , g : §
diferenti  dintre S’ si S” corespunde valorilor S! 51 S volumul  de
Y P " 7 8

. echivalenta se calculeazd cu
formula (7).

QORI 700,3 — 503,5
ey e xy) e L L e 7 L 10) = 1,499 ml
[ 740,0 — 5035

Valoarea lui v, din formula (7) se caleuleazi cu formula (10).

689,24 |- 694,74
vy e 692 )

o

Valorile volumelor de echivalentd si ale proprictatilor de echivalentid caleulate cu formulele propuse veri-
ficd pe cele experimentale.

Concluzii. Metoda de determinare a volumului de echivalentd bazatd pe cal-
culul uriilor, folosind metoda trapezelor, este destul de rapidd ¢ mai exactd decit
metoda gralicd. Metoda poate {1 aplicata si In cazul titrdrilor in care saltul de pro-
prictate in jurul echivalentel cste slaly pus in evidenta, Totodatd poate fi aplicatd cu
sucees s1 I cazul titrdriler potentiometrice asimetrice, dacd in prealabil se aproxi-
meazd gradul de asimetrie, deel i in accle cazuri i care metoda lm R, Kohn si
V. Z it ko nupoate fi practic aplicatd. Exactitatea cu care este determinatd valoarea
17, depinde de pasul titrarii (317) Cu it pasul titrarii va {1 mai mic, cu atit rezultatul
va fi mai exact. Mctoda poate fi aplicatd indiferent daci se luercazi sau nu cu pas
constant. In sfirsit, un alt avantaj constd In faptul ¢d metoda propusd in prezenta
fuerare Ha necesitd construirea vreunui gralic, folosindu-se doar datele experimentale
tubelare.

{Intrat In redactic la 8 octombrie 1970)
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METOL IVIOIIAIM B ONPENEJEHMIT OBBEMA 3KBUBAJIEHTHOCTH TTPU
NOTEHHHOMETPHUECKOM TUTPOBAHUU

(Pezosve)

ABTOPBI HPHBOIAT METO ONpeiesedtsl TOUKH SKBHBAJEHTHOCTH HPH [OTEHUHOMETPHYECKOM THTPO-
BAHWH, OCHOBAHHBIA 114 NPHOMNINTEIBLHOM BLIYHCJICHHH TJIoalefl, HCNoAb3ysl ameTol Tpanemuii. Meton
MOXHO HNPHMEHSATH H B CIy4ae acHMMeTPHUCCKHX HOTeHIMOMETPHUYECKHX THTPOBAHMI, €CJH KaKHM-THGO
METO/AOM H3BECTHA CTeneHb ackHMMeTpin. [laloTcsl npuMepel  BLIUHCIEHHST ANS ONpeje]eHHst CTeneHH
ACHMMETPHM, & TAKKe AJs BLIYHCAEHHS 00LCMa IKBHBAJEHTHOCTH. C 3TOH Ledblo HCHOAL3YWTCH [daHHbIe
FKCHePHMEHTATLHLIX THTPOBaHI, a TaxkxKe coorHowenns (2) ¥ (3) s ppiudcienna naowajgeft. OpHo-
BPeMeHHO IaCTC M METO] BBIYHCJICHHSI CBONCTBA NPH 3KBHBAJAEHTHOCTH Y,.
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LA METHODE DE I’AIRE DANS LA DETERMINATION DU VOLUME D'EQUIVALENCE POUR
LE TITRAGE POTENTIOMETRIQUE

(Résumé)

Les auteurs présentent une méthode de détermination du point d’équivalence dans le titrage poten-
tiométrique, fondé sur le calcul approximatif des aires utilisant la méthode des trapézes. Le méthode
est applicable aussi aux titrages potentiométriques asymétriques si 'on connait par une méthode
quelconque le degré d’asymétrie. On donne des exemples de calcul pour la détermination du degré
d’asymétrie ainsi que pour le calcul du volume d’éguivalence. A cette fin, on utilise les résultats des
titrages expérimentaux ainsi que les relations (2) et (3) pour le calcul des aires. On indique également la
méthode de calcul de la propriété pour I'équivalence y,.
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Influenta intervalului de temperaturd care creeazdt gradientul de temperaturi
asupra separarii amestecurilor: Ni*- - Mn?*, Ced LLad™t gi HifT 4 ZrOz+

S GOCAN, T. HODISAN, MARGARETA LITEANU si €. LITEANU

Asa dupd cum se cunoaste din teoria proceselor cromatografice, cu cit factorii
care actioneazd asupra vitezei de deplasare, adica asupra conditiilor de repetare
a cchilibrului de repartitie pe o coloand vor fi mai numerosi si variati si cu cit coloa-
na va i mai lungd, cu atit sansele unei bune separiri vor fi mai mari.

Din aceste motive, in ultimul timp se folosesc din ce in ce mai mult in tehnica
cromatograficd diferiti gradienti, care constituie surse importante de diferentiere
in migrarea substanfelor pe o coloand inchisdé sau deschisi.

Gradientul de temperaturd in interiorul camerei cromatografice constituie
o importantd sursa de diferentiere in migrarea substantelor dintr-un amestec pe
o coloand deschisd. Aceastd problemd a constituit obiectul mai multor studii
ce sint sintetizate in 717,

Prezenta lucrare are drept obiect studiul separdrii cromatografice in gradient
de temperaturd a amestecurilor: Ni*% -+ Mn®*, Cedr - Lad® si Hf*Y 4 Zr02F, in
functie de pozifia pe scara temperaturilor a intervalului de temperaturd ce creeazd
gradientul termic in interiorul camerei cromatografice.

1. Aparatura i tehniea de Jueru. Developdrile in gradient de temperaturi s-au realizat cu dispozi-
tivul deseris in (2. S-a folosit hirtia Whatman nr. 1, de dimensiunile 20 » 15 cm, eluent: n-butanol
saturat cu HClL 4 N la 20°C. Timpul de developare a fost de 20 de ore in toate cazurile.

S-a luerat la mai multi gradienti de temperaturd. Gradientul de temperaturd s-a caleulat cu re-
fatia ({; — #)/d = At]d, unde ¢ este temperatura la partea superioard iar /; temperatura la partea in-
ferioara a camerei si totodatd gi temperatura eluentului, iar d este distanta intre suprafetele cu tempera-
tura ¢ $i 7;. De asemenea s-a lucrat gi la acelagi gradient Az/d, dar plasat in alt loc in scara tempe-
raturii, adicd au fost alese alte valori pentru 4, si £;.

2. Rezultate experimentale. In continuare se prezinti rezultatele obtinute la studinl variatiei
valorilor Ry in functic de temperatura mijlocului intervalului de temperaturit care creazi gradientul, adicd :

* Nota XIV, Rev. Roumaine Chim., 15 {1970).
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In fig. 15 se redau rezultatele privind studinl separiirii sistemului Ni2+ § M2+ pe hirtie Whatman
nr. 1, eluent: n-butanol saturat cu HCl 4 N, timp de developare 20 ore.

In fig. 610, se redau retultatele privind studiul separiirii sistemului Ce** 4 La®" pe hirtic Whatian
nr. 1, eluent: n-butanol saturat cu HCl 4 N, timp de developare 20 ore.

b
80 Mn
070 / 2+
Ni©
o060
050
0% at=30t,
' grodt=15%,
30— 3 507
(mijloc inferyai)
Fig 1.
Ry
0
o 080 e

2+

v N . N

ey . .

[ / 040 .

250 At=2°C
At=257 030 grodt=411°C

g0 gﬂw =4 37c§n 020

@ ¥ W B (0
{ Muploc vafesvar)

0 F 7] <)
(myyloc mterval)

Fig. 2. Fig, 3.

0 - v Mn?'
¥, ] a0

i 2
i . L N
. M 060 J

' y 05

ot 2+

; / N 040
/ o

220
Bt=157C o100} Ar:m“()c
gradt= 0453;% o gradt=055 z,

% ¥ % 174 &5 t{’Cj

0 35 35 @ EETTaN
75 1 {myiloc iferval)

mulo mteiial
Fig 4. Fig 5.
Fig. -5 Dependenta valorilor Ry de mijlocul intervalului de temperaturd, la diferiti gradienti con-

stanti, pentru sistemul Ni** 2 Mu®”. Hirtie Whatman—1, eluent n-butanol saturat cu HCI 4N, timp de
developare 20 ore.
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o Cea+
3+
Lo
At=207T,
‘i gradt= 4,665,%
3 40 S0
. {mijloc inferval }
Tig. 6.
A i
o3
Ce
[125,3 2%0F
"
3r
La o
3+
030t 000 la
020 030
2t At=257T,
gradl = 13/ =5 0y At=20°C
grad t=1f 75
Fol s N N "
3G 33 0 S () 010 - 4
(mjloc inferval ) 30 35 « “ 39 tc)
"myfoc intervai
Fig 7. Fig 8,
3
H R
N Ce * f ce®
i 040}
La’* 1’
S3r 030
Q20 0201
ojot At=15°C 010 at-o°C
grogt =083 55 gradt= g s&%,

- N N s g
0= T P T 5H7) ) E NN B )
I myloc interval} { gpoc wbereal)

Fig. 9. Fig. 10.
Fig. 6—10. Dependenta valorilor Ry de mijlocul intervalului de temperaturs, la diferiti gradienti con-

stanti, pentry sistemul Ce¥t - La%t. Hirtie Whatman-1, eluent n-butanol saturat cu HCl 4N, timp de
developare 20 ore.
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De asemenea in fig. 11—15 se redau rezultatele privind studiul separirii sistemului Hf#-F - ZrQrt,
pe hirtie Whatman nr. 1, eluent: n-butanol saturat cu HCIl 4 XN, timp de developare 20 ore.jy
kl
0304
Hy
D’ﬂ _o—// Zp
010
At=307
grad? =I,6667€,
0= 0 wHT)
{mifloc inferval)
Tig 11
% o 5
/ f i
0301 Zp 03d
s N
020 020 2,
10
0 At:zs'g[ aor =g At=20°¢
grodt =137 % grodt = 111
0 . " i . s A
3 KL W VHT) 035 35 7 7 5T
(miloe itervol )p {mifloc interval)
Fig. 12. Fig. 13.
2 —
f pf H
/!
D40 040 »
030r 0,30
Zn
0201+ o020
oot . i} ;
—0//0 At-_—' 45 C_ _’(4’/ At:{a oC
radt = 0835 C
graat= 083y gradt = 055,
5 30 35 w4 U= 30 35 @ ST
(mijloc interval) (myloc wferval)
Fig 14. Fig. 15.

Fig. 11—~15. Dependenta valorilor Ry de mijlocul intervalulni de temperaturi, la diferiti gradienti con-
stanti, pentru sistemul Hf*T -+ ZrQ>t+, Hirtie Whatman-1, eluent n-butanol saturat cu HCl 4N, timp
de developare 20 ore.
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3. Discutarea rezultatelor si concluzii. In cazul separirii sistemului Niz* 4
+ Mn®*, pozitia gradientului pe scara temperaturii nu aduce o crestere a valorilor
ARy, asa cum se poate constata din fig. 1—5. Valorile AR;scad cu mic§orarea in-
tervalului de temperaturd care creeazd gradientul apropiindu-se din ce in ce mai
mult spre conditiile de developare izoterma, deoarece diferenfa mici de temperaturd
(gmdlent de temperatura mic) nu aduce modlflcan insemnate. Intr-o lucrare ante-
rioard [2] s-a ardtat ca snnpla crestere a temperaturii, in cazul acestui amestec,
aduce dupd sine o crestere neinsemnatd a valorilor AR si deci evident sciderea
gradientului are ca efect micgorarea valorilor AR;.

In acelasi fel se prezinti situatia si in cazul sistemului Ce?* + La®* (fig. 6—10)..
Cresterea temperaturii eluentului t; are drept efect o ue;tere a valorilor R, firad
o mdrire a diferenfei AR, Marirea diferentei AR, este datd de cresterea gradien-
tului de temperaturd, precum si de locul lui in scara temperaturilor. Cu cit inter-
valul de temperaturd a fost plasat la temperaturi mai ridicate, cu atit separarea
a fost mai buna.

In cazul sistemului Hf** 4 ZrO** (fig. 11—13), se constatd o crestere a valo-
rilor AR, cu atit mai mare cu cit gradientul a fost plasat la temperaturi mail inalte.
De asemenea se poate trage concluzia ca in cazul acesta cu cit temperatura eluen-
tului va fi mai ridicata, cu atit valorile R; precum i valorile AR, vor fi mai mari.

In concluzie se poate afirnia ¢, aldturi de gradientul de temperaturé, si pozitia
intervalului care creeaza gradientul poate constitui o sursd de diferentiere in migrarea
amestecurilor de substante pe o coloand deschisa.

{Intrat in redactie la 15 octombrie 1970)
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TEPMOXPOMATOIPADHS HA BDYMATE (XV)

Bausnue memnepamyproco urmepeaad, 00pusyroweco memnepamypusil epaduenm, Ha omaeerue cameced :
NiZo - AMutt, Cedt a3t o Hfvr - Zy0%

(Pesiome)

B crarbe 1H0K43aHO, UTO HAPSAY ¢ TeMIEPATYPHLIM TPAHEHTOM H NOJOXKeHHe HHTepBAd, o0pasylo-
HIETO TPAAHEHT, MOXKET SIBJISTHCS HCTOUHHKOM JUiddepettnpOBAHHS B MHTPALHH cMecell BEIECTB Ha OTKPbI-
TOR KOJOHKe.

ETHERMOCHROMATOGRAPHIE SUR PAPIER (XV)

Influence de Uintesvalle de tempévature cvéant le gradient de tempévature suy la sépavation des mélanges
N#T oL Matt, G374 La¥T et HAT o ZrO*
(Résumé)

Ie présent travail montre que, 3 ¢oté du gradient de température, la position de T'intervalle
créant ce gradient peut aussi constituer une source de différenciation dans la migration des mélanges.
des substances sur colonne ouverte.






UNELE ASPECTE ALE REDUCERII IONULUI
PERMANGANAT CU TIOSULFAT

GAVRIL NIACG, MARILENA GIURGIU

S-a studiat reactia dintre tiosulfat si permanganat la diferite aciditati din
punctul de vedere al stoechiometriei si al cineticii. S-a gd@sit o stoechiometrie varia-
bili, corespunzind in media acid reactiilor paralele :

1. 10 8,0¢ + 2MnO; -+ 16H* = 5 8,02 + 2Mn2* 4 8 H,0
2.5 8,01 + 8MnO; + 14H* = 10802 + 8 Mn? + 7 H,0

Cinetica a fost urmaritd spectrofotometric, in mediu alcalin la 530 si 610 nm
corespunzdtor extinctiilor maxime relative ale ionilor MnOy, si MnO2—, si la 370 nm
in mediu acid, unde absoarbe intens o specie intermediard. Extinctiile s-au in-
registrat cu un spectrofotometru VSU-1 Zeiss conectat la un compensograf Zeiss
GIBL Constanta vitezei de ordinul doi, gisita in mediu alcalin are valoarea (2,75 +-
--0.26) - 101 - mol-*s-1 la 20°C. Rezultatele de pind acum arati o deosebire
esentiald intre mecanismul de oxidare a tiosulfatului cu permanganat si cel deoxi-
dare cu cromat.

Introducere

Permanganatul este un oxidant energic in mediu acid, alcalin st neutru [1].
Reactivitatea oxianionilor XO%- | in particular a ionului MnOj este puternic influen-
tata de concentratia ionilor de hidrogen din solufie [2]. In mediu acid viteza pro-
cesului creste considerabil facind-o inaccesibild prin metodele cinetice clasice.

Oxidarea compusilor anorganici cu permanganat, din punctul de vedere al
cineticii $1 mecanismului, e in general mai putin cercetatid. Studiile sint limitate la
compusii organici si in special in mediu alcalin si slab acid. In literatura nu sint con-
semnate date cinetice asupra oxidérii tiocompugilor cu permanganat si nici studii
sistematice asupra stoechiometriei procesului redox. S-a cercetat oxidarea tiosulfa-
tului cu cromat In mediu acid, cu formarea exclusivd a tetrationatului [3].

studiind transferul de oxigen in cursul oxiddrii 82~ cu permanganat alcalin —
¢ind are loc formarea cantitativd a sulfatului — Landsberg st Heckner
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[6] propun un mecanism care constd din transferul inifial a doi electroni, urmat de
transferul succesiv a trei atomi de oxigen:

82 - MnOy — MunO3~ 4 S

MnO¥ + MnO; - 2MnO% rapid

S 4+ MnOy — SO +4 MnOy

SO -~ MnOy — SO, -+ MnO;

SO, - MnOy ++ OH- —» S0} -+ MaOf

Specia pasagerd MnOj este stabilizata rapidla MnO%-
MuO; + H,0 4+ MOy — 2Mn(O2- 4 2H*

Reducerea ionului MnO, prin mecanismul sferei exterioare e favorizati in mediu
alcalin de stabilitatea mare a oxianionului la substitutia ligandului [5]. Poate in-
terveni insd si o cale de reactie cu formarea unor complecsi de sferd interioard {61.

Existi doud mecanisme principale de reactie in etapa manganat-perman-

ganat:

a) trausferul mono-electronic: MnO; — MnOf~ ;

b) transferul bi-electronic cu participarea Mn (V) care schimba foarte rapid
electronul cu MnOy formind MnoO%— stabil [7]. Dacé concentratia ionilor de hidroxil
este sub 0,1 M, manganatul, ca produs al etapei inifiale a reducerii mono- sau bi-
electronice este instabil fata de disproportionarea la Mn(VII) si Mn(IV) [8].

Daca ne referim la oxidarea S?— cu permanganat, interpretarea datelor cine-
tice impune, pe lingd cunoasterea stoechiometriei in excesul unuia din reactanti si
studiul vitezelor relative de oxidare a diversilor intermediari de sulf cu Mn(VII)
s cu starile inferioare de valentd ale manganului, susceptibile de existenjd in con-
diiile de lucru.

In Iucrarea de fatd se prezintid primele rezultate asupra oxidarii tiosulfatului cu
permanganat, la diferite aciditdti, din punctul de vedere al stoechiometrici si al
cineticii.

Partea experimentalit

A. Stoechiometria. S-a cercetat stoechiometria in mediu acid la concentratii de permanganat cuprinse
intre 4,70-107% i 1,86-107% M, aciditati intre 5,60-107% — 5,60-1072 M i tiosulfat 1,60-107% —
- 1,25 3], in excesul unuia din reactanti. Raportul molar de combinare R s-a calculat determinind ex-
cesul unuia din reactanti iodometric. Excesul de tiosulfat e stabil la acidititile de lucrn., Pentru a miri
precizia determindrilor majoritatea misuritorilor in exces de reduciitor s-au condus intr-un mod diferit
de cel obisnuit. S-au luat volume egale de tiosulfat si iod de concentratii aproape echivalente (in ugor
exces iodul), surplusul fiind exaet determinat prin titrare. Amestecul oxidant-acid (30 ml) preparat chiar
inainte de amestecare, s-a adiogat rapid peste 50 ml solutie de tiosulfat. S-au turnat 50 ml solutie de I,
misuratd cu aceeasi pipetd de 50 ml ca si solutia de tiosulfat. In amestecul de reactie s-a  determinat
excesul de I, prin titrare cu o solutie de tiosulfat 2-1072 M, exces ce corespunde consumului de tio-
sulfat in reactia redox (dupai ce s-a facut corectia pentru slabul exces de I, fatd de Na,S5,0; — fird amestec
oxidant).

La aciditati mai mari $i concentratii marite de tiosulfat descompunerca aciddt a tiosulfatului ero-
neazd rezultatele.

In exces de permanganat, adausul reactivilor s-a ficut invers: s-a turnat solugia de tiosulfat peste
amestecul oxidant-acid spre a asigura de la inceput excesul de permanganat.

Rezultatele experimentale in mediu acid sint trecute in tabelul 1. S-au trecut, pe lingd concentratiile
initiale si aciditate, valorile raportului analitic, a raportului de combinare R i procentele x, y si z cores-
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Tabel 1
Date stoechiometrice — Reducerea permanganatului eu tiosuliat in mediu aeid
B : 8,08 H i) it
Mn0O, |, 20570 TH _V\Iu()“_ R X0, ol o
M. M. M. IS,087, ‘ ’

I In cxces de reducdtor
1,00 - 10738 1,60 - 1073 1107 0,625 1,040 6009 15,82, 84,207
1,00 - 107 . . 0,625 1,040 '
4,994 - 1073 . 5- 1074 0,621 1,040
1,86 - 1073 3,12 - 1072 561072 0,596 0,920 51,59,
1,86 - 1078 . 5,5 - 107t 0,596 0,920
1,86 - 1073 6,25 - 107 1,87 - 1072 0,298 0,690 35,209,
1,86 - 107 . 5,60 - 1072 0,298 0,720 37,10,
1.86 - 107 1,25 - 1072 1,87 - 1072 0,149 0,660 32,99,
1,86 - 103 . 5,60 - 1072 0,149 0,640 31,59
1,86 - 1073 1,87 - 1072 5,60 - 1072 0,100 0,650 32,10,
1,60 « 1073 3,12 - 1072 5,60 - 1072 0,050 0,630 30,79,
940 - 107 6,25 - 1072 1,84 - 107 0,015 0,630 30,79,
9.4 - 107 . 5,50 - 107 0,015 0 660 32,99,
940 - 107t . 5,50 - 1072 0,015 0,650 32,10
7,94 - 107 1,25 5,60 - 1073 6.3 - 101 0,570 26,49,
7.94 - 1078 0,625 5,60 - 1072 1,1 - 1072 0,550 25,09, 49 96,09,
4,70 - 10 1,25 - 1071 5,50 - 1072 3,7 - 1073 0,570 26,59

IT. 1 exces de oxidant

501074 1,60 - 1074 2,0 - 107 3,10 1,160 68,69,
3,2 - 107 1,60 - 107 1,05 - 1072 3,30 1,130 66,5°,
1,05 - 1073 1,60 - 1074 1,05 - 107 6,60 1,210 72,10,
1,05 - 1073 08 - 1074 1,65 - 1072 13,20 1,220 72,8,
1,05 - 1073 0,4 - 107 1,05 - 1072 26,40 1,550 96,7°,

punzitoare fractiunii de oxidant care efectueazii oxidarea substratului la S03 - (xY%;), fractiunii de tio-
sulfat oxidat la sulfat (y%,), respectiv la tetrationat (z%,), calculate din valorile experimentale R. Datele
arati cd R scade cu cregterea concentratiei tiosulfatului, la concentratii de permanganat intre 4,70 -
<1074 — 1,86-1073 M,

In mediv alcalin, S-au ficut incercdri preliminarii in mediu alcalin, determinind raportul molar

de combinare & in exces de tiosulfat, la trei valori ale concentratiei jonilor de hidroxil. Amestecul oxidant
alcalin preparat chiar inainte de amestecare si continind si Ba(NQ,), intr-o concentratie de 5-107% M,
s-a adlogat peste solutia de tiosulfat. $-a filtrat precipitatul de MnO,Ba, gi dupi spilarea cantitativa,
intr-o cotd de 100 ml filtrat, s-a dozat excesul de tiosulfat, iodometric. Rezultatele sint trecute in tahelul

2 si aratd o crestere a raportului R cu alcalinitatea.

Tabcl 2
Date stoechiontetriee in mediu alealin
[MnO, ; £5,037] MnO, ], [OH, N
M M [8,087 4, 3
9,54 - 1074 1,64 - 103 0,585 1,50 - 1073 1,980
9,54 - 10 1,64 - 1073 0,585 1,50 - 1072 2,600
8,90 - 10 1,40 - 107# I 0,640 1,80 - 107! 8,000
[MnO, j,

R

8,087 — (5,08 e
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B. Cinetica de veaclie. S-a studiat reducerea permanganatului cu tiosulfat in mediu alcalin 1,5-
-1072 M in ioni de hidroxil, la concentratii 9,60 + 107% M de permanganat si tiosulfat: 4,0 - 107%; 8,0-
21078, 4,8-107°5; 2,4-107° i 1,20-1075 M. Procesul s-a urmarit la 530 si 610 nm, unde speciile
MnO; st MnO%™ au extinctii maxime (EMnO; = 2185 ; Sanod 1347).

Reactia in medin alcalin a fost initiatd prin injectarea a 1,0 cc amestec oxidant alcalin cu seringa
de 2,0 cc, in 4,0 cc solutie de tiosulfat aflatd in cuva termostatatd a spectrofotometrului. S-a inregistrat
variatia in timp a transmisiel solutiei reactante, folosind un inregistrator rapid Zeiss adaptat unui spectro-
fotometru Zeiss VRU. S-a lucrat cu viteze de inregistrare intre 60--300 mmjmin.

Discutia rezultatelor

A. Stoechiomelria. Rezultatele in mediu acid arata cd stoechiometria e variabili.
Nu s-au putut h‘iiqi couditii In care reactia de oxidare cu permanganat sa ducd la un
singur produs in medial acid cercetat. Maximul e atins la concentrafiile: 7,94-
S10- 1 M in permanganat, 0,625 M in tiosulfat si aciditate de 5,60- 10-2 M H™,
Cmd 49, tiosulfat este oxidat la SO in timp ce se consumd 259% MnO; pentru
aceasta oxidare. Raportul de combinarc R scade cu cresterea concentratici
tiosulfatului, favorizind formarea tetrationatului in aceste conditii. Reactiile
posibile sint:.

1. 10 $,02 + 23Mn0; -+ 16H* = 58,08~ + 2Mn2* + 8H,0
2.5 8,0 4 8 MnOy -+ M4H* = 10803~ -+ 8Mn? + 7H,0

Spre deosebire de cromat, unde s-au gasit conditii in care tiosulfatul e oxidat
mtcg\lal la tetrationat (3], mccrgar!lc cu pumduganat n-aun dat rezultate pozitive
in acest sens. Nu s-a reusit si se evite total oxidarea tiosulfatului la sulfat, 111telpre~
tarea datclor cinetice fiind astfel mult afectatd, fiind vorba de o retea complexd
de reactil.

In mcdiu alealin, la pH suficient de ridicat CO}‘CQ])IHUiUd uner concentratii in
foni de hidroxil de 1,8-10-1 M, reactia e totald la sullat cu reducerea MnO; la
MnO3%-, raportul de (‘ombinaro K uxn d valoarea teoretica 8. La valori mai mici ale
cocentratiel OH- K scade pind la cea 20 Aceastd scadere a lui KR se datoreste probabil

instabilitatii MoC}~ la pH-uri mai

Tabel 3 scizute [87, fatd de disproportio-
narea in Mn (\’II) si Mn (IV).

Aceste concluzii par a f susti-

Extinetii finale in exees de tiosulfat

[MnOy o = 9,94 - 107% M nute si de valorile extinetiilor finale
[OHT}, = 150 - 1072 M determinate experimental in exces
—— — de tiosulfat in mcdiu allcalin 1,5-
(5205 rj(d — 1O em Obs. 102 M OH-, si care diferd muit
M 610 nm | 530 mm de cele calculate inipoteza reducerii
2,4 - 1075 0,1390 0,0550 ”;tlieé,}}m nll,etrmli ,Ehlr“‘f? 1\ “{Oz, lia
01330 00540 ] ¢~ . Rezultatele experimentale
4,8 - 1073 0,1250 0,0520 sint trecute in tabelul 3. Determi-
0,1260 0,0570 narile s-au fiacut la un spectrofoto-
8}??8 - metru Beckman DB cu o cuvi de
011260 - L0 cm.

8,0 - 1073 0,1080 0,0590 Se observaoscaderesistematica
0,1000 0,0540 a valorilor E, (610 nm) cu creste-
48107 382;3 0,0580 rea concentrafiei tiosulfatului, in
: _ schimb valorile E (530 nm) sint

Ej (calc) 0,1340 0,03930 | (d = 1,0cm) mal mari decit cea calculati.
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B. Cinetica de reactie. Din datele experimentale de extinctie in medin alcalin
s-au calculat pantele dreptelor de ordinul 1 in raport cu MnO,, corespunzitoare
relatiel

log (B — E)) = {(t)
Valorile constantei aparente de ordinul 1, %, corespunzitoare ccuatici de  viteza

d[Mn0O, ] . -
St = MOy ]
¢

variaza cu concentratia tiosulfatului, in schimb se pastreazi aceleasi valorile  con-

stantei de ordinul al doilea, cu ordinele partiale | in raport cu fiecare din reactanti:
ks

(5087

/\,0 -

Valorile constantelor aparente de ordinul al doilea, k,, pentru toate concentra-
tiile de tiosullat sint trecute in tabelul 4.
Tabel 4

Date einetice la reduaceren permanganatului ¢u tiosabiat in mediu alealin, Constanta aparentit de ordinul al
doilea in exces de tiosuliat

530 nm

d = 1,80 cm IMnOy = 9,60- 1075 AL
t o= 20°C OH™, 1,50. 1072 M k, (2,75 = 023103 L-mol ™t g1
18,087,
4,0 - 1071 A 8,0 - 1077 i4,8 < JO AL i‘.’;& - J0 ){! 1,20 - 1075 AL
te o
3,70 - 1071 9,00 - 1072 5,60 - o7z 280 - M‘l‘[ 1,40 - 1072
4,00 - 9,00 - 5,70 - 2,60 - 1,50 -
4,00 - 9,20 - 5,70 . 2,70 - 1,60 -
3,60 - 9,00 - 3,60 - 2,70 - 1,40 -
4,00 - 8,80 - 5,80 - 3,20 - 1,40
(187C) 8,80 - 5,80 - 2,70 - 1,50 -
9,00 - 5,80 - 3,10 - 1,50 -
6,30 - 2,80 - 1,60 -
6,80 - 1,60
6,00 - 1,60
1,60 -
1,80 -
k, 2,20 - 10 l 2,60 - 108 l 2,80 - 102 } 2,70 - 1# ’ 2,90 - 1031 -mol 17!

Reducerea MnO; in medin alcalin poate decurge printr-un mecanism mono-
sau bi-clectronic in etapa lentd, cu formarea directda a MnO¥} respectiv a Mn(V)
urmatd de schimbul rapid al electronului:

MnO%- - MnOy - 2Mn03-
reactie favorizata in exces de oxidant. Dacd mecanismul reducerii MnOy este acesta,
in exces de tiosulfat e posibil s intervind s$i oxidarea tiosulfatului cu Mn(V) st
reducerea acestuia la Mn (IV), mai ales la excese mari de reducator, ceea ce explicd
si scaderea raportului R in mediu alcalin, cu reducerea concentratiei ionilor OH-.
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Din rezuitatele cinetice obtinute pina in prezent se poate afirma cd oxidarea
tiosulfatului cu permanganat in conditiile de pH cercetate, implicd in primid etapa
a mecanismului de reactie, reacfia bimoleculard dintre MnOj st 5,02~ in etapa lentd
determinatd de vitezd. Rezultatele sint in concordantd cu cercetarile lui Lands-
berg si Heckner [4] privind transferul de oxigen in cursul procesului redox, suge-
rind un mecanism de sferd exterioard.

In mediu acid viteza oxidirii este foarte mare, de aceea studiul cinetic nece-
sitd utilizarea unei aparaturi de curgere. Aceastd cineticd va fi obiectul unei alte
lucrari.

La aciditi$i mai reduse reactia a fost abordabild cu instalafia descrisa la partea
experimentald si s-au analizat curbele cinetice obfinute.

Asa cum era de prevdzut din analiza datelor stoechiometrice, cinetica este intr-
adevir complicatd neputindu-se rezolva intr-un ordin bine definit. Ceea ce reiese insi
clar din curbele cinetice efectuate este formarea unui intermediar care apare instan-

2% e e
_____________________________________ m———
- e - - - -

timp

Fig. 1. Reducerea permanganatului cu tiosulfat in medin acid. Concentratii initiale :
S5,0274-107 M; MnO; 2-1074M; H+ 3-107°M.

Fig.2. Reducerea permanganatului cu tiosulfat in mediu acid. Concentratii initiale :
5;06,4-107°M; MnO7 2-107M; Ht 3-1073M.
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taneu, odatd cu disparifia permanganatului, si care la rindul siu se transforma mai
departe ceva mai lent. Intermediarul absoarbe intens la 370 nm. Disparitia lui mar-
cheazd o pericadd de inductie vizibild la concentratii mai mici de tiosulfat, dupi
cum se vede din fig. 1, de neobservat la concentratii mai mari: fig. 2.

Fiste vorba probabil de o stare de valentd intermediard a manganului.

(Intrat in redactie la 2 nolembrie 1970}
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HEKOTOPBIE ACMEKTBI BOCCTAHOBAEHHMS HHOHA TIEPMAHTAHATA THOCYJ/Ib®ATOM

(Pesziwowve)

Hayuena peakuns Memjly THOCYJALGATOM H MEepPMAHIalaTOM TIPH PA3IHUYHHX KHCAOTHOCTAX € TOYKH
3peHHA CTeXHOMeTpHH H KuHeTHKH. Hallena nepevennast crexnomerps.

Kuner#ka Opl1a HayyeHa criekTpooToMETpHYeCKH B lietoqnoii cpede npu 530 u 610 nm, coorserct-
BEHIO OTHOCHTEThbHBIM MAKCHMAIbHLIM 9KCTHHKIHsIM wouoB MnOp v MuO3 -, 0 npu 370 nM B XHCJIO# cpeje,
rie nNOrJolaeT HHTEHCHBHO HPOMEKVTOUHBI BH. DKCTHHKUHH 3aDerHCTDHPOBAHL C NOMOUBIO COEeK-
Tpodoroserpa VSU-1 Iefice, coeanuénroro ¢ komnexcorpagom lleficc GIBI. Koncraura cxopocTH
BTOPOTO 1IOPSIAKA, HARAEHHAS B e OYHOH cpelde, nveeT 3navenne (2,75 4 0,26) 10° 1 moap—'cexk™! npy
20°C.

Peayibrathl, nojiydeHHEne JO CHX 110D, YKA3HBAIOT HA CYUECTBEHHOE PATHUHE MEAK/Y MeXaHHIMOM
OKHCJAEHHST THOCY.IhG}ATA IEPMAHIAHATOM H MEXAHHIMOM OKHCJEHHS XPOMATOM.

ASPECTS DE LA REDUCTION DE I'ION PERMANGANATE PAR LE THIOSULFATE

(Résumd)

Les auteurs ont étudié la réaction entre thiosulfate et permanganate pour différentes acidités, au
point de vue de la stoechiométrie et de la cinétique. On a trouvé une stoechiométrie variable,

La cinétique a été suivie par spectrophotométrie, dans un milieu alcalin a 530 et 610 nm correspon-
dant aux extinctions maximales relatives des ions MnOg et MnO3%™, ainsi qu'a 370 nm dans un milieu
acide, ot absorbe intensément une espece intermédiaire. Les extinctions ont été enregistrées avec un spec-
trophotométre VRU-1 Zeiss connecté a un compensographe Zeiss G131, La constante de la vitesse d’ordre
deux relevée en milieu alcalin o pour valenr (2,75 - 0,26) - 103 1 - mol™ 73 3 20°C.

Les résultats obtenus jusqu'ici montrent une différence essentielle entre le mécanisme d’oxydation
du thiosulfate par le permanganate et celui d’oxydation par le chromate.

4 -~ Chemia fasc. 171971






CONTRIBUTIT LA STUDIUI, UNOR HETEROCICLURI (XVIII)

Calcule OM.H. la unii derivati ai 2-feml-4-clormetiltiazolului, la 2-anilino-4-clor-
metil-tiazol =1 Ia 2-anilino-3-metil-1,3,4-tiadiazol*

LOAN SCHWARTZ

Intr-o serie de lucrari anterioarc 1, 2, 3] s-au prezentat sinteza compusilor
de mati jos, ¢it s comportarea lor chimica. In prezenta lucrare am considerat necesar
sa intreprindem un studiu chimico-cuantic in vederea completarii acestor studii ¢i a
coreldrit datelor experimentale cu cele teoretice,

N — CH.C
27N ; I unde x = H, CH,, Br, NO,
I e \ R | Ia, Ib, Ic¢, Id

2-aril-d-clormetil-tiazoli

N~ CH,(l
Nl
11 <> NH \Q'/
2-anilino-4-clormetil-tiazol
N—N
111 \7*>\\H ”\g/”~CH3

2 anthino-3-metil-1,3,4-tiadiazol

Metoda de ealenl. Parametrii folositi au fost in general cei preconizati de
Streitwieser (47 Integralele coulombiene pentru atomii de azot (ay) si sulf
(7g), cit s1 integralele de schimb ale legaturilor C — N (2.) si respectiv € — 8 (Bes),
din ciclu au {fost mentinute constant.

Ele au fost o = vc + 0,5 B 5 = 2¢,; Bee = Bue = 8 Beg = 0,88,

i

* Lucrarea face parte din teza de doctorat, condusa de prof. dr. doe. 1. Ciddariu, Catedra de chimie-
fizicA a Universitatii |, Babeg-Bolvai” Cluj.
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in ceea ce priveste radicalul clormetil din pozitia 4 tiazol prezent la derivagii [
11, s-a considerat cii acesta exercitd o influenta inductiva asupra carbonului de care
este legat. In consecingd pentruintegrala coulombiana a atomului de carbon respectiv
s-a luat o valoare perturbata cu indicele inductiv auxiliar § = 1/3 |57, «g, iz = % +
+ 0,11 g.

Pentru derivatul Ia, s-a lucrat cu urmitorul model

1«‘% ¢ _CHLCI In cazul compusului Ib, se observa o abatere de la
2 3 c e R .
N liniaritatea relatiei dintre logaritinul constantelor de
i - - . . . P
1N Ve viteza (determinat experimental cu ajutorul reactiei de
65 N bromurare a derivatilor I si care are loc in pozitia 5 tiazol)
1l

si constantele de substituent o« Hammett (fig. 1 si tab. 1).
S-a presupus cd ar interveni i un efect
de¢ hiperconjugare de care oy, Hammett logk

. : . A Toax A Ol H
nu tine cont. $-a studiat in consecintad atit , i‘:
. . ~ . . ’\5
un model inductiv cit 5i unulde hipercon-— es
jugare.
Ld
I\,
o I H !
Br
Tabel 1
Corelarea logaritmilor constantelor de ¢
vitezd cu ¢ Hammett
N0y
e H Y S c\
—1,08 4 0,94 0,783 “03 6 050 1o v
Fig. 1. Logaritmul constantei de viterd de
bromurare in functie de o Hammett la 353 °C.
8 9 .
o N~ -CH, (!
> 1 div e (O - ] - g
Modelul inductiv: LH;---—I\/ >ZM_1 " te, = oo == 0,55,
N No”
6 ]
1

N—  CH.I

4 3
Modelul de hiperconjugare:  H, ——/ \_,' "
I ] ? l‘ J\\.ﬁ_/ﬁ 9\\‘/1_
R 7 N

13

ag, = %o — 088 %, = a¢; %o, = a¢ — 0185 Byze - = 38, Be, ¢, = 088,
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In ceea ce priveste derivatul para bromurat Ic, s-a calculat cu un model in
care bromaul participa la sistemul electronic = cu doi electroni.

;,-V_-w —CH,CI

9 4 b o ],"r
/ \\ N Xy x + Otﬁ
1 \«.A/S h\\ / Bpr. ¢ = 0,3p

10

Calculele O.M.H. privind functiunea nitro au mai fost abordate 6). In cazul
nostru am ales urmatcarul model:

11

1 . A\ 0 Ao(a) = Ae P

()\ - | X g = & o+ B
AN Ly AR P

0"z \ ,,,,, /7 10\8‘/ Bot,3 N ,

3 " Exyr—ew =078

Pentru calcularea constantei de reactie g din ecuatia Hammett, s-a lucrat cu
urmatoarele modele :

. N~——~CH2CI
7 6 ) i \ \H/
12
,,ﬂ” an

Conform lucrérilor Iui Jaffe [7], existi o proportionalitate intre variatia
densitdfii electronice a pozitiei 11 (modelul b) provocatd de perturbarea integralei
coulombiene a atomului de carbon 1 si variatia densitdtii electronice a pozitiei 8 (mo-

delul a), produsd de aceeasi perturbare. Factorul de proportionalitate este chiar
constanta de reactie p.

__ Agp

p = —du
Ags

Perturbarea consta in folosirea integralei coulombiene o, = a4+ p. Ho-

rowitzsiZsako (8] au calculat constanta de reactie la un sistem asemdndtor

folosind acelag model ,,a’", gisind ci Ag, = —0,025. In cazul derivatilor II si
IIT s-alucratcu urmaiatoarele modele:

8 9 10
27_ ‘i N {-J‘ _‘—N
1<”>3——I§H——‘§!\ i /“ reSpCCtiV ]<W>T§H~§)\ . /iﬁ"CHS
6 5 N} 6 5 S
12
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Cu aceeasi metoda 7] aplicatd la seria I, s-a calculat valoarea teoretica a couns-
tantei de reactie p si pentru seria IIT, cu un model, ,)b".
Toti determinantii seculari au fost rezolvati

Y cu ajutorul masginilor de calcul DACICC 1 si

34 « N—N DACICC 200.
CHz—z/ \5-—.\* o ETCHq Rezultate si diseuatii Diagramele molcculare
: \7“5/ | \g/ " © ale seriet continind densitdti electronice, ordine
H n de legaturi (P,,), indici de valentd libera (I'r), in-

dici de superdelocalizare (S,), sint date in fig. 2—86.

Daca in cazul diagramei moleculare a substantei la (fig. 2) se compard reacti-
vitatea atomului 10 (pozifia 3 tiazol) cu cea a pozitiei para (atomul 1), se observid cd
indicele de valentd liberd aratd o reactivitate mai mare a pozitiei para, in timp ce q
si S arata o reactivitate mai mare a pozitiei 5 tiazol. Aceasta ar corobora cu faptul
*& nitrarea are loc In para iar bromurarea in pozifia 5 tiazol.

Se observi cd densititile electronice ale pozitiei 3 tiazol crese in ordinea —CH;,
inductiv > —H > —B, > —NO, > —CH,j yiperconjugare » 1 concordantd cu rezultatele
experimentale, adicd ele variazd in acelasi sens cu logaritmul constantelor de vitezd

< x
0276 0,2846

“035754
N

0,60048

+0,0053

0,58598

- 0,09886

+0,77215 1,33 864 *

ax
0,8085 1,03704 v

Diagrama moleculari a 2-fenil-4-clormetiltiazolului, x indicele #,;

Fig. 2.
xx indicele 5,.

~8,35428
- 04k
N 0:14956 Cqu

0.50548

0,59082

-0,0934

CHy

a

3
* 077408 137708

x »
098778 1,04082

Fig. 3. Diagrama moleculard a 2-p-metil-fenil-{-clormetil-tiazolului,
model inductiv.
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&0.5‘\&9& -0,ik308

CH,C
0,47184 o0
-y
60,7857 =3 o
Hy= -0,10572 -0, 4168
s0,008 0,009
A}
+0.800% 042652
N ! AX
152858
xX
0,84352 1,08952™"
Fig. 4.

Diagrama moleculardi a 2 p-metil-fenil-4-clormetil-tiazolului, model de
hiperconjugare.

X X
0,5978 0h32 ,
-0,55328 o138
N s CH,LL
0,59358
ﬁ
3
£-3
o
-0,14226
Be
< 0,019

0,57926

xx xx
0,8896 1,02968

Fig. 5.§{Diagrama moleculard a 2 p-brom-fenil-4-clormetil-tiazolului.

oko1 " o,h28"
-0,38084 ~
- 0,0639%
44584 N yyrey » CH, 0
0\
031 N
0"

0,812 ™

sz’

Fig. 6. Diagrama moleculard a 2 p-nitro-fenil-4-clormetil-tiazolului.
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determinate in reactia de bromurare {vezi fig. 1). Exceptie face doar modelul de
hiperconjugare a substantei Ib, care deci nu se poate aplica la acest compus.

in fig. 7 sint reprezentati indicii F; tiazol si respectiv S; tiazol, in functie de
logaritmul constantelor de viteza experimentale.

Se remarcd o corelare mai bunid a datelor experimentale cu S;. Aceasta ar
confirma pe mai multi autori [9, 10] care considera cd indicele S, oglindeste mai bine
reactivitatea unei pozitii decit F,.

Energiile electronice =, cit si energiile de delocalizare (ED) ale modelelor seriet
I, sint date in tabelul 2.

Tabel 2
Energii = (E.) si energii de delocalizarea (ED) ale substantelor seriei I
-X | .
—H ~CHj indue. —CH, hipercon, —Br —NQ,
© |

Er 26a - 7,567468) 2(6a -+ 2(7a - 2(7a 4 2(8a +
7,338274) 10,3482853) 9,083453) 11,56159p)
ED 1,56674683 1,33827p3 3,34838%4 2,083453 3,361598

Se obfine un rezultat interesant dacd se reprezintd valorile energiilor de delo-
calizare in functie de constantele de substituent ¢ Hammett (fig. 8). Corelafia bund ar
insemna ci constantele ¢ reflectd bine atit date de reactivitate (vezi figurile 1§ 7)
cit si continutul in energie = a moleculelor.

Concordanja buna dintre valorile teoretice calculate §i datele experimentale
ne-a determinat si calculim si valoarea teoreticd a constantei p.

Diferenta dintre densitatea electronicd a pozitiei 11, modelul b perturbat si
neperturbat este: A, = 1,440 — 1,1210 = 0,023.

. A 0,023
Deci p = %:W: *"0,92
qs — 0,055

Aceasti valoare este apropiatd cu cea experimentald (tabelul I).

4
. N 1 io T NO,
3 48 ‘/
L 410 i b
30 |
(X% Cry Be
l - 49 L ‘
o o= ol " e
Y EIR} |/
o | e
thy 413 b0 L ind.
0.8 112 i
¢
20 e logh oz 0 d e v
Fig. 7. Corelarea indicilor F tiazol §i S, tiazol cu loga- Fig. 8 Corelarea energiilor de delo-

ritmul constantelor de vitezi. calizare cu ¢ Hammett,
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o
~3

Derivatii anilino II si 11T sint interesanyi deoarece pot prezenta fenomenul de
tautomerie amino-iminicd. Pe de altd parte, determinind constantele de bazicitate
pentru compusul IT si IIT {11] am gasit pKyu.= 3,15 pentru prima substanti si
respectiv pKpp: = 2,04 pentru cea de a doua. In privinja protonizirii trebuie ris-
puns la intrebdrile : unde are loc protonizarea si de ce derivatul IT cu un N endociclic
este mai bazic decit IIT cu doi atomi de azot endociclici,

Diagrama moleculari a compusului 1T este dati in fig. 9.

0,396 . 0,458 x
)
-0,55156 -
N * 0,09278 EHZL)

0,58024
40,0026

1 -0,18184

3,33281""

-~ 0,0544

%
%

+0,69208 1,54058
067762

X X%
0,82836 4,22 544

Fig. 9. Diagrama moleculari a 2-anilino-4-clormetil-tiazolului.

Se remarcd urmitoarele : 1. In comparatie cu produsul Ia (diagrama din fig. 2),
creste atit reactivitatea pozitiei 5 tiazol (atomul 11), cit si cea a pozifiei para (atomul
1}, pozitia 5 tiazol riminind cea mai reactivi in acest ansamblu.

2. Azotul aminic avind o sarcind netid pozitiva, protonizarea nu poate avea
loc decit la azotul endociclic.

Diagrama moleculard a compusului IIT este datd in fig. 10.

o8 ¢ 0448
~0,4203%2

N - 0.'?’3300

0,49152

+0,15%6 CH,

4063362
0,67754

0,82585" 5)5@551,"

Fig. 10. Diagrama moleculard a 2-anilino-5-metil-1,3,4-tiazolului.

Se observi cd indicele S, este mai mic decit S, al diagramei moleculei II. In-
dicele F, (para) si respectiv F,,, (meta) an valori foarte apropiate. Aceste cifre ar
arita cd tiadiazolui, datoritd prezenfei a doi N, este mai electrofil decit tiazolul.
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De altfel nitrarea substantei ITI duce la formarea de izomeri, in amestec fiind prezent
si derivatul meta substituit, subliniind caracterul partial de substituent de gradul
11 al tiadiazolului.

Densitatile electronice ale atomilor de azot endociclici (diagrama din fig. 10)
sint mai mici decit cea a azotului endociclic al compusului IT {fig. 9). S-ar putea ex-
plica deci calitativ de ce substanta II este mai bazicd declt compusul II1.

Intr-o lucrare anterioarid [12] noi am studiat tautometria amino-iminici in
seria 2 px-anilino-5- metil-1,3,4 tiadiazolilor

cu ajutorul constantelor de bazicitate si prin aplicarea ecuatiei Hammett. S-a
constatat ¢ tautometria in solutie alcoolica este puternic deplasati spre forma amino,
constanta de reactie o a seriei substautelor cu tautometrie posibild este —0,6203,
mult diferitd de p a substanfelor cu forma imino fixd, --2,026.

Am calculat valoarea teoreticd a constantet de reactie cu un model aminic

A 0,011
= o — — 0,44

e Ags  —0,0125

Aceastd valoare este in buni concordantd pentru metoda Hiickel cu cea experi-
‘mentald pentru seria substantelor cu tautometrie posibild si constituie un argument
in plus, pentru preponderenta formei amino.

(Intrat in redactie la 14 uoiembrie 1970)
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K U3YYEHHIO HEKOTOPBIX TETEPOIHKJIOB (XVIII).

Borwcaenus OMH y nexomopeix npoussodneix 2-cherur-4  xaopmemuamuasosq, 2-anuiuno-4 xiopsemua-
muaszoad w 2-aruauno-5 semua-1,3.4 muaduasosa

(Peziove)

Ipousseaenst poraitciennst OMH 118 HEKOTOPBIX THA30A0BBIX H 1.3,4 THAAHAZOJOBRIX NPOHIBOAHBIX.
B cepun 2-[p-x-dennal-4 xJOpMETHI-THA30J3 aBTOP COOTHEC PEAKTHBHOCTE NOJOKEHHS 5 THA30.1 ¢ oKa3a-
TesAMH CBOGOIHOH BaJeHTHOCTH M C [0OKA3aTesiMH CBeP X 1eOKATH3a LMK H CPABHHJ TeOpeTHYeCKoe 3Hade-
HMEe DEAKIHOHHOH KOHCTaHTH ¢ C KOHCTAHTOH, HalAeHHOI 3KCHEPHMEHTAABHO.

Brraucaennt MolexyssipHele AHarpaMmbl 2-aMHHO-4 XJopMeTHATHA304a W 2-anwinno-5 merna-1,3,4
THa,1HA3003.

CONTRIBUTIONS A L'ITUDE DE CERTAINS HETHEROCYCLES (XVIII)

Catculs O3LH. pour les déyivés 2-phényle-4 chloreméthylethiazols, 2 anilino-d ‘cloreméthyle-thiazel ef 2
aniline-5- méthvle-1,2,3 thiadiazol

(Résumé)

On a effectué des caleuls O.M.H. pour certains dérivés thiazoliques et 1, 3, 4 thiadiazoliques. Dans
la série 2 [p-x-phényle l-4-chlore-méthyle-thiazol, on a mis en corrélation la réactivité de la position
5 thiazol avec les indices de valence libre et les indices de surdélocalisation, et I'on a comparé la valeur
théorique de la constante de réaction ¢ avec la valeur trouvée expérimentalement.

On a calculé enfin les diagrammes moléculaires de 2 anilino-4 chloreméthyle-thiazol et de Z-anilino-
5 méthyle-1,3,4 thiadiazol.






A STUDY OF THE CATALYTIC ACTIVITY OF SOME n38i0, - mALO, -xH,O
SYSTEMS INTHE DECOMPOSITION REACTION OF CUMENE HYDROPER-
OXIDE (II)*

The activity of Systems in Relation with their Acidity

AUGUSTIN POP and LIVIU CORMON

One of the main steps 11 the production of phenole and acctone via the “cu-
mene” procedure is the decomposition of cumene hyvdroperoxide. The industria-
lised procedure of decomposition uses sulphuric acid as a specific decomposition
catalyst. There are more inconveniencies of this procedure : the neced of an advanced
concentration of the cumene hydroperoxide, the formation of waste by-products
heeing the most important.

In order to avoid these inconveniencies more research workers have studied
other decomposition procedures, using especially silid catalvsts,

Thus, ion exchange resins [1—10]}, the natural ocurring silicates [11—14]
and the silica gel [15] have been experimented. Receutly some synthetic alumino-
silicates systems have been investigated [14, 16, 17 ..

In a previous paper [16] the authors have made a preliminary study on the
decomposition of cumene hydroperoxide finding a maximum activity of the alumino-
silicates in the case of a 30—359% ALO, content, which is in accordance with
the literature data {18, 19 where a maximum activity of these syvstems is repor-
ted in cracking reactions. Trambouse (18] has shown that in the cracking
reactions, the activity of mixed synthetic gels is tightly dependent on their total
acidity.

In the decomposition reaction of cumene hydroperoxide on solids, the corre-
lation between experimental data and the surface acidity of the solid has not
been up to now a permanent preoccupation of the research workers, Only Les 7z -
czvnski [14] has determined, at some of the systems used the total acidity
by KOH titration without reposting any conclusinon and its role in the process.

In the this paper the authors decided on a systematic study of the acidity
effect in the above mentioned model reaction. In this respect the variation of
the total acidity, the variation of the protonic and non-protonic acidity as well
as the specific surface of the systems are studied as a function of their composition
aund their previous thermal treatment. A correlation of these data with the kine-
tic of the decomposition process is attempted.

* Presented at the 2% Republican Conference of Physical Cliemistry, Bucharest 1--4 Septem-
her 1970.
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Experimental Method. The aluminosilica gels were synthetised by coprecipitation ammoninn:
carbonate media from a mixture of 39, silicic acid and a 309 solution alumininm nitrate. The obtained
gels were firstly dried at 105°C and afterwards submited to thermal treatment.

The catalytic activity of these systems was determined by conducting the decomposition reaction
of the cumene hydroperoxide in their presence, after a static method already presented by the au-
thors [16]. The conversions obtained after 100 minutes contact upon different aluminosilica gels ther-
mally treated for 3 hours at 580°C, are presented in table 1. Our experiences confirm the previous
data already presented by different authors (16, 18, 19 that the most active is that which contains
cea. 33,69 AlLO,.

Table T
Composition °, ¢ l " Conversion at: -
N 2o Total - .
. ] Caleination o Specific
Sample ) loss. O N . acidity ek N
$i0, Te,O, Al O, 0ss, Y 30°C 10°C mval g surface, m
| i T R T
i 100,00 0,00 0,00 153,92 21,42 0,00 420,00
2 86,85 4,28 5,25 7,62 26,15 33,20 1,30 392,42
3 81,20 0,17 10,11 8.52 54,05 60,10 1,63 390,05
4 69,88 0,22 20,67 9,23 77,13 84,24 1,75 334,16
5 i 38,55 0,37 33,58 7.50 86,61 93,84 1,98 314,20
6 14,10 0,24 42,79 12,87 800,45 87,42 1,02 302,40
7 13,39 (0,31 75,27 11,03 66,12 71,81 0,87 298,15
8 0,00 0,00 100,00 - 0,98 1,14 0,48 251,00

In the table the total acidity of the systems are also presented. It can be scen that the maximune
total acidity is met at the same system with 33,69, ALO,.

Starting from the general data presented in table 1 the properties of the most active syvstem (sys-
tem nr. 3) have been studied as a function of their thermal treatment.

In order to establish the time needed for the heating at different temperatures, the modification
of the protonic acidity with the isothermic heating time of the system. This experience has shown,
as it results from fig. 1, that a 3 hours heating time is sufficient to obtain constant and reproduc-
tible values for the superficial properties of the solid.

It follows that the heating of the svstem at different temperatures has been made, in all in-
stances for 3 hours, after which the decomposition of cumene hydroperoxyde was studied by contacting
with the respective svstem.

The superficial acidity of the solid was determined by the following methods:

— The total acidity was titrated with p-butilamine in the presence of 4-dimethyl-azobenzene or
of o.nitroaniline {20247 as well as by titration with sodium methoxide in the presence of o. nitrani-
ine {251

~ The protonic acidity was titrated with n-butylamine in the presence of triphenylcarbinol [26
as well as by lonic exchange with ammonium acetate, using o.nitroaniline as indicator and the potentio-
metric indication 23, 27--29".

- The non-protonic acidity by measuring
the chemosorbed quantity of 1 4-dioxane or of
ethylacetate 307 The results are presented in
table 2.

Results and discussions. From the
table 2 data it results that the total
acidity of the system differs from a me-
thod of determination to the other by

Protonic auidily, mvalig
o
3

&

o% @ as much as - 2%, we consider this to
be in the limits of admitted analytical
errors. It is to be noted that the values

0 + - %  obtained by titration with sodium me-

%
Time (hours! thoxide are somewhat higher than in
Fig. 1. Variation of protonic acidity as function the C?'SG of other InejchOdS' rhl.S _Ca“ be
of heating time. explained by the higher basicity of
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Tahle 2

Total acidity mvalfg

= - Protonic
g Z > with n-butyl acidity o
- :E: c amine . nean | sume mvaljg ‘28 | Specific Total
B - b t‘”tlil N (;ft 3 at ; % £ | surface acidity
o g9 Y otassium| deter- Cu- = v oo, 2 - 2
g % 5 | butter jo-nitrojmethoxide| mina- | lumn :o: f:f gg Sy m mvalfm
& @ T | yellow |aniline tions 19 - 1012 < 5| 25 | §3
SO SzE| e |4a
1 2, 3. 4. 5. 6. 7. 8. 10. 11 12,
1 200 1,683 1,722 1,762 1,722 11,592 | 1,582 | 1,602 - - —
2 300 1,883 1,935 1,964 1,927 {1,925 | 1,203 | 1,270 | 0,665 336,14 0,00195
3 350 1,936 1,967 1,995 1,956 | 1,988 | 1,024 | 1,058 | 0,930 333,28 0,00360
4 420 1,927 1,928 2023 1,976 | 1,999 { 0,735 | 0,799 | 1,200 334,30 3,00400
5 500 1,933 1,999 2068 2,016 1 1,989 | 0,628 | 0,650 | 1,339 335,44 0,00550
6 380 2,001 2,054 2,089 2048 12,061 10,369 | 0,361 | 1,700 330,24 0,00530
7 650 2,002 2,034 2,056 2,036 | 2,026 | 0,245 | 0,256 | 1,770 330,00 0,00570
8 700 1,982 2,011 2,034 2,009 | 1,997 | 0,155 | 0,172 | 1,825 313,72 (,00380
9 800 0,872 0,911 (1,982 0,922 1 0,883 1 0,022 | 0,055 | 1,828 243,00 0,00338
10| 1000 | - | 0,097 - - — 1 =] = 39,50 ~

CH,O~ ion as compared to the amines. ‘The total acidity in the 350°—700°C
temperature range remains constant with differences of maximum - 29, against
the mean value, which confirms the literature data {18], as it can be seen
m fig, 2. At thermal treatments below 3350°C the total acidity is not comple-
tely evinced owing to the hvdration of active centers. At treatments over 700°C
the total acidity drops owing to the sintering of the solid and consequently
to the disappearence of active centers. These results are correlated, as it can be
seen in the table, with the vanation of specific surface, which suddenly drops by
heating the system over 700°C.

The protonic acidity, as expected, drops with the growth of the heating tem-
peratures of the systems and with the loss of water {rom the svstemi. By heating
at 200°C the svstem shows almost
exclusively protonic acidity.

The variation of non-protonic
acidity 1s a consequence of the
change protonic acidity against the
constant total acidity, so that the
sum of both acidisies separately
measured is in good agreement

/

mval /g

with the total acidity experimen- -2
tally determined, with differences ‘é
which do not surpass -- 2% (co- -
lumn 7 in table 2). XS

Fig. 3 preseunts the variation
of nonprotonic acidity against the
heating temperature, for system
5 in table 1.

The stepwise growth of non- L
protonic acidity is made with the
decrease of protonic acidity, the Fig 2. Variation of total acidity as function of heating
total acidity being constant, as temperature.

Heating temp ,"C
200 300 40 300 600 100 800

P
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already shown. The curve has a peak
which corresponds to 700°C, after which
it suddenly drops, in agreement with
the variation of total acidity, owing
also to the sintering and to the corres-
ponding disappearence of active centers.

The kinetic study of the process has
verified a first order kinetic with a sta-
tistic variation between 0,980—1,120,
confirming literature data (13, 167 re-
garding the decomposition of cumene
hydroperoxide in heterogenous catalysis.

The energy of activation of the pro-
cess determined from kinetic data is
about 10,4 kcal/mole.

Fig. 4. presents the correlation be-
tween the variation of non-protonic aci-
dity and the variation of the rate deter-
mined at 30°C. Both values are repor-

16

Non protome acdity el /g

i

)3

Heating temp "C . L
0 Wi i T B0 ted to the mass unit of catalyst. This

correlation is made for the same system
with maximum activity,

I'ig. 3. Variation of nonprotonic acidity as func-
tion of heating temperature. The diagram shows that with the
increase of nonprotonic acidity the rate

constant has almost a linear growth up to non protonic acidities of 1,700 mval.
This acidity corresponds to a thermal treatment at 5380°, where the representative
curve has a peak and when there is a maximum conversion, as shown in fig. 5.

The decrease of the rate constant from the wvalue 5,220.10~3% min~? corres-
ponding to the nonprotonic acidity of 1,700 mval/g, despite the fact this acidity
increases can be explained as follows. The maximum of catalytic activity (k =
= 5,220.10-2% min 1) of the solid system corresponds to a thermal treatment
of 580°. The thermal treat-
ments at higher temperatures
determines higher nonproto-
nic acidities, in the frame-
work of a constant total aci-
dity, but provokes a closure
of the pores in the solid. This
constitues a steric hindrance
more and more relevant for
the contact with cumene hy-
4 droperoxide molecules, which
have a relatively higher vo-
lume, and which can be made
only with a little part of the
non protonic acidic sites.

[y

&~
k.10 minute™

) ) )  Nex prolonic acidity, mvu{/g -
0600 08 10 12 14 16 18 20

§

Conelusions. 1. The de-
¥ig. 4. Rate constant as function of nonprotonic acidity. composition of cumene hy-
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2Conversion
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90

X

—Dy Heohng temp°C

10 2 T 300 400 300 old 00 600 900 1000

Yig 5. Conversion as function of heating temperature of the system.
a. For 30°C temperature, b. ¥Yor 40°C temperature.

droperoxide on synthetic aluminosilica gels studied, is produced by the non
protonic acidity.

2. The catalytic activity in this process is proportional to the non protonic
acidity of the system.

3. The protonic acidity of the system has minor catalytic efects. In our ex-
periences the system which has an exclusively protonic acidity of 1,684 mval/g
(System nr. 1 in table 2) provokes a conversion of 3,089, while the system with
nonprotonic acidity of 1,700 mval/g (Sistem 6 in table 2) produces a conversion
of 93, 849, in the same experimental conditions.

It results that it is necessary to revise the already proposed mechanism
of this process, which generally accepts that the catalytic activity is due to the
protonic acidity, that is to the hydrogen more or less mobile, linked to a super-
ficial oxigen atom of the solid system.

(Received November 23, 1970)
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CONTRIBUTII LA STUDIUL ACTIVITATII CATALITICE A UNOR SISTEME nSiO, - mALO, -

- xH,0 IN REACTIA DE DESCOMPUNERE A HIDROPEROXIDULUI DE CUMEN

11. Activitatea sistemeloy in funcfic de aciditatea acestora

(Rezumat)

Autorii studiazd descompunerea hidroperoxidului de cumen pe sistemele nSiO, - mA1Q, - xH,0.

In Incrare se urmireste activitatea cataliticd a acestor sisteme in func{ie de compozifia §i aciditatea lor.

Se fac coreldri intre activitatea catalitici in procesul studiat si aciditatea totald, precum si acidi-

tatea protomich §i neprotonici. Se coreleazi aciditatea totald, cit §i formele separate de aciditate, cu
compozifia sistemelor oxidice si cu tratamentul termic al acestora. Se deduce ci in reactia studiatd efec-

tul

catalitic al aciditi{ii neprotonice (Lewis) este predominant.
Lucrarea cuprinde gi un studiu comparativ al unor metode de determinare a aciditatii superficiale

a corpului solid.
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K M3YUEHHIO KATAJIMTHYECKON AESATEJBHOCTH HEKOTOPBIX CUCTEM
nsi0, -mALO, - xH,0 B PEAKUHWH PASJIOKEHHWSA THAPONMEPEKHCH KYMOJIA (1)

Jesmeavnocmy cucmem 6 306UCUMOCTIL OML UX KICAOMHOCIU

(Peazwme)

ABTOpH H3YYaWT pasoXKeHHe THApONepeKHCH Kymoja Ha cdetemax nSi0, - mAlLO, - xH,O. B
CTaTbt [TPOCAEXKHBACTCH KATAJHTHYECKAS [eATeabliOCTh 3THX CHCTeM B 3aBHCHMOCTH OT HX COCTaBa H
KHCJIOTHOCTH.

ITpoBoaaTCs KOPpesuMH MeX 1y KaTaJHTHYeCKOIl 1eATesbHOCTLIO B H3yUeHHOM fpouecce H o0uleH
KHCJOTHOCTBIO, @ TaKiXKe H TNPOTOROBON H HENPOTOHOBOH KHCI0THOCTRIO. O0Iash KHCAOTHOCTh H OTAe/IbHble
OpMBLI KHCIOTHOCTH COOTHECEiibl C COCTABOM OKCHAHBIX CHCTEM H ¢ HX Tepmuyeckoll ofpaGorkoil. Caesau
BLIBOJ, YTO B H3YUeHHOH PeakuHH KaTaautTHueckHil 3(hdeKT HenpoToHoBol KUCAOTHOCTH ((Lewis)) siBisercs
npeo6sia1alouuM.

PaGota cOAepAHT H CPABHHTEbIOE HCCIe0BAHIE HCKOTOPLIX METO10B OnpejesielHs 10Bep XHOCTHOH
KHCJAOTHOCTH  TBEPOTO  Tesa.






VOLTAMETRIA CICLICA A SISTEMULUI Fe(I111)/Fe(II) PE ELECTROZI DE
PLATINA PRETRATATI

L. KEKEDY. F. MAKKA\Y i 6. 8. WAGNER

Utilizarea pe scard largd a electrozilor solizi in electrochimie a relevat proprie-
titile specifice ale acestera, determinind dezvoltarea unei ramuri aparte a electro
chimiei, electrochimia pe suprafete solide {1]. Un aspect particular al electrozilor
solizl 1l constituie faptul ¢ procesele de electrod decurg cu viteze diferite in functie
de starea suprafetei, electrozii respectivi avind o comportare care depinde de istoric
<1 de pretratament. Observatiile sint numeroase, mai ales in legéitura cu platina 2, 37.

Reversibilitatea diferitd a cuplului Fe?*/Fe*™ pe platind in functie de pretra-
tament a fost semnalatd de mai mulfi autori. Kolthoff siNightingale (4]
au observat ¢ sistemul este mai reversibil pe un electrod oxidat decit pe unul ne-
oxidat. Dupd Baker $i Mac Nevin 5] oxidarea ionului feros este inhibatd
de filmul de oxid de pe suprafata electrodului. Wijnen ¢ Smit {6] au con-
statat cd densitatea curentului de schimb, i,, descreste in timp, atribuind fenomenul
unor schimbdri In starea suprafetel electrodului (oxidare sau adsorbtie). Frecarea
electrodului a avut efect similar. Anson 7] in contradictie cu alfi cercetatori,
a observat ¢d stratul de oxid diminueaza reversibilitatea sistemului redox Fe(II1)/
I'e(1I). Contradictia o explicd prin faptul c¢d in mediu clorhidric oxidul de platind
este redus repede de ionii de Fe? , pe cind in mediu de HCIO, reducerea este lenta.
Ca atare, autorii care au avut un mediu clorhidric au lucrat cu un electrod redus,
<1 cresterca reversibilitdtii observate se datoreste platinel proaspit reduse. Anson,
lucerind In mediu percloric si-a pastrat filmul de oxid pe electrod care era de fapt
cauza descresterii reversibilitidtii observate. Prezentii autori, studiind aplicatiile
analitice ale efectului de pretratament (8, 9 si lucrind in mediu sulfuric, au obser-
vat de asemenea cresterea reversibilitdtfii sistemului pe suprafete oxidate. Aplicind
o gamd mai largd de pretratamente, au determinat si parametrii cinetici ai reactiet
de electrod in functie de pretratament [101}, relevindu-se efectul pozitiv in special
al calcindrii, precum siinhibarea procesului de citre ionii de I- adsorbiti. Continuind
studiul efectului de pretratament, In lucrarea de fatd se expun rezultatele privind
voltametria ciclicd a sistemului Fe(111)/Fe(I1) cu electrozi de platind pretratati.

Partea experinrentala

S-a aplicat nn baleiaj de potential triunghiular, simetric, intre 0,0 volti ¢i 0,80 volti fatd de E.8.C.,
inregistrindu-se variatiile corespunzitoare ale curentului. Viteza de haleiaj fiind redusa (25 mV/s), sensul
baleiajului a fost inversat manual, Baleiajul de tensiune a fost luat de la un polarograf (Radelkis OH
102), curentul fiind inregistrat tot cu ajutorul acestui instrument. Flectrodul de lueru a fost un fir
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de platind avind o lungime de | c¢m i o suprafatd geometrici aparenti de 0,094 cm? Drept electrod
de referinti s-a folosit un electrod de calomel saturat, fiind legat de celula de electrolizd conventionals
printr-o punte de sare. Solutiile de Fe(III) si Fe(IT) ambele de 107* mol/l, precum si H,S0, utilizate, s-au
preparat din reactivi puri §i apa tridistilatid. Celula a fost termostatati la 25 & 0,1°C. Inaintea fiecirei
experiente s-a barbotat prin celuld azot purificat, timp de 10 minute. Electrodului e lucru is-au aplicat
pretratamentele descrise anterior [2].

Rezultate, diseutii

Voltamogramele ciclice ale sistemului Fe(lll)/Fe(I1) pe electrozi redusi sint
redate In figura 1. Din inspectia voltamogramelor se poate stabili ¢ procesul electro-
chimic in general nu este favorizat de suprafefcle reduse ; cu cft electrodul a fost
redus mai energic, cu atit curbele apar mai turtite. Fste de remarcat faptul cd
procesul anodic, oxidarea Fe(Il), este inhibat de ionii de Fe?* adsorbifi pe supra-
fata electrodului. Pe suprafefe oxidate sistemul devine mai reversibil. Voltamo-
gramele insad no aratd diferenfe semnificative in funcfie de agentul de oxidare utili-
zat, ele fiind similare celor redate in fig. 2. Adsorbtia acidului azotic pe electrod,
reduce viteza procesului anodic. Efectul de pasivare a fonului de I~ adsorbit, sem-
nalat si in lucrarile noastre anterioare (2, 8, 9, 10, 11], se remarci si pe voltamo-
gramele ciclice (fig. 3). obfinute cu electrozi tratati cu KI (electrod gol, liber de
oxid gi de platind fin divizatd). Adsorbtia ionului de I~ inhiba atit procesul anodic,
cit si cel catodic (curba 1, fig. 3). Acest electrod poate fi reactivat, cel pufin
in parte, prin oxidare electrochimicd ulterioari (curba 2, fig. 3), procesul de reducere
a ionilor de Fedt devenind mai rapid. Procesul anodic ramine insi in continvare
lent. Foarte probabil, reactivarca constd in oxidarea ionilor de I~ adsorbiti con-
firmat si prin faptul cd electrodul pasivat cu KI nu se reactiveazd prin reducerc
electrochimicd. Suprafefele cele mai active se obfin prin calcinarea electrodului
(fig. 4). Un tratament oxidativ ulterior incd maireste putin valoarea curentilor
observati, probabil, prin indepirtarea unor impuritati de pe suprafata clectrodului
(curba 2, fig. 4). Acest clectrod foarte activ se dezactiveazd complet daci este scu-
fundat in KI (curba 3, fig. 4).

Din datele experimentale, concretizate in fig. 1—4, se pot trage si concluzii
semicantitative privind efectul pretratamentului asupra procesului de electrod
studiat. Este stiut cd valoarea curentului de virf (;,) de pe voltamograma ciclicd
in cazul procesclor reversibile si a difuziunii lineare, este redatd de ecuatia:

1, = kAl D' Co*s (1)

dedusd prima datdi de Randles si Sevceik, mai recent de Matsuda s
Ayabe [12]. Relatia (1) cste valabild atit pentru curentul catodic, cit ¢i pentru
cel anodic. A este suprafaja electrodului, v viteza de baleiaj, restul notatiilor au

semnificaia obisnuiti. Dacid D, = Dy, avem 7" = 73" Curentul fiind propor-
tional cu suprafata electrodului, tratamentul va avea influentd asupra valorii
lui 1, prin acest parametru, pe lingd efectul catalitic pe care il exercitd suprafata
solidd asupra vitezei transferului de sarcini. Acest efect e reflectd ¢i in valoarea

potentialului de virf (catodic) exprimat prin relafia [131:
Ep = EYz -— I,lRT/nF == ]fl/z - 0,028/11 (2)

Relatia fiind valabild si pentru un proces anodie (in acest caz in loc de semnul minus
vom avea semnul plus), urmeazi cd in cazul unui proces reversibil diferenta intre
potentialul de virf anodic si catodic va fi:

AE = E}* — E3* = 0,056/n volti (3)
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Fig 1. Voltamogramele ciclice ale sistemului Fed*/Fest (1078

moljI; 1:1, in H,SO, 1 n) pe electrozi redugi. 1. redus la 0,0

volti fatd de E.S.C.; 2. redusla —200 mV; 3. redusla —300 mV;
4. redus cu sare feroasi.
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Tig 2. Voltamogramele ciclice ale sistemului Fe?t[Fe?t pe e-

lectrozi oxidati. 1. oxidatla 41500 mV fatd de E.S.C.; 2. oxidat
cu acid cromic; 3. oxidat cu HNQ, conc.
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¥ig. 3. Voltamogramele ciclice ale sistemului Fe3*|Fe?? pe electrod

gol. 1. electrod gol (tratat cu KI);2. electrod gol, apoi oxidat la
4+ 1200 mV.
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Valoarea lui AE este un indiciu pentru reversibilitatea sistemului. Cu descresterea
reversibilititii aceastd diferentéd creste, domeniul de potentiale ale procesului anodic
indepartindu-se din ce in ce mai mult de cel catodic. Datele privind sistemul nostru,
in conditiile studiate sint totalizate in tabelul 1. Din datele tabelului se poate vedea
ci valoarea curentilor de virf este influentata semnificativ de pretratament, obtinind
curenti mai mari pe suprafata oxidata, decit pe cea redusa. Calcinarea are un efect
de exaltare, iar KI reduce simtitor valoarea curentului (electrod gol). Pe baza
valorilor lui AE din tabel, sistemul studiat se poate considera cvasi-reversibil, in
concordantd cu datele din literaturd [14]. $i in lumina acestor date reversibili-
tatea este maximi pe un electrod calcinat, si este minima pe un electrod care con-
tine ioni de I~ adsorbifi pe suprafata.

Tabel 1

cat jan ~cat an -an  gecat
Pretratamentul aplicat p ‘p I‘P ,‘/7 }‘P Ep

wA wA v v Ay

Reducere cu eSO, 6,00 8,00 0,150 0,800 0,650
. la —0,3 V 7,84 10,16 0,215 0,753 0,520
' la —0,2V 8,56 11,12 0,277 0,687 0,410
. la 0,0V 10,24 11,84 0 310 0,655 0,345
Oxidare la +12 V 6,10 11,84 0,250 0,800 0,550
, la +15V 9,76 13,36 0,345 0,672 0,327
. cu HyCrO, 9,36 13,12 0,335 0,685 0,350
., cu KMnQ, 8,80 11,60 0,300 0,720 0,420
., cu HNO, conc. 6,96 11,92 0,260 0,800 0,540
Gol 2,40 3,60 0,000 0,800 0,800
Gol - oxidat la + 1,2V 7,20 8,96 0,115 0,800 0,685
Gol -+ oxidat la -+ 1,3V 8,00 11,68 0,320 0,730 0,410
Gol - redus la — 0,3 V 4,97 7,20 0,010 0,790 0,800
Calcinare 14,64 15,72 0,353 0,585 0,232
Calcinare -- oxidat cu HNO, 16,00 15,76 0,353 0,590 0,237
Calcinare -+ oxidat la -+ 1,2 V 14,72 14,64 0,335 0,620 0,285
Calcinare + oxidat Ja -+ 1,5 V 12,74 15,52 0,380 0,610 0,230
Calcinare - redus la — 0,3 V 10,80 13,36 0,340 (4,620 0,280
Calcinare - tratat cu K1 4,00 920 0,100 0,800 0,700

Datele obtinute au utilitate analiticd permitind realizarea unor suprafete de
platini pe care sistemul Fe(111)/Fe(II) este fie cvasi-reversibil, fie complet irever-
sibil. Existenta unor asemenea electrozi este baza indicdrii bipotenfiometrice la
curent zero a titrdrilor in care participd sistemul redox studiat (9.

(Intrat in redactie la 26 noiembrie 1970
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HHKIHUYECKAST BOJIBTAMETPHA CHCTEMBI Fe(IIL)/(I'e(1T) HA NOPEIBAPHTEJ/IBHO
OBPABOTAHHDBIX TTIATHHOBBIX 2JEKTPOIAX

(Peszonme)

Maywaercst addexrt npeisapHTeabuoil 00paloTkH MAATHHOBLIX 3JEKTPOIOB HA  3JEKTPOXHMHUCCKOE
nopedeHde cueteMbl Fe(Ill)/Fe(ll), HCenoab3yd UKKAHYECKYIO BOJBTAMETPHIO C NPOLYBKOH JHHefiHoro
noTeHLHAA.

M3 akcnepHMeHTAJBHLIX J3aHHBIX [eJAlOTCS [OMYKOMHYECTBEHHbIE BHBOIBL, CONOCTABJISS 3HaYeHHe
NHKOBLIX TOKOB, COOTBETCTBEHHO 3HAYEHHE KATOAHBX H AHOIHKEIX [HKOBHIX NOTEHLHAJNOB.

[Monyuennvie AaHyune NO3BOJASIOT OCYLIECTBJICHHE [VIaTHHOBBLIX MOBepXHOCTell, HAa KOTOPHX ofpa-
THMOCTb cHcTeMsl Fe(ITI)/Fe(IT) apasercst pasanunot. CylecTBoBakne MOLOGHBIX SJMEKTPOAOB SBJISETCH
OCHOBOMA GHNOTEHIHOMETPHUECKOTO yKa3aMia NpH HYJEBOM TOKe,-— BBefleHHOro asrtopamu [9], — Turpo-
BaHHHl, B KOTODLIX YYaCTBYeT H3yUeHHas DelOKCHAS CHCTeMA.

CYCLIC VOLTAMMETRY OF Fe(111)/Fe(1l) SYSTEM USING PRETREATED PLATINUM
ELECTRODES

(Summary;j

The cffect of pretreatment of platinum indicator electrodes on the electrochemical behaviour
of the Fe(IlI)/T'e(II) redox system has heen investigated using linear sweep cyclic voltanimetry.

Semiquantitative conclusions are drawn camparing anodic and cathodic peak currents and peak
potentials respectively. The data obtained enables ns to prepare different platinum surfaces on which
the reversibility of the Fe(III)/Fe(1I) varies with pretreatment.

The new zero-current bipotentiometric indication technique developed by the autors [9] is based
on the availability of such electrodes concerning the redox system investigated.



UBER «-DIOXIMINKOMPLEXE DER UBERGANGSMETALLE (XXXI)

Amperometrische Titration des Kupfers it Diaminoglyoxim

FRANCISC MANOK, €CSABA VARHELYI und ANDREI BENKO

Die a-Dioxime bilden schwer 16sliche Chelate mit Nickel (1T), Palladinm (11) und Platin (I1) und
sind daher fiir die quantitative Bestimmung dieser Metalle selir geeignet. Neben den vielen gravimetrischen
und kolorimetrischen Methoden wurden auch amperometrische Metheden fiir die Bestimmung der oben-
erwithnten Metallen ausgearbeitet. Das Nickel wurde in einer ammoniakalischen Ammoniumchlorid
Pufferiosung mit Dimethylglvoxim {1, 2], Diaminoglyoxim [3, mit 1,2-Cyclohexandiondioxim {4], bzw.
mit Furyldioxim [5; amperometrisch um —1,6 — 1,8 Volt bestimmt. Die amperometrischen Kurven
haben in allen Fillen eine V-Form. Fiir die amperometrische Bestimmung des Palladiums verwendet man
cine neutrale oder schwach Saure Stammlosung. Das Palladium wurde in 0,1 n KNO; oder NaNO, in
Anwesenheit von wenig Salszidure mit Dimethylglyoxim (6] und Furyldioxim {7} titriert. Die ampero-
metrischen Kurven haben in diesen Fillen eine L-Form.

Dic Wechselwirkung von Kupfer(Il)-salzen mit Oximen gestattet die ampero-
metrische Bestimmung dieses Metalls., Alkyl- oder Aryl-substituierte Dioxime
bilden nur braune. l6sliche Kupfer(II)-Chelate. Die a-substituierten Monoxime
geben dagegen mit Kupfer(Il)-salzlosungen sehr schwer losliche Niederschlige.
So wurde das o-Benzoinoxim [8, 9] in ammoniakalischen Ammoniumchlorid-
haltigen Pufferlésungen zur Kupfer (II) Bestimmung verwendet. Die Titrations-
kurve bei —1,7 Volt hat eine V-Form. FEine andere Methode schligt das Salicyl-
aldoxim [10, 11] als Fillungsreagens vor.

Die x-Aminoxime und Diaminodioxime bilden auch mit Kupfer(II) und mit
anderen zweiwertigen Ubergangsmetallen farbige, lisliche Chelate, oder schwer
16sliche Verbindungen. Das Butan-bis amidoxim (Succinamid-dioxim) bildet mit
Kupfersalzen braungriine Verbindungen [12]. Die Chelate mit Amidoxim des Malon-
sdurehalbamids: HN-~CO—CH,—C=N—OH haben die folgende Struktur [13]:

|
NH,

IIQN'_C()-'CH2-——C'::N_() "_()H
b . \M(iu" }B’IQ”-—()H
NH, OH*

Kura§ und Mollin [14] verwendeten fiir die amperometrische Bestim-
mung des Nickels das Diamino-glyoxim (Oxalendiamiddioxim):

H,N—C——C—NH,.

I f
HON NOH
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Wihrend die Kupfer(II)-Chelate mit Alkyl- und alycyvelischen Dioximen
leicht 16sliche, nicht bestindige Verbindungen sind, lassen sich die Kupfer (II)-
Chelate mit Diaminoglyoxim im festen Zustande darstellen. Dubskvund Ok a¢
{15] haben die folgende Derivate aus schwach saurem, neutralem, bzw. alkalischem
Medium im festen Zustande isoliert : Cu{AGI, H,)Cl,, Cu(AGI. H,),Cl,, Cu(AGL, -
- Hy)»(NOg),, Cu(AGI, H), - 2H,0 und 3 Cu(AGL), - Cu(OH), - 6H,0.

Nach Dubsky und Okac¢ kann man annehmen, dass in der Struktur des basischen
Salzes einige Kupferatome mit beiden Oximgruppen direkt verbunden sind.

NHQNC:-'NO\
Cu | Culy | (OH),
NHQ""C:;NO -

(AGIL, H,==das nicht deprotonierte Diaminoglyoxim)

Wir stellten fest, dass das Diaminoglyoxim mit Kupfer{Il)-salzen in einer
Ammoniak-Ammoniumchlorid-haltigen Losung eine schwer losliche braune Iallung
gibt. Diese Fillungsreaktion kann man zur amperometrischer Bestinnnung des
Kupfers verwenden.

Experimenteller Teil

Das Diaminoglyoxim wurde nach der Methode von I'ischer
minlosung durch Einwirkunyg von Dicyangas unter Kiihilung erhalten,

Titerstellung dev Oximlisung. Ein aliquoter Teil aus einer 1072 Mol. Diaminoglyvoxim iosung wird it
20,00 ml 1 proz-er NiCl,-losung versetzt auf dem Wasserbade bei 30— 607 erwirmt und mit cin.r Ammoniak-
Ammoniumchlorid-Pufferlésung behandelt. Der entstehende gelbbraune Niederschlag wird unach 20--30
Minuten abfiltriert, mit verd. Puiferlosung gewaschen. Die Mutterlauge wird in Gegenwart von Murexid-
indikator mit 0,01 Mol EDTA titriert. In einer anderen Probe werden 20,00 ml 1 proz-er NiCl,-losung nach
der vorstehenden Methode titriert. Der Dioximgehalt der Proben wird aus der Differenz ermittelt,

Untevsuchung des Kupfer (I1)-AGL. Hy-—Systems duvch amperometrische Titration. Das Kupfer (1T}
zelgt in Ammoniak-Ammoniumchlorid-Pufferlosungen zwei polarographische Stufen entsprechend der
Reduktion Cu(II}-»Cuil), bzw. Cu (I)—>Cu(0}. Der Diffusionsstrom erreicht seinen Grenzwert wmn annihernd
- 0,55 Volt, Dieser Strom bleibt praktisch konstant bis —1,7 Volt, wo die Zersetzung der Stammlosung
beginnt. Die Reduktion des Diaminoglvoxims an der Quecksilber-
tropfelektrode findet in analogen Experimentierbedingungen nur
bei einem weniger pozitiveren Potentialwert, d.h. um — 1,6 Volt
statt.

Die fiir diese Reduktion entsprechende polarographische
Stufe ist nicht gut gebildet. Aus den Polarogrammen der Abb. 1
geht hervor, dass wir amperometrische Titrationen tiber das Cu (I1)
Diaminoglyoxim-System in einem weiten Potentjalbereiche @ - 0,55

- 1,7 Volt ausfithren konnen.

Es wurde von uns die Konzentrationsinderung des Kuplers
(11} im Laufe der Titrierung mit Diaminoglvoxim bei einem
Potentialwert von —0,7 Volt gegen gesittigte Kalomelelektrode
verfolgt. Fiir die Beseitigung des Sauerstoffs aus der Losung und fiir

(167 aus einer cilalischenHydroxila-

{

\ das Umriihren der Mischungwurdein Methanstrom verwendet.
—7}&2—- —04"— TJE— —ofa—- W Die polarographischen Kurven wurden it einem Polarograph
g d g 6V ., Radelkis OH — 102" aufgenonimen. Dieser Apparat wurde auch bei
Abb. 1. a) Polarographische Kur-  den amperometrischen Titrationen beniitzt. Als Referenz-elektrode
ve einer 2,0 - 1072 Mol Cu(NQ,), diente eine gesittigte Kalomelelektrode.
— losung in  einer 0,2 Mol Zu den amperometrischen Titrationen wurden 10772 bzw. 1078

NH, - NH@l — Pufferlosung mit  Mol. Diaminoglyoxim, 5 - 10™— 102 Aol Cu(NQOy), in 0,2 Mol
0,02%, Gelatine; b) Polarographi-  NH,Cl und 0,2 Mol. NH, -- Stammlésung beniitzt. Zur Beseitigung

sche Kurve einer 21073 Mol  der Maxima wurden2— 3 ml 0,2°,-ige Gelatine zu den untersuchen-

Diaminoglyoxim-losung in einer  den Losungen zugesetzt. Nach Zugabe des Reagenzes wird die Lo-
0,2 Mol NIIj~NH,Cl- Puffer- sung mit einem kriftigen Methanstrom 3 Minuten lang gemischt :

losung mit 0,029 Gelatine. nach weiteren 3 Minuten wird der Stromwert abgelesen. Bei der
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Titration ist eine Korrektion des Grenzstromes fiir die Voluminderung notwendig. Die Ausscheidung
des Kupfer (I1)-diaminoglyoxim-Chelates ist auch bei grosser Verdiinnung [Cu(II})] = 5 - 107¢ schnell und
1/2 — 1 Min. geniigen fiir die Einstellung des Gleichgewichtes. Bei dem angegebenen Potentialwert
--0,7 Volt ist der Chelatbildner polarographisch nicht aktiv und deshalb erhalten wir amperometrische
Titrationskurven, wie in Abb. 2.

Tabelle 1

Ubersicht iiber die Ergebuisse der Bestimmung }JA
von Kuplier (II)-salz
(]
g2 Nyp2t
Colin Cu Cur™ Abweichung 3
U(‘N)‘fh myg mg Ao
a-10° ber. gef. ° u}
3
6,50 20,65 20,60 -0,2 ot
2,60 8,26 8,28 +0,3 P
1,30 113 1,11 —0,5 NI °
t 2 3 4 5 6 p/AGLA,
0,87 2,76 2,78 F07
) as o ne 5 0n ~ A bb.2. Amperometrische Titrationskurve
0,65 2,06 2,07 0.5 des Kupfers (II) mit Diaminoglyoxim
. - . R 8,26 mg Cu in 50 ml Stammlosung. 1
0,52 1.65 1,64 -0.6 ml 2 - 1072 Mol Diaminoglyoxim ist diqui-
valent mit 2,54 mg Cu).

Aus den Titrationskurven geht hervor, dass in dem untersuchten Konzentra-
tionsbereiche : 5 - 10-¢ — 10~ 2 Mol Cu(II) 1 Mol Diaminoglyoxim aus der losung
2 Mol Kupfer (II)-salz fillt, in Ubereinstimmung mit der Aunahme von Dubsky
und Oka¢ {15]. Diese amperometrischen Messungen bestiitigen die Existenz des
basischen Salzes: 3 Cu(AGL), - Cu(OH), - 6H,0 nicht.

Man kann annehmen, dass das Diaminoglyoxim Briicken zwischen zwei Kupfer-
atomen bildet, und die tbrigen Koordinationsstellen durch Wasser, Hydroxyl
oder Ammoniak-Liganden besetzt werden. Zur Strukturaufklirung dieses Chelates
sind weitere Untersuchungen nétig.

Die analytische Anwendbarkeit der amperometrischen Titrierung des Kupfers
mit Diaminoglvoxim ist durch die Daten der Tabelle 1 illustriert.

(Fingegangen am 30. November 1970)
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DESPRE «-DIOXIMATIT METALELOR DE TRANZITIE (XXXI)
Titrarca ampevometricd a cuprului (I1) cu diaminoglioximd
(Rezumat)

Diaminoglioxima (oxalendiamiddioxima) formeaza un precipitat greu solubil, de culoare bruni in-
chisd cu Cu{ll) intr-o solijie tampon de NI, — NI .CL. Aceastd reacfie a fost studiati amperometric, ur-
marind variatia curentului de difuziune la --0,7 Volt (fatd de electrod de calomel saturat) in cursul titririi,
$-a stabilit cd reactia de precipitare are loc rapid chiar si la dilutii considerabile, iar raportul de combinare
Cu : diaminoglioxima = 2 1. $-a demonstrat ¢d reactia amintitd poate fi aplicatd la dozarea cuprului (I7),
dilutia maxima la care se pot obtine rezultate bune fiind in jur de 5 - 107 Mol.

Ob «-JAHOKCHMATAX MEPEXOJHDLIX METAJJIOB (XXXI)

Asnepomempuyeckoe mumposarue medu (I1) duamuroeorcuros
(Pezwme)

HAuamuporanokenM (OKcaseH 1HaMHHOKHCM) 00pasyeT TPY/AHOPACTBOPHMBI TOMHO-OYPHE 0CafoK
¢ Cu (II) B Oydepnom pactBope NH;—NH,CL. ABTOPB H3YYaii A4HHYIO PEAKUHIO AMIIEPOMETPHUCCKH,
HpocaeKHBas Hameente Anpdysuontoro Toxka npi —0,7 B (N0 OTHOWEHHIO K HACBHIEHHOMY Kagaosedb-
HOMY 3JCKTPOJAYy) B TeYeHHe THTPOBAHHs. ¥CTaHOBACHO, YTO DEAKUHST OCAM.CHHS LIPOHCXOIHT ObiCTpoO,
Jaxke H NpH 3HAUHTEIBHOM Pa30apieHHN, 8 COOTHOMICHHe KOMOHHHPOBaHHst Cu: JHAMHHOIHMOKCHM == 2 :1.
Jokasano, 4To BHILIECYNOMSHYTYIO PEAKIHIO MOKHO IPHMEHATh NpH onpeieienun smean (II). Makcnmais-
Hoe pasdapJeniic, NP KOTOPOM NOJAYHalOTCH XOpoliHe pe3yabraTht okoo 5. 10~ o,



STUDIUI, COLORIMETRIC Al SISTEMULUI ARSENAT-MOLIBDAT LA
TEMPERATURA 100°C

Aead. RALUCA RIPAN si FRANCISC MANOK

Intr-o lucrare anterioard [1] am ardtat ci in solufii apoase de molibdati ST
de arsenati, la temperatura obisnuitd, pind la o concentragie [Moj] = (0,1 m, se
formeaza practic numai arseno-molibdati incolori, in reactii rapide.

Ia gedere sau la incilzire, se observa ingidlbenirea sclutiilor acide, ceca ce indica
faptul ca, in afara de reactii rapide, au loc ¢1 reactii lente care duc la formarea hetero-
policombinatiilor galbene.

In literaturd a fost descrisd sinteza arsenc-molibdatilor galbeni [2, 3, 4]
{dintre care cet mai stabili sint Z2-arseno-18-melihdatii) ; insd formarea acestor
combinatii in sclutii diluate nu a fost studiatd, nu s¢ cunoagte care sint speciile
existente 1in solufii galbene.

In lucrarea de fatd ne-am propus si cfectuim un studiu colorimetric al siste-
mului arsenat-molibdat, avind ca scop determinarca rapoartelor de combinare
in arseno-moelibdati galbeni, precum si stabilitatea domeniului lor de existenta
in funcfie de aciditatea solutiilor.

Reactiile care duc la formarea arseno-molibdagiler galbeni la temperatura
obignuitd si in solujii diluate sint feoarte lente, de aceea am incalzit solutiile la
aprox. 100°C, pina la stabilirea echilibrelor. Prin ridcire bruscd a soluiiilor, echi-
librul stabilit la 100°C rémine practic neschimbat, intrucit reactiile de descompunere
ale acestor combinatii (dacd mediul nu este puternic alcalin) sint de asemenea lente.
Astfel colorimetrarea solutiilor se poate face la temperatura obisnuita.

Modul de lueru. S-au preparat solutii izohidrice de Na,HaS0,; 0,04 m si Na,MoQ,, 0,04 m acidulate
cu HCIO,.

S-au efectuat trei serii de misuratori, pH-ul solutiilor izomolare ([Mo] + [As] = 0,04 m) fiind 1,2
respectiv 3. Probcle preparate prin amestecarea solutiilor izohidrice le-am inciilzit timp de o ord pe o baie
de apd (aprox. la 100° C) in baloane cotate.

Dupé ricirea bruscd a probelor am misurat extinciiile solutiilor galbene cu un fotocolorimetru
,, FEK", folosind filtrul albastru si cuva de 1 cm.

Repetind incélzirea gi ricirea probelor, am méasurat din nou extinctiile solutiilor, obtinind valori foarte
apropiate de cele precedente. Acest fapt dovedeste cd timpul de incilzire de o ord este suficient pentru
stabilirea echilibrelor. Rezultatcle sint reprezentate in fig. 1.

Curba de extinctie obtinuti la pH = 1 ¢i 2, prezintd un maxim la raportul Mo/As = 9. Extinctia
solutiilor scade brusc la raporturi mai mari decit 9. La raporturi mai mici decit 9, curba de extinctie ob{inuta
la pH = 2 descreste mult mai rapid decit cea corespunzitoare pH-ului 1, ajungind la o valoare aproape
de zero la un raport MofAs = 1. Acest fapt arati ci formele inferioare de arseno-molibdati (incolori) sint
mult mai stabile la pH 2, decit la pH 1, in concordanti cu constatirile noastre precedente [1].
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La pH = 3 valorile extinctiei sint

£ foarte mici gi practic nu se poate stabili

exact punctul maxim al curbei. Peste

0250 acest pH formarea arseno-molibrdati-
lor galbeni este neinsemnati.

La o altid serie de misuritori, conti-
nutul de arsenat al probelor a fost con-
stant, variind concentratia molibdatului.
Solutiile au fost acidulate en HC1O, pini
la pH = 1 §i incilzite la 100°C timp
de o ori.

o200
0150

0100

Concentratia totald a arsenatului
in fiecare probd a fost 1,6 - 1073 m.

L0560

Rezultatele misuritorilor sint re-
prezentate in fig. 2.

: . L
15
e a0 miAs Curba de extinctie trece printr-un
maxim $i descreste la concentratii mai
Fig. 1. Curbele de extinctie ale solutiilor’ izomolare ?art.d.e m?ltlb(%.at; _Alc‘eai;a S‘Cadfere a ex-
(Mo)] + [As] = 0,04 M. inctiei poate fi explicats prin formarea
- : arseno-molibdatilor incolori, mai bogati
in molibden decit forma galbeni.

Comportarea acidului arseno-molibdenic galben in solutii puternic acide. S-a urmirit comportarea
acidului arseno-molibdenic galben in solutii de acid percloric, variind concentratia acidului intre 0,1 m —
— 1,8 m $-a lucrat cu un raport de Mo/As = 9, concentratia molibdatului fiind 3,6 - 1072 m, iar cea a ar-
senatalui 4-1073 m.

Probele le-am inciilzit timp de o ord la temperatura de 100°C, misurind extinctiile dupi o riicire
rapida.

Rezultatele acestor misuritori sint reprezentate in fig. 3.

Din fig. 3 reiese ci valoarea maximi a curbei de extinctie se afld aproximativ la 0,3 m HCIO,,
dar in domeniul de concentratie intre 0,2 - 0,5 m al acidului percloric valorile de extinctie sint foarte
apropiate.

Peste o concentratie de 0,6 m a acidului percloric curba de extinctie descreste mai rapid, indicind des-
compunerea acidului arseno-molibdenic galben.

Coneluzii. Masuritorile efectuate cu serii izomolare ne indici formarea com-
binatieil galbene cu un raport de combinare Mo/As = 9. Confruntind acest rezultat
cu datele din literaturd [2, 3], putem admite cd heteropoliacidul galben este o
combinatie binucleard avind anionul [As,Mo0,4O04, ] 6.

Acidul 2-As— 18-molibdenic ia nastere in mediu acid, peste pH = 3 formarea
lui fiind neinsemnatd, iar in solufii puternic acide se descompune (HCIO, = 0,6 m)"

£
£ o,
0,200¢ 03
01501 02
0100t n200
0050¢ \ 0450
. % ’
. . R 0100,
3 10 15 2 5 X 3 2
/M/)]«J 05 10 5 [HC[()é]
Fig. 2. Curbele de extinctie ale solutiilor de I'ig. 3. Curba de extinctie a solutiei Mo (VI) ==
1,6 - 1078 M As (V) — 2. — 32,107 M Mo (VI) == 36-1072M i As =4 - 1073 M la diferite

la pH = 1. concentratii de HCIO,.
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Din acest studiu colorimetric se pot trage concluzii calitative si asupra compor-
tarii arseno-molibdatilor incolori la temperatura de 100°C.

Din alura curbei (pH = 1) de pe fig. 2, se poate deduce prezenta acizilor arseno-
molibdati incolori, mai bogati in molibden decit acidul 2-As-18-molibdenic.

Formarea arseno-molibdatilor mai siraci in molibden la pH = 1 nu este in-
semnatd,la pH = 2, insd, stabilitatea acestora creste considerabil, astfel cd la un
raport Mo/As = 1, practic nu se formeazd arseno-molibdatul galben.

Aceste constatdri referitoare la dependenta stabilitdfii diferitelor specii de
arseno-molibdati de pH-ul solutiei, sint in perfectd concordantd cu rezultatele
misuritorilor conductometrice.

{Intrat in redactie In 3 decembrie 1970)

BIBLIOGRAFIL

1. R. Ripan si F. Manok, Stud. Univ. Babes-Bolyai, Chem., 14 (1j, 3 (1969).
2. A Rogsenheim si A, Traube, 7. anorg. Chem., 91, 75 (1913).

3. 0. Pufal, Ber. dtsch. chem. Ges., 17, 217 (1884).

4. X. Drechsel, Ber. dtsch. chem. Ges., 20, 1452 (1887).

KOJOPHMETPHYECKOE HCCJEJIOBAHHE CHCTEMbL APCEHAT-MOJIMBJIAT ITPU
TEMITEPATYPE 100°C
(Peswwme)

Hayueno oGpazoBanue EJAToro apeeno-MoauGuara 1npu remueparype npudansur. 5 100°C, s pasau-
qHBlX Yyeaosusix kucdorHoctH (pH =1, 2, 3 B cHabHO KoHueHTPHpOBAHHAN KHcAOTHAst cpeja). [Tyrém
PE3KOr0 OXJaXKAeHHS DPacTBOPOB paBHOBecHe, ycTaHoBaeHHoe npH 100°C, mpakTHueckn ocTaércs HeH3-
MEHHBIM, TAK KaK DeakLMsT PasoAKeHHs HKENTOr0 apceHo-MOIHO14Ta ABAACTCS OUeHb MEJIEHHONR NpH KOM-
HATHOH TeMmnepaType. ABTOPHI NpPOBeIH KOJODHMeTPHUECKOe HCCHeROBAHMe, ONpejesssl COOTHOUIeHHe

" koMmGunupoBauns Mo/As B xkéatom coepunenunu. Hesasucumo ot pH, 7o cootHomenne ciaegyiomgee!
Mo/As =~ 9.
B miGeitke MOAHGIATA # B CHIBHO KHCTIOTHON cpejle KEATOe coel/lHHeHHe DAa3araerci.

LTUDE COLORIMETRIQUE DU SYSTHEME ARSENATE-MOLYBDATE A LA
TEMPERATURE DE 100°C

(Résumd)

Les auteurs ont étudié la formation de 1'arséno-molybdate jaune a la température d’environ 100°C,
dans différentes conditions d’acidité (pH == 1, 2, 3 et milieu acide fortement concentré). Par le refroi-
dissement brusque des solutions, Véquilibre établi a 100°C reste pratiquement inchangé du fait que la
réaction de décomposition de I'arséno-molyhdate jaune est trés lente a la température de la pi¢ce. On a
effectué une étude colorimétrique, déterminant le rapport de combinaison Mo/As dans la combinaison
jaune. Quel que soit le pH, ce rapport est Mo/As == 9.

Dans un excdés de molybdate et dans un milien fortement acide, la combinaison jaune se décompose.

$ — Chemia fasc. 171971






STUDIU ASUPRA ELECTROZILOR-MEMBRANE POLIMER +
PLASTIFIANT (VI)
Utilizarea membranei de PCV b tricrezilfosfat in titrarea potentiometrica

acide-bazica automati

€. LYTEANU si ELENA HOPIRTEAN

Aldturt de necesitatea unui debit constant al titrantului si de alfi factor
tehnici necesari, viteza mare de rdspuns a electrodului indicator (traductor) consti-
tuie o condifie esentiald peutru realizarea in bune condifii a titrdrii automate.

Dest utilizarea electrozilor-membrane permselective ca
traductor: in titrari potentiometrice s-a exting in ultimii
ani din ce in ce mai mult, totusi incercari de folosire a ace-

stora in titrarea potenfiometrica automatd, in afara celui
de sticld se cunosc pufine pind in prezent [1- 4.
Tucrarea de fata prezintd rezultatele incercirilor de
utilizare a membranei de PCV - tricrezilfosfat [5] ca traductor
in titrarea potenjiometricd acido-bazicd automata. Electrodul-
membrand de PCV si tricrezil fosfat a fost utilizat cu succes
in titrarea potentiometricd a acizilor si bazelor tari [6,7], a
acizilor si bazelor slabe '8, a unor produse sodice {9]si a unor
substante organice [107]. Viteza mare de raspuns a electrodului-
membrana la modificarea activititii ionului de hidrogen a
constituit punctul de plecare in vederea utilizérii acestuia ca
traductor in titrarea potentiometricid acido-bazici automatdi.

Partea experimentald si disenfli. Electrodul membrand {57 s-a obtinut.
prin fixarea membranei in forma de Hhuld la capatul unui tub de sticla
Potentialul s-a preluat din solutia internd (HClL 1074 N) cu un fir de platini,

dupéd cum se vede In fig. |.

Fig 1. Electrodul-membrand: 1 — membrana; 2 — solutia interni; 3
tub de sticld; 4 - fir de platina; 5 —~ f{fir de cupru; 6 - bornid de
contact; 7 — fir din plastic.
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Viteza de rispuns a electrodului membrani este ilustratd de curbele din fig. 2 care reprezintd for-
marea in timp a potentialului in solutie de HCI 1072 N §i NaOH 1072N. Curbele s-au inregistrat cu un
polarograf Radelkis OH 102 dup3 metoda schimbirii bruste a concentratiei §i anummne prin scufundarca

Eiml/
5t
E{mV) Lor
-40
JO;
-3
-0 a
-0 or
i
0 3% 6 bW W Wk B el 0 7 & 6 6 10 2 % B Wik
R a b

I'ig. 2. Viteza de rdspuns a electrodulni-membrand: e - formarea potentialului in solutie de
ke [ ; HCL 1072 N ;b — formarea potentialului in solutie de NaOH 1072 X
[
[

rapidd a electrodului-membrani pastrat in apa distilatd, in solutia de studiat, o datd cv inregistrarea. Din
curbele inregistrate (fig. 2asi 2b) se constatd cd pentruatingerea unei valori practic constante de potential
timpul necesar nu depiseste 15—20 secunde.

1. Titrarea automatd prin inregistrarea cuybei de titrayve. Utilizind un montaj ¢ cirui schemi este re-
datd in fig. 3, s-au efectuat inregistriiri ale curbei de titrare a HCl cu NaOH (fig. 4) cit si a curbei derivate
{fig. 5). Inainte de inceperea titririi clectrodul-membrand s-a tinut in solutia de titrat pind a atins o va-
loare practic constanti de potential. Pentru adaocsul titrantului s-a utilizat o biuretd automati al ciired
piston era actionat cu un dispozitiv electric adecvat. S-a lucrat cu un debit de 0,109 mlisee si la o vi-

tezd a hirtiel inregistratoare de § mm/sec.

"o Volumul de echivalentd  determinat
- Na iy g . . - .

{111 din curba inregistrata (4,16 ml) precum
si cel citit din curba derivatd inregistratd

valvd magnefrca

_,,_1 (4,18 ml) sint foarte apropiate de volumul
de echivalentd calculat prin aceeasi me-
POTENTIONETRY todd din datele titrarii punct cu punct

) / : (4,13 ml), eroarca nedepisind 4 19;. Aces-
\ .“‘ te rezultate constituie o dovada elocventi

a  promptitudinii in raspuns a electro-

membrand

soltio de hitrat . . .

" o . - . . dului-membrand fatd de modificarea acti-
o, 3. Schema instalatiei pentru inregistrarca

automatd a curbei de titrare. vitatii ionului de hidrogen din soluie.

jes}
[
O]
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2. Titrarea automatd la polential final prestabilit. Potentialul corespunzitor volumului de inflexiune al
curbei de titrare inregistrate s-a considerat drept potential de echivalentii pentru conducerea titririlor

automate la potential prestabilit. S-au efectuat de asemenea inregistriri si pentru electrodul de sticld
ca traductor, conducindu-se un studiu comparativ referitor la comportarea electrodului membrani de PCV

-t tricrezilfosfat gi a electrodului de sticld, in astfel de titrari.

s
%
Emi)
60} w
60
7918
20t
"C,
0r 30
0
!
? ES 4 A ) 1 " 'y "
013 26235 %5 Vi) RN - B [ R ¥ R
2 24 36 49 t(sec) 10 20 30 4 50 #sec)
Fig 4 Curbd de titrare inregistrata: Fig 5. Curbd de titrare derivati inregistratad:
titrarea HCl 107% N cu NaOH 107 N. titrarea FICI 1072 N cu NaOH 10™* N.

Volumul de echivalents obtinut [11] din curba inregistratd cu electrodul de sticly (4,70 ml) precum
si cel obtinut in cazul electrodulni membrand (4.66 ml), este apropiat de cel determinat conductometric
(4,65 ml).

Pentru conducerea titririlor automate Ia potential final
prestabilit s-a utilizat montajul redat in fig. 6. Adiugarea . alH
reactivalui s-a efectuat cu ajutorul unei microbiurete preva-
zutd la capit cu o capilard de diametrn adecvat a cirei 0
inchidere comandati de autotitratorul Radiometer TTT 1,
este realizata cu ajutorul unei valve magnetice, ‘

POTENTIONETRY
InRECISTRATOR

In scopul caracterizirii preciziei titririi potentiometrice
automate a HCI 1072 N cu NaOH 2 : 107! N la potential
prestabilit, utilizind ca traductor membrana de PCV-tricre- @
zilfosfat, s-au executat 10 titriri la valoarea prestabiliti a
potentialului de echivalentd, de --250 mV. Potentialul din
solutia internd s-a preluat cu fir de platind. Acelasi lucru s-a
deut st in cazul utilizirii ca traductor a electrodului de  pjg 6. Schema instalatiei pentru titra-
sticld.Rezultatele sint redate in tabelul 1. rea automati la potential prestabilit.

membrand
s0lutra de hirat
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Tabel 1

Rezultatele titririlor potentiometrice automate la valori prestabilite
ale potentialelor de echivalenta

Electrod indicator

Nr. | Membrana PCV 4 tricrezilfosfat Llectrod de sticla
et pot. initi-} Pot. final | Volum de | Pot. initi-} Pot. final | Volum
al (mV) {mV) oprire | al {mV) (mV) oprire
1 —-379 - 250 4,68 — 209 25 4,70
2 - 380 - 250 4,67 -~ 205 25 1,68
K —381 -250 4,66 —~210 25 4,75
4 - 379 —~250 4,68 ~203 25 4,72
5 —378 - 250 4,66 —209 25 4,70
6 —380 --250 4,65 -207 25 4,72
7 —380 - 250 4,67 --203 25 4,65
8 —380 ~250 4,67 — 200 28 | 469
9 —378 - 250 4,66 - 203 25 473
10 — 380 - 250 4,66 205 25 | 468
|
V = 4,67 ml Vo= 4,70 ml
5 =87 .10~* mt s =29.10 ! m!

Din datele inscrise in tabel se vede ci electrodul-membrand prezintd o foarte buni reproductibili-
tate, abaterea standard a valorilor individuale ale volumalui de titrant la oprirea comandatd automat
fatd de volumul mediu fiind de 8,7 - 1073 ml, adici ,189,. In cazul utilizirii ea traductor a electrodului

2

de sticli, abaterea standard este s = 2,9 - 1072 ml, respectiv 0,639,

Tot In scopul caracterizirii preciziei titririlor antomate la potential prestabilit, utilizind ca traductor
electrodul-membrani, s-au efectuat oserie de titfiri ale HC1 2107 N 107*Ngi 5107 N cu NaOH 2-10™1 N,
la valori ale potentialclor prestabilite cuprinse intre Fogo, si Eio1o,, valori determinate grafic de pe cur-

60

20

[iml)

x

Ia)

0 27 73 26 T 45 46 47

Fig. 7. Dependenta dintre volumul de oprire si poten-7}

tialul prestabilit in intervalul Eggo; — ooy :

9293 % m)

5-107N;b — HCII07*N ;¢ — HC12 - 1071 N.

a — HCl

}

bele de titrare corespunzitoare.

Din fig. 7 in care este redatd depen-
denta volum de oprire — potential presta-
bilit, se vede ca datoritd unui salt suficient
de mare a potentialului in jurul punctulut de
echivalentd, pentru potenfiale prestabilite
in intervalul  Eoge, — Epre,. eroarea ce
se comite este de maxtmum - 1°) in toate
cele trei cazuri.

In tabelul 2 este redat comparativ
saltul de potential in jurul punctului de
echivalentd pentru precizia de -4 19, in cazul
titrdrii HCI cu traductor-membrand fat3 de
cel obtinut en traductor-electrod de sticla
pentra cele trei concentratii amintite.

4

Se vede ¢d in cazul electro-
dului-membrand influenta concen-
traftei solutiel asupra saltului de
potential in jurul punctului de echi-
valentd pentru precizia de 4 19
se resimte mai putin decit in cazul
electrodului de sticla. Aceastd com-
portare indicd faptul c¢d electro-
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dul-membrand este mai sensibil la Tabel 2

prezenta altor specii chimice din

solutie in afard de H*, decit elec-  Varlafia de potential in jurul punctului de echivalentd

trodul de sticla, ceea ce a fost ara- pentru preeizia de 1%

tat [5) cu ocazia studiului functiei (AE) + 1% (mV)

electrodice a membraneiin prezenta NI | aye :

clor:cxr(i)i de sodiu p § ort. Solutia de titrat Electrod- | Electrod de

N . membrani sticld

In concluzie, se poate afirma

cd ele.ctrodulomembra_né PCV + 1 HCL 5 - 107N 53.0 120,0

tncrelef'osAfat poate fi utxhz?t cu 2 HCI 10-2 N 56.0 180.0

succes §1 In titrarea potenfiome- 3 HClI 2 - 107 N 69,0 213,0

tricd acido-bazici automatd, atit
prin inregistrarea curbei de titrare cit'si in titrari la potential final prestabilit,
dind dovadd chiar de o mai buni reproductibilitate decit electrodul de sticli.

{Intrat tn redactie la 4 decembrie 1970)
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HCCJIEAOBAHHE JIEKTPONOB-MEMBPAH MOJMMEP + TJIACTHOHKATOP (V1)

Henoas306anue noauxaopeuHUAbHOL MEMOPAHBL + MPUKPEIUADOCHAM 6 QBTMOMAMUHECKOM KUCADMHO-0CHOBHOM
NOMEHYUOMEMPUYCCROM MUMPOSANULL

(Peswwme)

[pHBOAATCA Pe3yJabTaTH, MOJAYYeHHBIE HDH 2BTOMATHUECKOM KHCJOTHO-OCHOBHOM IIOTEHIUMOMETpHUe-
CKOM THTPOBAHHH C HCMOJB3OBAHHEM B KauecTBe HMHAMKATOPHOTO 3JEKTPOXA MOJHXJIODBHHHJBHOA MeM-
6paunt + Tpukpesuadocdar. [lonyuawres Xopouwse pe3yabpTaThl KaK METOJOM PETHCTPALHH KPHBOR THTPO-
BaHHA, TAKH B aBTOMATHYECKHX THTPOBAHHAX IpH [PeABAPHTEIbHO YCTAHOBJAEHHOM foTeHUHaste. Pesyin-
TATH CPABKHBAIOTCA C TOJNYYEHHLIMH CO CTEKJISHHBIM 3JEKTPO10M.

LETUDE DES ELECTRODES-MEMBRANES POLYMERE - PLASTIFTANT (V1)
Utilisation de la membrane de PCV -+ tricvésylphosphate dans le titrage potentiométrique acido-
basique automatique
(Résumé)
On expose les résultats obtenus par le procédé ci-dessus. On obtient de bons résultats soit par la

méthode de l'enregistrement de la courbe de titrage, soit dansles titrages automatiques au potentiel
préétabli. Les résultats obtenus sont comparés avec ceux qu'on obtient avec I'électrode de verre.






THE ELECTRICAL CONDUCTIVITY OF CHROMIA-ALUMINA CATALYSTS (I)

Chemisorption and surface oxido-reduction in hydrogen and oxygen

ELENA BABES and GAVRIL NIAC

Introduction. The interaction between solid surfaces and the gaseous atmosphe-
re involves to a larger or smaller extent an electron transfer. The gas molecule
may be bound to the surface by physical adsorption or by chemisorption. A gas
molecule can participate in the chemical change of the surface by oxidation or
reduction, giving rise to ions or molecules which are inserted in the lattice.

In the electronic theory of chemisorption a chemical reaction involving transfer
of electrons is postulated, the mass action law is applied and the density of the con-
duction electrons is related to the gas pressure.

In this paper we tried to found a relationship between the changes in the con-
ductivity and the nature of chemisorption on chromia alumina catalysts.

In spite of the thermodinamic stability of chromia towards reduction or oxi-
dation [1], chemical determinations of the valence state of the surface ions [2]
give an evidence for the prescuce of ions of higher valence than +3. The amount
of adsorbed oxygen and hydrogen can not be removed entirely by evacuation
from chromia—alumina surfaces, proving that the adsorbed gases undergo deeper
changes.

EPR measurements on catalysts prepared by impregnation of alumina with
chromium (III), give different signals for the oxidized and reduced samples. The
signals may be attrtibuted to the Cr®* ions int the reduced catalysts {3] [4]. In the
oxidized samples the Cr8% ions can accept electrons from the Cr3t ions, producing
holes in the chromia semiconductor. The signals in the oxidized samples may be
due to these trapped holes (due to the existence of Cr®" ijons), to the ions
which remain after trapping holes, or to the ions which remain after trapping
electrons, that is to Crtt or Cr8* ions. Cossee and van Riejen [5] favor
the Cr®* ions, in order to account for their magnetic susceptibility measurements.
Kazanskii and Pecherskaya (6] confirm the existence of surface Cr%*
ions. It was stressed the stabilizing effect of alumina on certain valence states
of chromium [7] [8], especially - § [9] is important.

Summarizing the data from the litterature, the oxidized chromia — alumina
catalysts contain chromium ions in higher oxidation states than + 3, which act
as acceptor 1mpur1t1cs giving rise to a p-type semlgonductwn} The reduced
catalysts contain Cr?* ions, which acting as donors give an n-type semiconductivity.
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Table 1
The characteristics of the catalysts in study
Cr content percent Specifi o
o 1I1¢ suriace
per weight pe:rea !Sna/g Pretreatment
total Cr | Cr®t |
6,36 1,61 180 Calcination in air
760°C
Reduction in hydr-
ogen 300°C
yd /
S00 W / ‘
g 3%
- e
T T
1 [ 2
T
'}<‘ i
Wz
~
220v
i
Yz D% 40 s el

Fig 1. The conductivity cell. 1. the catalyst pellet; 2. pla-
tinium electrodes; 3. furnace; 4. asbest shield; 5. spring resort;
6. thermocouple ; 7. megohmmeter.

By measuring the ther-
moelectric effect Bremer and
cowork. [10] showed that
chromia-alumina catalysts are
p-type semiconductors after
stabilization in oxygen, and
n-type semiconductors after
stabilization in hydrogen.

The Heckelsberg crite-
rinm cannot be applied here
simply ‘because the electrical
conductivity of these catal-
ysts is dependent not only
on the nature of the gas at-
mosphere, but also on the
pressure, temperature and
time of contact with these
gases.

In order to explain this
behaviour we followed the
electrical conductivity chan-
ges of chromia-alumina cata-
lysts under several conditions.

Experimental part. 1. 4dppara-
tus and materials. The catalysts un-
der studying are chromia-alumina
dehydrogenation catalysts, prepared
by the Petrochim Institute of Plojesti,
by impregnating active alumina. The
characteristics of the catalysts are gi-
ven in table 1.

The electrical condactivity chan-
ges were measured on cylindrical pel-
lets, in the form they are used in in-
dustrial reactors.

** In the conductivity cell fig. 1.
the two platinium electrodes are pres-
sed with a steel spring resort on the
pellet. In order to insure a good elec-
trical contact, a thin film of silver is
deposited by cathodic sputtering on
both sides of the polished eylindrical
pellet. The cell is attached to a clas-
sical high vacuum device which
works in a static system, at controlled
pressures.

The hydrogen, prepared by the
electrolysis of an aqueous solution
of NaOH 20 was purrified by pas-
sing through a solid NaOH trap, a
furnace with metallic copper heated
at 400°C in order to fix the oxygen
traces and finally through a liquid
nitrogen trap.

Atmospheric air was dried by
passage through aliquid nitrogen trap.
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The electrical resistivity was measured by a TESLA type megohmmeter (0.1 10% MQ). The vol-
tage was applied to the sample only during the measurement, in order to minimize the polarization.

2. Results. The conditions in which the changes of the electrical conductivity were followed as a
function of yas pressure are given in table 2.

Table 2
The experimental conditions in the determination of the conductivity isotherms
Pretreatment Tixperimental conditions
GAS | TEMP. [PRESSU-| TIME GAS | TEMP. |PRESSURE m figure
o RE Torr{ hours oC RANGE Torr
air 760 — H, 350 0260 —0.50 2a
H, 300
vacuum 350 1074 24 H, 350 260--730 —0.10 2a
H, 350 0730 5 H, 500 0--230 —0.18 2b
H, 500 230730 +0.58 2b
air 760 - - 1, 500 0—200 —0.50 2¢
H, 300 -
vacuum 500 1074 24 H, 500 200 --730 i-0.55 2¢
H, 500 730 12 ., 500 0-730 +-0.91 2d
H, 500 730 24 H, 500 7300 +1.0
air 750 — — I, moist 500 0730 ~0.25 4
H, 300
vacuum 500 1074 24
H, moist 500 730 12 H, 500 0730 +0.42
H, 500 730 12 H, moist 500 0730 +1.12
H, 500 730 24 air 500 0—55* —0.33 3a
| air 500 55160 +0.92 3a
air 500 730 24 air 500 0—160 +1.05 3b

* Oxywen partial pressure.

Some of the determined conductivity isotherms are given in figures 2, 3, 4. The equation which
describes the conductivity isotherms is:

Aas - const. p™

where m is dependcent upon the pretreatment of catalvsts aswell ason the temperature, pressure range, time
of contact and purity of the gases. The exponent of pressure can be determined by plotting log (¢ — o) ==
= f( log p) for the ascencendent part of the curves and log (o, — o) = f(log p} for the descendent part.
a, is the pressure independent part of the electrical conductivity.

Discussion. Even in a vacuum of 10-4% Torr, the electrical conductivity of
the oxidized catalysts decreases in time, showing that some changes in the electronic
structure of the catalysts occur. Garcia de la Banda [11] suggest this is due to the
reduction of the surface Cr¢* ions to lower valence states.

In hydrogen the decrease in conductivity of the oxidized catalysts (fig. 2a,
2¢) could be explained by assuming a reduction of the chromium ions on the surface.
The reaction

Cr0, + (y — 3H, = Cr,0; 4 (y — 3)H,0 (1)

could take place only when the hydrogen is thoroughly dried.
As reported in the literature the surface of oxidized chromia-alumina catalysts
contains Cr%* and Cr®" ions.
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Assuming that Cr®' ions undergo reduction to Cr®* ions:

2Cr8t 4+ 3H, = 2(Cr*t + 6HT (23
the mass action law characterizing this equilibrium is:
- rCe3t 2 HTe ,
K= SRR (3)

[CrfT 2 pyd

The Cr¢% jons act as acceptors in the Cr,0O, lattice, giving rise to positive holes
by the equilibrium :

Cr8t = Ot 4 36p (4)
characterized by the equilibrium constant:
p oo C8T (@F (5)
[Crf]

From (3) and (5), considering the Cr®* concentration a constant:

(@] — const. [H*] py; ¥ (6)
The electrical conductivity, proportional with the free charge carriers density is then :
Ac ~ [@®] = const. [H*] py; % (7)

Assuming that the Cr5* ions undergo reduction to Cr®* the reactions and the
equilibrium constants implied here are:

Crst + Hy= Cr®" + 2H" (8)
K . [Cr3+} [H+ 12 (9)
[CroF ] pus
Crét =C3t + 2@ (10}
RS (1 (11}
[Crot]

and the conductivity, proportional to the number of free charge carriers is:
Ao ~ [@] = const. [HT] py, (12}

If the reduction of the Cr8* ions goes only to Cr®* ions, which are stabilized
by the alumina, the reactions are:

Crét - 1/2 Hy =2 Cr%F 4 H™ (13)
Crét = Cr3* + 36 (14)
=0 4 2@ (15)
and the conductivity is done by:
Ao ~[@®] = const. [H*] py; % (16)

Inany event, the form of the relationship between the conductivity and the
hydrogen pressure is the same, as far as [H7] can be assumed constant:

Ao ~ const. py; % (17)

The experimental curves are in good argreement with this equation in the range
0—200 Torr.
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2. The conductivity isotherms (in dry hydrogen) time of contact at every pressure 30 minutes.
oxidized catalyst, at 350°C; 2b: catalyst a after evacuation, at 500°C; 2 c: oxidized catalyst,
at 500°C; 2 d: catalyst reduced 12 hours in dry hydrogen, at 500°C.
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At hydrogen pressures higher than 200 Torr, the conductivity isotherm at
350°C (fig. 2a), shows a decrease of the exponent to 0.1. This weak dependence
of the conductivity on hydrogen pressure is considered, following Hauffe's idea
[12], to show an intrinsic conductivity. After evacuation, by rising the temperature
to 500°C, the conductivity isotherm shows a minimum. Weller and Voltz {13]
assume this minimum is a point at which reduction of the surface Cr3* ions to
Cr®* ions begins to play a major role.

Indeed, the reaction of reduction:

Cr3t + 1/2H, = Cr*" + H7* (18)
together with the reaction in the solid lattice:
Cr2o = Cr?t 4 e (19
gives for the {ree electron concentration :

fe] = const. [H™ ~1pyk (20}

Considering again the [H%] as a constant, we found the experimental isotherm
(fig. 2b, 2¢, the ascendent parts):

Ac ~ [e ] == const. py,: (213

In moisty hydrogen, the minimum does 1ot appear (fig. 4) because the reduction
reaction (1) 1s hindered by the presence of water vapours.

¢ 10%(m)

-~

71 1
o 20 %0 60 8o o0 2o fao 160 /002{79"/ © 2 4o 60 o 'or 1B lwo 6o /00’(72»,»}

3a 35

¥ ig. 3. The conductivity isotherms in oxygen (time of contact at every pressure 30 minutes); 3 a: reduced
catalyst, at 500°C; 3 b: catalyst oxidized 12 hours in oxvgen, at 500°C.
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The conductivity isotherms on catalysts maintained more than 12 hours in
dry hydrogen (fig. 2 d) oblige us to consider the chemisorption of molecular hydrogen.

Hy==H, + ¢ (22)

K= (23)

The dependence of the conductivity on hydrogen pressure is then:
Ao ~ [e= 1 == const. [Hy 71 py, (24}

in accord with our experimental results.

This behaviour of the chromia-alumina catalysts, stabilized in hydrogen,
may be due to the comportment of alumina. Being an n-type semiconductor [147],
with conductivity much lower than that of chromia, its influence appears only
after the oxido reduction of chromium is reached at the surface.

The conductivity isotherms of oxygen on reduced catalysts (fig. 3a) can be
described by applying the Wagner thermodinamic approach [15] because here
the deviation from thestoechiometry is smaller than in oxidized catalysts [3]1[13]:

4Crr 4 Be + 30, = 2Cr,04 (25}
with the equilibrium constant:
(0,04 2

Ot e~ 16 B
(I 1 e 1%pga

K = (26) 45

If other possibilities of disorder than Cr®’
ions are neglected, then 6[Cr® "] = 4[e- |
and the conductivity 1is:

Ao ~ fe ]

I = const. py, e (27)
The reduced catalysts are n-type semi-
conductors and the electrical conducti-
vity decreases in oxygen. The superficial
chromium ions are oxidized while adsorp-
tion of oxygen takes place, and at an
oxygen partial pressure higher than 55
Torr, the type of semiconductivity is
changed. The minimum in the conduc-
tivity isotherm is the point where the
reduction equilibrium is reached.

Ilor oxygen partial pressure higher
than 55 Torr (fig. 3a, 3b) the experimen- Y
tal evidence imposes to consider the
cheniisorption of molecular oxygen :

]

O, = O2 -+ B (28) O o0 loc doo oo Joo 6oo oo 800 /O;,‘Ify,}\

K — 0 | @] (29) ¥ ig. 4. The conductivity isotherm in moist hydro-
Poa gen on oxidized catalyst, at 500°C.
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and the conductivity, proportional to the free charge carrier concentration,is:
Ag ~ (@] = const. p,, (30)

The formation of O; species is energetically more probable, although it can
be considered only a transition state in the formation of the O- species [16].

Concluding, the electrical conductivity measurements give informations on
the changes at the surface of chromia-alumina catalysts, on chemisorption of
oxygen and hydrogen, as well as on the nature of chemisorption.

{Received December 5, 1970)
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CONDUCTIRILITATEA TLECTRICI A CATALIZORILOR ALUMINO--CROMICI (N
Chemosorblia si ovido-reducerea superficiald

(Rezumat)

S-a urmirit conductibilitatea electricd a granulelor de catalizori alumino-eromici, cu fetele slefuite
st argintate, in atmosferd de oxigen si hidrogen. I)Ot)endmltq conductibilitdtii electrice de presiunea ga-
zului este de forma: An == const. p, unde m (\epmdv le pretratarea catalizovilor precum si de natura
gazului, presiunea, temperatura si timpul de mentinere a catalizorului in atmosfera gazoasd. Rezultatele
experimentate sint interpretate prin prisma fenomenelor de chemosorbtie si oxido-reducere superficiald
ce se produe la suprafata catalizorilor semiconductori.

SJAEKTPOIMPOBOJAHOCTD AMTIOMO-XPOMOBbBIX KATATH3ATOPOB (1)
Xewocopbuta t nosepxrocmras okcudopedyryus
(Peziome)

[Mpocaexena 31eKTPONPOBOIHOCTD 3CPEH ATIOMO-XPOMOBBIX KATAAHIATOPOB ¢ WIH(OBAHHBIMK ¥ 1O-
cepeOPEHHBIMU rPasIMU B aTMocepe BOJIOPO,1a H KHCI0PO1a. 3aBHCHMOCTD HIEKTPOIPOBOAHOCTH OT JaBJIEHHUS
raza iMeeT BHLI Ag — KOHCT. D™, rie m3dBHCHT OT IPe/BADHTEBHON 00paboTKK XaTai3aTopoB, a TaKKe
OT MIPHPOIB! Ta%a, OT JIABACHHI, TeMICPATYDL! H BPEMEeHH COXDAHCHUA KATATH3ATOPA B ra3o80i atvochepe.
DKCIePHMEHTAdbHbIE Pe3VJIbTATH HHTEPHDETHPVIOTCS CKBO3b NPHAMY SIBJEHHI XeMocop6IUH U TOBep-
XHOCTHOH OKCHAOPEAYKIHH, [IDOHCXOA4IUX HA IIOBEDXHOCTH [OJYINPOBOJHHKOBBIX  KAaTaJH3aTOPOB.



AMINE AROMATICE N-m-NITROBENZILATE

ILEANA GANEA sl RUXANDRA TARANU

In doud publicatii anterioare [1, 2] am descris prepararea a 2 derivati N,N-di-
substituiti ai o-fenilendiaminei, cu resturi o-nitro- respectiv m-nitro-benzil.

Structura asimetricd a acestora rezultd din comportarile lor chimice, precum si
din analiza spectrald IR si NMR.

In lucrarea de fata descriem citeva incerciri sintetice pentru a prepara N-(m’-ni-
trobenzil)-N-benzil-o-fenilendiamina (I) si a-1 dovedi structura asimetrici.

NO,
//—-<<
7z
CH,— N

TN
\/ \ 27N
\\/\NH =
1

Incercirile efectuate nu au dus la produsul I, am obfinut insi o serie de sub-
stante, unele necitate in literaturd, altele cunoscute, insi preparate pe alti cale.

O primd reactie a constat in tratarea N-benzil-o-nitranilinei (II) cu clorurd de
m-nitrobenzil. Condensarea trebuia si duci la formarea N-(m'-nitrobenzil)-N-ben-
zil-o-nitranilinei, care, prin reducere, urma sd treacd in triamina corespunzitoare,
identicd cu produsul de reducere al nitramineil.

Reactia a avut loc insd cu debenzilare concomitentd, formindu-se N-(

m’-nitro-
benzil)-o-nitranilina (III) cunoscuta [2].

H NO, _
ZN_N—CH,—Z \ O AN N CH,— N\
AR N =S TN :
11 11

O altd incercare a constat in tratarea N-acetil-N’-(m’-nitrobenzil)-o-fenilendia-
minei (IV) cu clorurd de benzil, alchilarea urmind si aibi loc la atomul de azot
aminic. In conditiile reacfiei efectuate de noi, insi — incilzirea cantititilor echi-

7 — Chemia fasc., 1/1971
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moleculare de componenti in solufie alcoolicd — am izolat 1-(m-nitrobenzil)-2-me-
til-benzimidazolul (V}.

.NO,
. 77\
II ﬁ—/’l\‘()2 /\/N“CH?‘_\:/
]//\r«~N—C}12—< D +CQH5CHzC1-*'\ Il 7~
_N—cocH, M= NN

NS
v \Y

Formarea benzimidazolului V poate avea loc i prin simpla fierbere, in mediu
acid, a amidei IV. Acelasi benzimidazol V a fost obfinut anterior [2], utilizindu-se
insd un alt produs prim.

Pentru a obtine si dovedi structura N-acetil-N’-(m’-nitrobenzil)-o-fenilendia-
minei (IV), am plecat de la m’-nitrobenziliden-o-fenilendiamina (VI) [3]. Acetilarea
bazei Schiff VI cu anhidridd aceticd a dus la formarea N-acetil-N'-(m’-nitrobenzili-
den)-o-fenilendiaminei (VII), obtinuta si prin condensarea c-aminoacetanilidei cu
m-nitrobenzaldehida.

Prin reducerea azometin-derivatului acetilat VII cu NaBH,, a rezultat N-ace-
til-N’-(m'-nitrobenzil)-o-fenilendiamina (IV), identicd cu cea objinutd prin conden-
sarea directd a acetanilidei cu clorurd de m-nitrobenzil.

% = = =
N N\xw, N/ \NH-COCH,
v l NaBH, VII
Yo,

N/ \NH - COCH,

e
CICH, N/ o \\/\\NH_COCH3

Parte experimentalil

N-(m'-Nitrobenzil)-o-nitranilina (I11). 0,5 g N-benzil-o-nitranilini (II), 0,2 g cloruré de m-nitrobenzil,
0,3 g acetat de sodin anhidru §i urme de iod se incéilzesc timp de 24 h la 110° in tub inchis. Se reia cu
alcool sl se toarni in api. Precipitatul se macereazii cu alcool si eter gi se recristalizeazd din acetons.
Cristate galbene cu p.t. = 1683 — 164° Proba amestecului cu substanta preparatid pe altd cale (2]
nu d& depresiune a punctului de topire.

71-(m-Nitrobenril)-2-metil-benzimidazol (V)
a) 0,5 g N-Acetil-N’-(m’-nitrobenzil)-o-fenilendiamina (IV) si 0,25 ml clorurd de benzil se fierb

cu 10 ml etanol timp de 6%, Se duce la sec, se recristalizeazd din etanol apos sau benzen ~ benzini,
P.t. = 118°
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b) 0,5 ¢ substantid IV se fierbe timp de 0,50 in 10 m1 HCI 1:1 8¢ duce la sec, se neutralizeazi si se
purificd ca mai sus.

Proba amestecului cu substanta preparatd pe altd cale [27 nu di depresiune a punctului de topire.,

N-Acetil-N'-(m’-nitrobenziliden)-o-fenilendiamina (VII).

a) | g m’-Nitrobenziliden-o-fenilendiamina (VI) se trateazd cu un mic exces de anhidridi acetich,
timp de citeva minute, Se toarnd in apd; dupi filtrare se recristalizeaza rapid din etanol. Cristale gal-
bene cup.t. 1457, Randament 1 ¢.

b) Un amestec omogen format din 0,5 g o-aminoacetanilidi si 0,5 g m-nitrobenzaldehids se inciilzegte
pe baia de apd timp de 15—-20". Amestecul topit se spald cu aleool metilic $i se purifica ca mai sus.

Cp HpaNyOy (283.3)  culeulat: C 63,59; 11 4,63; N 14,83
casit C 64,02; H 4,89; N 15,12

N-deotil- N'-(m-nitrobenzil)-o-fenilendianina (117}

a) 1y N-Acetil-N'-{m’-nitrobenziliden)-o-fenilendiamingd (VII} se suspendd in 40 ml metanol si i
se adaugi, treptat, sub agitare, timp de 0,51 0,5 ¢ NaBH,. Solufia formati se incilzeste pe baia de
apd timp de 8. Se toarnd in apd usor alcalinizatd. Dupd filtrare se recristalizeaza din etanol. Cristale
galben deschis cu p.t. 147 — 1487, Randament 0,7 g.

by O solutie formatd din 1,8 g ov-aminoacetanilida i 2,2 g clorurd de me-nitrobenzil in 10 ml etanol
se fierbe pe baia de apd timp de 1M Se duce la sec, se macereaza cu eter, sc purificd ca mai sus.

C T N,0, (285.3)  caleulat: C 63,10; H 5,30; N 14,73
gisit: € 63,54; H 5,12; N 14,56,

{Intrat In redactie la 8 octombrie 1670)
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N--HHUTPOBEHSHIMPOBAHHDIE APOMATHUHECKHUE AMHMHBI
(Peswume)

O6pagoTkoli N-6eH3ua-o-uuTpaHuanna (I1) M-HHTPOGEH3HJIOBEIM XJOPHAOM HE HMEeT MeCTO PeakLHs
KOHJEHCAlHH, a peakuus AeCeisHiInpoBanud, ¢ o6pasosanueM N (M'-uHTpoGensui)-o-nurpanniauna (II).

N-auerna-N’-(M’-HHTpoben3n)-o-hennsendamMun  (IV) ¢ OGeH3HI0BLIM  XJIODHJAOM MNEPEXOAHT B
1-(M-nuTpOGeH3ns)-2-MeTHI-Oensnnmulazon (V)

Omucanst ABa MeTo;1a noaydeHds N-aueTHA-N'-(M'-HHTpoOeH3Ha)-o-denntedanamuna ([V).

AMINES AROMATIQUES N-m-NITROBENZYLEES

(Résumd)

Dans le traitemnent de la N-Denzyle-o-nitraniline (II) au chlorure de m-nitrobenzyle, c’est une
réaction non pas de condensation mais de débenzylation qui a leu, avec formation de N-{m’-nitro-
benzyle)-o-nitraniline (T11).

La N-Acétyle-N'-(m’-nitrobenzyle)-o-phénylendiamine (IV) avec du chlorure de benzyle passe 2a
I{m-nitrobenzyle)-2-méthylebenzimidazol (V).

Deux méthodes sont décrites pour obtenir la N-Acétyle-N’-(m"-nitrobenzyle)-o-phénylendiamine (IV).






KINETICS, THERMODINAMICS AND MECHANISM OF THE REACTION
BETWEEN Ni(CO), AND THE P-SUBSTITUTED TRIPHENYL-DERIVATIVES
OF THE ELEMENTS OF THE FIFTH PRINCIPAIL GROUP

N. ALMASI, ST. FARKAS and E. CIMPIANU

The substitution reactions of the type
Ni{CO), + L = Ni{CO),L. + CO 1
1, = CO, P(C¢H,),
have been studied by many authors. Kinetic studies on the isotop exchange (marked
CO) [1] {27, determination of the CO formed during the reaction {3] as well the kine-

tic study by means of infrared spectra [4] show that the reaction I is first order
with regard to the Ni(CO), and is independent of the concentration of L.

In agreement with kinetic data the dissociation of Ni(CO), was supposed to be
the rate determining step of the reaction:

slow

Ni(COJ, =25 Ni(CO), + CO
Ni(CO)y + I — Ni(CO),L

+
Obtaining different AH+ and AS* values for the CO exchange and for reaction with
triphenyl phosphine Kangas et al. {2} presumed the mechanism of these reactions

to be different. Day et al /5] have found both reaction to have identical AH* et
-4
AS+ values and the same mechanism. Kangas et al. for reaction I in toluene gave
4 4}.
the values AH~ = 21 kecal/mol, AS* = 42 e.u. (I, = P(C4H;);), while Day et al.

+ +
report AH* = 22 3kcal/mol and AS* = --8,4e.u.

According to our data, the reactions of arsines and stibines are a reversible
process, in opposition to the reaction of triphenyl-phosphines which is a practically
irreversible one.

The aim of the present paper is to determine the equilibrium constants, kinetic
cquation and the activation enthalpy and entropy values for the direct, as well as
for the reverse reaction.
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The kinetic and equilibrium measurement were performed for reaction 1
the following reactants :

L = P(CH,X),, As(CHX), and Sb (CH,X),
where X = H, p — CH; amnd p-C(l
In all the cases the dircet reaction is of first order with identic AJ{ aid AS™
ralues, the reverese reaction being of the second order.

Cousequently, reaction:

Ni(CO\L + CO - Ni(CO), + L

4

is a bimclecular substitution whose AH - and AS ¢ values depend on the nature of I,

Experimental part. Subsian

s. The nickel carbonyl was preparved by o proper process and distilled.
The phosphines, arsines and stibines were prepared on the hasis of literature data {6,
analysed.

(6., (7, and then
Selutions. 0,1 M solution of Ni{CO), waus prepared, the concentration being determined by means
of the reaction:

NiCOy, o+ 1. . NiJy -4 CO

The determinations were performed manometrically in a special apparatus described hellow. The pre-
pared solution was stored in autoclave nuder CO pressure. The concentration of the solution remains
unchanged for several months. The phosphines and other substances were weighed on analvtical balance

and 0,1 M solutions were preparcd in toluene,

Solubility of CO in toluene. Since Ierature data 183
(9 are contradictory, we determined the solubility of CO
Manometer in toluene at different

doomctesivne,

temperatures. Our results are given
in the following table:
'E‘ teC 7 cejec
4 —10 0,166
0 0,160
- 10 0,168
termostat 24 0,168

Kinetic and equilibvium

PEAS Y ilS,
ments were performed

The measure-
in a constant volume apparatus,
the CO development being followed manometrically, The
solutions were saturated with CO at the reaction tempera-
ture. The controllled stirring of the mixture cnabled us to
avoid the region of the slow diffusion. Measurcments were
performed at 07, 57, 125" and 20°C.

The scheme of the apparatus is given in fig 1. Appa”
ratus for kinetic and equilibrium determination from CO
pressure variation.

Results and discussion. AH P and AS* values,
obtained for the practically irreversible reaction
between Ni(CO), and phosphines are very close

with
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to that reported by other authors. For the experimental kinetic curve the follo-
wing equation is valid :
a

In == kt,
8 — X
The rate constants at different tem- ;
' , Table 1

peratures, as well as the AH+ and AS+ .
values are given in the table 1: L. k,10° sec

The rate of reaction does not de- -
pend on the nature of the nucleus sub- P ?@7 1}:3 { 2g°6(
3t 5ii6/3 B ! ,66
*’tlt“%r;t; tion with arsines and stib.  PICHLCH), 1.07 3.05 L 7.8

1e reaction with arsines and stibi- P(C,H,Cl, 1,03 | 293 8,33

nes is reversible. The equilibrium cons-
tant was derived by means of the relation:

AM 20,7 keal'mol,

et . .
K oo — where As

w37

| initial concentration of Ni{CO},

.o
La]

b1 inpitial concentration of 1,
[x] concentration of Ni(CO),;L

CO, | concentration of CO in solution.

The equilibrium constants at different temperatures for arsines are given in
table 2:

Table 2
L i K
— - : -
5 12,5 } 207
As(CeHy)s 0,37 | 0,38 | 0,39
As(CyH,CH 3, (1,86 | .88 ! 0,92
As(CsH,Clyy 5,97 - 162 | 6,84 - 107 7,66 - 1072

The reaction enthalpy and entropy values arve given in table 3:

Table 3
L. AH keal/mol i AS ean
J SENNNN
As(CoH,), 0,72 0,61
As(C,H,CH,), 0.75 2.34
As(C H,Clj, 1,4 0,46

The equilibrium constants for the stibines are given in table 4:

Table 4
L. K
0° 5¢ 12,5° 20°
Sb(CeHy), - 1,05 - 1077 1,09 - 1071 1,16 - 10!
Sh{CeH CH,), — 1,82 - 1071 2,18 - 101 2,42 . 107t

Sb(C,H,ClY, 1,41 - 107 1,72 - 1072 2,16 - 107 -
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Table 5 The reaction enthalpy and entropy
values are given in table 5
L lAH kealjmol | 45 e.u. Kinetic equations of the reversible rea-
ctions were obtained also by presuming
Sb(CeH,)s 1,2 0,1 the direct reaction to be determined by
Sb(CeH,CHy), ’ 2,3 l 4.9 the monomolecular step and the reverse
Sb{CeH,Cl), 5 9.6

reaction by the bimolecular one:

Ni(CO), — Ni(CO), + CO
Ni(CO)q 41 —> Ni(CO),L
and
Ni(CO),L + CO =5 Ni(CO), + L
The general scheme of these reactions is the following :

k_

1 TCOo 0
Ni(CO), ——> Ni(CO), —> Ni(CO), L
1 k_, T I

with the following equilibria:

Ni(CO), = Ni(CO); + CO; with equilibrium constant K, = ;(‘f-.
—1
and

Ni(CO), + L = Ni(CO), L + CO;

with the equlibrium constant:

k .
K =" since k; < k,.

For the formation rate of the Ni(CO),l. we can write:
PO — 1, [NH(CO)4 L] —k_,[Ni(CO), L] [€O,] = & (1
C
while the formation rate of the intermediary Ni(CO), is expressed as follows:

SRR < 11 [Ni(CO)4] — k[ NH(CO), ][I )—k_, [Ni(CO), ] [CO, =
= K, [Ni(CO),] — (k, [L] + k4[CO,]) [Ni(CO),] )

According to Day et al [10] for the competitive reactions:

Ni(C1e0), + C180 = Ni(C10),(C180O) 4 C10
and
Ni(CO), + P(C¢H;); = Ni(CO)4sP(C,H,), 4+ CO
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the following data are valid:
conc, k, - 104 sec- 1 at 10°C

P(C.H;), Ni(C*0), Ni(C¥0),4{C180) Ni(C*O)P(CyH, )

0 12,5 12,5 0
0,005 12,5 2 10,5
0,05 12,5 0 12,5
the initial concentration being:
[P(CeH,;) 4] == variable
INi(CO),] =005 M
[COM] = 0,005 M

In our case the initial concentrations are:

[L} e 0,05 }I
Ni(CO),] =005 M

so we have:
k, (L] » k ; [CO]
Thus, relation (2) becomes:

d[Ni(CO, |

(00— &, [NH(CO,)|— K, (L INH(CO)y) @
<

By pressuming the concentration of the intermediate to be small stationary
(from 3) we have:
k, Ni(CO,)] = ky{LIINi(CO)y] (4)
By introducing (4) in (1) we have:

I 1, [Ni(CO)y] — k o[Ni(CO),L] [CO,] (5)

dt

or

=k, fa— 5] — h_x] [CO]

At equilibrium we have:

05 by la— ] = k4[] [COL ©
¢
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where :
[a] initial concentration of Ni(CO),
[x] concentration of Ni(CO),I, at momeut t
'x,7  concentration of Ni(CO),L at the equilibrium

'CO,] concentration of CO in solution at moment t

{CO,] concentration of CO in solution at equilibrium

By introducing the values of &_, from (6) into (5) we obtain:

[

dx - - kjja ~ x . .
B pyla— x - MR rc0) @)
fat (x, - [0 -
1 — ¢
dx _ kyla)(x,'[CO,  — k[xIlx, CO,] 4a — x,1{CO,]
dt 'x,1 - €O,

and by using the notation:

X, CO, 0 - Ja - x, O
Lde ! @ £ el S4o_ m
x,7 - [CO,]
the following differential equation is obtained:
dx - . a b
== fylal — kym|x] = mk; |- — x
dt : m J

;

where the value of "'m’” is known for every t” since [CO, | is a function of the CO pres-
sure in the gascous phase, read on the manometer, while {x,1 and [CO,] are con-
stants also determined experimentally.

Bv integration, and taking in account that for t = 0 we have [x] =0, we
obtain :
a
1 m
ky = — In —— (9)
mt a
= XK
nx

By using (for the reaction of arsines and stibines) the experimentally obtained
ralues of [x] and "m” for different times "'t”" the above relation gives for k; cons-

tant values. The values of 4, AH~ and AS- for the direct reaction of arsines are
coiven in table 6:

Table 6
1, } k108 sec™!
' 5¢ 12,5° 20°
As(CeH, ), 1,28 3,59 9,76
As(CoH,CH,), 1,23 3,54 10,34
As(CaH,CH), 1,21 3,34 | —

AHT = 21,9 kcal/mol
.

AST = 6,9 e u
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The values of k, AH* and AS* for the direct reaction of stibines are given in
table 7:

Table 7
I J k,10% sec™
| ; .
} 5° | 12,5° | 20°
Sh(CeH,), jLssS L4381 118
Sh(C,HCH,), ‘ 1,40 1.64 11,6
Sh{CeIL, ), ! 1,55 4,33 -—

AHY = 21,5 keal/mol
AS™T = 6,9 e
An increase of the rate constants can be obscerved in the series; phosphine,
arsine and stibine, though the AH and AS~ values of these reactions are very close
to cach other.
.*.
The valuesof k_,andthe AH;

and AS, of the reverse reactions have been calcu-
lated according to relation:

For the reaction of arsinesthe & ,, AH 7and AS values are given in the table 8:

Table &
R R ;
L k_,10% ljmol-sec \ AH; i AS‘.'
5° 12,5° | 20° ’
As(CH, ), 32 1 94 | 248 | 211 63
As(CeH CH,), 1.4 ] 40 |11 | 21,1 |49
As(CoH,Cly, 20,1 |48 | — 1193 | 64

For the reaction of stibines the & _,, A~ and AS; values are given in the
table 9:

Table 9
1. k_, - 10% I/mol. sec t AH;‘ AS;
0° | s5° |12,5° | 20°
Sh(CeHy), — 11,47 | 4,01 {10,04] 203 | 68
Sh(C,H,CH,), ~ 1077 {185 | 476|192 | 19
Sh(C4H,Cl, 617 | 901 21 | - |165 |-27

The equilibrium constants as well as the AH and AS values of the reverse

reaction depend on the nature of the I group. A group with electron attractive
character (Cl) increase the rate of the reverse reaction

Ni(CO), I, + CO = Ni(CO), - I,
as for each SN, type reaction.
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Nevertheless, we cannot speak of a classical nucleophilic substitution, since in
this case the reaction involves the simultaneous formation or breaking of both o
and = bonds.

In the case of the Ni = P bond (in the Ni(CO),P(C H,X),) the component plays
an important role it is formed due to the interaction of the 3d, electrons of the
nickel and the empty 3d,, orbital of the phosphorus. Therefore the equilibrium of the
reaction: Ni{CO), + P(C HyX),; = Ni(CO);P(C,H,X), + CO is completely shifted,
and the reaction is practically irreversible. In the case of the Ni = As and Ni = Sb
bonds the = components are formed by the 3d, orbital electrons of the nickel, the
4d,, orbital of the arsenic and the 5d, orbital of the antimony, respectively. The
overlap of these orbitals is small, and the role of the = bond is also small in Ni = As,
and especially in Ni = Sb. For this reason the formation reaction of these compounds
becomes reversible. The equilibrium constant of the reaction of stibines with Ni(CO),
is smaller than the equilibrium constant of the reaction of arsines.

The larger contribution of the s bond in Ni(CO);Sh(C H,X), as compared with

+
Ni(CO),As(C HyX);, can be seen from the larger sensitivity of the AHF values to the
influence of the ring substituent in the case of the stibine.

(Received December 7, 1970)
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CINETICA, TERMODINAMICA $I MECANISMUL REACTIEI DINTRE Ni(CO), $1 TRIFENIL-
DERIVATII p-SUBSTITUITI AT ELEMENTELOR DIN GRUPA V-A PRINCIPALA

(Rezumat)

A fost urmiritd cinetica si echilibrul reactiei I. Pe baza datelor cinetice s-a stabilit mecanismul
acestei reactii : etapa directd are loc in doua etape, dintre acestea prima — disocierea Ni(CO),-ului —este
lentd, determinanta de vitezd de reactie. Reactia inversd este o substitutie bimoleculard decurgind intr-o
singurd etapa.

Datele asupra echilibrului au permis sa se tragi concluzia cd in complecsii care se formeazi con-
form reactiei I, ponderea legiturii = descreste in ordinea Ni = P, Ni = As si Ni = Sb.

Rolul marit al legiturii o in complecsii stibinei urmeazi din sensibilitatea mirita a valorilor AH "
(cildura de activare a reactiei inverse) fatd de substituentul de pe nucleu,
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KHHETHKA, TEPMOIMHAMHUKA M MEXAHH3M PEAKHMH MEX/Y Ni(Co), U
IT-3AMEHIEHH BIMH TPUOEHHINPOU3BOHBIMU 3JIEMEHTOB V-oit TJIABHOW T'PYIIIBI

(PeswoMe)

ABTOPBI H3yuaJu KHHETHKY H paBHoBecHe peakuuu I. Ha ocrioe KIHeTHYECKHX JaHHBIX GLIT yCTaHO-
BJEH MEXAHH3M 3TOH DEaKUHH: NpsiMas Peakuus HMeeT MeCTO B ABYX eTanax, H3 HHX MepBeilf eTan —
asccomanus Ni(Co)y —— ABASETCS MeJVIeHbIM H OIpejesseT CKOpocTh peakuuu. (OO6paTHast peaxuust
siBsieTcss OHMOJEKYJSIPHBIM 3aMellleHHeM, MPONCXOASUIHM B OIHOM 3Tane.

JlaHHEle O PABHOBECHH TMO3BOJIMAM CJAenaTh BHIBO, UTO B KOMIIEKCAX, OOPa3ymoUlHXCH COMJAcHO
peaxkuu I, Bec cpasH = y6uBaer B nopsike Ni = P, Ni= As u Ni = Sb.

Pacrywast poas CBSI3H & B KOMIJIEKCAX BHITEKAET H3 [OBBIIIEHHO UYBCTBHTE/JBHOCTH 3HAYEHHi

AH [(Tennota aKTHBAWKH OOPATHON PEAKLHH) K 3aMECTHTeO M3 sjpa.






DERIVATIVES OF FURAN (X)*

5-(2-Benzothiazolyl)-2-formyl-furan

VALER FARCASAN and FLORICA PAIU

As a part of our researches in the furan series we are investigating the prepa-
ration of S-benzothiazolyl (2")-furan (I) derivatives, in order to get more informa-
tion about the interaction of the furan and the benzothiazol rings in I, and to obtain

products with potentially interesting biological activity. Among

TS

I: R=H IV: R, = R, = CSNHC,H,
II: R = CHO 7: R, =R, =H
III: R = CONHC,H, X: R, = CHNOH; R, = H
VI: R = CHNOH XI: R, = CHNNHCH,(NO,),; Ry=H
VII: R = CHNNHCH,(NO,),
VIII: R = CHNNHCONH, XII: R, = CHNNHCONH, ; R, =H

IX: R == CHNNHCSNH,

the substances which may be valuable as starting materials for the synthesis of

compounds of the above mentioned type, the aldehydes are very favourably si-
tuated.

This prompted us to formylate I by using the Vilsmeier-Haack method [2],
first applied in the furan series by Traynelis et al. [3]. The product isolated as
a result of this reaction is the 5-(2-benzothiazolyl)-2-formyl-furan (II). Indeed, in the
IR spectrum of II thecharacteristic bands for the carbonylgroup of aldehydes, 1.€ - veq
and vey [4], are observable at 1680 cm—! and 2873 cm~! respectively. The elemental
analysis of the compound and of some of its condensation products prove that only
one formyl group is present. Taking into account the electrophylic nature of the
active species of the reagent used in the Vilsmeier-Haack reaction and the distri-
bution of the electronic density in 5-benzothiazolyl (2')-furan (I) an attack in positi-

* Part IX see [1].
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Table T on 2 is to be expected. This is confirmed

Formylation of V and I. Formylating agent: by the-f ?Ctthat the same pr.oduct, namely
dimethyl-formamide and phosphorous oxychlertde. the anilide of 5-(2-benzothiazolyl)-furan-
Temperature : 100°C — 2 -carboxylic acid (III), is formed

either by starting from II or from

Time Vielded for-  furan-2,5-dicarboxvlic acid dithioanili-

Starting substance (hours) mylated pro- 3. IV)[17.

duct (% By comparing the yields obtained

in the formylation of furan (V) [3] and

of 5-benzothiazolyl (2')-furan (I) (table 1)

- the electron-attracting effect of the ben-

5-Benzothiazolyl(2') . 45 zothiazol ring, which lowers the electro-
-furan (T) . - nic density in the 2 position of the furan

2 69.5 . . .

ring is clearly pointed out.

We characterized the 5-(2-benzothiazolyl)-2-formyl-furan (II), by preparing the
oxime (VI), the 2 4-dinitrophenylhydrazone (VII), the semicarbazone (VIII) and
the thiosemicarbazone (IX).

It appeared of interest to us to establish whether by the condensation of II
with the hydroxylamine, the « or the 8 form of the oxime is obtained.
A . Palmand H Werbin [5] show that the 3100—-3300 cm—? range of the IR
spectrum can be used in making such assignments. We recorded therefore the IR
spectrum of VI and noted that in the 3100—3300 cm—? range this substance pre-
sents broad bauds which cannot be used for the above mentioned purpose. The
aspect of the spectrum in this region can be explained by the existence of hydrogen-
bonds between the OH group and the benzothiazolic nitrogen. A similar behaviour
was reported in the case of the oximes of 2-formyl-and 4-formyl-piridine [6].

We intend to try, in subsequent studies to obtain information about the inte-
raction of the furan and benzothiazol rings in 5-benzothiazolyl (2')-furan (I), by mo-
nitoring the kinetics of the condensation of IT with some reagents such as hydroxyla-
mine, 2 4-dinitrophenylhydrazine and semicarbazide. In order to find characteristic
maxima which could make possible a spectrophotometric survey of the above men-
tioned processes, we recorded the electronic spectra, in the 265—600 nm range of the
substances I1, VI, VII, VIIT and of the corresponding derivatives of furfural: X, XI
and XII. The maxima and the molar absorptivities are listed in table 2.

Furan (V) 0.5 64 (3)

Table 2
Electronie speetra. Absorption maxima and molar ahsorptivitaties*
Compound ? anm (e, - 10%)
Dertvatives of furfural (V) 270 (18.1)
a— Oxime (X)
2,4-Dinitrophenylhydrazone (XI} 298 (11.6), 394.5 (36.3)
Semicarbazone (XII) 255.5 (26.9)
§5-— (2-Benzothiazolyl)-2-formyl-furan (11) 318 (30.3)
Derivatives of 5-(2-benzothiazolyl)-2-formyl-fuvan (11)
—Oxime (V]) 343 (37.3), 361 (28.2)
2,4-Dinitrophenyldyhrazone (VII) 289 (11.2), 340 (17.6),
428 (31.6), 544 (11.2)
Semicarbazone (VIII) 276.5 (12.0), 364 (30.6)

*For the derivatives XTI 77,8,8] and XII (16] only spectral data in other sotvents were reported.
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The derivatives of 5-(2-benzothiazolyl)-2-formyl-furan (II}, namely VI, VII,
VIIT and IX were also prepared in a search for substances which could present in-
terest from the biological point of view. Such biological activities can indeed be ex-
pected in this field, inasmuch asfungicidal actions were reported for the 5-benzothia-
zolyl (2')-furan (I) "117 and there are considerable number of papers pointing out

s

important biological actions of oximes {12), nitrophenylhydrazones [13], semi-
carbazones {147 and thiosemicarbazones [15] within the furan series*,

Experimental**. 5-(2-Benzothiazolvl)-2-foymyl-furan (I1)

a) 30 ml dimethvl-formamide were treated dropwise, under external cooling with ice, with 10 ml
phosphorous oxychloride and then with a solution of 5 ¢ I in 25 m! dimethyl-formamide. The mix-
ture was heated for 2 hours at 100°C on a oil-bath, then pourred into 300 g ice-water. The pH was
then adjusted to 6 with a 307 solution of sodium acetate and the precipitate filtered. The crude
product, 49 g, was recrystallized from 50 ml galacial acetic acid vielding 4 g (69.59)) pure II, white-
vellow needles, m.p. 176°C. The substance can De recrystallized also from methanol or xylene.

CLH,NO,S (220.2) Caled. € 6243 H 3.07 N 6.11
Found C 61.95 H 3.18 N 6.63

Observation. In the erude product, unreacted T was detected by thin-laver chromatography per-
formed on Silicagel €, using acetone as solvent and toluene as eluent. The chromatograms were deve-
loped using iodine vapours.

b)Y Yrom 1 g 1 working under the conditions given by Travnelis of al. for the formylation of
furan [37, 0.52 g (45.2°,) II were obtained.

Oxime (V1. 2.1 ¢ hvdroxylamine hydrochloride dissolved in 6 ml water were treated with a solu-
tion of 3.3 ¢ potassinm hydroxide in 3.5 ml water and then added to a solution of 2.8 g II in
250 ml cthanol. The mixture was heated on an steam-bath for 2 hours, then pourred into 500 ml water
and acidified with diluted sulfuric acid. The precipitate was filtered and washed with water, yielding
2.9 ¢ (95.5%) crude product. This was recrystallized from amyvl alcohol. The pure substance, white-
vellow needles, m. p. 212°C, is poorly soluble in hot henzene or chloroform and can be recrystallized
from glacial acetic aci.d.

C,, M N,0,8 (244.3) Caled. N 11.46
Found N 11.98

2,4-Dinitrophenvihvdrazone (VII). To 0.2 g TI dissolved in 20 ml boiling ethanol, 20 ml of a
saturated solution of 2,4-dinitrophenylhydrazine in ethanol (which was treated with concentrated hydro-
chlorid acid until the solution turned yellow) were added and the mixture heated on a steam-bath for
15 minutes. The hot mixture was filtered and the precipitate washed with boiling ethanol. The crude
product, 0.17 g (47.29%,), was recrystallized from glacial acetic acid to which a few drops of dimethyl-
formamide were added. Red needles, m.p. 274°C, soluble in hot dimethyl-formamide and benzene,
but not in chloroform.

CoH ;i N;0,8 (409.4) Caled. C 52,56 H 2.70 N 17.10
Found C 52.60 H 3.00 N 17.52

Semicarbazone (VIII). 0.12 g semicarbazide hydrochloride dissolved in 0.4 ml water were treated
with a solution of 0.2 g potassitm hydroxide in 0.2 ml water. The mixture was added to 0.23 g II
in 25 ml ethanol, and heated on the steam-bath for 30 minutes. After cooling the precipitate was fil-
tered. 0.2 g (69.6%,) crude product were thus obtained. Recrystallization from a small amount of
dimethyl-formamide vielded white yellow prismes, m.p. 304°C, poorly soluble in glacial acetic acid,
benzene and chloroform.

C3H g N,0,8 (286.3) Caled. N 19.57
Found N 18.83

* Only a few references were sclected for quotation here.

#* The melting points were determined in capillarics and are uncorrected.

The electronic spectra were recorded in dimethyl-formamide on a DK—2A Beckmann spectro-
photometer. For recording the IR spectra a UNICAM SP 200 G spectrophotometer was used; the sub-
stances were prepared as KBr pellets.

The elemental analyses and the recording of spectra were performed in the laboratories of the
Institute of Chemistry of the Ministry of Education, Cluj.

# - Chemia fasc. 1/197t
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Thiosemicarbazone (IX). To 0.23 g II dissolved in 25 ml ethanol, a solution of 0.1 g thiosemi-
carbazide in 2 ml ethanol were added. The mixture was boiled on the steam-bath for 1 hour, then
poured into 100 ml water and the precipitate filtered. The crude product, 0.2 g (66%) was recrys-
tallized from xylene. Yellow crystals, m.p. 212°C, soluble in glacial acetic acid, chloroform and hot
isoamyl alcohol.

CysH pNOS, (302.4) Caled. N 1852
Found N 18.63

The derivatives of furfural, X {16}, XI [17] and XIT [18], were prepared after literature data.

{Received December 7, 1970)
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DERIVATI AT FURANULUI (X)
5-(2-Bensotiazolil)-2-formil-furanul

(Rezumat)

Prin formilarea 5-benzotiazolil -(2‘)-furanului (1), in conditiile reactiei Vilsmeier-Haack
[2], s-a obtinut 5-(2-benzotiazolil)-2-formil-furanul (II), de la care s-a ajuns apoi la produsii de con-
densare VI, VII, VIII si IX.

Comparind randamentele cu care se formileazd, in aceleasi conditii I si furanul, se poate pune in
evidenti efectul atrigitor de electroni al nucleului benzotiazolic, care se manifestd in molecula 5-benzo-
tiazolil-(2’)-furanului (I).

Se inregistreazd spectrele electronice in domeniul 265 — 600 mn pentru compusii II, VI, VII, VIII
si derivatii corespunzatori ai furfurolului: X, XI si XII.
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IMPOHU3BOAHBIE ®YPAHA (X)
5-(2- bensomuasoaua)-2-gpopuua-pypan

(Peszome)

DopuianpoBaniies  b-Gensornazonna (2')-dpypana (1), B yeaosnax peakunn Bunabcmeiiep-Xaaka
(2), 6w noayuex 5-(2-Gewsoruazonni)-2-gopmia-gypan (11}, 3 Kotoporo 6blIH noJydeHH NPOAYKTh
konletcaunn VI, VII, VHIL u IX.

CpaBHHBast BBHIXOAbB!, C KOTOPBIMH QOPMHIHDYIOTCS B TeX e ycaosHsix I u $ypan, MOXKHO BHABUTH
€NBKTPOHHONPHTAraTeAbHbH 3(deKT GeH30THA30A0BOTO AAPA, KOTOPHIl 1POABAAETCA B MOJEKyJ e 5-0eH-
sotnasoana (2°)-dypana (I).

3ATMHCHIBAIOTCS 3JEKTPOHHBIE CHeKTPbl B oOaacth 265--600 uM aas coeannenni 11, VI, VII, VII
W LT COOTBETCTBYIOWIMX NPOH3BUIHBIX ypdypoaa: X, XI » XII.






DESPRE ACRIDONE (XXXIX)

Condensarea 2.4-dinitro-benzaldehidei cu eteri fenolici

MARIA TONESCU 5i IONEL HOPARTEAN

In urma incercirilor ficute anterior [1, 2] pentru extinderea metodei TinZisescu
3] de sinteza a acridonelor, plecind de la o-nitrobenzaldehide si benzeni substi-
tuifi, am ardtat ca se pot obfine prin aceastd reactie polimetoxiacridone.

Este semnalatd prepararea 3-nitro-6-metoxiacridonei, prin condensarea 2.4-
dinitrobenzaldehidei cu anisolul, in prezenfa acidului polifosforic la temperaturd de
150° si se afirmd ca utilizind ca agent de condensare acid sulfuric conc. in exces,
reactia nu are loc [4].

Dacd insd se aplicd tehnica de lucru [1] in mediu de acid acetic glacial, cu
cantititi stoechiometrice de acid sulfuric, am stabilit ca reactia are loc si decurge cu
randament mai bun, la un raport molar 1:2 intre 2.4-dinitrobenzaldehidi si anisol,
lasind amestecul de reactie timp de 5—6 zile la temperatura camerei la intuneric
sub agitare. Rezultatele sint prezentate in tabelul 1.

Tabel 1
2,4-D.N.B.* Anisol H,50, Timp Randament

€. g ml ore %4

1 1,1 0,6 24 —

1 1,1 0,6 48 3—4

1 1,1 0,6 96 14—-15

1 1,1 0,6 100 1920

1 1,1 0,6 124 17

1 1,1 0,8 100 1516

1 1,1 i 100 13

1 1,1 1,5 100 10

1 1,1 2 100 7

* 2.4 — D.N.B. = 2,4 - dinitro-henzaldehida.

Produsul principal al reactiei de condensare intre 2.4-dinitrobenzaldehidi si
anisol este 6-nitro-4'metoxi-C-fenilantranilul (I) de la care prin reducere se for-
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meazd 2.4-diamino-4’-metoxibenzofenona (II), care benzoilatd duce la 2.4-diben-
zoilamino-4’-metoxibenzofenona (I111) :

____RX
[R—— _Qz
-/ C\O p\\f_/ . R,
- 3 2 Z
0N N\ \\‘H/ HN — (0 — R,
:@2‘ \;__.
7 (R, sRy=H ; R, =0CH5)

[V (Ry5iR, =0CH, 5R,=u) I (R, siBy=H ;R =0CH,)
- 3 oy

Referitor la condensarea 2.4-dinitrobenzaldehidei cu dimetil-eterul hidrochino-
nei, am urmdrit reactia sub actiunea acidului fosforic (d = 1,70) obtinind 6-nitro-
2'-§'-dimetoxi-C-fenilantranilul (IV). In tabelul 2 sint date rezultatele optime ob-

tinute folosind ca agent de condensare
Tabel 2 acidul sulfuric [1], acidul polifosforic {2]

Agentul de conden- | Timp de re- | Randament 51 acldul fOSfOrfC" . diu o tiv
sare actie in ore %, In urma acestui studiu comparativ
se poate afirma cd utilizarea acidului
H,80, (d = 1,84) 2; I ?}56( polifosforic este avantajoasd deoarece
A PE* 21,60 {uce 3 A3t - P 1
' - la It atdtirea randamentului

H.PO, (d = 1,70) 3 [ 178 duce 1 nbunititirea ra

in antranil (IV) si la scurtarea timpului
* A.P.F. = acid polifosforic. de reactie

Partea experimentali

6-Nitro-4"-meto xi-C-fenilantranilul (I). Intr-un flacon cu dop rodat se introduc 1 g. 2,4-dinitro-
benzaldehidd, 1,1 ¢ anisol, 6 ml. acid acetic glacial gi sub agitare continud in picituri se adaugi 0,6
ml acid sulfuric conc. (& = 1,84). Amestecul de reactie se mentine la temperatura camerei 4-5 zile, la
intuneric, agitind cit mai des posibil. Amestecul de reactie se inchide la culoare, se adaugd api, cind se
obtine un precipitat cleios. Apa se decanteazi, iar precipitatul se macereazi cu eter. Dupd macerare
se obtine un precipitat care se filtreazd, usucd si recristalizeazi din acid acetic glacial obtinind 0,25 0,26 g
substantd de culoare galbeni p.t. 213--214°. Substanta este insolubild in apd, eter, greu solubild in alcool,
solubili in acid acetic, dioxan la cald.

CraH o Na0, (270,2) calculat C 62,22 H 3,72 N 10,36
gasit  C 62,10 H 3,73 N 10,48

2,4-Diamino-4"-metoxibenzofenona (II). Intr-un balon cu fund rotund se introduc 0,2 g antranil
(I), 10 ml etanol 969 ; amestecul se incdlzeste la fierbere, in continuare se introduc 15 ml api fierbinte,
0,2 g clorurd de calciu, §i in portiuni mici 2,2 g. pulbere de zinc. Se refluxeazd 3 ore si 30 de minute,
agitind continuu. Solutia se filtreazd cind depune la racire o substanti slab gilbuie care se recristali-
zeazd din etanol. Substanta separatd topeste la 1711727,

C, H, N,0, (242,3) calculat C 69,40 H 582 N 11,56
gisit € 69,58 H 5,93 N 11,48

2,4 -Dibenzotlamino-4"-metoxibenzofenona (II17). Intr-un balon cu fund rotund se introduc 0,1 g
benzofenoni (IT), 20 ml hidroxid de sodiu 10}, 0,3 ml clorurd de benzoil. Se agita trei ore. Solutia se
filtreazy, iar substanta solidd, separatd dupi uscare, se fierbe de trei ori cu cite 20 ml de api. Produsu
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se filtreazd la cald, usucd §i recristalizeazd din etanol 969), la ricire depune o substanti incolord p.t,
183 ~184°,

CyeH1,N;0, (450,5) calculat C 74,65 H 4,11 N 6,21
gisit  C 74,63 H 5,03 N 6,49

Condensarea 2,4-dinitro-benzaldehidei cu dimetileterul hidrochinonei fn prezenta acidului fosforic.
Se introduc intr-un flacon cu dop rodat 1 g. 2,4-D.N.B., 2,10 g. dimetileterul hidrochinonei, 8 ml, acid
fosforic (d = 1,70). Amestecul de reactie se incilzeste in etuvi, la temperatura de 80°, timp de 8 ore,
agitind cit mai des posibil. In timpul reactiei se observi o inchidere a culorii amestecului. Dupi termi-
narea reactici se adaugi 200 ml apd sub agitare continui ; precipitd un produs cleios galben murdar. Se
decanteazi apa, spilind precipitatul cu multd api pentru indepirtarea excesului de acid fosforic.

In continuare produsnl brut se macereazi cu eter, in care 2,4-D.N.B. si dimetileterul hidrochinonei
sint foarte solubile, ceea ce permite indepirtarea lor din produsul de reactie. Substanta rimasid dupi
filtrare si uscare se recristalizeazi din acid acetid glacial, din care se separi cristale aciculare de culoare
galbeni, p.t. 213—214°, care s-au dovedit a fi antranilul (IV), identic cu cel obtinut anterior [1,2].

€, H N0, (300,3) caleulat C 59,99 H 4,02 N 9,33
gisit  C 60,10 H 4,20 N 9,49

{Intrat in redactic la 7 decembrie 1970)
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Ob AKPHUIOHAX (XXXIX)
Kondencayusa 2,4-0unumpo-Genzassdecuda penospnnimu  supamu

(Pesiome)

B cratbe npuBoAMTCA peakuHs Mex1y 2,4-IMHHTPO-06€H3a/blerHAOM H AHH30J0M B MPHCYTCTBHH
KOHUEHTPHPOBAHHOM CepHOil KUCJAOTH, B CPeie JelsHOH yKCYCHOM KHCJIOTH, Korja nojyuaercf 6-HuTpo-
4'-merokcu-C-penunantpanna (I). Maokcaszonossift uuka anrpanuaa (I) 6u1 OTKPHIT BOCCTAHOBHTE/ILHO
¢ noaydenneM Genzodexona (I1), koropuii nytém 06paGoTKH GeH30HIOBHIM XJAOPHAOM NPHBEM K 06pa3o-
BanHio JnGezonsnponssofgoro (I11I).

O6cy:xnaetcs BJAUSTHHE DeaKMHOHHON cpeln : cepHasi, noaddochopuasn M PochopHas KucaoTa, H
peaKUHI0 KOHJeHCAUHK MeXAy 2,4-AMHUTPO-GeH3abAerH/0M H AUMETHASDHPOM IHADPOXHHOHA.

OcHOBHHM TNPOAYKTOM peakuuu dsJiserca anrTpanua (1V).

SUR LES ACRIDONES (XXXIX)
Condensation de la 2,4-dinitro-benzaldéhyde par les éthers phénoliques

(Résumé)

On présente dans ce travail la réaction entre 2,4-dinitro-benzaldéhyde et anisol en présence d’acide
sulfurique conc. et en milieu d’acide acétique glacial, lorsqu’on obtient le 6 nitro-4-métoxy-C-phénylan-
thranyle (I). Le cycle isoxazolique de I'anthranyle (I} a été ouvert par réduction avec obtention de benzo-
phénone (II), qui par traitement au chlorure de benzoyle a abouti a la formation du dibenzoyledérivé (IIT).

On discute 'influence du milien de réaction : acide sulfurique, polyphosphorique et phosphorique,
sur la réaction de condensation entre 2,4-dinitro-benzaldéhyde et diméthyléther-hydroquinone.

Le produit principal de la réaction est Vanthranyle (IV).






DESPRE INFLUENTA PRETRATAMENTULUI ELECTRODULUI
INDICATOR ASUPRA PARAMETRILOR TITRARII POTENTIOMETRICE (I1I)

Klectrodul de Pd-luciu in titrarea Cr,0% 4 Fe?*

C. LITEANU si IOVANCA HAIDUC

Introducere. In comportarea unui electrod indicator din metale nobile (Pt,
Pd, Au, Ag) un rol important il are nu numai natura dar si ,,istoricul” electrodului.
Astfel, electrodul de platina folosit in titrarea potenfiometricd redox se comportd
diferit in functie de pretratamentul la care este supus electrodul inaintea titrarii [1].
Aceastd comportare se datoreste faptului ca prin diferite tratamente (prepolarizare
anodicd, catodica, oxidare sau reducere chimicd) pot sd apard sau sd dispard centre
active de pe suprafata electrodului. Cum procesul trecerii electronilor de la electrod-
sistem redox are loc nu pe toatd suprafata ci pe aceste centre active [2], de starea
suprafetei electrodului va fi influentat intregul proces de electrod.

La studiul supratensiunii hidrogenului pe paladiu s-a gésit cd oxidarea electro-
chimica si chimica (calcinarea in flacard) maresc mult activitatea electrodului {3, 4].
Electrozii de paladiu puternic oxidafi s-au dovedit mai activi pentru oxidarea
acidului formic [5, 67, iar oxigenul absorbit electrochimic inhiba practic procesul de
oxidare a acidului formic [7].

Pretratamentul electrochimic al electrodului indicator se poate face galvano-
static sau potentiostatic. Studii privind oxidarea anodicd a paladiului [8—12], au
ardtat cd pe suprafata electrodului se adsoarbe oxigenul sau se formeazd oxizii de
PdO si PdO,, in functie de potentialul de polarizare i de mediul (acid, bazic) in
care are loc polarizarea. In mediu de acid sulfuric 1 N la polarizare anodica s-au
gdsit urmitoarele trei domenii: la 0,3 V (fatd de ENH) are loc ionizarea hidroge-
nului absorbit si adsorbit pe electrod, la 0,5--0,7 V este domeniul stratului dublu,
iar la potentiale mai mari decit 0,7 V este domeniul adsorbtiei oxigenului si al for-
mdrii oxizilor.

Noi am incercat si prepolarizim potentiostatic electrodul de paladiu in aceste
trei domenii de potential, pentru a vedea influenta lor in comportarea electrodului de
Pd-luciu in titrarea potentiometricd redox a Cr,0%~ cu Fe?™,

Partea experimentalii. Solutiile 0,1 N de FeSO, si 0,1 N de K,Cr,0, in acid sulfuric 1 N s-au preparat
din reactivi p.a. in api bidistilata.
dE . .
La titrare au fost inregistrate curbele derivate (—1—\} — V, cuun polarograf Radelkis-r tip OH—102,

Pentru adaos de reactiv s-a folosit o biuretd automatd cu piston.
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Pretratamentul electrodului s-a ficut potentiostatic folosind tot polarograful Radelkis-r tip OH-102.
Electrodul de lucru — fir de paladiu cu diametrul de 0,5 mm si lungimea de 1 cm a fost anodizat de la
2002200 mV (fati de ENH) un timp oarecare si in prima fazd s-a urmirit variatia potentialului in
timp, dupa ce electrodul a fost clitit cu apd si introdus in solutia de titrat (solutia de K,Cr,0 0,1 N in
H,;80, 0,1 N). In continuare, inaintea inregistririi curbelor de titrare s-a ficut din nou acelasi pretra-
tament 10 minute la potentialul dorit gi apoi dupd 10 — 15 secunde de la introducerea in solutia de bicromat
s-a inregistrat curba derivatid. Durata unei titriri este de aproximativ 1,5 min.

Ca electrod de referinti in titrare s-a folosit un electrod saturat de calomel, dar potentialele s-au con-
vertit apoi in raport cu un electrod normal de hidrogen in aceeasi solufie.

Rezultate si discutii. Pentru localizarea mai exacta a volumului de inflexiune s-au

A . . . dE . .
inregistrat curbele derivate de titrare v V. Caracterizarea curbelor derivate s-a
qv

facut prin determinarea volumului de inflexiune V', a coeficientului de asimetrie

T (gi) / (?{;) pentru diferite stadii ale titrérii si a valorii derivatei la volu-
A ~e%

. . dE
mul de inflexiune (~) .
v

dv

Prima serie de pretratamente s-a ficut prin prepolarizare anodica potentiosta-
ticd in H,50, 1 N timp de 1 min, 5 min, 10 minute (factorul timp n-a adus deosebir;j
semnificative) la potengiale de 200 mV, 600 mV, 800 mV, 1050 mV, 1750 mV si
2200 mV.Dupi fiecare pretratament electrodul este spilat cu api distilati si Introdus
in solutia de titrare (K,Cr,0, 0,1 N in H,50, 1 N) in care se urmireste variatia
potentialului in timp. In aceste conditii, potentialul electrodului de paladiu pini la
pretratamentul de 1050 mV este de 1080—1090 mV, egal cu potentialul electrodului
netratat in aceeasi solufie. La potentiale de pretratament mai mari de 1050 mV, elec-
trodul indicator va avea un potenjial mai mare de 1080 mV, ajungind ca la un pre-
tratament de 2200 mV si fie de 1330 mV. Rezultatele sint trecute in fig. 1. Alts
serie de pretratamente potentiostatice anodice s-a ficut in solutie de K,Cr,0, 0,1 N.
La pretratamente pind la 800 mV, potentialul electrodului introdus in solutie de
bicromat 0,1 N este acelasi ca al electrodului netratat. In cazul anodizirii la poten-
tiale mai mari de 800 mV, poten-

Epy tialul electrodului creste. Dupi un
i tratament la 2000 mV ajunge la
2 1400 mV in solutie 0,1 N de bicro-

#00 mat de potasiu (fig. 1, curba 2).
Valorile potentialului electro-
50 f dului indicator in solutia de K,Cr,0,

mai mari de 1080 mV (potentialul

electrodului netratat) arati cd la o

1200 prepolarizare potenfiostatica la po-

tentiale mai mari decit 800 mV,

paladiul adsoarbe oxigen sau for-
1100 meaza oxizi.

Pentru a vedea stabilitatea

. acestui potengial in solutia de ti-

500 1000 500 00 E/,,,V) trat s-a urmdrit variatia lui in

timp. Rezultatele sint redate in

Fig. I. Variatia potentialului electrodului de Pd in 3 : :

solutia de K,Cry0, 0,1 N (in H,S0, 1 N) Ep, in functie fig. 2. Potgnpz%lul electrodului pre-

de potentialul de tratare (anodizare) E,. 1. pretratament in tratat scade $1 s¢ apropie de va-
H,50, 1 N; 2. pretratament in K,Cr,0, 0,1 N. loarea potentialului celui netratat
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mult mai repede in cazul pretratamentului in acid sulfuric. In cazul pretrata-
mentului in K,Cr,0, 0,1 N, potentialul electrodului de paladiu ajunge la valori cu
400 mV mai mari comparativ cu cel al electrodului netratat, diferenta care se mentine

destul de mult timp. Abia dupa 1 h se va apropia de valoarea potentialului de echi-
libru in solutia de bicromat 0,1 N.

dEd
dv
Emy)
1500y o
506 T 3
13004 1
1200
-2
T S— i
000
%ot
800
ooy
|
102 3 4 5 67T 8 9 00 2N
: fimp{(min) Vimi)
T i g 2. Variatia cu timpul a potentialulni electrodului Fig 3. Curba derivati de titrare K,Cr,O,
«de Pd pretratat. 1. 1. netratat; 2. polarizat anodic 5 0,1 N (in H,80, 1 N) cu FeSO,0,1 N (in
minute la 2200 mV in H,50, 1 N; 8. polarizat anodic H,S0, 1 N). 1. electrod de Pd netratat!
$ minute la 2000 mV in K,Cr,0, 0,1 N {(in Hy8O, 1 N). 2. electrod de Pd anodizat 5 min la 1250

mV in K,Cr,(3; 0,1 N; 3. electrod de Pd ano-
dizat 5 min la 2000 mV in K,Cr,0; 0,IN.

Curbele derivate de titrare sint redate in fig. 3. Valorile volumului de inflexiune
V., pentru diferite pretratamente, coincid destul de bine. Diferd doar valoarea deri-
vateila 1V, (Zl;) ,ceea ce aratd ca variatia potentialuluiin jurul punctului deinflexiune

V.
2
si deci precizia titriarii depinde de acest pretratament. Aceastd variatie creste o data
cu potentialul de anodizare 3i depinde de valoarea potentialului pe care il are elec-
trodul introdus in solutia de titrat imediat dupd pretratament (fig. 4). Deoarece
acest potential este mai stabil in timp dupd un pretratament in bicromat, se re-
comandd anodizarea in bicromat sau in alt oxidant mai puternic.

Pentru a caracteriza curba derivatd de titrare s-a calculat coeficientul de asi-
metrie, u, la diferite valori ale stadiului titrdrii, exprimat prin [100 — (100 --¢) 1% =
= -e9 (19, 29, 3%, ..., 159). Reprezentindu-se grafic # in funcfie de 4-¢9%,
se obtine o curbd — spectrul de asimetrie — redatd in fig. 5 si corespunzatoare ti-
trarii nr. 2 din fig. 3. Coeficientul de asimnetrie scade de la valoarea 1 foarte aproape de
inflexiune (e == -£0,1 ... +0,59%) si devine practic constant pentru e = +109%,.



124 C. LITEANU, 1. HAIDUC

Coneluzii. La titrarea potentiometrica a Cr,02— 0,1 N cu Fe?* 0,1 N cu electrod
indicator de Pd-luciu, apare o dependenta dintre variatia de potential la punctul de
inflexiune (dl) si potentialul electrodului pretratat. Pretratamentul s-a ficut poten-

v

tiostatic in H,S0, 1 N si K,Cr,0,0,1 N (in acid sulfuric 1 N). Cel mai eficace pre-

)

"
230 /

240¢
190+
Uu
x wnn..\
170+
08
150+
x 06t
130+
04
Hot
02p
i : 2 s e
G . T R/ ™77 T
E,(mb) G 2 & 6 8 10 2 W 6 Bex
Fig. 4. Variatia (dE/dV)y, in functie de ¥ig. 5. Variatia coeficientului de asimetrie
valoarea potentialului electrodului pretratat in functie de stadiul titrdrii Cr,03~ +Fe?*,
Ep. exprimat in [100 — (1001 —e)]9, = e9%.

tratament s-a dovedit a fi prepolarizarea anodicd in bicromat 0,1 N la potentiale
mai mari de 1050 mV. Valoarea derivatei ‘%?' se dubleazd la prepolarizare ano-
V.
]

dicd la 2000 mV timp de 5 minute in Cr,0%~ 0,1 N, fatd de (j—%) pentru ace-
v,
lasi electrod netratat.

(Intrat in redactie la 9 decembrie 1970}
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O BJIUAHHY TPEJIBAPUTEJLHOW OBPABOTRIT HHUHKATOPHOTO JEKTPOIA HA
MMAPAMETPBI MTOTEHIHMOMETPHYECKOIO THTPOBAHMS (IIT)

Jaexmpod Pd-Oaeck npu mumposanuu Cr,03~ -4 Te??

(Pesiome)

Ipu noremuomerprneckom tHrpopaunu Cr,0% 0.1 u Fe?¥ 0,1 0 Wi UKATOPHLIM 1eKTpolom Pd-
GeCK MOSIBJSETCH 3aBHCHMOCTL MEXK1Y H3MEHEHHeM [OTeHUHadd B Touke nepernfa, T.e. MeXAy 3Haye-

dr
HHEM “P”‘“BOLIHOH(E\;‘ npu oObéMe mepernba H HOTCHUHANOM [PEIBAPHTENBHO 06PAaGOTAHHOTO 3J€K-
v,
1

Tpoaa. Tlpeisapureabuas o6paboTka npouspelena nortenitocTatiyeckt 8 H,50, 1 1 o K,Cr,0, 0,1 u (8
cepHoil kucaore). HauGonee adibektBRON npeinapuressnoil odpaGoTkoil oKaszasach npeilBapHTesbHAS
anonanast nojdpusaiusa B Cr,02— 0,1 H npu norenuxanax Goawule yem 1250 MB. 3Hauenue NPOH3BOIHOM

dr -
(d\) y/ABaHBAETCS NPH NpeiBapHTeNbHON aHoAHON noaspuzaitn npH 2000 MB B Teuenne 5 MHHYT B
s
1
'dE]

Cr,0:7 0,1 H no OTHOWEHHIO K (ci\' AA5T TOro we HeodpadoTalHOro 3JeKTPOAA.
av .

ABOUT THE INFLUENCE OF INDICATING ELECTRODLE TREATMENT UPON THE PARA
METERS OF THE POTENTIOMETRIC TITRATION (ITI)

The bright-paliadiwm electrode in Cry0%" — Fe? titration

(Summary)

In the potentiometric titration of Cr,02~ (0,1 Nj with TFe®?® (0,1 N) with bright-paladiu electrode as
indicating electrode, a dependence occurs between the potential variation at the inflexion peint (i.e. the

1E

C
derivative (#) at the inflexion point) and the potential of the pretreated electrode. The electrode

pretreatment was done potentiostatically in 1IN H,80, and 0,1 N K,(r,0; (in sulfuric acid). The most
efficient pretreatment was found to be the anodic prepolarization in 0,1 N Cr,02~ at potentials higher

«

dE
than 1250 mV. The magnitude of the derivative (&; ) is twice as large when the electrode was ano-
v

dically pretreated (at 2000 mV during 5 min in 0.1 N Cr,0%7) as compared the same value for the untreated
electrode.






CINETICA $1 MECANISMUL REDUCERII IONULUI DE PERMANGANAT
IN SOLUTIE APOASA

MARILENA GIURGIU

Introducere. Cercetarea structurii clectronice si a reactivititii oxianionilor tetraedrici de tipul (XO)"™
ai metalelor primei serii de tranzitie, constituie una din directiile actuale de studiu ale chimiei teoretice
[1 — 11]. Oxianionii metalelor tranzitionale, in particular cei ai manganului sint caracterizati prin benzi
intense de absorbtie in domeniul vizibil gi UV-ul apropiat {10, 12, 13], specifice transferului intramolecular
de sarcini. De altd parte, reactivitatea lor reflectd strinsa corelatie intre mecanismele redox gi cele de sub-
stitugie (14, 15].

Permanganatul este un oxidant energic in solutie apoasd, acidd neutrd sau alcalind [14]. Capacitatea
sa oxidantd si viteza procesului cresc considerabil odatd cu activitatea jonilor de hidrogen din solutie.

Datele din literaturd privind mecanismul oxiddrilor cu permanganat sint concentrate asupra reactii-
lor in mediu alcalin, neutru si slab acid, si in mod deosebit cu substraturi oxidabile organice. In mediu pu-
ternic acid viteza procesului devine atit de mare incit urmdrirea lui impune folosirea unor tehnici speciale
de initiere si inregistrare.

I. Specii reactante ale permanganatului in solutie apoasd. Ionul de perman-
ganat este instabil in solutii apoase chiar in absenta altor substante capabile sd se
oxideze, astfel incit in solutia permanganatului se gisesc, in concentratii determinate
de pH, specii ionice oxi sau hidroxi derivate de la stirile inferioare de valentd ale
manganului.

Acestea pot acliona ca specil oxidante-active in etapele elementare ale proce-
sului redox global, astfel incit cunoasterea structurii si stabilitdtii lor se impune ca
punct de plecare in analiza mecanismelor de reactie. Stabilitatea lor e functie de pH-
ul mediului {16, 17].

In mediu acid suficient de puternic reducerea permanganatului are loc canti-
tativ la ioni manganosi; la bioxid de mangan, ca produs stabil, in mediu slab al-
alcalin slab acid si neutru.

Oxianionii inferiori, manganatul $i hipomanganatul, MnO% si MnO3$~ pot fi
stabilizati la concentratii in ioni de hidroxil ce depasesc 1,0 M respectiv 8 M [13].

n ce priveste stabilitatea Mn (IV), bioxidul de mangan se dizolva in hidroxid
concentrat fierbinte, aparent fird modificarea stirii de valentd (187, insid solutjia
congine specii ionice de Mn (I11) si Mn(V) in proportie echimolara. In solutii acide
speciile ionice monomere ale Mn (IV) sint instabile in solutie apoasa fata de redu-
cerea la Mn (II}, chiar in absenta unor substraturi reducdtoare [18.b].

I,a concentratii inalte in ioni de hidrogen si exces mare de ioni manganosi,
poate fi stabilizat ionul de Mn,, (IIT) {19, 20], care este instabil fatd de dispropor-
tionare :

X
2 Mn (I1I) 7 Mn (II) 4+ Mn (IV)
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Formarea manganutui trivalent in reactia dintre cele doua specii ionice extreme,

MnO; si MnZ;, constituie o etapd cineticd importanti in oxidarile cu permanganat
acid cu substraturi organice capabile de a complexa Mn (I11).

In afara speciilor ionice stabile amintite, in procesele care au loc in solutia apoasi
a permanganatului intervin si speciile instabile, protonate ale oxianionilor de mangan,
care joacd un rol important in mecanismele de schimb a lgandului cu atomul de
oxigen al solventului (21, 227 si probabil sint rdspunzitoare de mecanismele de
cataliza acidid cu unele substraturi reducitoare anorganice.

2. Derivati substituiti ai ionului XO}™. Substitutia ligandului in ionul XO»~
cu un nou ligand Y in solutie apoasd aduce cu sine o modificare profundi in distri-
butia densititii electronice a oxianionului, si In consecintd o scindare a nivelelor
de energie detectabild spectral. Cei mat simpli derivati monosubstituiti sint formele

protonate ale oxianionilor, HMnO4, HCrO; sau anhidridele Mn,0, respektlv Cr, O~

Formarea anhidridei mixte in mediu acid e o cale de reactie pusd in evldem;d in
})IO(Q&CI(‘ redox ale acidului cromic, HCrO; cu oxianionii reducitori de tipul arse-
nitului 1237 HCrAsO% |, sulfitului ("41Cr805‘ fostitului (257 H,CrPOs -, tiosulfatului
2260 tu reactiile cu alcoolu $i acizii organici [2/ sau cu ionii halogenati |281 CrO,X—.

Calculul teoretic al tmnm’;nlor clectronice in derivatii substituiti YXO,X, in
cazul concret al compusitor CrO,Cl— s1 CrO,F— a fost efectuat pentru prima oari de
citre Helmholtz, Brennan si Wolfsberg /287 1297

Daca aditia protonului la oxianion afecteazd sfera interioard de coordinare prin
formarea unei noi legdturi metal-ligand Y(M—OH), simetria ionului central se va
modifica in um:ecm'ca de la Tyla Cy in compusul OH. MO, In fig. 1 si fig. 2 este
redatd scindarea benzii de absorbtie din vizibil a oxnmonulm la qdl’,ma protonului s
formarea speciilor HO.MnO,, respectiv HO.CrO;z 130 1.

In ambele cazuri se observa cd banda de absorbtie a oxianionului neprotonat
situata la 18320 cm~1 in cazul MnO;, si la 26810 ecm=* in cazul CrO%—, se separd in
doud sub-benzi, una de intensitate mai mare, dispusd de partea energiilor mai inalte,
sicea de a doua de intensitate mai slabd, de partea energiilor joase.

Studiul spectral al esterilor cromici de formula generala RO.CrO; [27, 28]
permite sa se tragd concluzii privind natura celor doud benzi de scindare. Este
evident faptul ca, tinind seama de caracterul de transfer de sarcind al tranzitiilor

10
£ o)
w0t
204 '
) ) A
200 300 «00 600 nm
Jig . 1. Spectrul electronic de absorbtie Fig. 2. Spectrul electronic de absorbtie al

al MnO;~ (1) si HMnO, (2). CrOf~(1) si HCrOy7 (2).
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electronice in oxianionii metalici, afinitatea pentru Tabel 1
clectron a noului ligand Y, diferitda de cea a oxi- Tranzifii electronice observate in
genului, va trebui sa influcnteze energia si inten-  speetrul vizibil si UV al derivatilor
sitatea uneia din benzile rezultate. $i anume a RO.CrOg sl X.Cro," [26, 27,
accleia care impiicd saltul electronului de la ligan- 28 (541
dul Y la ionul central de mangan. In consccinga, Compusul B
este de agteptat o deplasare a tranzitiilor respective YXO, frecventa em™
spre euergil marite si intensitafi micsorate, o datd
cu cregterea afinitédtin pentru electron a noului  HO.Cro- 22.500
substituent. ’ 28.750 (27,28)

Urmdrind datele din tabelul 1 se poate vedea Ac OCTO - §§~‘5’88
cd banda mal intensd, situati de partea energiillor =7 a 28,500 [28)
superioare, este in toate cazurile ceca care aratd 37.300
aceastd dependentd de natura substituentului Y. MeQ.CrO; 22.500

. 3 o o . 98.100 [28]

Cealaltd e relativ insensibila la schimbarea 37.400
hu Y, FtO.Cro- 22.500

In cazul Mn (VII), derivatii substituifi sint %;2?58 (28]

mult mai instabili la transferul intramolecular de
sarcind, astfel incit datele din literaturd sint mai
reduse. In 1966 a fost sintetizat, la temperaturi

Cr0,- 8,08 -
25.400 [267

joase, compusul substituit in ionul de permanganat  FOF gg‘ggg o8
MnO4Cl {31]. Spectrul clectronic de absorbtie al - S
acestel specii este prezentat in [fig. 3, iar pentru cro,Cl- 22.500

comparatie se di si celalionului de permanganat si 27.900 [28;

al acidulul permanganic [31]. . - -
¢ . X CrO,Br -

E probabil ca structura electronica a deriva- 27.600  [54]
tilor substituifi sa dea informatii prefioase asupra -
reactivitafii oxianionului.

Sint cunoscuti piné in prezent urmatorii compusi substituiti in ionul de perman-
ganat : MnO;F [32]; acidul permanganic HMnO, {301 ; speciile susceptibile de exis-
tenta in solutiile concentrate de acid sulfuric ale permanganatului: O,Mn.OSO,H
133], MnOg [347; si in sfirgit ultimul sintetizat Mn0O,C1{31]. Mentiondm ca la oxi-
darea clorurii cu permanganat in solufii de acid clorhidric [35] mecanismul propus
iain considerare existenta pasagera a intermediarului-activ (HMnO,Cl) ¥, acidul conju-
gat al speciei monosubstituite YXO,.

2.1. Mecanisme de substitupie in tonul XOF . Vitezele de reactie ale oxianionilor
metalici sint puternic influenjate de aciditatea mediului fapt reflectat in ordinele de
reactie dependente de concentratia protounilor. Protonarea MnO; si CrO%~ di nas-
tere unor specii calitativ noi, capabile si promoveze mecanisme cu totul diferite.
Formele neprotonate, in mod deosebit MnO,~, favorizeazid mecanisme de sferd ex-
terioard, pe cind cele protonate in special HCrO; , mecanisme de substitujie cu parti-
ciparea ionilor de hidrogen [36].

Luind in discutie ionul MnO; , e probabil ca protonii sa favorizeze unul sau
altul din cele doud mecanisme de substitujie nucleofila la centrul de mangan [36]:

Un mecanism de tip disociativ Syl

MnO; 4+ H™ = HO.MnO,
HO.MnO, -+ H* — (MuOj) -+ H,O lenta
(MnO;f) + Y- — MnO,Y  rapida

9 — Chemia fasc. 1/1971
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cu formarea oxicationului MnO; prin eliminarea hidroxilului in prezenta protonilor
sub formi de apd si adifia rapidd a noului ligand. Sau, e posibil un mecanism S,2:

MnO; - H7 = HO.MnO,
HOMnO,; + H* = (H,0.Mn0; )
(H,0-Mn0{ ) + Y- —» YMnO, -+ H,0 lentd
Probabil rolul protenilor in starea de tranzitic este de a slibi legitura puternici
dintre atomul de oxigen negativ gl atomul metalic central. Cel de al doilea meca-

nism poate fi reprezentat prin doud procese globale, protonizarea oxianionului si
esterificarca :

MuO; +- H;O = HMnO, - H,0
HOMnO, -4 HY = MuO,Y -+ H,0O

Astfel, cataliza prin ioni de hidrogen a schimbului de oxigen intre ionul MO si
apa-solvent 21} a fost atribuitd reactiilor rapide:

H,O" + MnOp = HMuO, 4+ H,O
HO.MnO; -+ HMnO, = Mn,0, -+ H,0O

Acelasi mecanism de protonare s-a propus si pentru schimbul de oxigen intre
ionul MnO% " si apa-solvent [22].

3. Meeanisme redex ale ionului de permanganat in selutie apoasid. 3.1, Mecanis-
mul descompunerii alcaline. Permanganatul alealin se descompune lent in absenta
substraturilor oxidabile cu formarea cantitativia manganatului si dezvoltare de
oxigen:

AMnO, 4 40H- = 4Mn0O%¥ -+ 2IL,0 + O,
Viteza procesuiui creste o datd cu concentratia ionilor de hidroxil,

Desi aparent simplu, mecanismul acestei reactii a ficut obiectul multor discutiis
Studiind descompunerca KMuO, in solvent imbogitit in 08, Sy mous [37] [38]
da urmatorul mecanism :

1. MnO; + OH- = MuOf + OH

2. OH 4 OH- = O~ +4 H,0

3. MnOg + OH- + O = MnO; + HO,
4. MnO; + HO; = MnO% -+ HO,

5. HO, + OH- = 0] 4 H,0

6. MnO; + O, — MnO? +- O,

In favoarea mecanismului iui Symons pledeazi faptul ci oxigenul eliberat are un
conjinut izotopic identic cu cel al solventului {38].



RIDUCERLA TONULUL DE PERMANTUANAT 131
¢

Mecanismul dat de Landsberg st Heckner 789) diferd de cel diuainte
prin aceea ¢it admite o etapd in care are loc un transfer al oxigenului, din apa-sol-
vent in manganatul rezultat (etapa a 6-a):

1. MnO; 4+ OH- = Mn0O} -+ OH

2. OH + OH- - O~ + H,O

3. O -+ MnO, - H,0 - MnO} - H,0,

4. H,0, + OH- = HO, -+ H,0

. HO, + MzO; — MnO; + O, 4 OH-

6. H,0 - MO, + MaO; — 2MnOF - 2H"

Ji

In plus, ¢ luatd in considerare formarea unei specit instabile a Mn(V), MnO;, men-
tionatad in mecanismele de oxidare prin transfer de oxigen in mediu alcalin.

In solutii alcaline mai diluate (concentratia OH- cca 1 M), s-a propus un me-
canism prin intermediari de sferd-interioard pentru schimbul electronulul manganat-
permanganat 1407

I MnO; -+ OH- = (MnO,-OH)*

2. (MnO,-OH)* i MnO; — (MnO,-OH-MnO,)*

3. (MnO,- OH.MnO})*- + OH- - 2(MnO, - OH)*

+ OH-MnO)* 4 MO, 4 OH- —2MuCf -+ MnO; + H,0,
-OH.MnO,)* +Mu0¥ +OH- —» 3MuO}- 4 H,0
OH.MnOy)* + MuC} + OH - 3MnO% 4 H,O

6. MnO, -+ OH- + H,0, —» MnO} -+ HO, 4+ H,O

7. MnO; + HO; - MnOj — 1 -+ O,

o e WL
el

v
e et
2 g 2
> C O
PR,

Dacd concentratia ionilor de hidroxil din soluiie scade sub 1 M, reducerea
MnO; este complicatd de instabilitatea MuO2™ fatd de disproportionarea la Mn(VII)
siMu(IV) o (40

3MnO2 - 2H,O — 2Mn0O, + MuQ, + 4 OH-

Din studiul cinetic al schimbului de oxigen manganat-apa (22! Heckner si Landsberg
aiirma g, la concentratii in OH- de ordinul a 0,01 M, protonarca urmata de formarea
anhidridei constituie primele etape ale disproportioninii MvO3-. Calea de¢ reactie
ar fi:

1N
MnO3 -+ H,0 = MuO,H~ + Oli-

ZHMu0O; = Mn,0% 4 H,O

M, 02 - H,O = MnO, + H,MuO,
H,MuO¢ - MnO? — MnO; -+ H,MnOj
H MnO% — MnQ, -+ 20H-
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3.2. Mecanismul descompunerii acide. Tonul de MnOj este instabil In solutie acida
fatd de reducerea la MnO, [41]. Procesul implicd specii ionice derivate de la ambe-
le stari de valentd ale manganului, Mn (ITI) si Ma (IV), care in prezenfa substraturi-
lor oxidabile, organice in special, pot actiona ca specii oxidante active. Raportul
acestora e determinant de pH-ul mediului si de concentratia in ioni manganosi [427.

3.3. Mecanisme de veducere a MnGy la MnO% cu diverst veducdtori. Reducerea
ionului de permanganat la MnO? prin niecanismul sferei exterioare e favorizata
in mediu alcalin de stabilitatea oxianionului la substitutie. Meccanismul poate fi in
esentd un transfer mono-clectronic la substrat sau unul bi-electronic, urmat de schim-
bul rapid al electronului Mn (V) — Mn (VII):

MnO7 + MnO3 — 2Ma0%
Calea de reactie e apoi complicatd de transferul posibil de oxigen de la oxidant in
produsul de oxidare, eventual de la solvent la reducitor.

Un astfel de mecanism in mediu alealin este cel propus de cdtre Laudsherg
st Heckiter 1437 pentru oxidarea sulfuril la sulfat cu formarea cantitativi a manga-
natului stabil : ’

82 4 MaO; - MuG¥d 4 S

MuO3 - MnO; — 2MnO3

S -+ MnOp — 50 4 MnOy

SO -+ MuQ?2 - 50, -+ MnO;

SO, 4+ MnO; — 507 4 MnOy

MnO,; -+ HyO -+ Mn0O, — 2MnO} 4 2H™

Printre compusii anorganici care reduc cantitativ permanganatv! la manganat,
aceiasi autori [43] citcazda: S?° — SO} ; SOF - S0% ; Cr87 - CrO% ; CN- —
- CNO~: CNS- - CNO~ -+ 802,

La activitdti mirite in ioni de hidroxil devine Insenminatd si o cale de reactic
cu participarea radicalilor lheri hidroxil [447. Reducerea MnO; cu jonul CN-
ilustreazd citeva din modalititile de reactic ale permanganatului alcalin, relevante
pentru reducerea la MnQOZ-.

Viteza ¢i mecanismul acestel reactii sint puternic influentate de pH 457,
Intre pH 6—12 procesul ¢ nestoechiometric. Tn medin acid viteza de reactie ¢ ne-
glijabild. La valori ale pH-ului supericare Jui 12, Stewart ¢ ILinden [45]
disting doud procese paralele. Pentru una din cdile de reactie e valabila urmitoarea
lege a vitezei:

-4 (MnOy)
dt

= k.(MnO;} (CN-)

cu £ independentd de concentratia jonilor hidroxil. S-a pus insd in evidentd un
transfer considerabil de oxigen de la ¢xidant In produsul de cactie ¢ un efect salin
pozitiv. Autorii propun vn mecanism in care etapa lentd o, ri formarea unui inter-
mediar-activ, de tipul YOXO,, cu punte de oxigen.

a) MO 4+ CN- - (NC ... OMnOg)? lentd
1
NCO- + MnOg
b) MuO; + MaO; + 20H- - 2MnO, + H,O rapida
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Specia pasagera MnO, schimba foarte rapid electronul cu MnO; formind
MnO2- stabil. Dupid cum se poate usor vedea, este un gen de mecanism prin complex
activat de sferd-interioara.

Dupi Carrington st Syvmons 29] intermediarul-activ (O,Mn- OCN?*~)
poate fi formulat ca un cianato-derivat al hipomanganatului, prin aditia gruparii
CN~™ la unul din liganzii oxigen, care, acceptind noul ligand, cedeazi doi
electroni pe unul din nivelele vacante ale atomului central de mangan.

Cel de al doilea mecanism devine important la concentratii mai mari ale cia-
nurii si la bazicitate ceva mai joasd, corespunzind unei cdi protonate de reactie,
cu urmitoarea lege a vitezei:

IO, ) 0, )N

dt (OH™)

Doar 15--209% din oxigenul continut in produsul de oxidare provine din oxidant.
Una din variantele de mecanism propuse este:

A a) MnQ, + HCN 4 CN- - MnO¥ -+ (CN), -+ H-

by (CN),” -+ MnO, - (CN), + MnO¥ rap.
¢)  (CN); =+ 20H- -+ CN- 4 NCO~ + H,0O rap.
K
sau B. a) HCN + CN- = H(CN),

K
b)  MnO, 4+ H(CN), — HMnOj}~ + (CN),
HMnO% 4 MnO, + OH- - 2MnO} + H,O rap.
d) (CN), + 20H~ - CN- +4 NCO~ + H,0 rap.

Primul este un mecanism de transfer mono-electronic, cel de al dotlea bi-electronic,
ambele implicind transferul de oxigen de la solvant in produsul de oxidare a sub-
stratului.

Sint posibile in anumite conditii si mecanisme prin radicali activi ai solventului
si ai reducitorului {46].

C. a) MnO; 4+ OH- = MnO%} + OH- rap.
b) OH: + CN- - CN- 4 OH~ rap.
¢} CN' 4+ OH» -» NCO- 4 HT lentd
sau
d) CN- 4+ MnO, - NCO- M‘n()3 lenta

H,0 — MnO3- + 2H*
D. a) MnO; + CN— = MnO}~ 4 CN:
b) CN* 4 MnO, - NCO~ + MnO, lenta.
¢) MnO; -+ OH- — MnO% + H” rap,
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3.4. Mecanisme de reducere a MnOy la Mn** cu diversi reducdtort. Reducerea
are loc in mediu acid cu reducitori suficient de energici. Capacitatea oxidanta a
permanganatului creste considerabil cu sciderea pH-ului si, pe de altd parte, parti-
ciparea protonului in preechilibrele rapide de protonare sisubstitutie cu substraturi
adecvate poate constitui calea catalizatd de reactie, determinantd de vitezd.

Un mod de a clasifica principalele tipuri de mecanisme intilnite pind in prezent
este urmatorul:

a) Reducerea MnO, cu substraturi active faja de Mn(III).

b) Reducerea MnO, cu anioni simpli.

c) Reducerea cu oxianioni anorganici.

3.4. a. Oxidarea acidului oxalic in mediu acid e tipicd pentru procesele de oxidare
indirecte, prin intermediul manganului trivalent [47], [14.].

Reactia are loc cantitativ cu oxidare la CO, si prezintd perioada de induciie,
caracteristicd proceselor de acumulare a unui intermediar de reactie. Cinetica proce-
sului redox e dependenti de concentrafia inifiald a ionilor manganosi, de prezenta
agentilor complexanti ai Mn(III) si de concentratia oxalatului. Etapa lenta poate fi
descompunerea uni-moleculara a unor complecsi intermediari [48, 49, 507, capabili sa
sufere transferul intramolecular al electronuluilaionul central de Mn (I11). In plus,
procesele sint relevante pentru rolul reactiilor radicalice in oxidarea substraturilor
organice cu Mn(III).

3.4. b. Reducerea MnO, cu anioni simpli. Pentru ilustrarea unui mecanism
de acest gen se prezintd reacfia MnO, cu I- [51]. La pH intre 6,2 — 3,2 s-au pus in
evidentd doud procese paralele, cu si fara participarea protonilor.

Calea de reactie independentd de pH ar putea decurge dupi urmitorul mecanism

K
a) MnO; -+ I- = (O;Mn-OI)*—

k

b) (O3Mn-0OI)?>* -+ HOH — HOI + HMnO3}~

¢) HOI 4- H,O* + 2I- —» I, + H,0 rap.
Complexul-activat (O,Mn.OI)2>~ ar putea fi considerat, ca si in cazul CN-, un de-
rivat al Mn (V) cu puncte de oxigen.

Calea protonatd de reaclie san dependentd de pH. Un mecanism probabil ar

putea fi:

a} MnO; - I= = (0,Mn.OI)*

b) (0,Mn.0L)* -+ H,0* — HOl  H,MnO,"

¢) HOI 4+ H,O™ + 2I- — Iy + H,0 rap.
Participarea protonului in etapa lentd ar putea fi explicatd si de echilibrele :
K k
MnO; 4 I- 4+ H" = ..., — produsi

HOH
sau
K, ]
H* 4+ MnO; = HMnO,
Ky k

HMnO, -+ I- = .... — produsgi
HOH
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Pe aceastd cale, complexarea ionului de MnO," cu I~ favorizatd in mediu acid
constituie o cale de transfer a oxigenului din oxidant lasolvent (in primd etapa transfer
de oxigen la un produs instabil de oxidare HOI).

3.4, ¢. Reducerea oxianioniloy metalici cu oxianion! reducdfori. Reducerea per-
manganatului cu o serie de oxianioni in mediu acid are loc cantitativ la Mn?t.
Sint procese foarte rapide utilizate in scopuri analitice.

Halpern si Taube [52] cerceteazd transferul de oxigen la oxidarea cu
permanganat acid a sulfitului, gdsind c¢d nu are loc transfer de oxigen din oxi-
dant la sulfatul rezultat.

Daca mecanismele reducerii permanganatului acid cu oxianioni reducitori
anorganici sint incd nestudiate, s-a cercetat in schimb cinetica §i mecanismul re-
ducerii cromatului acid cu: arsenit [23; fosfit (25 ; sulfit 24, tiosulfat [26].
Procesele sint tipice pentru reducerea oxianionilor protonati dupa mecanismul de
csterificare propus de Westheimer 337 1aoxidarea alcoolilor cu acidul cromic.

2.5, Mecanisme de reducere a MnQ, la Mn (I11) in medin puternic acid. In exces
de Mn®  si mediu puternic acid reducerea MnO, are loc cantitativ la Mn(III):

4Mn* -+ MnO, -+ 8H = SMn®" -+ 4H,0

In acid percloric 3,0 M, Rosseinsky si Nicol 427 stabilesc ca procesul de-
curge conform legii de vitezd :

SABI0O g (MnO; ) (M2 )

dt

corespunzind la doud cii paralele de reactie, protonatd si neprotonatd, complecsii
intermediari-activati fiind de forma: (Mu, - MnOH)* si respectiv, (Mn,-MnOy)*™.
In cazul reactiei cu Cl- [35]7, legea experimentala a vitezei e de forma:

;EQ%{&D =k (MnO; )(Cl )2(H )?
dt

cu k=520 =038 102M-5g5-11a 179°C 5i forta ionicd J = 3,0. Daca in so-
lufie se gisesc si ioni manganosi, se regiseste dependenja de ordinul al doilea a
vitezel de concentrafia acestora.

Autorii '35] propun un mecanism de reactie cu participarea unei stari de tran-
zitie avind stoechiometria (H,MnO,Cl,), si a unui intermediar activ. (HMnO,;Cl)~,
un derivat protonat al speciei
monosubstituite in oxianion. €@’

Intermediarul-activ e capabil 20}
sd reactioneze mai departe
cu ClI- in etapa lenta: ol
k

\ : ) 2y 2 '
(HMnO,Cl) + Cl = Cl, &+ ol

4 HMnO,
Autorii aduc in sprijinul meca- ast
nismulul lor prepararea bazei A
conjugate a intermediarului, 00 400 500 TR W

(‘()3:\'111(,1) '3-1 al .(dl'UI' spec Fig. 3 Spectrul electronic de absorbtie al MnO,Cl compa-
Tru .clectromc a fost prezentat 40 cu cel al acidului HMnO, si al oxianjonului MnO,” :
in fig. 3. w: MnO,”; b MnO,Cl; ¢ HMnO,,
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4. Covoeluzii. S-au expus in paginile articolului de fati citeva din mecanismele cele mai sugestive

pentru reducerea ionului de permanganat cu diversi reducatori in solutie apoasid, relevante pentra posi-
bilitatile de desfasurare a reactiilor de transfer electronic cu oxianioni oxidanti.

Procesele de oxido-reducere la care participa permanganatul sint deosebit de complicate, constind
dintr-o competitie a transferurilor de atom si electron, mecanismul real depinzind in fiecare cazin parte
de o serie de factori, cum ar fi: caracterul substratului oxidabil, pH-ul mediului §i prezenta catalizorilor,
concentratiile reactantilor i a adausurilor striine, etc. Elucidarea mecanismului implicd in consecinti,
pe lingd studiul cinetic propriu-zis 5i analiza stoechiometriei si mai ales detectarea si studiul complecsilor-
intermediari si a speciilor active pasagere care ar putea da informatii asupra stirii activate.

In incheiere tin si multumese tov. conf. Gavril Niac pentru discutiile utile privind mecanismul
reactiilor de transfer electromic in gemeral, i care mi-au fost de un real foles in elaborarea acestui
articol.

{Intrat in redactic la 11 noicmbrice 1970}
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KHUHETHKA U MEXAHM3M BOCCTAHOBJIEHMWS MOHA TTEPMAHTAHATA B BOJHOM

PACTBOPE
(Pesome)

Ha ocHoBe AaHHBLIX JHUTEPATYPH aBTOp Jenaaer 0630p BajkKHeHILIHX ACNeKTOB KHHETHKH H MeXaHH3Md

])(‘éiKlLHﬁ BOCCTAHOBJ/ICHHSI [T€PMAHTaHATA € DPA3JHYHBIMH BOCCTAHOBHTE/SIMH B BOJHOM DpacTBope, a HMeH-

HO

. pearupyiouie BHALL I€EPMAHraHAaTa B BOJHOM pPACTBOpE, npoéﬂeua 3aMelIEHHRBIX TIPOH3BOJAHH X TETpaA5~

APHYECKOro HoHa XO?_’,MQXBHHB)MN 3aMelieHHsT B OKCHaHHOHEe, KAT4JH3HDOBaHHbie BOJOPOAHHMH HOHAMH
H, HAKOHel, OKHCJHTe/JbHO-BOCCTAHOBHTENIbHBIE MeXaHH3Mbl HOHA I[I€pMaHraHara.

BOHPOC npejicrasJjser o6 HHTEDEC, CBA3AHHLIH C PEaKTHBHOCTbIO METa/LTH4eCKHX OKCHaHHOHOD

ITePMaHraHaTHOro THMA No OTHOLIEHHIO K CyéCTpaTaM, CIOCOOHBIM OKHCASITHCA.
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CINETIQUE ET MECANISME DE LA REDUCTION DE L'ION DE PERMANGANATE
LN SOLUTION AQUEUSE

{(Résumé)

On examine successivement, d’apres les données de la littérature, quelques-uns des aspects principaux
que présentent la cinétique et le mécanisme des réactions de réduction du permanganate par divers ré-
ducteurs en solution aqueuse, a savoir : espéces réactives du permanganate en solution aqueuse, probléme
des dérivés substitués de lion tétraédrique X()""; et mécanismes de substitution dans l'oxvanion,
catalysés par des ions d’hydrogéne, enfin mécanismes rédox de l'ion de permanganate.

La question présente un intérét général li¢ a la réactivité des oxyanions métalliques du type du per-
manganate, par rapport aux substrats susceptibles d’oxvdation.



DETERMINAREA CINETICA A ACETATULUI DE SODIU

10AN AL. CRISAN. EUGENIA POPA, CONSTANTA ROTARU, MARIANA LUNGU si
NICU DULAMITA

Marea majoritate a metodelor cinetice de analizd se bazeazd pe reaciii in-
dicatoare redox [1, 2]. Numai un foarte mic numaiar de metode cinctice au la bazi
reactil indicatoare cu formare de complecsi. O reactie care poate servi pentru a
institui noi metode cinetice este cea de formare a etilendiamintetraacetatului de crom
(ITT) (notat prescurtat Cr¥Y-):

Cr3v 4+ H\? = CrY— -+ 2H7Y (1)

Se cunoaste de mult faptul cd aceastd reactie are loc cu vitezd extrem de micd la
temperatura camerel, atunci c¢ind reactia se petrece in mod slmplu [3--57, asa cum
este redatd in echilibrul (1). In 1951 Pribil, Simon si Dolezal [6——/] au
descoperit o reactie redox in care CrY'- se formeaza instantaneu la reducerea croma-
tului in prezenfa unui exces de complexon I11 (sarea disodicd a acidului etilendiamin-
tetraacetic, notatd st EDTA sau H,V?~ ). Aceastd reactie a fost studiatd ulterior sub
diferite aspecte de mai mulfi autori ‘8—117 Cifiva ani maitirziu I.iteanu si
Crisan [12—147 au aritat ¢ prin tratarea unor solutii de crom (I1I) cu acetat
de sodiu se poate forma CrY- in decurs de citeva minute, la temperatura camerei.
Totodatd au pus in evidentd si formarea unui compus intermediar cu viatd scurtd
(2—5 minute), dovedind cd acesta provoacd formarea rapidd a CrY-. Aproape si-
multan, Rao, Sundarsi Sastri {13 au descoperit o altd reacjie de formare a
CrY~, sub actiunea carbonatului si carbonatului acid de sodiu, punind la punct o
determinarea fotometrica a cromului (III). Apoi, Agger, HedricksiHedrick
[167 au dat prima metodd cinetica bazatd pe reactia de formare raplda a CrY—
pentru determinarea carbonatului total. Aceasta reactie nu este insa specificd aceta-
tului de sodiu, carbonatului de sodiu sau altor sdruri, deoarece ea depmde de pH-ul
solufiei [3]. in condiii identice de pH, reactia (1) se petrece totdeauna in aceclasi
fel si ea poate sta la baza unor noi metode cinetice de analiza. Mai jos se dd un stu-
diu statistic al unei noi metode cinetice de analizd puse la punct pentru determinarea
acetatului de sodiu pe baza reactiei indicatoare (1).

Modul de lueru. Intr-o cuvd de volum aproximativ de 30 cm® (de lungime de
5 cm) se introduc 10 em? solutie de EDTA 2M, 5 cm?® solugie de CrCly-6H,0 0,02 M,
(10— ) cm?® apd distilata si X cm?® solufie de acetat de sodiu de txtru 25 mg/cm®.
Tn momentul adaugirii solu‘;lel de acetat de sodiu se declangeazd un cronometru si se
masoard absorbanta solutiei in functie de timp, fati de o probd martor de compo-
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Tabel 1
Timpul Absorbanta mdisuratd in proba
(in minute) 1 2 3 4
1 [ 0021 0,026 0,009 0,016
2 0,022 0,026 0,009 0,017
3--9 0,022 0,026 0,009 0,017
10 0,022 0,026 0,01 0,017
11 0,022 0,026 0,01 0,022
12 0,022 0,026 0,016 0,022
13 0,022 0,026 0,016 0,023
14 0,032 0,026 0,02 0,023
15--21 0,032 0,026 0,02 0,023
22 0,032 4,056 0,02 0,023
23 0,032 0,052 0,02 0,023
tg a;j ‘ 0,00085 i 0,0011 ] 0,025 ‘ 0,001
tr a, = 0,0011; s = 0,0017
Temperatura: 294 K ¢ 1 mg CH,COONa/25 cm?
Tabel 2
Timpul Absorbanta masuratd in proba
{in minute) i ‘ 2 3 4
1-8 0,000 0,000 0,000 0,000
9 0,000 0,013 0,017 0,005
10 0,026 0,030 0,033 0,027
11 0,042 0,048 0,052 0,046
12 0,060 0,068 0,073 0,065
13 0,078 0,077 0,091 0,085
14 0,098 0,089 0,110 0,104
15 0,115 0,114 0,170 0,112
tg 0,019 0,018 0,019 | 0,019
tga, =~ 0,019; 5, = 0,000574 ; temperatura: 294 K ;
¢ = 2 mg CH;COONa/2Z5 cm?
Tabel 3
Timpul Absorbanta mdsurati in proba
{in minute) 1 2 3 4
i 0,000 0,010 0,025 0,003
2 0,000 0,031 0,026 0,012
3 0,005 0,055 0,031 0,060
4 0,048 0,088 0,042 0,108
5 0,072 0,128 0,066 0,156
6 0,100 0,166 0,078 0,205
7 0,130 0,200 0,100 0,253
8 0,162 0,240 0,118 0,301
9 0,200 0,291 0,120 0,348
10 0,240 0,342 0,160 0,396
11 0,280 0,380 0,192 0,444
12 0,318 0,435 0,220 0,491
13 0,360 0,489 0,242 0,537
14 0,405 0,540 0,272 0,583
15 0,440 0,800 0,310 0,612
tg o | 0,048 | 0,040 0,025 0,048

tg a; = 0,0402; 5p = 0,0112; temperatura: 284 K ;
¢ = 3 mg CH,COONa|25 ¢

zitie : 10 cm? solutie de EDTA 0,2
M, 10 cm® apa distilatd si 5 om?®
solutie de Cr(Cl; - 6H,O0 0,02M.
Rezultatele obfinute sint date

in tabelele 1—5. In tabele se dau
pentru fiecare determinare valorile
coeficientului unghiular tga; pentru
curbele : absorbantd = { (timp),
precum $i abaterile medii patratice
de selectie ale rezultatelor indivi-
duale tg «,; de la media tg »; a unui
grup de determinari pentru con-
centratii identice de acetat:

4

X otgog

tg o=t (2)

- i 4
2 (tga; — tg o)?

S, = izl - (3)

Cu aceste valori s-a calculat
media abaterii medii patratice de
selectie :

Mo

N

Sux = To— = 4,095 - 107 (4)

23 5

Cu ajutorul concentratiilor de acetat
de sodiu ¢, luate in lucru i ale va-
lorilor medii ale coeficientilor un-
ghiulari tge,, folosind cunoscutele
formule din statistica liniei drepte
(metoda celor mai mici patrate), s-a
calculat funcfia practici de deter-
minare (dreapta de etalonare cea
mai probabild) [17]:

(o= Ttga + T te s
mg CH,COONa/25 cm?® (5)

respectiv :

t; = 1,009 + 48,88 tg «;

mg CH;COONa/25 cm?® {6)
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Pentru a putea afla dreptele care Tabel 4
marginesc banda de dispersie a re-
zultatelor individuale in jurul Timpul Absorbanta mdsuratii in proba
dreptei celei mai probabile, s-a cal- (in minute) ! 2 |3 4
culat .abaterea medie patratica de . 0046 0.029 0.034 o
sglectle s (exprimatd in concentra- > 0078 0058 0,090 {(:8‘;}
1), fo!osmd functia practica de 3 0116 0,089 | 0,154 0,154
determinare : 4 0,153 0,122 0,217 0,218
7 5 0,198 0,170 0,280 0,280
s=71.3s 7 6 0,262 0,220 0,343 0,363
S/ S (7) 7 0,319 0,271 0,407 0,426
Tespe ctiv 8 0,380 0,328 0,471 0,489
9 0,440 0,382 0,535 0,554
s = 4888 . 4095 - 10-3 — 2,002 - 10 0,505 0,440 0,599 0,616
11 0,515 0,510 0,654 0,676
10~ mg CH;COONa/25 cm?® (¥) 2 0640 | 0570 1 0714 4 0758
‘ 13 0,700 0,635 0,774 0,822
I;;anda de dispersie este limitatd M 0.760 0.69 | 0803 0.840
de dreptele:
B ! tg %, ‘ 0,062 i 0,0605 l 0,064 ! 0,063
Csup == (f . tg %y ~+- tk,() . S) +f . tg o tya, = 0,062 s, = 0,0027; temperatura : 294 K
I 4 mg CH,LOONa/25 cm?®
mg CH,COONa/25 cm?®  (9) Tabel 5

respectiv : " 5 3
Absorbanta misuratd in proba

- , . Timpul
Cup = (1,009 4- 3,18 - 0,202) + {in minute) 1 2 | 3 1
+ 48 165 1 48
H 4888 tg o = 1,65 + 48,88 tg o, 1 0018 | 0018 | 0013 | 0017
. . 1 0078 | 0079 | 0089 | 0,091
mg CH,COONa/25 cm®  (10) 3 0150 | 0160 | 0172 | 0,174
$i: 4 0,230 0,241 0,266 0,257
5 0302 | 0302 | 0349 | 0341
PSR o 6 0.400 | 0382 | 0423 | 0,424
i = (- tg oy —typ - 5) 4 48,88 7 0,500 0,463 0,507 0,506
o oy 8 0630 | 0542 | 0592 | 0589
tg o, mg CH;COONa/25 cm® (11) 9 0680 | 0622 | 0696 | 0672
iy - 10 0780 | 0701 0760 | 0755
respectiv: 11 0910 | 0780 | 0845 | 0838
e . 12 0,910 | 0838 | 0916 | 0911
Cinr = (1,009 — 3,18 - 0,202) + 13 1,220 0,902 0.975 0.968
14 1240 | 0,920 1020 | 0972
+ 48,88 tg a, = 0’37 + ’
o )8
+4888 tg o, mg CH,COONa/25 cms & ™ | 0.082 | 0080 | o084 | 0,083

tga; = 0,082; s, = 0,00173 ; temperatura: 294 K
(12) o = 5 mg CH,COONa/25 cm?; sygy = 0.004095

Aicl #, ¢ este parametrul repartifiei Student pentru k grade de libertate si un nivel
de semnificatie Q ales. In acest caz k = 3, iar nivelul de semnificafie a fost ales
pentru Q = 0,005, deci t;o = 3,18. Se vede cd toate punctele experimentale sint
sxtu'flte in aceastd bandad de dispersie, deci nu se pune problema eliminirii valorilor
dublpase. Pe baza acestor date experimentale se poate afirma ca se pot determina
cantitati de acetat de sodiu cuprinse intre 1—5 mg/25 cm?® (in solufia misurata).

Domeniul de aplicabilitate al metodei este caracterizat de [18]:
 CHCOONaf s
AC = max _ 5 mg CH,COONa/25 cm =5 (13)
Conin 1 mg CH,COONaj25 cm?®
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AP o Wmar 0082 45 (14) deci  AC = 5< 745 = AP (15)
te amm  0,0011

Observatie. Aceastd metodd a fost verificatd experimental de nenumadrate
ori incepind cu anul 1963, timp in care s-a constatat ¢d cel mai important para-
metru care asigurd reproductibilitatea rezultatelor este meuntinerea constanti a
temperaturii de lucru, fapt care a impus folosirea unui electrofotocolorimetru
FEK M termostatat.

(Intrat In redactic la 10 decembrie 1970)
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KHHETHYECKOE ONPEAEJAEHHE AILIETATA HATPHH
(Pesome)

B cratee Jaérest HOBBUL MeTOJ oupeietenns alUeTatd HATPHS B YHCTHIX PACTBOPAX KHHETHUECKHUM
CIHOCOOOM, HCIIOIL3YS B KadecTse HHAHKAaTOPHON peakuun obpa3oBande 3TiIeH/HAMHHTETPAAleTaTa XpoMa
(LII). Metoa ObL1 npoBepeH CTATHCTHUECKH, H ¢ OMOILBIO CTATHCTHYECKHN 11APAMETPOB OblJIH BbIYHCJIEHB
aMIHpHYecKas QYHKINS onpejetens (nauGodee BepoOsSITIast NPSIMAST 3TATOHHPOBANHS), 10JOCA AHCIIEPCHA
H KOJHUeCTBEHHbIe MapaMeTPhl TOUHOCTH 1 [1PaBIABHOCTH ONPeleneHis.

DETERMINATION CINETIOUE DE IJACETATE DE SODIUM
(Résumé

Les auteurs apportent dans leur travail une nouvelle méthode pour la détermination de acétate de
sodium en solutions pures par voie cinétique, en employvant comme réaction indicatrice la formation d’éthy-
lénediaminetétraacétate de chrome (ITI). La méthode a été vérifide par la statistique ; ensuite, a I'aide des
parametres statistiques, on a calenlé la fonction empirique de détermination (la droite d'étalonnage la
plus probable), la bande de dispersion et les paramétres quantitatifs de la précision, de lexactitude et
de la correction de la détermination.



EXPRIMAREA MATEMATICA A FENOMENELOR CHIMICE

TOAN AL. CRISAN

In actuala etapid de dezvoltare a stiinfelor naturii se simte din ce in ce mai
acut nevoia generalizarii exprimirii matematice, deci cantitative, a unor fenomene
si legl naturale. Dar, la caracterizarea, reflectarea, interpretarea si exploatarea
matematicd a fenomenelor naturale, deci si a celor chimice, este necesar ca cerce-
tatorii sa dispund de concepte, definitii, reguli si procedee matematice clare, care
si permitd o tratare unitard si o redare cit mai exactd a fenomenelor. In acelasi
timp, este necesar ca modul de redare a fenomenelor si permitd obfinerea unei
imagini cit mai generale asupra unor ansambluri de fenomene, numaiaparent dife-
rite unele de altele. Pe de altd parte, formulele generale care se referd la ansambluri
de fenomene trebuie s se reducd la formule mai simple, pe masurd ce se restringe
multimea fenomenelor care intereseazd intr-un caz concret dat. Un ‘studiu mai
atent al modului de exprimare matematici a fenomenelor naturii scoate imediat
in evidenta lipsa unui ,,cod de exprimare matematicd a fenomenelor naturale”.
Pentru a crea o bazd stiinfificd in vederea elabordrii unui astfel de cod, care sa
fie apoi aplicat de orice cercetitor in domeniul naturii, pe baza teoriel matematice
a multimilor, in cele de mai jos se dau citeva definitii si reguli referitoare la expri-
marca matematicd a fenomenelor chimice. Evident, cele ce urmeazid constituie
doar un inceput, care ar putea fi continuat si dezvoltat, astfel, incit sd se poatd
obtine o codificare a unor reguli si procedee care sd se poatd aplica la toate dome-
niile stiinfelor naturii. Pentru claritate, regulile de mai jos se bazeazd pe un sistem
de definitil convenabil ales i care tine cont de doud tipuri de multimi: multimea
fenomenelor s$i multimea parametrilor care caracterizeazd cantitativ diferitele
fenomene.

DEPINITIA 1. Se numeste fenomen elementar (notat s,) o proprietate (mani-
festare) oarecare specificd unei substante chimice individuale bine precizate.

DerinrTia 2. Mulfimea fenomenelor elementare identice este:
Si={s;; 7=1,2 ..., m} (=1 2 ...}

DrriNiyra 3. Mulfimea fenomenelor elementare este:

DEFINITIA 4. Se numeste fenomen chimic (notat ¢,) o transformare (comportare)
oargcare a uneia sau mai multor substante chimice.
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DxriNiTia 5. Multimea fenomenclor chimice identice este :

Ty=4t; i=12 ..., 03 (=1 2, ..

H

Drrinitia 6. Multimea fenomenelor chimice este:
T o= {T;}.

DrriNiTia 7. Se numeste parametru specific (notat p;), o mirime oarecare
(dimensionald sau adimensionala) si numai una, care poate reflecta matematic un
fenomen elementar oarecare.

Din practicd se stie cd este util ca totdeauna parametrii folositi sa reflecte
sensul principal al fenomenului elementar la care se referd.

DeriNnrtia 8. Mulfimea parametrilor specifici identici este:

Pi={p;1=12 ...,m =12 ...
Deriniyia 9. Multimea parametrilor specifici este:
> P
P o= {P;}
DEFINITIA 10. Se numegte parametru chimic (notat %) o mirime oarecarce

(dimensionald sau adimensionald) §i numai una, care poate reflecta matematic

un fenomen chimic oarecare,
Este util ca si in acest caz sd se foloseascd numai parametrii chimici care re-
flecti sensul principal in care se petrec fenomenele chimice la care se referi.

DrriNiTIa 11. Multimea parametrilor chimici identici este:
Ki=idh,;,1=1 2 .., 5 (1=1,2 ...
Derixrria 12. Mulfimea parametrilor chimici este :
> e
K = {K}}.

Derinipia 13, Se numeste funciie elementard (notatd f) o lege de compozitie
prin care elementele mulfimii S; a fenomenelor elementare identice sint puse in
corespondenfd biunivoca cu elementele mulfimii #; a parametrilor specifici iden-
tici :

f:5, - P,
In practici, functiile f se definesc si cu referire la conditii de lucru bine precizate,
deci la conditii standard.

DeriNtyra 14, Multimea functiilor elementare este:

F={f}

DEriN1TIA 15. Se numeste functie de transformare (notata g) o lege de compozitie
prin care elementele multimii T; a fenomenelor chimice identice sint puse in cores-
pondenfd biunivocd cu elementele multimii K; a parametrilor chimici identici:

g: T, > K,
Este evident, ca si functiile g se vor referi la conditii standard.
Derinrria 16, Muljimea functiilor de transformare este:
G=1{g}
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DpriNrgia 17. Se numeste functie chimicd (notatd ) o lege de compozitie
oarecare prin care elementele mul{imii P a parametrilor specifici sint puse in cores-
poudentd cu elementele multimii K a parametrilor chimici:

i P> K.

Aceastd definifie scoate in evidentd nevoia de a se exprima un fenomen chimic
printr-un parametru chimic oarecare, dedus in functie de parametrii specifici care
corespund tuturor fenomenelor elementare participante la fenomenul chimic res-
pectiv. Nu este util intotdeauna a se folosi parametri defini{i pentru fenomene
globale. Dacd nu se cunosc toate fenomenele elementare participante, este uneori
mai bine a se exprima numai ceea ce se cunoaste exact, lasind cimp liber cercetirii.
Folosirea unor parametri globali creeaza de multe ori un fals sentiment de cunoastere,
duce la absolutizarea cunostintelor relative si mascheaza actiunea specificd a fiecarui
fenomen elementar participant. Un exemplu de asemenea parametru global este
cel numit ,fortd ionicd” sau ,tdrie ionica’”, criticat azi din ce in ce mai mult.
Drrinrria 18, Multimea funcfiilor chimice este:

H o=

Cu ajutorul acestor definifil se pot enunta axiomele 31 teoremele caracterizarii
matematice a fenomenelor chimice:

AXIOMA 19, I'enmomene (dentice se caracterizeazd prin  parametri identici, iar

enomene diferilte se cavaclerizeazd prin parametri diferifi. Simbolul caracterizdrii
esle \—=, dav al necaracterizdrii este ).

TrorREMA 20. Un parametru specific oarecave p, & P; caracterizeazd un feno-
men elementar s, & S; dat, dacd si numai daca existd o functie elementard f & F,
astfel incit f:S; — P;. Dect:

el »-ssesSeifel; f:5 - P

TrornrMa 21 Un parametru chimic oarecare k; € K; caracterizeazd un fenomen
chimict, & T, dat, dacd si numai dacd existd o functie de transformare g & G, astfel
ineil g: T;— K,;. Deci:

ek »t,el;&3raetG; ¢ T,~ K.
Consrcrnrta 22, Daca existd o functie elementard f:S; - F;, atunci pentru

orice fenomen elementar s; & S; existd un parametru spectfic i numai unul p, & P;
care 11 caracterizeaza.

ConsrcInTA 23, Daca existd o funciie de transformare g:7; — K; atunci
pentru orice fenomen chimic ¢, & T, existd un parametru chimic $i numai unul
k, & K; care il caracterizeazd.

TrorREMA 24 Dacd sint satisfdcute conditiile :

1. af:S]—>Pj
2. agT}‘*K]
3.50 7,40

atuncy existd o functie chimicd h & H, astfel incit h: P; - K;. Aceastd teoremd
se poate numi teorema de existentd a functiilor chimice.

10 — Chemia fasc. 171971
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TeoreMA 25. Fie submultimile S, S;, P,CP;, T,CcT; K,CK, s
H,C H;. Dacd existd o functie chimica h, & H,, astfel incit :
hye P> K,
§1 dacd sint satisfacute si conditiile
1.4/ S5, - P,
2.3¢: 7T, - K;
3.SNT;=0
atunce existd o funcfie chimicd h e H :
h: P, — K;
astfel incit funcfia chimicd I este o extensiune a functiel chimice particulare I,

In fond teorema 25 a extensiunii functiilor chimice reflecti un procedeu de
generalizare din stiintele exacte si aratd c@ pentru a putea gisi o functie care si
se refere la o mulfime de fenomene identice, este necesar si suficient a exprima
functia generald {inind cont de parametrii definiti pentru mulfimile cele mai mari
care cuprind toate fenomenele de acelasi tip.

TrorEMA 26.  Fie sirurile de multimi (S))jexn C S, (Pliex C P, (I'))jexC T
si (Kj);en C K. Dacd existd un sir de multimi de functii chimice (H;);ex C H §i
sint satisfacute conditiile :

L3/ US - UPp;

JEN JEN
2.3¢: U7, - UK,

jen JEN
3. USNT)=0

jEN
atunct existd o functie chimicd h e H :

hoyP;i—= UK,
1N jeN
astfel incit functia chimicd h este o extensiune pentru orice fumctie chimicd parti-
culard h, e H;.
JEN

Evident, teorema 26 este o extindere a teoremei 25 si reflectd un alt procedeu
de generalizare din stiintele naturii, referitor la ansambluri de multimi diferite
intre ele. Se vede cd pentru a putea gisi o funcfie chimicd care se referd la o reu-
niune de fenomene chimice, este necesar si suficient a extinde parametrii specifici
st parametrii chimici la reuniunile tuturor fenomenelor elementare si fencmenelor
chimice care participd la ansamblul de fenomene chimice si a exprima parametrul
chimic extins In functie de parametri specifici extingi care se referd la toate tipurile
de fenomene elementare participante.

TEOREMA 27. Fie h & H o functie chimicd :
h: P = K
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st fie S, S, P, P, T,CT, K;C K st HiC H. In orice situatic concretd
pentru care sint satisfacute condifitle
1.3f: 5, - P
2. 3g:1; - K;
3.5,V 1,50
exista o functie chimicd h; & H;:
hi: P; —» K,

astfel incit h; este o restrictie (un caz particular) a functiei chimice h.

Aceastd teoremia reflectd un fapt care apare frecvent in practicd. De fiecare
datd cind o formuld generald este aplicatd numai pe unele submultimi de feno-
mene, formula se reduce la cazuri particulare mai simple, astfel incit diferitele
cazuri particulare, aparent sau real, se deosebesc foarte mult intre ele.

AXIOMA 28.  Parametric  specifici p, st parametrii chimici k; aw valori con-

crete : i
|r&€R; s, €5 5,0

/’1:‘6; s, 0
poo )X eR; e, T,20
' {c;t,-e@

unde R este corpul numerelor reale, 1ar ¢ este clementul matematic neutru.

Aceastd axiomd reflectd si faptul real, dupd care nici un fenomen absent nu
poate influenta actiunea fenomenelor prezente. De exemplu la folosirea formulei
pentru calenlul pH-ului in solutii  diluate de saruri ale bazelor slabe cu acizi tari,

cum este NH,Cl:
PH ) e Pryo - ¢
8 Ty

(unde Py, este produsul ionic al apei, ¢ este concentratia sarii, iar £, este constanta
de disociere a bazei slabe NH 4OH), dacd nu se respectd axioma 28, in cazul solu-
tillor diluate ar trebui scris:

c—=+0=H* -0

in totald contradictie cu realitatea. Respectind axioma, trebuie scris:

c—e . S
- rH i R \/I)H,<)

Ry — ¢
si se vede ¢ la concentratii foarte mici, formula reflectd faptul ca pH-ul solutiei
tinde spre cel al solventului pur (aici apa), asa cum se cunoaste din practica.

Axi0MA 200 Parametrii specifici p,; si parametri chimici k, au valori concrete -
5 {xER;/),-)—-»s,

e; b,

5 _fxeR: k>t
' 1c;ki3-»/,~
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De exemply, fie S,; mulfimea speciilor chimice partial disociate, S,, mulfimea
speciilor chimice total disociate, iar P, multimea constantelor de disociere k&
Este evident ca daca:

dis*

1. 3f:Sps = Ppa=> pi € Ppy)— 8; € Spy
2. Af: S Ppa= p; & Ppa)= 5, € Sy

Deci constantele de disociere, de stabilitate, de formare ete. au valori bine precizate,
distincte i caracteristice numai daca formulele care le cuprind se referd la specii
chimice parfial disociate si sint egale cu elementul matematic neutru daci formulele
se referd la specii chimice total disociate. Ca atare, nu se poate admite nici trecerea
la limitd : %, — oo dacad specia chimici este practic total disociatd si nici trecerea
la limita: &, — 0 daci specia chimicd nu disociazi de loc. Aici este vorba de
fenomene diferite, care trebuie caracterizate diferit, asa cum arati axioma 19.
Din acest exemplu se vede ci si axioma 29 reflectd o situatie reald si deci nerespec-
tarea ei poate duce la interpretdri gresite.

Cua ajutorul acestor nofiuni, axiome si teoreme ale exprimarii matematice a
fenomenelor chimice se pot evita multe confuzii, dar se poate schifa si drumul
spre cautarea celor mai generale legi ale chimiei. Evident, cele de mai sus pot fi
completate si dezvoltate, iar orice critici sau observatie va fi bine veniti. In
acelasi timp, se vede cd introducerea in chimie a sistemului de definitii, axiome si
teoreme, mult folosit In matematica, si fundamentarea notiunilor de chimie pe baza
teoriei mulfimilor permite si se ajungi la concluzii generale deosebit de valoroase
pentru practica chimicd, asa cum o dovedesc multe studii din ultimii »ni [1—3].

(Intrat {n redactic la 12 decembrie 1970)

BRIBLIOGRAFIE

1. R. Aris, Archive for rational mechanics and analysis, 19, (2) (1965).

2. J. Weli Ind. Eng. Chem. Fundamentals, 4, (2), 161 (1965).

3. M. Barrére, R. Prudhomme, Aérothermochimic des écoulements homogénes, Gauthier-Villars,
Paris, 1970, p. 10.

MATEMATHUECKOE BbIPAXEHHE XUMHMUYECKHUX §IBJEHWUHI
(Peswwme)

B craThe NpHBOAHTCS CHCTEMA ONpejesenuil, aKCHOM H TeopeM MaTeMaTHYECKOro OTPAKEHHS XHMH-
HeCKHX SIBJICHHI, BBEAEHHBIX C UEJIbIO MOM0KHTh HAuao ofuieMy KOLY LSl KOJHYECTBEHHOTO BRIPAIXKEHHS
SIBJIEHRA NPHPOAR. BBeléHHHe NMOHATHS OCHOBAHBLI HA ABYX THNAX MHOXECTB: MHOMECTBO XHMHHYECKHX
SIBJEHHA H MHOXKECTBO apaMeTpoB, KOTOPbIE MOTYT oxapakTepusoBaThb HX.IToiuépkupaercs poab HeATpaab-
HOrO MaTeMaTHUECKOro JeMeHTa B NpHMeHeHHH o6wHX GOPMyJ K 1IDAKTHUECKHM CJAydasnM.

MATHEMATICAL EXPRESSION OF THE CHEMICAL PHENOMENA
(Summary)

A system of definitions is presented in the paper, axioms and theorems of the mathematical refle-
xion of the chemical phenomena, introduced with the aim of founding a general code for expressing
the natural phenomena quantatively. The notions introduced here are based on two types of multitudes:
the multitude of the chemical phenomena and the multitude of the parameters able to characterize
them. The role of the neutral mathematical element is emphasised in applying the general formulae to
practical cases.



DIETERMINAREA DIRECTA A URANIULUI IN PREZENTA DE n-TRIBU-
TILTOSFAT PRIN METODA RETRODIFUZIEI RADIATIILOR 8

GHEORGHE MARCU. FLOBIAN TOLEA s ICAN BUCA

Lucrare prezentatd la Consfatuivea po favd a chiomistiloy analisti, | Dfomativavea Tn chimia analiticd”, Piatra
Neamf, 24—25 mai 1968

Intr-o lucrare anterioara [17 s-a stabilit c¢a felre intensitotea radiatiilor 8
retroadifuzate si concentratin kolu'gnlor de uranl, existd o foarte bund dependentd
hma 4, In domeniul de unw,uxtra‘gu 0,50—75,00 g U/l Accastd comportare ne-a
nermis si el ihnrim o metodd rapidd de analizdt a solutiilor de uranil cn o eroare
medie de 0,50

In vntufoa acestor rezultate, s-au extins studitle de determinare a uraniulut
in prezenfa altor elemente [21. Rezultatcle objinute au stabilit ¢& iv sisteme binare,
uraniul prmte fi determinat din solutii cu o ercare medie de 0,709, in prezentd de
|~n()0 ¢/l de metal, In cazul Al Ve, Co, Ni, Cu si cu o eroare maximi de 2,09
pru‘cn‘;u de (),L--IS?/‘;) g Pb/l

Lucrarea de fatd isi propune si studieze pos‘ii»ilitatm determinarii directe a

raniulni In extractul organic (n-tributilfosfat) in cazul utilizirii extractiei cu sol-
ventl ors{amu la separarea uraniului din concentratele de uraniu sau din solutiile
rezultate in procesul de recuperare a lui din combustibilii nucleari cu uraniu, utili-
zagi in reactorii nucleari. 2

Ca solvent orgamg s-a folosit n-tributilfosfatul (TBP) diluat cu petrol lampant
iar extractia uraniului din faza apoasi s-a facut In prezentd de acid ozotic 4—5 M.

Pe baza de mndem;el dintre .ntmm atea radiatici 8 retrodifuzate si concen-
tratia uraniului in faza organicd, s-a trasat curba etalon A,,, = f{() care a fost
utilizatd la determinarea ur:miului din probe cu conginut variabil de sdruri de
uranil. .
Modul de luera. S-a folosit o solufic de azotat de uranil, al cdrui titru in
uraniu s-a stabilit gmvxmetrm prin precipitare cu acid p- aminobenzoic si piridind.
Din aceastd solujie s-au preparat probele etalon prin diluare la balon cotat. Ex-
tractia wraniulni s-a ficut cu TBP diluat cu petrol lampant in raport 1:2 in
volume. S-au luat: 5, 10, 15, 20, 25 ml solugie de azotat de uranil care continea
10,92 g U/l intr-un bqlon cotat de 50 ml; s-a adiugat acid azotic 10 M, in asa
fel incit concentrafia acestuia In faza apoasd si fic 5 ‘\I si s-a completat la cotd cu
apa distilatd. Solutia ob{inutd s-a trecut cantitativ intr-o pilnie de c\tr'upe unde
s-au addugat 50 ml din solventul organic. Dupia o agitare eupergicd de mai multe
ori, timp de 5 minute, s-a separat faza organicd de faza apoasi si s-a masurat in-
tensitatea radiatici B retrodifuzati de cdtre sarea de uranil continuta in selventul
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Fig 1. Curba etalon pentru determinarea continutului

in uraniu A, =

£C0).

Tabel 7

Rezultatele obtinute la analiza unor solutii de azotat de uranil
in prezen{i de n-tributilfosfat 1 HNO; 4 M (1:2) prin

metoda retrodifuziei radiagiilor 3

- U caleulat

5 : Arr U isit o

: m U uls/min my o
U0, (O, | mE U P '

1 3,75 41,25 18 675 40,95 —-0,73
2 7,50 82,50 19 120 83,00 -+ 0,60
3 12,00 132,00 19 620 132,75 --0,56
4 17,00 187,00 20 185 186,60 — 0,27
5 23,00 253,00 20 880 253,00 0,00

I. DUCA

organic, sub actiunea unui fas-
cicul de radiatii emis de o sursd
de *T1, de activitate ~ 20 mCi
3—51.

Peutru inregistrare s-a fo-
Josit un numirdtor nuclear NU-
MEDIT 747 iprevizut cu o
sondd de scintilatie de tip
SDS—129, cu cristal f-sensibil.

Pe baza rezultatelor obii-
nute s-a trasat curba etalon
A,,, = 1Cy) (fig. 1) care s-a
utilizat in continuare la deter-
minarea unor cantitaii variabile
de azotat de uranil in n-tribu-
tilfosfat. Rezultatele obtinute
sint trecute in tabelul 1. Din
datele prezentate se constatd ci
metoda retrodifuziei radiatiilor/p
se poate folosi cu succes la de-
terminarea continutului de ura-
niun direct in extractul organic,
in cazul de fatd in n-tributil-
fosfat.

In eoncluzie. 1. S-a stabilit
pentru prima data posibilitatea
determindrii directe a uraniului
sub formd de sare de uranil in
prezenta unui solvtent organic,
in cazul de fatd n-tributilfosfat,
prin metoda retrodifuziei radi-
atiilor 8

2. Metoda se poate aplica
pentru sisteme confinind cel pu-
tin 0,825 g U/l cu o eroare me-
die < 0,89%,. Ka este rapida si se
poate automatiza astfel ca si

permitd urmdrirea concentratiei solutiilor de uranil fn instalagiile industiiale, in

plin flux tehnologic.

3. Apreciem ci metoda poate fi aplicatd atit in cazul prelucririi concentratilor
bogate in uraniu folosite la prepararea si elaborarea uraniului necesar industriei

nucileare, cit si la recuperarea lui din solatiile rezultate la

sreucrarea  combusti-

bililor nucleari pe bazd de uraniu uilizati in pilele nucleare.

{ Intrat in redactie la 5 ianuaric 1971}
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MPAMOE OMPEAEJEHHME YPAHA B MPHCYTCTBUH u-TPHMBYTUJ/I®OCOGATA METOLOM
OTPAKEHUS g-TTVUEH
(Pesome)

Briepphle ycTaHOBJEHA BO3MOXHOCTL MDSMOLO ofipelesieHHst ypaHa B BHJE yPaHHJIOBOR COMH B
HPHCYTCTBHH OpraHiyeckoro pacrBopurenst (H-TpubyTtHadocdarta) MeETOIOM  OTpa)enns  B-1ydeil
Meto1 MOXHO npHMeHATb AJST CHCTEM, COJepikaulHX o Kpaiiueil sepe 0,825U/1 co cpelHel ouH6-
xoit < 0,8%. JlaHkwil MeTO] ABNSETCH CKOPOCTHHIM H MOXeT OnTb aBTOMATH3HPOBAaH, ¢ TeM 4Tobb! I103-
BOJIMTL [IPOCTIEKHBaHHe KOHUEHTPALHMH pPAacTBOPOB YpaHHJa B NPOMBIUVIEHHHX YCTAHOBKAX B JIOJHOM
TeXHOJOTHYECKOM NOTOKE. ABTOPH CYURTAOT, YTO METOL MOMHO NPHMERSTL H B clydae o6paboTKH KOHLEH-
TPaToB, OOraThiXx yPaHOM, HCMOML30OBAHHBIX MJs1 NPHTOTOBJICHHS H BRIPAOOTKH YPaHa, HEOOXOAHMMOro s
SAZepHOH NPCMBIULIEHHOCTH, TaK H B ¢Jyuae ero pekynepauui M3 pacTBOPOB, NMOJYYEHHLIX ApH 06paboTke
AJePHOrO TOPIOUEr0 HA OCHOBE YpaHa B AAEPHLIX 3JeMEeHTax.

e
3

DIRECT DETERMINATION OF URANIUM IN THE PRESENCE OF n-TRIBUTILPHOSPHATE
) THROUGH THE METHOD OF BACKSCATTERED 28-RADIATIONS

(Summary)

The possibility of directly determining the uranium under the form of salt of uranil in the presence
of an organic solvent (n-tributilphosphate) was establihed for the first time by the method of Backscat-
tered 3-radiations. The method can be applied for systems containing at least 0,825 g U/1 with a medium
error of 00,82, It is rapid and can be antomatized so that is should allow following the concentration of
the selutions of uranil in industrial installations in full technological flux.

It is considered that the method can be applied both for processing the concentrates rich in uranium
used iu order to prepare and elaborate the uranium neccessary for the nuclear industry, and for recupe-
rating it from the solutions resulted while processing the nuclear fuels based on uranium in the nuclear piles.
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