Soviet-era science, translated into English

PHYSICAL CHEMISTRY

Ya. . TUR” YAN
1962

SovietRxiv

View the original and related papers at https://sovietrxiv.org/items,/ru-196201.54804

Source: Math-Net.Ru and CyberLeninka. Machine translation. Verify with the original.


https://sovietrxiv.org/items/ru-196201.54804

Abstract

Full Text
PHYSICAL CHEMISTRY
Ya. I. TUR’ YAN

POLAROGRAPHIC KINETIC CURRENTS
CAUSED BY THE SLOW FORMATION OF
PYRIDINE COMPLEXES OF NICKEL

STUDY OF THE KINETICS OF COMPLEX FORMA-
TION

(Presented by Academician A. A. Grinberg, April 11, 1962)

The addition of small amounts of pyridine (Py) to a solution of Ni(NOg), +
KNOj leads to the splitting of the polarographic wave of Ni(HQO)z+ (Fig. 1,
COxinoy), =77 107° M, m = 2.12 mg/sec and t = 3.7 sec at hyg = 60 cm, 25°,
n.c.e. reference)*.

The first wave, increasing with increasing Cpy, is kinetic: the height hy, has

only a slight influence on i,. The total i, is always diffusion-controlled (i, =
const/hy,). Calculation of the equilibrium concentrations of the complexes on

the basis of (1) showed that mainly Ni(HQO)zjL participates in diffusion, and
only

Table 1

ika ikv ika ik’ ida id’ ida id»
Ha; o pay o pay Ay pay  pay;  pa;  pa; dy, o g,
01 01 01 01 01 01 01 01 pa; pa
M M M M M M M M 1M 1M
KNO; KNO; KNO3; KNO; KNO; KNO; KNO; KNO3; KNO; KNO4
(hug =(hug =(hug =(hyy =(huy =(hgy =(hgg =(hgg =(hpg =(hn, =
Cpy, 455 50 55 60 455 50 55 60 50 50 [Ni(Hy0), Py*'],

mol/l em) cm) cm) cm) cm) cm) cm) cm) cm) cm) %

0 0.51 0.54 0.56 0.59 0.40

5. 014 014 0.14 0.14 051 0.55 0.57 059 0.080 040 0.6
10

7- 020 020 019 020 050 055 056 058 013 040 09
1074

1- 024 025 025 026 0.51 054 056 0.60 020 041 1.5
1073
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HAy o pay  pay Ay pay  pay o pay o pay ly, g,
01 01 01 01 01 01 01 01 pa; pa
M M M M M M M M 1M 1M
KNO; KNO; KNO; KNO; KNO; KNO3 KNO3; KNO3; KNO; KNO4

(h‘Hg (hHg (hHg (hHg (hHg (hHg (hHg (hHg (hHg (h‘Hg

Cpy, 455 50 55 60 455 50 55 60 50 50 [Ni(Hy,0) ,

mol/l ecm) cm) cm) cm) cm) cm) cm) cm) cm) cm) %
25- 039 040 042 044 050 053 056 058 034 042 3.5
1073

5. 047 049 051 054 050 054 0.57 0.59 040 0.43 6.9
1073
Average 0.51 0.54 0.56 0.59

to an insignificant extent Ni(H2O)q_1 . Py*" (Table 1). The total diffusion

current is the result of reduction of Ni(HQO)zJr and, to an insignificant extent,
Ni(H2O)q71 . Py*". This is indicated both by the magnitude of the potential
(Fig. 1) and by the independence of i, from Cp, (Table 1; 0.1 M KNOy).

The following scheme of the electrode process of the first wave is well confirmed
by experiment:

. 24 koo 2+ by 2+
NI(HQO)q + Py — Nl(HQO)W1 -Py"" + Py — N1(H20)q72 Py — e,

+ diff. k, + diff. k, X
Ni(H,0)2"  Ni(H,0) - Py*" (1)

on the basis of the Brdi¢ka-Wiesner theory (*%). For an analogous electrode
process we found (?):

kg
E( —k,Cpp) + 11k Cxig @
T Ry kopnk, Kk, 1 k. ;
s c MRy s ( )
-5 4 + =2 gk Ky ) A+ gk C
a a fioky | a HakyCy Hyrp g M1 Cx

Cyx > C,;, X is the addend.
* E. P. Zdorenko participated in the experimental part.

To check the applicability of equation (2), it is convenient, as a first approxi-
mation, to neglect diffusion of the complex (see Table 1). In this case equation

(2)
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Figure 1
Figure 1: Figure 1
Figure 2

Figure 2: Figure 2

Fig. 1. 0.1 M KNOg; Cp, (mol/1):
1-0; 2-5-107% 3-7-10°%
4—1-1073; 5—25-1073%; 6—5-1073
Fig. 2. 1--4-0.1 M KNOg, hy, (cm):
1—45.5; 2—50; 3—55; 4—60;
5—1 M KNOg, hy, = 50 cm

can be simplified (i; = k,Cy; and k, = 0):

i/ (iq — i) = C%/(ACx + B); (3)
k
A= ——; 4
ajpiiky @
kK
B= 1 5
apizky ®)

In more accurate calculations by equation (2) for 0.1 M KNOj k, = k,
Table 2

Rate constants of ionic reactions

kq, ko,
Tonic  pqkq, cm / 1/((m01/1)1~ toksy, cm / 1/((m01/1)2~
Reactions strength  (mol/1)-sec sec)  (mol/1)-sec sec)
Ni(H,0)2" + 0.1 3.7 2.0-10°
Py —-—
Ni(H,0) Py +
H,0
Ni(H,0)2" + 1 7.7 8.1-10°
Py —-—
Ni(HQO)q,1Py2++
H,0
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Ionic  piky, em / 1/((mol/l)-  poky, cm / 1/((mol/1)-
Reactions strength  (mol/1)-sec sec) (mol/1)-sec sec)
Ni(H,0),_,Py*"+ 0.1 2.8-102 2.7-10°
Py —-— ,
Ni(HQC))HRy;Jr
H,0
Ni(H,0) _,Py*'+ 1 2.1-102 4.4-108
Py —-— )
Ni(H,0), Py, +
H,0
Ni(H,0)2" + 1 0.23 1.8- 102
CNS ——
Ni(H,0), _,-
CNS* +
H,0"
Ni(H,0),__,CNS"+ 1 1.3 6.3-10%
CNS ——
Ni(H,0)
H20(2)
A 4 1.4-10° 5.0-10'2
HT —
HA*(E’)**
HA™ + 4.1-108 5.5-10%
HT —
HQA(5>**

q_g(CNS)2+

* In [2], ky was found inaccurately, since in the Wiesner equation the value K,
was substituted instead of K = K, /K.

** A2~ and HA™ are the corresponding anions of maleic acid.

(Table 1), and for 1M KNOs, k. was found from the plot i; — ——— (2).
K, +Cyx

The instability constants were taken from (1). p was found from the Wiesner
equation (4). The calculated i, (points in Fig. 2), using the values of the
constants (Table 2), agreed with the experimental data (curves) within 5-7%
rel.

In the polarographic study of the rate of recombination of maleic-acid anions
(5), both with the aid of the approximate theory of Brdicka—Wiesner (5) and
with the aid of the more exact theory of Koutecky (6), the electrode process
analogous to ours,
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Fig. 3

Figure 3: Fig. 3

k k
A tHY S HA +H S HA - —, (6)
can be reduced to a simpler scheme:
ko
A* +H' 2 HA” +H" — H,A =~ —, (7)

since pykq > pgky (Table 2)*.

In the case of pyridine and thiocyanate (2) nickel complexes, this simplification
cannot be made, since the rate of addition of the first addend particle is lower
than the rate of addition of the second particle (Table 2). On the other hand,
i1k, is not so much smaller than sk, that the second recombination could be
regarded as proceeding at equilibrium.

Fig. 3. 1-5—0.1M KNOg, hy, = 50 cm; Cpy, (in M): 1-5-107%2-7-107%
3-1-1073;4-25-10"% 5—5-10%; 1"—6'—1M KNOg; hyy, = 59 cm; Ceng- (in
M): 1/—5.88-1073; 2/—7.84-1073; 3'—9.80-1073; 4'—1.57-1072; 5'—2.35-10"2;
6’—3.14 - 1072

The obtained relation between k; and k, indicates that, as water molecules are
displaced from the hydration shell of nickel, further addition of the addend is ac-
celerated. This once again confirms the view that electroreduction of Ni(HQO)zJr
is hindered because of the stable hydration of this ion (8). Already when the
first water molecule is replaced by the addend, the stability of the hydration
shell is disrupted, and further addition of the addend requires a lower activation
energy. It is interesting that the effect of electrostatic interaction only brings &,
and k, closer together (thiocyanate nickel complexes), but k; < k, is preserved.
Moreover, the rate constants for addition of Py are considerably larger than the
corresponding rate constants for addition of CNS™ (Table 2), i.e., the chemical
nature of the addend in this case is of predominant importance. With increasing
ionic strength, k; and ky become somewhat closer (Table 2).

As is known, the proton is also strongly hydrated, but since in both recombina-
tion reactions of maleic-acid anions the same—

* Taking account of the adsorption effect (7), apparently, further increases the
difference in p;k; and pyk,. It must be noted that it is impossible to determine
the influence of pyridine adsorption on the kinetic currents studied by us, since
any more adsorption-active substance likewise gives complexes with the nickel
ion. However, it seems to us that we are dealing chiefly with a bulk process,
which is convincingly confirmed by the applicability of equations (2) and (3).
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hydroxonium in nature, the electrostatic effect comes to the fore, and therefore
the rate (k) of the first recombination is greater than the rate (k,) of the second
recombination (Table 2).

By analogy with the discussion of the kinetics of the slow dissociation of the
complex (%10), but using the Brdicka—Wiesner theory, for the case of slow
formation of complexes and irreversible electroreduction of M X, (scheme 1) we
obtain:

Cx RT 1

— 1
omF \/ pk ankF
Uk Kk, /k k. jatl

= const +

n
) } k.
fa = mi+ gy FeCux

ke kg
a_a

m=1+ 2 Mlkl CCX+#1]€ I{lg%+ 9)

apk Cx piky poky O
Using p, kq and poky (Table 2), it is possible to demonstrate the applicability of
equations (8) and (9) for describing the kinetic waves of pyridine and rhodanide
(?) complexes of nickel, i.e., this proves that the species undergoing electroreduc-
tion are, respectively: Ni(H,0), oPy3" and Ni(H,0), 5(CNS),. Indeed, Fig.
3 shows the linearity of

—lg - -
1y — M3

(equations (8), (9)) and the values of the slope coefficient, 0.042—0.048 (Py) and
0.040—0.042 (CNS™). In these calculations it was taken into account that

ig > k.Curx,

apy kl Cx

since the degree of participation of the complex ion in diffusion is insignificant,
and

ky < apk,Cx.

From Fig. 4, the dependence

, ke Cx ’ . ig
—legZ | Z=C 1 = tg=—94
v ( X/\/u’{lelks//fc+ks/a+ AR m+1)

is also linear (equation (8)), with slope coefficient 0.074 (Py) and 0.082 (CNS™).
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Fig. 4. ¢’ —1gZ

Figure 4: Fig. 4. ¢’ —1gZ

Fig. 4. o' —lgZ

At larger Cong-, when kinetic limitation is absent, Tanaka and Tamamushi
(%) by another route also arrived at the conclusion of electroreduction of
Ni(H;0), 2(CNS),. It is true, however, that it is not excluded that at still

larger Coyg- a complex of the anionic type undergoes electroreduction (11:12).
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Note: Figure translations are in progress. See original paper for figures.
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