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Mathematical analysis of the equations for calculation of the potential 
of the measured electrode in chronopotentiometry showed that this poten­
tial has a constant value if the activity of the reduced form is different 
from 1. This enables us to determine whether the electrodeposited metal 
and the material of the measured electrode react together forming an alloy, 
or whether they are inactive under the given conditions. Galvanic electro-
deposition from molten salts allows to conclude on the adherence stability 
of the deposited metal to the basic material. 

Theoretical 

A. Ail alloy is formed on the measured electrode 

1. In the case of a Polarographie electrolysis the dependence E = f (i) is described 
by the Heyrovský — Ilkovič equation [1] 

ВТ га - г 
E = Ei,2 -] In (1) 

nF i 
Applying the condition of the existence of an inflection point [2] it may be easily 

found that 

tá 
finflex = , (2) 

2 

Eiadex = Ei,2 = Const. (3) 

2. For the case of an electrolysis by chronopotentiometry the dependence E = £(t) 
(t = time of the electrolysis) has the form of the Sand's equation 

RT ]/V- V t 
E = Em H In -ľ - L • (4) 

nF ]/ř 

* Presented at the 2nd Czechoslovak Seminar on "Molten Salt Systems", Bratislava, 
April 11-12, 1973. 
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M I ^ has the same meaning as in eqn (1), т being the transition time. 
From the mentioned mathematical condition of the existence of an inflection point [2] 

applied to the curve E = f (t) we obtain 

д2Е RT 

dt2 nF 

]/т(]/т - 3/2 ]/t) 
= 0. 

Щ]/г - ]/t)2 

While ]/т Ф y t, and if both these values are different from zero, the expression (j/т — 

— 3/2 yt) has to be zero 

]]r - 3/2 ]/l= 0 
thus 

j/r = 3/2 }/t 
and 

činflex = 2/3 [/Т. 

Introduction of this relation into eqn (4) leads to the equation for the potential of the 
measured electrode in the inflection point 

RT 
Einiiex = Ei,2 H In 1/2; 

nF 

Emile* = COllst. (5) 

The developed equation according to which the potential in the inflection point on 
the measured curve has a constant value, when the activity of the reduced form of 
the electroactive species differs from 1, is valid consequently not only in polarography, 
but also in chronopotentiometry. For chronopotentiometric electrolysis this result 
seems to be not yet known. 

B. The deposited metal forms a separate solid phase on the measured electrode 

1. Let us consider an electrolytical process under Polarographie conditions. Then 
the potential of the measured electrode under the above conditions follows the equation 
of Kolthoff and Lingane [3] 

RT yox RT 
E = E° H I n - 1 In (ú - I). (6) 

nF ks nF 

The second derivative of this equation is 

d2E RT = 0; 
di2 nF(ia — i)2 

(id - i) ^ 0 

and this expression cannot be zero. The mathematical conditions for the existence of 
the inflection point are not fulfilled. Indeed, the Polarographie curve shows a mono­
tonous course without any inflection point [4]. 

The half-wave potential of such a curve is dependent on the concentration of the 
depolarizer 
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RT aC*x 

E\,i = ECOnst H In — , (7) 
nF 2 * 

where a is the constant sum from the Ilkovič equation. 
In such a case (areci = 1) the chronopotentiometric curve follows the equation 

RT 2i , RT 1 7 - -,/-E = tfo + b y j x ^ = = _ ^ b (yT _ yt) 9 {8) 
nF nF у Dax-n nF 

where i represents the constant current density pulse, the first two terms in eqn (8) 
being constants. 

In applying the conditions for the inflection point to eqn (8) we find: 

a n d 

and consequently 

d2AE 

dt* 

ntly 

d*AE 

RT Г 1 

2nF [ 2t(]/7-

1 

1 1. 

i 

2t(]/r - ]/ř)2 *• 1/T(]/T - ]/t) ' 

1 
^inflex = — J 

2 

RT 

2nF t*{]/Ť - ]/Ö2 

"1/T-2]/Í ]/T-3/2|/V 

jr-i/í" y; 
As it may be seen, the third derivative is different from zero, because r > 0; t > 0 z 
т < t; T Ф t. 

Now, introducing the expression for pinfiex into eqn (8) we obtain 

(Щ 

Then from the Sand' 

we obtain 

•^inflex 

s equation 

Ví 

•^inflex -

— ^const + 
RT 

~nF 

nF ]/D0X - я 

2i 

•^const "г 
RT 

nF 

In 

<& 

I n -

V~*. 
2 

2 

where b is the constant (i = constant current pulse). The analogy between the results of 
eqn (7) and (11) is evident. 

Experimental 

The validity of relation (5) was verified by the following study of the potential of Pfc 
microelectrode in chronopotentiometric electrolysis. P t was the basic metal on which 
the electrodeposition of the reduced Pb(II) ions in the system of molten chlorides NaCl— 
—KCl—РЬСЬ was performed. 
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T h e chemicals a n d equ ipmen t used in th is electrolysis were t he same as in the s t u d y 
of tjje diffus^vity of P b ( I I ) ions m a d e b y t h e same au tho r s [5]. The composit ion of t he 
sys t em was also t he s a m e : 1 x 10~4 mole Р Ь С Ь per g r a m of t h e m o l t e n equimolar mix­
t u r e N a C l - K C l . 

F r o m t h e curves recorded a t t h e c o n s t a n t t e m p e r a t u r e of 880°C a n d a t var ious c o n s t a n t 
c u r r e n t pulses, we e v a l u a t e d t h e p o t e n t i a l of t h e inflection p o i n t using t h e t a n g e n t m e t h o d 
according t o Delahay [6]. 

R e s u l t s a n d discuss ion 

T h e eva luat ion of t h e results was per formed on a M I N S K 22 c o m p u t e r b y t h e least-
-squares m e t h o d . I t can be seen from Table 1 t h a t , considering t h e m e n t i o n e d p a r a m e ­
ters, t h e p o t e n t i a l of t h e inflection p o i n t Einüex is wi th in the range of exper imenta l 

Table 1 

Poten t i a l of the inflection poin t of chronopotent iometr ic curves 
in t he sys tem of mol ten chlorides NaCl —KCl —PbCl2 a t 880°C 
and the Р Ь С Ь c o n c e n t r a t i o n 1 X 1 0 - 4 mole per g r a m of equi­

molar m i x t u r e NaCl — K C l 

г 
[A cm- 2] 

0.200 
0.200 
0.200 
0.204 
0.204 
0.232 
0.232 
0.280 
0.280 
0.280 
0.280 

(i J / Ť / O - 10-3 
[A cm" 2 sV2 mol" 1 g"1] 

3.46 
3.74 
3.84 
2.77 
3.28 
3.28 
2.64 
3.43 
3.31 
3.19 
2.93 

VŤ 
[SV2] 

1.732 
1.871 
1.924 
1.378 
1.612 
1.414 
1.140 
1.225 
1.183 
1.140 
1.049 

-^inflex 
[V] 

0.653 
0.653 
0.651 
0.650 
0.652 
0.653 
0.654 
0.653 
0.654 
0.650 
0.651 

errors c o n s t a n t . This confirms t h a t eqns (4) a n d (5) a re fulfilled; t h a t m e a n s t h a t in 
t h e given case t h e deposi ted m e t a l (lead) react s wi th t h e m a t e r i a l of t h e electrode (plati­
n u m ) forming a n alloy. T h e lead a t o m s ev ident ly diffuse i n t o t h e p l a t i n u m lat t ice . 
Should this diffusion n o t occur, t h e potent ia l of t h e inflection point would be d e p e n d e n t 
on t h e t rans i t ion t i m e according t o eqn (10). On t h e o ther h a n d t h e existence of a P t — P b 
alloy is confirmed b y [7]. 

Similar considerat ions m a y be found in p a p e r [8] in connect ion w i t h t h e p o t e n t i a l 
of t h e solid electrode used in t h e p o l a r o g r a p h y of m o l t e n salts . T h e potent ia l of t h e in­
flection point on t h e curve E = f (t), s imilarly as t h e half-wave potent ia l in polarography, 
m a k e s possible a re lat ively s imple d e t e r m i n a t i o n , w h e t h e r t h e deposi ted m e t a l reacts 
w i t h t h e basic m a t e r i a l ( the m e t a l of t h e electrode) a n d w h e t h e r good adhesive propert ies 
of t h e deposi ted m e t a l m a y be expected t o resul t from electroplat ing wi th m o l t e n salts . 

5 6 4 Chem. zvesti 28 (4) 561-5C5 (1974) 



INTERPRETATION OF THE INFLECTION POINT 

References 

1. Heyrovský, J . and Kúta, J., Základy polarografie. (Principles of Polarography.) 
P. 59. Nakladatelství ČSAV. (Publishing House of the Czechoslovak Academy of 
Sciences.) Prague, 1962. 

2. Ayres, F., Jr., Differential and Integral Calculus, 2nd Ed., p. 45. Schaum's Outline 
Series. McGraw-Hill, New York, 1964. 

3. Kolthoff, I. M. and Lingane, J . J., Polarography, Polarographic Analysis and Volt-
ametry, Amperometric Titrations, 2nd Ed., p. 189. Wiley — Interscience, New York, 
1941. 

4. Headridge, J . В., Electrochemical Techniques for Inorganic Chemists, p. 26. Academic 
Press, London, 1969. 

5. Uhrová, M. and Malinovský, M., Chem. Zvesti 27, 159 (1973). 
6. Delahay, P., New Instrumental Methods in Electrochemistry, p. 248. (Russian transla­

tion.) Izd. inostrannoi literatury, Moscow, 1957. 
7. Gmelin's Handbuch der anorganischen Chemie, 8. Aufl. Platin, T. A. Lief. 4—6, p. 764. 

Verlag Chemie, Weinheim, 1951. 
8. Delimarskii, Yu. K., Polarografiya rasplavlennykh solei. (Polarography of Molten 

Salts.) Akademiya Nauk Ukrain. SSR. (Academy of Sciences, Ukraine SSR.) Kiev, 
1962. 

Translated by M. Uhrová and T. Guttmannová. 

Chem. zvesti 28 (4) 5G1 -565 (1974) 5 6 5 


