
Kinetic study of the oxidations with Ce(IV) ions 
by means of the dropping mercury, rotating platinum, 

and vibrating platinum electrodes 

Ľ. TREINDL and t S. MASARYKOVA 

Department о/ Physical Chemistry, Faculty of Natural Sciences, 
Komenský University, 801 00 Bratislava 

Received 22 August 1973 

In this paper the results of the kinetic measurements of the oxidation 
of hydrazine with Ce(IV) ions obtained polarographically by using the 
dropping mercury, rotating platinum, and vibrating platinum electrodes are 
compared and, on the other hand, the results of Polarographie kinetic 
measurements are confronted with the results obtained spectrophotometri-
cally. These comparisons show good agreement between the measured 
values of the rate constants and activation parameters (activation enthalpy 
AH* and activation entropy AS*) obtained by independent procedures. 
The most accurate results in the Polarographie procedures were obtained 
by using the vibrating platinum electrode. 

In a series of papers [1 — 6] we studied kinetically the redox reactions of Ce(IV) ions 
on the basis of the time dependence of the limiting diffusion current of Ce(IV) ions. 
In these investigations we used the dropping mercury electrode as an indication electrode. 
Since the Ce(IV) ions (in a 0.1 M solution of sulfuric acid) show a half-wave potential 
Eij2 = +0.870 V against the potential of saturated calomel electrode [7], mercury is not 
quite indifferent with respect to Ce(IV) ions. When using a sufficiently high concentration 
of sulfuric acid (at least 0.2 M), this reaction is slow and does not interfere with the 
reaction under study. Nevertheless, the catalytic effect of mercury on the investigated 
reaction is not a priori out of the question. In order to justify the use of the dropping 
mercury electrode for the kinetic investigation of the oxidations with Ce(IV), we studied 
the oxidation of hydrazine with Ce(IV) ions as a model reaction by using the dropping 
mercury, rotating platinum, and vibrating platinum electrodes. Besides this, the aim 
of this study is to compare the accuracy of the measured values of the rate constants 
and activation parameters — activation enthalpy AH* and activation entropy AS* — 
measured by different procedures. 

Experimental 

The Polarographie kinetic measurements of the redox reaction of Ce(IV) ions with 
hydrazine hydrogen sulfate were performed by recording the time dependence of the 
limiting diffusion current of Ce(IV) ions at the potential of —0.3 V against the potential 
of the 1 M mercury(I) sulfate electrode by means of an LP 60 polarograph. The dropping 
mercury, rotating platinum, and vibrating platinum electrodes served as indication 
electrodes. The dropping mercury electrode had the following constants: flow rate 
m = 0.896 X 10_ 3g s - 1 , drop time t = 3.1 s, at h = 50 cm in currentless state. The 
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ro ta t ing p l a t i n u m electrode 10 m m long and 0.5 m m in d iamete r was sealed in to glass-
and coupled wi th a mo to r of t h e t y p e M 22, Rad iomete r , wi th t h e cons tan t f requency 
of revolut ions (600 revolut ions per minu te ) . The v ibra t ing p l a t i n u m electrode was of" 
equal dimensions as t h e ro t a t ing p l a t i n u m electrode a n d was v ib ra ted in hor izonta l 
direction wi th t h e frequency of 50 H z b y means of a v ibra tor . The Kalousek vessel w i th 
a separa ted 1 M mercury( I ) sulfate electrode served as an electrolyt ic vessel. This cell 
was equipped wi th a j acke t t h e r m o s t a t t e d b y means of a Höpp le r u l t r a t h e r m o s t a t which 
kep t a cons tan t t e m p e r a t u r e accura te to 4:0.05oC. 

The s p e c t r o p h o t o m e t r y kinet ic measurements , were performed on a Specord U V - V I S 
(Zeiss, J ena ) spec t rophotometer . 

The chemicals used were of anal , grade . The solutions were p repared b y dissolving t h e 
chemicals in redistilled water . 

Resu l t s a n d discussion 

The redox react ion of Ce(IV) ions wi th hydraz ine is first order wi th respect to the-

concent ra t ion of Ce(IV) ions a n d of hydraz ine [8]. The react ion s to ichiometry is expressed 

by the following equat ion 

2N 2 H 4 + 2Ce(S04)2 = N2 + (NH 4 ) 2 S0 4 + Ce 2 (S0 4 ) 3 . 

The ra te cons tan t (s - 1 ) was a lways measured on the basis of t he t ime dependence of t h e 
l imiting diffusion cur ren t of Ce(IV) ions in a solution of 1 M - H 2 S 0 4 a t 2 x 10" 3 M-Ce(S04)2 : 
and 3 x 10~3 М - № Н 4 b y using t h e kinet ic e q u a t i o n of t h e first-order react ion 

k t = In io/i, (1) 

where г'о is t h e diffusion c u r r e n t of Ce(IV) ions a t t h e beginning of t h e r e a c t i o n a n d г is 

its va lue a t a given m o m e n t of react ion. T h e invest igated react ion obeyed t h e above 

e q u a t i o n a t least in t h e period of t h e first t w o halflives. T h e r a t e c o n s t a n t was e v a l u a t e d 

graphical ly from t h e slope of t h e above re lat ionship. T h e s t a n d a r d dev ia t ion was a lways 

determined from t e n individual m e a s u r e m e n t s b y m e a n s of t h e re lat ionship 

ZAi°-
ô = , (2> 

11(11 - 1 ) 

where Ai is t h e difference be tween t h e a r i thmet ic m e a n a n d individual measured va lue 
and n is t h e n u m b e r of measurements . 

Similarly we proceeded in t h e kinet ic spec t rophotomet r ic measu remen t s b a s e d u p o n 
the t ime dependence of t he absorbance a t t h e wave length of 384 n m . The average va lues 
of t h e r a t e cons tan t a t 20°C, t h e s t a n d a r d deviat ions of individual measuremen t s , a n d 
those of t he means of measuremen t s ob ta ined b y t h e me thods used are p resen ted in 
Table 1. 

The ac t iva t ion pa rame te r s , i.e. t h e ac t iva t ion en tha lpy AH* a n d ac t iva t ion en t ropy AS* 

were calculated by using the Ey r ing equa t ion in t h e form 

k h AH* AS* 
- I n = , (3) 

kT RT R 

where к, к, a n d R s t a n d for t h e average va lue of t h e r a t e c o n s t a n t a t t h e t e m p e r a t u r e T ( К ) , 

the B o l t z m a n n c o n s t a n t , a n d t h e gas c o n s t a n t , respectively. T h e a c t i v a t i o n p a r a m e t e r s 
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Table 1 

Values of t h e r a t e c o n s t a n t s a n d their s t a n d a r d deviat ions 

d e t e r m i n e d b y different procedures 

T-, , x i. / i\ Standard deviation -r, j Kate constant (s - 1 ) c ,, Procedure o n o r , v ' of the mean at -О С [ % ] 

By means of the dropping mercury electrode 1.22 x 10~2 1.7 
By means of the rotating platinum electrode 1.25 x 10~2 2.0 
.By means of the vibrating platinum electrode 1.19 X 10 - 2 0.5 
By spectrophotometric method 1.21 x 10 - 2 2.0 

Table 2 

Values of t h e ac t iva t ion p a r a m e t e r s of t h e invest igated react ion 
d e t e r m i n e d b y different procedures 

Procedure AH* AS* 
[kcal m o l - 1 ] [cal m o l - 1 К -

By means of the dropping mercury electrode 
By means of the rotating platinum electrode 
By means of the vibrating platinum electrode 
By spectrophotometric method 

12.9 ± 0.3 
12.7 ± 0.6 
12.9 ± 0.2 
12.9 ± 0.4 

- 2 4 
- 2 4 
- 2 4 
- 2 4 

were e v a l u a t e d graphical ly b y t h e m e t h o d of least squares, four values obta ined for each 

r a t e c o n s t a n t a t t h e t e m p e r a t u r e s of 5, 10, 15, 20, 25, a n d 30°C being always used for 

these calculat ions. F o r comparison, Table 2 presents t h e ac t iva t ion p a r a m e t e r s m e a s u r e d 

b y indiv idual procedures . T h e devia t ion of a c t i v a t i o n e n t h a l p y was de termined from 

t h e graphical re lat ionship In k h/k T = f"(1 /T) using t h e formula [9] 

У (log kilke)2 n ô = 4.57 / Z,v s i/ e; } (4) 

(n-2)ľV— -n V — 1 
yZ-*i T2 Zw т*\ 

where ki is t h e in te rpo la ted value of t h e r a t e cons tant , ke is i ts exper imenta l value, a n d n is 

t h e n u m b e r of points . 

T h e obta ined resul ts show t h a t t h e dropping m e r c u r y electrode m a y be used rel iably 

for t h e kinet ic s t u d y of t h e m e n t i o n e d redox react ions of Ce(IV) ions because t h e values 

of t h e r a t e c o n s t a n t s a n d act iva t ion p a r a m e t e r s are in accord wi th t h e values of these 

quant i t ie s m e a s u r e d b y m e a n s of t h e r o t a t i n g p l a t i n u m a n d v ibrat ing p l a t i n u m electrodes 

or b y t h e spect rophotometr ic m e t h o d . I n t h e m e n t i o n e d electrochemical procedures tho 

m o s t a c c u r a t e resul ts were obta ined b y m e a n s of t h e v ibrat ing p l a t i n u m electrode. 

According t o electrochemical l i te ra ture t h e reproducibi l i ty of t h e results obta ined b y t h e 

use of t h e dropping m e r c u r y electrode is higher t h a n t h a t of t h e resul ts obta ined b y 

m e a n s of solid electrodes. W h e n using solid electrodes, t h e hysteresis of t h e i = í(E) 
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curves is usually observcd, i.e. the shape of these curves depends on the direction of 
polarization. Our results agree with these observations because the kinetic measurements 
carried out by means of the rotating platinum and vibrating platinum electrodes were 
always based on the time dependence of the limiting diffusion currents at constant 
potential (in addition to this no metal deposition occurred). The advantage of the vibrating 
platinum electrode with respect to the investigation of the homogeneous reaction of 
Ce(IV) ions consists in the fact that it can be used both in static and in flow systems. 
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