
TEMPERATURE EFFECTS IN ALTERNATING CURRENT 
POLAROGRAPHY* 

By H. H. BAILER? and P. B. GOODWIN? 

Little published data are available on the temperature coefficients of the 
heights of a.c. polarographic waves. With reversibly and nearly reversibly 
reduced, unadsorbed, depolarizers, it is expected on theoretical grounds (Breyer 
and Bauer 1960) that the temperature coefficient of the a.c. wave-height will be 
about 0.3 % per degC less than that of the corresponding d.c. step-height ; 
this expectation is qualitatively confirmed by Breyer, Gutmann, and Hacobian's 
(1950) data on zinc(I1) and cadmium(I1) (a.c. temperature coefficient=0.4% 
per degC between 20 and 40 " C ) ,  by that of Yasumori and Eguchi (1960) on 
chloride in 1 0 ~  sulphuric acid (ax. temperature coefficient =0.6 % per degC at 
30 "a), and by that of Itsuki and Suzuki (1959) on copper(I1) and zinc(I1) in 
ammoniacal solutions ; for lead(I1) (Yasumori and Nishimura 1960) the a.c. 
wave-height changed with time at  temperatures above 20 "C. 

With only partly reversible (i.e. slow) electrochemical processes, the temper- 
ature coefficient of the a.c. wave depends on the temperature-dependence of the 
electrochemical rate constant (Breyer and Bauer 1960), and would be expected 
to be larger than for a reversible process. In  addition, the change in rate constant 
with temperature will result in different temperature coefficients of the a.c. 
wave-height when different frequencies of the superposed alternating voltage 
are used. Randles and Somerton (1952) have measured the activation energies 
of several reactions from determination by a.c. measurements, at  different 
temperatures, of the rate constant ; however, a modified a.c. bridge technique 
was used which did not provide data on the temperature coefficients of the a.c. 
wave-heights. 

In the case of adsorbed depolarizers, Breyer and Bauer (1955) found that the 
temperature coefficient of the a.c. wave-height varied with concentration of the 
depolarizer, in accordance with the expected lowering of the extent of adsorption 
with increasing temperature. 

It is apparent that investigation of the effect of temperature on a.c. waves 
can provide a useful tool in the study of the nature and mechanism of electrode 
processes. In this communication, we report results obtained with a number of 
inorganic depolarizers. 

The results presented in Table 1 were obtained with alternating voltages of 
60 c/s and 10 mV r.m.s., and were corrected for series resistance effects ; measure- 
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ments were carried out at 20, 40, 60, and 80 "C. The temperature coefficients 
were calculated from the formula 

i, =i,(l +m/lOO)(Ta-Tl), 

where i,, i, are Dhe currents at temperatures T, and TI, and x the temperature 
coefficient in % per degC. Coefficients calculated in this way are more constant 
with temperature than those calculated by means of the formula 

The temperature coefficients of the d.c. steps are, with the exception of that 
for the reduction of tin, all of the expected order of magnitude for diffusion- 
controlled processes, and therefore do not provide any other indication of the 
mechanisms of the reductions. The a.c. temperature coefficients are a8bout 0.5 % 

TABLE 1 

TEMPERATURE COEFFICIENTS OF INORGANIC DEPOLARIZERS 
-- 

System Studied 

1 0 - S ~  Cd(I1) in IM K C 1 + 0 . 1 ~  HC1 . . 
lo-% Tl(1) in 0.531 H,SO, . . . . 
2 x 1 0 - , ~  Sb(II1) in 0 . 6 ~  HC1 . . . . 
1 0 - S ~  Cu(I1) in 0 . 5 ~  HHO, . . . . 
1 0 - S ~  In(II1) in l~ KC1+0. l~ HCl . . 
1 0 - 8 ~  Pb(I1) in l~ KC1+0. l~ HC1 . . 
2 x  lo-% Sn(I1) in 0 . 5 ~  HCl . . . . 
1 0 - 8 ~  Zn(I1) in 0 . 1 ~  KCl+10-3x HC1 . . 

Temperature 
a.c. Wave- 

Height 
(% Per degC) 

Coefficient of 
d.c. Step- 

Height 
(% per degC) 

* Increases with temperature. 
t Decreases with temperature. 
$ a.c. wave-height decreases between 20 and 60 "C and then increases to 80 'C. 

per degC less than the d.c. values for cadmium(II), thallium(I), and antimony(III), 
in qualitative accordance with the expected behaviour (above) of reversible 
processes ; with copper(I1) and indium(III), the a.c. and d.c. values are virtually 
the same, perhaps indicating that the a.c. process is partly kinetically controlled ; 
in the case of tin(II), even the d.c. values alone indicate some unusual type of 
reaction. 

From the present point of view, lead(I1) and zinc(I1) are interesting because 
the a.c., but not the d.c., temperature coefficients indicate that the processes 
are not simple, reversible ones ; thus is it immediately evident that the further 
study of these systems is likely to be rewarded by insight into the nature of other 
than the simplest type of electrochemical reaction. 
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THE REACTION BETWEEN OZONIZED OXYGEN AND HYDROGEN 
SULPHIDE IN THE GASEOUS PHASE* 

By I. K. GREG OR^ and R. L. MARTIN$ 

The reaction between hydrogen sulphide and ozone (usually diluted with 
air or oxygen) is believed (Mellor 1930) to yield sulphur and water according to 
the equation 

H,S +O,+S +H,O 3-0,. 

I f  this is so the reaction might well provide the basis of a useful method for 
removal of traces of hydrogen sulphide from polluted air ; with water, oxygen, 
and a precipitate of sulphur being the only reaction products. 

A detailed examination of the literature reveals that the experimental basis 
for this reaction is obscure and, in fact, very little is known about the reaction. 
Bresciani (1915) showed that ozonized oxygen reacts with hydrogen sulphide 
in the presence of water vapour a t  c. 120 "C and demonstrated that sulphuric 
acid was a product of the reaction ; however, only 5% of the hydrogen sulphide 
was oxidized. The only other relevant contribution to the gaseous reaction is a 
qualitative observation of Schwarz and Munchmeyer (1913), who observed that 
the rate of reaction between hydrogen sulphide and ozonized air was determined 
by the concentration of ozone present. Accordingly, the present preliminary 
investigation was undertaken in a static system to establish the nature of reaction 
products and the overall stoicheiometry of the reaction. 

Enperimental 
(a) Preparation of Materials 

(i) Hydrogen sulphide was prepared by treating iron(I1) sulphide with HC1 and condensing 
the gas a t  -78 OC. The gas was purified by recycling it through distilled water and baryta 
solutions a t  0 OC and drying over P,O,. Final purification was effected by repeated high vacuum 
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