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ABSTRACT 

The polarographic behaviour of chromate, iodate and zinc has been investigated in the presence of different 
concentrations of tetrabutylammonium chloride in 0.1 M Na2S04 and 0.1 M H2S04. The effect of organic compound on 
the half-wave potential and on the limiting current of the polarographiC wave was investigated. The results are discussed in 
terms of displacement of these species from the electrode surface by the adsorbed organic species and the retardation of the 
charge-transfer process. The results indicated the high tendency of tetrabutylammonium chloride adsorption on the mercury 
drops as revealed from the decrease in the limiting current and the shift in E 112 potential. 

INTRODUCTION 

In polarography the adsorption of surface active agents 
at the electrode surface may decrease the limiting current, 

shift the half~wave potential (E1/2) or change the shape and 
the number of polarographic waves[1,2]. Recently, a study 
was made on the effect of adsorption of propiononitrile and 
ethylamine on the polarographic behaviour of chromate and 
iodate ions[3]. 
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The present work was devoted to study the effect of 
tetrabutylammonium chloride adsorption on the polarograph­
ic behaviour of chromate, iodate and zinc ions as examples 
of negative and positive ions. Tetrabutylammonium chloride 
was chosen because it is used as supporting electrolyte in 
many systems before, especially in alkaline media and at the 
most negative potentials if necessary[4]. In this study it 
cannot be considered as supporting electrolyte, since its 
concentration is comparable with the depolarizer ions (i. e. 
Cr042-, I03-) and Na2S04 and H2S04 are present in major 
concentrations. 
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EXPERIMENTAL 

Reagents and Materials 
All reagents were of analytical grade. 0.02 M of 

tetrabutylammonium chloride was prepared by taking 2.6 ml 
of tetrabutylammonium hydroxide solution (40% w/w) in 
water and 0.35 ml of concentrated HCl and diluted with 
distilled water to 100 ml. 
0.01 M K2Cr04 and 0.002 M KI03 were prepared by 
dissolving the appropriate amounts of solid reagents in 
distilled water. 1 M Na2S04 and 1 M H2S04 were used as 
supporting electrolytes. 

Instrumentation 
Polarograms were recorded using Brucker type-31 0 

polarograph. The drop time of mercury "is 4.0 seconds and 
its flow rate is 1.24 mg s-1. A saturated calomel electrode 
(SCE) was used as a reference electrode in the electrolysis 
cell. 

RESULTS AND DISCUSSION 

Effect of adsorption .of tetrabutylammonium 
chloride on the polarographic behaviour of 
chromate 

The polarography of chromate has been the subject of 
several works[5, 6]. The first wave-followed by a large 
minimum corresponds to reduction of adsorbed Cr042- into 
Cr(III). Figur.e 1 shows the polarograms of 0.1 mM 
K2Cr04 in 0.1 M Na2S04 with different concentrations of 
tetrabutylammonium chloride. It is evident from the figure 
that the first wave occurs at - -0.4 V vs. SCE. By the 
addition of the organic compound, the wave height decreases 
gradually and rrisappears almost completely when the 
concentration 'of the organic compound reaches 1.6 x w-4 
M. This behaviour is due to the replacement of the 
adsorbed chromate by tetrabutylammonium chloride species 
which leads to the current decrease. 
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Figure 1: Polarograms of 0.1 mM K2Cr04 in 0.1 M 
Na2SO 4 with different concentrations of 
tetrabutylammonium chloride 
(1) o.oo (2) 2 x w-5 
~)6x10~ ~)8xl0~ 
(7) 2.4 x w-4 (8) 3.2 x to-4 

(3) 4 x w-5 
(6) 1.6 x w-4 

(9) 8.0 x w-4 M. 
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Figure 2 shows the plot of the surface coverage (9) vs. 
Cio-i) 

the concentration of the organic substance e = -. -, where 
Io 

i0 is the current of the first wave in the absence of the 
organic substance and i, is the current in the presence of a 
ceratin amount of the organic substance. It is evident from 
this figure that about 80% of the Hg surface is covered 
when the concentration of the organic compound is about 
1.6 x w-4 M. 
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Figure 2: Plot of e vs. concentration of tetrabutylammon: 
ium chloride from the polarograms of 0.1 mM 
K2Cr04 in 0.1 M Na2S04. 

Effect of adsorption of tetrabutylammonium 
chloride on the polarographic behaviour of 
iodate 

It has been reported that the reduction of iodate at Hg 
electrode goes through a 6-electron wave[2]. Figure 3 
shows the polarograms of 0.2 mM KI03 in 0.1 M H2S04 
with different concentrations of tetrabutylammonium 
chloride. It is clear that the E 112 shifts to more negative 
potentials by increasing the organic substance 
concentration. This phenomenon is attributed to the 
adsorption of the organic substances on the electrode surface 
which hinders the charge transfer and makes the reduction 
process more difficult. Figure 4 shows a plot of E 112 vs. 
concentration of the organic substance. It is clear from this 
figure that the amount of E112 shift is about 200 mV when 
the concentration of the organic substance changes from 6.0 
X w-5 M to 1.8 X w-4 M. At higher concentrations the 
amount of E 112 shift is very slight due to the surface 
saturation of the Hg drop. 

Effect of adsorption of tetrabutylammonium 
chloride on the polarographic behaviour of zinc 
ions 

It is known that zn2+ is reduced at -1.0 V Vs SCE in · 
Na2S04 solutions. Fig. 5 shows that E112 shifts as the 
concentration of tetrabutylammonium chloride increases. 
The amount of E112 shift is -200 mv as the concentration 
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reaches 1.0 x w-5 M. At higher concentrations the shift is 
very slight due to surface saturation. 
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Figure 3: Polargrams of 0.2 mM KI03 in 0.1 M H2S04 
with different concentrations of tetrabutylammouium 
chloride (1) 0.00, (2) 4.0 X IQ-5 (3) 8.0 X IQ-5 
(4) 1.2 X IQ-4, (5) 1.6 X IQ-4 (6) 2.4 X IQ-4 M. 
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Figure 4: Plot of E112 vs tetrabutylammonium chloride 
concentration for polarograms of 0.2 m M KI03 
in 0.1 M H2S04. 
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Figure 5: Plot of E 112 vs. tetrabutylammonium chloride 
concentration for polarograms of 0.1 mM ZnS04 
in 0.1 M Na2S04. 
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