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ANALYSIS of a mixture of two or more electro-oxidisable or reducible substances with their characteristic half-wave potentials, in a given supporting
electrolyte, close to each other, cannot be carried out on the conventional
direct current polarography; thus a mixture of Cd ++ and In+++ which have
their half-wave potentials as --0.610 and --0.565 volts vs. S.C.E. could not
be analysed on dc. polarography. 1 This appeared to be a limitation to the
polarographic work using de. potentials. This difficulty could, however, be
overcome by using alternating current polarography in which a known ac.
voltage was superimposed over the dc. potentials fed to the dropping mercury
electrode (d.m.e.) and the alternating current passing through the system was
measured as a function of the applied dc. potential2; these studies led to the
observation of well-defined peaks due to the reversible reduction or oxidation,
at d.m.e., of the substances, with their summits occurring at the potentials
corresponding to the characteristic half-wave potentials recorded on dc. polarography and with the peak or summit current being proportional to the concentrations of the electro-active substances. 1' 2 A significant feature of these
studies was that the alternating polarograms were remarkably sharp in the
sense that the potential width of the waves was small, at low superimposed
ac. voltages, say 5-10 millivolts (500 cycles/sec.), which led to the possibility
of the analysis of the mixture containing Cd ++ and In+++.~ Further, comparative studies of the potential-widths of the de. and ac. polarograms obtained at different concentrations of the electro-active substance also revealed
that the alternating current polarography had remarkable advantage over the
dc. polarography to the effect that by using low concentrations the former
can be suitably employed for analysis of mixtures of two components with
their half-wave potentials close to each other) These studies have now been
extended to the investigation of the effect of pH on the wave-widths of ac.
and de. polarograms of cadmium, on which no data exist in the literature.
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EXPERIMENTAL

The apparatus and the electric circuit employed have been described in
the previous communication)
The dropping mercury electrode had the following characteristics: at
a pressure of 32 cm. of mercury, drop time (t) was 1.6 secs. in 0.1 M KC1
solution with open circuit; and the weight of mercury dropping per see.
(m) was 2.5 nag.
In the alternating current polarography, 30 millivolts (50 cycles/see.)
was used, throughout the present series of experiments, as the superimposed
ac. voltage.
Cadmium sulphate used was Merck sample and was recrystallised several
times in twice distilled water and later dried at 160 ~ C.
The pH of the solution of Cd ~ of a fixed concentration was altered by
using citrate buffers. Potassium citrate used for this purpose was of B.D.H.
quality; hydrochloric acid and sodium hydroxide employed were Merck
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FIG. 1. D.C. polarograms of Cd++ at different pH values.
Curves 1 to 8 refer to pH values 4 to 11 respectively.
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analysed samples. Required quantities of citrate and hydrochloric acid or
sodium hydroxide solutions were mixed in the manner described by Meits 4
and others, with cadmium solution to give a sample of desired p H ; the mixtures were so prepared that the final solution was of the same volume and contained fixed quantities of Cd ++ and citrate. The pH of the solution was
measured by a Beckmann pH meter.
RESULTS AND DISCUSSION

Figure 1 gives a typical series of dc. polarograms of Cd ++ at different
pH values; these data refer to a concentration of 2 m M of Cd ~ and of 0.5 M
of Cit.- - - The corresponding ac. polarograms are returned in Figs. 2 (a) and
2 (b). It was interesting to note that at all pH values below 10, Cd ++ gave
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FIG. 2 (a). A.C. polarograms of Cd ++ at different pI-I values.
Curves 1 to 4 refer to pH values 4 to 7 respectively.

thermodynamically reversible waves on dc. polarography (Fig. 1) and well.
defined peaks on ac. polarography (Fig. 2). At pH values greater than 10,
however, no wave could be observed (Fig. 1) indicating that no reversible
A3
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F[o. 2 (b). A.C. polarograms o f Cd ++ at different pH values.
Curves 5 to 8 refer to p H values 8 to 11.

reduction of Cd ++ occurred at the dropping mercury electrode4; similar
results were recorded on the alternating current polarography. This observation suggested a convenient method for eliminating the interference of Cd++
in alternating and direct current polarographic determination of other substances. 4
Further, at pH values below 10, the diffusion current ia of the dc. polarograms, as well as the summit current is of the ac. polarograms depended
markedly upon the pH of the solution. Fig. 3 gives the variation of i 6 and/s
with pH. It was interesting to note that id and is decreased initially with
increase of pH from 1-5. Thus id was 26, 20 and 14/~ amps. at pH values
I, 3 and 5 respectively (Curve 1, Fig. 3). At the pH values between 5-7,
ig and is remained constant with pH. With further increase of pH above 8,
both ia and is decreased sharply (see Fig. 3). These features indicated that
at varied ranges of pH, different characteristic equilibria leading to the existence of thermodynamically reversible complexes of cadmium and citrate ions,
were in operation. This was substantiated by the variation of half-wave
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FIG. 3. Variation of diffusion and the summit current with pH of the solution.

potential (E89 of the dc. polarograms and the summit potential (Es) of the ac.
polarograms, with the pH of the solution; these data are shown graphically
in Fig. 4. It was interesting to note that at all pH values investigated, E89 and
Es were roughly the same as evidenced by the observation that the points
representing E89 and Es at varied pH fell roughly on the same curve (Fig. 4).
Further, E89 and Es increased with pH. In the region of pH values between
5-7 the rate of increase of E89 and Es was less than that recorded at pH values
between 1-5; again at pH > 8, the rate of variation of E89 and Es with pH
was considerably enhanced. The following processes appear to be occurrent in the corresponding pH ranges:
(1) Cd ++ + Cit.- - - ~ Cd Cit.- + 2 e

(pH < 5)

(2) Cd ++ q- H Cit.- - ,~ (Complex) q- H +

(pH ~ 5--7)

(3) Cd Cit.- + OH - ~ Cd (OH) Cit.- -

(pH > 7)

Enough evidence in support of these has been adduced by Meits, 4 Linganes
and others~
the values of the corresponding equilibrium constants 4 have
been evaluated; and these are: K1 = 6 • 10-5, K2 = 5 • 10+1 and K3 = 9 • 10-6.
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FIG. 4. Effectof pH on the half-wave and summit potentialsof Cd++.

The data in Fig. 5 show the variation of the potential-width of the dc.
and ac. polarograms returned in Figs. 1 and 2. As indicated in the previous
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FIo. 5. Effect of pH on the potential width of ac. and de. polarogramsof Cd~+.
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communication 8 the wave-spread of the ac. peaks was taken as the potentialwidth of the polarograms corresponding to the current values equal to half
the summit current. It was interesting to note that in the entire range of the
pH values studied, the wave-spread of the ac. polarograms (Wae) was less
than that corresponding to the de. polarograms (Wac). Thus, e.g., at pH = 2,
the de. polargorams spread over a potential region of 140 millivolts while the
ac. waves occurred over 98 millivolts; similarly at pH -----10, Wac and Wae
were 85 and 60 millivolts respectively. The difference between the wavewidths of ac. and de. polarograms was maximum at low pH values. These
data indicate that analysis of a mixture containing Cd ++ as one of the components can be carried satisfactorily on ac. polarography in the pH range 5-6
where the current values are appreciable and the wave-width is considerably
smaller than in de. polarography.
SUMMARY

Alternating and direct current polarograms of cadmium were recorded
at different pH values in the range 1-12. At pH < 11, cadmium was reduced
reversibly at the dropping mercury electrode, giving well-defined waves on
both ac. and dc. polarography. The wave-width of ac. polarograms was less
than that of de. polarograms in the entire range of pH studied.
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