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This investigation deals with the study of the reduction of nitrobenzene in
aqueous medium and the effect of various factors which influence the peak
potential and the magnitude of the peak by a.c. polarography. In buffered
golution, the shift of peak potential to more negative values with increase
in pH is linear. There is only one peak up to a pH of 10, but another small
peak is obtained at —0-15 volt ws. s.c.e. at pH > 11-0 which has been
confirmed to be due to the dissolved oxygen. The increase of the magnitude
of the nitrobenzene peak with decrease in the amplitude of the a.c. ripple is
also linear. The calibration curve of nitrobenzene is more sensitive in
alkaline than in acidic medium. The magnitude of the peak depends on
the nature of the anions and the concentration of the supporting electrolyte.
Increase of the frequency of the a.c. ripple decreases the magnitude of the
nitrobenzene peak and shows that the electrode process responsible for the
reduction of nitrobenzene peak is faster than the electrode process corre-
sponding to the oxygen peak at pH = 11-6. The causes of these variations
have been discussed.

InTRODUCTION

Considerable work has been done on the reductiov of nitrobenzene in
aqueons medium by d.c. polarography, but no data are available on its
reduction in the same medium by a.c. polarography. Breyer and Bauer
(1956) showed that the nature of a.c. wave of mitrobenzene depends on
whether or not a maximum is present on the d.c. polarographic step of nitro-
benzene. The present investigation deals with the detailed study of the
reduction of nitrobenzene and the effect of various factors which influence
its peak potential and magnitude of the peak by a.c. polarography.

EXPERIMENTAL

Nitrobenzene (B.D.H.) A.R. was redistilled at 209° C in an all-glass
fractionating column and the middle one-third of the distillate was used for
experiments. Mercury used for dropping electrode was purified by standard
methods. All other chemicals used were of A.R., B.D.H. quality. 'The
d.c. potentials were applied with respect to the saturated calomel electrode
and the experiments were carried out at a constant temperature of 30+0-5° C.

The apparatus employed in the present investigation is the same as
that which has been described in literature (Doss and Gupta 1952), keeping the
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series resistance as small as possible. This consists in superimposing to the
d.m.e. 50 c¢/sec a.c. ripple of 20 mv (r.m.s.) over the d.c. potential and
observing the alternating component of the resulting pulsating current. As
the capacitative impedance of the d.m.e. is much higher than the rest of the
impedance of the system, the magnitude of the alternating current gives a
measure of the d.m.e. capacity.

01 M potassium chloride, potassium perchlorate and lithium chloride
were used as indifferent electrolytes and the results have been expressed in
terms of the percentage increase (with sign) of the alternating current which
gives practically the percentage increase in the average differential capacity.
The d.m.e. was cathodic throughout the measurements. The constants of the
d.m.e. were as follows:—

m = 3569 mg per sec.
¢ = 2:3 sec per drop in 0-1 M KCl (open circuit).

Ammonium acetate and boric acid were used for maintaining buffer
capacity in acidic and alkaline media respectively and the required pH was
adjusted by adding a few drops of concentrated HCl or NaOH respectively.
The pH measurements were made with glass electrode, using a Cambridge
bench pH meter. Philips Frequency Oscillator No. GM2308 was used for
getting a.c. ripple of different frequency.

Resvnts axp Discussion
1. Effect of pH

It is seen that the peak potential of mitrobenzene in buffered solution
increases to more cathodic values with increase in pH. This increase is
linear and follows the equation,

Ey = —0-0565 pH—0-275
in the pH range of 1 to 10, where E; is the summit potential. The magnitude
of the peak also increases with increase in pH.

It may be stated that the peak potential of the reduction peak varies
with the buffer capacity of the system. It is difficult to explain the cause
of this variation as the conditions at the electrode surface are ill-defined in
upbuffered solution, but in buffered solution the increase of peak potential
to more cathodic values with increase in pH may be due to the fact that
hydrogen ions are involved in its reduction process. As the pH increases,
the hydrogen ion concentration decreases and more energy is required for
the reduction process, and therefore the peak potential shifts to more cathodic
values with increase in pH of the buffer solution. It may be mentioned
that in d.c. polarography of nitrobenzene (Kolthoff and Lingane 1952) there
are two waves up to a pH of 4, whereas in a.c. polarography we find only
one peak up to a pH of 10, but another small peak is obtained (Fig. 4)at

about —0-15 volt vs. saturated calomel electrode at pH > 11-0.
5B '
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The fact that the magnitude of the reduction peak increases with increase
in pH may be due to the increased amounts of the reducible species present
at the mercury surface at higher pH values. This is probably due to the
greater extent of adsorption of the organic compounds at the mercury surface
at higher pH values, as compared to that at low pH values, thus giving the
‘composite’ peak (Breyer 1953), which is supported by the observation that
the per cent diminution of the double-layer capacity also increases at higher
pH values. The same behaviour of the effect of pH on the peak potential
as well as on the magnitude of the reduction peak of the nitrobenzene has
also been noticed in other supporting electrolytes, viz. potassium perchlorate
and potassium chloride in buffered solutions.

2. Effect of the amplitude of a.c. ripple

Table I gives the effect of the amplitude of the a.c. ripple on the peak
potential and magnitude of the nitrobenzene peak. It is seen that the
magnitude of the peak (per cent increase in a.c.) increases with decrease in
the amplitude of the a.c. ripple up to 20 mV (r.m.s.) and becomes practically

Taere 1
Effect of the amplitude of the a.c. ripple on the nitrobenzene peak

Indifferent electrolyte = 0-1 M LiCl
Nitrobenzene = 4:10-4 M
Frequency = 50 ¢/sec; pH = 6:8
Temp. = 30£0-5°C

S No a.c. ripple in - Peak potential Peak magnitude
U mV (r.m.s.) volts (vs. 8.¢c.e.) (% increase in a.c.)
1 10 0-82 1555
2 20 0-81 159-6
3 40 0-81 141-3
4 60 079 121-7
5 80 0-77 95-06
6 100 0-74 66-2

constant below 20 mV. This increase in the magnitude of the peak with
decrease in the amplitude of the a.c. ripple within the range 20 to 100 mV
is almost linear and follows the following equation: .

Y = —1-166X 41875,
where Y is the per cent increase in a.c. and X is the amplitude of the a.c.
ripple in mV (r.m.s.). Further, the peak potential is practically independent

of the amplitude of the a.c. ripple up to 40 mV (r.m.s.) and becomes slightly
less cathodic at higher values of a.c. ripples. The width of the peak also
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becomes shorter, thereby making the peak more sharp at lower values of a.c.
ripples. It may be noted here that, although it is usual to find an increase
in the a.c. corresponding to peak height with increase in the amplitude of
the superimposed a.c. voltage, the per cent increase in the a.c. corresponding
to the same peak height diminishes with increase in the amplitude of the
superimposed a.c. voltage. This is due to the fact that base currents are
considerably enhanced with larger amplitude of the superimposed a.c. ripple,
and hence the per cent increase in a.c., corresponding to peak height which
involves in its calculation the base currents’ decreases with increase in the
amplitude of the superimposed a.c. voltage.

3. Effect of concentration of the reducible species

Fig. 1 gives the calibration curves of nitrobenzene at pH values of 11:7
and 2-0. Curve 1 refers to the negative peak (more cathodic), whereas curve
2 refers to the positive peak (less cathodic) at pH = 11-7. Curve 3 gives the
calibration curve at pH = 2:0 without gelatin. It can be seen that in alkaline
pH, the calibration curve is linear between the concentration range 4x 1073
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Fia.l. Curves relating the magnitude of the nitrobenzene peak with its concentration :
Curve 1—pH = 11-8 (negative peak).
Curve 2—pH = 118 (positive peak).
Curve 3—pH = 2-0 (without gelatin).
Curve 4—pH = 2-0 (with 0-01 per cent gelatin).
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and 6x 10-¢ M and tends to saturate at still higher concentrations which can
be explained in terms of adsorption processes. The fact, that the magnitude
of the positive peak (curve 2) is practically independent of the concentration
of the nitrobenzene, suggests that the nature of these two peaks is quite
different. At pH 2-0, the calibration curve 3 shows enhanced currents at
concentrations higher than 63X 10~4 M which are suppressed by 0-01 per cent
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Fia. 2. Effect of the anions of the indifferent electrolytes on the magnitude of the nitrobenzene
peak:
Nitrobenzene = 4X 10-% M; pH = 10-8.
Curve 1—0-1N KC104.
Curve 2—0-1N KCl.
Curve 3—0-1N¥ KCNS.
Curve 4—0-1N XI.

gelatin and the calibration curve (curve 4) becomes linear even up to a concen.-
tration of 1-6x 10-3 M. Tt is difficult to explain the cause of these enhanced
currents at present, but it seems probable that it has something to do with
the electrocapillaryphoresis at the d.m.e. (Doss 1959). The calibration
curve at lower pH is less sensitive than the one at higher pH and may be
used for analytical purposes within the concentration range 4X10-% M to
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6x10-¢ M. Further, there is practically no change in peak potential with
the concentration of the nitrobenzene.

4. Effect of nature and concentration of indifferent electrolyte

Fig. 2 gives the effect of 0-1 M KClO,, KCl, KCNS and KI on the
magnitude and position of the reduction peak of nitrobenzene. Here the
cation of the electrolytes is the same and the anion has been varied. It
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Fic. 3. Effoct of the cations of the indifferent electrolytes on the magnitude of the nitrobenzene
poak :
Nitrobenzene = 4 x 10-¢ M; pH = 9-3.
Curve 1—0-1N LiCl.
Curve 2—0-1N NaCl.
Curve 3—0-1N KCl1.

can be seen that the magnitude of the peak diminishes in the order KI > KCNS
> KCl > K(ClO, whereas the peak potential remains constant and is independ-
ent of the nature of the anion of the electrolyte. This diminution in the
magnitude of the peak may be explained on the basis of the surface active
nature of the anions of the electrolytes and their specific hindrance on the
electrode processes. '
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It can also be seen from Fig. 3 that the magnitude as well as position
of the nitrobenzene peak are practically independent of the nature of the
cations of the univalent electrolytes, which may be due to the non-surface
active nature of the cations of the electrolytes.

Fig. 4 gives the effect of various concentrations of the indifferent electro-
lyte (i.e. KCl) on the position and magnitude of the reduction peaks of
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Fie. 4. Effect of concentration of the indifferent electrolyte on the magnitude of the nitrobenzene
peaks :
Nitrobenzene = 4 X 10-4 M; pH = 11-6.
Curve 1—1N KCL
Curve 2—0-1N KCl.
Curve 3—0-01N KCl.
Curve 4—0-005N KCl.
Curve 5—0-002N K(CI.

nitrobenzene at a pH of 11-6. It is seen that the magnitude of the negative
peak of nitrobenzene decreases with decrease in concentration. of KCl up to
a concentration of 0-006N and becomes practically constant below this
concentration. The positive peak disappears at very high concentrations
of the order of 1-0N KCI and at very low concentrations of the order of 0-002N
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K(l, whereas its magnitude diminishes with decrease in concentration of
KCl within the range 0-15 to 0-005N. There is a slight shift in peak potential
of the negative peak to more cathodic values with decrease in concentration
of the electrolyte, whereas there is practically no shift in peak potential of the
positive peak under the same conditions.

The decrease in the magnitude of the negative peak with decrease of
concentration of the indifferent electrolyte seems to be due to the effect of
increased resistance of the supporting electrolyte with dilution. We have
already seen that the magnitude of the reduction peak diminishes by increasing
the series resistance, which in this case is obtained by decreasing the concen-
tration of the indifferent electrolyte. This explanation is supported by the
observation that almost similar magnitudes of the peak are obtained, whether
the concentration of the electrolyte is 0-01 M KCl or 1 M K(l with an extra
resistance in series equal to the difference of resistances between 1 M and
0-01 M K(l solutions under similar conditions.

The fact, that the positive peak has disappeared completely when the
concentration of the supporting electrolyte is 1 M, may be due to the large
amounts of Cl ions which are capillary active and get adsorbed at the mercury-
aqueous interface to such an extent that they practically hinder the electrode
process, thereby eliminating the positive peak. This is confirmed by the
observation that there is no positive peak in 0-1 M Kl as the supporting
electrolyte. The iodide ions possess larger surface activity than the chloride
ions and therefore even lower concentrations of the iodide ions are sufficient
to eliminate this peak. This chloride film does not affect the negative peak
because at bigher cathodic potentials the desorption of the film takes place.
At a concentration of 0-1 M KCl, the concentration of Cl ions is not sufficient
to hinder the electrode process and thus the peak is obtained which goes
on, diminishing with decrease in the concentration of the electrolyte due to
the increased resistance with dilution. -

\
5. Effect of frequency of the a.c. ripple

Fig. 5 gives the effect of frequency of the a.c. ripple on the magnitude
and position of the negative and positive peaks. In general, it can be seen
that the magnitudes of both the peaks diminish with increase in frequency
of the a.c. ripple. The negative peak is completely suppressed by 500 c/sec,
whereas the positive peak is eliminated by even 100 c¢/sec. This shows once
again that the nature of these two peaks is different and throws light on the
rates of the processes corresponding to these peaks. It appears that the
rate of the process corresponding to the negative peak is faster than the rate
of the electrode process corresponding to the positive peak. It may further
be stated that the peak potential of either of these peaks is independent of
the change in frequency of the a.c. ripple.
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In order to differentiate the nature of the positive peak with that of the
negative peak of mitrobenzene at pH > 11, some more organic compounds,
viz. ortho, meta and para nitrobenzoic acids, benzaldehyde, benzene and
benzoic acid, were tried at a pH of 11-6 using the same concentrations, i.e.
4x10-¢ M, under similar conditions. Surprisingly it was found that a similar
positive peak was obtained with other organic substances tried at the same
potential. This showed that the positive peak was independent of the nature
of the organic compound. It was, therefore, thought that this peak might
be due to the dissolved oxygen in the solution under investigation. In order
to prove this, experiments were tried with de-aerated solution and also with
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F1a. 5. Effect of the frequency of the A.C. ripple on the magnitude of the nitrobenzene peaks :

Nitrobenzene = 4x 10-4 M; pH = 11.6.

Curve 1—20 c¢/sec.

Curve 2—30 c/sec.

Curve 3—50 c/sec.

Curve 4—100 c/sec.

Curve 5—200 c/sec.

Curve 6—400 c/sec.

Curve 7T—500 c/sec.
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solution saturated with oxygen containing the same amount of nitrobenzene.
It can be seen from Fig. 6 that the positive peak is completely eliminated by
de-aerating the solution, whereas it is enhanced by saturating the solution
with oxygen. This observation confirms that the positive peak is due to the
dissolved oxygen which is quite different from the negative peak of nitro-
benzene at the same pH. This is also confirmed from Fig. 1, curve 2, in which
the magnitude of the positive peak is independent of the concentration of
nitrobenzene because the amount of the oxygen dissolved is constant and
does not vary by changing the concentration of nitrobenzene. It may also
be recorded that the positive peak is completely eliminated by using very
high concentrations of the organic compounds, which may be due to the
adsorption of these organic compounds at the mercury surface to such an
extent that they hinder the electrode process responsible for the peak.
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Fic. 6. Effect of oxygen on the nitrobenzene peak :

Nitrobenzene == 4x 10-4 M; pH = 11-6,

Curve I—Saturating the solutions with oxygen.
Curve 2—De-aerating the solution.
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