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Voltammetric studies of nitrobenzene reduction on Cu, glassy carbon (GC) and Pb electrodes were carried out with a view 
to ascertaLi the choice of cathode material for  p-aminophenol synthesis. Lead was found to  give irreproducible responses 
due to  some electrochemical mixed potential processes. However, on Cu and GC electrodes, the electroreduction was found 
to  stop at  the four electron stage in the first peak potential region which indeed is the condition required for phenylhydrox- 
ylamine formation. This conclusion was drawn based on voltammetric peak current calculations a s  well a s  the comparative 
voltammetric studies of nitrobenzene and p- nitrophenol which is known t o  follow a 6 electron path. Comparing the voltam- 
metric curves on Cu and GC for nitrobenzene in alcoholic Hz SO4 medium, it is noticed that the hydrogen evolution process 
starts a t  much more positive potentials on Cu a s  compared to  GC. Since further reduction of phenyl hydroxylamine to  the 
aniline along with Hz evolution would also occur on Cu, it is concluded that carbon electrode would be a better choice for 
p-aminophenol synthesis. 
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INTRODUCTION 

P reparation of p-aminophenol from nitrobenzene is certainly one 
of the attractive processes in synthetic electro-organic chemistry. 

This reaction proceeds by formation of 4e reduction product- 
phenyl hydroxylamine at the electrode surface and subsequent para 
transformation of this in the acidic electrolyte medium. 

Because of the potential commercial application, many investiga- 
tions have been carried out to  optirnise this process over a long 
period of time [l-91 and these efforts have also been reviewed from 
time to time [lO,ll]. In spite of these efforts, difficulties still ex- 
ist. The main problem is a competitive electrochemical reaction 
to the chemical reaction (2). 

rhis results in the formation of a large quantity of aniline along 
with the desired p-aminophenol, leading to lowering of the yield 
1s well as difficulty of separation. Efforts were made by varying 
lifferent parameters such as temperature of electrolysis, current 
iensity, addition of different inorganic salts, current interruption 
iuring electrolysis and using alcoholic and isopropanolic H2S04 
nedium with the primary objective of minimising the influence 
)f the side reaction (3). Surprisingly, however, in all these investiga- 
ions [l-1 I] copper or  amalgamated Cu alone has been used as the 
:athode. The influence of electrode material itself has not receiv- 
:d sufficient attention. 

In the present work an attempt has been made to investigate the 
roltammetric behaviour of nitrobenzene on Cu, P b  and Glassy 

Carbon (GC) cathodes to find out the influence of each of the 
cathodes. Direct reduction of p-nitrophenol on these cathodes was 
also investigated to understand the reaction pathways. 

EXPERIMENTAL 

Electrical grade copper rod, (6mm dia) GC rod (5mm dia) and high 
purity lead rod (6mm dia) fixed to a teflon rod were used as work. 
ing electrodes. The Cu cathode was cleaned with trichloroethylene 
and cathodically polarised for a few minutes before use [ l l .  Fol 
lead cathode great care was taken not to  retain the electrode in 
the 2.OM H2S04 electrolyte for  longer time, to  ensure 
reproducibility as discussed earlier p3]. The potential cycling pro- 
cedure recommended earlier 1141 was employed for G C  electrodes. 
Nitrobenzene, p nitrophenol and H2S04 (all analytical grades) 
were used. All the experiments were carried out at 298 +- 0.5K. All 
other details regarding H-type cell, deaeration of electrolyte and 
instrumental set up employed have already been discussed y2]. 

RESULTS 

It is a well known fact that P b  in H2S04 medium would spon- 
taneously form PbS04 layer. This process would lead to time- 
dependent irreproducible voltammetric behaviour. In the case of 
voltammetric reduction of phthalic acid p3-l this process was avoid- 
ed by carefully controlled experiments. Similar efforts were made 
in the present experiment using nitrobenzene as well. However since 
nitrobenzene reduction starts at potentials more positive than 
-0.650V vs SCE where PbS04 film formation/reduction effects 
cannot be avoided, proper voltammetric investigation of this com- 
pound was practically impossible. Hence after preliminary in- 
vestigations, subsequent experiments were mostly confined to Cu 
and GC cathodes. 

Typical linear sweep voltammograms (LSV) of nitrobenzene (NB) 
at copper electrodes in 2.OM H2SO4 at various sweep rates are 
presented in Fig. 1. A single well-defined irreversible cathodic peak, 
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was noticed. The peak current ip was proportional to square root 
of sweep rate, V1/2 and concentration of nitrobenzene, CNB In 
these respects, the voltammetric behaviour is similar to the one 
reported'earlier [I g. 

=ig. I :  L S V of nitrobenzene (1mM) at copper electrode in 2 M  
v2So4 at different sweep rates (mV.s-') (a) 20, (b) 40, (c) 80, (dl 
160 and (el 320 

Typical LSVs of nitrobenzene on GC cathode at different con- 
:entrations are presented in Fig.2. The voltammetric behaviour is 
lualitatively similar. i, is proportional to V '/2 as well as CNB. 

Fig. 2:  L S V of nitrobenzene at G C electrode in 2 M H2 SO4 at 
a sweep rate of 40 m V.s- at various concentrations of NB (mM) 
(a) 7, (bl 7.5, (cl 2, (dl 2 .5  and (el 3.0 

The peak potential (Ep) values however are quite different for these 
two electrodes. The slope of the rising portion of the voltam- 
mogram is also different. The experimental peak current constant 
(Ip) values (Ip = ip/ACV) where A is the area of the electrode, 
are also diffefent. These values are tabulated in Table I .  

Typical LSV curves of p-nitrophenol (PNP) on GC electrode 
at different concentrations are presented in Fig.3. The voltam- 
mograms are qualitatively similar. But the quantitative features 
are again different as shown in Table I. The voltammetric response 
of PNP on Cu cathode is also compared in Table I. 

The LSV responses of nitrobenzene and PNP on GC electrodes 
are compared under identical conditions in Fig.4. The voltam- 
mograms of PNP show higher heights when compared to 
nitrobenzene. The slope of the curve also is substantially higher. 
In 2.OM H2S04 medium, H2 evolution starts on copper around 
-0.65V (Fig. l background) whereas this process is not at all intiated 
upto -1.25V on GC cathode. Up to this potential region no fur- 
ther reduction is noticed on GC cathode. 

DISCUSSION 

The voltammetric behaviour of nitrobenzene on GC has already 
been discussed P q. The transfer coefficient of irreversible charge 
transfer can be calculated using equation (4). 

Since the transfer coefficient values in all. the four cases investigated 
here are around 0.5, it may be inferred that the first electron 
transfv is the rate determining step in all the cases. Hence the 
following expression defines the peak current constant values [16]. 
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TABLE-I: Voltammetric behaviour of nitrobenzene (NB) and p-nitrophenol (PNP) on Cu and G.C. electrodes 

1 G.C. NB 630 2630 0.3428 4.35 1250 
2 Cu NB 380 3602 0.6400 4.36 650 
3 G C. PNP 775 3043 0.2740 6.00 1250 
4 Cu P N P  485 3550 0.4800 5.30 650 -. 

In this equation, p is expressed in A, A i n  cm*, C in mM, V in 
V.s-1 and D is expressed in cm.2 s-1. Since OCna value is known 
from eq.(4) n the number of electrons involved and D the diffu- 
sion coefficient of the electroactive species are the only unknowns 
in these equations. From the polarographic investigations of 
nitrobenzene [17-181 and p-nitrophenol [19,20] 

DNB = 1.2 x 10-Scm 2 - 1 and DPNP = 1 .O5 x 10-5 cm2 s - 

may be assumed. With these values the n values of the nitrocom- 
pounds in the four different experimental conditions are tabulated 
(Table I). 

Some important conclusions may be drawn f rom these investiga- 
tions. Compared to Cu,  the transfer coefficients on GC for both 
nitrobenzene and PNP are very much smaller. The actual cause 
for this behaviour is not clear at present. It may however be 
speculated that adsorption and blocking effects are more prevalent 
on GC electrode as compared to copper electrode. 

Fig. 3: L S V of PNP at G C electrode in 2 M  H2 SO4 at a sweep 
rate of 40 mV.s-1 at various concentrations of PNPlmM) (a) 1, 
lbj1.5, I d  2,  (dl 2.5 and (el 3.0 

As transfer coefficient decreases, the Ep should shift to more 
negative values [ l q  and the same is observed in the present case. 
Table I shows that the Ep value for the reduction of the same com- 
pound on GC is more negative than on Cu. 

5g. 4: L S V of nitrobenzene la) and PNP lb) at G C electrode 
n 2 M  H2SO4 at a sweep rate of 40 mV.s-1 and a concentration 
~f 2 m M  

Compared to Hg [17-201 where both the compounds exhibit 
reversible charge transfer behaviour, the charge transfer on Cu as 
well as GC is much slower as evident from transfer coefficient 
measurements. However at sufficiently negative potentials the elec- 
trode processes on both the cathodes become diffusion controll- 
ed. This is evident from the fact that ip is proportional to Vl/2 and 
C in all the four sets of experiments. The n values calculated using 
eq.(5) show that n is 4 on both GC and Cu cathodes. Hence 
nitrobenzene undergoes a 4e reduction on both Cu and GC accor- 
ding to the following mechanism: 

0. Electrochem 4(6) June 1988 575 






