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Abstract. Two six-electron diffusion-controlled irreversible waves are obtained for
the polarographic reduction of 2,4-dinitrodiphenylamine (DPA)in buffered and
unbuffered media in all compositions of methanol-water mixtures. Based on the
polarographic and coulometric data, it is suggested that each of the nitro groups is
reduced to the corresponding amine in a single step via the diimine intermediate to
give 2,4-diamino DPA as the final product. The influence of various factors such
as structure of the depolariser, pH and composition of methanol on the reduction
of the compound is also discussed.
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Introduction

Aromatic nitro compounds follow two clear-cut pathways of reduction depending
on the nature of the substituents in the phenyl ring (Stocesova 1949; Shreve and
Markham 1949; Heyrovsky and Vavricka 1970)--0) a two-step reduction process
wherein the hydroxylamine first formed in a four-electron reduction step is
further reduced at a more negative potential to the corresponding amine and
(ii) a single-step reduction process wherein the hydroxylamine formed as in (i)
undergoes dehydration to form the quinone-imine intermediate which undergoes subsequent reduction at more positive potential to give the corresponding
amine.
Nitrosubstituted diphenylamines (DPAS) are known to have considerable
application as H - a n d redox indicators (Stewart and O'Donnell 1964; Gandikota
and Rao 1974). These compounds and their reduction products are used in the
synthesis o f number o f dyes (Asquith and Campbell 1963) and phenazine derivatives (Cross et al 1971). In view of their importance in analytical and industrial
chemistry, the polarographic behaviour o f these compounds was undertaken
and in continuation of our earlier work on this subject (John Koshy et al 1974,
1978), we present here the results on the polarographic reduction of 2,4-dinitro
DPA in methanol-water mixtures of varying composition in the range 30-80~
v/v methanol.
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2, Experimental
The experimental cell and the instruments used in various electrochemical measurements are similar to those described earlier (John Koshy et al 1974, 1978). The
d.m.e, had the following capillary characteristics: m = 1-743 m g s -1 and
t -= 6.0 sec at 56 cm height (uncorrected for back pressure) of mercury column
in 0.1 M KC1 under open circuit conditions. The drop-time was controlled
by a hammer arrangement to 5"3 see throughout the polarographic measurements.
2,4-dinitro DPA was prepared and purified according to the procedures reported
earlier (Stewart and O'DonneU 1964). Doubly-distilled methanol (AR BDH)
was used for preparing different compositions of methanol-water mixtures. The
pH of the solutions was controlled by Britton-Robiason (BR) and Clark and
Lubs (CL) buffers in the range 30-60~o v/v methanol and 60--80% v/v methanol,
respectively. KC1 (AR BDH) was used as the supporting electrolyte without
further purification. The ionic strength of the experimental solutions was
maintained throughout at 0.2. The details of the coulometric cell used in controlled
potential electrolysis (CPE) and the method of evaluating the total number of
electrons (n) in an electrode reaction have been described previously (John Koshy
et al 1974). The UV-visible spectra of the reduction product of the compound
were obtained through Carl Zeiss D M R 21 spectrophotometer.

3. Results and discussion
The polarographie reduction of 2,4-dinitro DPA was found to give two diffusioncontrolled (Meites 1965) waves of nearly the same wave height both in buffered
and unbuffered media in all compositions of methanol-water mixtures. In
buffered media, the waves were observed to be closely spaced at low pH values,
but their separation increased as the experimental solution is made more alkaline.
The relevant polarographie data in one solvent composition 40% v/v methanol
are presented in table 1. Plots of log (i~ - i)/i versus - E for both the waves
are found to be nonlinear, the a.c. summit potentials (E,) are more negative than
the corresponding d.c. E1/~ values of the waves and further, the (Es/~ - El/4) values
are seen to be much higher (table 1) than 0.056,tn (n = 6 for each wave from
coulometry, see later for details).
All these results indicate the irreversible
nature of the electrode process corresponding to the two waves.
Controlled-potential coulometry carried out on 2,4-din2tro DPA at the limiting
regions of the first and second waves in acidic and neutral media gave n = 6 and
12, respectively (table 2). The n values for both the wave in alkaline solutions
were evaluated from Ilkovic equation as CPE did not yield reproducible results,
possibly due to side reactions (Vijayalakshamma and Subramanya 1971).
The product at the limiting region of the first wave is 2-amino 4-nitro DPA.
The presence of the amino group brings about a red shift in the absorption maximum of the second nitro group (Fieser and Fieser 1958) which is confirmed by
UV-visible spectra. Controlled potential electrolysis at the limiting region of
the second wave gave a colourless solution which presumably corresponds to
2,4-diamino DPA. The solution turns violet on exposure to air due to the
aerial oxidation of the diamino DPA (Jolles 1956).
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Table 1. D.C. and A.C. polarograptxic data for the reduction of 2,4 dinitro DPA
(4"9 x 10~ M) in buffered 49~ (v]v) methanol solutions at 30 4- 0" 1~C.
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I
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a ptt values pert~i~ to the particular solvent composition as the standard state.
Accuracy 4- 2 mV
* Accuracy 4- 4 mV

Considering the ease of reduction of the two nitro groups, it is plausible to
expect that the reduction of the nitro group in the second position will be
facilitated compared to that in the fourth position because of the possibility of an
internal H-bonding between this nitro group and the N H group which reduces
the electron density on the nitro group in second position. Similar arguments
were suggested earlier for the reduction of other aromatic nitro compounds
(Asfle and Mcconnel 1943; Astle and Cropper 1943) and also to explain the ease
of reduction of 2-nitro D P A compared to 4-nitro D P A (our unpublished work).
The E1,2's of both waves become more negative (table 1) with increasing pH
o f the solution indicating the participation of protons in the electrode processes
(Heyrovsky and Vavricka 1972). A similar tread for the variation of E1/2's is
observed with increasing composition o f methanol at a given pH.
The difference in E 1/3's of the two waves (~E1/2 = E1~2 - E;~2)I' increases with
increasing p H of the solution which is in agreement with the observations reported
ott other aromatic nitro compounds (Pearson 1948, Boyd and Reidlinger 1960).
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Table. 2 Macrocoulon~tric data for the reduction of ~,4 dinitro DPA in buffered
methanol-water mixtures. Temperature ~ 30 :t= 0"1 ~C.
i

First wave
Solvent comp.
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(v/v)
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Se end wave

pH
Potential of
electrolysis
-- E/Yes SCE

2"15
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. .
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. .
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0"400
. .

.

.

.
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6"07
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0"750
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11"93
11"98
11 "74

5"93
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0"600
0"800
1"050

11.89
11.89
11.85 c

.

.

.

a pB values pertain to the particular solvent composition as the standard state.
b Accurate to 4-0-05
c Calculated n value, taking i d at the potential indicated.

This is ascribed to the formation o f the anilinium salt of 2-amino 4-nitro D P A
(acidic region) in the first stage o f reduction and at higher p H ' s the salt f o r m a t i o n
is less favoured. Thus the Ez/~ o f the nitro group in the fourth position is shifted
to more negative values leading to increasing magnitudes o f AEz/e.
On the basis o f these results, the following mechanism m a y be suggested for
the reduction o f 2,4-dinitro D P A in buffered solutions o f methanol :
2,4-dinitro D P A

6H+~ 6e6I-I+, 6e~ 2-amino 4-nitro D P A
, --* 2,4-diamino DPA.

Since each o f the nitro groups is reduced to the corresponding amine in a single
step, it is reasonable to expect that the reduction proceeds via the diimine intermediate as postulated in the case o f mononitrodiphenylamines (John Koshy
et al 1978). The formation of the diimine intermediate was suggested earlier
by Farsang et al (1973) in the cyclic voltammetric study on the oxidation o f
2,4-diamino D P A in aqueous solutions employing a carbon paste electrode.
Cyclic voltammetfic studies on 2,4-dinitro D P A in unbuffered solutions (our
unpublished work) of methanol-water mixtures also confirm the above observations.
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