
NOTES

TABLE2 - POLAROGRAPHICANDDOUBLE-LAYERCHARACTERISTICSOFTHEAQUONICKEL(Il)COMPLEXIN RARE EARTH METAL
NITRATES

[Ni(20)~+1 = 2.5x 10-'M; Temp. = 25 ± 0.2°C; Triton X-tOO = 0.001 %}

Base electrolyte Maximum Ell. Qe kcal -Emu -qm
(O.IM) hydration (V vs SCE) (at -1.10 V vs (V vs SCE) (uc)

numbers SCE)

Mg(NO,). 9 1.125 14.49 0.56 12.15
Ca(N03h 4 1.129 14.56 0.53 13.10
Sr(NOZ)2 4 1.138 14.77 0.49 13.50
Ba(NOs)2 0 1.145 15.31 0.44 14.50

·Values have been taken from ref. 9.

tjI'-potential
(at -l.1V
vs SCE)

0.032
0.036
0.039
0.041

of a certain electrolyte, ,; = a constant and a =
dielectric constant of the working solution.

A perusal of the data given in Table 2 shows
that with the change of cation from Mg2+ to
Ba2+, (a) E1/2 shifts to more negative side, (b)
the activation energy, Qe, of the electrode process
is found to increase, (c) the potential of electrocapil-
lary maximum, Emux, decreases from Mg2+ to
Ba2+, (d) charge density on the electrode increases,
and (e) the \jJ'-potential becomes more positive.

These observations show that the electroreduction
of Ni(HzOn+ is increasingly hindered with change
of base electrolyte cation from Mg2+ to Ba 2+,
which may be explained as follows:

The size of the hydrated cation decreases" in
going from Mg2+ to Ba2+ (Table 2). The smaller
the ion, greater is the possibility of approaching the
interface, consequently increasing the adsorption
at the electrode. According to Bockris and Reddy-",
the adsorption of the cation to a considerable extent
decreases the potential of zero charge, Emas., because
of enhanced image interactions. Decrease in Emax
leads to decrease in the potential which, in turn,
results in the greater repulsion'! between 1jJ' -potential
layer and positively charged Ni(HzOH+ complex
ion. This greater repulsion makes the reduction
process more and more difficult-",
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Electrochemical Oxidation of o-Anisidine at a
Platinum Electrode]
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Anodic oxidation of o-anisidine at a platinum electrode has
been studied using cyclic voltammetric and chronoamperometric
techniques. A mechanism has been proposed for the oxidation
process consistent with the electrochemical data and the pro-
ducts of this reaction. The data are a Iso utilised in the evalua-
tion of the diffusion coefficients of the electroactive species
under consideration.

WE have reported earlier, our results on the
electrochemical oxidation of p-anisidinet,

p-toluidine2 and p-chloroaniline3• Previous work
by Adams" on o-anisidine with a carbon paste
nujol electrode had indicated a half-peak potential
of +0.68V vs SCE at a scan rate of 133 mV see"?
and at pH 2-4.

In the present investigation, cyclic voltammetry
and chronoamperometry have been employed to
study the electrochemical oxidation of o-anisidine
at a stationary platinum wire electrode in different
aqueous supporting electrolytes, covering a wide
pH range. The data are also utilized to evaluate
the diffusion coefficients of o-anisidine.

o-Anisidine (Eastman) was used as such. Its
solution was prepared by first dissolving it in a
minimum quantity of ethyl alcohol and then
diluting with water to the required volume. Clarks
and Lubs buffer (pH 1.32) phosphate buffer
(pH 6.6),1 N sulphuric acid, O.IN sodium carbonate
and 0.1 N sodium hydroxide were used as the sup-
porting electrolytes .. The preparation of the .solu-
tions of the supporting electrolytes, the details of
the instrument employed and the experimental
procedure have been discussed in the earlier publi-
cation".

tPaper presented at the conference on organic and
organometallic electrochemistry held at Lioujas (France) during
May, 1980.
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Fig. 1 - Cyclic voltammograms of o-anisidine in (a) H.SO,
(b) Clarks and Lubs buffer

Typical cyclic voltammograms for o-anisidine in
sulphuric acid and Clarks and Lubs buffer are shown
in Fig. 1. In sulphuric acid, o-anisidine under-
goes oxidation at +0.83V (vs SCE) and in the
latter buffer at + O.85V. The reduction peaks
occurring at +0.24 V (vs SCE) in both the cases may
be due to the reduction of the oxidation product.
In phosphate buffer, sodium carbonate and sodium
hydroxide, this reduction peak is not noticed within
the potential range applied. The cyclic voltammetric
data of o-anisidine, presented in Table 1 show that
Ep is dependent on the pH of the medium and
the sweep rate. The electrochemical oxidation
of o-anisidine has thus been found to proceed irre-
versibly. The number of electrons involved in the
above oxidation is evaluated as two, using the
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Fig. 2 - itl/9 versus t plots of o-anisidine in (a) H,sO •• (b)
Clarks and Lubs buffer.Ic) phosphate buffer. (d) Na.CO,

and (e) NaOH

diffusion coefficient (0.70 X 10-5 cm2 see:") of a
similar sized molecule, p-methoxyphenoI5, and
ct.'!a. values reported earlier". The formation of 2,2'-
dimethoxyazobenzene as the product of oxidation
is borne out by the absorption spectral data. The
oxidation of o-anisidine in acidic solutions or basic
medium is, therefore, proposed to proceed as

2(NH2 CsH" OCHa) --+ CH30 C6H~N =
NC6H40CH3 + 4H+ + 4 e

The variation of peak potential with pH also
suggests the involvement of protons in the charge-
transfer reaction. Ther , vs viiI plot for o-anisidine
in sulphuric acid is linear and hence the electro-
chemical oxidation of o-anisidine is found to be
diffusion-controlled.

Step potentials employed for the chronoampero-
metnc runs were chosen from the diffusion limited
regions observed for the compound in various media.

TABLE 1 - CYCLICVOLTAMMETRICDATA FORO-ANISIDINB

[Cone. of e-anisidine = 2.4 mM"; sweep rate = lI)

Sulphuric acid Clarks and Lubs buffer Phosphate buffer Sodium carbonate Sodium hydroxide

lI/V sec-1 E,,/V lI/V sec-1 E,,/V lI/V sec-1 E,,/V lI/V see'< E,,/V lI/V see"? E"IV

0.04 +0.83 0.05 +0.82 0.04 +0.60 0.04 +0.60 0.05 +0.5;
0.14 +0.83 0.29 +0.85 0.13 +0.68 0.13 +0.65 0.13 +0.63
0.29 +0.84 0.45 +0.88 0.25 +0.14 0.29 +0.69 0.28 +0.66
0.53 +0.84 0.70 +0.89 0.49 +0.80 0.57 +0.74 0.52 +0.68
0.73 +\1.85 0.71 +0.89 0.78 +0.79 0.72 +0.70

S1 No.

1.
2.
3.
4.
5.
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TABLE2 - DIFFUSIONCoEFFlCThNT(D) DATA FORo-ANISlDlNE
AT 24°C

[Cone. of o-anisidine = 2.4 mM]

Sl No. Medium

Cyclie Chrono-
voltammetrie amperometric

1. Sulphurie acid
2. Clarks and Lubs buffer
3. Phosphate buffer
4. Sodium carbonate
5. Sodium hydroxide

1.81
1.24
0.38
0.29
2.9

1.08
1.47
0.21
0.21
2.1

The it1/2 versus t plots (Fig. 2) in different media
show that the electrochemical oxidation of c-anisi-
dine in the presence of phosphate buffer, sodium
carbonate and sodium hydroxide is complicated
by the formation of a film of the oxidation product
in media of higher pH, thus reducing the effective
surface area of the electrode causing the fall of
current.

The diffusion coefficient data for o-anisidine eva-
luated from the cyclic voltammetric and chrono-
amperometric data are given in Table 2. The
values obtained by both the techniques are in
reasonable agreement. Since the values arrived
from chrono-amperometry are obtained from
(it1/2) values which are calculated by extrapolation
of it1/2 values to zero time, the yare not likely to
be affected by the complications associated with the
surface state of the electrode.
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The electrochemical oxidations of the anions of some
diphenylamine, carbazole and phenothiazine derivatives have been
Investigated in DMSO-(n-Bu}.NCIO. system. The oxidation
potentials of these anions are less than Ithose of the corresponding
parent molecules. The electron acceptor substituents decrease
the reactivity of anions towards oxidation.

NO T ES

N0 information is available concerning the oxi-
dation of anions of secondary aromatic amines

or heterocyclic nitrogen compounds, since all the
previous studies':" are restricted to the electrochemi-
cal oxidation of the molecular compounds in
aqueous or organic solvents.

Apparatus used ~ Potentiostat model 1t 5848
(USSR), galvanometer M-254; rotatory machine
(800 to 3960 rot.jmin), spectrophotometer "Mhitach
250" and a glass cell.

The cell is constructed of three compartments
separated by sintered glass No. 2 and surrounded
with jacket. The anodic compartment was a cylin-
drical glass tube of 50 ml volume. The two arms
(10 ml capacity) were used as cathodes.

The electrodes consisted of a rotating platinum disc
anode (2.53 em diameter) and two platinum cathodes
(a gauze-form) of surface area 1 em", A SCE was
used as the reference electrode.

Electrolyte ~ n-Tetrabutylammonium perchlorate
was prepared by adding a hot alcoholic solution of
Bu"NBr with continuous stirring to a hot alcoholic
solution of NaCIO". The mixture was cooled, fil-
tered, washed thoroughly with cold alcohol-water
mixture (1: I), and recrystallized from aqueous al-
cohol, m.p. 213-212°C; Lit. m.p." 212.5-213.5°C.

Solvent ~ Dimethylsulphoxide (pure grade) was
dried over calcium hydride for two days with the
passage of a stream of argon, and finally distilled
under vacuum over Cal-l, in argon atmosphere at
40-43°CJO.I mm. Hg.

Procedure ~ A solution of 0.05 M n-Bu"NCIO" in
35 ml DMSO was placed in the anodic compartment,
a stream of argon was passed for 40 min and a
2 x 10-3M KOH solution was added. The measure-
ments were carried out for three times, one before
the addition of the investigated material, another in
the presence of this material, and finally after the
addition of KOH solution. The desired tempera-
ture was controlled using an ultratherrnostat. A
stream of argon was passed during the whole measure-
ments.

The results obtained from the polarization curves
are presented in Table 1.

Spectrophotometric measurements were carried
out in DMSO with or without adding KOR. The
concentration used of both the investigated material
and KOH were equal and ranged from 1.0 x 10-3

to 1.0 x lO-AM. The results are presented in
Table 1.

In the present work the electrochemical oxidation
of the following carbonions+" have been investi-
gated: bis(2,4,6-tribromo)·diphenylamine (1), 2,4,6-
trinitrodiphenylamine(2), bis(2,3,4,5,6 - pentabromo)
diphenylamine(3), 2,4,6- tribromo- 2',4'6- trinitrodi-
phenylamine( 4),bis (2,4,6-trinitrod) iphenylamine
(5),2,4,6,2' ,4' ,6' - hexanitro- 3 - chIoro diphenylamine
(6); 1,2,3,4,6,7,8,9 - octabromophenothiazine(7),
1,3,6,8, tetrachlorocarbazole (S) and 1,2,3,4,5,6,7,8
octachlorocarbazole(9). These anions were generated
by the interaction of KOH with the corresponding
amine in DMSO (Eq. 1). This solvent was selected
because of its high solubilizing power and stability
during electrolysis.
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