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A method [or the determination of trace levels of vanadium(V) using differential pulse polarography
(DPP) is described. The method is based on the catalytic current of vanadium(Vl obtained in the
presence of sodium bromate. Experimental conditions such as pH and the composition of supporting
electrolyte were optimized to get a linear calibration graph. The effect of several cations and anions
on the catalytic current was investigated. The relative standard deviation (from 6 replications) at 0.50
Fg/ml vanadium(V) was 2.5%.

The conventional polarographic methods
for vanadium [1,2] are of poor sensitivity.
Catalytic currents have been observed for
the reduction of vanadium ions in the
presence of oxidants like hydrogen
peroxide [3.4], nitrate [5]. nitrite [6] and
bromate {7,8]: but the catalytic effect
depends on the nature and oxidattonstate
of vanadium ions. type of the oxidant and
its concentration and also pH of the
medium. The catalytic current of
vanadium in the presence of hydrogen
peroxide showed a pronounced maximum
[3]. The catalytic rate constants obtained
in the presence of nitrate and nitrite were
very low and hence these were not
analytically useful. Perchlorate has no
catalytic effect on vanadium(V). The
reduction of vanadium (V) has not been
known to be catalyzed by chlorate. iodate
or periodate ions.

Rao and Rao [7J have reported vanadium
catalyzed reduction of bromate in acetate
buffer at pH 4.95. However, the
relationship between peak current and
concentration of neither vanadium nor
bromate was linear under the experimental
conditions used by them. In this paper,
the experimental conditions were modified
so that good linearity between the catalytic
current and vanadium(V) concentration
could be obtained. The effect of pH,
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temperature and bromate concentration on
the catalytic current was studied and the
mechanism of electrode process was
investigated using Birke et als DPP
diagnostic criteria.

EXPERIMENTAL

The polarograph with the cell assembly
was described earlier (9]. For DPP
measurements. the pulse duration was
0.04 s and the pulse amplitude (t.E) was
50 mV. All the polarograms were recorded
at a constant 'temperature of 25°C.

All reagents were of analytical reagent
grade. A stock solution of 1000 ppm V(V)
was prepared from ammonium vanadate
and diluted as required. Solutions of
sodium acetate (1 M) and sodium bromate
(1 M) were also prepared. The
polarographic solutions were deaerated by
bubbling pure nitrogen for 10 min.

RESULTS AND DISCUSSION

Dfffe re n t ia l Pulse Polarograms of
Vanadium(V)

In 0.2 M sodium acetate medium of pH
5.7 V(V) gives two peaks at about -0.13
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and -1.2 V. The peak potentials were
dependent on pH and shifted in the
negative direction with increase in pH. The
two peaks correspond to the stepwise
reductions of V(V) to V(lV) and VaV) to
V(II) respectively. It was found that the
height of peak 1 was enhanced in the
presence of bromate (Fig. 1). The
enhancement in sensitivity was about 11
in the presence of 0.12 Msodium bromate.
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It'ig 1. DP polarograms of vanadium (V)

Medium; 0.2 sodium acetate at pH 5.7 ± 0.1;
(a) in the absence and (b) in the presence of 0.1
M sodium bromate.

[V(V)]= 0.6 ppm; t = 0.5 's;

dE = 50 mV; scan rate = 12 mV/s.

The effect of the change in V(V)
concentrations on the first peak of V(V) in
the presence of sodium bronnate was
studied and the results are shown in Fig.2.
It was found that the peak current steadily
increased with increase in vanadium
concentrations from 0.1 up to 1.5 ppm.

- Above this concentration, the peak
broadened and there was a tendency to
split into two peaks. This may be due to
the formation of some poly-vanadate
species in solution at higher vanadium
concentrations.
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Fig 2. Dependence of the peak current on
vanadium(V) concentration

S.E. = 0.2 M sodium acetate + 0.1 M sodium
bromate at pH 5.7 ± 0.1;

V(V) (a) 0.8 ppm; (b) 1.5 ppm; (c) 2.3 ppm;
DPP conditions same as in Fig 1.

Effect of pH and the concentration of
bromate on the catalytic current

The effect of pH on peak 1 of V(V) in a
supporting electrolyte of 0.2 M sodium
acetate and 0.1 M sodium bromate was
examined in the pH range of 5 -7. It was
found that the peak potential shifted to
more negative values with increase in pH.
The slope Llli/ ~pH was about 116.7
rn'V. This shows that two hydrogen ions
are involved in the reduction of V(V) to
V(IV)as shown in equation 1. The peak
current was maximum at pH 5.7 ± 0.1.
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Fig 3. Effect of variation of bromate
concentration on the catalytic peak
of V(v1

(a) peak current vs c;
(b) peak current us ~

The dependence of the current of peak 1
on bromate concentration are shown in
Fig.S. The peak current Up) increased with
increase in bromate concentration in a
nonlinear fashion. A plot of ip us square
root of bromate concentration gave a
straight line. This is typical of electrode
processes ofEC (catalytic) mechanism [11).

Effect of temperature on the catalytic
current

The peak currents were measured at
various temperature in the range of 25 to
50° C (Fig.4). It was seen that ip initially
increased with temperature from 25°-43OC
in a nonlinear manner and decreased after
43° C and increased again. The half peak
width (W

1
/
Z
) increased and the peak

potential (Ep) shifted in the negative
direction with increase in temperature as
shown in Table 1.
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Fig 4, Effect of temperature on the peak
current of V(V)

[V(VJ] = 0.4 ppm; S.E. and DPP conditions same
as in Fig 2.

Table 1.
Effect of temperature on the half peak width
(Wl/21 and the peak potential (Ep)

Temperature W1/2 Ep(V)
°C mV

25 100 -0.115
30 110 -0.115
34.5 120 -0.120
36 124 -0.125
40 128 -0.135
43 144 -0.135
48 156 -0.145
51.5 152 -0.155

Both these observations indicate that the
rate constant of the electron transfer
reaction decreases with In crea se in
temperature. The catalytic chemical
reaction step is accelerated by increase in
temperature and this results in the
increase of peak current. The temperature
coefficient at 25° C was about 4% / °C.
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Mechanism of the electrode process

Df'P diagnostic criteria of Blrke et al. [10.
l I] was used for the characterization of
the electrode process. lt was found that
the ratio of anodic to cathodic peak current
was 0.78 and the difference in peak
potentials was less. than the pulse
amplitude. This indicates that the electron
transfer step is not reversible. The half
peak width value (at t.E = 50 mV) varied
from 90 to 110 mV depending on the
vanadium concentration and other
experimental variables. A logarithmic
analysis of the DC polarogram of
vanadium(V) In this medium gave a slope
value of 1/84. This shows that the
electrode process is quasi-reversible in the
time scale of DC polarography. The
enhancement of the current in the
presence of bromate confirmed the catalytic
nature. Hence the electrode process is
considered to be an EC (catalytic)
mechanism.

The catalytic rate constant (k)
was calculated using the equation.
iJid = (It Sk Cz)1/

2 where ie Is catalytic
current and id is the diffusion current in
the absence of oxidant in OPP. k is the
second order rate constant. 0 is the pulse
duration and Cz is the concentration of
oxidant in moles z l. Substituing the
experimental values, the second order rate
constnat. k was found to be 8.028xl03s-1

M-I. The probable mechanism for the
catalytic reaction is given below:

VOz+ + 214+ •. e ~ Vo2 ..•. + -H
2
0 (1)

V02+ .•. Br03 - .•. 4H+ ~ V02+ + Br-" + 2H20 (2)

A comparison of the sensitivities of the
catalytic current of V(V) by OPP and
charging current compensated DC
polarography (CCCOCP)was carried out.
lt was found that CCCOCP was 2.4 Urnes
more sensitive than OPP. This result is in
agreement with our earlier results for the
catalytic currents of Mo(VI)and Ti(IV)[12-
13].
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Linearity of Calibration Graph

The catalytic current was found to be a
linear function of V(V)concentatlon in the
range of 0.1 - 1.5 ppm. The medium was
0.2 M sodium acetate and 0.1 M sodium
bromate at pH 5.7 ± 0.1. The OPP
conditions were t = 0.5 s; t.E = 50 mY.
The least square fit of the catalytic current
us V(V)concentration data was done by y-
residual minimization. The regresstonal
parameters were: slope = 600 nA/ppm;
intercept = 20 nA; correlation coefficient=
0.9997. The sensitivity increased with
increase in drop time. Thus 3 - 3.5 times
higher sensitivity could be obtained by
increasing the drop time from 0.5 s to 2 s.
The regresstonal parameters at t = 2 s
were: slope = 1768 nA/ppm; intercept
130 nA and correlation coefficient
0.9994.

At vanadium concentrations higher than
2 x 10-sM. the peak broadens and peak
potential shifts in the negative direction
(Flg.2). This was due to the formation of
polyvanadate species at higher
concentations of V(V). Rao and Rao [7]
had studied the catalytic current of
vanadium(V) in the presence of bromate
in the concentration range 1.0 - 5.0xl0-4

M and found that there was no linear
relationship between the peak current and
either vanadium or brornte concentration.
This nonlinearity was due to the presence
of polyvandate species at the higher
vanadium concentrations.

Study of interferences

The effect of various cations and anions
on the catalytic peak current of V(V)was
examined. It was found that cations Itke
Pb(Il), Cd(II),NinD. Co(IILZn(lI) and Mn(II)
did not interfere when present in l O-fold
weight ratio to vanadium. Fe(lIl) interfered
seriously by forming ferric vanadate and
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hence the vanadium catalytic peak
disappeared in the presence of Fe(III).
More than 3-fold amounts of W(VI)
interfered with the determination because
of the formation of hetropoly acid ions with
vanadium. There was no interference from
lOa-fold amounts of phosphate but a
mixture of phosphate and tungstate
interfered by suppressing vanadium peak.
This may be due to the formation of
phospho-vanado-tungstate. A mixture of
phosphate and molybdate was found not
to interfere. A1(III)can be tolerated up to
100 ppm levels. At higher Al(III)
concentrations, aluminium hydroxide
precipitated.

The effect of anionic s urfactants [like
sodium lauryl sulphate (SLS) and sodium
oleate (SO)J on the catalytic current of
vanadium was studied. It was found that
the catalytic current decreased with
increase in SLS concentration, whereas the
peak current increased in the presence of
SO.

Procedure

Trasfer an aliquot of the sample solution
into a beaker, add 4 1111 sodium acetate
and 2 ml sodium bromate and adjust the
pH to 5.7 ± 0.1 with dilute acetic acid or
sodium hydroxide. Dilute to 20 ml with
water and transfer the' solution to a
polarographic cell. Deaerate and record
the polarogram from a to -0.40 V us seE.
The vanadium concentration in the aliquot
is determined by standard addition
method.

Synthetic solutions were prepared by
adding known amounts of V(V)to distilled
water and these were analyzed using the
procedure described here. The relative
standard deviation for 6 replicate
measurements at 0.5 Jlg ml' V(V)was
found to be 2.5%.
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