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ABSTRACT

The polarography of bismuth in the presence of thiourea and oxalate
is discussed. Measurements could not be made in thiourea medium due to
the dissolution of mercury. The reduction was irreversible in oxalate
medium and the kinetic parameters as well as the stability constant of
the predominant species were calculated from the formal potentials mea-
sured by amalgam polarography. The mixed complexes were not formed
and the reduction was quasi-reversible in the presence of both the ligands.

I_NTRODUCTION

Not much work has been reported on bismuth complexes. Recently, a
few workers have investigated some bismuth complexes by potentiometry?,
spectrophotometry?* and solvent extraction.! The reduction of bismuth
at the dropping mercury electrode from non-complexing media is not reversi-
ble; the standard rate constant for the reduction is 3x10~*cm. sec=* in
IM perchloric acid® and 3 x 107 cm. sec™ i 1 M nitric acid.®* The
reduction becomes highly reversible in hydrochloric acid® due to com-
plexation. This paper reports a polarographic study of bismuth in thiourea
and oxalate media.

EXPERIMENTAL

Measurements were made at 30 £ 0-5°C on a manual polarograph
using a saturated calomel electrode (S.C.E.) as the referetnce electrode. The
dropping mercury electrode had the following characteristics: m = 2 -‘03 mg.
sec—! and 7= 3-4secs. (in 1-0M potassium nitrate, open circuit). A
Beckman Expandomatic—SS-2 pH meter was used for th_e measurement
of pH. The reported currents were corrected for the residual currents.

. The stock solntion of bismuth nitrate (B.D.H., AR) was kept at pH ~ 1
to prevent hydrolysis and was standardised by titration with EDTA.
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Potassium nitrate (B.D.H., AR), potassium oxalate (Sarabhai Merck, pro
analysi) and thiourea (E. Merck, pro analysi) were used without further
purification. The pH of the solutions was adjusted with sodium hydroxide.

RESULTS AND DISCUSSION

Bismuth gave a well-defined and nearly reversible wave in 1-0M
potassium nitrate with the half-wave potential at -+ 0-021 V vs. S.C.E. A
hump-like maximum was observed which could be rounded off without
affecting the half-wave potential as the use of a maximum suppressor was
not desired.

Bismuth-Thiourea System

In the presence of 0-04 M thiourea, an ill-defined wave was observed
which merged with the steep anodic wave due to mercury. Hence no
measurement could be made on this system as the bismuth complexes of
thiourea were comparatively weaker than the mercury complexes.3:7-8

TABLE I
Half-wave potential data of bismuth in oxalate medium

[Cai =12 x 107*M: px=0'5 (potassium nitrate)

(OX) Ey ia Slope E,’ a ks x10

Mx 10t —Vrs’S.CE  uA mV  —V s S.C.E. cm/sec.s
0 —0-021 1-40 220

0-20 0-268 138 ..

0-32 0-275 1-01 .. ..

0-80 0-302 1-35 .. 0-240 045 4.9
1-2 0-315 1-27 41 0250 0-51 3-4
16 0-322 1-25 42 0-257 0-44 43
2-4 0-334 1-19 %) 0-271 0-45 4.9
3.2 0-342 1-13 41 0-276 0-48 3.1

50 0-352 1-04 42 -

[
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Bismuth-Oxalate System

Polarograms of 1-2 x 10-* M bismuth in potassium nitrate medium
were taken in the presence of different concentrations of potassium oxalate
at pH 6. The waves were well defined but the reduction was irreversible
as indicated by the slope of the log-plots (Table I). It was therefore decided
to determine the formal potentials, E%, from the composite polarograms
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obtained using a dropping bismuth amalgam electrode. The values werc
obtained® from the potential of zero current and the diffusion currents as
a function of pA. The kinetic parameters for the reduction, viz., the standard
rate constant, kg and the transfer coeflicient, «, were obtained by the method

;;:"25615 B, s (Fig. ). The
reduction is irveversible as seen from the values in Table I. The plot of
E° vs. pA was a straight line with a slope of — ¢-06 V, indicating the pre-
dominating species to be Bi (OX); and the stability constant was calculated
as 2 X 10 using the formal potentials in place of the half-wave potentials
in Lingane’s equation.™ '

described earlier'® from a plot of log T

TasLE I

Polarographic data of bismuth in thiourea-oxalate medium

(0X) (TU) E; ES a ke, x 102
M M —Vs.S.C.E. —Vs.S.C.E. cmy/sec.
0-04 0-04  0-222 0-201 0-58 2.6
0-08 0-02 0-239 0-222 0-61 5-4

0-04 0-244 0-224 0-62 3.9

0-10 0-242 0-225 0-59 5.0

0.12 0-02 0.256 0.235 0-59 3.5
0-04 0.255 0-235 0-60 3.9

0-16 0-04 0.270 0-249 0-53 4.0
0-24 0-02 0.280 0-258 0.64 3.0
0-04 0-279 0-260 0-61 3.7

o 0-02 0.288 0-266 0.62 3.2
0-10 0-288 0-268 0-60 3.2

Bismuth—Thiourea Oxalate System

An attempt was made to study the mixed complexes of bismuth with
thiourea and oxalate. Polarograms of 1-2 X 10* M bismuth in potassium
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niriate medium were taken in the presence of a constant concentration of
thiourea and varying amounts of potassium oxalate at pH 6. The log-plots
were curved suggesting the reduction to be quasi-reversible!® in nature. This
was confirmed by the value of 10~* cm. sec.™' for the standard rate constant
obtained by the analysis of the data by the method of Hale and Parsons'?
(Fig. 2). Asseen from Table 1I, the half-wave potential at an oxalate con-
centration was constant irrespective of the concentration of thiourea, indi-
cating the absence of formation of mixed complexes. They may probably
be formed at lower concentrations of oxalate but no measurements can
be made in this region.

F(Xg)
o - log 23
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FiG. 2. Method of Hale and Parsons.
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In the absence of formation of mixed complexes, the formal potentials
obtained in the absence of thiourea and those obtained in its presence should
be the same. But the more positive values in the latter case could mean |
that thiourea, besides accelerating the electrode reaction, also shifts the 3
reduction potentials to more positive values.
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