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: ABSTRACT :
The kinetics and mechanism of the reduction of monomethy! fuchsin (hereafter mmf™) by dithionite ion
(S,0,%) have been studied in aqueous hydrochloric acid I = 0.25M (LiCl), [H'] = 3 x 10°*M (HC)), T =
30°C. The reaction was first order in both [mmf" ] and [S,0,”]. The rate of the reaction showed inverse

dependence on [H' ] with the empirical rate law

. d[mmf*]
T dt

= a[H* J{mmf * 1[S,0% ]

and displayed negative salt effect while spectroscopic investigation and Michaelis - Menten plot showe
evidence of intermediate complex formation. A plausible mechanism has been proposed for the reaction. -

INTRODUCTION

Monomethy! fuchsin is a triphenyl methane dye
with a methylated benzene ring. It is one of the dyes
simply called basic fuchsin and it is used mainly as
a biological stain'. Monomethyl fuchsin is also one
~of the constituents of Schiff’s reagent often
employed for the detection of aldehydes and

aldehyde - like cell constituents.

In preparing the reagent, basic fuchsin is
reduced by sulphite or metabisulphite ions to a
colourless form. The characteristic test of the
reagent is in the restoration of violet colour to the
basic fuchsin in the presence of aldehydes. The
chemical reaction for this observation was hitherto
obscure and was ascribed to the restoration of the
quinoid structure of the fuchsin'. Iyun and Lawal’
however reported that the observed restored colour
was not due to the restoration of the quinoid
structure of the fuchsin but the formation of a new
dye with a cyanic chromophoric group.

Redox studies of monomethyl fuchsin is gaining
ground. We have earlier reported our finding on the
reduction of the dye by nitrite’ and chlorite* ions.

“Given the importance of monomethyl fuchsin as
stain and dye, adequate understanding.of the
mechanism of its redox reaction is important for
extending it uses. We herein report our findings on
the redox reaction of monomethyl fuchsin with
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dithionite ion.

EXPERIMENTAL
Reagents

All reagents used were of ‘Analar’ grade. Stock
solutions of mmf* and dithionite ion were prepared
by dissolving a known amount of each reagent and
making up to a known solution volume with
distilled water. The 4, (545nm) of mmf" was
determined by running the electronic spectrum of
the solution of mmf* in the wavelength range 380 -
580nm.

A stock solution of hydrochloric acid was made
by diluting commercial acid (36%, specific gravity
1.8) and standardizing the solution using
trioxocarbonate (IV). Stock solutions of lithium
chloride, sodium formate, sodium acetate were
prepared and standardized gravimetrically.

Kinetic measurements

The rate of the reaction of mmf* with dithionite
ion was studied by observing the decrease in
absorbance of mmf* at 545nm on a spectronic 20
colorimeter. All kinetic measurements were carried
out under pseudo-first order conditions with
dithionite ion concentration in excess over the mmf*
concentration at 30°C and 0.25M (LiCl) ionic
strength. The pseudo-first plots of log(ArAL)
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s ke constants for the reaction of momd and $50,5

e andl A, = S4Smmu.

10°5,0,.- 1M

107 F M

L{GCOM 10°%,5" 10 AL s

1.0
2.4
3.0
4.0
5.0
6.0
8.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0

30.0
30.0
30.6
30.0
30.0
30.0
30.0
9.0

20.0
30.0
40.0
50.0
60,0
BIERY)
30.0
30.0
30.0
20.0

.25 8.90 .90
0.25 22.14 11.07
0.25 33.48 1116
0.25 46.06 : 11.51
0.25 55.98 ' 11.20
0.25 55.07 $.18
0.25 79.17 2.90
0.25 100,89 33,63
0.25 47.37 13.79
0.25 338 10857
24.00 8.00
18,63 6.1
6,77
3.3
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Figure 1. Michaelis - Menten plot for the reaction
between mmf* and S,07.

putting equation (7) into (6)

kK [mmf *1[5,07]
(H']

rate =
if kK, = a, then
rate = alH* | [mmf* ][S,0}" ]

Equation (9) conforms to the observed rate law,
equation (3). '

The reaction displayed negative salt effect as
the second order rate constant decreased with
increasing jonic strength. This observation is
suggestive of interaction of unlike charges in the
activated complex'?. This agrees with equation (4)
of the reaction scheme.

The Michaelis - Menten plot gave an intercept
(Figure 1) and also the spectra of the reaction
mixture showed a hypsochromic shift from 545nm
to 530nm. Both evidences suggest the formation of
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Figure 2. Plot of k, vs [H']” for the redox reaction
between mmyf" and S,0,”.

an intermediate complex. Intermediate complex
formation has been adduced in favour of the
innersphere mechanism.

The catalytic effect of the anions, HCOO™ and
CH,COO:, on the reaction rate is unexpected vis-a-
vis the evidences from kinetic and spectroscopic
analyses that favour the innersphere mechanism.
Ton catalysis of reaction rate has been reported to
be characteristic of the outer-sphere mechanism'*'5,
The catalysis of the reaction rate by the anions may
be due to medium effect.

However, the shift of 15nm in 4, and the
significant intercept in the Michaelis - Menten plot
for the reaction are strong evidence in favour of the
innersphere mechanism which is probably operating
in the S,0,> - mmf* reaction.
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