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Abstract 
The kinetics of the oxidation ofthiosulphate ion by tetrakis(2,2'-bipyridine)-j..L- oxodiiron(III) ion has ~een 
investigated in aqueous acidic medium at 30°C. Increase in concentration of acid increased the reaction rate. 
The reaction obeyed a general rate law: 

1 d[Fe2+ ] = k [Fe 04+] 
2 dt ob.r 2 

where k = a + b [W]l 
Added a:ons have no effect on the reaction rate. The outersphere mechanistic pathway is proposed for the 
reaction. 
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1. Introduction 

The study of oxobridged binuclear complexes of iron 
is important as information obtained may go a long 
way in helping to interprete some of the observed 
behaviours of metalloenzymes. Various complexes 
of this nature have been synthesized and 
characterized (Cohen, 1969; Gaines, et a!., 1936; 
K.hedekar et al., 1967; Schugar et al., 1967, 1969, 
1972; Reiff et al., 1968; Reiff, 1971; David eta/., 
1972; David, 1973). Also other reports on these 
complexes focused on their stabilities in acid and 
aqueous media (Baesi and Mesner, 1976; David and 
de M~llo, 1973) but literature on their electron transfer 
reaction is scanty. We therefore, carried out kinetic 
investigation on the electron transfer reaction of 
tetrakis (2,2' -bipyridine )-~-oxodiiron (III) ion 
hereafter referred to as Fe

2
0 4+ and S

2
0 /",to gain 

more insight into the redox pattern of these species. 

2. Experimental 

Tetrakis(2,2,-bipyridine)-~-oxodiiron (ill) chloride, 
[Fe2(bipy)

4
0]C1

4 
was prepared, purified and 

characterized as described by David (1973~. The 
complex was not stable in acid concentration greater 
than 1 0-'~ mol dm·3. Hence kinetic studies were limited 
to lxl0-6 mol dm·3s [H+] :5 120 x 10-{j mol dm·3. Fresh 

standard solutions of this complex and Na
2
Sp

3 
were 

prepared prior to stoichimetric and kinetic studies. 
HCl (M&B) was used to investigate effect of [H+] 
on the reaction rate. NaCl (Analar) was employed 
as the inert electrolyte for maintaining a constant ionic 
strength (I) for each run. All reagents used were of 
analytical grade except otherwise stated. 
Stoichiometry 
The stoichiometry of this reaction was determined 
by spectrophotometric titration. The absorbance of 
solutions containing various concentrations of S

2 
0 

3 
2" 

in the range 1 X 1 o-s to 32 X I o-s mol dm·3 and a 
constant [Fe

2
0 4+] of 8 x 1 o-s mol dm·3 at ionic 

strength, I =0.01 mol dm·3, [H+]= 5 x 10·5 mol dm·3 

and T = 30 °C, were measured at 520 nm after the 
reaction had gone to completion. The stoichiometry 
was subsequently evaluated from the plot o f 
absorbance versus [Sp/ ·] (Fig.l). 
Kinetic studies 
The rate of the reaction was monitored by measuring 
the rate of increase in absorbance of the product at 
its A. (520 nm) after having certified that none of. max 
the reactants had any significant absorbance at this 
wavelength using Chroma 254 Digital Colorimeter. 
All kinetic runs were carried out under pseudo-first 
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order condition with the [reductant] in at least 200-
fold excess over that of the oxidant. The ionic strength 
was maintained at 0.2 moldm·3 and [H+] = 5 x 1 o·s 
moldm·3 and T = 30 oc except otherwise stated. 

Test for free radicals 

Test for the polymerization of allylacetate, a known 
sulphate ion radical scavenger by partly reaction 
moisture in excess methanol was carried out as 
described earlier (Lawai, 1997). 
Effect of dielectric constant (D) on the reaction 
rate 
This was done by following the procedure described 
earlier (Ukoha and Iyun, 2001). 

Product analysis 

SO/ was qualitatively identified by the addition of 
BaC1

2 
solution and excess dilute HCI to the oxidized 

mixture while Fe2+ was identified spectroscopically. 

3. Results and Discussion 

Stoichimetric investigation indicated that one mole 
ofSP/" is oxidized per mole ofFep4+ reduced as 
shown in equatiop. (1) 

Earl ier reports have indicated that overall order of 
one as in the titled reaction was observed in the 
reactions of another oxyanion of sulphur, S

2 
0 

5 
z-with 

triphenylmethane dye (Onu andlyun, 2001) and basic 
fuchsin (Lawai, 1997). 
In the acid range 10x10-6 to 120x10-6 mol drn·3, kobs 
was found to increase as [H+] increase (Table 1). A 
plot of log kobs versus log [H+] was linear with in an 
intercept, and can be represented by the relationship: 

kobs = a+b [HJ2 (3) 

Increase in rate of reaction with increase in [H+] is a 
common feature of redox reactions involving 
oxyanions-(Idris et al., 2004, 2005) 
Variation of ionic strength of the reaction medium in 
the range 0.10mol dm·3 ~I~ 0.30 mol dm·3 using 
NaCl did not have any influence on the reaction rate 
(Table 2). This observation is a common 
characteristics of reaction occurring between ion and 
neutral molecule where the product of the charges is 
zero at the transition state (Atkins and de Paula, 
2002). This rationalization is also supported by the 
fact that changes in dielectric constant (D) of the 

Formation of white precipitate on addition ofBaC1
2 

solution to the product solution which remained 
insoluble on addition of excess dilute HCl indicated 
the presence of SO 4 

2• as one of the reaction products. 
The app-earance of an absorption maximum at 520 
nm also confirmed the formation of Fel• (Ayoko et 
a!., 1993; Iyun eta/., 1996; Iyun, 2004; ldris et al., 
2004, 2005). Also the absence of absorption peak at 
620nrn in the product solution negated the presence 
of mononuclear FeH in the reaction medium (lyun et 
a/., 1996). 

(1) reaction medium had no effect on reaction rate (Table 
2). The reduction in kobs as D decreased from 81 to 
80.2 could be due to interaction between propan-2-
one and the redox partners as further reduction ofD 
did not have any effect on kobs· 

Pseudo-first order plot of log(A_ -A,) against time 
were linear to about 40% extent of reaction. The 
observed .tate constants (k b ) were therefore 

0 s 
determined from the initial point of the reaction. 
Literature has shown that result of this nature is 
reminiscent of product inhibition during the course of 
the reaction (Iyun, 2004). The values of the observed 
first order rate constant for this reaction are 
independent of [Sp/ ] (Table 1), an indication that 
the reaction is zero order in [reductant], hence first 
order overall. At 520nm, the rate equation can be 
represented by equation (2) 

(2) 

Test for polymerization of allylacetate was positive, 
an indication that participation of free radicals is 
important in this reaction. Similar result was obtained 
in the reaction ofSP/ and M

0
m02Mnrv (Babatunde 

and Iyun, 2004). 
Addition of varying concentration ofC1 0 4• and NO; 
did not influence the rate of the titled reaction (Table 
2). This may suggest that the reaction proceeded by 
the innersphere mechanistic pathway (Przystas and 
Sutin, 1973; Adegite et al. , 1977). However, 
spectroscopic studies ofthe reaction mixture did not 
implicate stable intermediate complex as there was 
no shift in A. on scanning the reaction mixture. max 

kl 
Taking recourse to the experimental data, it is a 
apparent that dissolved oxygen in the reaction medium 
participated actively in the redox proce$s of this 
reaction. Hence the scheme below is proposed to 
explain these observations. 
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Table 1: Pseudo-ft.rst order rate constant for the reaction ofFe20 4
+ and S20/ at 

[Fe20 4j = l x 104 mol dm"3
, Amox = 520 run and T = 30°C 

1 01fS,ol z.],mo1dm·J I 0°[Hj moldm·J I o- I, mol dm·J 10'kobs.S. 
20 50 20 3.88 
23 50 20 3.74 
25 50 20 3.83 
27 50 20 4.09 
30 50 20 3.95 
25 10 20 3.66 
25 20 20 4.13 
25 40 20 4.73 
25 80 20 7.68 
25 120 20 9.40 
25 50 10 4.14 
25 50 15 3.92 
25 50 20 4.09 
25 50 25 4.02 
25 50 30 3.64 

Table 2: Dependence of rate constant on anions (X) and on dielectric constant (D) ofthe reaction mediwn 
for the reaction of Fe20 4

+ and S20t at [Fe20 4j = 1xl04 mol dm-3
, [S20/"] = 25xl0·3 mol dm·3, 

[Hj = 5 x 10"5 mol dm-3
, 1= 0.2 mol dm-3

, Amax = 520 nm and T = 30°C 

X IO'[XJ.mol dm·J 10kot,,.s·1 

Nol· 40 4.16 

80 4.16 

100 4.09 

140 4.02 

180 4.06 

c to4· I 3.93 

40 3.88 

80 4.02 

100 3.88 

140 4.01 

180 3.88 

0 
81 4.02 

80.2 2.44 

78.6 2.43 

77 2.71 . 
75.8 2.71 

74.6 2.65 
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Fe 0 4+ + 2ffi k1 
2 k..1 

Fe20H2
6+ (4) 

Fe20H2 
6+ + S2ol· k2 [Fe20H26+, SzOl"J '(5) 

k..2 

[Fe20H26+, S2ol·J 
ka Fe20I:Ji+ + S20 3. (6) 

1<03 

Fe20H2
5+ ~ -

Fe2+ + Fe3+ + H20 (7) 

Fe3+ + S2o 3· + 02 ks Fe2+ + 2SOz- + Y202 (8) .. 
2S02· +2H20 ke .. 2HSo3-+2W (9) . 

ZHS03. + 2W + 02 k7 
2S0/" + 4W (1 0) 

0 + 0 02 (11) 

.. Fe
2
+ + FeO+ ........... .... ..... .................. ....... (15) 

• 
kp 2+ . ( ) · .,. Fe + 2S03. .. .......... .... ... .. ............. .. 16 

2 S03. + H20 + 1/202 k13 .,. 2SO/. + 2H+ ... ..................... (1?) 

Rate = k
4 

[FepH/+] + k
11 

[Fep3+]. .. .......... . .... .... ..... ............ ( 18) 

When steady state hypothesis is applied to the acid dependent path, 

k
3 

[ Fe
2
0H 2 

6
+, S

2
0 3 

2
- ] 

[FepH/+J = k [S 0 - ] .. ... .... ......... .... ........... (19) 
-3 2 3 

The rate of acid dependent path then becomes: 

k4k3[Fe20Ht· ,S20/-l 
Rate = k .[S 0 -] .......... .. ..... .......... .... ..... (20) 

__ , 2 3 
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Flg.1: Stoiclfiometry of the reduction of Fe 2 0 4
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