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The kinetics of Fe(II) reduction of cis-bis(imino-
diacetato)cobaltate(III) has been studied in aqueous
perchlorate medium at /=1.00 mol dm ~? (LiClO,) and 30°C in the
[H"] range 0.1-0.7 mol dm ~*. The reaction is found to be second
order and independent of [H"]. In methanol-water mixtures, the
rates of iron(Il) reduction of cis-bis(iminodiacetato)cobaltate(I11)
and bis(malonato)ethylenediaminecobaltate(III) increase with
increase in the mol fraction of methanol, probably as a result of
structural changes in the inner sphere of Fe(II) or/and an increase in
the Fe(ID)-complex precursor equilibrium constant in methanol,
besides the increased [H " J-assisted generation of the aquomalonato
species.

It has been observed that the reductions of carboxylato
complexes of cobalt(IIl) exhibit acid independent,
retarded, and catalysed pathways' >. Numerous
literature reports over the last two decades are
available on electron transfer reactions between metal
ions in solution®. However, very few papers have
appeared on reactions between different metal ions in
nonaqueous solvents’ ~°. Watts et al.® have reported
on the Fe(Il) reduction of halo-
genopentamminecobalt(ITI) complexes in apro-
tic solvents. However, no systematic comparison has
been made on the [H "] effects on reduction rates in
mixed solvents. The effect of [H ™} on Fe(II) reduction
rates has been investigated in this laboratory*!%!!
and the title investigation is in continuation of such
studies.
dl-Sodium  bis(malonato)ethylenediamine

cobaltate (III) monohydrate,
Na[Co(C,HsN,XC3H,0.,),1.H,0 and cis-(N)-sodium
bis(iminodiacetato)cobaltate (I11),
Na[Co(NH(CH,CO,),), ], were prepared and purified
by literature methods'>!* and their purity confirmed
by UV-vis, IR and conductivity measurements and
elemental analyses. Fe(ClO,), was prepared by the
method used by Wada et a/'* and stored under
nitrogen.
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Kinetic studies were carried out with 20-fold and 5-
fold excess of Fe(I) in water and in methanol-water
mixtures, respectively. Preequilibrated solutions of the
reactants were mixed under oxygen-free conditions
and the cells used were carefully sealed using serum
caps and flushed with nitrogen. Reactions were
followed spectrophotometrically at 540 nm for the
malonato complex and at 560nm for the cis-
bis(iminodiacetato) complex employing a Carl-Zeiss
UV-vis recording spectrophotometer. Reactions were
carried out in perchlorate medium and the ionic
strength was adjusted to 1.00 mol dm ™ with lithium
perchlorate.

Pseudofirst order rate constants for the kinetic runs
in aqueous medium were calculated from the slopes of
log(A4,— A..) versus time plots, where 4, and 4, are the
absorbances at time t and after completion of reaction.
Excellent linear plots were obtained for at least three
half-lives. Second order rate constants were calculated
as k..[Fe(IN] ~!. Rate constants in methanol-water
mixtures were calculated using the equation kt=(a
—b)'lnbla—x)a Y (b—x)"! where a=[FedD], b
=[Complex], b —x =[unreacted complex] and a—x
=[unreacted Fe(ID)).

The stoichiometry of the reactions were established
spectrophotometrically by determining Fe(IlI) and
Co(II) present in the reaction mixture after completion
of the reaction. Cobalt(II) was estimated as CoClZ ~in
the presence of excess of HCI'®. The ratio of Fe(II) to
Co(ID) was found to be 1: 1, indicating a stoichiometry
of 1:1.

The & values for the Fe(IT) reduction of Co(ida); at
30°C and /=1.00 mol dm 3 in the [H"] range of 0.1-
0.7 mol dm ~* in water medium show little dependence
on [H'] (Table ). The activation parameters are:
AH}=589%4.1kJ mol !, and ASi{=-1220
+152JK ! mol !. The k values for the Fe(ll)
reduction of [Co(ida),] ~ and [Co(enXmal),]  in
methanol-water mixtures in the [H "] range of 0.1 to
0.5moldm ™ and in 040n (n=mol fraction)
methanol, and the & valyes at [H"]=0.5moldm 2in
0.10-0.51 » methanol at 30°C and /=1.00 mol dm 3
are presented in Table 2. The rate constant for the
malonato complex at [H " ]=0.50 mol dm 3 increases
in the range of 0.67 x 10 "% to 8.91 x 10 "2 dm* mol !
s ! with increase in mol fraction of methanol from
0.10 to 0.51. The corresponding increase, for
bis(iminodiacetato)cobaltate(III) at [H"1=0.5 mol
dm 7 is from 3.11 X 10 7* to 11.95 x 10 ™3 dm?® mol ™
s ' In 0.40 » methanol and in the range 0.1 <[H"]
< 0.5 mol dm 3, the rate constants increase from 1.30
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Table 1—Rate Constants for Fe(II) Reduction of
Co(ida); and Co(en)Xmal); in Water at
Different [H*]

[7/=1.0 mol dm ~3; temp. =30=0.1°C]

[H*]x 10! 103k 10* &
moldm ™  (dm® mol !s™) (dm® mol ts7Y
[Colida); I* [Co(enXmal); T°

1.0 1.47 4.64

2.0 1.40 8.54

3.0 1.54 13.25

4.0 — 17.02

5.0 1.62 18.84

6.0 1.97 —

7.0 1.97

0.5 2.41¢, 3.419, 5.19°,

7.12', 10.215, 15.10"

*[Colida); 1=5.0x107> mol dm ™% [Fe(iD]1=1.0x10"" mol
dm ™3 °[ColenXmal);]=78x10"* mol dm ™% Fe(I)]=1.57
x 107" mol dm ~3 © ™35, 40, 45, 50, 55 and 60°C respectively.

Table 2—Rate Constants for Fe(II) Reduction of
Co(ida); and Co(en)Xmal); in Methanol-Water
Mixtures at Different [H*]

{I=1.0 mol dm % temp. =30+0.1°C;
[Complex]=1.0x 102 mol dm "3,
(Fe(ID]=5.5x 10 "2 mol dm —3}

[H*]x10t n 10% k 102 k
mol dm 3 dm > mol™'s™) (dm*moltsTH
[Colida);] [Co(en)mal);]
1.0 04 4.10 1.30
2.0 0.4 4.19 1.39
3.0 04 5.82 2.46
4.0 0.4 6.33 3.38
5.0 0.1 9.51 4.20
5.0 0.10 3.11 0.67
0.16 3.58 —
0.23 481 1.72
0.31 6.61 2.35
0.40 9.45 4.25
0.46 — 7.31
0.51 11.95 8.91

*n—mol fraction of methanol.

x1072 to 420x1072 dm?® mol™! s~ ' for the
malonato and from 4.10x 1073 to0 9.51 1073 dm?
mol ! s 7! for the bis(iminodiacetato) complex. The
rates of Fe(Il) reduction in methanol-water mixtures
are in the order Co(en)Xmal)>Co(ida); >Co(ida);,
while the order is reversed in water medium, at [H*]
<0.3 mol dm 3.

The second order rate constants, k, for the Fe(Il)
reduction of cis-bis(iminodiacetato)cobaltate(I1T)
show only a slight [H " ]-dependence in the [H * I range
0f 0.10-0.70 mol dm 3. These reactions are expected to
proceed through the formation of an inner sphere

precursor between the oxidant and the reductant. The
protonation of Co(ida); is unlikely as the rate is [H " -
independent. The values may be compared with the
value for Fe(I) reduction of Co(edta)” (edta
=ethylenediaminetetraacetato), which at 25°C is
found to increase from 8.0x 10 ™ to0 3.6 X103 dm?
mol ™! min ~! as [H*] is increased from 0.1 to 1.0 mol
dm ™3 (ref. 16). This direct [H*] dependence is
accounted for in terms of a side reaction in which
Coledta) ~ is protonated to yield [Co(edtaH)H,O]
which oxidises Fe(IT) more rapidly. As Co(ida); and
Coledta) ~ are structurally similar, this difference in
reactivity may be a result of the greater basicity of the
carboxylato groups in the latter.

Iron(I) reduction of both the complexes occurs
more rapidly in methanol-water mixtures than in water
(Table 1). At [H*]1=0.5mol dm ~3 the reduction of the
malonato complex in 0.51 n methanol is 50 times faster
than its reduction in water. Under identical conditions
Co(ida), is reduced 7.5 times faster in aqueous
methanol than in water. The steady increase in rate of
reduction with increase in mol fraction of methanol in
the reaction medium may be due to successive
replacement of water molecules from the fast
coordination sphere of iron(II) by methanol molecules,
leading to the formation of mixed ligand complexes’.

Besides, the Fe(I)-Co(III) precursor formation
should be more favourable with increase in' methanol
content of the medium as the solvent dielectric
constant decreases. At [H']=0.50 mol dm 3,
k(malonato)/k(ida), values in 0.51 » methanol and in
water alone are 7.5 and 1.1 respectively. As has been
observed earlier, the protonation of Co(en)mal, is
more significant in methanolic solvent leading to a 20-
fold increase in rate from water to 0.40 n methanol and
a 50-fold increase in 0.51 n methanol, while the
increase in rate under similar conditions is relatively
insignificant for Co(ida);. The [H*]-catalysis is due
to the generation of the highly reactive oxidant species,
Co(en)malXH,OXOOCCH ,COOH) (ref.4), and the
MeOH catalysis is due to extensive protonation in
methanolic solvent.
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