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The kinetics of intramolecular electron transfer between COIIl and SIV in Oesulphitopentaammine-
cobalt(I1I), (NH3)sCoOS0i", have been investigated in aquo-organic solvent media comprising dipolar
protic cosolvents (methanol, n-propanol, isopropanol, tert-butanol, and ethyleneglycol) and dipolar
aprotic cosolvents (acetonitrile, ethylene carbonate) at 25-40°C. Rate acceleration is generally observed
with increasing mole fraction (Xorg) of the cosolvent except for ethyleneglycol + water. Correlation of
rate (In kSred) with Xorg' GE (Gibbs excess free energy), E~ and dielectric constants of the solvent
mixtures using multiparameter regression indicates that preferential solvation and solvent structural ef-
fects are important in controlling the reactivity. The correlation of rate with solvent hydrogen bonding
acidity (a), basicity ((3) and polarizability (31:*)for acetonitrile+water {In k'red=(2.5±0.4)-(2.0±O.6)a
+(O.2±0.4)(3-4.0±0.4)31:*} indicates that the electron transfer rate conformed well with the Taft model
of solvation. The activation enthalpy and entropy versus Xorg plots display extrema at low Xorg' !l.H"
versus !l.S" plot is linear indicating that the solvent structure effects on these parameters are mutually
compensatory.

Solvent has a great role to play in controlling the
dynamics of chemical reactions. Preferential solva-
tion and solvent structure are important aspects of
solvent effects. The former may be considered as
a marker of molecular recognition in the light of
solute-solvent and solvent-solvent interactions at
the molecular level. These interactions for a given
solute are, however, governed by acidity, basicity
and polarity/polarizability of the solvent. A num-
ber of solvent polarity scales based on euilibrium
constants, rate constants, spectral shift of dyes us':
ing absorption spectroscopy etc. have been esta-
blished to quantify the effect of solvents on the
chemical reactivity'. Intermolecular interactions in-
fluence the structure of the solvent. Progressive
addition of organic cosolvents to water profoundly
affects its three dimensional hydrogen bonded ne-
twork structure', The ways in which solvent ef-
fects in mixed solvent media operate to control
the dynamics and energetics of reactions are not
yet fully understood.

The redox reactions involve charge transfer be-
tween the oxidant and the reductant. Considerable
solvent shell reorganisation in this process is envi-
saged. Such reactions are likely to be sensitive to
preferential solvation and solvent structural
changes. We have chosen a redox reaction be-

tween strongly hydrophilic substrates,
(NH3)5COOH~+ and SiV (as S02)' which can be
preferentially solvated by water in mixed aquo-or-
ganic solvent media. Our aim is to examine closely
the solvent parameters which are responsible for
controlling the rate of electron transfer reaction.
The aquo-organic solvent media comprising dipo-
lar protic and aprotic cosolvents such as methanol
(MeOH), n-propanol(PrnOH), isopropanol
(PriOH), tert-butanolilsu'Ol-l), ethylene-glycol(EG),
ethylene carbonate(EC) and acetonitrile(AN) are
used in this study. The hydrophobicity of the sol-
vent mixtures is thus varied to favour preferential
solvation of the substrate by water.

The reduction of aquapentaamminecobalt(III)
by SIV is an intramolecular process as the Ovsul-
phito complex, (NH3)sCoosot, is the reactive
species", We thus report here a study of the medi-
urn. effect of a typical unimolecular electron trans-
fer reaction which has not been reported earlier.

Materials and Methods
The [(NH3)5CoOH2)(CI04)3 was prepared by

the published method", Its purity was checked by
analysis of cobalt; UV-visible spectra agreed with
those reported in the literature". All reagents and
organic solvents (purity 799.5%) were analytical
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grade. Solvents were stored over 4A molecular
seive (except ethylene carbonate which was a sol-
id) and distilled before use. The middle fraction of
the distillate was used. Further check of the purity
of solvents was made by density measurements.
Distilled water was redistilled over alkaline
.l(Mn04• Solvent mixtures were prepared by vo-
lume per cent; conversion to mole fraction of the
cosolvent (Xorg) was made using density data. .

Sodium meta bisulphite, NaZSZ05, was the
source of SlY.This salt is stable in the solid state
but hydrates rapidly in aqueous medium to yield a
mixture of SOz, HSOi and SO~- depending on
pH of the medium".

UV-visible spectra were recorded on a JASCO
7800 spectrophotometer. The pH measurements
were made using a EUCO (Hyderabad) digital pH
meter U 120; a combined giass-Agi AgCI, CI- (2
mol dm-3 NaCI) electrode model CL 51 was-used
as pH sensor (± 0.01 pH unit). Standard buffers
of pH 4.01 and 9.2 were used to calibrate the pH
meter.

Kinetics
The kinetic measurements were performed on a

HI-TECH(U.K.) SF 51 stopped flow spectropho-
tometer automated by an APPLE II GS P.C. The
flow module and drive syringes were thermostat-
ted by circulating water from a C85 D thermostat
through a cooler FC 200 (Hi-TECH, ux). The
pseudo-first order conditions leading to complete
conversion of the aqua complex to O-sulphito
complex on mixing (ms time scale) were main-
tained {[(NH3)5COOH~+h= 2.0 x 10-4, [S(IV)h=
(2.0-4.0) x lO-z mol dm-3, 6.2<pH<7.2)} and
decrease of absorbance due to the reduction of
Co(III) was monitored at 330 nm at which the sul-
phito complex (NH3)5COOSOt (e, 330 nm= 21,00
dm mol- 1 em - 1) was the most significantly ab-
sorbing species. The aqua complex and the sul-
phite buffer were prepared in the mixed solvent
media of same solvent composition. Ionic strength
adjustment was avoided as addition of supporting
electrolyte was likely to affect the solvent propert-
ies. At least five measurements were made for
each run to get the rate constant (kred) and its
standard deviation. A nonlinar least squares com-
puter programme. ADSz software from Mis HI-
TECH Scientific Ltd (U.K.) was used to calculate
the rate constants. The time base and signals
could be expanded up to 500s and sixteen-fold at
the most respectively to cover slow reaction and
analyse the signals precisely. Replicate measure-
ments using fresh solutions indicated that the rate
constant for any run was reproducible within its

standard deviation. All other calculations were
made on IBM compatible 486 PC.

Results and Discussion

Preliminary observations
The reaction of (NH3)5CoOHi+ with SlY in-

volved initial rapid formation of the species,
(NH3)5COOSOt followed by slow intramolecular
reduction of the cobalt(III) centre by the
O-bonded sulphite". The O-sulphito complex has
been further characterised by 017 NMR spectros-
copy", The S03- radical generated in the one elec-
tron transfer process is further rapidly scavanged
by the O-sulphito complex', Under the condition
of complete conversion of the aqua complex to
the O-sulphito form, the redox reaction is given as
shown in Scheme 1:

(NH3)5CoS02+ ~t I!(NH))5C02+' - 03S} f~t5NH3
+ + CO;q++SOi

S03-·fast
-+ 5NH3 +CO;q++SOz +SOl-

Scheme 1

for which

... (1)

The factor 2 in Eq. (1) denoted stoichiometry of
the reaction which was further verified by analysis
of SOl- as BaS04 (ref. 3). The redox reaction was
studied at high [SIVJ.r(100 ~ [SIVJ.r/[CoI"hl ~ 200)
and analysis of Co(ll) by Kitson's method?
showed that the reduction was quantitative [Co"],
yield> 96%). However, the spectral scans of the
reaction mixture after ca. lOtllz at high cosolvent
contents indicated a small absorption peak around
325 nm. Also the absorbance-time curves in the
stopped flow runs at high co solvent contents devi-
ated from first order kinetics (i.e. the initial dec-
rease in absorbance was followed by a slow in-
crease with time). The secondary reaction at high
cosolvent contents was due to the isomerisation of
the O-sulphito complex to its S-bonded analogue
followed by NH) loss from the cobaJt(III) centre
due to the strong trans effect of th S~bonded sul-
phite. This aspect was not pursued further. Hence
we were constrained to conduct experiments at
low cosolvent contents 10 ~ XMeOH ~ 0.398;
o ~XPrnOH ~0.194, 0 ~XPrioH ~0.189; 0 ~XButOH ~

0.306; 0 ~ XEG ~ 0.325; 0 ~ XEC ~ 0.323;
o ~ XAN ~ 0.442 where X= mole fraction of the
cosolvent}.
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Table i-Rate data for the intramolecular electron transfer
reaction of (NHJ)sCoOSOz

X~r~ 25.0· 30.0· 35.0· 40.0·C X~'IlOz kred (S-') 25.0· 30.0· 35.0· 40;0·C

MeOH+HzO
IOz k,ed\S -I)

EG+HzO
0.0 1.3b 2.5b 5.5h 12.2b 0.017 1.3 2.7 5.5 11.1
0.023 1.5 2.8 6.2 14.4 0.035 1.4 2.7 5.4 11.4
0.047 1.6 3.4 7.5 16.4 O.l}75 1.3 2.7 5.5 11.1
0.099 1.9 4.0 9.3 21.4 0.121 1.3 2.7 5.5 11.0
0.\59 2.1 4.9 11.9 26.3 0.177 1.3 2.7 5.5 11.2
0.227 2.3 5.4 12.9 28.0 0.243 1.2 2.4 5.0 10.1
0.306 2.4 5.8 13.0 30.5 0.325 1.1 2.2 4.5 9.4
0.398 2.5 6.0 14.7 31.0 EC+HzO

Pr"OH+ HzO 0.010 1.5 2.9 6.9 14.8
0.013 1.4 2.8 5.5 12.2 0.022 1.7 3.4 7.8 17.4
0.26 1.6 3.2 6.4 13.9 0.049 2.4 4.8 10.9 22.6

0.057 1.7 3.7 7.4 17.5 0.088 3.0 5.9 13.5 30.2
0.094 1.8 3.9 8.0 18.3 0.120 3.5 7.4 17.2 38.7
0.138 2.1 4.3 9.2 20.4 0.169 4.1 9.8 22.7 48.2
0.194 2.5 5.0 10.6 22.7 0.234 5.1 12.0 26.8 61.0

PriOH+HzO 0.323 6.0 15.1 32.9 76.8
0.013 1.4 3.2 6.4. 15.0 AN+HzO
0.025 1.6 3.5 7.1 16.3 0.Dl8 1.4 3.0 6.4 14.4
0.055 1.9 3.9 8.8 19.1 0.037 1.7 3.8 7.9 17.9
0.091 2.2 4.6 10.3 25.1 0.D78 2.4 5.3 11.8 26.7
0.136 2.5 5.2 11.5 27.4 0.127 3.1 7.3 16.7 37.3
0.189 2.9 5.8 12.6 28.3 0.185 4.0 9.9 21.1 50.2

Bu'OH+HzO 0.254 5.0 \3.0 28.1 60.3
0.010 1.5 3.2 6.5 13.7 0.328 5.6 13.9 30.2 70.5
0.020 1.6 3.3 7.4 15.8 0.442 7.3 14.5 32.9 75.6
0.045 1.8 3.9 9.0 18.5
0.075 2.0 4.3 9.8 21.0 'X",,-mole fraction of the organic cosolvent, volume % of

0.112 2.3 4.7 10.5 22.3 the cosolvent corresponding to Xors are 0, 5, 10, 20, 30, 40,

0.\59 2.1 5.3 10.8 22.5 50,60 and 70 respectively.

0.221 2.0 5.5 10.9 23.0 "average of 20 measurements and the error limit is within

0.306 2.1 5.7 11.2 23.4 ±5%

The rate data are collected in Table 1. van EI-
dik and Harris? reported "'ed = (1.4 ± 0.3) x 10-2S-1

at 25°C (I= 1.0 mol dm=") in fully aqueous medi-
um which compares well with our data .
{kred=(1.3±0.2)xlO-2s-1 at 25°C, 1=0.04 mol
dm - 3}. Evidently ionic strength has little influence
on k,ed' The rate data (see Table 1) clearly indicate
the rate accelerating effect of the mixed solvent
media. The effect is relatively more prominent for
the dipolar aprotic cosolvents (AN, EC). Among
the protic cosolvents ButOH +H20 system exerts
the smallest rate acceleration which, however, le-
vels off at XBuXlH = 0.112. For EG +H20 apparent-
ly no solvent effect is evident, up to XEG = 0.177
and thereafter a small retardation is evident.

Interpretation of solvent effects on the electron
transfer rate

The electron transfer within the preassembled
intermediate, (NH3~SCOIIIOSIVVOi, is rate deter-
mining. Hence the activation free energy, tl.G", in
accord with the Marcus theory", is' given by
Eq. (2):

so» =~ [( 1 +~ Gorl ... (2)

where A. andtl. GO denote respectively, the reorga-
nisation energy and standard free energy change
ofthe reaction (Eq. 3):

[(NH
3
)sCOIIIOS'V0

2
]+ tl.-+Go[(NHl)sCOnOSv02]+

. ... (3)
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The most recent data for the potential of the
redox couple SO; ISO~- in aqueous medium re-
ported by Stanbury et aL9 is O.72V (25°C, /=0.1
mol dm - 3). The potential of the couple
{(NH3)SC03+I(NH3)sC02+la (NHE scale) based on
EO(CoIII/CoIII)aq= 1.808 V (ref. 10) and the stabil-
ity constants of (NH3)SCO~q+and (NH3)SCO;q+
(logK(NH) coIll= 35.21 and 10gK(NH) Coil= 5.13,
250C)1I 3is ca. 0.294Y. These 33ata yield
!J.Go= -41.1kJ m01-1 (25°C) (!J.CO= -!J.EOF).
The transition state equation, kET= ; (kB TI
h)exp( - !J.G'" IRT) (; = 1, kET= krei2), yields
!J.G'" = 85.6 kJ mol-I(25°C aqueous medium).
Combining these data the values of A.calculated
from Eq. (2) were 420 or 4 kJ mol-I. The latter
value of A.is clearly unacceptable considering the
fact that (i) the activation free energy of the self
exchange reaction of S03--;SOj- couple is esti-
mated to be as high as 65 kJ mol-1 (ref. 9) and (ii)
substantial contribution of the couple (NH3)sC01

•

II(NH3)sCOlIl from the innersphere effect alone
will arise due to metal ligand bond shifts (or = 16
pm'? for (NH3)6Colll/(NH3)6CoI'). It may be fur-
ther noted that about 97% of the innersphere
component of !J.G'" (!J.Gi~ = 36.8 kJ mol-I) for
the self exchange reaction of SO; -; SO~- couple
is believed to be contributed by the barrier to
bond bending mode to achieve electron transfer",
Evidently the overall reorganisation energy barrier
to achieve electron transfer in the Ovsulphitopen-
taamminecobalt(lll) is substantially large. Eq. (2)
can be approximated to Eq. (4) (as !J.0')2/4A.= 1
kJ mol- I for A.= 420 kJ mol- I).

... (4)

The reorganisation energy A, is the sum of A..In
and Aoutof which the former depends on the inter-
nal parameters of the system and as such can be
assumed to be indepent of solvent. Thus the over-
all solvent effect on !J.G'" can be understood in
terms of the medium effects on the outersphere
components! of A(Aout)and !J.Go. The solvent di-
poles surrounding the reactants orient responding
to the demands of the charge distribution acompa-
nying the electron transfer. Assuming that the me-
dium is structureless continuum of uniform permi-
tivity and the ion is a non polarizable conducting
sphere (DCM theory), Aoutis expressedv'? as:

Aout= Ne2{11.2 r1 + I1.2r2 -lIr)}[1ID'op -II D'] ... (5)

where r1, r2 are the radii of the cobalt(lli) moiety
and SO~- respectively and r is the closest distance
of their approach at the actual act of electron
transfer, N=Avogadro number, e = electronic

charge.D'., and DS are the optical and static die-
lectric constants of the medium, s respectively.
Combining k~e/ k~ed= exp(!J.G"'s -!J. cr :I RT)
with Eqs (4) and (5) we obtain Eq. (6):

In ~~ed= Ink~ed + (Ne2/4RT)F(r)F(D)

- (l!2RT )[!J.tCOh-w) ... (6)

where

F(r) = {112 rl + 112r2 -l/r},

F(D)=(1ID~p -II DW)- (1/D~p -11 DS)

and

[!J.tO'h-w) = !J.O's - sc»:

The optical dielectric constants of AN +water
media were calculated (Ds = (nS)2) from the experi-
mental values of the refractive indices 14. For all
other mixed solvent media, the refractive indices
were calculated by nS = n" + (nw - norg)Xorg (ref. 15)
to get the values of D~'P' The values of the refrac-
tive indices of the pure solvents (nw, norg) and the
static dielectric constants (Ds) of the mixed solvent
media (O:s.:;Xorg:s.:; 1) are available". The In k~ed ver-
sus F(D) plots (see Fig. 1) display specific solvent
effects and failure of the DCM model. It is also
worth noting that both the dipolar aprotic cosol-
vents, acetonitrile and ethylene carbonate, substan-
tially enhance the rate while the dielectric constant
of AN + water decreases with increase in XAN
(78.6 ~ D, ~ 49.2 for O:s.:;XAN ~0.442) and that of
EC + water increases with increase in XEC
(78.6:s.:;XEC:s.:; 82.6 at 0 ~ XEC:s.:; 0.323).

Recently Lay et al." have attempted correl-
ations of the formal electrode potentials of metal
amine complexes in several pure solvents with hy-
drogen bonding acidity (a), hydrogen bonding ba-
sicity (f3), polarizability (zr") and the internal order
of the solvents by a multiparameter regression.
The importance of specific solvent effects in elec-
tron transfer reaction between tetraamminepyra-
zinecarboxylatocobalt(III) and aquapentacyanoferr-
ate{II) has been delineated by Moya, Sanchez and
Burgess'?". Abbot and Rusling':' also observed that
the rates of outersphere electron transfer reactions
of several systems in different pure solvent media
correlated with a, f3, and n* on the basis of Taft
model's-24 by a multiparameter regression better
than with the solvent permittivity on the basis of
~<?M model. !he Taft model points to the recog-
moon of specific solute-solvent interaction in the
activation process. If the outer sphere components
of A.and ~ 0' are assumed to be linearly related
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modynamic data of reactions with the solvent
structure. However, the excess Gibbs free energy

... (7) of mixing (GE) of the mixed solvent media (rela-
tive to water) is considered as a mesure of the sol-
vent structural effect. Attempts to correlate the
rates of substitution reactions of inorganic com-
plexes with GE have met with some success".
Considering the fact that 6CO and the non-elec-
trostatic component of ).out are influenced by sol-
vent structure (GE), polarity (E~) and preferential
solvation Eq. (5) can be transformed to Eq. (8):

to a, j3,:7t* then Eq. (4) yields Eq. (7).

In k: = A + A a + A A + A :7t*red ...'0 I 21" 3

where ~ = In krcd for a hypothetical solvent for
which a = 13=zt" = O. Eq. (7) was tested for
CH3CN + H20 system at 25°C for which, a, 13, :7t*
values are available". Values of a,j3, :7t* at appro-
priate compositions were obtained by interpola-
tion of the plots of a, 13, or :7t* versus XAN• Rate
data at 2SoC, fitted to Eq. (7) by a weighted least
squares programme", yielded Au= 2.5 ± 0.4,
Al = - 2.0 ± 0.6, A2 = 0.2 ± 0.4 and A3 - 4.0 ± 0.4
(corr, coef. = 0.967). The coefficient of 13is statisti-
cally insignificant. The correlation indicates that
the electron transfer rate is favoured with decreas-
ing hydrogen bonding acidity and decreasing po-
larizability of the medium. The parameters a, ~
for CH3CN + H20 fit a fourth degree power series
in XAN while the series is truncated to XiN for :7t*
(ref. 25). For other solvent systems the nonlinear
dependence of In k~ed with X orgs therefore, indi-
rectly reflects the general applicability of the Taft
model.

The cosolvents perturb the three dimensional
hydrogen-bonded network structure of water
when the composition of the mixed solvent media
is altered between the bounds 0 ~ Xorg ~ 1. Despite
extensive theoretical and experimental studies on
the structural aspects of the aquo-organic solvent
media 14,25,27-34it is hardly possible to find a suit-
able parameter to correlate the kinetic and ther-

In k~ed= In k~ed+ alXorg + a2F(D) + a3(E~S- E~W)

+a4CJE •.. (8)

The GE (25°C) data for CH30H + H20,PrnOH+
H20,PriOH + H20, Bu'OH + H20, EG + H20 and
CH3CN + H2 at 0.1 ~ Xorg ~ 1.0 are available [ref.
14, p 190]. The values of GE (kJ mol- 1) at the de-
sired mole fractions were obtained by interpola-
tion/ extrapolation of GE versus Xo~ curves. The
values of the polarity parameter (ET') were com-
puted using the relationship suggested by Bosch
and Roses (see Eq. 10 of ref. 36). The rate data at
25°C were fitted to Eq. (8). We obtained
a1= 1.76 ± 0.15, a2 = - 20.2 ± 2.2 and
a, = - 0.41 ± 0.11 and a, = 0.79 ± 0.04 (F26= 121
over 43 data points). The plot of ~ (calcd) ver-
sus kred(exp.) (see Fig. 2) reflects the goodness of
fit.

The solvent systems (except EG + H20) used
for correlation analysis are characterized by G£
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positive'? (except EG+ H20 for which (JE is nega-
tive) over the entire range of composition. Hence
the mixed solvent media (except EG + H20) are
destabilized relative to the pure solvents. Since the
coefficient of GE is positive, it is inferred that the
destabilization of solvent, which is also a reflection
of the solvent structural effect, results in the rate
acceleration. It may be noted that the charges of
the oxidant and reductant centres are reduced nu-
merically by one unit each owing to the electron
transfer resulting in a transition state which is less
polar and hence less hydrophilic than the initial
state. With increasing proportions of the cosol-
vents which are less hydrophilic, the initial state is
destabilised more than the transition state resulting
in the rate acceleration. The small rate retardation
observed for EG + H20 system at high X EG also
fits into this interpretation. However, in this case
the initial state is rather stabilised to a greater ext-
ent than the transition state at high XEG• Thus the
solvent structural effect on the rate is linked with
the stabilisation of the transition state relative to
the initial state.

From a2{= Ne214RT)F(r)} it is possible to calcul-
ate the distance of closest approach between SIV
and COlli centres (r) during the electron transfer.
Considering rl = 3.3AI7b and r = 1.5A(rs-o S05-
ref. 37) this distance is ca. 1.6).. which is close to
the value of r2• Similar observation has been made
by Moya et at.17b in the intramolecular electron
transfer of the preassembled complex of (pyrazene-

Table 2-Activation enthalpy and activation entropy data for
the intramolecular reduction of (NH3)SCOOSO; in mixed sol-,

vent media':"

Xorg l:1H~ l:1S~

(kJmol-') (JK-1mol-l)

MeOH+Hp

0.023 128±4 165 ± 1
0.047 118±2 134± 5

0.099 130±2 174±6

0.159 125 ± 2 162 ±6
0.227 126± 2 165±7

0.306 129±2 175±5
0.398 127±3 168 ± 10

PriOH+H2O
0.013 120± 15 140 ± 15
0.D25 120±4 141± 12
0.055 117±4 134± 13

8
0.091 132±5 183 ± 14

0135 128±3 172± 10
0.189 117±3 139±8

Xorg l:1H~ l:1S~

(kJmo\-I) (JK-'mo\-I)

PrnOH+Hp

0.013 111±2 91 ±7
0.028 111±2 93±8
0.056 120±3 122 ± 11
0.093 119±4 120 ± 13
0.138 118±4 117 ± 13

0.193 116±2 114±5

Bu'OH+H20
0.010 112± 2 113± 6
0.020 124±1 154±3
0.045 122 ± 1 148 ± 4
0.075 125±2 160±6
0.112 122 ± 1 150 ± 4
0.159 119±4 123±11
0.221 121 ± 5 126 ± 16
0.306114±4 126±13

AN+HP
119±1 137±4
123±4 154± 12
127±1 168±4
127±1 172±7
127± 1 174±4
122± 1 160± 12
127±2 177±7
128±4 180±9

EG+HP
0.017 107± 1 79±5 0,018

0.035 104± 1 69±3 0.037
0.075 107± I 78±3 0.078

0.121 107±2 79±2 0.127
0.177 108± 1 81 ±5 0.185

0.243 106±3 72±8 0.254
0.325 108± 1 81 ±2 0.338

0.442

EC+HP
0.010 124±3 154±9
0.022 126±2 163±4
0.049 115±2 129±7
0.086 127± 1 169±3
0.120 124±2 163±7
0.169 122±2 160±6
0.234 129± 1 183±3
0.323 129±2 183±6

«sn: (kJ mo\-')=121±4 and l:1S~ (JK-'mo\-')=I22±12
for aqueous medium.
b/=0.04 mol dm ":'

carboxylato)( tetraammine )cobalt(III) and aquapen-
tacyanoferrate(II), [(NH3)4Co02CpzFeCN51-.

E~w>E~s and E~s decreases with increasing
Xorg for all mixed solvent media (except EC + H20
for which E~s data are not available). The coeffi-
cient of E~s - E~(a3) is negative. Hence the rate
acceleration increases with decreasing solvent po-
larity. The positive correlation of In kred with Xorg
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(aI;; 1.76) might indicate specific interaction of the
cosolvent molecules with the initial state and
transition state which lead to relatively greater
destabilisation of the former.

Effect of solvent composition on activation parame-
ters, I1H" and I1S":

The activation enthalpy and entropy for fully
aqueous medium are 121 ± 4 kJ mol- 1 and
122± 12 JK-I mol "! respectively (/=0.04 mol
dm-3). These data may be compared with those
reported by van Eldik and Harris! (I1H" = 122 ± 5
kJ mol- I, !l.S" = 97 ± 18 JK - I, 1= 1.0 'mol dm - 3).
The reaction is also associated with substantially
large positive volume of activation" (!l. V" = 34 ± 3
em! mol- I, 25°C) which has a direct bearing on
the structural changes in the transition state. The
activation parameters (I1H", !l.S") are sensitive to
the nature of the cosolvent and also to the solvent
composition for a given cosolvent (see Table 2).
The plots of I1H" and !l.S" versus Xur display
extrema at relatively low molefractions of the co-
solvents. The sn: (!l.S") versus Xorg plots for
substitution reactions of several cobalt(lII) sub-
strates in the mixed solvent media also display ex-
trema39-43• This general observation is taken to in-
dicate that the solvation components of the activa-
tion parameters (!l.H", I1S") are sensitive to sol-
vent structural perturbations. It is worth noting
that I1H" versus I1S" plot is linear {!l.H" (kJ
mol-I)=87.5 (±2.7)+0.228 (±0.016), I1S"
(JK -I mol" '] corr. coeff. = 0.92} indicating that the
overall effects of solvation on these activation par-
ameters are mutually compensatory.
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