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Abstract The kinetics of the reactions between azido-
pentacyanocobaltate(ITl), Co(CN)sN3" ~, and iron(Il) poly-
pyridyl complexes, Fe(LL);>" (LL = bipy, phen), have
been studied in both neutral and acidic aqueous solutions at
I'=0.1 mol dm™ NaCl. The reactions were carried out
under pseudo-first-order conditions in which the concen-
tration of Fe(LL);** was kept constant, and the second-order
rate constants obtained for the reactions at 35 °C were
within the range of 0.156-0.219 dm” mol™" ™" for LL =
bipy and 0L090-0.118 do’ mol™"' 57! for LL = phen.
Activation parameters were measured for these systems. The
dependence of reaction rates on acid was studied in the range
[H*] = 0.001-0.008 mol dm ™. The reaction in acid med-
ium shows interesting kinetics. Two reactive species were
identified in acid medium, namely, the protonated cobalt
complex and the azido-bridged binuclear complex. The
electron-transfer process is proposed to go by mixed outer-
and inner-sphere mechanisms in acid medium, in which
electron transfer through the bridged inner-sphere complex
(ks) 15 slower than through the outer-sphere path (k).

Electronic supplementary material  The onling version of this
article (doi:10 TO07/411243-009-9220-1) contains supplementary
material, which is available o authorized users.

G. 0. Ogunlusi (&) - 1. Ige - 1. F. Ojo

Department of Chemistry, Obafemni Awolowo University,
lle-1fe, Nigeria

e-mail: rogunlusi2003 @ yahoo.co.uk

0. A Oyetunji
Department of Chemistry, University of Botswana, Gaborone,
Botswana

Introduction

Electron-transfer reactions have been extensively studied
due to their wide applications to different fields of chem-
istry [1-5]. In our earlier papers [6, 7], we reported the
formation of ion-pairs in the reactions of CU(CN}_sX:;_
(X = CI, Br, I) with Fe(phen};;z*' in aqueous acidic medium
and the protonation of these halo-pentacyanocobaltate(IIT)
complexes. So far, our investigations on the reactions of
these halo-pentacyanocobaltate(Ill) complexes have pre-
sented very interesting results [6, 7] because of the rela-
tively high protonation constants and ion-pairing constants
of the cobalt complexes with the polypyridyl iron(Il}
complexes. The chemical reactions of the pentaamine
complex, Co(NH;)sN;** [8, 9], have been extensively
studied, but so far, studies on the analogous azido-penta-
cyanocobaltate(IIT) have been limited to crystallography,
infrared and Raman spectra [10-12] and very scanty data
have been reported on its chemical reactions [13, 14]. The
redox partners Fe(LL);>" and oxidant Co(CN)sN5*~ stud-
ied here are oppositely charged with a priori facilitation of
ion-pair formation by electrostatic attraction. Here, we
report the formation of a spectroscopically observable
intermediate involving a bridging azide ligand. In addition,
the protonation of the cobalt complex and the effects of ion-
pair formation were studied. The ion-pair formation con-
stants involved in the electron-transfer processes between
the Fe(Il) complexes and Co(CN)sN;*~ and the protonation
constant of the cobalt complex have been determined.

Experimental

Fe(bipy)s(ClO,); and Fe(phen);(ClO4); used were syn-
thesised as reported earlier [15]. These complexes were
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characterised by their UV/visible spectra. Fe(bipy)s™*
showed maximum absorbance at 522 nm (&= 858 x
10° M~! cm™"), while Ft‘(pht‘ﬂ};;?-'— showed maximum
absorbance at 510 nm (& = 1.09 x 10° M~ em™"). These
values are in good agreement with those reported earlier
[16]. K3Col(CN)sN; was prepared from [Co(NH3)sN5]Cl,
using the method of Wilmarth [17]. [CO(CN)sN4 7~ gave a
strong peak at 380 nm (¢ = 600 M~" em ™). Elemental
analysis for this complex was performed on a Vario EL
Elemental analyzer. Anal.; Found: Co, 16.5; C, 16.9, N,
31.7; Caled.; Co, 16.9; C, 17.2; N, 32.2; Co was deter-
mined using atomic absorption spectroscopy. These results
show excellent agreement with calculated and literature
values [18]. Hydrochlorie acid (Rieldel-deHaén) and
Sodium chloride (BDH) were Analar grade.

All kinetic runs were performed under pseudo-first-order
conditions with the concentration of the oxidant in large
excess over that of the reductant. The kinetic data were
obtained by monitoring the change in absorbance of the
iron(I) complexes at Amay 522 nm [for Fe(hip}']l;;g"_] and
510 nm [for Ft'(pht'n};;2+] using a Shimadzu UV-2501 PC
spectrophotometer. The constant temperature for all kinetic
runs was maintained within £0.1 °C in the cell compart-
ment using a TCC 240A Pelder temperature controller.
Cells of 1 em path length were employed in all the studies.
Deionised water was used for the preparation of all solu-
tions. All reactions were monitored at 35.0 = 0.1 °C
except for the temperature dependence experiments. Tonic
strength was maintained at 0.1 mol dm™ using NaCl.
Duplicate kinetic runs were carried out and the results
agreed to within 5% precision.

Results and discussion

The observed rate constants (kons) were obtained from the
slope of plots of InfA—A_ ) against time. The plots were
linear to more than four half lives with R = (.98, Second-
order rate constants were obtained by dividing ko by the
concentration of Co(IIT} complex.

The effect of ionic strength on the reactions was
investigated in neutral medium over the range [ = 0.005-
0.200 mol dm ™ using NaCl. The results show a decrease

Table 1 Table of thermodynamic activation parameters and K, values

in the rate of reaction for both Fe(Il) complexes as ionic
strength increases. The temperature dependence was stud-
ied at 27.5, 32.0, 37.0, 40.0 and 45.0 °C. Plots of In(k+/T)
against I/T were linear (v = —14.963x + 41.07, R =
0.990; y = —14569x + 39.35, R* = 0.997 for LL = bipy
and phen, respectively) from which AH*, and AS* were
obtained. AG* was caleulated from the values of AH* and
AS*. Plots of Inks against 1/T which were also linear with
negative slopes (v = —15271x + 47.80, R* = 0.991;
y = —14873x + 46.07, R* = 0.997, for LL = bipy and
phen respectively) from which E, and A-factor values were
calculated. The activation parameters calculated for these
systems are shown in Table 1.

The variation in k,,, was investigated in neutral agueous
medium in the concentration range [Co(CN)sN5 ] =
2.667 x 1077 — 1.00 x 10™* mol dm ™
trations of iron(Il) complex. ky, was approximately
constant at [Co(CN)sN; 7] = 7.00 x 1077 and 8.667 x
10~ moldm™ for the oxidation of Fe (hipy};f"' and
Fe(pht'n};;?+. respectively (Fig. 1). The stoichiometry was
ascertained for each reaction from the amount of the
reductant consumed, caleulated from its peak absorbance,
under the conditions of two- to threefold excess of the
oxidant. Stoichiometry of both reactions (LL = bipy,
phen) was found to be 1:1. The rate law for the reaction in
neutral agueous medium, comresponding to the mechanism

at fixed concen-

Fe(LL),"" + [Co(CN)X]'~ b Fe(LL); ", [Co(CN) X~
(ion pair)

Fe(LL),2*, [Co(CN)XI*~ % Products

is given by
ky Ky [Co(CN) X]*~
1 + Kip[Co(CN)$X]*~

Plots of 1/ky, versus 1/JCo(CN)sN;*~] were linear
(v = 4.0456n + 320.08, R* = 0.979;y = 7.9734x + 73.576,
R* = 0.995 for Fe(bipy)s"" and Fe(phen)s*"). The Ki, val-
ues obtained from the slopes are 79.12 and 9.23 dm” mol ™'
and k, values obtained from the intercepts are 0.0136 and
0.00312 dm® mol™" s for the reactions of Co(CN)sN;*~
with Fe(bipy)s®" and Fe(phen)s*, respectively.

Cobs =

Redox system AH® (kI mol™"y  AST (Jmol 'K AGE (K mal™"y  E, (k) A Kip (dm® mol™")
Fe(bipy)™ CoCN)sNy'™ 41244 4+ 1.7 +1438 £1.3 +8154+ 05 1269 £ 19 5.6x 1077 791
Fe(phen), " ColCNIN™  +121.0 £ 1.3 +1293 £ 19 +825 4 06 1231 £ 1.1 1L.0= 10°° 92

Felbipy)y™ 1 = 1179 3 1077 mal dm ™, [Fe(phen),™ ] = 100 » 107° mol dm ™, = 0.1 mal dm ™, [ColCNisN,' 7] = 800 x 107 mol dm™

Approprate expenmental data plots from which the parameters in this table were obtained are not shown but are available as supplementary data
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Fig. 2 Typical decay curves for the reaction of H;fphcn)gl_ with mol dm™, C: [HT] = 0.004 mal dm™, D: [HT] = 0.008 mol dm™.

Co(CNy;Ny ™ in the presence of acid, [Fcfplmn)f“l =100 x 1077
mol dm ™, 7=0.1 mol dm™ [Co(CN)sNy 7] = 8.00 % 107" mol
dm™, T'= 350 °C; A [H] = 0.001 mol dm™, B: [H"] = 0.002

The reaction in aqueous acidic medium was investigated
in the range [H*] = 0.001-0.008 mol dm™" using HCI
while maintaining the ionic strength at 0.1 mol dm™ with
NaCl. The decay curves showed an initial decrease in

Instrument was programmed to record absorbance every 2 s interval,
Not all the data are shown here because of crowding

absorbance followed by an increase prior to electron
transfer, in the final decay curve. This behaviour was not
observed in neutral aqueous medium. The typical decay
curves showing the formation and decomposition of the
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Fig. 3 Typical decay curves for the reaction of H:fbipy)gl_ with
CofCN)sN+*~ in the presence of acid, [Fe(phen)s™ ] = 100 x 1077
mol dm™, 7 = 0.1 mol dm™ [Co{CN)sNa* 7] = 8.00 x 10 mol dm™,

T=350°C, A: [H] = 0002 mol dm_i, B: [HT] = 0.008 mol dm™.
Instrument was programmed Lo record absorbance every 2 s interval.
Not all the data are shown here because of crowding

Fig. 4 Typical plot of In A 24 . .
against time for the inital

a
decrease in the absorbance—time -2.42 A

decay curve for the reactons of
Fe(phen)s ™ with Co(CNjsNa"~

-2.44
-2.46
-2.48

< 25

T .2.52
-2.54
-2.56
-2.58

-2.6

-2.62

intermediates are shown in Figs. 2 and 3. The specific rate
constants for the observed three-stage process in the
absorbance—time profiles were obtained using the method
of inital rate. In order to avoid interferences from the
various phases, data points at the onset of a new phase were
not used. Not less than 20 data points were used for the first
and the last phases. For the formation of the inner-sphere

Time (s)

phase, there were fewer data points because the phase is
shorter in time. Howe ver, not less than 10 data points were
used for this phase. The correlation coefficients for all
absorbance—time plots were never less than 0.98. The
graphs of In A against time were linear with R > 0.98
{(Fig. 4). The specific rate constants obtained are summa-
rized in Table 2.



Transition Met Chem (2009) 34:483-4491 487

Table 2 Specific rate constants for the inemnediate formation and electron-transfer process

[H™] (mol dm™) Fc(hip)')il_ Fcfptmn)ﬁl_

by (A mol™' 57k, (dm® mol ™! 57 100 ke (7Y kg idm® mol™ &7 ke idm® mol™! &7 10% ks (57"
0.001 0.225 0075 1.560 0.338 0.038 1.098
0.002 0.563 0100 L.486 0.838 0.075 1.205
0.004 0.675 0163 1.560 L.O75 0.138 1.153
0.008 1000 0187 1.542 1.638 0.163 1.125
Fe(bipy)a™ ] = 1.179 x 107 mol dm™, [Fe(phen):® | = 1.00 % 107% mol dm™, 7 = 0.1 mol dm ™ [ColCN)sN2*7] = 8.00 x 107 mol dm™,
T=1350"7C
Discussion approach the Cof(Ill) center more closely due to reduced

Reaction in neutral agueous medium

The saturation kinetics observed when k. was plotted
against [Co(I1D)] suggests the formation of an ion-pair, non-
bridging, transient precursor complex between the reactants
prior to the electron-transfer process in neutral agueous
medium (Fig. 1). A non-bridging intermediate is expected
from reactants that are inert to substitution. lon-pair for-
mation is facilitated by the opposite charges on the redox
partners. These observations are also characteristic of an
outer-sphere reaction mechanism. The ion-pair formation
process 18 a necessary pre-equilibrium to give a reactive
intermediate in the two redox systems studied. Plots of kops
versus [oxidant] are similar to those obtained previously for
the halopentacyanocobaltate(IIT) complexes [6]. Both Fe(IT)
complexes are known to be inert to substitution due to the
non-availability of a co-ordination site for inner-sphere
precursor complex formation. Outer-sphere mechanisms
have been established for reactions of some polypyridyl-
iron(IT) complexes with Cr(IV) [19] and Co(IIT) [6, 20-22].
The first-order aquation rate constants obtained for
Ft‘(pht'n]l;;2+ and Fe(bipy )=+ at 35 °C are much smaller than
the electron-transfer rate constants for their reactions with
Co(CN)sN5* (ie. kyq <€ ky). This observation together
with linear plots [23, 24] of 1/kgps versus IJ'[CU(CN}_sN;.;:i_]
supports the postulate of an outer-sphere redox pathway.
These profiles are also true for a mechanism involving the
formation of a “dead-end™ species as discussed below.
Electron-transfer rates for 1-70;'{1')i}')3-')_;2+ reactions with
the Co(IIl) complex are generally faster than those of
Fe(phen);™", as expected from free energy considerations,
since Fe (hipy};;z+ is a more powerful reductant considering
their redox potentials. Ion-pair formation constants are
affected by factors such as size of the anion and size of the
complex ions [25]. Increase in the size of complex there-
fore results in decrease in the ion-pair formation constant.
Variation of K, is due to the bulkier and more rigid
Ft‘(pht'n]l;;z"' compared to Fe(bipy )3>+. The larger Kip
obtained for Fe(hipy]l;f*' shows that Fe(bipy )37+ is able to

steric hindrance when compared with Fe(phen};f*'. This
enhances the transfer of an electron from Fe(hipy};;z+ to
Co(CN)sN;* . This is also reflected in the larger A-value
obtained for the reaction of Fe(bipy)s™" (Table 1). Rela-
tively large jon-pair formation constants K, obtained for
both reaction systems indicate the presence of strong
electrostatic attraction between the oppositely charged
reacting species, comparable with earlier results [20, 21].
The possibility of a “dead-end”™ mechanism can be
excluded. For the reaction to follow a “dead-end™ mech-
anism would require

Fe(LL),*" + [Co(CN),N,]"" & D

Fe(LL),*" + [Co(CN),N;]*™ -2 Product
where D is the dead-end adduct and

ks [Co(CN) N3]
I 4 K1 [Co(CN)sN3*~ ]

l('uhe; =

K, values calculated from this mechanism are identical with
Kip but k5 values (0.125 and 0.247 dm® mol™" s} for the
bimolecular electron transfer are much higher than k,
(0.0136 and 0.00312 dm® mol~™" s~ for the intramolecu-
lar electron transfer within the ion pair. However, the nature
of D is not chemically known or reasonable since both
reactants are inert to substitution. Therefore, for chemical
reasons, the ion-pair complex is preferred. The non-obser-
vance of an induction period within the response time of the
equipment used is due to the spontaneous formation of the
ion pair, as expected from the positive K, values.

The ionic strength dependence study for these redox
systems shows a decrease in the rate of reaction as the
concentration of NaCl increases, indicating that the react-
ing species carry opposite charges in the activated com-
plex: ZaZp is therefore negative and increase in ionic
strength will result in decrease in the rate of reaction. The
addition of NaCl will necessarily reduce the electrostatic
attraction and increase the distance of closest approach
between the ion pair. This will in turn reduce the rate of
electron transfer, in agreement with the experimental data.
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The redox reactions were studied at different tempera-
tures. Erying’s plot of In(ko/T) against 1/T (where k; is the
specific rate constant for the intramolecular electron-
transfer step within the ion-pair) was linear. The values of
the A-factor and E, were obtained from the corresponding
Arrhenius plot. The results show that AH* is positive for all
the reactions, indicating that the activated complexes are
endothermic. The large positive AS* values imply that the
activated complex is more disordered than the initial states
of the reactants. Larger AS* values for Fe(bipy);®" can be
explained by the flexibility of Fe(bipy);™" in contrast to the
more rigid Fe(pht'n]l33+ forming a more disordered acti-
vated complex in the transition state of the former [26].
These reactions are kinetically and thermodynamically
controlled. AG#* is essentially constant; the large AS*
values are compensated for by AH*. The large values of A-
factor obtained show the presence of a strong electrostatic
force of attraction between the redox partners involved in
the reactions. The thermodynamic parameters obtained are
comparable to those reported earlier for the reactions of the
halopentacyanocobaltate(IIl) complexes, which also pro-
ceeded through an outer-sphere mechanism [6].

Reaction in agueous acidic medium

The absorbance—time profile for reactions of the Fe(Il}
complexes with azido-pentacyanocobaltate(TIl) complex
are triphasic (Figs. 2, 3). The observed minimum and
maximum in these absorbance—time decay curves suggest
two reactive species, assigned to the protonated cobalt

complex and the bridged binuclear complex as indicated in
the reaction scheme below. Initially, we thought the
intermediate species were a result of possible simultaneous
protonation of the azido and cyano ligands of the azido-
pentacyanocobaltate(Ill) complex before the electron-
transfer process. Previous study by Staples [27] on some
complexes of Co(IIT) and Rh(IIl) showed high ionization
ratio for the protonation of azido complex of Rh(III}.
However, protonation rates are observed to be faster than
the observed span of about 400 s in the present study. If the
protonation time was up to 400 s, then it should be
observable. Separate experiments carried out in the present
study showed that protonation is indeed fast and not
measurable by conventional technigues.

Investigation on the protonation of Co(CN)sN5*~ was
carried out as previously reported [6, 28]. Typical spec-
troscopic evidence is shown in Fig. 5 for two acid con-
centrations. The full range of data which covered the
concentration range [H*] = 0.00-0.10 mol dm~— is plot-
ted in Fig. 6. The molar absorbance decreases with
increase in the concentration of acid with complete pro-
tonation at 0.025 mol dm=" HCI.

The protonation step can be represented by:

p
Co(CN)N3*~ + 2H* = CoN3(HCN),(CN),~

The protonation constant K}, is given as
_ [CoN3(HCN),(CN}); |
P Co(CN) N, T

As in previous study [6],

Fig. 5 UV-vis spectra of 0.2
Co{CN)sN+ ™ 1o the absence of
acid and u.l twao acid . 0.18 4 A
concentrations. A: no acid, ety
B: [HT] = 0.006 mol dm™ and oe® *.
C:[H7] = 0.02 mol dm ™ 0.16 1 .,
B -
014 Taa®vus *
Cc Y.,
0‘12_11“'111. L -
. L .
§ 0.1 1 e *
n - .
- .’
0.08 Lt o,
A .. -
. . .
0.06 "‘. .t
.l.‘ -. .
0.04 RSN
hal ."0
- .. -
0.02 | i,
tali
Il“"“llla;..uu“'
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Fig. 6 Protonation curve 650
showing the variation of the L
molar absorbances of 800
[Cuf(fl\')jl\'ﬁﬂ_l with acid
concentrations 550 _Ll
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S 400
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| ]
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(where a, ap, and ap are the concentrations of acid, un-
protonated complex and protonated complex, respectively.
A = final absorbance of the unprotonated complex and
& = molar absorbance of the unprotonated complex). The
protonation constant of 3.34 x 10° mol® dm® obtained for
the two cyano ligands capable of protonation is within the
range of those previously reported for the series
Co(CN)sX*™ which are 1.22 x 10°, 7.33 x 10°, and
9.90 x 10% mol* dm® for X = Cl, Br, and I, re spectively,
[6] confirming that the same cyano groups rather than the
azido group were protonated.

The proposed mechanism for the reaction in acid med-
ium is shown below:

Fe(LL)," +aq. & Fe(LL),(H,0),>" +LL (1)

Co(CN)N3*~ + 2H* &2 CoNy(HCN),(CN), (2)

CoN3(HCN), (CN),~ + Fe(LL), (H:0),*"

8¢ [(LL), (H,0)Fe - - - NyCo(HON), (CN),]~ (3)
(1SC)

CoN3(HCN),(CN); ™ + Fe(LL),*" X, Products (4}

[(LL),(H,0),Fe---N3Co(HCN),(CN),]~ ., Products (5)

Overall rate is then given by

[H4] (mol dm-3)

Rate = ky[Co2H][Fe(LL),”"] + ks[1SC]
(kaKy[LL] + ks KiscK,Kq)[Co] [Fe] [H*]?
[LL] + Ky + Kisc Ky Kq[Co] [H*

assuming equilibrium 3 to be far to the right and character-
ized by Kjge, where LL = Phen or bipy: Co2H = CoNj;
(HCN),(CN);~; Co = Co(CN)sN5 ~; Fe = Fe(phen);** or
Fe(bipy)s>" and ISC (inner-sphere complex) = [(LL)x(H20)
Fe -+ N;Co (HCNL(CNJ)s]™.

Equilibrium 1 is slow with a forward rate of
4.56 % 107" and 4.06 x 107* s~ for LL = bipy and phen
respectively at 0.01 mol dm™ and ionic strength of
0.10 mol dm ™. The specific rate constant for the initial
decrease in absorbance (kg) represents the outer-sphere
electron transfer involving the protonated cobalt complex.
The specific rate constant (k) for the subsequent increase
in absorbance corresponds to the formation of the azido-
bridged binuclear intermediate (ISC) in step 4, and the
specific rate constant for the final decrease in absorbance
(ks) represents the electron transfer following the formation
of the bridged intermediate. These rate parameters are
indicated in Table 2. The proposed structure for the ISC 1s

e
N\ /N HNC /C’NH
H0 —/Fe\ N-N-N —— Co CN
N N
- CN CN

Azide has been shown to be a good bridging ligand in
some previously reported electron-transfer studies [29, 30].
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Davies and Espenson [31] reported that Co(CN)s N3~
reacts with V(II) via an inner-sphere mechanism in the
presence of acid. The intermediate in that case could not be
isolated due to the fact that the Co(Ill) complex was in
large excess in the reaction systems. The same condition
obtains in the present study due to the low extinction
coefficient of the cobalt complex. These observations fur-
ther support reaction step (4) as accounting for the initial
decrease in absorbance observed in Figs. 2 and 3 while step
(3) is responsible for the increase in absorbance that fol-
lows the formation of an inner-sphere complex with an
azido bringing ligand. Additional evidence for the above
mechanism comes from the additon of phenanthroline
which is observed to inhibit the reaction in agreement with
the proposed rate law. We did not observe N5~ attached to
Fe in the final product. We suspect that this species may be
highly labile in acid.

One would expect that the symmetry of Ni~ as a
bridging ligand in [(HCN)(CN);CoN-N-N ... Fe(LL),
(H,0)]* should make CafHCN)2(CN)sN5~ a more efficient
oxidant over the outer-sphere counterpart [Co{HCN ), (CN)4
N;~, Fe(LL);**]. However, our data shows that the electron
transfer is more efficient in the latter, perhaps, due to
electron tunnelling via the solvent molecules.

The forward reaction in step 3, characterized by k_, is
catalysed by acid. The concentration of ISC increases with
acid due to the protonation of the ligand LL which further
drives the equilibrium 1 to the right via

LL+H* «~ LL-H"

and hence makes more of the dissociated Fe(Il) complex
available for azide bridging. The protonation of both
bipyridine and phenanthroline is well established in the
literature [21] and has been proposed as an explanation for
the lability of Fe(LL);™ in acid.

At high acid concentration, there is more reaction
through ISC since the concentration of this intermediate
becomes higher with increasing [H'] (Fig. 2). From the
rate law,

_ [kaKy[LL] + ksKiscKa][Co] [H]
™ T LL] + Ky + KiscK,Ky[Col[H'?

2

Under this condition,
KiscK,Kq[Co][H' [ >> [LL] + K,
and R‘_l; KISCKd el kq,Kp [LL]

Hence, the limit Ay, = ks at high acid concentration
indicating the reaction is essentially through the inner-
sphere pathway.

The reaction of the ISC is a unimolecular process
involving intramolecular electron transfer and should
therefore be independent of acid, in agreement with the

observed data (Table 2), where ks is approximately
1.540 x 107* s7" for bipy and 1.103 x 107 s™" for phen.
On the other hand, reaction step 4 is bimolecular and
dependent on the protonation of the cobalt complex in step
2. Hence, k4 should be significantly acid dependent again in
agreement with the experimental data which show that ks
increases with [H]. The higher reactivity of the protonated
cobalt complex is in conformity with our study on similar
systems [7, 32]. The constant &, is the forward rate constant
for Eq. 3 for the formation of ISC. The formation of ISC is
catalysed through shifting equilibrium (1) to the right by
removing the dissociated ligand (LL) as shown above. & is
acid dependent, in agreement with the observed data. The
bulkier Fe(phen};f*' complex means that the distance of
closest approach before electron transfer will be longer
than that for Fe(hip}-'}33+_ This steric factor ensures higher
ks values for the electron-transfer reaction of the latter. The
same effect is observed in neutral medium as indicated
earlier.
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