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The kinetics of reversible formation of binuclear complex between histidinatopentaammineco-
balt(I1I) and Ni(II) has been investigated at 20-40°C, I= 0.3 mol dm ~?, [Ni(II)]=0.01-0.05 mol dm~* and
PH=15.65 10 6.84. The formation of the binuclear species occurs via [H* | independent and [H* ]~ ! de-
pendent paths, the latter arising out of protonation preequilibrium of the pendant amine function of the
histidine moiety bound to cobalt(III) by the carboxylate group. The dissociation of the binuclear species
is pH independent in the range studied. The rate and activation parameters for the formation and disso-
ciation of the binuclear species are reported. The rate limiting step in the formation of the binuclear spe-
cies is the rate of water dissociation from Ni(OH, /i *. The results are consistent with chelation of Ni(II) by
the tertiary nitrogen and primary amine group of histidine moiety.

The kinetics of reversible complex formation be-
tween cobalt(ITl) complex of the type (NH,)Col""
(where L= oxalate', picolinate’) and Ni’* have been
reported. The kinetics and equilibria of complex
formation between Ni(Il) and N-methylimidazole,
3-methylhistidine and histidine have been studied
by Letter and Jordan**. who reported that only the
neutral form of 3-methylhistidine and neutral form
of histidine react with Ni(II). The limited number of
studies on the binuclear complexes stated above
prompted us to undertake a study of the title reac-
tion, which involves interaction between multiply
charged species of the same charge type. It was
hoped that the present study would shed light on the
importance of the electrostatic interaction effects on
the kinetics and mechanism of the formation and
dissociation of the binuclear complex of Ni(Il) with
histidinatopentaamminecobalt(111).

Materials and Methods

The histidinatopentaamminecobalt(III) perchlor-
ate [(NH;)sCoLLH,)(Cl0O,),, (L= histidinate) was pre-
pared by the method of Hawkins er al.®. The purity
of the sample was checked by analysis of cobalt and
UV-visible spectral data, A,,,, nm (g, dm® mol ™'
cm ') 344(81.6), S00(68.4); literature values A
nm (e, dm*mol ' em ') 350(53.8), 501(66.97.

Solution of Ni(Il) chloride (BDH) was prepared
and was estimated for Ni’* by complexometric ti-
tration using Na,EDTA’. Lutidine and perchloric
acid (both AR grade) were used for adjusting pH.
Ionic strength was adjusted using sodium perchlor-
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ate prepared from sodium carbonate (AR) and
HCIO, (AR). Solutions were prepared from doubly
distilled water, the second distillation being made
from alkaline KMnO, in an all glass distillation still.

The pH measurements were made by a digital pH
meter, Elico model LI 120, equipped with a combi-
nation electrode model CL 51. The pH meter was
standardised against NBS buffers of pH = 4.01, 6.86
and 9.20. The pH titration of the complex showed
two neutralisation points indicating the doubly pro-
tonated form of the complex, (NH,);Co(HistH,)**
(I). A JASCO model 7800 UV-visible spectropho-
tometer was used to record the spectra.

Kinetics

The kinetics of complexation with Ni(Il) was in-
vestigated in the temperature range 20-40°C and
[=0.3 mol dm * (NaClO,). The rate measurement
was made at 310 nm using a fully automated HI-
TECH (U.K.) SF 51 stopped flow spectrophotome-
ter interfaced by an Apple II GS computer. The res-
ervoir syringes, the flow system and the reaction
chamber were thermostated to the desired tempera-
ture by circulating water from the thermostatic bath
C-85D through the cooler FC 200. The other ex-
perimental details were the same as mentioned ear-
lier’>. The observed pseudo-first order rate con-
stants were calculated by a computer program’,
which made a least squares fit of absorbance-time
data (displayed as voltage output as a function of
time) to a single exponential curve applicable for the
first order kinetics. The rate data are collected in
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a) [complex};=2.0x 10", /=0.3 moldm *, =310 nm.

Table 1 —Rate data for complexation of [[NH;);CoLH,}'* with Ni(Il)*, where L= histidinate

[Ni(ID)}y

(mol dm?)

pH
0.01
0.015
0.02
0.03
0.04
0.05
ke (dm* mol " 's~!)
k. (s™")

0.01

0.015

0.02

0.03

0.04

0.05

ki(dm*mol 's ')
k.(s™')

0.01

0.015

0.02

0.03

0.04

0.05

ki(dm’mol 's ')
k. (s™')

pH=
0.01
0.015
0.02
0.03
0.04
0.05
k;(dm?mol 's!)
k (s™')

k. (s~ ') at
20.0£0.1°C
6.78 £0.03 6.60+0.03 6.14+0.03 5.681£0.02
252+0.20 223+0.04 1.96 £0.07 1.66 +0.05
322£0.25 3.1410.08 2.5610.12 2,18 £0.10
4.1210.34 3.94%0.15 3.18+0.13 2.65+0.11
6.15+0.12 5.55%0.14 4.41+0.08 3.8410.08
8.01+0.31 7.431+0.14 5.5610.11 483%0.19
9.90%0.51 8.77x0.16 6.9510.02 5.85x0.04
185.9+37 167.3+28 125.2+0.5 104.8 +£0.9
0.56+£0.10 0.5710.05 0.6910.02 0.62£0.03
25.0x0.1°C
6.80x0.03 6.5210.03 6.06 £0.03 5.65+0.03
3.15%0.15 2.6310.04 2.21+0.04 2.02+0.03
4.36%0.12 348 £0.07 2981005 2.60x0.04
5.53%0.15 4502 0.08 3.60x0.06 3.1910.06
8.11£0.09 6.35x0.15 5.01x0.10 4.33+0.07
10.34£0.15 8.2510.08 6.3910.27 5.55£0.09
1270 £0.15 10,17 £0.13 7.7210.12 6.711£0.24
240.0£3.3 188.0t1.4 138.0%1.8 116.9£0.6
0.80 £0.09 0.731+0.03 0.86 £0.04 0.85%0.01
30.0£0.1°C
6.84+0.03 6.6510.02 6.08+0.03 5.84+0.02
525+0.14 471£0.15 3.61%0.13 3.25+0.06
7.51£0.23 6.57+0.15 485%0.12 455+0.12
981 +0.24 8.31 £0.37 6.1520.13 5.75%0.15
14.231+0.21 11.75+0.53 8.6310.15 8.15+0.23
18.31 £0.35 15.31 £0.29 11.17 £ 0.09 10.51x0.11
— — 13.78 £0.15 12.81+£0.12
4423154 352729 2533%1.0 2398%1.6
0.87+0.11 1.23 £0.06 1.06 £0.03 0.88 £0.04
40.0£0.1°C
6.84 £0.02 6.6510.02 6.08 £0.03 5841002
10.97 £0.39 9.08 £0.44 7.81£0.20 7.18x0.07
15.09 £0.54 13.14+0.45 10.65+0.35 9.731+0.28
19.12+0.84 17.09 £0.49 13651042 11.53 £0.54
2822+ 161 23.8210.87 18.24 +0.52 16.45+£0.40
36.76 £ 1.36 30.97£0.94 24094043 21.8310.21
4525%+1.76 38.431£0.38 29.52+1.38 26.64 £1.30
856.2+8.0 7266175 539.7+88 4854+54
2.33%0.14 2.1310.24 2471018 2.32£0.09
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Fig. 1—k,. (s ') versus [Ni**}; plot at 25°C {pH = 6.80 £ 0.03

(1),6.52£0.03(2),6.06+0.03(3,3.6510.03(4)

Table 1. Each value of k, reported is the mean
from at least seven determinations and its error
quoted is the standard deviation.

Results and Discussion
The observed pseudo-first order rate constants
presented in Table 1 satisfy Eq. (1),

kp.=a[Ni**|.+b ity

at a given acidity. The k,,, versus [Ni**}; plots at
different acidities were linear, gradients of which
decreased with decreasing pH (Fig. 1). Noteworthy
is the fact that the intercept ( =b) of such plots which
is ascribed to the dissociation rate constant of the
product binuclear complex, is acid-independent in-
dicating that H" does not participate in the rate li-
miting step for the dissociation of Ni** from the bin-
uclear species, (NH;);CoLNi**. The [H"] depend-
ence of the slope ( =a) of such plots must arise due
to the protonation pre-equilibrium of the cobalt(I1I)
complex. However, a general scheme consistent
with the observed rate data for the formation/disso-
ciation of the binuclear complex may be delineated
as in Scheme 1, for which &, takes the form,

Kons = k{Ni** | + k,
where

ohs

-(2)

k.= ki +(ky Ky )/[H) (3)
“(1+[HVK, +K./[H))

Table 2—Calculated rate and activation parameters for the com-
plexation of [[NH, );CoLH, |* * with Ni(Il)

Temp. 10" k3 ky, (dm? k(s ')
+0.1°C) Kqls ) mol 's ')
20,0 166.3+24.6 1006 £ 3.8 0.61 £0.05
25.0 231.7x 156 107.2+£2.6 0.81 £0.05
30.0 31232125 216424 1.01 £0.15
40.0 SORS5+299 45204112 2.31x0.12
AH"™ 629115 498+29
[kl mol !
AST 66379 —-795196
JK "mol ')
Kd
(NHs)g CoLHIt L. (NH,;SCQLH” +nt
34 ; 2+ i
(NHy g CoLH™ + Ni (0Hylg 1—-——;'—7 (NH3)sCOLNi(OH 13 + 1*
Kd, [
NH 24 . 24 k
(NH3ls Col + Ni(OH; g ‘___k_z-zz_; (NHy) Col NE{QHZ]:*
+
Hf
(L = Histidinate )
SCHEME-1
and
ke=k_,[H']+k_5 - (4)

The values of pK; and pK,, reported ealrier” are
4.6 £0.005 and 7.9 +£0.01 at 20°C. Hence the de-
nominator of Eq. (3) will essentially reduce to 1 in
the pH range 5.65-6.84, so that Eq. (3) reduces to
Eq.(5). Also Eq. (4) reduces to Eq. (6), as k, is inde-
pendent of pH in the range studied (ie. k_,,
[H*]< <k_j)
ki= ki + (ki KL;,)/[H‘I .. (5)
k.=k_s, st (6)

Values of k,, and k,, K. calculated from the slopes
of k, versus 1/[H*] plots are given in Table 2, along
wnh the values of k_,,. Theactivation parameter da-
ta based on the temperature dependence of k,, and
k _,,are also given in Table 2.

It is of interest to note that the dissociation rate
constant of the binuclear species is pH-independent.
Similar observation was made in the study of the ac-
id catalysed dissociation of the binuclear complex of
Ni** with picolinatopentaamminecobalt(IIT)?. This
suggests that both the nitrogen centres in histidina-
topentaamminecobalt(II1), susceptible to protona-
tion, are used up in binding Ni**, Furthermore, the
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small values of the dissociation rate constant, des-
pite the expected appreciable electrostatic repulsion
between the like charge centres (2 + /2 + ) suggests
that Ni*>" is chelated in the binuclear complex by the
tertiary N- of imidazole and the primary amine
function in the alkyl side chain (see Structure I).
Substantial entropy loss in the dissociation of the
binuclear complex to Ni(OH,)?* and the cobalt(III)
substrate, as reflected in the large negative value of
AS” for the process, is in keeping with the expect-

HyN —

sl
21

NHs

e
K3
0—C —CH ﬁcuz—[—l
g HN®NH
T

(1)

ed solvation demands at least at Ni* " centre when it
parts with the chelating ligand moiety. The activa-
tion enthalpy for the dissociation reaction is also
substantial (see Table 2), which suggests that the
Ni-N bond dissociation might be rate controlling®.
At 25°C the values of k,, turns out to be
1.84 x 107 dm* mol ' s ™', which is 17 times higher
than that of k ;. Since k,, and k,, paths involve spe-
cies (NH,)<CoLH** and (NH;);CoL"" respectively
the observed order of reactivity is consistent with
the rate influencing effect of the electrostatic repul-
sion between Ni’* and the cobalt(IIl) substrate
which acts against the precursor encounter complex
formation between the reactants. This is also further
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clarified when we compare the values of k,, and k,,
with the rate constants for the reaction of
Ni(OH,)?* with  histidine (neutral form)
(k=2.2x10° dm® mol ! s~ '), mono cation of histi-
dine methyl ester (k= 6.0 X 10> dm’*mol ' s~ !), and
neutral histidine methyl ester (k=2.6 X 10° mol !
s~ 1)(at 23.7°C, I=0.1 mol dm 3 (KNO,)*). The rate
and activation parameters for the water exchange
reaction of Ni(OH,)2* are k., (25°C)=3x10%s"!,
AH” =45t051 kimol 'and AS* = +2.5t0 +15
JK~! (refs 9, 10). The activation enthalpy and en-
tropy data for the k,, path suggest that water disso-
ciation from Ni’* centre of the encounter complex
is rate limiting in the formation of the binuclear spe-
cies.
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