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Abstract

In the present work, the kinetics of the hydrolysis of the complex Trans-K[Cr(ox),(H;0),].3H;0 have
been studied in aqueous media at (pH = 4.7, 5.1, 5.6 and 6.3) (4=0.4 NaNO;). The hydrolysis rate was
found to be acid dependent and show a linear increase with [H'T". The activation parameters for the
reactions are (Ea;=45.77 kJ mol”’, AH¥; =43.15 kJ mol" and AS*, =-240 mol™) and (Ea,=81.21 kJ mol’
! AH%, =78.59 kJ mol” and AS*H =-13.827 mol™). The observed rate constants are in good agreement
with that reported by Kallen and Hamm for the anation of {Cis-[Cr(0x),(H,0).]'}.
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Introduction

Studies of the biochemistry of none of

the other transition metals have been as
problematic as those of chromium. The
biologically important form of chromium
is the trivalent, Cr’*. The coordination
chemistry of this ion is part of the
problem[1].
Chromium (III) (d*) center is well known
to be kinetically inert in ligand
substitution reactions[2]. This is the
reason why substitution at Cr(IIl)
complexes have received great attention,
with its similarity Co(Il) complexes.
Despite of this, there have been some few
cases in which relatively rapid reaction of
Cr(Ill) complexes has occurred. This
character of Cr(Ill) may be important as a
requirement in the achievement of its
biological role.[3-5]

The complexes of Cr(Ill) are
susceptible to hydrolysis and formation of
poly-nuclear complexes by olation[6]. The
oxalato groups of the [Cr (ox) 2(H20) 2] -
complex are normally resistant against

substitution or dissociation[7], so the
possible positions for reaction of this
complex is on the two aqua groups.

We have studied the kinetics of the
hydrolysis of trans-
K[Cr(ox)2(H20),].3H,0 in moderately
acidic solutions, also the pH effect on the
rate of hydrolysis have been determined.

Experimental
Trans-K[Cr(ox),(H20);].3H,0 has been
prepared by following (Dawson 1967)
procedure[9]. Kinetic measurements were
performed by dissolving an exact amount
of a pre-crushed Trans-K [Cr (0x) 2(H20)
,].3H,0 complex (0.0087 mol/lit) in a
thermostat distilled water that contains the
ionic strength and adjusting the pH to the
required value with an acid (HNO;) or a
base (NaOH). The solution was then
immediately introduced to the reaction
vessel, circulated in the system and the
absorbance values were recorded with
time passing.

Email: - bakhaka@yahoo.co.uk

93



(JZS)Journal of Zankoy Sulaimani, 2006, Sptember 9 (1) Part A
A sl kst (1) 6w 2006 fphoss Jlozho 3590 s U557

Kinetic studies —pimayhi—g}
Spectrophotometric rate determinations |
were followed at Apax 550 nm with a
Jenway 6405 UV-Vis spectrophotometer 0.25-
(with a modified home-made thermostat ¢
cell holder), at different temperatures and &
pHs (u=0.4 NaNOs;)( a typical plot is Fo
shown in Fig.1). 0.1]
The plots of log (Asps-As) versus time is .
linear (Fig. 2).
The observed rate constants are tabulated D ateado {00, JEny evond ZAHE
A[H]

in table (1) for different temperatures and \
{Fig.3} Effect of hydrogen ion concentration on
hydrolysis of T at40°C

y =1x10°X +0.081
R =0.9993 |

pHs with constant ionic strength (0.4M
KNO;), which are in a good agreement ———
with those values that were obtained by S .

Kallen and Hamm for the anation of Cis- Table(2) Variation of kop, with

[Cr(ox)2(H20)2 1[8] . hydrogen ion concentration.
The observed rate constant (kobs) is pH o TR En
dependent a typical plot of (kobs) versus - i
[H]" at 40°C is shown in fig (3). 4.05 11220 0.0922
The variation of the observed rate o 17783 et
constant (keps) Wwith hydrogen ion g?S Zg;ggs 888;2
concentration for the hydrolysis at 40°C &3 251180 0.1073
are illustrated in table (2). The hydrolysis [5 398107 0.124
rate (Kops) is found to be acid dependence 5.8 630957 0.1503
and show a linear increase with [H']', [6.0 1000000 0.1894
which is expressed by the following L83 1995262 | 0.3016
equation:- ,
Kops = ki [H]' + ky ------- (1) [9,10] The above equation(l) shows that the

Table (1) The observed rate constants observed rate constant kobs1 is composed
for the hydrolysis of trans- Of two path mechanism, acid dependent

[Cr(ox)2(H20),] for different rate constant (k;) and acid independent

temperatures at different pHs (p=0.4) 13 constant (k2), Wthh have the values
of (0.0811 and IxI0 7y respectively at

40°C .
Temp.® Clkqps (min')x10° at The values of both (k; & ki) have been
calculated from the slop and the intercepts
pH=4.7 | pH=5. | pH=5.| pH=6.3 | of the plots of (1/[H']) vs (kobs ) at
30 386 | 4 ;l 3 52'3 747 different temperatures (table 3).
24 59 - 10744 - The k; results represent a rate of water
35 - 73.8 B 198.4 exchange with water molecule in solvent,
40 103  [112.34| - - that is very low rate. However, k» path is
41 - - 1419 | 3164 greater by many folder of magnitude is
45 158.8 | 177 | 203 | 4235 | resemble the rate of hydrolysis of water
s . = $09.5 = substitution reaction as shown in scheme
%9 267.7 | 2806 - | 05789 (1). The activation energies for both paths
55 3994 | - | 458 | 779 o
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activation have been calculated using
Eyring equation :-

k= (ka/h) eAS"‘/R ) e-AH*/RT .

The activation parameters are tabulated in

(ki & kp) for the hydrolysis of the
complex have been determined using
Arrhenius equation:- k = A e ~EaRT

Also, enthalpies and entropies of

table( 4).

Table (3) Values of the calculated rate constants (k; & kz) at different

temperatures.
Temp. °C k; (min™) (slope) ks (min™") (intercept)
30 7x10° 0.0317
35 7.5x107 0.0614
40 1x107 0.0811
45 1.5x107 0.154
50 2x107 0.2511
55 2.5x107 0.3854

Scheme (1): Schematic diagram explaining the suggested mechanism of the

hydrolysis of trans-Cr(ox)2(Hz20)z .

— - P —_ 2-
H,Q HO
~.) _~° ‘ Keql ~ _~°
/C r\ + OH — /Cr
0 0 0 ™~
| H 2 o n H 2 6] al
k 1 H 20 * k2 H 2 O+
\j
—_ \ - - _2-
H,0 OH
0 Keq2 I 0
<O>Cr/ > + OH" e <O\cr/ >
0 1 ™~ el l o
| HO7 . L H,0¢ _
Table (4) Activation parameters for the hydrolysis of Trans-
K[CP(OX)z(H20)2].3H20 for both (k; & k’z). . .
Reaction rate Ea (KJ/mol) AH (KJ/mol) AS" (J/mol)
Path 1 45.77 + 3.89 43.15 + 3.89 -240.6 = 11.63
Path 2 81.21£2.03 78.59 £2.03 -13.82 £ 4.52
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Conclusions
The above values are in a good agreement acid hydrolysis of Trans-
with that reported by Kallen and Hamm K[Cr(ox)2(py.sCOOEt),]in aqueous

for the anation of {Cis-[Cr (0x)2(H,0),]} media[13].

with oxalate ion. Some other anation Iherefore, we conclude two reactions of
reactions of Cr(IIT) complexes have nearly ~starting compounds present in solution at
the same values of activation parameters. & pPHs range (4 - 7) and selecting
For example anation of cis-equatorial- appropriate experimental condition is
[Cr(S-pdira)(Him)]°, were [S-pdtra = (S)- important in dealing with the complex as

propylenediaminetriacetate][12], and the  starting reaction species for the synthesis
of other substituted complexes.
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trans-K[Cr(ox),(H20),]. 3H;0 $agddssdionhd oSubihils
30 e phti ) caltldis sle e
Blyic- oLuigS oalydd /sl SIS0 /i oS

dibyy

Suiagls & ishy  trans-K[Cr(0x)2(H;0)2]- 3H20 G sogdion) o o9kl oSuiialS 2ddogdistied pat
dSogdiges b i pud ( NANO; y¥pe o, € gl S50 ) 09( 1, 90,74 0,1 (4, iz dpbild oI1ed ) 12 Sbd
PIANT FYVPRTTAPLLS (FFPI [H]™ aSas Ot sk Sy & dSdgl | 3 09 dSadioghd uidisd ydwdl sdddd
(Eaz=81.21 89 (E,= 45.77 kJ mol!, AH*= 43.15kJ mol ' , AS*=-240 J mol™) ad (s
lauss IS ASES il i 3180 xS . kImol!, AHF,= 78.59 kJ mol™ , AS*,= -13.82 J mol™)
SulyleS jut 045948 Shiluss Hamm g Kallen 4 GalSilyls ol pié Gl o) a8t Sl 9840 535 0gd94S

. Cis-K[Cr(ox)2(H20)2] " so94id iz

Trans-K[Cr(0x),(H,0),].3H,0 udadlt L Jiadtl 34852 dulys
3050 JlaS sl (altiss plo dems
31 yalt ~liunayyS paldl /dsilosbant! Qaaler /pgladl A4S
Lodall
£,V ) iz apiigd! i) 43 QAL laugd! B Trans-K[Cr(ox)2(H20);].3H,0 sdall Jad 48> dulys @

(1=0.4 NaNO;)dgie 5sd g3 9( 1,¥ 90,1 98,14
) g oLl taghtitt Suted . [H'T™ o glad S Do gl 43D 9 gt argdtt ool alad Jial Ao by g
Ea,=81.21 ) ¢( “Jeadsz AST = 240 3 “Jsa. oz siss AH'; =43.15 ¢ "Joa. Joz otsS Euy= 45.77
bas Bianad! B puudt Catgd . “gpaJor AST, = -13.82 5 "sedsr SSAHY, =78.59 4 " Jax sbS
(Cis- ddaed GLscL gagpalll OMelilt ( pld g OIS ) (B (o bals Juaaludl pglll g4 quilis
. [Cr(ox)(H20)] }
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