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Abstract
In the present work, the kinetics of the hydrolysis of the complex Trans-K[Cr(ox)2(H2o)z]'3Hzo have

been srudied in aqueous media at (pH:4.i,5.1;5.6 and 6.3) _(trr:0-4 
NaNO3)' The hydrolysis rate was

found to be acid dependent and show a linear increase witn [U*1-'. The activation parameters for the

reactions are (Ear45.77 kJ;;l',;ft*, =+:.tS kJ mol-r and ASlr = -Zna J mo1-1) and (Eaz=81'21 kJ mol'
ilHi;=tg.59 r.j *or t and ASf2 : -i:.az J mol-t). The observed rate constants are in good agreernent

with that reported by Kallen and Hamm for the anation of {Cis-[Cr(ox)z6zOh]-]'
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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[C(ox)z(HzO)z].3HzO in moderately

urldi" solutions, also the pH effect on the

rate of hydrolysis have been determined'

Experimental
Trans-K[Cr(ox)2(F12o)z].3HzO has been

prepared by following (Dawson 1957)

procedure[9]. Kinetic measurements were

perfonned by dissolving an exact amount

of u pt*-.*shed Trans-K [Cr (ox) a(HzO)

zl.3HzO complex (0.00S7 mol/lit) in a

thermostat distilled water that contaitis the

ionic strength and adjusting the pH to the

required value with an acid (HNO3) or a
baie $IaOH). The solution was then

immediately introduced to the reaction

vessel, circulated in the system and the

absorbance values were recorded with
tirne passing.

Introduction
Studies of the biochernistry of none of

the other transition metals have been as

problematic as those of chromium. The

biologically irnportant form of chromium
is thi trivaleni, Cr3*. The coordination
chemistry of this ion is Part of the

problem[1]
Chromium (nD (d') center is well known
to be kinetically inert in ligand
substitution reactions[2]. This is the

reason why substitution at Cr(III)
complexes have received great attention,
with its similarity Co(III) complexes.

Despite of this, there have been some few
cases in which relatively rapid reaction of
Cr(II! complexes has occurred. This
character of Cr(III) may be important as a

requirement in the achievernent of its
biological role.[3-5]

The complexes of Cr(III) are

susceptible to hydrolysis and formation of
poly-nuclear complexes by olation[6]. The

oxalato groups of the [Cr (ox) z(HzO) z] 
-

complex are normally resistant against
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Kinetic studies
Spectrophotometric rate determinations

were followed at Lma* 550 nm with a

Jenway 6405 UV-Vis spectrophotometer
(with a modified home-made thermostat

cell holder), at different temperatures and

pHs (p:0.4 NaNO:)( a tYPical Plot is
shown in Fig.1).
The plots of log (AorrAt) versus time is
linear (Fig. 2).
The observed rate constants are tabulated

in table (1) for different temperatures and

pHs with constant ionic strenglh (0.4M
KNO:), which are in a good agreement

with those values that were obtained by

Kallen and Hamm for the anation of Cis-

[Cr(ox)2(Hzo)z ][8] .

The observed rate constant (ltuur) is pH

dependent, a typical plot of (k u.) versus

[H*]-' at 40oC is shown in fig (3).

The variation of the observed rate

constant (i<"u') with hydrogen ion
concentration for the hydrolysis at 40oC

are illustrated in table (2). The hydrolysis
rate (ltuus) is found to be acid dependence

and show a linear increase with iH*]'l,
which is expressed by the following
equation:-

t{on. = kr [H*l-' + k2 -------(1) [9,10]
Table (1) The observed rate constants
for the hydrolysis of trans-

[Cr(ox)2(HzO)zl- for different
temperatures at different pHs (g,= 0.4)

oa$

y =fi1d,x +0.081

f =0.9993

0 sooooo 1000000 15o0ooo 2000000 2500000
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I

(Flg.3l Effect of hydrogen lolr concentration on' I

hydrolFit of T at4{rc 
I

Table(2) Variation of kor. with

hydrogen ion concentration.

pH IH*]-' kob,

4.05 r22A 0.0922
4.25 17783 0.087

4.85 70795 0.0873

5.1 125893 0.0953

5.4 251 '189 0.1073

5.6 3981 07 0.124
5.8 630957 0.1503

6.0 1000000 0.1894

6.3 1995262 0.3016

The above equation(l) shows that the

observed rate constant kourr is composed

of two path mechanism, acid dependent

rate constant (k1) and acid independent

rate constant (k2), which have the values

of (0.0811 and 1x10-7) respectively at

400c.
The values of both (kr & k2) have been

calculated from the slop and the intercepts

of the plots of (UFfl) vs (k655 ) at

different temperatures (table 3).

The kr results represent a rate of water

exchange with water molecule in solvent,

that is very low rate. However, k2 path is

greater by many folder of magnitude is

iesemble the rate of hydrolysis of water

substitution reaction as shoun in scheme

(1). The activation energies for both paths

0.35
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Temp.oC koo, {min'1}x{03 at

pH=4.7 pH=5.
1

pH=5.
6

pH=6.3

30 38.6 41.3 55.3 174.7

34 s9 074.1
35 73.8 198.4

40 {03 112.34
41 141.9 316.4
45 {58.8 177 203 423.5

48 309.6
50 257.7 280.6 0.575.9
55 399.4 458 779
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activation have been calculated usmg(kr & kr) for the hydrolysis of the
complex have been determined using
Arrhinius equation:- k: A e-Ea"Rr

A1so, enthalpies and entropies of

Evrins equation :-

[: r[orlrrl east/R. e-aH*rRr.

The activation parameters are tabulated in
table( 4).

Table (3) Values of the calculated rate constants (kr & k, at different
tures.

Temp. oC kr (min-t) (slope) kr (min'') (intercePt)

30 7x10'o 0.0317

35 7.5x10'o 0.0614

40 1x10'' 0.0811

45 1.5x10-' 0.154

50 2xl0-' a.2511

55 2.5x10-' 0.3854

scheme (1) : Schemffiffi 
;*"::i jffi:#ed mechanism or the

[cfj <)] 'H Kq-ir*l elL ',1 ') - L' H,o

k'| 
I 
n'o* k'J ''o-

[*:ie] 'H i-- Lr:F'l

a

Table (4) Activation parameters for the hydrolysis of Trans-
Cr(ox),(HrO for both (kr &
Reaction rate Ea"(KJ/mol) AH- (KJ/mol) AS'(Jlmol)

Path 1 45.77 * 3.89 43.15 r 3.89 -240.6 + 11,63

Path2 81.21*2.03 78.59 *2.43 -13.82 * 4.52
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Conclusions
The above values are in a good agreement
with that reported by Kallen and Hamm
for the anation of {Cis-[Cr (ox) z(HzO) z]"]
with oxalate ion. Some other anation
reactions of Cr(IIf complexes have nearly
the same values of activation parameters.

For example anation of cis-equatorial-

[Cr(S-pdtra)(Him)]0, were [S-pdtra : (S)-
propylenediaminetriacetate] [ 1 2], and the

acid hydrolysis of
K[Cr(ox)2@y. gCOOEt)z]in

Trans-
aqueous

media[13].
Therefore, rve conclude two reactions of
starting compounds present in solution at

a pHs range (4 - 7) and selecting

appropriate experimental condition is

important in dealing with the complex as

starting reaction species for the synthesis

of other substituted complexes.
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