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ABSTRACT

The kinetics of the formation of 1:1 complex of chromium (I11) with
ethylenediaminetetraacetate (EDTA) was followed spectrophotometri-
caly atl__ =552 nm. The reaction was found to be first order in chro-
mium (I11). Increasing the edta concentration from 2.2x102 to 8.8 mol
dm® accelerated the reaction rate. Increasing the pH from 3.3 to 4.7
also accelerate the reaction rate, while the reaction rate was retarded by
increasing ionic strength and dielectric constant of the reaction medium.
A mechanism was suggested to account for the results obtained which
involves ion pair formation between the various species of the reac-
tants. Value of 37.1 + 3 kJ mol* was obtained for the energy of activa-
tion and -195.6 + 6 K* mol* for the entropy of activation indicate an
associative mechanism for the reaction. The logarithms of the forma-
tion constant of 1:1 complex formed were found to be 7.31.
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INTRODUCTION

Inligand substitution reactionswhich represent a
major typeof inorganic processes, oneor moreligands
around a metal ion are replaced by other ligands.
Chromium (1) isclassicaly known asasubstitution-
inert metd ion@.

Aminocarboxylate chelating agents complex
strongly with most metals, thus altering metal
bioavailability and mohbility intheenvironment'®. These
compounds are widely used for industrial, medical
and agricultural purposes**?, These compoundsare
used aslaundry detergent builders, boiler scalein-
hibitors, inmetal plating and cleaning operations, in

textilemanufacture, and in paper and celluloseindus-
tries. Itiswell known that Edtaisamember of the
aminocarboxylaefamily.

Although the experimental system and reaction
studied hereisvery simplein nature, elucidation of
the mechanism inthismode system hasimplications
for avariety of more complex homogeneous and het-
erogeneous phenomenainvolving metal—organic com-
plexes(e.g., metal ion transport, bioavail ability, and
toxicity).

Thisstudy deal swith the kinetic of complexation
of chromium (111) with edtain weak acid solution. The
study involvesfactors affecting the rate of reaction.
Theformation constant of the studied complex isaso
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measured.
EXPERIMENTAL

All chemicalswere of pure grade and were used
without further purification. Stock solution of (0.1mol/
dm) of hexa-aguachromium (111) was prepared by dis-
solving CrCl, inbidistilled water and | eaving the solu-
tionfor 48 hoursat 45 °C, where upon green color of
CrCl, changedto blue color of aguachromium (1)1,
All solutionswere prepared using bidistilled water. The
absorbance measurements were performed using
thermostatted 292 Cecil spectrophotometer and pH
measurementswere conducted with Griffin pH meter
fitted with glass-cd omel dectrode standardized by po-
tassium hydrogen phthal ate.

Kinetic experiments were conducted by mixing
thermostatted solutions of chromium (111) with edta
solution and adjusting hydrogen ion concentration to
therequired value with potassium hydroxide or per-
chloric acid. lonic strength was adjusted by sodium
perchlorate solution. Thesolution wasthen introduced
into the reaction vessel, which was previously
thermostatted to the desired temperature and there-
action wasfollowed spectrophotometrically at 4 =
552 nm for the complex formed. The reaction rate
was followed under pseudo first order conditions
whereat |east ten fold excess of theligand concentra-
tion over thereactant chromium (I11) concentration
was always ensured. Val ues of the observed first or-
der rate constant, k ,_, were determined graphically
for each run by plotting log (A _-A)) versustime, t,
whereA denotes the measured absorbance and the
subscriptsrefer to time of reaction. The absorbance
(A) wasobtained directly after ensuring completion
of thereaction. First order plotswerelinear for more
than 85% of the reaction progress.

RESULTSAND DISCUSSION

Thereaction wasfound to befirst order in chro-
mium (I11), the observed first order rate constants, k
did not vary with chromium (111) concentration, TABLE
1 ensuring first order kineticsinchromium l11).

Theeffect of varying edtaconcentration, at differ-
ent pH valueson therate of reaction wasalso studied,
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TABLE 1 and aplot of thefirst order rate constant,
K. @Jainst edtaconcentration was nonlinear, Figure
1, indicating formation of ion pair,

Increasing theionic strength, I, of thereaction
medium from 0.7 to 1.25 mol/dm (adjusted by so-
dium perchlorate) the reactionrate TABLE 1. Ap-
plying Bronsted Bjerrum equation*¢*”, alinear re-
| ationship was obtained by plottinglogk ,_versus®l,
Figure 2indicating that reactioninvolvesion pairing
formation

The effect of the dielectric constant on therate of
reaction was studied using different ratios of ethanol-
water mixtures. Thevaluesof the observed first order
rate constant, k__increased with decreasing thedielec-
tric constant of thereaction medium, ¢, TABLE 1. Ap-
plying Bjerrum$sequation™, aplot of logk ,_versus
1/e waslinear with positive slopes, Figure 3indicating
that thereactionisanion pair type.

Theeffect of pH on therate of reaction was stud-
iedin therange from 3.0 to 4.7 at various tempera-
tures, TABLE 2. The results obtained show that the
reaction isaccel erated by lowering hydrogenion con-
centration.

Thedependence of k ,_on hydrogenion concen-
tration can be explained by infollowing equilibriums
between thevari ous species of each reactant which are
present in the reaction medium221,

The penta-aquahydroxochromium (111) speciesis
morereectivethan the hexa-aquachromium (111) dueto
the presence of OH- which causesan increase of water
labilitiesduetoitsn-bonding ability!?2,

Theresultsobtained can be explained by thefol-
lowing mechanismfor theinteraction betweenthe pre-
dominant speciesof chromium (111) with the predomi-
nant species of edtain the pH range under investigation

Kh
[Cr(H;0)¢]*? [Cr(H,0)5 OHI' +H'
pKp = 4.1
K K
Hil == Hjl- === HLl?pK,=1.88
pK, = 2.47
B K
[Cr(H0)e]"® +Helw =—E= |p, ©)
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TABLE 1: Values of k ,_under various conditions

kobs X 104 / S_l

[Cr(l11)]x10° [edta]x10? t P

Mol/dm Molidm  °c  Lmol/dm pH
33 3.7 4.1 4.4 4.7
4.4 1.959
6.0 1.963
7.2 1.971
8.8 8.80 35 0.6 1.969
10.4 1.977
12.0 1.983
13.6 1.975
1.76 0.482 0.670 0.817 0.957 1.168
2.64 0.699 0.920 1.135 1.308 1.595
3.52 0.815 1.139 1.380 1.593 1.960
4.40 35 0.6 0.894 1.249 1.527 1.786 2.151
5.28 1.026 1.396 1.698 2.007 2.399
7.04 1.163 1.551 1.895 2.236 2.648
8.80 1.250 1.599 1.975 2.379 2.779
0.6 1.975
0.7 1.785
0.8 1.550
8.8 8.80 35 0.9 1.346
1.0 1.251
1.1 1.131
1.2 1.045
78.00 1.234
75.32 1.287
72.63 1.353
69.95 1.433
8.8 8.80 25 0.6 67.26 1.503
64.58 1.591
61.89 1.693
59.21 1.819
56.52 1957
anm
. pH-a1 0304
+ pH=44 |
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Figurel: Variation of k ,_with [edta] at variouspH; 1 =0.6  Figure2: Variation of logk , _with I; [edta] =8.8x102mol/
mol/dm, t=35°C, [Cr(I11)] =8.8x 10°*mol/dm dm, pH =4.1,[Cr(I11)] =8.8x 10®*mol/dm, t=35°C
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Figure 3 : Variation of log k , with 1/ in ethanol-water
mixture; t = 25 °C, pH = 4.1, [Cr(lI1)] = 8.8 x 10 mal/
dm, | = 0.7 mol/dm, [edta] = 8.8x102 mol/dm

TABLE 2 : Kinetic data for the interaction of Cr (l11)
with edta at various temperature and proton concentra-
tion; [Cr(l11)] = 8.8 x10® mol/dm, [edta] = 11x102 mol/
dm, I = 0.6 mol/dm

H Kops X 10%/st
P 25°C 30°C  35°C  40°C  45°C
33 0766 1.012 1250 1531 2007
37 1007 1257 1539 2019 2530
41 1234 1567 1975 2475  3.125
44 1475 1853 2379 3009 3.764
47 1703 2164 2785 3508  4.355
+2 ) Kipp
[Cr(H,0)s OH]™* +HslL 1P, @
+3 2 Kipg
[Cr(H,0)6]™® + H,L 1Py O
+2 2 Kips
[Cr(H,0)5 OH]™ +H,L P, ©

K ., fast
1P ow [Cr(H20)s (Hal)]™ —> product (7)

k +
IP,—2— [Cr(H0)5(OH) (HL)]*12% product (g)
slow

fast

k +
1Py SI—?’» [Cr(H,0)s (HoL)]"  —5 product (g
ow

1P [Cr{H,0)5(OH) (HoL)] T product )
ow

——
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Figure4: Variation of 1/k ,_with 1/ [edta]; [Cr(I11)] =8.8x
10*mol/dm, t=35°C,| =0.6 mol/dm, pH =4.1
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Figure5: Plot of log (A-A )/ (A_—A) vs log [edta]; | = 0.6

mol/dm, pH =4.1, [Cr(I11)] =8.8x 10 mol/dm, t=35°C

WherelP ={[Cr(H,0)] . H.L"},1P,={[Cr(H,0),
OH] ®.H,L %}, IP, = {[Cr(H,0)] **H,L?%} IP,=
{[Cr(H,0),OH] *2.H L%}

|P,- 1P, arethe hexa-aguo and penta-aguohydroxy
ion pair complexesof chromium (I11) and edta

Therateof exchangeof thefirst ligand molecule, in
theinner coordination sphereof themetd centerisdow
and therefore therate determining equations (7-10)12,
Assoon asone carboxyl group of theligand entersinto
theinner sphere, theelectron density onthechromium
center increases owing to theinductive effect and as
resultstheremaining ligandsarelabilized easily and its
subgtitution israpid. From the previousmechanism, the
first order rateconstant isderived as
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K B T+ K oK + K K +RE o 204 [edta]

i [H*]
“ ET g K_K +E K, +K_ 22 o] (1)
(Tl"‘[ 1+K )1 [H] HE K, +K_ K, + [H ]) edia
by inversing equation (11) we get equation
KK, T
(| Rl BRKARLK A T ('5”' +|;H*1+x,x1+[ﬂ+])
e (KL IH WK, +hxmx.+t£.4f1;+‘;) (B [ T K K K K, 28 edt] (12)

andaplot of 1/k versus 1/[edta] gavestraight linewith slopes

T ek K

S= K, [H*]
' 13
(KK e [H T+ KK o K, + KK K+ KK, [H"']h) (13)
and intercepts, |
'Pl[H+]+K|P2K +K|P3K +K|P4 THlf]h
| =
14
(KK p[HT+ KK 0K, + KK K+ KK, [I:"’]h) (14)
and
+ K,K
I K o [H T+ K LK, +K K +K|p4[|:7+]h
S +12
S ([H ] +[H*1+K,)(1+ K, (15)

Ky [H*]

Thevauesof theion pair formation constants, K , and the rate constants of the rate determining steps, k,
werecalculating by plotting 1/k_versus 1/ [edta] at pH, 4.1, Figure4. Values 7.11, 14.78, 10.15 and 16.81
mol*dm?® for theion pair formation constants, K, and 1.83, 4.81, 2.97 and 5.23x10°* s* for therate determining
steps, k, respectively were cd cul ating by applying equation (13-15) at different hydrogenion concentrationsand
takingthevaluesof K , K, and K, from equations (1,2)

The composition and formation constants of the complexes between chromium (111) and edtawere deter-
mined using Hillsequation (eq.16)1%
log (A-A)/(A -A)=logK +nlog[edta] (16)
WhereA isthe absorbance reached at the end of thereaction, A | isthe absorbance at zero edta concentration,
andA _ istheequilibrium absorbance for highest concentration of edta. Plotsof log (A-A )/ (A_-A) vs.log
[edta], where[edta] istotal concentration used, yield astraight line of dlope= 1 (number of ligand molecules
attached to one chromium atom) and intercept of log K = 11.3 Figure5.
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