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ABSTRACT: From a study of the complexation of methyl 2-oxocyclopentanecarboxylate with Cr(III) in aqueous
solution, thermodynamic and kinetic parameters were obtained. The equilibrium constant of the monocomplex was
determined spectrophotometrically. The kinetic processes of monochelation were investigated spectrophoto-
metrically in aqueous solution at 50°C and ionic strength 0.5 mol dmÿ3 NaClO4. The mechanism proposed to account
for the kinetic data involves a double reversible pathway where both Cr3� and Cr(OH)2� react with the enol tautomer
of the ligand. Some comparative analyses with the homologous 2-acetylcyclopentanonechromium(III) were made.
Copyright  2000 John Wiley & Sons, Ltd.
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INTRODUCTION

Reagents containing multiple functionalities are very
important both for their diverse mechanistic behaviour
and in organic synthesis since they can be versatile and
effective species for the efficient construction of complex
structures from relatively simple starting materials.

One important example of such reagents is represented
by b-keto esters, which undergo multicoupling reactions
with electrophilic and nucleophilic sites and have proved
to be valuable tools in the synthesis of a wide variety of
molecular systems.1

Alkyl esters of 2-oxocycloalkanecarboxylic acids are
receiving considerable attention, not only from the
viewpoints of synthesis,2–5 reactivity6–8 and spectro-
scopic behaviour,9 but also because of their pharmaco-
logical and therapeutic properties, which make them
useful lead compounds for the development of safer
antiepileptic drugs10 or derivatives with anti-inflamma-
tory effects.11

Furthermore, they exhibit the phenomenon of keto–
enol tautomerism and are able to form complex
compounds similar to those ofb-diketones. In fact,b-
keto esters behave as bidentate ligands, forming co-
ordination compounds with metal ions such as Mn(II),

Fe(III), Co(II), Ni(II), Cu(II) and La(III), Ce(III) and
Pr(III).12,13

These complexes usually contain coordinated water
molecules, thus completing a distorted octahedral
coordination around the metallic site. The immediate
environment of the metal in these complexes is very
similar to that existing in their acetylacetonate com-
pounds, e.g. CoII(acac)2(H2O2), which is known to exist
in near-octahedral coordination.14

In order to study the chelation abilities of keto esters in
aqueous solutions, chromium(III) has been used as a
metal centre for the first time. Chromium(III), which has
a low-spin configuration (d3) and consequently may be
classified as a non-labile metal ion, is fairly stable in
acidic aqueous solution.

Addition of base to a solution of [Cr(H2O)6]
3�

produces multiproduct equilibria that depend on
[Cr(III)]:[OH ÿ] ratios, temperature, pH and time. The
hydrolytic polymerization of Cr(III) is not complicated
by redox processes, and structural assignments can
readily be made by relying on the almost exclusive and
constant octahedral coordination at chromium(III) cen-
tres. The nature of the ‘second hydration shell’ has been
probed with a variety of techniques including spectro-
scopy, x-ray diffraction and neutron diffraction.15

Surprisingly consistent results have been obtained, with
n = 13� 1 in [Cr(H2O)6]

3�(H2O)n and a Cr—O distance
of 4.02 Åfor the water molecules in the second hydration
shell.

The oligomerization process16–18that takes place when
[Cr(H2O)6]

3� solutions are aged may be avoided by
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working in acidic solutions.Arising from this, kinetic
studiesof chromium complexationreactionsmust be
carried out under relatively acidic conditionsand low
chromiumconcentrations.

As part of our continuing interest in complexation
reactions19–21 in aqueoussolutions, we now report a
kinetic study of the complexationof a bidentateligand
with multiple functionality.To ourknowledge,this is the
first reported kinetic work in which a complex of
stoichiometry1:1 betweenan alkyl esterof 2-oxocyclo-
alkanecarboxylicacid and chromium(III) in aqueous
solutionhasbeenstudied.

EXPERIMENTAL

Reagent-grademethyl 2-oxocyclopentanecarboxylate,
(HMCP, H being the enolic hydrogenatom) (Aldrich)
was freshly distilled under reduced pressure.Stock
solutions were standardizedby titration with standard
sodiumhydroxide.

A large excessof the methanolover the keto ester
concentration([CH3OH] = 20[HMCP]) wasalwayspre-
sent in aqueoussolution. In order to verify the ligand
stability, sequentialUV–visible overlappingspectraat
different times following dissolution were registered.
After the mixture time (andup to 1200min) no further
changewasobservedin 30min interval spectra,indicat-
ing that the system had reachedequilibrium in the
aqueoussolutionreferredto.

Solutionsof Cr(III) werepreparedfrom reagent-grade
Cr(NO3)3

�9H2O (Aldrich) and were standardizedby
oxidizing the chromium(III) to chromium(VI) with
potassiumbromate.

The source of hydrogen ions was perchloric acid
(Merck), andthe ionic strengthof reactantsolutionswas
0.5mol dmÿ3, adjustedusingNaClO4

�H2O (Merck).
Standardbuffer solutionswere obtainedfrom borax,

Na2HPO4
�H2O and NaOH (Aldrich). Unlessindicated,

otherwiseall materialswereof analytical-reagent grade,
andwereusedwithout further purification.

pH measurementsweremadeusinga Crison2002pH
meter calibrated to read hydrogen ion concentration
directly by titrating solutions of perchloric acid with

standardsodium hydroxide solutions.End-pointswere
determinedusingthemethodof Johansson.22

UV–visiblespectrawererecordedonaHitachiU-3000
spectrophotometer.A Spectronic1201UV–visible spec-
trophotometerwhich includes a kinetic resident pro-
grammewasusedto follow thekinetic runs.Thestandard
cell lengthwas1 cm.

1H and13C NMR spectrawererecordedonBrukerAC-
300 and ARX-300 instrumentsat 300 and 75MHz,
respectively,in D2O–CD3OD; chemicalshifts aregiven
in ppm relative to tetramethylsilane(TMS) as internal
standard.

Since the inertnessof chromium(III) gives rise to
extremely slow ligand-substitutionprocesses,experi-
ments were carried out at 50� 0.1°C, a temperature
typically usedfor chromiumkinetic studies.Thechelate
compound stoichiometry and related thermodynamic
parameters(stability constant, equilibrium constant)
were determinedwhen equilibrium was reached.To
achieve this, the reaction mixture was kept in a
thermostatedoven for at least 48h dependingon the
reagentconcentrationsutilized.

RESULTS AND DISCUSSION

It is well known that 1,3-dicarbonyl compoundsare
characteristicallyanequilibriummixtureof tautomersin
solution. In general,alkyl a-ketocycloalkanelcarboxy-
lateseasilyundergoketo–enoltautomerism(Fig. 1). The
extent of enolization has been found to dependupon
solvent and temperature.On the basis of bromine
titrations and UV and 1H NMR studies, Rhoads23

concludedthat amongstthe ethyl estersof the C5–C10

2-oxocycloalkanecarboxylic acids, the even-membered
systemsexhibit 60–80% enol content while the odd-
memberedseriesexist asenolsto a much lower extent,
the lowest value of �11% being observed for the
cyclopentanederivative (the terminology C5, C6, C7,
…, C10 in thecurrentdiscussionrefersto thering sizeof
the cycloalkanederivatives).On the otherhand,Sterk24

found that the C5 keto ester mentionedabove exists
exclusivelyin theketoform in DMSOor nitrobenzenein
the 20–120°C temperaturerange,while the correspond-

Figure 1. Keto and enol forms of the methyl 2-oxocycloalkanecarboxylate
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ing C6 analogueshowedanenolcontentof 80–50%in the
sametemperaturerange.

Kallury et al.,25 on thebasisof themass-analysedion
kinetic energy(MIKE) spectrumof the molecular ion
[C7H10O3]

��, concludedthatmethyl2-oxocyclopentane-
carboxylateexists solely in the keto form in the gas
phase.Theresultsof Morizur et al.26 on theenolcontent
determinedby photoelectronspectroscopycontradictthe
above conclusion.They found that, between150 and
250°C, methyl 2-oxocyclopentanecarboxylate exhibits
20–25%of theenol form.

Comparativestudiesusing Fourier transformIR and
13C NMR spectroscopyconcluded that methyl 2-
oxocyclopentanecarboxylateexists solely in the keto27

form in thepureliquid andin CDCl3 solutionphase.On

theotherhand,theenolformsarepresentin all phasesin
C6, C7 andC8 cycloalkanederivatives.

Furtherstudiesutilizing NMR spectroscopyprovideda
detailedmolecularpictureof the keto–enoltautomerism
whereonly thequasi-aromaticstructureof theendo-enol
form of methyl 2-oxocyclopentanecarboxylate is con-
sideredpresentin theequilibrium28,29 (Fig. 2).

The compositionof the tautomericmixture in polar
solventsis usuallyunknown.Theextentof enolizationis
expectedto diminishin aqueoussolution,asin thecaseof
b-diketonesand acyclic b-keto esters.In fact, in low-
polarity solvents,the percentageof the lesspolar enolic
form increases.Conversely,polar solventsdisplacethe
equilibrium towardsthe polar diketo form.9 This canbe
explainedby thesolvationof thecarbonylgroupsby the
polar solventmolecules,which increasesthe stability of
theketo forms,andthis is foundto betruein thecaseof
methyl 2-oxocyclopentanecarboxylate. In fact, our ana-
lysis of the 1H and 13C NMR spectraindicatedthat the
keto tautomerof methyl 2-oxocyclopentanecarboxylate
(HMCPk) waspresentin D2O–CD3OD aqueoussolution
at 25°C, while the enol tautomer (HMCPe) was
undetected,indicating lessthan5% of enol form in the
medium.

The keto–enolinterconversionin this ligand wasalso
investigatedin aqueoussolutions by using a spectro-
photometricmethodto measuretherateatwhichbromine
reacts.Bromine first reactsvery rapidly with any enol

Figure 2. Quasi-aromatic structure of endo-enol form of
methyl 2-oxocyclopentanecarboxylate

Figure 3. Methyl 2-oxocycloalkanecarboxylate UV keto±enolate absorption bands as a function of medium acidity.
[HMCP] = 2.5� 10ÿ4 mol dmÿ3
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Figure 4. Spectra of monochelate complex scanned after different standing times indicated on
the curves. [HMCP] = 1.0� 10ÿ4 mol dmÿ3, [Cr3�] = 1.5� 10ÿ2 mol dmÿ3 and [H�] = 1.0�
10ÿ2 mol dmÿ3
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alreadypresentin solution.Thereafter,the bromination
rateis governedby the rateof enol formation.

The procedurefor the kinetic measurementswas the
sameas in our previouspaper.30 The ligand concentra-
tions in the cell, [HMCP]0, rangedfrom 2.2� 10ÿ3 to
3.3� 10ÿ3 mol dmÿ3, whereasthe bromine concentra-
tions, [Br2]0, ranged from 2.0� 10ÿ3 to 3.0� 10ÿ3

mol dmÿ3.
Since[HMCP] = [HMCPk] � [HMCPe], andconsider-

ing a first-order bromination equation,30 the intercept
values obtained in plots of ÿln{ A/(e1)� [HMCP]0ÿ
[Br2]0} versustime allow the determinationof the enol
fraction y = [HMCPe]/[HMCP]. The term in the braces
bracketscorrespondsto theketo tautomerconcentration,
whereA is theabsorptiondueto bromineat anytime t at
theobservationwavelength(452nm); e is theabsorption
coefficientof bromineat 452nm (� = 103) and , is the
pathlength(1 cm). Each of the bromine solutionscon-
tained10ÿ3 mol dmÿ3 NaBr in orderto suppresshydro-
lysis of bromine.Changesin absorptionat 452nm were
recordedat 1 s intervals.Thus,at 50°C, the enolization
rate constantwas found to be ke = 8.3� 10ÿ3 sÿ1 and
y = 0.04.

As ligandsof this classusuallyundergohydrolysisin
alkaline solution, it was thoughtdesirableto determine
their ionization constantthrough a spectrophotometric
methodsuchasparallelstraightlinesmethod,31 allowing
comparisonsto bemadebetweendifferentdeprotonation
degreesof the ligand without usinghigh concentrations
of alkaline solutions. In fact b-keto estersin solution
show maxima in the region of 270–300nm associated
with thep → p* transition.TheUV spectra(Fig. 3) show
thechangeis theintensityof thecharacteristicabsorption
bandsfor the keto form of the ligand in severalbuffer
solutionsin the range(pKÿ 1) < pH < (pK� 1); the
concentrationof ligand usedwas2.5� 10ÿ4 mol dmÿ3.
The wavelengthswere selected at regular intervals
around the absorptionmaximum of the ligand (285,
287,289,291and293nm). A family of parallelstraight
lineswasobtainedandfrom theirslopesthepK valuesfor
eachwavelengthcouldbedetermined.TheaveragepK of
the ligand at 25°C was 10.3� 0.1, which agreesfairly
well with thevaluedeterminedby a kinetic method.32

The complexstoichimetrywascharacterizedspectro-
photometricallyaccordingto the methodof continuous
variations introduced by Job,33 by keeping the total
concentration([Cr(III)] � [HMCP]) equalto 1.0� 10ÿ3

mol dmÿ3, andalsoby the Yoe andJonesmethod34 (in
this case the total chromium concentration was
5.0� 10ÿ4 mol dmÿ3, and the [HMCP] concentration
was varied up to 2.0� 10ÿ3 mol dmÿ3). The pH range
(1.0� 10ÿ3–1.0� 10ÿ2 mol dmÿ3) was low enoughto
preventthe formationof hydrolysisproductsother than
Cr(H2O)5OH2� and the ionic strength was kept at
0.5mol dmÿ3. The results obtained from the above
methodsare in good agreementwith each other, and
theyindicatea 1:1 stoichiometry.Finally, a COMIC plot

was used.COMIC is a computerprogram35 which can
calculatethe equilibrium concentrationsof eachentity
(both free andcomplexedspecies)in a multicomponent
systemof metal ionsandligands.

The overall equilibrium of complexformation,which
maybeexpressedas

KML � �Cr(MCP)2���H��=�Cr3���HMCP� �1�

was obtained spectrophotometrically.The range of
hydrogen-ionconcentrationswashigh enoughto prevent
high degreesof chromium(III) hydrolysis/polymeriza-
tion. The solutionscontainedsuchexcessof metal ion
that only the1:1 complexwasformed.

It shouldbe takeninto accountthat

�HMCP� � �HMCP�0ÿ �Cr(MCP)2�� �2�

and

�Cr(MCP)2�� � A=" �3�

where A is the metal complex absorptionand e is the
metalcomplexabsorptioncoefficient.Hence,theabsorp-
tion change,at a fixed wavelengthwhere the mono-
chelatedcomplexabsorbsstrongly, is a function of the
equilibrium constantand the metal, ligand and proton
concentrationsused:

�HMCP�0=A� �H��=��Cr3��"KML � � 1=" �4�

From an appropriateanalysis of the data, using a
correlationof the ratio [HMCP]0/A vs the ratio [H�]/
[Cr3�], KML canbereadilydetermined.Severalseriesof
solutionswerepreparedin which the Cr(III) concentra-
tion rangedfrom 2.0� 10ÿ3 to 8.0� 10ÿ3 mol dmÿ3,
[H�] = 1.0� 10ÿ2 mol dmÿ3 and[HMCP]0 = 2.0� 10ÿ4

mol dmÿ3. Measurementswere monitoredby recording
absorbancechangesat 302nm. At 0.5mol dmÿ3 ionic
strengtha value of 0.39� 0.01 was obtainedfor KML.
The results show that KML may be consideredto be
approximatelyconstantover a wide rangeof tempera-
tures(20–60°C).

The kinetic analysisof the complexationprocesswas
carried out by following changesin the absorbanceof
bands originating from the appearanceof the mono-
chelated species.(Fig. 4). The reaction of complex
formationwascarriedout with the metal ion concentra-
tion in greatexcessovertheligandto ensurepseudo-first-
orderconditions.First-orderrateconstantswereobtained
by fitting absorbancedata to the general first-order
kinetic equation. Each observed rate constant, kobs,
subsequentlyusedfor further calculation,is the average
of at leastthreedeterminations.Thestandarddeviationin
individual runswasusuallylessthan2%.

Severalseriesof experimentswerecarriedout to study
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the influenceof the metalandprotonconcentrationson
the observedrateconstants,while the ligand concentra-
tion, ionic strengthand temperatureremainedconstant
(Table1).

Dependingon the ligand and the pH of the reactant
solutions,thereactiveligandspeciescanbeeitheror both
of theprotonatedtautomersand/ortheenolateion. Since
thesereactionswerecarriedout in acidicmediumwhere
thepH is considerablylessthanthepK of theligand,the
fraction of the ligand presentas the enolateion is very
small, and neednot be considered.The mechanismsof
the complex formation reactions of b-dicarbonylic
ligands have been widely investigated36,,19 and the
reactivity of the enol tautomertoward metal ions has
been found to be greater than that towards the keto
tautomer.In the caseof HMCP, the greaterreactivity
should correspondto the above-mentionedendo-enol
form.

Although the majority of chromium(III) substitution
reactions are carried out under sufficiently acidic
conditionsfor the monohydroxyspeciesto be ignored,
in the range of hydrogen ion concentration 2.0�
10ÿ3–1.0� 10ÿ2 mol dmÿ3 the conjugate base,
Cr(H2O)5OH2�, is in equilibrium with the hexaaqua
ion, offering an alternativepathwayfor complexation,
which must be accountedfor. The final product is
invariably the metal–enolatecomplex irrespective of

which metallic species predominates.This process,
obviously,involvesthe lossof a protonfrom the ligand
(Scheme1), where coordinatedwater moleculeshave
beenomittedfor clarity.

HMCPe� Cr3��k1

kÿ1

Cr(MCP)2� � H�

HMCPe� Cr(OH)2��k2

kÿ2

Cr(MCP)2� � H2O

Scheme 1.

In Scheme1, k1 and k2 are the rate constantsfor
reactionof theenol tautomerwith thehexahydratedand
hydrolysedmetallic species,respectively,and kÿ1 and
kÿ2 arethe rateconstantsfor complexdissociation.

The Cr(MCP)2� formationratecanbeexpressedas

d [Cr(MCP)]
dt

� k1�Cr3���HMCPe�
ÿ kÿ1�Cr(MCP)2���H��
� k2�Cr(OH)2���HMCPe�
ÿ kÿ2�Cr(MCP)2�� �5�

since [HMCP] = [HMCPk] � [HMCPe] and [HMCPe] =
y[HMCP], and in addition d[Cr(MCP)2�]/dt =

Table 1. Kinetic data for reaction of chromium(III) with HMCP in aqueous solution at 50°C and ionic strength 0.5 mol dmÿ3 with
[HMCP] = 2.0� 10ÿ4 mol dmÿ3a

[Cr(III)] � 102

(mol dmÿ3) [H�] � 103 (mol dmÿ3) kobs� 106 (sÿ1) kcal� 106 (sÿ1) (kobsÿ kcal)/kobs� 102

1.00 2.00 11.6 11.5 0.86
1.00 4.00 8.93 8.65 3.14
1.00 6.00 7.45 7.71 ÿ3.49
1.00 8.00 7.32 7.33 ÿ0.14
1.00 10.0 7.10 7.17 ÿ0.99
1.20 2.00 12.9 12.9 0.00
1.20 4.00 9.31 9.46 ÿ1.61
1.20 6.00 7.89 8.30 ÿ5.20
1.20 8.00 7.45 7.79 ÿ4.56
1.20 10.0 7.21 7.56 ÿ4.85
1.50 2.00 14.5 15.0 ÿ3.45
1.50 4.00 9.96 10.7 ÿ7.43
1.50 6.00 8.60 9.17 ÿ6.63
1.50 8.00 7.90 8.49 ÿ7.47
1.50 10.0 7.85 8.14 ÿ4.36
2.00 2.00 17.6 18.6 ÿ5.68
2.00 4.00 13.6 12.7 6.62
2.00 6.00 11.3 10.6 6.19
2.00 8.00 10.5 9.64 8.19
2.00 10.0 9.85 9.12 7.41
2.40 2.00 22.4 21.4 4.46
2.40 4.00 15.5 14.3 7.74
2.40 6.00 12.3 11.8 4.07
2.40 8.00 10.1 10.6 ÿ4.95
2.40 10.0 9.71 9.90 ÿ1.96

a k1 = 1.57� 10ÿ3 molÿ1 dm3 sÿ1; k2 = 1.5810ÿ1 molÿ1 dm3 sÿ1; RSS= 4.64.
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ÿd[HMCP]/dt, then

ÿ d[HMCP]
dt

� �kÿ1�H�� � kÿ2��HMCP�0
� �kÿ1�H�� � kÿ2��HMCP�
� k1y� k2Khy

�H��
� �

�Cr3���HMCP� �6�

where Kh is the hydrolysis constantof Cr3� to form
Cr(OH)2�, whichat50°C wasfound37 to be3.98� 10ÿ4.

IntegratingEqn.(6) andtaking into accountthatsince
[Cr(III)] 0 = [Cr3�] � [Cr(OH)2�], the concentrationsof
[Cr3�] and[Cr(OH)2�] canbeconnectedwith thewhole
metal concentrationthroughoutthe hydrolysisconstant
kh, and

�Cr(OH)2�� � �Cr(III) 0�=�1� �H��=Kh� �7�
�Cr3�� � �Cr(III) 0�=�1� Kh=�H��� �8�
kÿ1 � yk1=KML �9�
kÿ2 � yk2Kh=KML �10�

the pseudo-first-orderrate constant derived may be

expressedas

kobs� 1
KML
� �Cr(III) �0
�H�� � Kh

� �
y�k1�H�� � k2Kh� �11�

Equation (11) indicates that the kobs values are
independentof the initial concentrationof HMCP, as
was found experimentally.The observedrate constant
representedin Eqn.(11)nowcontainsonly two unknown
parameters,k1 and k2. In order to obtain these, the
equilibrium andkinetic dataobtainedwerefitted to the
above-mentionedequations. Using a NAG Fortran
Library routine,valuesof k1 andk2 weredeterminedat
50°C (Table 1). The agreementbetweenkobs and kcalc

values is satisfactory over the range of ligand and
hydrogenion concentrationsstudied,as can be seenin
Table1.The‘goodnessof fit’ asdenotedby thecorrected
residualsumof squares(RSS)clearly demonstratesthat
thedataarewell describedby Scheme1.

Oneaim in this work wasto determinewhethera keto
esterchromium monochelatestructurally analogousto
the homologous 2-acetylcyclopentanonechromium(III)
hasa similar kinetic behaviour.

It is noteworthythat the esterand amidegroupsare

Figure 5. Observed rate constant as a function of the total concentration of
chromium(III) at 50°C and ionic strength 0.5 mol dmÿ3. [HMCP] = 2.0�
10ÿ4 mol dmÿ3
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hardly enolized,in conformity with their low tendency
towards nucleophilic addition reactions involving the
carbonylgroup.The failure of malonicesterto enolize9

andthe increasingdegreeof enolizationwith increasing
electron-accepting capacity of the substituents are
consistentwith this view.38,39 It is interestingthat the
extentof theenolcontributionto thestructureof HMCP
is lessthanthatof anyotherof thealkyl 2-oxocycloalk-
anecarboxylatesmentioned,which is presumablyrelated
to the low electron-acceptingcapacityof thesubstituent.
Furthermore,theenolcontent,in termsof theexclusively
presentendo-enol form in HMCP, is lessthanthat of its
homologous 2-acetylcyclopentanoneand the rate of
enolizationis alsotwo ordersof magnitudeslower.It is
noteworthyalsothateventhoughthestability constantof
methyl 2-oxocyclopentanecarboxylatechromium(III) is
much lower than that of 2-acetylcyclopentanonechro-
mium(III) (KML = 14.2),the reactionratethroughoutthe
hydrolysedspeciesis much higher for the keto ester
complexation.On the other hand, kinetic results are
invertedfor thehexahydratedspeciespathways.

The reactionratesof both pathwaysareconsiderably
largerthanwould bepredictedon thebasisof theouter-
sphere associationconstant and the rates of solvent
exchange(ks). In this case,the overall water exchange
rate constant,ks, will thereforebe the sumof contribu-
tions from the two reaction paths available at equili-
brium, thewaterexchangeon thehexaaquaspecieswith
rate constantk0 and on its hydrolysedform with rate
constantkOH. Thus,a two-termrateequationof thetype

ks � k0� kOHKh�H��ÿ1 �12�

hasto beconsidered.40 By interpolationof thedatapoints
in Ref. 40, the values of k0 and kOH obtainedin our
particular conditions are 7.7� 10ÿ5 sÿ1 and 6.6�
10ÿ3 sÿ1, respectively.From thesedatathe value of ks

at 50°C and [H�] = 2.0� 10ÿ3 is calculated to be
1.3� 10ÿ3 sÿ1, implying that, in Eqn. (12), the term
which involves the rate coefficient for exchangeof an
aqualigand on Cr(H2O)5OH2� is thepredominantone.

Takinginto accountthatthereactionis first order,and
the natureof the initial andfinal products,the tentative
mechanismdepictedin Scheme1 canbe assumed.The
observedlinear dependencebetweenkobs andchromium
concentration,which may be presentedas in Eqn. (13),
may be justified from the datain Table1. Accordingly,
for a seriesof kinetic runswhere[H�] is constant,a plot
of kobsagainst[Cr(III)] 0 accordingto Eqn.(13)shouldbe
a straightline (Fig. 5).

kobs� f ��H��� � g��H����Cr(III) �0 �13�
Thiswasverifiedin all caseswith excellentcorrelation

coefficients.The k1 and k2 values obtained from the
slopesagreefairly well with thoseobtainedfrom the
overall fitting, aswasexpected.
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