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ABSTRACT

Preparation and characterization of [Cr" (IDA)(Ma)(H,0)]"is performed. Conformation of theformation of theternary
complex hasbeendone using IR spectrum, TGA, uv-visible spectroscopi ¢ and cyclic voltammetry measurements. The
oxidation of [Cr'"' (IDA)(Ma)(H,0)]  [IDA=iminodiacetate, Ma=malonic] by NBS have been studied kinetically in
aqueous solution over 25-45 °C and a variety of pH ranges. The rate of oxidation obeys the equation d [CrV']/ dt =
{[Fe"l(k, + kK /[HT) + [NBS|(k K, + kK KJHT)} [Cr'" (IDA)(Ma)(H,0)] Catalysisis believed to be due to the
oxidation of iron[11] toiron [I11], which acts asthe oxidizing agent. Thermodynamic activation parameters have been
calculated. Itisproposed that € ectrontransfer proceeds through aninner- sphere mechanism viacoordination of NBS

to chromium(I11). A common mechanism for thisreactionis proposed and supported by an excellent isokinetic rel ation-

ship between AH* and AS* values for some ternary chromium(l11) complexes.

© 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

Ternary metal complexes might appear in biologi-
cd fluidscreating specific structuré®3, most frequently
manifesting themsavesasenzyme-meta ion-substrate
complexes®. Thisexplainswhy ternary system has
recently received increasing attention.Chromium (111)
complexeswith nucleotides are used asenzymaticla
belsby substitution of the activator or inhibitor”8 and
finding theroleof chromium (111) in transcription pro-
cessesand RNA and DNA interaction!®. The oxida-
tion of chromium from +3 to +6 isan important envi-
ronmental process because chromium (V1) iseasily
taken up by cellsand is subsequently reduced to the
trivaent form, theformation of chromium (111) or other
intermedi ate oxidation statessuch aschromium (V) and
(IV) isbelieved to play aroleinthe adverse biological

effectsof chromium (V1) compounds™.

Iminodiacetic acid isthe backbone of hydroxamic
acid derivativesthat could beused totrest cancer. Also
itisuseful inthe prevention and treatment of TRX-me-
diated diseases, such asautoimmune, alergicandin-
flammatory diseases™. Transition meta complexesof
iminodi acetate have been widely adopted inbiology and
weregainingincreasing usein biotechnol ogy, particu-
larly intheprotein purification techniqueknown asim-
mobilized metd-ion*2.

Succinimideand itsderivativesarebiologicaly and
industrialy useful compounds. Pharmaceuticaly, they
areused asand gesics, nephrotoxic, anticonvulsant, ionic
inhibitorsof human leukocyte, etc. It hasbeen reported
that sulfonated derivativesofsuccinimide are more f-
fectivethan aspirinand paracetamol. They aredso used
inindustry asantifoaming agent, lubricating tackifires,
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emulsion explosive, and corrosion inhibitors. N-
bromasuccinimide (NBS) servesasan oxidizing agent
inthe synthesisof drugsand hormones.

N-bromosuccinimide (NBS) hasbeenused widdy
asabrominating and oxidizing agent for organic com-
pounds. It was reported that the oxidation process pro-
ceedsviabromoniumion Br*3 inapolar mediumor,
dternatively by afreeradicd pathinvolvingthehomolytic
dissociation of NBSwith reducing metal ionsyields
useful intermediates; Theinitiationisconsideredto be
effected by one of both succinimidyl and brominefree
radical 1419,

Inner sphereoxidationsof someCr (111) binary com-
plexed623 and ternary complexes'62429 involving
some amino acids as secondary ligands, by NBSwere
studied. Thesereactionswerefound to proceed viaa
mechanism in which coordinated water was replaced
by NBS prior to e ectron transfer step. Also, through
bridging of NBSto the hydroxo conjugate speci es of
the complex. Oxidation proceeds by homolyticfisson
of NBSfollowsby reaction of oneor both of fragments
(sucanimidyl andbrominefreeradicals) withmetd com-
plex speciedi®2l,

Here, preparation and kinetics of oxidation of
[Cr'(IDA)(Ma)(H,0),] arereported. Aim of thisstudy
isattributed to some considerations. Firstly, transition
metd ternary complexeshave been received particular
focus and employed in mapping protein surfaces as
probesfor biologica redox centersandin protein cap-
turefor both purification and study. Secondly, dueto
the probability of formation and oxidation of thiscom-
plex invivo, study the samesystem hasbeendoneasa
modéd invitro. Findly, toknow effect of maonicligand
on stability of Cr (111) towordsoxidation process.

EXPERIMENTAL

M aterialsand solutions

All reagent grade or analar chemicalswere used.
Frishly prepared solutions of NBSwere used. Solu-
tions of Na,HPO,, NaH,PO, and NaNO, were pre-
pared by weighing. Na,HPO, / NaH,PO, buffers of
known pH were used, and theionic strength was ad-
justedwith NaNO, solution. Doubly distilled H,Owas
usedindl kineticruns.

Potentiometric measurmentswere performed with
aMetrohm 702 SM titrino. Thetitroprocessor equipped

with a 728 dosimat (Switzerland-Heriau). The
titroprocessor and el ectrodewere calibrated with stan-
dard buffer solution?, Cal culationswere performed
using computer program MINIQUAD-75 loaded on
an IBM-550 computer. The solution containing 5 mL
0.1M complex, 5 mL 0.8M NaNO,, 5 mL 0.05M
HNO, and 25mL deionized water, wastitrated with
0.01M NaOH at 30°C.

Cyclic voltammetry measurements are collected
using potentiostat / Galvan state wenking PGS 95 with
sngle-compartment voltammetric cdll equipped witha
platinum working el ectrode (area= 0.5 cn?), aPt wire
counter el ectrode, and a SCE asrefererence e ectrode.
The uv-visabsorption spectraof Cr''' complex andits
oxidation product wererecorded on Schimadzu UV-
1601PC spectrophotometer equipped by automatic
circulating water bath.

Ternary complex, Na [Cr''(IDA)(Ma)(H,0),] .
H,Owas prepared by heating an agueous sol ution con-
taining equal molesof chromium (111) nitrate, disodium
iminodiacetateand maonicacidfor 3hoursat 70°C. A
deep pink crystal was separated, on cooling, fromthe
concentrated sol ution. After washing with a cohol and
dryingthecrystals, the elemental analysisdataof the
obtained complex are Found; C, 23.52; H, 3.50; N,
3.98%, Calcd: C, 23.21; H, 3.59; N, 3.87%

Kinetic procedures

Reaction rates were measured by monitoring the
chromium (V1) absorbance at 370 nm on aMilton-
Roy 601 spectrophotometer. All reactants, except NBS,
weremixed and equilibrated at therequired tempera-
turefor 15-20 min. Therequired amount of separately
thermostated NBS stock solution wasrapidly mixed,
and then the recording of absorbance was started.

ThepH of the reaction mixturewas measured us-
ing aChertsey Surrey, 7065 pH-meter. Pseudo-order
conditionsweremaintained inal runsby the presence
of alargeexcess (>10-fold) of [NBS] over that of Cr'"
complex concentration. Theerror limitsfor resultsare
cdculated usngMicrocd™ Origin® (version 6.0).
Soichiometry

Experimentswerecarried out by varyingthe[NBS:
[Cr"'(IDA)(Ma)(H,0),] ratios, wherethe concentra-
tion of [Cr'"'(IDA)(Ma)(H,0),] was always at |east
twicethat of [NBS]. Concentration of Cr'"' consumed
was cal cul ated using themolar absorptivity of CrV'.
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RESULTSAND DISCUSSION

Formation and characterization of [Cr'"'(IDA)
(Ma)(H,0),I

Figure 1 representsaset of experimentally obtained
potentiometric titration curvesfor Cr'"', Ma, IDA and
HNO, at 25°C and ionic strength 0.1 mol dm™. The
addition of Cr'" to thefree ligands solution shiftsthe
buffer region of theligand to lower pH vaues. Thisin-
dicatesthat the formation of the complex proceed via
releasing of protonsfrom such ligands. Fromcurve6in
figure 1, pKaof ionization of acoordinated water mol-
eculeisfoundto be5.7

14

1=Acid

2=Ma

hiss

3=Cr +Ma
4=IDA
S=[Cr(IDA )(H20)2]
6=[Cr™" (IDAY(Ma)(H 0), ]

] 30 60 20 120 150
NaOH (Cmr’)x20

Figurel: Potentiometrictitration curvefor iminodiacetate
chromium (111) - M alionicacid complex.

The spectrum of asolution containing Cr (I11) ex-
hibit absorption bands at about 396 nm and 546 nm
withe =38.74ande__ =30.31dm*mol*cm, re-
gpectively. Thesolution containingIDA and Cr (111) (1:1
molar ration) undergoesachangein color and the spec-
trum of thereaction mixture exhibitsatwo absorption
bands at 400 nm and 574nm with e __ = 47.24 and
33.77 dm®mol cn?, respectively. How ever, the so-
[ution of thereaction mixtureof IDA, Maand Cr (I11)
(1:2:2 molar ration) gives maximum absorption bands
at 398 nm and 548nmwithe _ = 165.3 and 184.28
dm?mol* cm?, respectivey. All measured sol utionswere
of the same concentration (7x10° mol dm®) at pH
=2.71 Figure 2. Shift of the absorption bandsto lower

—= Fyll Peper

wavelength andincreasevauesof themolar dbsorpitivty
of the IDA / Cr "' mixture than Cr (I11) solution are
presumably dueto theformation of abinary complex
[Cr'" (IDA), (H,0),]. Whilethe absorption bands of
thereaction mixture solution containing IDA, Maand
Cr (111) aredightly shifted to lower wave lengths and
larger increase of € than the binary complex may con-
firm formation of the ternary complex
[Cr'(IDA)(M&)(H,0),] .

Absorbance o
5

Lr=[ (.1_111]

2.2'=[ ™ (IDAYH,0),]

340 440 540 640

Wave lenght (nm)
Figure 2 : Change in absorbance for each (Cr""), [Cr"!
(IDA)(H,0),] [Cr" (IDA)(Ma)(H,0),] at the same concen-
tration (7.0X10-3) and thesamepH =2.71

Figure 3 representsthe cyclic voltammogramesfor
theoxidation of 2x10° mol dm3 Cr (111) inthe absence
and presence of the complexed ligands (2x10° mol dmr
%) at 1=0.12 mol dm* NaNQ,, 25°C, and pH=2.71.
Thereaction mixtureof IDA with Cr (111) causesadight
shift of the (anodic) peaksto more (+ve) potentid, in-
dicating theformation of binary complex [Cr'"' (IDA)
,(H,0),] insolution. Solution mixtureof IDA, Ma, and
Cr(111) makesamore shift peaksto more +ve Potentia
than[Cr"'(IDA),(H,0),]-confirm theformation of ter-
nary complex [Cr''(IDA)(Ma)(H,0),] . From a
comparison of thevaluesof theanodic Potentialsof the
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three systems, it isclear that the stability of these sys-
temsfollowsthe order;

Cr (111),-0.398 (mv) > [Cr"" (IDA),(H,0),], +0. 048 (mv) >
[Cr'"(IDA)(Ma)(H,0),], +0.110 (mv)

To confirm theformulaof the complex, IR spec-
trum and TGA arerecorded. Intheinfrared spectrum,
bandsin the (3515-3363) Cm* region are attributed to
v (OH) of the water molecules. The OH of the car-
boxylic group disappeared and anew y (COO") ap-
peared intheregion (1400-1300) Cm?, indicating that
the carboxylic group of theligands participatesinthe
coordination with metal ion through deprotonation.
Band at 3228 Cm* is attributed to y NH. Bands at
(2109-1656) Cmregion are attributed toy C=0 and
v C==C, respectively. The TGA curveof Na[Cr'"' C,
H,, O, N,] showstwo-stage decomposition pattern.
Theweight loss[13.42 %] at 88.50 °C corresponds to
thelossof onewater moleculesof crystalization[Calc.
13.11%], and the l0ss [9.94 %] at 135.80 °C corre-
spondsto thel oss of two coordinated water molecules
[Calc. 10.06%].

1.5
—— Cr metal
""""" Complex 1
L ———- Complex imino | |
10 .
~ P
o ; . |
2 o
S osf . g
£ x 2
= S ~
(\\ / \\ ////
I N/ TTEmeTT
0.0 - // T .
-0.57"“|“"“"‘“"“"“‘
-1.0 -05 0.0 05 1.0 15

E vs. SCE, (V)
Figure3: Potentiodynamic polarization curvesfor theoxida-
tion of Cr metal ion, complex1 [Cr"' (IDA)(Ma)(H,0),]-and
compleximino from solutionscontaining 3x10°M on Pt elec-
trodeat 300K with scan rateof 25 mvs?

Oxidation products

During the oxidation, the deep pink aqueous solu-
tionof [Cr'"' (IDA) (Ma)(H,0),] changed gradually to
yellow and origina absorption maxima, at 345 and 385

nm, were replaced by asingle peak at 370 nm with
absorption coefficient ., = 193.43 dm® mol* cm™*
(Figure 4), asthe experimenta value for CrV' at the
samepH. Additionof AgNO, solution to thereaction
mixtureresultedin ayellowishwhiteprecipitate of Ag
Br, suggesting the presence of Br-inthe product. Ag
NO, solution had no effect on NBS under the experi-
mental conditions.

1 1
0.8 =

0.6 4

Absorbance

04 -

0.2 1

0 S F T : ¥ Y —_— J
300 400 500 600 700
Wavelength (nm)

Figure4: Changein absorbanceasafunction of timeinthe
reaction between [Cr"' (IDA)(Ma)(H,0)] and NBS.

Kinetics of [Cr'"' (IDA)(Ma)(H,0),]" /NBS reac-
tion in aqueoussolution

Oxidation of [Cr'"' (IDA)(Ma)(H,0),] isstudied
over the (5.75 — 6.86) pH range, at 0.13 mol dm?
ionic strength at 25-45°C (+0.05°C) and the conc. of
NBS(0.5-5.0)x102mol dm=. Theover all stoichiom-
etry of thereactionis(2.01+0.1) moles of NBS per 2
moles of chromium (111) within thetime of reaction.
Hencethereaction isdescribed by equation (1)
2Cr'""+2NBS —> 2CrV' + 2Br- + other product (@)

Plotsof In(A,-A) versustime, werelinear upto 85
% of reaction whereA A, are the absorbance at
timetandtimeinfinity, reﬁpectlvely Pseudo-first order
rate constants, k , , obtained fromthe slopes of these
plots, arecollectedin TABLE 1. Theresults(TABLE
1) show that k ,_are unaffected when the concentra-
tion of thechromium (111) - complex arevaried at con-
stant NBS concentration, indicating first order depen-
dence on complex concentration, equation (2).
d[Cr¥]/dt=k_ [Cr" (IDA)Ma)(H,0),], @)

Plotsof k __against [NBS] at different tempera-
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TABLE 1: Dependenceof thereaction rateconstant, k ,_on
[Cr'"(IDA)(Ma)(H,0)1®,[NBS] and temperatureat pH =
6.05and| =0.13mol dm=.

102 [NBS] 10" Kops(s™)

(mol dm®) T=25°C T=35°C T=40°C T=45°C
05  2.20+0.07 4.23+0.06 5.42+0.05 7.62+0.08
1.0 2.71+0.05 4.74+0.04 5.93+0.08 8.47+0.07
15  3.22£0.06 5.08+0.03 6.61+0.06 8.97+0.05
20  356+0.04 559+0.07 7.11+0.07 9.65+0.09
25  3.89+0.08 6.09+0.08 7.62+0.11 10.33+0.12
30  4.23+0.06 6.77+0.10 8.29+0.12 11.18+0.14
35  457+0.10 7.11+0.05 8.98+0.09 11.85+0.18
50  559+0.12 847+0.07 10.84+0.15 13.73+0.21

Cr'" (IDA)(Ma)(H,0) ] = 4.0 x 104, mol dm?; 10" k = 8.47+
0.09, 8.57+ 0.07, 8.30+ 0.06 and 8.60+ 0.09 s at 10*Cr'"!
(IDA)(Ma)(H,0) @], of 2.0,4.0, 5.0 and 8.0 mol dm?, r espectively
at 35 °C and [NBS]=0.02 mol dm,
tureswerefoundto belinear with intercept, figure5.
The dependence of k ,_on [NBS], TABLE 1, isde-
scribed by
k,, =k +k [NBS] €)
Vauesof k, andk,werecaculated at different tem-
peraturesand arelisted in TABLE 2. The thermody-
namic activation parameters, associated withk, andk,,
wereca culated by usng thetrangtion satetheory equa-
tion. Theentha piesof activation, AH, * and AH_* were
obtained as 25.08 +£0.11 and 22.124+0.02 kJ mol?,

respectively.

A4 40°C

10" ks (57 )

05 2.5 45 6.5
10° [NBS](mol dnr?)
Figure5: Plot of k ,_versus[NBS] at pH =6.05 at different
temperature

—= Fyll Peper

The corresponding entropiesof activation, AS *
and AS,* were-200.83+0.10 and -210.11+0.18 JK-
mol, respectively. These activation parametersare
compositevaues.

TABLE 2: Variation of k, and k, with temperatures.

T (°C) 10%k, (sY) 10%k,(mol*dm™*3 s1)
25 2.14+0.02 7.00+0.02
35 3.74+0.04 9.56+0.02
40 5.18+0.05 11.01+0.06
45 6.99+0.10 13.02+0.02

Thekinetics of the reaction was studied over pH
rangeof (5.75-6.86) at different temperatures. TABLE
3liststhevariation of k,with pH at different tempera-
tureswhich indicate that the reaction rate increased
gradually withincreasing pH. Plotsof k,versus[H*]*
werelinear, with Interceptsas showninfigure6. This
behavior can be described by equation (4).
k,=k,+k /[H] 4

Vauesof k,and k,wereca culated & different tem-
peratures, and werelistedin TABLE 4. Theenthapies
of activation, AH,* and AH,*, associated with k, and
k,, werefound to be 8.36+0.02 and 6.32+0.28kJ mol
1, respectively. The corresponding entropies of activa
tion, AS,* and AS;*, were calculated as -396.24+
0.18 and -425.18+ 0.03 JK-*mol, respectively.

Furthermore, thereaction rateisunaffected by ionic
grength sincetheratedeterminingreectionistaking place
between charged and uncharged species. Thusvalues
of 10%__of [6.78+0.05, 7.11+0.04, 7.11+ 0.06 and
6.78+0.03] stareobtainedat 1=0.2,0.3,0.4and 0.5
mol dm™ at pH=6.36, temperature 35 °C and [NBS]
=0.02 mol dm3.

From Equation (3) itissurprising to notethat one
reaction path isindependent of NBS. Itisaso observe
that k ,_ value wasn’t reproducible when different
sources of reagent were used. This observation has

TABLE 3: Variation of k,withpH at [Cr'"'(IDA)(Ma)(H,0)]
=4.0x 10*mol dm3, 1=0.13mol dm?, different temperatures
and [NBS].

10% k,, (mol™*dm™*3 st

T =35C T =40°C T =45C
8.29+0.07 9.60+0.07 11.61+0.02
9.56+0.02 11.00+0.06 13.02+0.02
10.00+0.08 12.00+0.02 13.90+0.06
14.844+0.05 16.61+0.07 20.30+0.10

pH

T=25C

6.02+0.02
7.00+0.02
8.68+0.04
13.55+0.02

5.75
6.05
6.36
6.86
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Figure6: Plot of k, versur [H*]™ at different temperature.
TABLE 4 : Variation of k,and k, with temperatures at

[Cr'"(IDA)(Ma)(H,0),]=4.0x 10* mol dm?, 1=0.13mol dm?,
and different [NBS).

T (°C) 10%k5(mol*dm*3 %) 10%k4(sY)
25 1.08+0.06 5.83+0.06
35 1.13+0.07 8.05+0.30
40 1.20+0.08 9.54+0.12
45 1.34+0.02 10.64+0.20

drawvn our attentionto thepossbility of cataysisby trace
amount of metd ionsoriginatinginthereagentsandin
the solvent, especialy iron (11) and manganese (11)1?7.
Theeffect of iron (1) onthereactionratewasin-
vestigated over the (3.0—10.0) x 10-° mol dnr3range
at different NBS concentrations, [Cr'"'(IDA)(Ma)
(H,0),1=4.0x 10* mol dm, 1=0.13 mol dm?,
pH=6.36 and temperature 35 °C. Plots of k_,_versus
TABLES: Effect of[Fe'Jonk,, at [Cr'"'(IDA)(Ma)(H,0),]=40

x 10* mol dm3, 1=0.13 mol dm3, pH=6.36, temp=35°C with
different [NBS).

102 kobs (S-l)

10°[NBY " [r] [Fe'] [Fe [Fe']
(mol dm™)  (mol dm®) (mol dm®) (mol dm™®) (mol dm?)
3X10° 5X10° 7X10° 10X10°
5.0 7.2240.01 9.36+0.02 11.33+0.03 12.97+0.06
4.0 5.26+0.02 7.65£0.02 9.69:0.03 11.01+0.07
3.0 345+0.01 6.23+0.03 8.36+0.04 9.80+0.05
2.0 2.36+0.03 4.48+0.04 6.39:0.05 7.65+0.10
1.0 1.26+0.04 356+0.05 4.85:0.07 6.45+0.30
e

[NBS] at different iron (I1) concentration, show that

thereactioniscatalyzed by Fe', TABLE 5andfigure

7. Itisgpparent from TABLE6, that k, isFe' indepen-

dent. The dependence of k, on added [F€'], figure 8,

isinagreement with equation (5).

k,=k,+k_[Fe'] (5)
From equations(2), (4), and (5), theexperimental

16 p .
10x10™

10° [ NBS ] (mol dm":)
Figure7: Plot of kobsversus[NBS] at different [Fe(l1)]

TABLE 6: Effect [F€'] onk, andk,.

10° [Fe'] (mol dm™®) 107k, (sY)  10%k,(moldm* s
3.0 1.21+0.02 1.10+0. 1
5.0 2.56+0.04 1.13+0. 2
7.0 3.96+0.05 1.12+0.1
10.0 5.85+0.04 1.15+0.2

K (s
] 4 =)

8 9 10 11

w

4 3 6 7
[Fe(II)]mol dm®

Figure8: Plot of k, versus[Fe(l1)].
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ratelaw isrepresented by:
d[CrV']/dt={[k +k [F€'T]+[k,+(k/[HINBS]]
[Cr'"(IDA) (Ma)(H,0),], (6)

DISCUSSION

NBSexigsasprotonated speciesHNBS' Inhighly
acidic solution, but in our pH range the predominant
speciesisNBS 22, Coordination of NBStothemetal
ionispossiblethroughthecarbonyl group™. Inweskly
acidic agueous medium thefollowing equilibriumis
shown:

[Cr'"(IDA)Ma)(H,0),]' <= [Cr"' (IDA)(Ma)(H,0)(OH)]*
+H*K,

K, was measured potentiometrically, and has the
value=1.99x10%at 25 °C. From the pH range used
(5.75-6.86) and the K, value, itisclear that thetwo
species [Cr'" (IDA)(Ma)(H,0),]" and [Cr"
(IDA)(Ma)(H,O)(OH)]* areprédominated. An inner-
gphere process may beaccommodated through replace-
ment of coordinated H,O because coordinated H,O
ligandin[Cr'" (IDA)(Ma)(H,0),] may belabileand
hence substitution by NBSislikely®-%¥, Thehhydroxo-
group actsinlabilizeaCr- OH, bond, sofacilitatesthe
substitution of H,O by NBS. Thepresenceof [H'] de-
pendence on theratelaw suggestsinvolvement of the
deprotonated form of chromium (111) complex, [Cr'"
(IDA)(M3)(H,0)(OH)], intherate determining step.
Catalysisbyiron (I) ionsin several reactionsiswell
established by the oxidation of iron (11) toiron (111),
which acts asthe oxidizing agent!®*34, In view of the
above considerations, kinetics of oxidation of [Cr'"
(IDA)(Ma)(H,0),]- by NBS proceeds by one first-
order pathway in each reactant. Themechanism could
be described by thefollowing Egs.

[Cr'" (IDA)Ma)(H,0),] == [Cr"' (IDA)(Ma)

(H,0)(OH)I* +H*K ™
Fe' + NBS a2, Fe''+R+Br- €)
F&'+R s, R +Fell )

[Cr'" (IDA)(Ma)(H,0),] +NBS <= [Cr'(IDA)

(Ma)(H,0)(NBY)] +H,0K (10)
[Cr" (IDA)(Ma)(H,0)(OH)J? +NBS£=

[Cr' (IDA)(Ma)(OH)(NBS)] 2 +H,0K | (11)
[Cr'(IDAYMa)(H,0),]+Fe' _Ks , Criv+IDA+
Ma+H.,0 +Fe! (12)

—= Fyll Peper
[Cr'" (IDA)(Ma)(H,0)(OH)]* + Fe" Ks . Crv+

IDA+Ma+H,0 +Fe'+OH- (13)
[Cr"(IDA)Ma)(H,0)(NBS)] _Kz_, CrV+IDA+

Ma+H,0+Br+R (14)
[Cr'' (IDA)(Ma)(OH)(NBS)]? _Ks , CrV+IDA+

Ma+OH" +Br+R (15)
CrV+Fe! _fa o CrV+Fe! (16)
CrV+Cr'v _fat o Cril+CrV (17)
CrV+R __fat y CrV+R (18)
CrV+R _fat y CrV +R (19)

It isknown that the succinimidyl radical R isnot
heavily resonance stabilized and henceisunstablewith
respect to succinimide or NBS®*1. Succinimideanion
R may well prefer to abstract ahydrogenionfrom, for
example, thesolvent, to form succinimide. Thusthe
product may be succinimide, awel | known product of
organic NBS oxidation. Presenceof Br asaproduct is
indicated by the formation of Ag Br which, increased
gradually withtime up on addition of AgNO, solution
to thereaction mixture. From the above mechanism,
thereactionrateisgiven by
d[CrV]/dt =k [Cr"(IDA)(Ma)(H,0),][Fe"]+

kJCr'" (IDA)(Ma)(H,0)(OH)?][Fe"]+

k,[Cr'"(IDA)(Ma)(H,0)(NBS) ]+

k,[Cr'' (IDA)(Ma)(OH)(NBS)?] (20)
Substituting [Cr'"" (IDA)(Ma)(H,0)(OH) =],
[Cr"'(IDA)(Ma)(H,O)(NBS) 7 and [Cr™
(IDA)(Ma)(OH)(NBS)?] fromEqgs(7, 10and11) gives,
d[CrV']/dt ={[Fe"](k+k K /[H*])+[NBS]
(kK +k, K K JIH]D} [Cr'"(IDA)M&)(H,0),] (21)
Andwhichisidentical to the experimental ratelaw,
equation (6)
k.. ={[Fe"](k,+k K /[HT)+NBS]
(kK +k, K K JH) (22)
At constant [H*], Eq (23) follows, in whichA isa
constant includesk K /[H']:-
k.. ={[F"I(K+A)+NBS] (kK +k, K K JIH]}
From equation (3), (5) and (23),
k=[Fe"] (k,+A), k, =k K +k K K /[H* and k_= (K +A)

Thereasonfor thetermk , beingindependent of the
iron (I1) concentrationin Equation (6), isnot obvious. It
probably arisesfromacataytic pathway involvingameta
ionsuchascopper(ll) and manganese(11), being present
asanimpuritiesinthereagentsused or in watert?39,

From the above mechanism, thekinetic datamay

(23)
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beinterpreted intermsof amechanisminvolving rapid
pre- equilibrium formation of Cr'"' precursor complex
followed by ad ow intramolecul ar e ectrontransfer may
proceeds through on inner- sphere mechanism via
coordination of NBSto Cr (111). From Eq (4) and figure
6, it can be show that k K,= 6.39x10° mol* dm* s*
and k, K, =1.08x10° s* (using the value of K, =
1.99x10° mol dm®) at thetemperatureused . Also, from
eq.(5) andfigure8, vaueof kcat 35°C is 9.12x102 s,

In comparison, rate of oxidation of [Cr
(IDA),(H,0),]", by NBS, is faster than [Cr'
(IDA)(Ma)(H,0),] asevidanced from values of the
intramolecul ar electron transfer rate constant for both
two complexes, k_ = 2.16x10* mol*dm* and 1.36x10
2 mol™* dm* for [Cr (IDA),(H,0),]- and [Cr'"
(IDA)(Ma)(H,0),] , respectively. This behaviour is
cons stent with cyclic voltammetric results, E=+0. 048
(mv) and E=+0.110 (mv), respectively. Whichindicates
that the secondary maonicligand stabilizethe complex
towardsoxidation. Thiscan beexplanedusingcrysta
field theory. Vauesof pKafor iminodiaceticand maonic
acidsare2.59 and 4.18, respectively.i.emaonicisa
conjugate base more stronger, with more el ectrostatic
field, than iminodiacetate ligand, i.e. with more
electrostatic field. Thus, the crystal field stabilization
energy, A, between t32g and eogorbitals of Cr (lll) in
the ternary complex is increased due to malonic
secondary ligand. Therefore, lossof thethreet®, dectron
fromthecentral Cr'" ion, in[Cr" (IDA)(Ma)(H,0),]
becomesmoredifficult.

The intramolecular electron transfer step is
endothermic asindicated by the positive enthal py of
activation valueand hence, the contributionsof AH*
and AS* totherate constant seem to compensate each
other. Thissuggeststhat the factorscontrolling AH*
must be closely related to those controlling AS*;
therefore the solvation state of the activated complex
would beimportant in determing AH*7, Unusually
smal AH* vauesand large negetive activation entropies
reasonably could reflect anon-adiabatic contribution
to the electron transfer process. Then both AH* and
AS* then may be expected to systematically increases
astheorientation of theoxidant inthe precursor complex
isatered so asto enhance overlap between donor and
acceptor redox orbital sand consequently the probability
of adiabatic eectron transfert®,

Enthalpies and entropies of activation for the

oxidation of some complexesof chromium (I11), [Cr'"
(EDDA)(H,0),]*, [Cr" (en) J**, [Cr''(L), (H,O)]* and
[Cr"(IDA)(Ma)(H,0),]- where[en=ethylenediamine,
L =2-amino methyl pyridine, EDDA=ethylenediamine
diacetate] with NBSaretabulatedin TABLE 7. A plot
of AH* versus AS* for these complexesisshownin
Figure.

TABLE 7: Valuesof AH*and AS* for theoxidation of ternary
chromium (111) complexesby NBS.

?H* 2S
Complex kImol  JKmol™ Reference

[Cr'"'(EDDA) (H,0)] " 13.37+0.2 258.6+5 18
[Cr'"'(IDA)(M&)(H,0)]” 25.08£0.1 200.83+6 Thiswork
[Cr'"(L)o(H,0)* 65.02+0.3 114.4+3 21
[Cr'(en)y]* 83.0:0.1  48.0+2 41

300

[ €™ EDDA) (H.0%1'

200 F

PR O
AS*(JK "mol") [ (IDA) (Ma)(E:O)]

150 |
[ C (ens]”

100

[T { Ly (H200]
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Figure9: Enthalpiesand entropiesof activation for theoxida-
tion of somechromiu [I11] complexesby NBS

Similar linear plotswerefound for alargenumber of
redox reactiong®2¥ and for each reaction series a
common rate-determing stepisproposed. An excellent
linear relationshipisseen. Thisisokingticrdationshiplends
support to acommon mechanism for the oxidation of
chromium(l11) complexes, reported here, by NBS. This
consists of NBS coordination to the chromium (111)
complexesinastep precedingtherate- determiningintra:
molecular dectrontrangfer within the precursor complex.
Thedectrontrander reectivitiesof thesecomplexeswith
NBS arecomparable, asthe coordination of NBSwith
thesecomplexesareidentica. All of these suggest that
theexcellent correlation often observed between AH*
and AS* mainly reflectsthefact that both thermodynamic
parametersareinredity two measuresof thesamething,
and that measuring acompensation temperatureisjust a
rather indirect way of measuring theaveragetemperature
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a whichtheexperimentswerecarried out.

Our suggestion that the NBS actsasan oxidant in
away such astofollow theradica reaction mechanism
isingood agreement with thetheortical results* which
indicates that the N-Br BDE (Bond Dissociation
Energy) of theBr radical formationislower thanthat
of theBr-Or Br-.
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