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ABSTRACT

Theoxidation of[Cr'"(NTA)(Hist)(H,O)] and[Cr"'(NTA)(Asp)(H,O)] (NTA
= nitrilotriacetic acid, Hist = L-histidine and Asp=DL-aspartic acid) by
periodate in aqueous medium has been studied spectrophotometrically over
15.0-35.0°C range. Thereaction isfirst order with respect to both[10,] and
the complex concentration, and the rate increases over the pH range 3.40-
4.45 inboth cases. The experimental ratelaw iscond stent with a mechanism
in which both the deprotonated forms,[Cr'"'(NTA)(Hist)(OH)]*
and[Cr'"(NTA)(Asp)(OH)]?* are significantly more reactive than the conju-
gate acids. It is proposed that electron transfer proceeds through an inner-
sphere mechanism via coordination of 10, to chromium(l1l). A common
mechanism for the oxidation of some chromium(l11) complexesby periodate
is proposed, and this is supported by an excellent isokinetic relationship
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INTRODUCTION

Ternary complexes of oxygen-donor ligandsand
heteroaromatic N-bases such as nitrilotriactic acid
(NTA) andiminodiacetic (IDA) acid with sometrans-
tion metals have attracted much interest asthey can
display exceptionaly high stability and may bebiologi-
cally rdevant®?, Theuseof transition metal complexes
of nitrilotriacetic acid have been widely adoptedin bi-
ology, and aregaining increasing usein biotechnol ogy,
particularly intheprotein purification techniqueknown
asimmobilized metal-ion chromatography!®. Thechro-
mium (I11)-complexesof a-amino acidarebiologicaly
available, depends on the complexing ability of the

ligandsfor chromium against OH". Thechromium aids
in thetransportation of amino acidsthrough the cell
membrang.

Thebiologica oxidation of chromiumfromthetriva:
lent to hexavd ent statesisanimportant environmental
process because of the high mobility and toxicity of
chromium(V1)®. Recently, Cr(I11) oxidationto Cr(V)
and/or Cr(V1) inbiologica systemscameinto consid-
eration asaposs blereason of anti-diabetic activities of
someCr(l11) complexes, aswdl asof long-termtoxici-
ties of such complexes®. The specificinteractions of
Cr(111) ionswith celular insulin receptors”, arecaused
by intra-or extrace lular oxidationsof Cr(I11) to Cr(V)
and/or Cr(VI) compounds, which act asproteintyrosne
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phosphatase (PTP) inhibitors.

Periodate oxidations have been reported to play
animportant rolein biologica determinants®19, Stud-
iesof thekineticsof periodate oxidationsonaseriesof
dextran oligomers, polymersand somedimeric carbo-
hydrates® wereinvestigated to show the dependence
of thekinetic rates on the molecular weight. Caffeic
acid (3,4-dihydroxy cinnamic acid) was oxidized by
meansof sodium periodatethat mimicsthemechanism
of polyphenol oxidase, thereaction leadstotheforma
tion of theantioxidant product 2-s-cysteinyl caffeic ad-
duct which exhibitsdightly improved antiradical activ-
ity inrelationwith the parent molecule (Caffeic acid)®.

Theimidazol-modified M-salophen/Nal O, oxidiz-
ing system can be applied to oxidizealarge number of
primary aromatic aminesin high to good yield at short
times and room temperature®. Also, an efficient oxi-
dation of Hantzsch 1,4-dihydropyridinesto their cor-
responding pyridine derivativeswith (Bu,N)IO, cata-
lyzed by[Mn(TPP)CI], was reported™. Inner-sphere
mechanismfor oxidation of chromium(l11)-complex of
some amino acidg*?*, and some nucl eosides*+ 4 by
periodate also has been proposed with the hydroxo
group acting asbridging ligand, or through the substitu-
tion of coordinated H,O by[10O,]".

Oxidation of ternary nitril otriacetatocobalt(l1)-com-
plexesinvolving succinate, mal onate, tartarate, mal eate
and benzoate asasecondary ligands by periodate has
beeninvestigated* 9, Inall cases, initial cobalt(l11)
products were formed, and these changed slowly to
the final cobalt(l1l) products. It is proposed that the
reactionfollowsaninner-spheremechanism, which sug-
gested relatively faster rates of ring closure compared
tothe oxidation step. Because, an V! intheinitia prod-
uct isprobably substituted by water moleculewith a
very slow rate duetoinertness of Co'" and Co"-OIO,
bond is being stronger than Co-H,O bond. But, the
kinetics of oxidation of cobalt(Il) complexes of
propylenediaminetetraacetate (PDTA )@, 1,3-diamino-
2-hydroxypropanetetraacetate (HPDTA)?Y, diethyl
enetriamine- pentaacetate (DPTA)2Y, trimethylene
diaminetetraacetate (TMDTA)?2 and ethyleneglycal,
bis(2-aminoethyl)ether,N,N,N’,N’-tetraacetate
(EGTA)?2 by periodate gave only thefind product.

Periodate oxidations of thechromium(l11) complex
of nitrilotriacetic acid®®, 2-aminopyridineg?¥ and

iminodiacetic acid® werecarried out. Indl casesthe
electron transfer proceeds through an inner-sphere
mechanism viacoordination of 10, to chromium(lIl).

In order to gather moreinformation, | thought it
wasimportant to investigate the kineticsand mecha-
nism of the oxidation of a ternary complexes of
chromium(l1l) involving nitrilotriaceticacid asaprimary
ligand and L-histidine or DL-aspartic acid as a sec-
ondary ligands by periodateto study the effect of sec-
ondary ligandsonthe stability of[Cr''(NTA)(H,0),]**
towards oxidation.

EXPERIMENTAL

M aterialsand solutions

Theternary nitrilotriacetatochromium(lil) com-
plexesinvolving L-histadieneand DL-asparticacid as
a secondary ligands were prepared by the reported
method®l. All chemicalsused inthisstudy wereof re-
agent grade (Anaar, BDH, Sigma). Buffer solutions
were prepared from NaCl and HCI of known concen-
tration. NaNO, wasused to adjust ionic strengthinthe
different buffered solution. Doubly distilled H,Owas
used in all kinetic runs. A stock solution of NalO,
(Aldrich) was prepared by accurate weighing and
wrapped in aluminumfoil to avoid photochemica de-
composition?,

Kinetic procedures

The UV-vis bleabsorption spectraof the products
of oxidation of[Cr"'(NTA)(Hist)(H,O)] and[Cr'"'(NTA)
(Asp)(H,0)] by 10, werefollowed spectrophotometri-
cdly for adefinite period of timeusingthe JASCO UV-
530 spectrophotometer. All reactantswerethermally
equilibrated for cal5 min. inan automatic circulation
thermogtat, thoroughly mixed and quikly transferred to
an absorption cell. The oxidation rateswere measured
by monitoring the absorbance of CrV' at 350 nm, ona
Jenway 3600 spectrophotometer, where the absorp-
tion of theoxidation productsismaximal at thereaction
pH. The pH of the reaction mixturewas measured us-
ing aG-C825 pH-meter.

Pseudo-first-order conditionsweremaintainedin
al runsby the presence of alargeexcess (>10-fold) of
10, Theionic strength was kept constant by the addi-
tion of NaNO, solution. ThepH of thereaction mixture
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Figure 1: Absor bance spectr a of reaction mixturesver sus
time. Curves(1)-(10) wererecorded at 2, 5, 10, 15,20,25,30,
35, 40and 50 min. respectively, fromthetimeof initiation;
[complex] =2.5x 10*M, [10,] =0.02M,1 =0.2M, pH =
4.05and T =30°C Curve(............ ) spectrum of the com-
plex (1.0x 10°M) at the same pH
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Figure2: Absor bance spectra of reaction mixturesver sus
time. Curves(1)-(9) wererecorded at 2,5, 10, 15,20,25,30,
40and 50 [complex=2.5% 10*M,[10,]=0.02M,1=0.2
M,pH =4.05and T =30°C. Curve(............ ) spectrum of
thecomplex (1.0x 10°M) at thesame pH

wasfound to be constant during the reaction run.
Oxidation products

Theultraviolet visble absorption spectraof theoxi-
dation products of[Cr'"'(NTA)(Hist)(H,O)]-and[Cr'"
(NTA)(Asp)(H,0O)] by periodate wererecorded over
timeon JASCO UV- 530 spectrophotometer (Figures
1 and 2). Thedatashow that the chromium(l11)-com-
plex peaks at 560 and 575 nm for[Cr'"'(NTA)(Hist)

—= Fyll Poper

(H,O)]"and[Cr'"'(NTA)(Asp)(H,0)] havedisappeared
and has been replaced by apeak at 350 nm. The pres-
ence of oneisosbestic point at 500 and 504 nminthe
absorption spectra as shown in figures 1 and 2, re-
spectively, wastaken asthecriterionfor the presence
of two absorbing speciesinequilibrium.

Soichiometry

A known excess of Cr'"' complex was added to
10, solution, theabsorbance of CrV' produced was mear
sured at 350 nm after 24 hour from the onset of the
reaction. The quantity of Cr'"" consumed was cal cu-
lated using the molar absorptivity of CrV! at the em-
ployed pH.

Test for freeradical

Inorder to verify the presence of thefreeradicas
inthereaction, thefollowing test wasperformed. A re-
action mixture containing acrylonitrilewas kept for 24
hinaninert atmosphere. On diluting the reaction mix-
ture with methanol since no precipitate was formed
hencethissuggeststhat thereno possibility of freeradi-
cd interventionin thereaction.

RESULTS

Kineticsof oxidation of[Cr'"'(NTA)(Hist)(H,O)]

Oxidation of[Cr'"'(NTA)(Hist)(H,O)] by periodate
was studied over the (3.40-4.45) pH range, 0.20 mol
dm3ionic gtrength, (0.50-5.0) x 102 mol dmperiodate
concentration range, (1.25-6.25) x 10 mol dm3com-
plex concentration range, and (15.0-35.0)°C.

Thestoichiometry of thef Cr'"(NTA)(Hist)(H,0)] /
10, reaction can be represented by Equation (1).

2Cr"" +3IV1" — 2Cr V' + 3|V )
Theratio of IV initialy present to CrV! produced
was 1.50, the stoichiometry is consistent with the ob-
servationthat 10, does not oxidizethe Cr'"' complex
over the pH rangewherethekineticswasinvestigated.
Plotsof In(A.-A) versustimewerelinear upto 90
% from the beginning of reactionwhereA andA are
absorbanceat timet and infinity, respectively. Pseudo-
first-order rate constants, k , , obtained fromthesopes
of theseplots, arecollected in TABLE 1. Theresults
(TABLE 1) show that k ,  was unaffected when the
concentration of the chromium(l11)-complex wasvar-
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TABLE 1. Dependenceof therate, k

obs

(x 10%, s") on[Cr"'(NTA)(Hist)(H,0)] %, [10,] and temper atureat pH = 4.05

10710,](mol dm®) 10" Kops (ST = 15°C 20°C 25°C 30°C 35°C
05 1.20+0.02 1.70+0.01 1.92+0.03 2.68+0.05 3.56+0.03
1.0 2.10+0.01 3.10+0.04 3.75:0.05 4.71£0.08 7.30+0.10
1.5 2.95+0.04 - 5.78+0.08 6.58+0.15 9.26+0.08
2.0 3.86+0.06 6.03+0.07 7.15:0.11 9.11:0.24 11.60+0.23
30 5.75£0.05 8.53+0.06 9.31+0.09 13.86+0.35 18.38+0.37
4.0 6.95+0.07 11.15+0.12  12.48+0.20 17.45£0.40 26.60+0.55
5.0 9.05:0.10 13.68:0.25  17.33+0.31 23.81:0.62 31.05+0.80

Cr"(NTA)(Hist)(H,0)] = 2.50 x 10 mol dm?; 12 = 0.20 mol dm?; 10° k= 7.08+0.03, 7.44£0.02, 6.90+0.05 and 7.32+0.04 s* at 10
A[Cr"(NTA)(Hist)(H,0)] = 1.25, 3.75, 5.0 and 6.25 mol dm, respectively at 25.0°C, and[1O,] = 0.02 mol dm?. While at | = 0.3, 0.4, 0.5
and 0.6 mol dm?, 25.0°C, {[Cr"/(NTA)(Hist)(H,0)] and[IO,] = 0.02 mol dm?, 10%_ = 7.73£0.05, 8.0+0.07, 8.400.08 and 9.15:0.07 s,

respectively

TABLE 2: Effect of pH onk ,_at[Cr"'(NTA)(Hist)(H,0)] =
2.50x 10*mol dm31 =0.20 mol dm?3,and T = 25°C
10°
[104] 10*kgpss™
(mol pH =3.40
dm?)
0.5 0.36+0.01 0.74+0.01
1.0 0.75£0.01 1.26+0.03
1.5 1.05+0.02 2.20+0.05

pH=3.72 pH=4.05 pH=427 pH=4.45

1.92+0.03 3.25+0.05 4.41+0.02
3.75+0.02 6.21+0.12 8.91+0.07
5.78+0.08 8.63+0.21 13.96+0.25
2.0 1.38+0.04 2.55+0.02 7.15+0.18 11.70+0.39 21.30+0.37
3.0 - 4.18+0.07 9.31+0.24 17.13+0.63

4.0 2.16+0.03 5.51+0.10 12.48+0.33 24.43+0.80 24.65+0.54
50 3.16+0.05 6.25+0.16 17.33+0.47 26.80+1.0

ied at constant periodate concentration, indicating first-
order dependence on complex concentration.

At congtant[H*] andionicstrength, 1/k,_varieslin-
early with 1/[10,] at different temperatures (Figure 3),
and thekineticsof the reaction are described by Equa

tion (2):

d[CrV]/dt={a[lO,],/ 1+b[10,] }[Cr"], )
k,.=all0,],/(1+bl0,],) ©)
or

1k, =1a[lO,], +bla 4

Plotsof 1/k , versus 1/[1O,] at different pH val-
ues(3.40-4.45) (Figure4), show that thereaction rate
increased asthe pH increased over therange studied
(TABLE 2). Therate of reaction increases by thein-
creasing theionic strength of thesolution (TABLE 1).
This phenomenon has been attributed to thefact that
the reaction takes place between the same charged
Species.

Kineticsof oxidation of[Cr'"'(NTA)(Asp)(H,0)]

Under the same experimental condition for the
oxidation[Cr'"'(NTA)(Asp)(H,0)], thekineticsof oxi-
dation of the[Cr'"'(NTA)(Asp)(H,O)] by periodate
werestudied. Theoveral stoichiometry of[Cr'"'(NTA)
(Asp)(H,0)]/[10,]" reaction can be represented by

10%kobs (S)

. -
sl

=
o

an FIII 'EE ":'II 253
U[1o,]1,(M™Y)
Figure3: Plot of 1/kobsversus1/[10, ] at different tem-
peratures

k2 L]
(=] wn

103/Kobs (S)

U[1o,1,(M™)
Figure4: Plot of 1/k , versusU/[1O,] at different pH

Equation (1). The concentration of periodateinitially
present to chromium(V1) produced wasfound to be
3.0: 20.

First-order plotsof In (A.-A) versustime were
found to belinear up to 85 % from the beginning of the
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TABLE 3: Variation of k | _with different concentr ationsof periodateand different temperatures[Cr"'(NTA) Asp)(H,0)]° =

2.50x 10*mol dm?®[10,] at pH =4.05and | =0.20 mol dm’®

1010, ]mol dm™ 10" Kops (SH)T =15°C 20°C 25°C 30°C 35°C
05 1.03+0.02 1.38+0.01 1.58+0.03 1.87+0.02 3.04+0.05
1.0 1.85+0.01 2.46+0.02 3.20+0.01 3.48+0.02 6.23+0.14
15 2.51+0.03 3.50+0.02 4.15+0.04 4.81+0.08 8.25+0.30
2.0 2.98+0.02 4.50+0.06 5.64+0.04 6.33+0.25 9.80+0.45
3.0 4.46+0.02 6.40+0.09 8.3240.17 10.15+0.38 13.50+0.61
4.0 5.05+0.04 8.05+0.20 - 11.43+0.53 19.55+0.80
5.0 5.53+0.07 9.50+0.37 11.50+0.31 17.32+0.62 24.37+0.70

b[Cr"(NTA)(Asp)(H,0)]= 2.50 x 10* mol dm?, I° = 0.20 mol dm?, 10%,_ = 5.58+0.04, 6.08+0.02, 5.87+0.05 and 5.90+0.07 s at 10*[Cr'" (NTA)
(Asp)H,0)] = 1.25, 3.75, 5.0 and 6.25 mol dm, respectively at 25.0°C, and[10,] = 0.02 mol dm=. While at | = 0.3, 0.4, 0.5 and 0.6 mol
dm?, 25.0°C, *[Cr'"(NTA)(Asp)(H,0)] and[10,] = 0.02 mol dm?, 10%, = 6.62+0.03, 7.75£0.06, 8.70+0.04 and 9.500.05s", respectively

TABLE 4: Effect of pH onk ,_at[Cr'"'(NTA)(Asp)(H,0)] = 2.50x 10*mol dm?, | =0.20mol dm?and T =25°C

10°710,] moldm™® 10% Kops (s7) pH 3.40 3.72 4.05 4.27 4.45
05 0.46+0.01 0.76+0.01 1.58+0.04 3.30+0.02 5.00+0.06
1.0 1.16+0.01 1.48+0.03 3.20+0.09 6.06+0.06 8.91+0.10
15 - 1.96+0.01 4.15+0.07 8.23+0.15 11.10+0.23
20 1.73+0.03 2.72+0.02 5.64+0.18 9.78+0.28 12.80+0.33
3.0 2.15+0.02 4.36+0.08 8.31+0.32 13.1+0.43 14.80+0.80
4.0 3.30+£0.04 5.98+0.12 - 17.35+0.61 19.50+1.00
5.0 5.75+0.07 7.46+0.24 11.50+0.55 20.85+0.70  30.00+1.42
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Figure5: Plot of 1/k , versus U[IO,] at different tem- uUlio, 1, (M%)

peratures

reaction. Observed rate constants, k , , were obtained
fromthedopesof theseplots, arecollectedin TABLE
3. The magnitude of the observed pseudo-first-order
rate constant, k ., was found to independent of the
chromium(l11)-complex concentration as shown in
TABLE 3. Thisindicatesthe pseudo-first-order depen-
dence on complex concentration.

At constant[H*] andionic strength, 1/k , varieslin-
early with /[10,] a different temperatures (Figure5),
and thekineticsof the reaction are described by Equa-
tion (4)

Figure6: Plot of /k , _versus1/[IO,] at different pH

At constant temperature 1/k ,_varieslinearly with
U[10,] at different pHs (3.40 - 3.45) (Figure 6), show
that therate of reaction increaseswith increasing pH
(TABLE4). TABLE 3indicatesthat thereaction rate
isincreaseswithincreasing of ionic strength.

DI SCUSSION
The system which congistsof ametal ionand more

than onetypeof ligand isdefined asternary complexes
suchag Cr''(NTA)(Hist)(H,0)I, and [Cr'"(NTA)(Asp)
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(H,O)]', wherenitrilotriacetic acidisfunctioning astri-
dentate through two carboxylic groupsand oneimino
group whileL-histadiene or DL-aspartic acid asasec-
ondary ligands are abidentate. The oxidation of[Cr'"
(NTA)(Hist)(H,0)]" by periodate may be proceeding
through aninner-spheremechanism. Theassgnment of
aninner-spheremechanism for thisreaction seemsto
be supported by thefact that[10,]" is capable of acting
as aligand as demonstrated by its coordination by
copper (1128 and nickel (1)1, inwhich the coordi-
nated H,O issubstituted by V("3

In acidic agueous medium the chromium(l11) com-
plex may beinvolved intheequilibrium shownin Equa
tion(5):

[Cr(NTA)(Hist)(H,0)]" === [Cr"(NTA)(Hist) -
(OH)JZ+H"K,

K can be determined potentiometrically and has
thevalue5.0x10“ at 25°C FromthepH rangeand K
va ue, suggestsinvolvement of the deprotonated form
of thechromium(l11)-complex intherate-determining
step. Thereisapossibility for thecoordinaion of 1O,
sincesubdtitution of H,Oligand by IO, islikely to oc-
Cur[14’16].

Thekinetic datamay beinterpreted intermsof a
mechanism involving rapid pre-equilibrium oxidant-
chromium(111) complex formation followed by aslow
intramol ecular e ectrontransfer step. A possiblemecha
nismisdescribed by Equations (6-10):
[Cr'"(NTA)(Hist)(H,0)]" =

[Cr(NTA)(Hist)(OH)J? + HK, ©)
[Cr(NTA)(Hist)(H,0) +{10,T —=

[Cr(NTA)(Hist)(Ol O, + H.OK,, Y
[Cr (NTA)(Hist)(OH)J> +[10.] s .
[Cr(NTA)(Hist)(OH)(OI O] K . ®)

[Cr(NTA)Hig)(010)]> K1 Products 9)

[Cr''(NTA)(Hist)(OH)(OI O)* K2 Products (10)

From the above mechanism, therate of the reac-
tionisgivenby:
d[CrV'}/dt = (k,K,+k K K /[[H])
[Cr'"(NTA)(Hist)(H,0)]110,]

If weassumethat[Cr'"'] . representsall thedifferent
formsof chromium(lI1), then:
[Cr] =[Cr"'(NTA)(Hist)(H,O)] {1+ (K /[H"]) +
[10,1(K,+(< K JIHD)} (12

Substituting[ Cr''(NTA)(Hist)(H,O)] - from Equation

(1)

(12) into Equation (11) gives:.
d[Crv/dt = (k K, +k,K ,K /IH[10,I[Cr"] ./

{1+ (K JH]) +K, +K K HDIO} (13)
k,,,=[10,1{k,K,+ (KK K,/[H]}/

{1+ (KJHT) + (K, +K KJHDIIO, ]} (14)
K, ={(k K[HT+k,K KO,/ 5

{H7+K +(K[H]+K KO}
Since, the deprotonated form, [Cr'"'(NTA)(Hist)

(OH)]?#, isconsidered to bemorereactiveformthanits

conjugateacid, we can assumethat K, >> K, and that

Equation (15) may be reduced to Equation (16).

K, =K K K JIO,T/{[H]+K, +(K,[HT]+K K)0,]} (16)

Upon rearrangement

Uk, = U[10,]{([H*]/ kK K,)+ (U kK)}

obs

HKIHY K K+ (WK} ()
At constant[H*], Equation (17) isidentical to the ex-
perimenta ratelaw shownin Equation (3) where,
a= (kK KK, +HHT)and b= (K [H*]+K K )/ (K, +[H")

Plot of both /a= K, +[H*] / kK K, and b/a=
(K[HT+ KK, I kK K, versugH'] are linear ac-
cording to the equation y = mx + ¢ with correlation
coefficient of r = 0.9953 and 0.9876, respectively. The
K, vauewascd culated by dividing theintercept by the
slopeof aplot /aversugH*] as8.64 x 10*mol dm
a 25°C. Theintramolecular electrontransfer ratecon-
stant, k,,, was cal culated from theintercept of aplot b/
aversugH'] as3.20 x 10?s*. Thevaueof K, calcu-
lated by dividingthed opeof bothb/aand /aversugd H*]
by as5.22 mol™* dm?®. Substituting thevalueof k, gives
K, fromtheintercept of plot of 1/aversugH'] as10.98
mol™* dm?. Thevalueof K isinagood agreement with
that obtained potentiometrically (K, =5.0 x 10*) and
the value of K, (10.98) is more than K, (5.22) pro-
videsagood basisfor the suggested mechanism. This
indicatesthevalidity of our proposed mechanism.

Thermodynamic activation parameters, AH* and
AS* associated with constant (a) in Equation (2), were
obtained from aleast-squaresfit tothetransition state
theory equation as 36.5+3.3 kJ moltand -149+11.2
JK-1 mol* respectively. Both AH* and AS* are com-
positevauesincluding formation of[Cr'"'(NTA)(Hi<t)
(OH)(QIO,)]* intheintramol ecular el ectron-transfer
step.

Incase of[Cr'"'(NTA)(Asp)(H,0)] , the observed
[H*] dependence suggested the involvement of the
deprotonated from of the chromium(ll) complex,
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Cr'"(NTA)(Asp)(OH)]Z intherate determining step.
So, inacid medium[Cr'"'(NTA)(Asp)(H,0)], may par-
ticipatein the equilibrium shownin Equation (18):
[Cr(NTA)A)(H,0)] =—
[Cr(NTA)ASD)(OH)> + H'K,, (18)

K, was measured potentiometrically hasthevalue
4.46x10° at 25°C. FromthepH (3.40 - 4.45) and the
K, value, itisclear that [Cr'"'(NTA)(Asp)(OH)]* may
bethereactivespecies. Also, fromtheresultsin TABLE
3, show that therate of reactionincreaseswithincreas-
ing of ionic strength. Thisbehavior isexpected since
the reaction takes place between the same charged
gpecies. Therefore Cr'"'(NTA)(Asp)(OH)]# may bethe
reactive species. Aninner-sphere process may still be
accommodated through replacement of coordinated
H,Oin[Cr"'(NTA)(Asp)(H,0)] by 10,3,

A possible mechanismisdescribed by Equations
19 - 147.
[Cr'(NTA)AP)(H,O)]" ===

[Cri(NTA)(ASD)(OH)> +H*K,, (19)
[Cr'(NTA)ASD)(OH)J? + 1V —— -
[Cr'(NTA)(Ap)(OH)(IM)]* K,

[Cr(NTA)AD)OH)I™F K  Produdts  (21)

From the above mechanism, the rate of the reac-
tionisgivenby
d[Cr¥'}/dt =k K JCr'(NTA)(Asp)(OH)J2[1""] (22)
If[Cr'"'] representsthetotal concentration of Cr"
species, then.
[Cr'"], =[Cr"'(NTA)(Asp)(OH)]*
{[HK +1+K IV }
Substitution for[Cr'"'(NTA)(Asp)(OH)]* from
Equation (23) into Equation (22) gives.
d[Crv/dt =k K JCr'] [IM"], {1+ [H] /K + K [1V].} (24)
and

(23)

K = KKV {1+ [H /K, +K IV} (25)
which onrearrangment, gives
Uk, = (K, +[HT KKK IV, + 1k, (26)

At constant[ H*], Equation (26) follows, inwhichA
isaconstant:
Uk, =ATKK K IV, + 1k, (27)
whichisidentica tothe experimentd resultsshownin
Equation (3) wherea=k,K K /A andb=K K_/A.
Thevaluesof 10%, at the temperature used,
calculated from Equation (27), are 1.05, 2.19, 3.93,
5.02 and 6.30 mol* dm? s at 15, 20, 25, 30 and 35,

respectively. Thethermodynamic activation parameters

—= Fyll Poper

associ ated with k,, obtained from aleast-squaresfit to
thetransition statetheory equation are AH = 64.6+8.5
kJmoltand AS=-76.0+7.7 JK*mol 1.

From Equation (27), it followsthat thes ope of the
plots can berepresented by Equation (28):

Slope=[H*"]/k K K + 1 kK, (28)
It isobviousfrom Equation (28) that theslopeis
dependent on[H*]. Thisisplot canbegivenasthelin-
ear equationy = mx + ¢, with acorrel ation coefficient
of 0.9890. Thevalues of K, and K, were calcul ated
from Equation (28) as 3.72x10°>mol dm and 490
mol*dm?, a 25°C and | = 0.20 mol dm, respectively.
Valueof K, isin good agreement with that obtained
potentiometrically (K, =4.45x10°).

In comparison with the oxidation of[Cr'"'(NTA)
(H,0).]** under thesame conditions, the deprotonated
complexesaresignificantly found to bemorereactive
than their conjugated acids. Thevaueof theintramo-
lecular e ectron transfer rate constant, k®*, for the oxi-
dation reaction increases in the order:[Cr'"'(NTA)
(H,0),]>[Cr'"(NTA)(Hist)(H,0)]>[Cr'"'(NTA)
(Asp)(H,0)] at 25°C (TABLE5). Thismeansthat the
stability of these complexestoward oxidationincrease
in the following order:[Cr'"'(NTA)(Asp)(H,0)]
>[Cr'(NTA)(Hist)(H,O)] >[Cr(NTA)(H,0),]. This
may be due to the presence of the amino acid as a
secondary ligand intheternary complexes, increasethe
stability of chromium(l11) towards oxidation than bi-
nary complex,[Cr'"'(NTA)(H,0),].

Thesmall AH* vauesandlargenegativeactivation
entropiesreasonably could reflect somenonadibatically
intheectron transfer process®. Both AH* and AS*
then may be expected to systematically increases as
theorientation of the oxidant in the precursor complex
isalter so asto enhance overlap between donor and
acceptor redox orbital sand consequently the probability
of adiabatic dectrontransfer™, Therdatively low vaue
of AH* for[Cr'"'(NTA)(Hist)(H,O)] isduetoitscom-
positeva ueincluding formationwhich may beexother-
mic and intramol ecul ar el ectron transfer which may be
endothermic.

Enthal piesand entropies of activation for the oxi-
dation of chromium(lI1) complexesby periodate are
collectedin TABLE 5. AH* and AS* for theoxidation
of these complexeswere cal culated related to intramo-
lecular electron transfer steps except
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TABLE 5: Enthalpiesand entropiesof activation for the oxidation of some chromium(l11) complexesby periodate

Complex 10° k¥ (s AH (KJ/mol)  -AS (J/IKmol) Ref. Figure 7 key

[Cr''(TOH)(H,0)] 2.95 76+2.1 38.747.1 33 1
[Cr"(NTA)(Asp)(H.0)] 3.93 64.6+8.5 76+7.7 This work 2
[Cr'"(Ud)(Asp)(H,0)3]** 0.70 59.5+9.2 107+35.2 22 3
[Cr'"(NTA)(Hist)(H,0)]" 32.0 36.5+3.3 149+11.2 This work 4
[Ccr'(Ud)(H,0)4)* 9.31 37.8+3.1 158.3+39.3 22 5
[Cr'(HIDA(Val)(H,0)] 1.22 417415 162.5+3.3 34 6
[Cr'"'(Arg),(H,0)5]* 3.46 30+2 192+12.4 13 7
[Cr'"(NTA)(H,0).] 62.0 14.0+2.4 221+8.8 23 8
[Cr'"'(HIDA)(Arg)(H,0),]* 1.82 15.9+1.2 227+5 34 9
[Cr'"'(HIDA),(H,0)] 10.9 12.3+1 240.7+7 25 10

AH*K Jmol*

L]
[=]

51 100 150
-AS*JK1mol*!
Figure7: Enthalpiesand entropiesof activation of some
chromium(l11)-complexes

for[Cr''(HIDA),(H,O)], [Cr''(HIDA)(Arg)(H,0),]*
and[Cr''(NTA)(Hist)(H,O)]", AH* and AS* arecom-
positevauesincluding theenthal py of formation of the
precursor complexesand theintramolecular electron
transfer steps. A plot of AH* versusAS* for these com-
plexesisshowninfigure7, and anexcellent linear rla
tionship wasobtained. Similar linear plotswerefound
for alargenumber of redox reactiong®34 and for each
reaction seriesacommon rate-determining stepispro-
posed. Theisokinetic relation lends support acommon
mechanism for the oxidation of chromium(lIl) com-
plexes, reported here, by periodate. Thisconsistsof a
periodateion coordination to the chromium(l1) com-
plexesin step preceding therate-determining intramo-
lecular eectron transfer within the precursor complex..
| sokinetic compensation between AH* and AS* ina
seriesof related reactionsusudly impliesthat oneinter-
action between thereactantsvarieswithinthe series,

theremainder of themechanismbeinginvariantt®. The
electron transfer reactivities of these complexeswith
periodate are comparable, as the coordination of
periodate with these complexesareidentical . All of this
suggeststhat the excellent correl ation often observed
between AS* and AH* mainly reflectsthefact that both
thermodynamic parametersarein reality two measures
of the samething, and that measuring acompensation
temperatureisjust arather indirect way of measuring
theaveragetemperaturea which theexperimentswere
carried out. Asthistemperaturewill often beinarange
that the experimenter expectsto havesomebiological
sgnificance, itisnot surprising if thecompensationtem-
perature turns out to have abiologically suggestive
vaue®.,
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