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ABSTRACT KEYWORDS
The kinetics of the oxidation of [Co"(ADA)(M)(H,0),]* (ADA = N-(2- Kinetic studies;
acetamido)iminodiacetic and M = Malonate) by periodatein acetate medium N-(2-acetamido)
have been investigated spectrophotometrically at 580 nm under pseudo first iminodiacetic;
order condition by taking large excessof oxidant (10, over the 15.0-35.0°C Ternary complexes of
rangeat pH =4.99 and | = 0.50 M. Thekineticsin acetate medium obeyed the cobalt(l1);

ratelaw: d[Co"]/dt = (k, + k,[CH,CO,])[Co"(ADA)(M)(H,0),]*[IO,]. The
initial cobalt(I11) products were formed and slowly converted to final prod-
ucts, fitting an inner-sphere mechanism. The enthalpy and the entropy of

Periodate oxidation;
Thermodynamic activation
parameters.

the activation were measured using the transition state theory equation.
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INTRODUCTION

Theactivity of periodic acid asan oxidizing agent
varies greatly as afunction of pH and is capable of
suitable control. Periodateisastronger oxidantinacid
medium than adkalinemedium. Thereduction potentia
of thelO, /10, coupleis+1.6V and +0.70V inacid
and dkalinemedia, respectivelyt¥. Oxidationsof inor-
ganic substrates by periodate are reported to proceed
through an inner-sphere mechanismiz4. Also, oxida-
tion of transition metal complexes, wasfound to pro-
ceed viatheinner sphere mechanism®8. Thismecha
nism could bedrawn from reactionsof thisoxidant with
trangition metal complexes. It wasfound that periodate
readily oxidizeseither labile or inert complexes pos-

sessing at least onebridging ligand. Initial cobalt(l11)
productsthat weretransformed to thefinal cobat(l11)
products slowly were identified spectrophotometri-
callyl®s,

Oxidations by periodate are catalyzed with trace
amounts of metal iong%%19, Iron(11) catal yzes oxida-
tion of chromium(l11)-DL-aspartic acid complex by
periodate in acetate buffer, due to the formation of
iron(l11) which actsasthe oxidizing agent®. Catalysis
by Cu(ll) ions in the oxidation of [Fe(CN)]* by
periodateinacid mediumiswell establishedandisseen
to result from the oxidation of Cu(I1) to Cu(lI1) which
actsasan oxidizing agent!d. Thekinetics and mecha-
nism of oxidation of the [Co"DPTA]* (DPTA =
diethylenetriaminepentaacetate) by periodatein acetate


mailto:hshalby2002@yahoo.com

84 Mechanism of oxidation of the ternary complex of cobalt(ll)

ICAIJ, 5(2) June 2010

FPull Paper

medium in the presence of Mn(ll) asacatalyst were
investigated™!. Itisobserved that aninitial cobalt(l1l)
product isnot formed and the oxidation processbeing
outer-sphere so, theonly final product [Co"'DTPA]?
was produced™®,

Thekinetics of oxidation of cobalt(Il) complexes
of propylene- diaminetetraacetate (PDTA)™Y, 1,3-
diamino-2-hydroxypro panetetraacetate (HPDTA )Y,
trimethyl enediaminetetraacetate (TMDTA)?2 and
ethyleneglycol, bis(2-aminoethyl) ether, N, N, N’, N'-
tetraacetate (EGTA)™ by periodate in aqueous me-
dium havebeen investigated. Inall cases, theelectron
transfer takes place through an inner-sphere mecha-
nism and gaveonly thefinal product*-*2,

Kineticsand mechanism of the oxidation of ater-
nary complexes, [Co"(nta)(S)(H,0),]*1** (S= succi-
nate) and [Co'" (nta)(M)(H,0)]*™ (M = malonate) by
periodate were studied. Theinitial cobat(l11) products
wereformed and changed slowly to final cobalt(l11)
products. It isproposed that thereaction obeysanin-
ner-sphere mechanism which suggested that therda
tively faster ratesof ring closurewere comparedto the
oxidation step*3.

In this paper, the kinetics of oxidation of
[Co"(ADA)(M)(H,0),]* (ADA = N-(2-acetamido)
iminodiacetic and M = Malonate) by periodate arere-
ported in order to study the effect of malonate as a
secondary ligand on the stability of [Co"(ADA)-
(H,0),]"* towards oxidation.

EXPERIMENTAL

M aterialsand solutions

All chemicalsused in this study were of reagent
grade(Andar, BDH, Sigma). Cobdt(l1)nitrate solution
wasstandardized volumetricaly against EDTA™. Buffer
solutionswere prepared from acetic acid and sodium
acetate of known concentrations. NaNO, wasused to
adjust ionic strength inthe different buffered sol utions.
Doubly distilled water wasused inal kinetic runs. A
stock solution of NalO, (Aldrich) was prepared by
accuratewe ghingand wrapped inauminumfoil toavoid
photochemical decomposition.

Na,[Co'(ADA)(M)(H,0)] wasprepared usingthe
same procedure used for the preparation of Co'-
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Figurel: Changein absorbanceasafunction of timecurves
(2)-(8) wererecorded at 5, 10, 20, 30, 40, 60, 90 and 120 min.
respectively fromthetimeof initiation of thereaction; curve
(9) representsthefinal products

ADAI, (Found: C, 27.01; H, 3.57; N, 7.04.
Na,Co"CH,_N,O,Calcd.: C, 25.96; H, 3.85; N, 6.73
%). To confirm theformulaof thecomplex, i.r. spectra
andt.g.a datawererecorded. InthelR spectrum, bands
inthe 3405-3155 cm® region, wereattributed to v(OH)
of the coordinated water molecule. The OH-band dis-
gppeared and anew COO band appeared inthe 1422-
1400cm? region. Thethermogram of thecomplex shows
that weight |oss (34.74 %) beginsat 292C correspond-
ing to theloss of one coordinated water moleculeand
threemoleculesof CO, (Calcd.: 36.05 %).

Kinetic procedures

Thereaction rateswere measured by monitoring
the absorbance of the Co'"'-complex at 565nm on a
Milton & Roy SP601 spectrophotometer. The pH of
the reaction mixture was measured using a G-C825
pH-meter. Thetemperature of the cuvette compartment
too was maintained at therequired temperature by a
circulatory water arrangement from a Thermostate
(GdlenKamp Griffin, BGL 240V).

Pseudo-first order conditionswere maintainedin
al runsby the presence of alargeexcessof 10, (>10-
fold). Theionic strength waskept constant by addition
of NaNO, solution. ThepH of thereaction mixturewas
found to be always constant during the reaction run.
Thevaluesof pseudo-first order rateconstant k _were
obtained fromtheslopesof In(A_-A) versustimeplots,
whereA andA  areabsorbanceat timet andinfinity,
respectively. Enthal py of activation (AH*) and entropy
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Figure2: Dependenceof K, on [CH,CO,] at different tem-
peratures

of activation (AS*) have been calculated by plotting In
k/T versus /T using Eyring equation:

Ink/T =InK/h + AS*/R-AH*/RT

where: k = therate constant, K = the Boltzman con-
stant, h=the Plank’s constant, R = universal gas con-
stant and T = absol ute temperature.

Oxidation products

The UV-visible absorption spectraof complexes
and the oxidation products of complexes (Figure 1)
were recorded on aJA SCO UV-530 spectrophotom-
eter asafunction of time over the 325-725nm range
spectrophotometer asshowninfigure 1. Themaxima
and molar absorption coefficients of final cobalt(l11)
product at pH=4.99weree__ °">= 124 mol“'cm'dm?®,

RESULTSAND DISCUSSION

Thekinetics of oxidation of the[ Co"(ADA)(M)-
(H,0),]* by periodate were studied at fixed tempera-
turesand ionic strength over arange of pH, periodate
and complex concentrations.

Plotsof In(A -A,) versustimewerelinear upto 86
% of reaction. Pseudo-first order rate constants, k _
obtained from the slopes of these plotsareshownin
TABLE 1. Theconstancy of k ,_over thecomplex con-
centration range (1.0-3.0)x103 mol dm, shownin
TABLE 1isinagreement with equation (1).
d[Co"]/dt =k, [CO" (ADA) (M) (H,0)]* 1)

Thedependenceof k ,_on 1O, wasexamined over
the concentration range (0.5-5.0)x102 mol dn3 at fixed
[Co"(ADA)(M)(H,0)]%, pH, ionic strength and tem-

50 4
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Figure3: Isokineticreationship for theoxidation of ternary
cobalt(I1) complexes: (1) [Co" (nta) (bz) (H,0),]% (2) [Coll
(ADA) (M) (H,0)]%, (3) [Call (nta) (ox) (H,0),]*, (4) [Cal | (nta)
(M (H,O)%, (5) [Coll (nta) (Ma) (H,0)]*
perature. Theresultsin TABLE 1 showthat k , varies
linearly with[IO, ] according to equation (2).
ks =k,[10,] @

The dependence of the reaction rate on pH was
investigated over the pH range 4.27-5.23. It wasfound
thatk _increaseswithincreasingpH. Thevaueof k
increased by ca. 30 % over one unit of pH increase
whentheionic strength of 0.5mol dm?ismadeupwith
NaNQ,. It was decided to examine whether the ap-
parent pH dependence arises from amedium effect,
sinceADA complexesof bivalent metal sare not proto-
nated inthispH range'”. The proposed medium prob-
ably resultsfromthebreakdown of theprincipleof con-
stant ionic strength, particularly when such largeand
highly charged ions are reactants*®. TABLE 1 indi-
catesthat therate of reactionincreaseswithincreasing
of ionic strength. This phenomenon hasbeen attributed
to thefact that the reaction takes place between spe-
ciesof thesame charge.

Oxidation of [Co"(ADA)(M)(H,0),]* by
periodate was carried out at constant pH and ionic
strength using different acetateion concentrations. The
resultsin TABLE 2 andfigure 2, show that k, depends
on acetateion concentration. It can beseenfromfigure
2that thevariation of k, with[CH,CO,] isdescribed
by equation (3) at thetemperature employed.
k,=k,+k[CH,CO,] ©)

Fromequations(1), (2) and (3) theratelaw for the
oxidation of [Co"(ADA)(M)(H,0),]* by 10, in ac-
etate mediumisgiven by equation (4).
d[Co"J/dt = (k,+k.[CH,CO,])

[Cd'(ADA) (M) (H,O)I*[10,] 4)
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TABLE 1: Dependenceof the[Co'(ADA)(M)(H,0)]*/1O, re-
actionrateon [Co"(ADA)(M)(H,0)]*,[10,]and pH at | =0.50
mol dm2®and T =25.0°

TABLE 2: Variation of k, with acetateion concentration at |
=0.50mol dm*, pH =4.99 and different temperatures. (k, =
K,./[10,1)

10%;
10Kops ST dm?® mol®

10°
[104]

mol dm™® st
500 9.37+0.09 1.87+0.02
400 7.87+0.08 1.96+0.02
3.00 5.33+0.05 1.78+0.02
2.00 4.07+0.04 2.03+0.02
150 2.83+0.03 1.88+0.02
1.00 1.80+0.02 1.80+0.01
050 0.81+0.01 1.62+0.01
2.00 3.83+0.04 1.91+0.02
2.00 4.33+0.03 2.16+0.02
2.00 4.23+0.04 2.11+0.02
2.00 4.07+0.05 2.03+0.02
2.00 2.63+0.02 1.31+0.01
2.00 2.94+0.03 1.47+0.02
2.00 3.32+0.03 1.66+0.02
2.00 4.05+0.06 2.02+0.03
2.00 2.67+0.04 1.33+0.02
2.00 3.84+0.03 1.92+0.02
2.00 4.76+0.06 2.38+0.03

I mol 103[Co”(nta)(bz)3(H20)2]2'

PH gm? mol dm’

499 0.50 1.00

1.50
2.00
2.50
3.00
4.27
4.45
4.63
5.23
499 0.30
0.40
0.60
(k, = kJI10,1)

Thevaluesof k, andk, collected in TABLE 3 at
thetemperature used were obtained fromtheintercepts
and the dopesrespectively of figure 2. The enthal py of
activation AH_* and AH_* associated withk, andk,,,
werecalculated from the Eyring equation as48.2+1 .4
and 23.00+2.0 kJmol™?, respectively. The correspond-
ing entropiesof activation AS,* and AS_* werecalcu-
lated as-127.2+4.8 and -196.5+8.5 JK-* mol* respec-
tively.

Theternary cobat(l) complex of ADA may befor-
mulated as [Co"(ADA)(M)(H,0)]*, where ADA is
functioning astridentateligand and ma onateasbidentate
ligand. Thelability of cobdt(ll) reactant and theinert-
nessof cobalt(l11) product could be utilized asadiag-
nostictool for ascertaining inner-sphereeectron trans-
fa-[4,7-9] .

Periodate oxidation of [Co"(ADA)(M)(H,0)]*in
the presenceof acetateionsproceedsviainitia forma-
tion of cobalt(l11) products changing slowly to fina
cobat(l1l) products. Therateof reactionincreaseswith
increasing acetate concentration (TABLE 2), indicating
[Co"(ADA)(M)(H,0)]* and [Co"(ADA)(M)(CH.-

[CH5CO] 10% k;dm®mol? st

mol.dm® 1 _s500c  T=300°C  T=350°C  T=40.0°C
0.05 0604001  077£0.02  110:0.02  1.48:0.03
0.10 093:002  128:0.03  158:0.03  2.01£0.04
0.20 1224002 162003  210£0.04  2.52+0.05
0.30 158003  216:0.04 261005  3.10£0.06
0.40 19940.04 2484005  3.10£0.07  3.70£0.07
0.50 2384004  3.00£0.05  3.70:0.07  4.40+0.08
0.60 2704005  3.48:006  4.20£0.08  4.90+0.09

CO,)]* arethereactive species. Coordination of ac-
etateto [Co"(ADA)(M)(H,0O)]* prior to oxidation by
periodate.Therate law obtained al so requires acetate
inastep preceding therate-determining one.

Themechanism of the[Co"(ADA)(M)(H,0)]* oxi-
dation by periodatein acetate medi um may be described
by following equeations:

[Co' (ADA) (M) (H,0)]? +[CH,CO,}
)

[Co' (ADA) (M) (CH,CO,)]* +H,0K )

[Co' (ADA) (M) (H,0)]Z +10;
i
[Co' (ADA) (M) (O10,)]*+H,0K, ©6)

[Co' (ADA) (M) (CH,CO)]*+10;
¢
[Co' (ADA) (M) (CH,CO,) (OI0)]* +H,0K,  (7)

[Co' (ADA) (M) (010,)]*
¢
[Co'" (ADA) (M) (010,)]7k, 6)

[Co'(ADA) (M) (CH,CO,) (01O )]*
y
[CO"'(ADA) (M) (CH,CO,) (O10,)]*k, ©)
Assuming that K, K, and K, are small, the rate
law given by equation (10), whichisconsstent with the
experimentd results, isderived from theabove mecha
nism.
d[Co"]/dt ={k K ,+k K K ,[CH,COJ}
[Co'(ADA) (M) (H,0))* (10)
A comparison of equations(4) and (10) showsthat
k,=kK,and k, = kK K..
Aninner-sphere mechanismis proposed for both
the acetate dependent and independent pathways. The
entry of acetatein onereaction pathway isnot surpris-
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TABLE 3: Variation of acetate-independent rateconstant k,,
and acetatedependent rateconstant k, with temperature

—= Fyll Poper

TABLE4: Valuesof AH* and AS* for theoxidation of ternary
cobalt(I1) complexesby periodate

Temp. (°C) 10%,(dm*mol™*s?) 10%;(dm° mol?s?)

Reference -AS* (JK™*mol™) AH*(KJ mol™) Complex

25 0.477+0.08 3.75+0.29
30 0.677+0.08 4.67+0.36
35 0.949+0.08 5.46+0.42
40 1.284+0.08 6.10+0.47

ing asseverd ligandsare known to coordinateto the
complex [Co"(ADA)(M)(H,0)]>1*.

The mechanism of oxidation of the[Co'"(ADA)-
(M)(H,0)]* by periodate proceeds viaan inner-sphere
electron transfer mechanismin which theformation of
initial cobat(l11) product sowly converted to afinal
cobalt(l11) product!®®. Outer-sphere el ectron transfer
would lead directly to theformation of final cobat(l11)
product®?, Periodate ion is capable of acting asa
ligand, as evidenced from its coordination to copp-
er(111)2% and nickel (1V)24,

The negativeentropies of activationfor redox re-
actionsbetween reactantswith charges of thesamesign
arelargely theresult of the charge concentration on en-
counter complex formation, which causes substantial
mutud ordering of the solvated water molecules?. The
intramol ecular €l ectron transfer stepisendothermic as
indicated by the positive enthal py of activation value
and hence, the contributionsof H* and S* totherate
constant seem to compensate each other. Thissuggests
that thefactorscontrolling AH* must beclosdy related
to those AS*; therefore the solvation state of the acti-
vated complex would be important in determining
AH*122, Also, the oxidation of the cobalt(Il) complex
to the cobalt(l11) complex by periodateisthermody-
namically favorablé™. Therdatively low entha piesof
activation calculated for thek, and k, processfor both
reactions is probably due to the formation of
[Co"(ADA)(M)(CH,CO,)(0I0,)]* and [Ca"(ADA)-
(M)(H,O)(I"")]* being exothermic.

Enthal piesand entropies of activation for the oxi-
dation of ternary complexes of cobalt(ll),
[Co"(nta)(bz)(H,0),]*™#, [Ca"(ADA)(M)(H,0)]?,
[Co'(nta)(ox)(H,0),]*, [Ca"(nta)(T)(H,0)]**4 and
[Co'(nta)(Ma)(H,0),]*»4 with periodate are collected
in Table. A plot of AH* versus AS* for these com-
plexesisshowninfigure3. Similar linear plotswere
found for alarge number of redox reactions®2¢ and
for each reaction seriesacommon rate-determining step

23 20+ 140 2+17 [Co"(nta)(bz) (H20)2]*
This work 8+ 196 2+23 [Co"(ADA)(M)(H,0)]*
8 18+ 248 4+36 [Co"(nta)(ox)(H20)2]*
24 3+2527 2449 [Co"(nta)(T)(H.0)]*
24 28+311 3+59 [Co'(nta)(Ma)(H20)]*

isproposed. Anexcellent linear re ationshipisseen; this
isokinetic relationship lends support to a common
mechanism for the oxidation of cobat(l) complexes,
reported here, by periodate. Thisconsistsof periodate
ion coordination to the cobalt(l1) complexesin step
preceding therate-determiningintramol ecular electron
transfer within the precursor complex. Isokinetic com-
pensation between AH* and AS* inaseriesof related
reactionsusually impliesthat oneinteraction between
thereactantsvarieswithin the series, the remainder of
themechanism be nginvariant®. Thedectron transfer
reectivitiesof these complexeswith periodate are com-
parable, as the coordination of periodate with these
complexesareidentical. All of thissuggeststhat the
excellent correl ation often observed between AS* and
AH* mainly reflectsthefact that both thermodynamic
parametersareinredity two measuresof thesamething,
and that measuring acompensation temperatureisjust
arather indirect way of measuring the average tem-
perature a which the experimentswerecarried out. As
thistemperaturewill often bein arangethat the experi-
menter expectsto have somebiologica significance, it
isnot surprising if the compensation temperatureturns
out to haveabiologically suggestivevalue®.
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