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ABSTRACT

The kinetics of oxidation of semicarbazide by 12-tungstocobaltate (I11) in aquous acidic medium at 300K and a
constant ionic strength of 0.3 mol dm® was studied spectrophotometrically at A 624nm under pseudo first-order
conditions. The reaction between semicarbazide and 12-tungstocobaltate (I11) in acidic medium exhibits 1:2
stiochiometry [ Semicar bazide: 12-tungstocobaltate (111)]. The main oxidative products were indentified by Spot test
and spectral studies. The effect of [H'] ionand ionic strength of the reaction medium have been investigated. The
reaction constants involved in the different steps of the mechanism are calculated. From the log k versus 1/T values
of activation parameters have been evaluated. The activation parameters with respect to the slow steps of the
mechanism are computed and discussed.
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INTRODUCTION

Polyoxometalates (POMs) are polynuclear metal-oxygemplexes of early transition metals and oftemeha
heteroatoms incorporated within the structure M&ny Polyoxometalates have been shown to biologicaitive

[2]. The antiviral activity of polyoxomelates wasported as early as 1971 [3]. Further studies abua groups
showed the effectiveness of these polyoxometalatgénst several viruses such as vesicular, stasapivlio,
Rubella, rabies etc [3]. Heteropolytungstates agtdropolymolybdates are of special interest becafieeir acidic
stability and extensive reversible redox chemistrgportantly, from the perspective of this studxtemsive
investigations with polyoxotungstates and polyoxtyndates [4]. The redox potentials of [t&1,040°7/
[Co"W,,040]® ions is 1.0V [5]. Among various heteropolyacidsistural classes the keggin type heteropolyacids
have been widely used as homogeneous and hetemgeoa&talysts for acid-base and oxidation readpns

Semicarbazide is used in preparing pharmaceuticelisding nitrofuran antibacterials (furazolidométrofurazone,
nitrofurantoin) and related compounds. It is ussdaadetection reagent in thin layer chromatografiyC).
Semicarbazide stainsketo acids on the TLC plate, which must then bewveid under ultraviolet light to see the
results. Semicarbazide-cadmium therapy was an empetal cancer therapy that was tested in sevénital trials

in the Soviet Union during the 1960s. It is an umesible inhibitor of semicarbazide-sensitive amméadase
(SSAO), an enzyme possibly involved in exacerbatibinflammation. Cadmium is a heavy metal and atso
induce apoptosis. This method was successfully fmetieatment of patients in later stages of lunggstinal, and
brest cancer, melanoma, and some other cancer. tfjihes experiments were accompanied by organizdtiona
problems (conflict of interest) [7]. Clinical usd semicarbazide(aSSAO-inhibitor) gives the evidetitat an
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inflammatory reaction can be reduced by blocking #mzymatic activity of the enzyme semicarbazidesisiee

amine oxidase (SSAQ). SSAO activity was found digantly increased in blood and tissues in somégagical

conditions. The enzyme activity has been reporeoet elevated in diabetes and cancer. The meaifisgativity

of SSAO was significantly elevated in the grouppatients having prostate cancer with skeletal netas[8].
Semicarbazide is a known inhibitor of glutamic adiecarboxylase (GAD), the enzyme responsible foBGA
synthesis. GABA has emerged as a tumor signalingeute in the periphery that controls the prolifera of tumor

cells and perhaps tumor stem cells[9]. The presemdy is an attempt to explore the kinetics andhanism of
oxidation of semicarbazide by 12- tungstocobalfitein acidic medium on the basis of kinetic pareters.

MATERIALS AND METHODS

All chemicals used were of analytical reagent gradd double distilled water was used throughoutviibek. A
solution of semicarbazide was prepared by dissglarknown amount of recrystalised sample in douligélled
water. The purity of semicarbazide sample was abatdly comparing its IR spectrum with literatureadand with

its Melting Point 96C. The cobalt complex [CONV1,04]° and [CdW1,0,40° were prepared by the reported
method[10-11] The cobalt complexes[80"W;,04] were prepared by the reported method as, 198 §m o
Na,WO,.2H,0 (SD Fine) was dissolved in 400 ml water and tHepthe solution was adjusted to a value between
6.5 to 7.5 by the addition of 40 ml glacial acet@d (BDH). A separate solution was prepared bgalisng 24.9
gms of cobaltous acetate tetrahydrate in 125 mvarin water to which few drops of glacial aceticdaload been
added. The sodium tungstate solution was broughbiloand cobaltus acetate solution was added stwly with
constant stirring. Small amount of transitory pprkecipitate appeared and re-dissolved very ragatiying a deep
green solution. After all the cobaltous acetatautsmh was added and the resultant solution wasebtdibr ten
minutes and then filtered to remove traces of uwislel matter. To this extremely soluble sodium gt
[CO",(H,0)W,;,030* a hot saturated solution containing 130gms of gmiten chloride was added. The green
crystals of potassium salt were separated on apolihe product was recrystalised with water coimgir2 ml of
acetic acid. The product obtained was potassiutm$§CO" ,(H,0)W,;054® (salt 1). The recrystalised product (20
gms) was dissolved in 100 ml of 0.1 mol drRiCI and evaporated on steam bath until green ed#@ crystals of
Ke[Co"W,,049] were begun to form and cooled in ice box. Thailtgsy crystals (salt I1) were recrystalised from
water.

In order to obtain salt #C0" W,,0,¢ 75 gms salt Il was dissolved in 80 ml of sulplatid and solid potassium
persulphate was added to the boiling solution &fl§an small amounts. The green color becomesyssively
lighter changing through light emerald green tdigrownish yellow. The resulting solution was @mbto obtain
yellow needle like crystals of saltskCo"W1,04. The product was washed with 95% ethanol, aiedirand
standardrised spectrophotometrically [12]. Thedastrength was maintained using Nag{BDH) and HCI (BDH)
were used to vary the hydrogen ion concentrations.

2.2 Kinetic studies

The kinetic measuraments were performed on a Shint#d-1800-UV-Visible spectrophotometer. The kinstic
was followed under pseudo first-order conditionsereh semicarbazide was always in excess ovel'\\GgO,q°>"
at a constant ionic strength of 0.3mol drim acidic medium at constant temperature 27 %D.Zhe reaction was
initiated by mixing the [CBW,040]>" and semicarbazide solutions , which also contagsired concentration of
HCI and NaCIQ. The reaction was followed by measuring the atmuwrb of [C8'W1,04]°" at 624 nm as a
function of time. Beer's law was tested for [@8,,0,0®" between the concentration of 1.0%18nd 5.0x18 mol
dm 3 (es24 = 180 +2 mol drf cm* )[13] under the experimental conditions. The psefidst-order rate constants,
were obtained from the plot of log [b&/;,04]% versus time. The plots were linear for more thath Z®@mpletion
of the reaction and the rate constants were regiblguwithin +10%.

2.3 Spectrophotometric measurement

The UV-Visible spectra of [CHW,,040]°” complex and the reaction mixture were recordedsigg ShimadzuUV-
1800-UV-Visible spectrophotometer between the wWength range 480-750 nm. The spectrum of the r@acti
mixture at various time intervals is shown in (Figd).
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Figure 1. spectra of the reaction mixture at diffeent time intervals at 27+0.2C [Co" W1,04]* 2 x10°mol dm3, semicarbazide 3
x102mol dm™3, HCI 1.5mol dm™3and NaCl0,0.3 mol dni*

0.057 : I :
0.040 |- —
Time (min)
: 20
16
12
0.020 —
0.000 1 ! -
480.00 600.00 700.00 750.00

nm.

RESULTS AND DISCUSSION

3.1 Stoichiometry and product Analysis
Five different sets of reaction mixtures containdifferent concentrations of semicarbazide and'[{@g,0,9°> in
presence of 1.5 mol dAHCI were equilibrated at 27 + 0@ for 24 hours in a nitrogen atmosphere. The psmoé
the reaction was followed by measuring the absar®a 624 nm for the formation of [B&1,04%". The results
indicated that the two moles of [&&/1,049°~ consumed one mole of semicarbazide.

(0]

J\N/NHZ  2[C0"Wy,05 — ]
H 12740 H,0 HoN™ "OHt 2[C0"W,1,040]% + H,0+ N2

H,N

After completion of the reaction, the reaction prodwas extracted and recrystallised from douldéildivater. The
product was identified as carbamic acid by the $psit[14]. Further the carbamic acid was iderdifiy its FT-IR
Spectrum (KBr), which showed a band at 1681ame to >C=0 stretching of acid and a broad bar@B&7cnt
due to -OH stretching.

3.2 Reaction order

The reaction orders have been determined fromltpes of logkpsversus log (concentration) plots by varying the
concentration of semicarbazide, [0G&,,0,°>" and HCI in turn while keeping other constant. Ebacentration of
[Co"W,,04°" was varied in the range 0.1x1@ 3.0x10° mol dm* at fixed [semicarbazide], [}l and ionic
strength. The non-variation in the pseudo firsteordate constant at various concentrations of" M@0
indicates the order in [GaV;,0,4° as unity (Tablel). The semicarbazide concertatias varied in the range
2.0x10% to 3.0x1GFmol dmi® at 27 + 0.2C keeping all other reactants concentration andlitions constant. The
apparent order in semicarbazide was found to kethlesn unity under the experimental condition. Efffect of
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increasing concentration of acid on the reactida & constant concentration of semicarbazide @at{\\V;,0,0]>"
at constant ionic strength was studied. The ratestemts were found to be decreased with the inergascid
concentration and the order in acid was less tinéy (Tablel).

Table 1. Effect of [Cd" W12040]*", [semicarbazide], [HCI]] for the oxidation of semearbazide by [Cd" W1,040)°” in acidic medium at
27+0.2C, 1= 0.3 mol dm?®

[CO"W1,049° 10 [semicarbazide] £0 [HC] Kobs10®
Found
0.1 3.0 1.5 4.6
1.5 3.0 1.5 4.6
2.0 3.0 1.5 4.6
25 3.0 1.5 4.6
3.0 3.0 1.5 4.7
2.0 2.0 1.5 2.3
2.0 25 1.5 34
2.0 3.0 1.5 4.6
2.0 35 1.5 5.7
2.0 4.0 1.5 6.9
2.0 3.0 1.0 6.8
2.0 3.0 1.25 5.7
2.0 3.0 1.5 4.6
2.0 3.0 1.75 34
2.0 3.0 2.0 2.3

3.3 Effect of hydrogen ion concentration

The Effect of hydrogen ion concentration on thectiem were studied in order to understanding thtume of
reactant species present in the solution. The ctrat®n of [H] ion was varied from 1.0 to 2.0 mol dirkeeping
all other reactant concentrations constant. It ficasnd that the reaction rate decreases with theeasing
concentration of [H ion [15]. The order in [H] ion concentration was found to be 0.81 as foundhfthe plot of
log kops against log [Fplot.

3.4 Effect of ionic strength

The effect of ionic strength was studied by varythg sodium perchlorate concentration in the reacthixture.
The ionic strength of the reaction medium was warieom 0.5 to 2.0 mol dii, with all other reactants
concentrations are other conditions being constenias found that as ionic streangth increaseslrate of reaction
increases [16]. The plot of logyk versusVp was linear with positive slope.

3.5 Effect of solvent polarity

The relative permittivity effect was studied by yiag the percentage of acetonitrile from 10 to 40/8 in the
reaction mixture with all other conditions beinghstant. The relative permittivities of the reacianmixtures were
computed from the values of the pure solvents.ds$ ¥ound that the decrease in dielectric consthatiieoreaction
mixture to increases the rate of the reactions.[Lfi§ plot of log k,sversus (1/D) was linear with negative slope.

3.6 Test for free radicals

The reaction was studied in presence of added attsile to understand the intervention of freeicats in the
reaction [18-20]. The reaction mixture was mixedhwécrylonitrile scavenger and kept for 24 hourdarmitrogen
atmosphere. On diluting the reaction mixture witbthanol it form white precipitate of polymer, indiing the
involvement of free radicals in the reaction. Thiéially added acrylonitrile decreases the rateeafction indicating
the free radical intervention.

3.7 Effect of temperature

The kinetics was studied at four different tempéened on the rate was studied by performing thetkisiat various
temperatures (293k-313k) as shown in (Table 2)pikeeother experimental conditions constant. The canstants
were found to increase with increase in temperatfline energy of activation corresponding to thesestants was
evaluated from the Arrhenius and Eyring plots ajkigs vs. (1/T) (Figure 2) and log (k/T) vs. 1/T and eth
activation parameters obtained are tabulated ibl€T2)
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Figure 2. Effect of temperature on reaction rate byArrhenius and Eyring plots of logkobs vs. (1/T)

Table 2. Effect of temperature on rate for the oxidtion of semicarbazide by [C8 W1,04]° in aqueous acidic medium

Temparaturs 107 ke, 57
293 253

298 3.68

303 3.98

308 B.75

313 11.5
Activation pammesters

AH'=  60.17 25 kimal*
AG =86.08 +6 Emol
AS =-85.54235 JK' mol®

In the present study oxidation by the Co(lll) comp[Cd"W1,04°” a well known outer-sphere oxidants [21-22].
The kinetics of electron exchange between Co(lt) &o(Ill) using®°Co tracer techniques from the structure and
stability of these anions it appers that the tutegfesgroups are subistitutionally inert and specd&shis type
represent ideal complexes for the study of outeesp electron transfer in solution [23]. The {¥9,,0,0]° ion is
powerful oxidant in aqueous acidic medium under phesent experimental conditions. The colour changfe
[C0"W,,04)° solutions from yellow [CBW,,040]° ion to blue [C8W;,044% ion has been observed. In acidic
medium, semicarbazide exists in the protonated fdre reaction between semicarbazide and'}@g0.0]°" in
acidic medium has a stoichiometry of 1:2. As thdrbghloric acid concentration was increased, thee o&reaction
also decreases (Table 1). The order with respetdiveydrochloric acid was found to be 0.81. Theiltssindicates
that the [H]ion combines first with semicarbazide to give atpnated semicarbazide species [semicarbaziflenH
prior equilibrium step, such protonated speciesshasen observed in other studies, which is alspatgd by the
observed less than unit order in‘Tkbn.
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—_1 . . .
Semicarbazide + H=————— Semicarbazide H (1)
Protonated semicarbazide and [@4;,040°~ combines to give complex
Ko |
Semicarbazide H+ [CO"W1,0,> ——— Complex @)

fast
Complex +[C8W1,04)>” — > product 3)

scheme 1

The protonated semicarbazide species and unpretp@d" W,,04]° as active species to give a complex (C) in
further fast to yield the product. The result canartcommodated in the from of scheme 1. The ratefda the
scheme 1 can be derived as follows

_ Kyk; [Semicarbazide]y [Co''W,,0,0]°~

Rate @ + [H7])

4

_ K;ky [Semicarbazide]y
T K +[H)

)

12-tungstocobaltate (1) [COW1,040]° catalysed kinetics of oxidation of semicarbazides\nvestigated at several
initial concentrations of reactants in acid mediufhe oxidant [CBW,,04°>" concentration was varied from
0.1x10° to 3.0x10° mol dm®keeping constant values of [semicarbazide], [HMNRCIO,] at 27+0.2C and the
observed constant values af.kindicate that the order with respect to TWU1204O]5’ was one. It was further
supported by linear plot of log [¢&V;,0,°>" versus time. The values of rate constangg fkare listed in (Table
1). Similarly, varying the concentration of subttrgsemicarbazide] keeping all other parameterstean, showed
that the order with respect to semicarbazide waaddrom log ks against log [semicarbazide] concentration and
the order was less than unity. The effect of insireg concentration of [H was studied on the reaction rate at
constant concentrations of [b&/1,0,J> and semicarbazide at constant ionic strength a0.27C. The rate
constant decreases with increase in concentratidroeder in [H] was less than unity.

The reaction rates were determined at differentptature (20, 25, 30,35, 4€C ) and from the Arrhenius and
Erying plots of log ks versus 1/T and log.k/T versus 1/T respectively. The values of activaparameters for the
overall reaction were calculated and presentedrable 2). The values of enthalpy of reactisH{), entropy of
reaction AS") and free energy of activationG*) were calculated as 60.17 + 5 kJthe85.54 + 5 J# mol™* and
86.08 + 6 kJ mo! respectively. The larger negative valuesAS indicates that the activated complex in the
transition state has a more rigid structure thanréactants. The negative valuesA&f for radical reaction have
been artibuted to the nature of electron pairind) @mpairing reactions and to the loss of degredseefilom by the
formation of a rigid transition state[24].
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