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ABSTRACT

At [H*] = 0.04 mol dn, p = 0.25 mol dii (NaClQ,), T = 31.0 +1.6C and/ = 670 nm, the bridging superoxide in
[(NH3)sCo(O,)Co(NH:):]Cls.H,0, herein refer to as Co@Co’*, quantitatively oxidizes 1-methyl-2-thiourea
(MTU) to the corresponding urea derivative, itsbding reduced to molecular oxygen and Co(ll) in emus
perchloric acid. The reaction obeys the empiricatirlaw:

-d[Co(0,)Co*]/dt = ky[Co(O,)Co™*[MTU]

with k = (2.65 +0.15) x 1G dn? mol* s, The rate of the reaction increased with incre@séonic strength of
reaction medium. There is no evidence for the ftionaof an intermediate complex of significant diaband free
radicals are not detected in the reaction. Addedas catalyzed the reaction. Based on the expetamhetata
obtained, the outer-sphere mechanism is proposed.
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INTRODUCTION

The binding, transport, and activation of molecuaygen by metal complexes is a topic of wide, entiinterest
due to the many implications that such metal caoirigi systems have in both biomimetic and abioticcpsses
involving dioxygen [1]. Peroxo and superoxo compkexalso called dioxygen, complexes are known fostm
transition metals. They are of considerable intebesause of their relevance to the study of bicklgorocesses
involving uptake and reduction of oxygen [2, 3,4], Edwardet al., (1974).have reported that a given superoxo
complex can show important mechanistic variatiorigh vpparently similar reducing agents. We havewsho
previously, from laboratory investigations, thatsgnthetic oxygen carrier, a binuclear oxygenatetiatt@!l)
complex readily oxidizes thiourea to urea and fitseing reduced to Co(ll) [5]. We herein presemt kinetics of the
oxidation of 1-methyl-2-thiourea (MTU) - a proxineatoxicant and a ring cleavage metabolite [6] -thy same
complex. This is our second report in a seriesxafation of the thioureas with Cog{iCo>*.

EXPERIMENTAL SECTION
The pure chlorate salt of the complex, [(W€0o(0,)Co(NHs)s]Cls.H,O, was synthesized and characterized as

reported earlier [7, 5]. All other materials werfeanalytical grade reagent and used as receivddoAltions were
prepared in distilled water. Standard perchlorid agas used as a source of hydrogen ion. Kinetis muere carried
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out under subdued light. Absorbances and UV-vietspavere recorded with a Corning Colorimeter 263,y =
670 nm of the complex. A Shimadzu FTIR-84008 spgttotometer was used to obtain the infrared spectr

Stoichiometry

The stoichiometry of the reaction was determinedspgctrophotometric titration using the mole ratiethod by
keeping the concentration of the Ce{Qo°* constant at 7.77 x T0mol dm® and varying the concentration of the
reductant from 1.94 to 23.32 x4@nol dm®, [H*] = 0.04mol dri¥, p = 0.25 mol dm (NaClQy), Amax= 670 nm and

T = 31.0 +1.6C. The absorbances of the reaction mixtures wéwntafter the reaction had gone to completion as
indicated by constant absorbance value obtained ayeriod of time. The stoichiometry was evaludted the
plot of absorbances versus mole ratio (Figure 1).

Kinetic measurements

All kinetic measurements were made under pseudb-firder condition with the concentration of 1-nyb{+
thiourea at least 30 times greater than that oDg)@0°". The rates were monitored by following absorbarufehe
Co(0,)CO™" athmax = 670 nm using Corning Spectrophotometer model 253

The pseudo-first order rate constants in each wase obtained from the plots of log(AA,) versus time at
various reactant concentrations éhd A, are absorbances at time t and at time zero respbgti

The temperature was kept constant at 31.0 %1.[H'] = 0.04 mol dri¥ and the ionic strength of reaction medium
was maintained constant at 0.25 molH¢aClQy) for all runs. A typical pseudo-first order plat presented in
Figure 2.

RESULTS AND DISCUSSION

Stoichiometry
The result of the spectrophotometric titration aades a 1:1 reaction stoichiometry. The overalttiea is given by
equation 1;

CoO,Co™" + CHyNH(NH,)C=S + 3HO —»2C8" + CH;NH(NH,)C=0 + 3H + SQ? (1)

A similar stoichiometry was reported for the redomictof CoQCo’* by thiourea [5] and for its reaction with VO
Srf*, As** and $O5% ions [8, 9].

Product analysis
The reaction products were confirmed by qualitatimalysis and infrared spectroscopy.

(1) The CG" in the product was confirmed by adding 5 drop8.6D mol dni¥ potassium thiocyanate to 10 drops of
the solution. An equal volume of acetone was ada@tmixed thoroughly. A blue colour was obtainedidating
the formation of [Co(NCS)*".

(2) Addition of acidified BaGl solution gave a white precipitate- an indicatibattSQ* ion was formed as one of
the reaction products.

(3) Infrared spectra of the dioxygen complex and thidt-methyl-2-thiourea were obtained separatelyhim tegion
500 - 4000cnt prior to the reaction and after the reaction. TE=S) that was at 610-730 &min the pure
compound is missing in the reaction product. Medleyta new frequency was observed at 1643.41amthe
product and is assigned to th€€=0) mode. This compares favourably with literatualues of 696-754 ctand
1638 — 1668 crhrespectively [10, 11, 12]. This observation suggésat the 1-methyl-2-thiourea has been oxidized
to urea.
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Figure 1: Plot of absorbance versus mole ratio fothe determination of the stoichiometry of the oxidéion of MTU by CoO,Co®" at
[C0o0,C0®] = 7.77 x 10' mol dm®, [MTU] = (1.94 — 23.32) x 18 mol dm®, [H"] = 0.04 mol dn?®, g = 0.25 mol dn? (NaClO,), T =31.0 +
1.0°C and Amax = 670 nm

Kinetic measurements

The pseudo-first order plots of log(AA.,) versus time were linear to more than 90% extén¢action, indicating
that the reaction is first order in [CeC0°*] under the experimental conditions (Figure 2).sTikifurther buttressed
by the values of second order rate constantytkichwere fairly constant (Table 1). The plot of logversus log
[MTU] was linear with a slope of 1.29 (Figure 3hi$ suggests a first order dependence on [MTU]réfoee, the
rate equation for the reaction is represented bwtaon 2;

-d[Co0,Co*"]/dt = k[CoO,Co**][MTU] 2)

where I = (2.65 + 0.15) x 18 dn? mol*s?
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This finding is similar to the one observed by Mkt al.[13] in the reduction of this complex with hydrogen
peroxide and also similar to our earlier work wvittlourea [5].

time, s
0 20 40 60 80 100 120 140

0 T T T T T T 1

log (A-A..)

14 -

Figure 2: Typical Pseudo-first order plot for the oxidation of MTU by Co0,Cc®" at [Co0,C0°"] = 7.77 x 10 mol dm?®, [MTU] = 9.72 x 10
2 mol dm’, [H*] = 0.04 mol dm®, p = 0.25 mol dr?* (NaClO,), T = 31.0 £ 1.6C and Amax = 670 Nm
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Figure 3: Plot of log k versus log [MTU] for the oxidation of MTU by CoO,Co®" at [Co0,C0°'] = 7.77 x 10* mol dm®, [MTU] = (2.33 —
18.65) x 1¢ mol dm’®, [H*] = 0.04 mol dm®, p = 0.25 mol dri? (NaClO,), T = 31.0 + 1.6C and Anax = 670 NmM
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Table 1: Pseudo-first order and second order rateanstants for the oxidation of MTU by [CoQ:Co®"] at T = 31.0 + 1.6C, [C00,C0°"] =
7.77 x 16 mol dm* and Amax = 670 nm

10°[MTU] 10°[H1 u 10%, 10k,

(moldni®)  (moldm® (moldm® (sY) (dnPmol*s?)
2.33 4.0 0.25 1.96 2.60
4.66 4.0 0.25 4.84 2.61
6.99 4.0 0.25 8.29 2.63
9.3t 4.C 0.2t 12.21 2.6€
11.66 4.0 0.25 16.12 2.63
13.99 4.0 0.25 19.81 2.55
16.32 4.C 0.2t 25.3:¢ 2.61
18.65 4.0 0.25 32.01 2.84
6.99 1.0 0.25 8.17 2.60
6.9¢ 2.C 0.2t 8.17 2.6(
6.99 4.0 0.25 8.29 2.64
6.99 6.0 0.25 8.40 2.67
6.99 8.0 0.25 9.44 3.00
6.99 10.0 0.25 10.13 3.20
6.99 12.0 0.25 10.36 3.29
6.99 14.0 0.25 9.67 3.07
6.99 16.0 0.25 8.25 2.71
6.99 4.0 0.10 5.30 1.68
6.99 4.0 0.15 6.22 1.98
6.99 4.0 0.20 7.37 2.34
6.99 4.0 0.25 8.29 2.63
6.99 4.0 0.30 9.90 3.14
6.99 4.0 0.35 11.98 3.81
6.99 4.0 0.40 14.97 4.76
6.99 4.0 0.45 17.50 5.56

Acid dependence

The effect of the [ on the rate of reaction within the range (1.6:0) x 10° mol dm® is reported in Table 1. The
reaction rate was found to be virtually independsrthe change in acid concentration. This resal$ found to be
similar to the effect of hydrogen ions on the ofigia of thiourea by the same complex. This resatteates with
some earlier acid dependence studies on this tiyd®xygen complex [9, 14]. It has been reporteat tt pH > 2-3
decomposition of the complex do occur [9]. Furtheren the observed second-order rate constantspgitine
course of reactions of the complex with iron(liavie the form

Kobs = Ki[H']™ + ko + ke[H ] €))

k, is reported to be small and Regligible, and there is essentially no hydrogemdependence [119]. Equation 3
fits into the present observed second order ratstaats in which Jgs = k;. Hence the rate equation is as represented
in equation 2.

Effect of added anion on the reaction rate

The effect of added GJEOOO0 and NQ on the rate was studied and the result is predent€able 2. There was
an increase in the rate of the reaction due toptesence of added anions. The catalysis of thigticeaby the
anions suggests that the reaction occurs by ther-gphere mechanism [15, 16]. This result is simi¢athat
reported by Sykes [8].

Effect of ionic strength

The effect of ionic strength on the rate of thectiem was studied over the range of 0.10 — 0.50dnot (NaClQy)
while concentrations of the reactants were keptstzon. The results presented in Table 1 show thatrate
constants increase with increase in ionic stremgtheaction medium indicating a positive Bronst&kbye salt
effect. A plot of log k2 versusu gave a slope of 1.46 (Fig 4). These indicate tihete is most likely no bond
formation between the reactants at the transitiate $17].
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Figure 4: Plot of logk versusvu for the oxidation of MTU by CoO,Co®* at [Co0,C0°*] = 7.77 x 16f mol dm'®, [MTU] = 6.99 x 10% mol
dm?, [H]=0.04 mol dm®, p = 0.10 - 0.45 mol dm (NaClO,), T = 31.0 + 1.6C and Amax = 670 nm

Table 2: Dependence of rate constant on anions ftite oxidation of 1-methyl-2-thiourea by [CoQC0°"] at T = 31.0 + 1.6C, Amax = 670
nm, [Co0,Co®"] = 7.77 x 10 mol dm'®, [MTU] = 6.99 x 10% mol dm™,[H*] = 0.04 mol dm®, u = 0.25 mol dri? (NaClOy)

X 10°X] (mol dm®)  10%,(sT)  10k(dnPmol*s?)
0 8.29 2.63
20 8.52 271
) 40 9.21 2.93
NOs 60 9.67 3.07
80 1013 3.22
100 10.59 3.37
0 8.29 263
2C 8.7t 2.7¢
40 9.90 3.15
CHCHOO 60 1221 3.88
8¢ 14,51 4.61
100 17.27 5.49

The effect of changes in dielectric constant

The effect of medium dielectric constant on the @t reaction was investigated by using a binalyesd mixture
of water and acetone (2-10%) (Table 3). A plotagf k, against 1/D gave the relationship between thersbooder
rate constant and the total dielectric constarithefreaction medium (Figure 4). The rate was faiondicrease as a
function of 1/D giving positive slopes. According électron transfer theory, changes in dielectrmpprties are
expected to affect reorganization of a solvent muke around the reactant and the activated comjlek This
observation is in support of the influence the dosirength had on the rate of these reactions whigjgests a
positive ion — dipole reactions prior to the elenttransfer.
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Table 3: Dependence of rate constant on anions ftite oxidation of 1-methyl-2-thiourea by [CoQCo°"] at T = 31.0 = 1.0C, Amax = 670
nm, [Co0,Co®"] = 7.77 x 10* mol dm®, [MTU] = 6.99 x 10? mol dm™,[H*] = 0.04 mol dm®, u = 0.25 mol dri? (NaClOy)

D 10 1/D 1Cky(s?) 10k (dnPmol’s?)

81.00 1.23 8.29 2.63
79.80 1.25 8.75 2.78
78.60 1.27 9.21 2.93
77.40 1.29 9.44 3.00
76.2( 1.31 10.5¢ 3.37
75.00 1.33 11.52 3.66
1021/D
1.22 1.24 1.26 1.28 1.3 1.32 1.34
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Figure 6: A plot of log k; versus 1/D for the oxidation of MTU by CoQCo’" at [C00,C0°] = 7.77 x 10 mol dm?, [MTU] = 6.99 x 10 mol
dm?, [H"] = 0.04 mol dm®, u = 0.25 mol dn¥ (NaClO,), T =31.0 = 1.6C and hpayx = 670 nm

Tests for Intermediate Complex

Spectroscopic studies

The result of spectroscopic studies over a ranggaselength (400 — 700 nm) indicates no significstrifts from
the absorption maximum of 670 nm characteristic€@®Co". This is suggestive of the absence of the formatio
of an intermediate complex in the reactions (Figire

Michaelis-Menten plot
Michaelis-Menten plot of 1iversus 1/MTU was plotted (Figure 9). The plot wiagar with a negligible intercept.
This is an indication of the absence of an interiatedcomplex in one of the steps preceding the datermining

step.
Test for free radical

Addition of a solution of acrylamide to partiallgacted mixture did not give a gel in the presencexcess
methanol, indicating the probable absence of faglécals in the reaction medium.
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Figure 7: Spectra of CoQCo®* and that of reaction mixture (BNC = CoGQCo° and RM = reaction mixture)
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Figure 9: Michaelis-Menten plot of 1/k versus 1/[MTU] for the oxidation of MTU by CoO,Co** at [C00,Cc®"] = 7.77 x 10" mol dm®,
[MTU] = (2.33 — 18.65) x 16 mol dm™ [H*] = 0.04 mol dm®, p = 0.25 mol drit (NaClO,), T = 31.0 = 1.6C and Amax = 670 nm

Reaction mechanism

The kinetic data obtained from this study, andréwmults of earlier investigations [19, 20, 13, Zljggest that the
mechanism for the present study mimics the dynamliserved in the oxidation of unsubstituted thiauksy
CoO,Co** which is as follow:

(2). the oxidation of this complex by 1-methyl-2ethrea is through a two electron reduction pssce
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(2). The Co(lll) and the dioxygen centers are hettuced through initial conversion of the complexhe peroxo
complex which rapidly decomposes to*C@nd other products

(3) The Q released were scavenged by 1-methyl-2-thioureaitaall oxidized to its urea derivative and sulghat
ions.

Hence the following mechanism is proposed:

Let MTU = RS and the superoxo complex = Co@°",

Co)Cd” L= CoGH)c” ©)

Co(0)Co* + RS K, [Co(®Ca™*, RS] (4)
<

[Co(O,)Co™, RS)%»’ 2C8" + -C=0 + other products r.d.s (5)

From equation (5),

Rate = k [Co(0,)Co*, RS] (6)

From equation (3), and (4)

Rate = kK,K; [Co(O,)Co*'][RS] (7)
Let ksK,K; = Kk, then equation 7 becomes

Rate = k[Co(Q)Co’][RS] which conforms to equation 2

with k = k, = (2.65 * 0.15) x 18dn? mol*s™..

A key point of interest is whether this reactiortars via the inner or outer-sphere mechanism. Téehanism can
then be assessed by considering the following point

(i) The absence of spectroscopic evidence for the fiwmaf an intermediate suggests that a precursoptex is
not formed prior to electron transfer and that tee€ox reaction most probably occurs by the outbesp
mechanism.

(i) Michaelis-Menten'’s plot of 1likversus 1/[MTU] (Fig 9) was linear with an insigoént intercept, indicating the
absence of a pre-association step.

(i) The positive salt effects suggests that in the datermining steps, one or more of such steps wevoharged
ions of the same charge which is in agreement atthexperimental results.

(iv) It was observed that the rate of this reaction erdsanced by added CH3C@@d NO3ions, suggesting outer-
sphere mechanism.

(v) The absence of gel formation after the additionacdolution of acrylamide to a partially oxidizedacton
mixture suggests the absence of free radical imgt@etions.

From the above reasoning, it can be inferred thatdpectroscopic and kinetic evidence are in suppiothe
occurrence of the outer-sphere mechanism in tleel tieaction.

CONCLUSION

The mechanism of MTU oxidation by CgCo’" showed a similar pathway to that of unsubstitutédurea by the
same complex. The reaction rate is independertarfges in hydrogen ion concentrations but is ca¢alyy added
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anions. Mechanism of the reaction showed a twotreledransfer process to the bridging oxygen atowh a the
Co(lll) center in yielding the products that inves the cleavage of the C-S bond.
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