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ABSTRACT

The kinetics of the oxidation of 1-methyl-2-thiau@ITU) by methylene blue (MBin acid medium has been
investigated. The oxidation is first order in batkidant and reductant and the reaction rate shodeplendence on
acid concentration. The reaction obeys the rate law

-d[MB+]/dt = (a + b [H]*3)[MB*][MTU]

where a = 4.19 x 1®mol dni® s*, b = 4.52 x 16 dnf mol? s* at 29.0 +0.5C, [H*] = 0.20 mol dn¥, 0.5 mol drm
3(NaCl) ionic strength andys= 660 nm.

The rate of reaction increased with increase inéstrength and decreased as the dielectric corsththe medium
increased. Added cations catalyzed the reactiore fésult of spectroscopic and kinetic investigatitid not
indicate intermediate complex formation in the ceupf the reaction. Plausible mechanism for thectiea has
been proposed in line with the outer-sphere reacgiathway.
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INTRODUCTION

Previous studies on the simplest thiocarbonyl,utga, had shown that the C=S double bond is extyepwar ,
much more so than the corresponding C=0 double daedo the mismatch of size between the carborsalidr
atoms which results in an incompleéiébond overlap [1]. Thus a permanent negative dipetédes on the sulfur
atom, making it extremely vulnerable to electrojghéttack [2]. We have previously investigated thduction of
methylene blue (MB by thiourea [3]. In this paper, we report on thédation of a substituted thiourea: 1-methyl-
2-thiourea by methylene blue. 1-methyl-2-thiourgap called N-methylthiourea, is a proximate toricand a ring
cleavage metabolite [4]. It is used as a convenieagent for the hydrogenolysis of bicyclic endopéte in
combination with polystyrene [5].

MATERIALS AND METHODS
All materials were of analytical grade and weredusgéthout further purification. Stock solutions wiethylene blue

and 1-methyl-2-thiourea, hereafter referred to & ind MTU respectively, were prepared by dissoharignown
amount of each reagent and making up to a knowrtisalvolume with distilled water. THeya, (660 nm) of MB
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was determined by running the electronic spectréirth@ solution of MB in the wavelength range 400-700 nm.
Standard hydrochloric acid was used as a sourdeydfogen ions while the ionic strength of the metiwas
maintained constant at 0.50 mol dmsing sodium chloride. Standard salt solutionseweade by dissolving known
amounts of MgGl KCI, NaNG, and CHCOONa in a given volume of distilled water and wased to probe the
effect of cations and anions respectively on tlaetien rate.

Stoichiometry

The stoichiometries of the reactions were deterchia\= 660 nm characteristic of MBby spectrophotometric
titration using the mole ratio method. Solutionstaining known concentrations of MBnd varying concentrations
of MTU (0.40 — 46) x 18 mol dm? were reacted at [fi= 0.2 mol dn¥, u = 0.5 mol dni(NaCl) and T = 29.0 +
0.5°C. The absorbance of the reaction mixture was medsuntil the completion of the reaction was intécaby a
constant absorbance value. A plot of absorbanceusefMTU] was made from which the stoichiometry was
determined.

Kinetics

The rate of reactions were determined under thadasérst order conditions with [MTU] in excess Imonitoring
the decrease in the absorbance of [M& A = 660 nm, T= 29.0 + 0°8, [H"] = 0.20 mol dri¥ and 0.50 mol din
(NaCl) ionic strength, using a Spectronic 20 cohaier. The MTU and the products of the reaction had
significant absorbance at this wavelength. The ghadiust order rate constants were obtained from a plot log fA
A.) versus time (where fand A, are the absorbance at time t and infinity respebt). The second order rate
constants were determinas k/[MTU].

The effect of [H'] on the rate

The effect of [H] on the reaction rate was studied using hydroahlacid in the range (6 — 70) x ‘#Gnol dm®
while the concentration of MBand MTU were constant at u = 0.50 mol #tNaCl) and T = 29.0 + 0°8. The
results are presented in Table I.

The effect of ionic strength
The effect of ionic strength on the rate of thectiem was investigated in the range p = 0.30 - lm@0Ddm?® (NaCl)
while the concentration of other reagents were kepstant. The results are presented in Table I.

Effect of changes in the dielectric constant
The effect of medium dielectric constant on thie rof reaction was investigated by using a bisatyent mixture

of water and acetone (2-10%) (Table IlI). A plotiad k; agains% gave the relationship between the second order
rate constant and the total dielectric constathefreaction medium.

Effect of added ions
At constant concentration of all other reactatits, effect of added ions (Mg K*, NOy” or CH;COO) on the rates
of the reactions was investigated in the range+{3.6.0) x 1¢ mol dm®(Table 1I1).

Test for formation of intermediate complex
Spectroscopic test was carried out by comparingetéetronic spectrum of the reaction mixture onaute after
the start of the reaction with that of the finabguct within a wavelength of 400 - 700 nm.

Michaelis-Menten’s plots of 1{kversus 1/ [MTU] were also made (Figure V).

Test for free radicals

The presence of free radicals were tested for bijngdacrylamide to a partially oxidized reactiorxtares followed
by addition of a large excess of methanol. Corgxgeriment was carried out by adding acrylamidsdiations of
MB* and MTU separately at the stated conditions di,[H and temperature in Table |. Gel formation @adés
presence of free radicals.

Product analysis
Likely products tested for were leucomethylene bltiee reduced form of MB and SQ*. Mixtures of
glucose/NaOH solution were added to the productdter to oxidize back to blue the colourless solutat the end
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of the reaction. The presence of SQvas qualitatively tested for with dilute acidifielution of BaGl. Urea
derivatives were tested for by the addition of fineps of dilute alkaline CuS@olution.

RESULTS AND DISCUSSION

Stoichiometry and product analysis
The stoichiometry of the reaction between the nlettgyblue and 1-methyl-2-thiourea was found torbthé ratio
1.1, the overall reaction is given by equation 1:

N

N

(HON s Nich) + CHNH(NH,)C=S + 5HO —» SQF + CHNH(NH,)C=0 + 3H + MBH
.1

Where MBH is the reduced methylene blue. Similaterratio was reported for the reaction with thi@uf8] and
thiosulphate [6].

Kinetics

The pseudo-first order plots of log (AA,) versus time were linear for about 80% of the tieac The linearity of
these plots indicates that this reaction is firsteo with respect to [MB. Plots of log k versus log [MTU] gave a
gradient of 1.00 showing that the reaction is #ilsb order with respect to [MTU]. Thus the ratevlfor the reaction
is

d[MB*]
dt

= k,[MB*][MTU] 2

at [H'] = 0.2 mol dn? and T = 24 #1.0°C, and, k= 13.22 +0.003 dfrmol™ s*

A similar order has been reported by [1].

Table I: Pseudo-first order and second order rate anstants for the reduction of MB" by MTU.
[MB*] = 8 x 10°mol dn®, /max= 660 nm and T = 29.0 £ 0%

10°MTU] 10°[HT u 10%, 10k,

(moldm?® (moldm® (moldm® (s (dnPmol*s?)
8 20 0.5 1.04 12.95
16 20 0.5 212 13.24
24 20 0.5 3.22 13.21
32 20 0.t 4.1t 13.0¢
40 20 0.5 5.30 13.24
48 20 0.5 6.45 13.43
56 20 0.t 7.31 13.1¢
64 20 0.5 8.52 13.33
72 20 0.5 9.67 13.43
64 6 0.t 4.84 7.5€
64 8 0.5 547 8.55
64 10 0.5 6.08 9.50
64 20 0.t 8.5z 13.3]
64 30 0.5 10.59 16.55
64 40 0.5 12.21 19.08
64 50 0.5 15.89 24.83
64 60 0.5 22.57 35.27
64 20 0.3 7.37 11.52
64 20 0.4 8.06 12.59
64 20 0.5 8.52 13.31
64 20 0.6 9.21 14.39
64 20 0.7 9.90 15.47
64 20 0.8 10.36 16.19
64 20 0.9 10.70 16.63
64 20 1.0 11.28 17.63
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Figure I: Typical Pseudo-first order plot for the redox reaction of MB" with MTU
[MB*] = 8 x 10° mol dn?, [MTU] = (8.0 — 72.0) x 16 mol dn?’
[H*]=0.20 mol dri¥, g = 0.50 mol di (NaCl), T = 29.0 +0.8C and Amax= 660 nm

Acid dependence

At constant [MTU] and [MB] and [H] = (6 — 70) x 1G mol dm?® (Table 1), the rate of reaction is strongly
catalyzed by acid with a fractional order of 0.6nfr a plot of log [H] against log k Equation 1 show that acid is
not a reactant, but a product. The catalytic eftdcicid must be through the formation of a reaciivermediate
either with MB" or with MTU. Plots of k versus [H] were also linear with a slope of 4.52 x"8nd intercept of
4.19 x 10°. Hence the acid dependence of the rate constatitdaeaction could be given as

k,=a+b[H1>> . 3
and the rate of the reaction as a function di ¢&n now be written as:
-d[MB+]/dt = (a + b [H]*)[MB*][MTU] e 4

where a = 4.19 x IDmol dm® s?, b = 4.52 x 18 dnf mol?s?

1431
Pelagia Research Library



Osunlaja, Aliu Adekunle et al Der Chemica Sinica, 2012, 3(6):1428-1437

From the result, it is proposed that the observeid aatalysis may be due to the successive prdatomaif
methylene blue and this seem to agree with sinfiitaings reported for reduction of methylene bhyebromate
ion [7], B-mercaptoethanol [8], thiosulphate ion [6] and pemganate ion and thiourea [9,3].

log [MTU] mol dm>

-2.2 -2 -1.8 -1.6 -1.4 -1.2 -1

r T T T T T '1.5

log k,

Figure II: Plot of log k; versus log [MTU] for the redox reaction of MB" with MTU
[MB*] = 8 x 10° mol dn¥, [MTU] = (8.0 — 72.0) x 16 mol dn?
[H*]=0.20 mol dn®, u = 0.50 mol d (NaCl), T = 29.0 £0.8C andima= 660 nm

Cation and anion dependence
Added cations led to enhancement of the rate oftima while anions inhibited the rate of reactidrhis is

suggestive of the outer—sphere mechanism operatinghis reaction. However, it was observed that the
enhancement of the rate is in the order of k{Wg k (K.

Effect of changes in ionic strength and total dieldric constant of the reaction medium

The results presented in Tablel, show that theaastant increases with increase in ionic stresgtgesting a
positive Bronsted — Debye salt effect. Plot of lagversusvVp for the reaction gave a slope of 0.402 (Figute II
This positive salt effect suggests an interactibrspecies carrying same charge signs in the aetivabmplex.

Reactions between two pairs of ions of like chaage usually accelerated by increasing ionic sttethgcause of
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the favorable interactions of the activated completh the denser ionic environment [10]. This fastalso
buttressed by the observed effect of varying tleéedtric constant, D, of the reaction medium (Tdhb)eon the rate
of reaction. These results are similar to thosekbserved for reduction of methylene blue by thiaJf.

40 -

1? k, dm® mol* st

0 T T T T T T 1
0 10 20 30 40 50 60 70

1?[H*} mol dm-3

Figure llI: Plot of k , versus [H] for the redox reaction of MB" and MTU
[MB*] = 8 x 10° mol dn®; [MTU] = 64 x 10° mol dn? [H*] = (6-60) x 10 mol dn?,
i = 0.5 mol drif (NaCl), T =29.0 £0.8C and Amax= 660 nm

Spectroscopic evidence of intermediate

The results of the spectroscopic studies indicatsignificant shifts from the absorption maximakgfx = 660 nm.
This suggests the absence of the formation of sernmediate complex in the reaction. Alternativefyany such
intermediate was formed, it must have a small feloneconstant.

Plots of 1/k versus 1/[MTU] were linear with zero intercept d&iie 1V). Both results suggest the absence of
intermediate complex formation prior to electraansfer in the reactions.

1433
Pelagia Research Library



Osunlaja, Aliu Adekunle et al Der Chemica Sinica, 2012, 3(6):1428-1437

X3
0.5 0.6 0.7 0. 0.9 1 11 1.2
_0.65 T T T T T T 1

-0.75 A

log k,

-0.85 A

-0.95 A

Figure IV: log k versusvu for the redox reaction of MB' and MTU
[MB*] = 8 x 10° mol dn®; [MTU] = 64 x 10° mol dm® [H*] = 0.20 mol dri?, i = (0.3-1.0) mol dii(NaCl), T = 29.0 +0.8C and Amax= 660
nm

Table II: Rate data for the effect of cations and mions on the second order rate constant for MBand MTU reaction.
[MB*] = 8 x 10°mol dnt®, [MTU] = 64 x 10°mol dn, Zmax= 660 nm [H] = 0.20 mol dnt and T = 29.0 £0.8C

X 10X] mol dm® 10k, (s?) 10k (dnPmof’s?)
Mg** 0 8.52 13.31
20 10.13 15.83
30 12.21 19.07
60 14.2% 22.3]
80 17.27 26.99
100 21.65 33.82
K* 0 8.52 13.31
20 8.98 14.03
40 9.67 15.11
60 10.69 16.55
80 11.05 17.27
100 12.43 19.43
NOs 0 8.52 13.31
20 8.06 12.59
40 7.37 11.52
60 6.91 10.80
80 5.07 7.92
100 2.53 3.96
CH;CHOO 0 8.5z 13.3]
20 8.29 12.95
40 7.83 12.23
60 7.1 11.1¢
80 6.44 10.76
100 5.30 8.28
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Table IlI: Effect of changes in total dielectric caonstant
[MB*] = 8 x 10°mol dn?, [MTU] = 64 x 10° mol dn?, Zmax= 660 nm, 1 = 0.50 mol dirand T=29.0 +0.8C

D 107 1/D 10ky(s?) 10k, (dnPmol’s?)
81.00 1.23 8.52 13.31
79.80 1.25 8.06 12.60
78.59 1.27 6.91 10.80
77.36 129 6.22 9.72
76.2( 1.31 5.07 7.9z
75.00 1.33 3.22 5.03
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Figure V: Michealis-Menten plot of 1/k; versus 1/[MTU] for the redox reaction of MB" and MTU.

[MB*] = 8 x 10° mol dn?; [MTU] = (8.0 — 72.0) x 1¢ mol dn®
[H*]=0.20 mol dri¥, g = 0.50 mol di (NaCl), T = 29.0 +0.8C and Amax= 660 nm

Product analysis

The blue colour of MB was regenerated on the addition of NaOH/glucoseuns, showing the presence of
leucomethylene blue. Addition of acidified BaGblution gave a white precipitate; an indicatibattSQ? ion was
one of the reaction products.
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Test for radicals

Addition of acrylamide to partially oxidized reamti mixture followed by excess methanol showed nb ge
formation. This suggests the probable absencerafliaal intermediate in the reaction. The othebpfhulity is that
the radical may be formed and consumed so fastttbahnot be detected by this method [10].

A pinkish-violet colour which gradually turned bdhi was obtained with the addition of dilute alkeli@uSQ
solution. This shows the presence of urea derigatj¢1].

Mechanism

Under the experimental condition employed in thigestigation, the following results were pertindat the
proposed mechanism: (a) 1 mole of Macts with 1 mole of MTU; (b) the organic molexid left intact, and the
only activity in term of oxidation (electron traesfand/or hydrolysis) is occurring at the sulphanter of the
thiocarbonyl compound, MTU; (c) there is successiletron transfer from the sulphur center to tlgen atom
in the center of the methylene blue ring; (d) aerimediate complex is formed that carries a pasitivarge which
further react with protonated methylene blue angith more molecules of 1-methyl-2-thiourea; (e¢ tomplex
fragments to give the products. Thus based onttiesfollowing plausible mechanism is proposed:

MB* + H* = MBH?** ———(5

MB* + MTU = [MB*,MTU ] ———(6)
k

[ MB*,MTU] 3 products r.d.s.———(7)

From equation (5), the protonated methylene blaetsewith 1-methyl-2-thiourea

MBH?** + [MTU] <= [MBH?**',MTU] -—= (8

k

[MBH?**,MTU] S producl% r.d.s.— ——(9)

From equations 7 and 9, which are the rate detémmitep, the rate law can be written as

Rate =k;[MB*,MTU] + ks[MBH*,MTU] - ——(10)

From equation (6)

Rate =k;K,[MB*][MTU] + ks[MBH?**,MTU] ———(11)

But from equation 5 and 8

Rate %;K,[[MB*][MTU| + ksK,K,[MB*][H*][MTU] - ——(12)

Let k;K,=k  andksK,K, = k

Rate =k [MB*[MTU] + k[MB*][H*][MTU] —— —(13)

Rate = (k' + kK[H*])[MB*][MTU] -—— (1%

Equation 14 conforms to equation 3 with &%, = 2.71 x 10° mol dm® s*, and b =K, K, = 2.87 x 10" dn?
mol?s® thus suggesting that the proposed mechanismiisipla.

The basis for this proposal are:

(a) Absence of spectroscopic evidence suggests thegcansor complex is probably not formed prior te #tt of
electron transfer and that the electron transfer otaur by the outer-sphere path.

(b) Michaelis-Menten’s plot of 1/kversus 1/[MTU] was found to be linear without pgiva intercept suggesting
the absence of a pre-association step. This alewifa the outer-sphere mechanism.

(c) Enhancement of the rate of reaction by cations idnhibition by anions also point to the outehspe
pathway in the electron transfer processes forr#astion.

(d) The negative result of polymerization test suggdstsabsence of free radical intermediate in thetren or the
equilibrium constant for the formation of such &d$é can be assumed to be negligible [12].

Based on the above evidences, an outer-sphere nisih@athway is proposed for the reaction.
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CONCLUSION

The mechanism reported here shows similar stepdation to the mechanism that was reported forddection of
methylene blue by the unsubstituted thiourea (Ggaet al.,2012a). A 10 -step mechanism was proposed for the
methylene blue - thiourea reaction so also the emgism proposed for the methylene blue - MTU sysas 10—
steps.The reaction with thiourea is slower thanrdaetion with MTU. This finding supports earliessartion that
changing the substituents on the nitrogen may taffex rate of reaction but not the mechanism stheemajor
reaction is at the sulphur center[1]. This changeate of reaction could be attributed to the iritheceffect of the
methyl group in MTU. However, increases in‘THaind p shows the same effect in both reactionsai.tnear
dependence within the concentrations range studied.
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