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In a neutral aqueous solution of (phenylthio)acetic acid, the hydroxyl radical is observed to react with a
bimolecular rate constant of 72 10° dm® mol~! s%, and the transient absorption bands are assigntiHo

radical addition to benzene and sulfur with rough estimated values of 50 and 40%, respectively. The reaction
of the *OH radical with diphenyl sulfidek = 4.3 x 10° dm® mol~* s™1) is observed to take place with the
formation of the solute radical cation, OH-adduct at sulfur, and benzene with rough estimated values of 12,
28, and 60%, respectively. The transient absorption bands observed on reactiorOd ttaglical, in neutral
aqueous solution of 4-(methylthio)phenyl acetic acid, are assigned to solute radical ¢ation 650 and

730 nm), OH-adduct at sulfullgax = 360 nm), and addition at benzengn{x = 320 nm). The fraction of

*OH radical reacting to form a solute radical cation is observed to increase with increasing concentration of
acid, and in highly acidic solutions, the solute radical cation is the only transient species formed on reaction
of *OH radical with these sulfides.

Introduction cases. On the other hand, only a few studies have been made
. . . . . n aryl- i [fur compountisTh nzene ring woul
The studies on the radicals and radical ions derived from on aryl-subsituted sulfur compountfsThe benzene ring would

. ffides h b th biect of active int ¢ i act as an additional site for reaction with ti@H radical, and
organic suffides have been the subject of active interest as su ur'spin delocalization would reduce the tendency of the solute

centered radical species play an important in understanding theradical cation to form dimer radical cation. The present studies

btlolé)_glcal sysltems V\;ltlh_suIfl:jr-cotnta(ljr_lmgtr(w:omFOLtJﬁd%tThes]? n (phenylthio)acetic acid, diphenyl sulfide, and 4-(methylthio)-
studies are also useiul In understanding the electron-transteran henyl acetic acid have been carried out with the objective of

i io- 8 i : . Lo - .
redo>_<f_ react|0r|15 tOf bio _rgolt?culés.kHydroi(ylbr_adlcag) artld investigating the possibility of different channels"@H radical
SPecilic one-electron oxigants are known o bring about o€~ o 4ction . with aryl-substituted sulfur compounds. It is important

felectr(t)_n OX'?at'(?P of dlatllkyldsulf(ljd_esl @S)t,_ resulting 'T‘ththe to know the conditions under which the radical cation is formed
ormation of suffur centered radical cations 28 {_) either as this information is essential to determine its reactivity.
directly or via a complex sequence of reactions involving an

OH-adduct, am-thio radical, and monomer radical catidhe Experimental Section
oxidized sulfur has a high tendency to be stabilized by
coordination with a free p-electron pair of a second sulfur atom
or a hetroatom (O, N, P, halogen) both by intra- and intermo-
lecular associatiot. Simple sulfur centered radical cations have

been observed only in the case ofteit-butyl sulfide and aryl ~ chemicals used were also of high purity. The solutions were
sulfides and explained due to steric influence and adjagent Prépared in deionized “Nanopure” water, and freshly prepared

system, respectively. Direct evidence for the involvement of Solutions were used for each experiment. The pH of the solution
OH-adducta-thio radical, and monomer radical cation could Was adjusted with NaOH/HCIOn Na;HPO/KHzPQ; phos-
be obtained from functionalized sulfid&s!2 Evidence for the ~ Phate buffers. All other experimental details are described
formation of sulfur-centered species has come from ESR and &/Séwheré? The pulse radiolysis experiments were carried out
optical absorption spectroscopic stucie® Sulfur centered  With high-energy electron pulses (7 MeV, 50 ns) obtained from
cationic species are represented by a three-electron bond linear electron accelerator, whose details are given elsewhere.
.. . . . i 2
containing two bondings and one antibonding™* electron. AN aerated aqueous solution of KSCN 11072 mol dn)

These three-electron bonded (2c-3e) species have been th&/as used for determining the dose delivered per pulse using

subject of active interest in both experimental and theoretical G¢s00 = 21520 dni mol™ cm™* per 100 eV for the transient
investigationg 14 (SCN)s~ speciesG denotes the number of species per 100 eV

- . : f absorbed energyd = 1 corresponds to 0.1036mol J71),
The kinetic, spectroscopic, and redox properties of the © ; e .
transient speciespformed o% reaction of tﬁHF-I) rgdical with ande is the molar absorptivity of the (SCH) species at E;OO
substituted alkyl sulfides have been reasonably well understood"M" The dose per pulse was close to 15 Gy (1-6% J kg™)

and mainly one channel (sulfur site) is observed in most of the except for kinetic experiments, which were carried out at a lower
dose of about 10 Gy.

*To whom correspondence should be addressed. The transient species formed on pulse radiolysis were detected

* Also affiliated as the Honorary Professor with the Jawaharlal Nehru DY optical absorption method using a 450 W pulsed xenon arc
Centre for Advanced Scientific Research, Bangalore, India. lamp and Kratos (GM-252) monocromator. The photomultiplier

(Phenylthio)acetic acid, (PTA), 4-(methylthio)phenyl acetic
acid (MPA), and diphenyl sulfide (DPS) obtained from Aldrich
Chemicals were used without further purification. All other
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output was digitized with a 100 MHz storage oscilloscope 0.04 —4——1————1———
interfaced to a computer for kinetic analyisThe bimolecular /-\
rate constants were determined from the linear regression plots " a .,0 . o)
of kopsVversus solute concentration for at least three independent \. 30m
experiments, and the variation was within 15%. 003 & et g 1
Radiolysis of the M-saturated neutral agueous solution leads I e \.20.01 ]
to the formation of three highly reactive specids,(*OH, and / \ W
€aq ) in addition to the less reactive or inert molecular products a 002 _./. b ° i
(Hz, H,0,, and H;O+) O '/VV\ 0.00 -
P /,/ \ \ 02 _i4_o 7) & 1
S -~ ) C, ime/ s
H,0—H,'OH, &, , H, H,0,, and HO" (1) ol P AT
- ™ o] [ ] -
[}
The reaction withOH radical was carried out inJ0-saturated ° °\o\'\ \.
solutions, whereg~ is quantitatively converted t®H radicals [ N N
w@th G(*OH) = 5.6 and*OH radical is the main species to react ool v o4 ~5>5=U__;:;;5:Q=Q
with the solute. 300 350 400 450 500
A/nm

N,O + €q OH+OH +N, @) Figure 1. Transient absorption spectra obtained on pulse radiolysis
of N,O-saturated neutral aqueous solution of PTA (%.5.0°% mol
The reaction of specific one-electron oxidants were carried out dm3) 1.5 (a), 40 (b), and 9Qis (c) after the pulse. Inset show
under conditions such tha®H radicals do not react with the  absorption-time profiles at 300 and 390 nm.

solute initially and only the one-ele(_:tron oxidants react with TABLE 1: Kinetic and Spectral Parameters of the

the solute. These one-electron oxidants were generated asansient Species Formed from Aryl Sulfides

reported in the literature, and the procedure is briefly mentioned

: Kl % of
18 f
in the text: reaction Amadnm pH dm*molts?! Kyst SRC
Results and Discussion PTA +°*OH 330, 360 7 7.% 1 3.2x 104b 0
1.1x 10%
The ground-state optical absorption spectrum of neutral and PTA+*OH 310, 540 d 38x10° 4.6x 10 100

acidic aqueous solutions of PTA showed an absorption band atbPS+*OH 340, 356-370, 7 43x10°F  29x 10 12

248 nm with very little absorption at > 300 nm. In basic . 750

solution (pH >10), an aqueous solution of PTA showed an ﬁiii%HH 3‘218’ ;gg f7 5‘755>§ 18: L4x10° lgg
absorption band at 254 nm with very little absorptiom.at 550, 730 9.2¢ 10° 1.3x 10F

300 nm. Therefore, PTA is present in the protonated forghléC MPA +*OH 320, 550, 730 g 1x10* 100

SCHCOOH) in neutral and acidic solutions and in the depro- aSRC, solute radical cation in neutral solutidg, decay by first-
tonated form (€HsSCHCOO") in basic solutions. The aqueous  qger kinetics® At 390 nm.cAt 300 nm (second-order kinetics).
solution of DPS showed an absorption band at 250 nm with ¢ Hc|o, = 7.8 mol dnT3. ¢ At 750 nm.f [HCIO,] 1 mol dnt3. ¢ HCIO,
very little absorption at > 300 nm and its absorption spectrum = 0.5 mol dnt3,
remained unchanged in pH-11 region. The aqueous solution
of MPA showed an absorption band at 255 nm, without any order kinetics with R/el = 1.1 x 10* s and by first-order
appreciable absorption at> 300 nm. These studies indicate kinetics withk = 5.2 x 10* s71 (inset of Figure 1), respectively.
that pulse radiolysis studies with optical absorption detection Under these conditions, the decay rates may be considered for
could be used without any correction for the ground-state 330 and 360 nm bands, respectively. The rate constant for the
absorption in 306700 nm region. reaction of the*OH radical with PTA was determined by
Pulse Radiolysis Studies on (Phenylthio)acetic Acidreac- formation kinetic studies at 330 and 360 nm. The pseudo-first-
tion of -OH Radicals in Neutral SolutiorPulse radiolysis of order rate increased linearly with solute concentration, and the
N.O-saturated neutral aqueous solution of (phenylthio)acetic bimolecular rate constant at both the wavelengths was deter-
acid (PTA, 1.5x 1072 mol dm3) showed the formation of  mined to be (7.2 0.8) x 10° dm® mol~! s1 (Table 1).
transient absorption bands at 330 and 360 nm (Figure 1a). In In aerated solutions, pulse radiolysis studies showed only one
the presence dert-butyl alcohol (0.3 mol dm3), an efficient band at 360 nm (Figure 2). The decay at 390 nm showed first-
*OH and weak katom scavenger, a small absorption band with order kinetics withk = 6.8 x 10* s7%, close to the value
Amax = 360 nm A O.D. = 0.005) was observed, suggesting observed in MO-saturated condition. The relative decrease in
that the contribution of Hatom reaction with the solute is the absorbance at 360 nm, in aerated solutions, was much less
negligible and the transient absorption spectrum (Figure 1a) isthan that observed at 330 nm (Figures 1 and 2). These studies
mainly due to the reaction of thh®©H radical with the solute.  suggest that the band at 330 nm has high reactivity with oxygen
The decay of the transient bands at 330 and 360 nm showedand is not seen in aerated conditions. Therefore, the band at
mixed kinetics and time-resolved studies (Figure 1b,c) showed 330 nm may be due to a C-centered radical, whereas the band
that the transient band at 360 nm decay faster than that at 330at 360 nm is due to some other species. The available literature
nm and that only one band at 330 nm was observedsoéfter on organic sulfur compounds suggest that the band at 330 nm
the pulse. Time-resolved studies have not shown the formationis due to a species formed on addition of teH radical to a
of a transient absorption band with the decay of 330 and 360 benzene ring (a, Scheme 1), and the band at 360 nm is due to
nm bands. It appears from Figure 1 that the transient absorptiona sulfur-centered OH adduct (b, Scheme 1).
bands are sharp, and the contribution of 360 nm band at 300 The molar absorption coefficient of the sulfur centered OH-
nm and that of 330 nm band at 390 nm may be negligible. The adduct of dialkyl sulfides is in the region of 4566500 dn¥
transient absorptions at 300 and 390 nm decayed by secondmol™! cm~1.1° Because the peak position of the OH adduct of
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Figure 2. Transient absorption spectra obtained on pulse radiolysis
of aerated neutral aqueous solution of PTA (%¥.20°3 mol dnT?) 1.5
us after the pulse. Inset show absorptidgime profile at 390 nm.

SCHEME 1

40 % » C¢Hs-S(OH)- CH,COOH  (b)

+ OH 0% 5 (CgHs-OH)-S-CH,COOH (a)
m .
CH,COOH CeH;-S- CHCOOH + H,0 (¢)
(PTA)

PTA is in the same region, and assuming that the aromatic ring
has a small effect on this band intensity, the average value of
5000 dn¥ mol~* cm™! could be taken as the molar absorption

coefficient for the transient species absorbing at 360 nm. Under
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Figure 3. Variation of absorbance at 540 nm for the transient species

formed on pulse radiolysis of aerated acidic aqueous solution of PTA
(1.5 x 102 mol dn13) as a function of [HCIG).
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these conditions, the concentration of the transient species isFigure 4. Transient absorption spectra obtained on pulse radiolysis

calculated to be 3.5 107® mol dm 3. However, the actual
concentration ofOH radicals, under the present experimental
conditions, is 9x 10-8 mol dn 3. Therefore, about 40% of the

of aerated acidic (HCI®= 7.8 mol dn73) aqueous solution of PTA
(1.5 x 1073 mol dnr3). Inset show absorptiertime profiles at 310
(a) and 540 nm (b).

*OH radicals are reacting to form the transient species absorbingto Cl*~, the solute radical cation (PTA4) is either not stable

at 360 nm (sulfur centered OH adduct).

The reaction ofOH radicals with dialkyl sulfides is mainly
by one-electron oxidation with a small fractior-10%) by
H-abstraction formingt-thio radicals, which absorb in the 280
290 nm region. Considering thatl0% of the’OH radicals are
reacting with PTA to fornu-thio radicals, the remaining fraction
(~50%) of *OH radicals would be adding to the benzene ring
(Scheme 1).

Pulse radiolysis studies with 3Nl a specific one-electron
oxidant, did not show any transient absorption in the-3600
nm region, indicating that the transient absorption (Figure 1) is
not due to solute radical cation ogNs not reacting with PTA.

To confirm this, the studies were carried out with,"C| a
powerful one-electron oxidant. The transient absorption band
of Cly>~ (A = 345 nm), formed on pulse radiolysis of aerated
acidic (pH= 1) aqueous solution of Cl(4 x 1072 mol dn73),

was observed to decay faster on addition of a low concentration
of PTA (0.4 x 1072 mol dm3), indicating electron transfer
from PTA to Cb*~. The pseudo-first-order rate constakg,§

was found to increase linearly with PTA concentration, and the
bimolecular rate constant was determined to bexl B® dm?®
mol~1s™%. The time-resolved studies did not show the formation
of any new band in the 366600 nm region. These studies
suggest that although electron transfer is taking place from PTA

under these conditions or has no transient absorption bands in
the 300-600 nm region. S@, another strong one-electron
oxidant €° = 2.4 V), was also able to undergo electron transfer
with PTA with a bimolecular rate constant of 2:4 10° dm?
mol~t s71, without formation of any transient absorption band
in the 306-700 nm region. These studies suggest taitl
radicals are not reacting with PTA, under neutral conditions, to
form the solute radical cation (see text also).

Reaction ofOH Radicals in Acidic SolutionThe nature of
the transient absorption spectrum remained same in-ptd1
However, pulse radiolysis in highly acidic solutions (HGI®
0.5 mol dnr3) showed formation of another transient absorption
at 540 nm with increasing concentration of HGI®igure 3
shows the variation of absorbance at 540 nm as a function of
HCIO4 concentration. The band at 540 nm was seen only when
[HCIO4] was more than 0.5 mol dm. The absorbance was
seen to reach saturation value when the HGtGncentration
was in the 6-8 mol dnT3 region. The transient absorption
spectrum (Figure 4) obtained on pulse radiolysis of aerated
acidic (HCIQ, = 7.8 mol dnt3) aqueous solution of PTA (1.5
x 1073 mol dm~3) exhibits absorption bands at 310 and 540
nm. Both of the bands decayed by first-order kinetics With
(4.6 = 0.2) x 10 st (inset of Figure 4), suggesting the
formation of one transient species. The rate constant for the
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Figure 5. Transient absorption spectra obtained on pulse radiolysis Figure 6. Transient absorption spectra obtained on pulse radiolysis
of N,O-saturated aqueous solution of DPS (¥.3.0°2 mol dnv3, pH of aqueous solution of DPS (1:6 1072 mol dnv3, pH = 10) 100us
= 10) 9us after the pulse. Inset show absorptidgime profiles at 340 after the pulse in BD (a) and 5us after the pulse in @saturated
nm in N;O (a) and aerated (b) conditions. conditions (b). Inset show absorptietime profiles at 360 nm in O
(c) and Q-saturated conditions (d) and at 320 nm in-€turated
SCHEME 2 conditions.
CH,COOH iy . .
s/ = CHZCOOH" of more than one transient species. The decay of the 750 nm
\@ +OH+H s band and the initial portion of the band at 340 nm remained
\© + H0 unaffected in aerated conditions, whereas the latter portion of
the band at 340 nm was appreciably quenched in aerated

) _ ) ) ) conditions (inset of Figure 5). These studies suggest that the
reaction ofOH radicals with PTA was determined by formation  reaction of theOH radical with DPS results (1) in the formation
kinetic studies at 310 and 540 nm, and the bimolecular rate of more than one transient species immediately after the pulse
constant value (3.& 10° dm® mol~* s™!) was same at both the g without any transformation to another transient species. (2)
wavelengths. The yield and the lifetime of the 540 nm band Tne transient species absorbing at 750 nm has absorption in
was observed to increase with HGI@oncentration. The  the 340 nm region and is not affected in aerated conditions. (3)
transient absorption at 540 nm remained independent of soluteThe transient absorbance in the 300 nm region is affected

i 3 3 i i . " . .
concentration (0.22) x 10"*mol dm™, showing the formation i aerated conditions and is due to more than one transient
of monomeric species. Sulfur centered monomer radical catlonsspecies_

absorb in the region of 300 nm but have a high tendency to
form dimer radical cations. Therefore, the transient absorption . . . Lo 3000
spectrum (Figure 4) could not be due to sulfur-centered W'th'n 11%%ys, t]tlteretfr(])re, ﬂl]e absolré)tgonén thte Qnmth

monomer radical cation. The positive charge is expected to be rre]glon b ﬁ‘f a e; 7Seopu S€ "':V.OU 6e uﬁ 0 s$§0|ets 0 _ert
delocalized over the entire molecule, because of the presencet an a'sor Ing a nm. lgure ba s .OWS. € transien
of the benzene ring. The intermediate OH adducts and theirabsorptlon spectrum obtained on pulse radiolysis of DPS (1.5

3 —3 — .
reaction with H could not be observed under the present * lg;_ mol_lqkr]n ’ pH_— lO)t; 100/?5 after the pulae, Ind£<D band
experimental conditions. Therefore, the formation of the solute cONditions. The transient absorption spectrum showed a ban

radical cation is represented in an overall reaction as shown inat 320 nm with a shoulder at 360 nm. The decay of transient

The transient absorption at 750 nm has completely decayed

Scheme 2. absorption bands at 320 and 360 nm was different and showed
Pulse Radiolysis Studies on Diphenyl SulfideReaction of m_'XGd kmetlc'_s, suggesting th‘.'ﬂ poth the bands are due to

“OH Radical in Neutral SolutionPulse radiolysis of D- d|ﬁerent species. The decay klnet|c§ at 3§O nm remalned the

saturated aqueous solution of DPS (k.8.0-3 mol dm 3, pH same in NO and Q-saturated conditions (inset of Figure 6).

= 10) showed the formation of a transient absorption band with ~ Figure 6b shows the transient absorption spectrum obtained
Amax = 340 nm, a shoulder in the 35@70 nm region, and a  On pulse radiolysis of an £saturated aqueous solution of DPS
broad band in the 766780 nm region Withima at 750 nm (1.5 x 1073 mol dni3) 5 us after the pulse, which exhibits an
(Figure 5). The transient absorption was not seen in the presencébsorption band at 360 nm and increasing absorptioh at

of tert-butyl alcohol, an efficientOH radical and weak Hatom 320 nm. The absorptiertime profile at 320 nm (inset of Figure
scavenger, suggesting that the transient spectrum (Figure 5) i$5) showed very fast initial decay, which should be due to the
due to the reaction ofOH radicals, and the contribution ofH reaction of a carbon centered radical with. @he transient
atom reaction is negligible. The bimolecular rate constant for absorption Sus after the pulse should therefore be due to the
the reaction of theOH radical with DPS, forming a 340 nm  sulfur-centered OH adduct, with very little contribution of the
band, was determined by formation kinetic studies and the value320 nm band. Taking an average value ok 5.0° dm® mol~!

was (4.34 0.2) x 108 dm® mol~! s™1. The band at 750 nm  cm™! for the molar absorption coefficient for the transient
decayed by first-order kinetics witk = 2.9 x 10* s™1. The species absorbing at 360 nm (sulfur centered OH adduct), the
band at 340 nm showed mixed kinetics, with the initial portion concentration of the transient species is calculated to bex1.4
decaying by first-order kinetics witk = 2.6 x 10* s™1. The 1076 mol dm~3. Under the present experimental conditions, the
latter portion still showed mixed kinetics, indicating the presence actual concentration ofOH radicals is 5x 1076 mol dn13.
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dm™3), determined by formation kinetic studies at 340 and 750
nm, gave similar results, and the bimolecular rate constant value
was 5.5x 10 dm? mol~1 sL. The absorbance at 340 and 750
nm remained independent of solute concentration, suggesting
oL - + the formation of a monomeric species and complete reaction
[HCI0,] / mol dm of "OH radicals with DPS. The molar absorption coefficient at
750 nm was determined to be 5610° dm® mol~t cm™1. On
the basis of the molar absorption coefficient value of .60
dm? mol~* cm™* for 750 nm band, the fraction o®OH radicals
reacting with DPS, in BD-saturated solutions at pH 10 to
e e L form the transient species absorbing at 340 and 750 nm bands,
o — was determined to be about 12%. It should be due to the
o formation of the solute radical cation (Scheme 3).
<
ol

A0.D./G(OH) x 10%

Figure 7. Variation of absorbance (750 nm) as a function of pH (A)
and concentration of HCIQQB) formed on pulse radiolysis of aerated
aqueous solution of DPS (1.6 1072 mol dn13).

0.03 -

/

? Therefore:OH radicals can be concluded to react with DPS,

/ e o | under neutral conditions, with the formation of (OH addition

. . to the benzene ring (a, Scheme~360%), (2) sulfur centered
/ / '\_ OH adduct (b, Scheme 3y28%), and (3) the solute radical

§ 0.01; /' . cation with an absorption band at 750 nm and in the region of

. 340 nm (c, Scheme 3y12%).
° J iy 2 / : In highly acidic solutions (HCI® = 1 mol dnt3), OH-

'3 0.004 T 0 /° adducts (a,b, Scheme 3) are converted to solute radical cation.
/ \ 0 250 500 Because the decay of OH adducts (320 and 360 nm) has not

0.02 -

AO.D.

0.01 Time /s y followed the formation of tye solute radical cation (750 nm),
the bimolecular rate constant for the reactiorr@H radicals
with DPS was high (5.5 18 dm® mol~1 s™1). The reaction of
*OH radicals with DPS in acidic solutions could be represented
% cccccsscence® as shown in Scheme 4. The intermediate OH adducts would be
I T S S T highly unstable and could not be observed under our experi-
300 400 500 600 700 800 mental conditions. The equilibrium would shift toward the right
Al nm as the concentration of His increased. The increase in the
Figure 8. Transient absorption spectrum obtained on pulse radiolysis @0sorbance at 750 nm and the lifetime of the solute radical cation
of aerated acidic (HCIQ= 1 mol dnT3) aqueous solution of DPS (1.5 With H™ concentration support this observation. The confirma-
x 1073 mol dn13) 6 us after the pulse. Inset show absorptidime tive evidence for the assignment of the transient absorption
profiles at 340 (a) and 750 nm (b). spectrum (Figure 8) to the solute radical cation has been obtained
from similarity of transient spectrum with that obtained on
Therefore,~ 28% of "OH radicals are reacting with DPS to  reaction of Ci*~ with DPS.
form sulfur centered OH-adduct (360 nm band). Pulse Radiolysis Studies on 4-(Methylthio)phenyl Acetic
Reaction ofOH Radicals in Acidic SolutionThe nature of Acid. Reaction ofOH Radical in Neutral SolutionFigure 9a
the transient absorption spectrum and decay kinetics remainedshows the transient optical absorption spectrum obtained on
same in the pH 610 region. However, in acidic solutions, the pulse radiolysis of the pO-saturated neutral aqueous solution
absorbance at 750 nm was observed to increase with H of MPA (1.5 x 10°3 mol dm3), which exhibits absorption
concentration (Figure 7), reaching saturation when [HPV@s bands at 320, 360, and 550 nm with a broad absorption in the
in the range of £2 mol dnt3. Figure 8 shows the transient 690—750 nm region. The transient absorption at 550 and 730
absorption spectrum obtained on pulse radiolysis of aeratednm showed first-order decay witk = 1.3 x 10° s71. The
acidic (HCIQ, = 1 mol dnT3) aqueous solution of DPS (1,6 transient absorption at 320 and 360 nm showed different kinetics
1073 mol dm3), which exhibits absorption bands at 340 and and suggests the formation of more than one species. The
750 nm. The entire spectrum decayed by first-order kinetics transient absorption at 550 and 730 nm has completely decayed
with k = 1.4 x 10* s™1. The rate constant for the reaction of within 40 us. The transient absorption spectrum (Figure 9b),
the *OH radical with DPS in acidic solution (HClO= 1 mol 40 us after the pulse, should therefore be due to species other

0.00
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Figure 9. Transient absorption spectrum obtained on pulse radiolysis
of N,O-saturated aqueous solution of MPA (51072 mol dn3) 2

(a) and 40us (b) after the pulse. Inset shows transient absorption
spectrum obtained on reaction of,Clwith MPA.

Figure 10. Variation of absorbance at 550 nm, formed on pulse
radiolysis of aerated aqueous solution of MPA (%.3.072 mol dnm3)
as a function of HCIQ concentration. Inset show absorptieime
profiles at 550 nm in absence (a) and presence of H@®G mol dnT3).
than that showing absorption bands at 550 and 730 nm. The
decay of these absorption bands still showed mixed kinetics.
The bimolecular rate constant for the reaction of*tbEl radical T
with MPA, determined by formation kinetic studies at 320 and
360 nm, gave a value of 7.5 10° dm® mol~1 s™1, - A
To determine the various channels*@H radical reaction, 0.04 - 0.02 ]
the reaction of Gt~ was carried out with MPA, and transient x 0.01
\_ 0.00 8
\
-
\

T T T T T i 7 T 1

0.034 a

absorption bands at 320 and 550 nm were observed (shown up x

to 660 nm, inset of Figure 9). The bimolecular rate constant O I

for the reaction of Gt~ with MPA was determined both from ©) 0" 100 200 300 460 500
the decay of Gt~ and formation of the 550 nm band, and similar < " B\ Time / ps
results were obtained (8 10° dm® mol~t s71). The transient i f '\

absorption spectrumifax = 320, 550, and 730 nm) should be /-/ n
due to solute radical cation. The molar absorption coefficient i \ / \_ ]
at 550 nm is determined to be 5:410° dm® mol~t cm™ (see ~ \ /\
text). Using this value of the molar absorption coefficient, the .\"..
concentration of the solute radical cation formed iaON ool e e
saturated neutral agueous solution (Figure 9a) is determined to 300 400 500 600 700

be 0.52x 107% mol dn3, corresponding te-55% of the*OH %/ am

radical concentration. Figure 11. Transient absorption spectrum obtained on pulse radiolysis
. 5 . 0 . .
A small fraction of*OH radicals {-10%) may be reacting of aerated acidic (HCIQ= 0.5 mol dn73) aqueous solution of MPA

by H abstraction forming:-thio radicals, which absorb in the (1 5 1072 mol dnm3). Inset shows absorptiertime profiles at 320
280—-290 nm region. The transient absorption band at 360 nm (a), 550 (b), and 730 nm (c).

remained unaffected in aerated conditions, whereas the transient

absorption band at 320 nm was appreciably quenched. TheSCHEME 5

transient absorption, which is quenched in aerated conditions, CH,COOH 10% )

should be due to a species other than the solute radical cation. — > CH;SCEHCHCOOH + H,0  (a)
In analogy with the studies reported earlier, the transient . 5504 ] )
absorption bands at 320 and 360 nm are assigned to OH addition + OH  222» (CH;SCeH,CH,COOH) + OH  (b)
at the benzene ring and sulfur, respectively. Using the molar 10 % .

absorption coefficient value of & 10° dm® mol~t cm™?, for . ——> CH;S(Cetly-OH)CH,COOH (¢
the OH adduct at sulfurl(= 360 nm),~25%°OH radicals are 259 )

observed to react to form the OH adduct at sulfur. The remaining CH, — CH;S(OH)C¢HsCH,COOH  (d)

fraction of*OH radical may be reacting to form the OH adduct
at the benzene ring. The reaction*@M radical with MPA, in bands at 320, 550, and 730 nm (Figure 11). The spectrum
neutral conditions, may be represented as shown in Scheme 5matched with that obtained on reaction of,’Clwith MPA.
Reaction ofOH Radicals in Acidic SolutionThe transient Therefore, the transient absorption spectrum obtained in acidic
absorbance at 550 nm was observed to increase with IHCIO solution (Figure 11) should be due to solute radical cation. The
concentration (Figure 10) reaching a saturation value when entire spectrum decayed by first-order kinetics vtk 1 x
[HCIO4] was close to 0.5 mol dnif. Pulse radiolysis of aerated 10* s71 (inset of Figure 11). Under the present experimental
acidic (HCIQ; = 0.5 mol dnt3) aqueous solution of MPA (1.5  conditions, the molar absorption coefficient at 550 nm is
x 1072 mol dm3) showed the formation of transient absorption determined to be 5.4 10° dm® mol~! cm™.
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SCHEME 6
CH,COOH

+C)H+I—f

S+
(CH3SCgH,CH,COOH) + H,0

S

In acidic solutions, only one transient species (solute radical

Mohan and Mittal
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cation) is formed, and its absorbance and lifetime were observedPiscuss. Faraday So2977 63, 1748. (b) Gol, M.; Bonifacic, M.; Asmus,

to increase with HCI@concentration (inset of Figure 10). The
rate constant for the reaction of th@H radical with MPA in
acidic solution is high. The overall reaction of tt@H radical
with MPA is shown in Scheme 6. The equilibrium would shift
toward the right as the concentration of HGIB increased.
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Conclusions

The nature of hydroxyl radical reaction with aryl sulfides is

observed to depend strongly on the nature of the substituted
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electron-transfer reaction, whereas 55% of*@le radicals react
with 4-(methylthio)phenyl acetic acid by solute radical cation
formation. The fraction of the solute radical cation formed in
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tration of acid as the electron withdrawing power of tiH
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available for reaction ofOH radicals with aryl sulfides, in
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