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ABSTRACT

The stoi chiometry, kineticsand mechanism of the electron transfer reaction between tetraoxoiodate (V11) ion and
1,3-benzenediol have been investigated at 30+0.5°C. The reaction follows the rate law:

~d[10, ]
dt

= (k,K'+k,[H']) ([HZR] [10,7]) whereH,R=1,3-benzenediol. Therate of the reaction isindepen-

dent of changeinionic strength of the reaction mediumin therange of 0.05<1 < 0.4 mol dnr3. On the basis of the
result obtained from Michaelis-Menten plot, outersphere mechanistic pathway is proposed for this reaction.

© 2011 TradeSciencelInc. - INDIA

INTRODUCTION

Severd studiesaddressing thedynamicsof thedec-
trontransfer reaction of benzenediolswith awiderange
of oxidants have been reported**3, These reactions
have shown alot complexities both intermsof acid
dependencies and the productd*®9. For example,
lyunt® reported acid dependence and acid indepen-
denceintheoxidation of 1,2-benzenediol by BrO, and
MnQO, respectively inagueousacidic mediumand free
radica sinboth systems,

Inaddition, the desireto gain adequate knowledge
on theredox patternof 10, aso heightened our inter-
estininvestigating itsreaction with 1,3-benzenediol.
Most of itsreactionswith both organic and inorganic
substrates are thought to occur by both inner— and
outersphere mechanismg+%9. It isour hopethat the
dataobtainedinthisinvestigationwill assst inproviding

moreinformation on the complexitiesthat attend the
reactionof 10,

EXPERIMENTAL

Thepurity of 1,3-benzenediol (Hopkins & Will-
iams) hereafter referredto asH,R was confirmed by it
melting point (110°C). Fresh solutionsof NalO, (BDH)
and H,R were prepared daily before use. Standard
solution of HCI was prepared as described in thelit-
erature®!, All other chemicalswere of anaytical re-
agent grade. All solutionswereprepared with distilled
water.

Soichiometry

Thiswas determined by spectrophotometrictitra-
tion using condition identical to those described ear-
lier®23, Absorbances of the product were measured
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immediately after the reaction hasgoneto compl etion.
The stoichiometry wasthen eva uated from the point of
inflexion onacurveof absorbance (A ) versus[reduc-
tant].
Kinetics

Kinetics measurements were conducted with
ChromaDigita Colorimeter 254 a the),  (470nm) of
the reaction product asthe reaction progressed after
having confirmed that none of the reactants absorbed
at thiswavelength. All reactionswerecarried out under
pseudo-first order condition with thefreductant] in at
least 100-fold excessover that of the oxidant.

RESULTSAND DISCUSSION

The stoichiometric studiesindicated that for each
moleof 1O, consumed, 2.5 moles of H,R were oxi-
dized accordingto eg. (1)
5H,R+210, +H*— products D

Similar stoichiometry wasreported for the oxida-
tion of H,R by IO, (10) and 1,2-isomer by BrO, and
MnO, (6). Recently we also reported the same sto-
ichiometry for thereection betweenthe 1,2-isomer and
10,153,

’ Some yellow crystals were obtained when 2,4—
dinitrophenylhydrazine wasreacted with some portion
of the product sol ution suggesting that one of the prod-
ucts contai ned carbonyl functiona group. Further test
on the product solution confirmed quinone (ketone) to
bethe organic product’®. Theformation of I, wasin-
ferred by itscharacteristic yellowish brown colour, for-
meation of ablue-black color whenthe product solution
wasreacted with starch sol ution and the spectrum char-
acterigticof theproduct solution (A, =470nm). Inthe
previous study, the concentration of molecular iodine
has been determined spectrophotometricaly at i, =
469nm, where the measurements of optical density
uniquely characterized the concentration of dissolved
iodine which areindependent of other speciesinthe
solution',

Thelinearity of the pseudo-first order plotsof log
(Ax-A) versustime (whereAoo and A, arethe absor-
bances at the end of the reaction and the reaction mix-
tureat time, t respectively) indicatesafirst order de-
pendence of the reaction on[10,], A plot of log k .
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Figurel: MichaelisMenten plot of 1/k | versus1/H.R

(where k . is the observed pseudo-first order rate
constant obtained from the slope of the pseudo-first
order plots) versuslog[H,Q] gaveaslopeof 0.96, an
indicationthat thereactionisfirst order in[H,R] . This
finding corroborates other observationson the oxida-
tion of benzenediols by 10,1 and MnO, . The
second order rate constants, k., were determined as
ratiosof k ,_to[H,R]. Theratelaw of thereactionis
according to equation@.
%=kz[H2R] [|O4_] @

Intherange 5x10°< [H*] <40x10° mol dm?, k,
increased from 0.231 to 0.503 dm?® mol-‘s* as indi-
catedin TABLE 1. A plot of log k,,, versuslog[H]
waslinear withaslope of 0.86 (Figure 1) suggestinga
first order dependence on[H*]. Also, a plot of k,
versug H*] waslinear and consistent with eg. (3).
k,=a+b[H"] ©)

Thisrelationshipiscons stent with thekinetic pat-
tern of thereaction of benzenediol with oxyaniong®1013,
Direct acid dependence has been explained interms of
thevariousequilibrium established by theoxyanionsin
aqueous acidic medium. The proton hasalso beenre-
ported to enhance the cleavage of the bond between
the oxideionsand the central atom!?3. Variouswork-
ershaveindicated existenceof H,IO,, H, 10, and H,
10,> in the reduction of 1O, in agueous acidic me-
dium.

Theaboveobservationisat variance with that ob-
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TABLE 1: Pseudo-first order and second order rate con-
stantsfor thereduction of 10, by 1,3-benzenediol (H,R) at T=
30£1°C, A =470nmand[lIO,] =1x10*mol dm*

109H,R],mol 109 H* I(NaCl), 10%qsS 10%k,dmPmol”
dm™ mol dm® mol dm™® 1 gt
10 10 0.10 23.0 23.0
15 10 0.10 34.0 22.9
20 10 0.10 45.0 227
25 10 0.10 55.0 22.0
30 10 0.10 66.0 22.0
20 10 0.05 454 227
20 10 0.10 46.8 234
20 10 0.15 46.8 234
20 10 0.20 46.8 234
20 10 0.30 46.8 234
20 10 0.40 46.8 234
20 5 0.10 46.0 23.1
20 10 0.10 49.0 24.6
20 15 0.10 58.0 24.0
20 20 0.10 68.0 34.2
20 30 0.10 94.0 47.2
20 40 0.10 106.0 50.3

tainedintheoxidation of H,R by[(bpy), H,ORu"],O*,
oxobridged ruthenium dimer® wheretherate of the
reaction decreased as/H*] increased. Although, H,R
hasavery low dissociation constant (K= 3x10)4,
the observed acid dependence study in thisreaction
has been attributed to its possibl e deprotonation of the
dimer prior tothe el ectron transfer step.

Increasing theionic strength of thereaction medium
from 0.05 to 0.4 mol dm hasno effect on therate of
thetitlereaction (TABLE 1). Thisobservationistypi-
cal of reaction occurring between neutral and charged
ion'Zl,

Based ontheresults obtained, theschemebeow is

proposed for thisreaction,
kl
10, + 2H0 === H,I0¢ “)
ky
HJOg + H:R—>= |05 +3H,0 + R Q)
105 + HR —5 |05 +H,0 + HR: ©)

K3
H* + 10, + 2H,R — 2H,0 + 10; + HR, (V)

10, + HR' + HRy ﬁ"» HO + | + 3H ®

= Pyl Paper

TABLE 2: Effect of added methanoateionson the pseudo-
first order and second or der ratecongtantsfor thereduction
of 10, by 1,3-benezenediol (H,R) at[IO,] = 2x10°mol dm
%[H,R] =20x10?mol dm®*T=30£1°Cand 1 =470nm

103[HCOOT], mol dm®  10%kKg,s ST 10%,, dm®mol st
1 46.1 23.1
15 42.1 21.1
20 41.2 20.6
40 36.4 18.2
60 345 17.3
kg 9
10, + H,R + H* —>= product ©)
Rate=k, [H,IO./]1[H,R] +k,[H*][H,R][IO,] (10)

But[H,IO,] =K'[1O,] sincelH, O] is approximately
unity.

Therefore,

Rate=k K’10,][H,R] +k,H[H,R][IO,] (11)

Eq. (11) issimilar to eq. (2) wherek, = k K’ +
K [H.

The presence of freeradicaswasindicated by the
positive polymerization test on adding acrylamideto the
reaction mixturecontainingexcessmethanol. Themono-
mer did not polymerizein solutionsof H,Rand 10,
when taken separately. Thusfreeradicalsareimpor-
tant intermediatesin thisreaction. Severd studieshave
shownthat freeradica sintermediatesareinvolvedin
the oxidation of benzenediol 4.

Addition of methanoateionsretarded therate of
thereaction (TABLE 2). Thisshowsthat substitution of
theH,Rintotheinner coordination shell of IO, did not
preceed thee ectrontransfer step. Theinhibition of the
reaction by thisanion could be dueto coulombic effect
astheintervention of theanionin betweenH,|O, or
10, and H,Rinthe activated complex would lead to
therepulsion of these speciesand henceadecreasein
reaction rate.

A further evidencefor the operation of outersphere
inthisreactionisprovided by the Michaelis-Menten
plot!"81-19 of 1/k . versus 1/[H,R] whichwaslinear
without intercept (Figurel).
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