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ABSTRACT

The catalytic activity of 1, 10-phenanthroline (phen) in Cr(VI) oxidation of phenol has been studied in 60% acetic
acid medium. The Cr(VI) phen complex is believed to be the probable electrophile in the catalyzed oxidation. The
catalytic activity is quite likely to shift the redox potential of the oxidant. The reaction shows first order with respect
to substrate,catalyst ,oxidant and H*. Increase in acidity as well as increase in the dielectric constant increases the
rate of the reaction. The added acrylonitrile has no effect on the reaction rate indirectly indicating the absence of
freeradical mechanism.
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INTRODUCTION

Benzyltriethylammonium chlorochromate (BTEACC) Eported to be a neutral and mild oxidant for sélect
oxidation[1]. The kinetics of oxidation of some ariyc substrates by BTEACC have already been regj@rte
4].Extensive kinetic and mechanistic studies omation of organic compounds by chromium reagenssréeealed
that such reactions ordinarily involve a three &tat change, whereby Cr(VI) species are reducedr(tl)[ 5-7].
The present work deals with the kinetics and meishawf oxidation of phenol by BTEACC in acid mediumthe
presence of phen. The mechanistic aspects arelialsassed.

MATERIALSAND METHODS

Materials

Phen [E-Merck] was used as such. BTEACC was predayehe method reported by Corey and Schmidt[8ktit
acid was refluxed over chromium trioxide for 8 ho@and then fractionated[9]. All other chemicalsdugeere of
AnalaR grade.

Kinetic measurement

Kinetics runs were all performed under pseudo-firster conditions of a large excess of substrage the oxidant.
The reaction was carried out in a glass stoppeueeoiling tube whose outer surface was blackdoediminate

photochemical effects. The mixture was homogenebosughout the course of the reaction. The titriinet
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procedure of Wiberg and Mill was followed for thstiemation of unreacted Cr(VI)[10]. The rate conssawere
evaluated from log (titre value) vs. time plots| wte constants reported in the study are theageeof two or more
determinations.

Stoichiometry and product analysis

Reaction mixtures containing an excess of the atidaer phenol were kept in a thermostat in thesgnee of A
and phen for 24 hours. Estimation of unchangedamtidhowed that one mole of phenol consumes one ofol
oxidant confirming the stoichiometry of the reaati@s 1:1. The reaction mixture from actual kinetic with excess
of oxidant after slight warming was kept for twoydaand extracted with chloroform and dried overyainbus
sodium sulphate. The chloroform layer was then exatpd and the solid on analysis through IR speeés found
to be p-benzoquinone.

RESULTSAND DISCUSSION

The order with respect to oxidant was found to be as evidenced by the linear plot of log (titréuea vs. time.

The decrease in the rate observed with the inclieabe concentration of the oxidant is attributedhe decrease in
effective concentration of Cr(VI) species in thea#on medium. The reaction shows first order witkpect to

substrate as evidenced by the plot of log k W slabstrate concentration with slope 0.92 (r =0.@9@.1). The rate
constants were found to increases with increaskeeirtoncentration of [phen] (Table 3 ). The ondéh respect to
catalyst was found to be first order as evidencthtgplot of log k versus log [catalyst] which waeear with slope

0.89 (r=0.993) (Fig.3)

Table 1-Effect of [substrate], [oxidant] and [H*] on the reaction rate at 313K

60 %(v/v) acetic acid-water, [catalyst] =1.25 X 10 mol?

[substrate] X 18 | [oxidant] X1G | [H7X 10° | k, X 10°

mol dm® mol dm® mol dm® st
1.5 1.00 9.50 2.64
2.0 1.00 9.50 3.26
25 1.00 9.50 4.11
3.0 1.00 9.50 4.97
35 1.00 9.50 5.60
2.50 0.5 9.50 4.08
2.50 1.0 9.50 4.11
2.50 15 9.50 4.14
2.50 2.0 9.50 4.16
2.50 25 9.50 4.17
2.50 1.00 8.5 3.61
2.50 1.00 9.0 3.82
2.50 1.00 9.5 4.11
2.50 1.00 10.0 4.23
2.50 1.00 10.5 4.55

There was no appreciable change in the rate widimgd of ionic strength indicating the involvemehtameutral
molecule in the rate determining step. Studyingréetion rate various initial [l keeping [oxidant], [substrate]
and temperature constant, it was found that treafithe reaction increases with increasing [[fable 1 & Fig.2).
The observation indicates participation of perdilacid on the rate determining step and orderdes found to
be one. The variation in the dielectric constanthef medium changed the rate of the reaction ajgirgoTable 3

& Fig.3). The reaction mixture, when allowed torstavith acrylonitrile, does not induce polymerinatisuggesting
the absence of free radical mechanism. On the died, the addition of M# ions retards the rate of the reaction
and the addition of Afion increase the reaction rate (Table 2).

Effect of Temperature
The reaction was studied at five different tempeeatind the activation parameters are calculatedlé™ & Fig.4).
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Table 2-Effect of [Mn?*] and [AI**] on NaClO, on thereaction rate at 313K

[substrate] = 2.50 X 102 mol dm®; [oxidant] = 1.00 X10°® mol dm®; [H*]= 9.50 X 10" mol dm®; [phen] = 1.25 X 10° mol dn®

[Mn#]X10° | [AI*]1X 10° | [NaClO; ] X 1C° | k4 X 10°
mol dni® mol dm® mol dm® st
0.00 - - 411
0.50 - - 3.92
1.00 - - 3.62
1.50 - - 2.23
2.00 - - 0.91

0.00 - 4.11
0.50 - 5.06
1.00 - 6.20
1.50 - 6.98
2.00 - 8.02

0.00 4.11
0.50 4.15
1.00 4.17
1.50 4.23
2.00 4.19

Table 3-Effect of [phen] and [acetic acid] on thereaction rate at 313K
[substrate] = 2.50 X 102 mol dm®; [oxidant] = 1.00 X10° mol dm™; [H*] = 9.50 X 10" mol dm®

[phen] X 1G mol dm® | % acetic acid(viv)] kX 10's?
1.00 60 3.05
1.25 60 4.11
1.50 60 4.77
1.75 60 5.89
2.00 60 6.99
1.25 40 0.32
1.25 50 1.06
1.25 60 4.11
1.25 70 5.92
1.25 80 7.01

Table 4-Effect of Temperature
[Substrate] = 2.50 X 102 mol dm’®; [oxidant] = 1.00 X10° mol dni®; [H*] = 9.50 X 10° mol dm®; [phen] = 1.25 X 10° mol dmi®; 60 %(v/v)
acetic acid-40 %water

Temperature(k | k; X 10's?
303 2.85
313 4.11
323 5.96
333 7.45

AH?=2453kJmol:; A S =-231.91JK  mol™’; AG*= 97.12 k I mol*

M echanism and Rate law

It is believed that the catalytic activity of coraging agents such as 2, 2'-bipyridyl and phen ddpem their
ability to stabilize intermediate chromium valerstates[11-13]. It has been reported that phen cexaplare more
stable than bipyridyl complexes. Quite likely, tmmplexing agents stabilize the end products, chnonglll), and
hence accelerate the whole of the reaction. Additibphen at its binding to the Cr(VI) would presabity change
the redox potential of chromium oxidant. Substdret@d catalytic activity in the present study danattributed to
facile formation of Cr (VI)-phen complex in acidlgtions. This is a similar to the view reportedtire Cr(VI)
oxidation of sulphides and cyclicketones in thespree of picolinic acid[14,15]. The reactive nugleite Cr (VI)-
phen complex (C1) has been reported[16] in theatiad of anisole by chromic acid.
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The available kinetic data can be rationalizedhgyfbllowing mechanistic scheme.

Ky
HCerog +HY === HyCrO,

K
H,CrO, + phen <% phen-Cr(VI)
C

O -H-Cr(VI) -phen

O-H
+  phen-Cr(VI) A»
C
C

O -H-Cr(VI) -phen
slow

—_— product + pherCr(1V)
Kg
C,
fast
phen—Cr(IV) + pher-Cr(VI) — (phen }-Cr(V)
fast
— 2Cr(llly —phen + 2 product

(phen }-Cr(V) + 2S

Rate = kG,
= kkyCi[S]
= Kyksks [S] [Cr(VD)] [phen]

= KKz kg [S][Cr(VI)] [H*] [phen]
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CONCLUSION

The oxidation of phenol by BTEACC in the presen€glmen in agueous acetic acid medium leads to foomaf
complex and it finally gives products.The negatiaue ofAS provided support for the formation of the activated
complex in the slow step. The reaction follows dingrder kinetics. The mechanism proposed for d¢iislation
kinetics is in accordance with observed kinetiddac
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