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Abstract

The Kinetics of Oxidation of phenol,-methoxy phenol and r@hloro phenol by Imidazolium Flurochromate
the presence of 50%. Acetic acid has been studiee.reaction rate shows first order kinetwith respect to
phenol and IFC. The reaction rate increases withease in [I']. Effect of ionic strength on the rate was fot
negligible. Decrease in dielectric constant incesa$e rate of reaction. From the Hamett Plot & Yeaund tha
rate of reation increases for electron donating substitudnitendecreases for electron withdrawing substitsi¢
The effect of temperature on the rate has beenestiahd activation parameters were evaluated. ©basis o
observed data, a suitable mechanis proposed.
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1. Introduction
A variety of halochromates such as pyridinium obébromat!, pyridinium Flurochromaf’, quinolinium
Flurochromat& quinolinium bromichroma®, imidazolium flurochromate etc. have been used for the stud:
oxidation of various organic substrates IFC is higielective, mild and stable oxidizing agent. Kiogof oxidation
of Thioacids.Methyl Phenyl Sulphides, Benzaldehyde, Methionbiejs, Oximes, Anilines by IFC was report>
13 But literature survey reveals that, kinetics ofdation of phenols by IFC has not yet reported. &fwee, in this
article wereport the kinetics of oxidation of phenol and sameta substituted phenols by I
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2. Materials and Methods
Experimental
All the chemicals used were of AR grade and Acata was purified by the method of Orton and Bratifi All
the stock solutions were prepared by dissolvingnkm@amount of samples in doubly distilled water. dagolium
Flurochromate was prepared by the reported méthod purity was checked by iodometric method. Thece of
H* ions was perchloric acid (60% Merck). All the Kigemeasurements were carried out at 303K. Firstliptthe
reaction vessels were kept in thermostatic bathttain the equilibrium. The reaction was carried under pseudo
first order conditions by keeping large excess lné®®l over IFC. The known volume of IFC was rapidtided to
the reaction mixture containing phenol, perchlaatid and water. The progress of the reaction wiewied
potentiometrically by setting up a cell made upredction mixture in which the platinum electrodel aeference
electrode (SCE) were dippéd The emf of the cell was measured after reguléerials of time by using
equiptronics digital potentiometer. From the plofdog (emf), versus time, the pseudo first order rate constant
were evaluated.
Stoichimometry and product analysis:
The stoichiometry of the reaction was determinedkégping known excess of IFC over substrates in a0gtic
acid and perchloric acid was added. The reactiorturg was kept for 48 hours to ensure the compietibthe
reaction. Estimation of the unconsumed IFC showed bne mole of phenol consumes one mole of IF@ Th
product analysis was made by monitoring TLC. Thedpct was confirmed by noting the melting point of
corresponding quinine (M P-142 -114C) and compared with the authentic sample. Themptbeuct obtained was
mixed with the authentic sample and no changeeémtklting point was observed.
Mechanism
The reaction involves a direct transfer of hydiiole from O-H group to give an intermediate and deposition of
the intermediate in the second slow step. On tleeslzd experimental observations, the probable sugisim for the
oxidation of phenol by IFC is suggested.

Possible mechanism

OH . o(ﬂ f .
- % -+ ImeH
o\\ r/O ImdH K O\\f}/o IrhdH K . HO\Cr/
o G P
o] O/ F HO
L . o]
On the basis of the above mechanism, the ratedd&®aie = Kk[Phenol][IFC][H
Table 1: Effect of variation of [substrate], [IFC] and [HCIO ]
Acetic acid: HO (50:50), T = 303K
107substrate]| 107IFC] [HCIO,] 10% Kope S*
mol dnm® mol dm® | moldm® | Phenol m-OCH;| m-Cl
2 2 1 2.72 3.19 2.42
4 2 1 4.89 4.97 4.23
6 2 1 7.00 7.21 6.18
8 2 1 9.94 10.31 8.84
10 2 1 14.44 14.96 12.9
10 2 0.75 9.67 10.24 8.89
10 2 0.50 6.53 6.92 6.01
10 2 0.25 4.35 4.70 4.00
2 4 1 2.82 3.12 2.40
2 6 1 2.79 3.16 2.43
2 8 1 2.80 3.14 2.42
2 10 1 2.75 3.20 2.45
10 02 1 14.50| 14.927 12.94
10 02 1 12.28] 12.62° | 10.04°

a- Contain 0.001 mol dify Acrylonitrile
b- Contain 0.0005 mol dih MnSQ,
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3. Results and Discussions
The kinetics of oxidation of phenol by IFC wereditad at different initial concentrations of the strate, IFC and
HCIO, by keeping all other concentrations constant.
Effect of [Substrate] :
The concentration of the substrate was variedénréinge 2 x 18to 10 x 1& mol dm?®. It was found that increase
in [Substrate] increases the rate of reaction. I@aDh. The plot of log s versus log [substrate] was linear with
slope = 0.933 (R 0.9820) indicates the order of reaction with egsfo substrate is one (Fig.1).
Effect of [Oxidant]:
The concentration of IFC was varied in the range1®® to 10 x 106° mol dm?®. The plot of log Eversus time was
linear indicates the order in IFC is one. The psefidt order rate constant computed by varyindIvere found
constant (Table.1).
Effect of [HCIO 4):
At constant [substrate], [IFC], ionic strength, &féect of [H] was studied. Table 1 shows that the rate of i@act
increases with increase in perchloric acid conegiom. The plot of log ds versus log [H] was linear with slope
equal to unity indicates the reaction is first ordéth respect to [H.

1.4 ~
1.2 -+ )
1 -
¢ PHENOL
S, 08 -
o 0] m-OCH3
L o6 - m-Cl
04 Linear (PHENOL)
. ——Linear (m-OCH3)
0.2 - Linear (m-Cl)
0 T T T T 1
0 0.5 1 1.5 2 2.5
3+log[Substrate]
Figure.1

Effect of Salt:

The effect of salt was studied by varying [NaClfison Chloride. The effect of increase in conceidraof sodium
Chloride on the rate of reaction was negligible

Effect of Solvent:

The reaction rate were determined at different ¥hmmsitions of Acetic acid. Decrease in dielectonstant of the
reaction medium increases the rate of reactiorbl€T2)

Table 2: Effect of solvent

107 [substrate] = 2 mol dff)

[HCIO,] = 1 mol dn?®,

10°[IFC] = 2 mol dn¥®, T = 303K

% Acetic acid : Watef T0L/D 10 ko ST
Phenol| m-OCH | m-ClI
50:50 26.66 2.72 3.19 2.42
55:45 28.77 3.12 3.61 2.78
60: 40 31.74 3.57 4.25 3.09
65 : 35 35.04 3.99 4.89 3.52
70: 30 37.03 4.59 5.62 3.8/7
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Effect of Temperature:

The effect of temperature on the rate of reactienevstudied in the temperature range 303K to 31\8Keleping the
concentration of all reactants constant. The variactivation parameters were evaluated from the gildog k
versus 1/T R (Fig.2)

The second order rate constants were obtained askk/ [Phenol] (Table. 3)

Table 3: Effect of temperature and activation paraneters at 303 K

10 [substrate] = 10 mol dth[HCIO4] = 1, mol drB, 103 [IFC] = 2 mol dri

Temperature 10 k, dn® mol'st
K Phenol | m-OCH m-Cl
303 1.44 1.49 1.29
308 2.16 2.25 2.06
313 3.28 2.87 3.34
318 4.99 3.60 5.45
E, KJ mol* 67.24 47.05 77.95
AH? KImol* | 64.70 45.77 75.41
-AS" J mol* 67.74 136.68 3.87
AG" KIJmol-1| 27.16 87.79 84.76
A 56x10 | 1.9x16 | 1.41 x16°
0.8 -
0.7 -
0.6 -
&N 05 - S
)]
% 04 1 @ PHENOL
N 03 - CJm-OCH3
0.2 -
m-Cl
0.1 -
0 T T T T 1
3.1 3.15 3.2 3.25 3.3 3.35
109T
Figure.2
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Figure.3
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Discussion:

From the observed data it concludes that the @adtillows first order Kinetics with respect to IFEhenol and
Acid. The plot of 1/k,s versus 1// [substrate] was a straight line witlsifdee interceptfig:3) suggest that the
reaction proceeds with the formation of the compbetween oxidant and substrate and follows the b&tk-
Menten mechanism. Increase in rate of reaction déttrease in dielectric constant suggests thatethetion is of
ion-dipole typé®. The effect of ionic strength was negligible andicates the involvement of neutral molecule in
the rate determining stép. The rate of reaction increases with increase inaaid strength suggested the
involvement of protonated Cr (V1) in the rate detieing step:’

From the activation parameters, the high negatalees of the entropy suggests that the transitiate s more
ordered than the reactants due to increase intsmtva he high values of free energy of activationd enthalpy of
activation suggests that highly solvated transitgiate is existed. The Exner plot of log(308K) versus
logk,(303K) was linear (R=0.944) and the isokinetic temperature evaluatesl 3i%5.52K*® This suggests that the
decomposition of Michaelis- Menten complex follote similar mechanism for all phenols. The Haméit pf
logk versuso is linear with a slope as reaction constant -0.142 indicates that the electron releasingsttutent
enhances the rate while electron withdrawing stimsit retards the raté The order of reactivity is m-O G H >
m — Cl. The rate of reaction remains unaffectedh®y addition of acrylonitrile and suggests the abseof free
radical mechanism. The rate of reaction was retabyethe addition of Mn (I1) which suggests twoatten transfer
in the reaction. Further similar values of freerggeof activation suggests that the similar mecé@mnis operative
for all phenols.

4. Conclusion
The reaction between IFC and phenol follows thst farder dependence on IFC, phenol arid IHcrease in the
percentage of acetic acid increases the rate ofioga The reaction is acid catalyzed and has Isimicetry 1:1. The
reaction yields corresponding quinones. The rateeattion increases for electron releasing sulestitwhereas
retards for electron withdrawing substituents. HegativeAS” gave support to the formation of highly ordered
transition state. Almost similaxG” values suggests that similar mechanism is operétivall phenols.
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