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nicotiniumdichromate
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ABSTRACT

The kinetics of oxidation of 2.Naphthol by Nicotinium dichromate has been studied in 50% acetic
acid- water (v/v) medium in the presence of perchloric acid at 303K. The reaction isfirst order
each in [oxidant], [substrate] and independent of hydrogen ion concentration [H*] and
dielectric constant of the medium. Increase in lonic strength by the addition of NaClO,4 has no
effect on the rate constant. There is no polymerization with acrylonitrile. The reaction has been
conducted at five different temperatures and activation parameters were calculated. The
corresponding 1,2 Naphthoquinone has been identified as the product of oxidation. From the
observed kinetic results a suitable mechanism consistent with rate data has been proposed.
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INTRODUCTION

Chromium compounds have been used in aqueous andgueous medium for the oxidation of
a variety of organic compounds. (1) Chromium esgicCr(VI) reagents have been proved to
be versatile reagents and capable of oxidizing sinadl the oxidisible organic functional
groups(2-4). Numerous reagents and experimentakegwoes have been developed to carry out
this transformation(5) in particular reagents conte chromium(VI) reactive species are widely
used for the oxidation of alcohols to carbonyl coommds(6-7). One of these chromium (VI)
reagents in NDC (§HsO.N)." Cr,O/* which has emerged as a very useful and verstatitiant
deserving wide spread applications(8). LFER stuflyhe oxidation of organic sulphide with
NDC (9) and Oxidation of some para, meta substitbenzaldehyde by NDC (10) were studied.
Nicotinium dichromate has been used as on mildcteée oxidant in synthetic organic
chemistry. The kinetics and Mechanism of oxidatidn 2.Naphthol by various oxidants have
reported. However, the Kinetics of oxidation & Naphthol by Nicotinium dichromate has not
been reported.
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EXPERIMENTAL SECTION

Methods and materials

2-Naphthol were purified by literature method. Tbridant Nicotinium dichromate was
prepared and melting point was verified. Acetidagas purified by standard method and the
fraction distilling at 11& was collected. All other chemicals used werdRfgrade.

Kinetic M easur ements:

The reaction was carried out under first order dooms [2.Naphthol] >> [NDC] in 50% (v/v)
agueous acetic acid containing perchloric acid. e Tourse of the reaction was followed
colorimetrically and the rate constants Bomputed from the linear plots of log absorbance
versus time by the least square method, were rapitoé within £1%.

Stoichiometry and product analysis

Reaction mixture containing an excess of oxidaméro2.Naphthol were kept at room
temperature in the presence of perchloric acidfbihr. Estimation of the unchanged oxidant
showed that three mole of 2.Naphthol consumed KMale of the oxidant. The product 1,2
Naphthoquinone was identified by IR spectra. ®kielation species Cr(VI) was observed to be
reduced to Cr(lll) which was identified using alumoim chloride.

RESULTSAND DISCUSSION

Oxidation of 2.Naphthol by NDC has been condudtecb0% acetic acid and 50% water
medium at 303K under pseudo-first order conditiand the observed results were discussed in
the subsequent pages.

The order of the reaction with respect to NDC wasfl to be unity as shown by the linearity of
log absorbance against time plots, all the reactiere followed above 80% percentage. (Table
1)

Table 1. Rate constant for the oxidation of 2-naphthol by NDC at 303K

[2.Naphtholl]x 13 | [NDC]x 10° | [HCIO,x10? | [NaCl0)]x10" | [ACOH-H,0] | Kopsx 10°
M (M) (M) (M) % viv st
3-5 2.0 0.75 - 50 4.99--8.89
3.0 2-3.5 0.75 - 50 4.99--4.21
3.0 2.0 0.75--1.5 - 50 4.99--4.77
3.0 2.0 0.75 0--7.5 50 4.99--4.38
3.0 2.0 0.75 - 30--60 3.99--5.03

The concentration of NDC was varied in the rangg0®xto 3.5x10° Mol dm™ and keeping all
other reactant concentrations as constant andaties were measured (Table 1). The linear
constancy in the value of;Krrespective of the concentration of the NDC coné the first order
dependence on NDC.

The Substrate 2.Naphthol was varied in the rang@3so 5x10° Mol dm™® at 303K and keeping

all other reactant concentration as constant aadates were measured (Table 1). The rate of
oxidation increased progressively on increasingcthrecentration of 2.Naphthol, indicating first
order dependence with substrate. The plot of Igg Wersus log[2.Naph] gave the slope of 1.1
(r=0.998) figure, shows that the oxidation reattizas first order with respect to [2.Naph].
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The perchloric acid concentration was varied inrdrege of 0.75x18to 1.5x106° Mol dm® and
keeping the concentrations as constant and rate werasured (Table 1). The increase in
[HCIO,] in the oxidation reaction that there is no insesthe rate of the reaction and shows a
zero order dependence on [HG]JO

Change in ionic strength by the addition of Naghas no effect on the rate constant indicating
the involvement of a neutral molecule in the radééetmining step and no salt effect on the rate
of the reaction.

To know the effect of dielectric constant on thieraf the reaction, the reactions were studied at
different composition of agueous acetic acid kegpmther factors were constant and the rate
constants were determined. This data indicatesdikéectric constant of the medium does not
influence the rate of oxidation significantly amdlicating that it may be a dipole dipole type of
reaction.

The clear mixture containing 2.Naphthol and NDC whalowed to stand with a drop of
acrylonitrile, no turbidity is formed suggestingetimon involvement of free radical in this
reaction.

Effect of Temperature:
The Rate constants were measured at five diffdemperature and the activation parameters
were computed from a plot of In/K against 1/T of the Eyring’s equation.

Table 2: Activation parametersfor the oxidation of 2.Naphthol by Nicotiniumdichromate
10'K gpsS™ AR —AS' AG” Ea
4 | (KT Mol™) | (KIMol™) | (KIMol™)
303k | 308k| 313k 318k 323k(KJIMol™) At 303 K | At 303K
1. | 2.Naphthol| 499 562 6.60 7.24 8.31 17.848 BH.0 93.41 20.367

SNo | Substrate

This negative valve of entropy of activatidx§* indicates a polar transition state with an
extensive charge separation which promotes highegegf solvation of the transition state
compared to the reactants.
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M echanism:
Taking all these observations into considerati@nghssible scheme of oxidation can be written
as shown in Scheme-1
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From the study of solvent effect on rate of oxidatit is assumed that H{¥)CrO, is the active
species in the present study. This interacts wiégh+OH of the Naphthol in the slow step to the
formation of 1,2 Naphthoquinone as shown.

The above mechanism leads to the following rate law

=205 = K, [ 2.Naphthol] [NDC]

The proposed mechanism and the derived rate lamefitto the experimental observation.
CONCLUSION

The main product of the reaction were found to [2aphthoquilone. The reaction is first order
each in [substrate] [oxidant] and zero order withpect to [H]. The stoichiometry was found to
be three mole of 2.Naphthol consuming four mol&BIC. The negative values afs* provided
support for the formation of a rigid activated cdexp

A Mechanism in terms of active species of oxidanprioposed and the rate law is derived and
verified.
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