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ABSTRACT

The kinetics of oxidation of isoamyl alcohol(lAA) &inc dichromate(ZDC) has been studied in 40%iaeeid
60% water medium in the presence of perchloric ati803K. The reaction is first order each in zitichromate,
isoamyl alcohol and hydrogen ion concentration. Thée of oxidation increases with decrease in ditle
constant of solvent suggests ion-diople interactlonrease in ionic strength by the addition ofisoal perchlorate
has no effect on the rate constant. There is rgnperization with acrylonitrile and absence of fremdical was
proved. 3-methyl-1-butanal has been identified aspeoduct of oxidation. The rate of the reactionshaeen
conducted at four different temperatures and atitva parameters were calculated. From the obserkieetic
results, a suitable mechanism with rate law has@eposed.
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INTRODUCTION

Chromium compounds have been used in aqueous andqueous medium for the oxidation of a varietprgfanic

compounds[1].Chromium especially, Cr (VI) reageriiave been proved to be versatile reagents andleapé
oxidizing almost all the oxidisible organic funati groups[2-4].Numerous reagents and experimgmtadedures
have been developed to carry out this transfoonH], in particular reagents containing chromiuvi) (reactive

species are widely used for the oxidation of alé®lto carbonyl compounds[6-7]. Firouzabadi[8] shdvilat the
chromium(VI1) based oxidant viz, ZDC is a versatled mild, efficient, stable reagent for the oxidatbf organic
compounds including alcohols, oximes, olefins, andmatic hydrocarbons in aprotic organic solveritsoam

temperature. The literature survey reveals thakthetics of oxidation of isoamyl alcohol by zinchromate has
not yet been studied. Hence, in the present irgatstin, the oxidation of isoamyl alcohol by zincliiomate in
aqueous acetic acid medium and the correspondectianistic aspects are reported.

EXPERIMENTAL SECTION

Analar Grade of isoamyl alcohol was distilled arsgdl The zinc dichoromate was prepared by litezanegthod[9].
Acetic acid was purified[10] by standard method dhe fraction distilling at 11€, was collected. All other
chemicals used were of AR grade. The solutiongwweepared in triple distilled water.

Kinetic M easur ements

The kinetic studies were carried our under pseudbdrder conditions in 40% acetic acid 60% watedium with
the concentration of the isoamyl alcohol in laggeess compared to that of the oxidant. All restcsalutions were
placed in thermostated water bath for one houtttinea temperature of 3C. Appropriate quantities of the reagent
solutions were mixed in a 2508monical flask already placed in the thermostatathb The reaction rate was
followed by measuring the decrease in absorbané@nm for up to 80% of the reaction by systromissVisible
spectrophotometer. The reaction was completed wierzinc dichromate solution turned from yellawgreen.
The reactions were followed by determining the emtiation of the unreacted ZDC, for known intervafigime.
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The pseudo first order rate constantc@mputed from the linear plots of log absorbaneesws time by the least
squares method were reproducible within £ 2%

Stoichiometry and product analysis
The reaction mixture containing an excess of oxidauer isoamyl alcohol were kept at room temperaiarthe
presence of perchloric acid for 24 h. Estimatiéthe unreacted oxidant showed that one mole @mgd alcohol
consumed one mole of the oxidant.

Isoamyl alcohol(0.1mol) in acetic acid and ZDC¢fdl) in water were mixed with perchloric acid arepkat room
temperature for one day to ensure completion efréfaction. Then the reaction mixture was extchetéh
chloroform. The chloroform layer was then drieceoanhydrous sodium sulphate and then evaporafidgheo
chloroform layer gave the liquid product. From tihérared, GC-MS spectral data, it was conformieal tthe
product obtained was 3-methyl-1-butanal.

RESULTSAND DISCUSSION

Oxidation of isoamyl alcohol by zinc dichromateshmzeen conducted in 40 % acetic acid and 60% wagdium at
303 K under pseudo — first order conditions andadihgerved results were discussed. The order akttion with
respect to zinc dichromate was found to be uagtyshown by the linearity of log absorbance vetises plot.
(Table 1). At constant concentration of substratel gerchloric acid, the increase in concentratidnzioc
dichromate did not affect the rate of reaction( [€dp The linear constancy in the value gfikkespective of the
concentration of the zinc dichromate confirms finst order dependence on zinc dichromate. Thgingrthe
concentration of isoamyl alcohol at 303 K and kegill other reactant concentration as constantlamdates were
measured (Table 1). The rate of oxidation incrégsegressively on increasing the concentrationsomyl
alcohol indicating first order dependence with sttdte. The plot of log §s versus log [isoamyl alcohol] gave the
slope of 0.90(r=0.999), shows that the oxidatiaction was first order with respect to isoamy! &lgio

The reaction was followed with different conceritias of perchloric acid and keeping all the cornticgions as
constant and rate were measured. The rate oktwtion increases with the increasing the concémtraf H. A
plot of log Ky, versus log [H] gave a straight line with a slope of 0.89 whioklicates first order with respect to
hydrogen ion concentration. The change in ioniersith by the addition of sodium perchlorate hagffiect on the
rate constant (Table I) indicating the involvemehheutral molecule in the rate determining step.

The effect of solvent composition on the reactiate was studied by varying the concentration ofiaeeid 40% -
55%. The reaction rate increases with the ineré@mshe proportion of acetic acid in the mediunalgle 1), when
the acetic acid content increases in the medium,aitidity of the medium increased where has théeatiéc
constant of the medium is decreased suggestindipmie interaction[11,12]. The clear mixture contag isoamyl
alcohol and zinc dichromate when allowed to staittd & drop of acrylonitrile[13] no turbidity is fored suggesting
the non involvement of free radicals in this reati

The rate constants were measured at four diffeeanperature and the activation parameters were gwmagrom a
plot of In Ky/T versus 1/T of the Eyring’s equation[14] and @sMound to be linear. The negative value of entrop
of activationAS" indicates a polar transition state with extensikiarge separation which promote high degree of
solvation of the transition state compared to tsactants. The rate constant and thermodynamic géessnare
tabulated in Table II.

M echanism and Rate law

The order with respect both ZDC and Isoamyl alcolvak first order. The addition of sodium perchlerat
acrylonitrile had an insignificant effect on theéer@f the reaction. The rate of the reaction desEe with addition
of Al(IIl) indicate that the reaction proceed byeh electron transfer process. The observed sbonetry for the
reaction was 1:1 and the oxidation product is 3hylet-butanal. Based on the experimental resultprabable
mechanism and rate law for the oxidation of isoaatgbhol by zinc dichromate is given below in sckedm
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M echanism
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Scheme |
Rate Law:
The above mechanism leads to the following rate law
-d[zDC .
Rate = [d—t] =K k, k3 [ZDC] [Sub] [H7]

The proposed mechanism and the derived rate lamefitto the experimental observations

Tablel: Rateconstant for the oxidation of iscamyl alcohal by zinc dichromate at 303K

[IAA]x 10" | [ZDC]x 10° | [HCIO4x 10" | | . .| [NaClO4] x 10* | [AICI3]x 10° Kx10°

mol dm?® mol dm?® mol dm?® Yoof acetic acid mol dm? mol dm?® (sh

2.0-4.0 4.0 05 40 0.0 0.0 1.48 - 3.p8
2.0 4.0-55 0.5 40 0.0 0.0 1.48 - 1.29
2.0 4.0 05-2.0 40 0.0 0.0 1.48 - 4.60
2.0 4.0 0.5 40 -55 0.0 0.0 1.48 - 2.89
2.0 4.0 0.5 40 0.0-10.0 0.0 1.48 - 163
2.0 4.0 0.5 40 0.0 0.0-15 1.48 - 0.p5

Tablell : Dependence of rate constant on temper ature and activation parameters
[ZDC]=4.0 x 10° mol dn® [IAA]=2.0 x10*mol dn?

[HCIOJx 10 mol dn? Solvent = 40% CEHCOOH —60% HO
Temperature (K) | k; x 10* (s9) Activation Parameters
303 1.48 AH# = 36.0%Jmol*
308 1.53 AS# = -289.4K™* mol*
313 2.09 AG# = 123.7%JImol*
318 2.99 Ea = 38.61k0mol‘at 303 K
CONCLUSION

The reaction is first order each in [substratekidant] and [H]. The stoichiometry was found to be one mole of
isoamyl alcohol consuming one mole of zinc dichrten@he main product of the reaction was found-toe2hyl-1-
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butanal. The negative values &%’ provided support for the formation of a rigid aetied complex. The mechanism
proposed for this oxidation reaction is in accoawith the observed kinetic facts.
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