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ABSTRACT

Kinetic dealswith rate of reaction and mechanism gives ushow molecules
forms, this we have studied the kinetics and mechanism of oxidation of
ethyl 3 - Chloropropionate. (CH,-CH-COOC H,). We have studied the dif-
ferent parameters like effect of variation concentration of subtract, oxi-
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dant acid, and temperature with the help of oxidising agent KMnO, which
shows the reaction isfirst order with respect to oxidant and substrate. As
the concentration of acid increases rate of reaction aso increase and
temperature also show same trend i.e. as temperature increase rate of

reaction also increase.

INTRODUCTION

Oxidation reaction by Potassium permanganateis
of cond derableacademi c and technol ogica importance
because of variable oxidation state of potassium (k).

TheKineticsprovidestheuseful information about
the mechanism and rate of chemical reaction, which
hel psto run aOxidation of organic compound carried
out by oxidizing agent like potassium dichromate Cr
(VD3 Theupdateliterature survey showsthat, though
the considerable amount of work hasbeen doneonthe
oxidation of organic compounds* 858 by potassium
permanganate, but only afew studiesisfound onthe
Kineticsof oxidation of ester by potassium permangan-
ate® 19, Theobject of present investigation isto formu-
latethereaction mechanism fromthedategathered from
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kinetic measurement. It isfound that the oxidation of
ester occurs by two ways, hydrolysisfollowed by the
oxidation of acohol, direct oxidation of esters. But no
conclusive evidencewas provided in support of either
of thetwo pathways, henceit isdecided to undertake
the systematicinvestigation kinetic of dimethyl phtha-
late, diethyl phthaate, dibutyl phthaate, ethyl formate,
isobutyl chloroformate. Thekinetic of oxidation of es-
ter by potass um permanganate in moderately concen-
trate sul phuric and medium has beeninvestigated.
Theratelaw
—d[Mn(VI1))]
dt
Theresult obtained showsthat thedirect oxidation
istheonly process occurring under the applied condi-
tionsof experiments.

=k (Ester)[MnO, 1,
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Although the cons derableamount of work hasbeen
carried out on organic compoundsby update literature
survey showsthat few work hasbeen on ester that is
why we have planned to carry out thework of ester i.e.
ethyl 3-chloropropionateby KMnO,.

MATERIALAND METHODS

All thechemicasused wereof AR grade, specidly
potassium permanganate used were of AR gradeand
was prepared and estimated by standard method. Es-
tersareof Zobo Chem. Ltd., and the boiling point of
esterswas confirmed. The ester wereawaysfreshly
distilled before used for the kinetic measurement per-
manganate and sul phuric acid solution weretakenin
two different flasks and covered with black cloth and
placed in athermostat for 1 hour to attain constant tem-
perature by both theflask. In order to prevent the hy-
drolysis, required volume of given ester wasdirectly
added to acid solution with micro pipettejust before
mixing it with permanganate solution.

The course of reaction wasfollowed by measuring
the absorbance (optica density) of unreacted perman-
ganateionsfromtimeto timeat 520 nm using Carl-
Zeissspectrophotomer. Thereaction wasfollowed upto
7010 85% compl etion and the product wasidentified
as acid i.e. acetic acid and aldehyde by 2, 4 DNP
testd. The aldehydeswere obtainedin 90% yield as
estimated fromtheir 2.4 DNP derivative. Theaddition
of mercuric chlorideto reaction systemdid not induce
the precipitation of mercuric chloride showingthat no
freeradicasareformedinthe system*2.

RESULTSAND DISCUSSION

Under the conditions [ester] >[KMnO,] in 3.20
M. H,SO,. Theplot of log absorbance (O.D.) Vstime
werelinear (Not shown) indicating thefirst order de-
pendence of rateon [KMnO,). An Oxidation of esters
dependson the concentration of potassium permanga
nate. Thiswas also confirmed by verifying[KMnO ]
which did not show any changein Pseudo First order
constant (k) value (TABLE 1). Thereactionwasaso
foundtobefirst order in[ester] (TABLE 2). Therate
of reaction increases with increases in [H,SO,].

TABLE 1: Effect of variation of concentration of KMnO4
[Ethyl 3- chloropropionate] =4.7x 107

Temperature: 30°C

A max=520nm

Sr. No. [KMnO* x 10* M K x 10%™n
1 3.012 0.7905
2 3.418 0.9125
3 3.56 1.012
4 411 0.85
5 4.21 1.01

TABLE 2: Effect of variation of concentration of ethyl-3-
chloropropianoate

Sr.No. [Ester]x10® Log[Sub] K x10%™" L ogk!
1 3.012 24502 05252 35601
2 3.256 24156  0.6219 36381
3 3.346 23828 07205 37282
4 3.828 -2.3446 07819 38212
5 4.120 2.2812 0.8215 38865
6 4.560 2.3682 0.9212 39643

TABLE 3: Effect of variation of concentration of acid on oxi-
dation

[KMnO,] =437x10“m[H, SO, =0.857 M

Temperature: A max=520nm

Log

Sr. L
NG, [H504 [H,804 ) Ho

Ho*
LogK

k x 10
2/min

0439 16424 - -
0.857 1.932

1 05152 37601 3.7601
2

3 125 009%

4

5

0.012 0.04 0.6215 3.8192 3.8592
0.018 +0.03 0.6559 38212 3.8512
0.024 0.05 0.9282 39212 3.9712
0.030 0.75 1.021 2018 1772
0.045 0.82 1.125 2050 287

163 0.212
200 0.301
6 234 0369

(TABLE3).

Theeffect of temperature was al so studied at dif-
ferent temperature like 283K, 293K, 303K, 313K,
323K and 333K. Itisclear that astemperatureincreases
rate constant increases (TABLE 4). Thermodynamic
parameters such as AH*AS*AG*, EAEand an i.e.
frequency factor werestudies.

Thenegativevauesof entropy of activation shows
that theintermediatetransition stateisrigid therela-
tively small values of AH and AS are consistent with
thereaction generaly proceedsthrough highly ionized
transition state*?,
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TABLE 4: Effect of temperatureon reactionrate.

[KMnO,]=4.7x10"m
[Ethyl 3- chloropropionate] =4.7x 10°m

Tic 1Tx10%® K x10%min  logK A EJMole AHzJ/Mole 0OG#JMole ASzJ/Mole
283 3.53x10° 0.5153 37601 8.12x10° 1422011  11982.78 24012.81 -40.12
393 3.41 0.69 383 6.62x10° 1422011 1172572 24980.12 -41.21
303 3.30 0.73 386 6.00x10° 1422011  11682.68 25240.81 -42.18
313 3.19 0.98 201 882x10° 1422010  11621.62 25892.12 -41.00
323 3.09 0.6212 370 912x10° 1422011 = 1158254 27512.62 -44.36
333 3.00 0.63 380 812x10° 1422011 = 1145242 28.25.82 -48.12
H+MnO,®HMnO, stable disproportionate to give acetic acid and the

Thispoint has been also confirmed by previousre-
searchers. HenceMn (V1) could be considered asthe
reactive specieand thisprobably existsto acertain ex-
tentasHMnQO,.

Astheacid concentrationisincreased theforma
tionof HMnO, isfavored and henceincreasesthe oxi-
dation may be assumed to betaking placeby Mn (V1)
in the form of either MnO; or HMnO, or both de-
pending on the acid concentration. Thelinear plot of
10K*Vslog[H,SO,] andlogK* VsHoindicatesthat
thereactionsareacid catayzed (not shown), but none
of the above plotsgivesan ideal slopefor unity. In
view of the departurefrom theideal behavior, appli-
cability of Bunnett’s hypotheiswastested. A plot of
logK!VsHo Vslog H20 waslinear (not shown) and
the slop was found to be -2.5. Thisvalue indicates
non-involvement of water moleculein therate deter-
mining stepsas per Bunnett’s, whilethehydrolysisrate
was 3.2x10°liter mol* sec! under identical condi-
tion, fromthisitiscompound (111) being highly un-
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corresponding aldehyde. Therate law can be ex-
pressed by equation 1

—d[Mn(VI)]
dt

Thistypeof hydrideion transfer processhasbeen
proposed in the oxidation of aldehyde, formic acid,
ethers, alcohols etc. by permanganatein moderately
concentrated acid solutiong*4,

Theeffect of temperature on reection ratewas stud-
ied which showstheincreasein reaction ratewithin-
creaseintemperature (TABLE 4). Therate of oxida
tionincaseof dimethyl phthalate, diethyl phthaate, and
dibutyl phthal ate, therate of reaction asthe number of
akyl group increasesthereisdecreaseisclear that the
direct oxidationistheonly processoccurring under the
experimenta conditionsused.

A probablemechanism (Scheme 1) inwhich MnO;
or HMnQ, attacks the alcohol moiety of the ester is
consider explaining theobserved kinetic result.

K value, due to steric effect In case of ethyl 3-
chloropropionate and the rate of reaction is more
though there is presence of electron with drawing

group ci.

=K (Ester)[IMno,],ua
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