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KINETICS OF THE OXIDATION OF ACRYLIC ACID
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Abstract—The kimetics of oxidatios of scrylic acid by Ce(IV)-perchiorate is perchioric ackd were studied by
following the rate of dissappearaace of Ce(TV). The reaction order was 2ero with respect of Ce(TV) and eaity with
the scrylic acid. The addition of [H*) shows a protoa catalysis and 30 salt effoct is ocbesrved. Spectrophotometric
studies do sot reveal the formation of imtermodinte compicx and thus » mochasism postulating the hydrotysis of the
acid is suggosted which undergoss first oxidation by the reactive specios of Ce(TV). Thermodynamic parametors

have aiso boen calcaiated.

perchlorate (Riedel, Orade), barinm perchiorste (E.
Merck, Germany), sodiom hydroxide AR (B.D.H.),
ferrous ammonium sulphate AR (B.D.H.) and ferroin
indicator (E. Merck).

aliquot (5.00 ml) was withdraws from the mixture at

978

different intervals of time and immediately quenched by
adding a knowa volume of ferrous ammoninm soiphate
soln. The excess of ferrous was volumetrically titiated
with a standard soln of cesic sulphate using ferroin as an
indicator. Kinetic ruas were studied using excess of
acrylic acid in the mixture and the value of zero order
rato coastant (k) was measwred by applying the zevo
order rate expression.

The following kinetic runs (Tables | and 2) are being
reproduced to indicate that the order is zero with respect
to oxidant.

Table |. Temperstwe 40°C20.I°C

{Ceric perchiorate] = 1.25x 10> N

{(Acrylic acid] =2.50x 1672 M [Perch-
loric acif] = 1.0ON

equivaionts of Ce(IV) are being used for one mole of
acryfic acid Table (3).
"The product formed was idestified as formic acid. This



Teble 2. Tomperasture $0°C10.1°C

(Ceric perchiorsse] = 4.00x 16’ N
(Acrylic acid)=250x 1072 M (Perch-
loric acid] = 1.00 N
®m or N/2522

ceric

required by  Zero order
Sml of the coastants

Time reactioo (ke % 10*
(mim) mixture mole sec”')
00 3% -
10 464 14.00
15 5.04 nmn
25 b3 13.96
k (V. ] nn"
3 (Y, 1390
] 7.12 13
4 754 1383
2 812 1385
b 862 1385
L] 9.74 —_

Av.
-1

sec”',
Av. deviatioa = +0.30%.

valee of ko =13.84x 10~ mole

Table 3. Temperatre 30°

(Ceric my N ] lAdﬁc lﬁlﬂ (Ca(@V)W Acrylic acid)
x|
1.00 1.00 9.9
1.67 1.00 10.12
200 1.00 102
Aversge value of oquivalests = 10.08

tem and bromo-pheno! blue as spot revealing reagent.
The R, value was fouad to be 0.50. The reaction could be
written as shown below:

CH,=CH- E-OH+IKZ¢(IV)+4H,O—O

HCOOH + 2CO, + 10H" + 10Ce(TIN). )

ERNULTS AND DERCURBON

Unlike the order of reaction mentioned ia the literatore
in the cases of oxidation of carboxylic acid by Ce(IV),
Mmawdcmfm-mm
rate expression in the oxidation of acrylic acid. The
values of rate constants (ky) at different concesatrations
of Co(IV) are givea in Table 4.

The rate dependence of the reaction oa acrylic acid
indicates first order. The rate of reaction increases oa
increasing the concentration of acrylic acid and have
direct proportionality (see Table S and Fig. 1(a)).

Tabls 4. Effect of variatioa of Ceric perchiorate oa the rate of
resction

':‘nau-c o, [Acylc xcid]=250x10°M & [HCIO)=

wf.ﬂnh}tﬂ’.

400 250 200 125 109
048 051 033 053 04
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Table 5. Effect of change of comceatratioa of acrylic acid over
the velocity coastast. Tempersture 40°, [Ceric perchiorase) =
400 10”° N and [Perchioric acid] = 1.00 N

{Acrytic scid] M x 10" 1000 500 333 230 200 167
ky % 10’ mole sec™' 185 097 065 048 038 032

cm(natu. N
wo zoo C“b @
] zm 4oo lm 400 1000 200
() [Acrytc ackd], M

Fig. 1. (AX®). plot of ke vs [Acrylic acid]; [Co(CY0,)) = 4.80 x
167N, [HCI0,] = 1.00N; (BXO), Plot of ky vs [HcIO);
(CHCI0)] = 4.80 x 10°* N, [Acrylic acid) = 250 x 1072 M.

tometer employed was Perkin-Elmer Model-202.
T\edeadmm&encdnwﬁonm

W&Mmt&mdwﬂwm
reported to be presem™ a8 [Ce(H,O)!l"

lwﬂpmﬂ?‘mm“-dc«ao,“

the predominant species in consistance with out experi-

mental conditions is hydrolysed monomeric species. We

can write the equilibrium'’ ia (2).

[CoOHXHOWP™ + H* SICoHON* @)
The reactive species has been presumed to be

[MHquWm&oxﬂmdu&d
by Ce(IV)-perchiorate. mochanism can be visual-
ised as below:

CH, = CH - COOH + H,0" 3
ch,—cn,-coouur
oH

(€)



Kinetics of the oxidation of acrylic acid m
Table & Effect of variation of coscentration of saits on the rate of resction. Temp. #°,
{Ceric M}-‘.ﬂxiﬂ"ﬂ, fAcrylic idl=20x 1072 M & [HOOJ= 100N
NaCIOJXN ke x10°moicsac™ [Ba(CIOHIMXI® kX 10" mole sec™
0.0 048 0.00 048
Q.10 0. 1.00 0.4
0.2 08 2.00 08
0.5 0.8 30 0%
0.18 050 4.00 030
100 055
150 0.57
Table 7. [Coric W}‘:il”c;)md". (Acrylic acidl=  expression:
250 % 107 M, sad (HCIO} = 1.00N -d
-&;!Ce(l‘l)}r'k. ()]
Tempersture, °C ke X 10" mole sec™*
3 ™ because the rate is independent of the concentration of
s o Ce(IV). Hence,
P 0% g
b Lyd ko= kJCH, = CH- C -OHI[(H"). m
Energy of activation (AE) -msmm -t X . .
Free evorgy of activation (AF?) = 21.43 keal. mole ' According to expression (7) the rate will be indepen-
Eatropy of activation (AS1) =-217ea dent of Ce(IV) and umity with respect to acrylic acid.

C?:*CH;‘COOK'*ICKHxOW:

OH
free radical + [Ce(H, 0\ + H,°0 )

Free radical + [Ce(H,ON]*" ~+ Product + [Ce(H,0\]™.
5

Equation (3) shows a protou catalysed hydration of the
acrylic acid forming & hydroxy acid. The acid catalysed
hydration of olefinic double boad'? is a well known fact
aadtbhy&:mnwi!bemmmthemof
carboxylic acids. The equation i the sbove mechanistic
mahw:theoxdnmdhy&voxymdbym
perchiorate is a fast process. This bas beca experimest-
ally coofirmed that the oxidation of hydroxy acids, viz.
mandelic, Iactic and malic acid is an instantaneous process
even at low tempersture when the conceatrations were
identical to the experimental conditions empiloyed in the
oxidation of acrylic acid. The survey of literature reveals
thtthchy&vxymamoxﬁnadby{:e(lw
phate*4* and by ceric perchlorate®® but in these cases
the concentration of oxidant was kept higher than the
substrate and temperature was also kept oonunbly
low. It has also been shown that Ce(TV)-perchiorate*
oxidises much faster than the Ce(TV)-sulphate,

Equation (3) is a rate determining step and the for-
md’fmmmmmc-a boad

This indicates the linearity of the plot kq vs [HCIO,] as
obetrved experimentally. It also negates the appreciabie
salt effect.

The eatropy of activation has bees Tound to be nega-
tive, characterising the formation of free radical® and the
value of other thermodynamic parameters reported can
beuudforcommlhcmnlno(othumchom
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