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Abstract: A Kinetic study of the initiated oxidation. of allyl alcohol by l,3-dlchloro-5,s-dimelhylhydai'm;in in
aqueous acetic acid medium was reported lcifieticse: o foithe formation of a DCDMH- allyl alcohol 1:1
equilibrium constant for its formationih beensdol 'eﬁ\ii_ugdj, Jlimiting step of the oxidation reaction
involves the breaking of the C-H bol\ Y to yield produce %0)éln, A multi-step reaction meqlugpjsm
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1. INTRODUCTION £ h A
The process of oxidation of alcohols have become the subject of several sthdics. eular, oxidation, of allyl

3l polymer (textile), bio-
ative for selective

A considerable num ¢
oxidizing agents such‘as‘Se( ,,15 NCSA'®l, ammoni
The newly synthesized halo-oxidant 1,3-dichloro-5,
positive halogens. DCDMH reactions with various orgarii
oxidation phenol®®!, D-glitcoge!®, chalcones
Therefore, establishing thexole of this r et
the kinetics of oxidation allyl-aleohol wi
2. EXPERIMENTAL % T s s SRs s : ' - X o
Materials: Allyl alcohol (B.D.H.): >99%, DCDMH (Across) > 99.7%, acetic acid (B.D.H.), sulphuric acid Analar and
acrylonitrile (Sigma) were used without further purification. Other chemicals used were of reagent grade. The DCDMH

solution prepared in acetic acid was used-afresh in each set of experiment in standard form.

0y anto) friendly and source .of
& and inorganic substrates have bee ‘successfully used in the
111l amino acids!', and ketones'*l etc. : :

mechanism, in this

communication, we report

3.KINETIC MEASUREMENTS' i

The reaction vessel containing required volumes of reactant was kept in a thermostat (£0.1°K) maintained at the
35°C, under the pseudo first-order conditionsi.e. [ally alcohol] >> [DCDMH]. The kinetics of the reaction was followed
upto 75% to 80%. conversion by monitoring the decrease in [DCDMH} iodometrically. The values of Kous from the
slopes for more than two kinetic runs were calculated employing integrated differential equation (k = %ln%%;—f)'—:%
and found within + 3% of error. 50

The stoichiometry of reaction was determined at its identical condition and assigned 1:1 mole ratio, DCDMH to allyl
alcohol as conformed in equation (€)) R R

H,C H* HC
CHy = CH-CH,0H + > 20 — =~ HCH=CHCHO+ > —¢=0 =
(sty! alcohol) H,C —2cf (acrolein)  HyC

a” o w g/ H

; o
(DCOMH) {OMH)

To identify the acrolein of the main product formed in the reaction, the reaction mixture was _su_bject.to obtaip 2:4-DNP
derivative and characterized by based on modern methods. Moreover, added acrylonitrile did not jnduce the
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polymerization in the reaction mixture hence one electron mechanism is completely unlikely.

4. Results and Discussion
| Dependence of reaction dynamics on [DCDMH] ; ;

The observed rate constant (kobs) Were computed at different [DCDMH] but at fixed [substrate], [H*] and tem
The reaction rate was found to be constant with increasing amounts of [DCDMH]. The independence of ks
under the above stated conditions is in agreement with the first-order dependence on [DCDMH] evidenced
derived slope from the plots of log [DCDMH] vs. time. :
Dependence of reaction dynamics on [substrate] . 4
The variation of [allyl alcohol] on reaction rate is shown in Table 1. When inverse rate constant (Kobs) Werg
against inverse [allyl alcohol], a straight line with positive intercepts on Y-axis and slope less than unity was'ob
indicating the order in ally alcohol to be fracti BINAL rder rate constant (Kz) values does not
stationary. The reacting species of DC! dithe f ally alcohol towards the forn
intermediate complex at transition st R i~

le 1: Effect of allyl alcohol on
=2.50 x10 (mol dm?) ; [H*] =0.15(;

COOH-H;O0 = 30 % (v/v) ; Te ure = 3
10°x[Allyl 0k " 10° e
alcohol] s-1) ally alcohol 2~ 1l ~ohol]
(mol dm"_ mol=-1dm3 4 -1
1.5088 1.62 ~_0.6666 .61
2.0 2.06 0.500:¢ 85 1
2.5 2.39 0.4 1 0
4.00 3.05 0.250! . 27 0
5.00° 3.52 g 000 .284 A 0
6.00__ 3.70 01660 [ 0270277
0.85 b
Effect of allyl alcohol onrate  , 4
oeo}
0.55 |
, 050 |-
B oast
<
040 |
0.35 |
0.30 |
el

X 0.7
. o1 02 o.s:" ; §]4(m0|9,5 dm,? 6 07 -1
Michaelis-Menten plot, 1/k vs. [substrate]
[DCDMH] = 2.50 x 10° (mol am™):
[H']=0.16 (Mol am™) ;
CH,COOH-H,0 = 30% (vV)
Tempeature = 308 K

]

< reaction Dynamics GG
’?l?::;:cfti‘::(?v‘ays (i):vestigated a:’ a function [H2SO4] at tletehd [s:})stratetj kt;nd kj[)hcll)[hgill s}a); ;Szoct.lsltta;‘sc;vn’id‘;?g‘ggz ratei

: e : b GEken ' Rarved |
constant (k) increases with acidity function of HzS04 and the valu / [ show coustancy. TIE g cwedtion .
results show the reaction is considered to proceed via acid independent pathway i.e. directly particip t}%{E &
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mechanism in the protonated form with reacting species of DCDMH. The reaction is acid catalyzed and exhibits it
order with respect to [H'] ion. g R
Kinetics in presence of CH;COOH G
The rate of oxidation was found to increase and as a function of composition of acetic acid due to decrease in dielecttic
constant of the medium at previously set experimental reaction conditions. It is observed that the plot of Kows vs. 1/D/is
linear with positive intercept suggesting that oxidation involves positive ion dipole rate interaction preferred in rate-
determining step. - 3 AR,
The alcohol variation experiments with DCDMH were also repeated with added neutral salt (Sodium chloride) to ,m?in
jonic strength (i), under other wise identical conditions (Data not included), S
The observed salt and ionic type strength of the medium have shown insignificant effect on rate. The addition of small
quantities of dimethyl hydantoin a reductant product of DCDMH to reaction which under the same conditions’ is
oxidized in slower rate showing inhibition e signif] ‘reduces the reaction rate that is, it acts as an inhibiter,
ruling out its claim as reacting species to jnif i * )
Thermodynamic parameters 4 R
The kinetics of the system was ¢

SRRRT S

St

. 40° and 45°C (Table 2). Various
were determined. The values of .

Table 2 : Variation of tem ure pate A
DMH] = 2.50 %10 (mol dm?) ; - 'mol dm
CH3COOH-H,0 = 3!

Temp. K

Variation of temperature on rate

R (1) Aty sloohal = 20 x 10% (mal am®)
. qmm-zuuo‘mlmﬂl

%97 315 3.20 3.25 3.30 335
Fig. 2 10°/T K
) Arrhenius plot of logyg k vs. /T
[DCDMH] = 2.50 x 10° (mol dm™?) ;
[H*] = 0.16 (mol dm) ;
CHyCOOH-H,0 = 30% (V)

Reaction mechanism

HOCI generated in the system as hydrolytic product of DCCMH which gets protonated (H20*Cl) both these prime -

reacting species could attack the reducing allyl alcohol. The two electron oxidation steps of the mechanism are proposed
as: !
DCOMH + 2H,0 v——hﬁ 2HOCI + DMH. e (1)
(1,3~dichioro-5,5-dimethy!
Hydantoin) ko H0%C! @

HOOl + HY S (rdnateq) : ‘

k
. H—i—omuom === | HCH=CH— —‘.5.\ """" ®
ol
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where, S stands for substrate (allyl alcohol) . '_ 3t

H X v
. Cl 3
HCH_CH_i_QH,HIOOC‘$[HCH.C"_E_K‘} ....... (4) g

(8) Complex (Y)
H,0 Complex (X) —,;:—’ HCH -.cn—c\/; HOY 4 O e (8)
slow
Hi® Complex (V) ._ﬁ!‘:—- Heu-cu—c/) sHOPs O e ©
i stow N

K, + K1 K3[S]
ye’examined for Michaelis-Menten mod
[DMH] + K, A
Ky(kyks + ko KK [H*]) |~ (K 1)) e X
rdance with the kinetic parametefSiy i.e. ) if-order kinetics exhibited by
lly verified by double reciprocal p
f neutral molecule as lewise base p

allyl alcohol which is
on Y-axis. The involv
C-H bond for the eli
acrolein as main produg

The cleft of C-H bond’ ; #) and Ea = (50.19, kJ
mol) polar of complex reduce translational and rotatiof : ¢ two- ends bec?mes
charge segreted by highly solvated and oxidationjis fa &0 drivi ive i e pushing towards
bond sufficient to remove the proton followed by asym s Arthenius parameters have
also been determined fo; h;;eaction. hedikewise mechanistics ier reported by some authors
by oxidants- N-chloro: S 3 :
CONCLUSION as

A kinetic scheme of the pro HOC1 and H,0CI® of oxidant
DCDMH and rate law equatiop -H bond occur in alcohol with

the expulsion of proton yieldi :
steps of oxidation were calcul

1:1 was discussed. The corro 1

amic characteristics of elementary
ric ratio DCDMH to allyl alcohol
,wl]) gave rise non-zero slope on
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