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KINETIC STUDY OF FORMATION OF BISPHENOL A

By P. K. GHOSH, T. GUHA, and A. N. SAHA

The condensation reaction of phenol with acetone in an acidi
studied with and without the use of promoters. The promo

captan, butyl mercaptan and hexyl mercaptan. The kinetic stu
ence of the reaction rate individually on phenol and on acetone.

action rate whereas thioglycollic acid appears 10 be only a moder
of the reaction has been found 1o be the formation of the Intermediate carbinol, 2-(4-hy

2-o0l.

Introduction

Various conflicting' =* reports on the kinetic investigation
of the condensation reaction between phenol and acetone
In presence of strong acids yielding bisphenol A drew our
attention to the problem. Mercaptans® are in general,
efficient promoters for this reaction. The present paper is
devoted to the study of the reaction kinetics using thio-
glycollic acid (T.G.A.) and ethyl, butyl and hexyl mercaptans
as promoters in the hydrogen chloride catalysed condensa-
tion reaction under anhydrous condition.

I.xperimental

The experiment was conducted in a closed system ade-
quately provided with stirring and reflux arrangements.
Desired reactant concentrations were obtained by mixing
appropriate volumes of (a) a mixture of phenol and acetone
and (b) hydrogen chloride dissolved in acetone. The hydrogen
chloride concentration was determined by acidimetry. The

course of reaction was followed by estimating (1) acetone by
- the hydroxylamine hydrochloride® method after neutralising
the acid originally present in the aliquots and (2) bisphenol A
by a spectrophotometric method developed by the authors.?
The amount of phenol was calculated from that of bis-
phenol A, based on the stoicheiometry of the reaction and

assuming side reactions involving phenol as practically
negligible.

Results

Evaluauon of the rate constant for the reaction bv the

integral method applying the 2nd order integral rate equa-
Hon:

2-30 —2x). .
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for the reaction

2(Phenol) + Acetone—Bisphenol A + Water.

where K = apparent rate constant, I/mole/sec, ¢ = time in
sec. x = concentration of bisphenol A in time 1, moles/l, a =
inttial concentration of acetone. moles/l. and p = 1niual con-
centrauon of phenol. moles/l, gives fairly constant values of
K at fixed concentrations of acid and promoter (when
present).  For example, K" = 8:28x 10-° |/mole/sec at 45

when acid concentration was 1:-0 moles/ land K7 = 2-59 x [0-5
| mole sec at 457 when acid concentration was 10 moles. | and
T.G. A, concentrauon was 90786 moles/l which exhibits
tirst order dependence indcpendently on phenol and on
accetone. This shows that the trimolecular reaction is kineti-
cally a second order one.
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¢ medium to produce bisphenol A has been
ters used were thioglycollic acid, ethyl mer-
dy of the reaction shows a first order depend-

The mercaptans greatly enhance the re-
ale promoter. The rate-controlling step

droxyphenyl)-propan-

K’ is again a composite quantity and found to be:

K" = K'1(H™)+ K’,(H7).(Promoter)
where K’; and K’, are constants,

because plots of K’ vs. (Promoter) yield good straight lines at
different acid concentration with the intercept and slope
being linear functions of (H*). Fig. | shows how K’ for both
promoted and unpromoted reactions varies with (H?). Thus
the rate of expression may be more explicitly written as:
Rate of formation of bisphenol A = [K'|(H")+ K'>(H™).
(Prﬂmmer)].(Phcnm[}.(ﬁcemne]
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Fig. 1. Variation of apparent rate constant (K") with acid con-
centration

i _ without promoter &
(T.G.A. 0-0786 mole | at 45°)

® with promoter

The activauon energy is 11-32 keal mole for unpromoted
and 10-60. 10-23, 10-23 and 6-8 kcal mole for thioglycollic
acid. hexyl. butyl and ethvl mercaptan promoted reactions
respectively.

Further, it was found that the rate is promoted to the s
extent by T.G.A. and the thioketals prepared from ac
and T.G. A" or from methyl ethyl ketone and Tk A
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[iscussion

The rcactton order tallies with that reported by Viadimer!
¢t al. but differs from the results of Tokio Kato® who ob-
served the reaction 1o be of 3rd order, Ist order with res-
pect to acctone and 2nd order with respect to phenol. The
Kinetic results can best be explamed by the following reaction
scheme.

H\E-?Hlll‘ll['mﬂl‘i of step (2) as the rate-determining step and
apphication of stattonary state treatment vields:

- S
+ -—[bisphenol A = —;[H‘ ] l[acetone] [phenol]
ot K

= K7(acctone)(phenol)

where K7 = K LAL[H"]/K-, and is a constant at fixed Eu il

CH. This agrees well 1wihth the cxpcrimcnt_ul rcr-;ults. Braun® postu-
CH, K, | lated the intermediate formation of p-isopropenyl phenol as
. SC = OHl T CH;-—(|I* __________________ (1) the rate-determining step while de Jong & Dethmers* postu-
\ - lated the formation of 2-(4-hydroxyphenyl)propan-2-ol from
H : : s b g T )
( a;emm: and phenol as the rate-determining step as assumed
above.
i . ;
CH. {er ;’As to th:_: promoting Eﬁ'm._:[ of mercaptans, the increase in
| | x CH,—C—CH;+H" ...(%) K vu_!ues 's not reflected 1n the overall activation energy
CH,—C" + | | = | lowering except in case of ethyl mercaptan. Other factors
t|JH : lyh-{l might therefore be operating.
5t p [t 1s quite Ilke_ly that the mercaptan-promoted reaction
| pmceeijs via the intermediate formation of hemithio ketals
OH and thio keta‘]sl respectively. In support of this view the much
greater reactivity of mercaptols® with phenol against that of
OH pure ketones with phenol can be cited.
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