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Tbe kinetics of the reaction between a-cresol and acetone was studied at 30, 35, 40 
and 45±0.05" in 100% benzene. The different hydrochloric acid concentrations used 
were 0.0176, 0 0314, 0.0512 and 0.0727 M. Tbe reaction was Investigated witb and 
without a promoter thfoglycollic acid and taking Into account the functionality (n) of 
o-cresol. Tbe reaction was found to follow second order rate law and the rate of the 
reaction was found to Increase with au Increase in catalyst concentration. The activa
tion parameters for the overall reactions have been calculated. The reaction was 
investigated In various solvents like benzene, cbJorobenzene and methanol. Tbe over
all rate constant was resolved Into step rate constants. The results have been com
pared with those of o-cresol- formaldehyde reaction. 

BlSPHENOLS formed by the condensation of 
various phenols with carbonyl compounds in 
presence of acid catalyst find a large number of 

applications. A thorough review of literature reveals 
that comprehensive kinetic studies have been carried 
out on the phenol and substituted-phenol- formal
dehyde1-' reactions, but not even a single kinetic 
study has been carried out on o•cresol- acetone 
reaction, taking into account the functionality of 
phenol. Present paper deals with the kinetic study 
of o-cresol \.....acetone in presence of acid catalyst con
sidering the functionality of o-cresol. The reaction 
has been investigated at temperature 30, 35, 40 and 
45±0.05" and at hydrochloric acid concentrations 
0.0176, 0.0314, 0.0512 and 0.0727 M using thio
glycollic acid as a promoter. 

Experimental 

o-Cresol (Thomas Baker), acetone (E. Merck), 
hydroxylamine hydrochloride, NaOH (both B.D.H.) 
and benzene (Glaxo) were used. All other chemicals 
were either of C.P. or A.R. grade. a-Cresol was 
distilled twice before use. An immersion type 
thermostat (German model NBE) was employed for 
the rate studies. 

Solutionr. of a-cresol in benzene (0.9586- 0. 9607 
M) and acetone in benzene (0.3341- 0.3350 M) were 
prepared. Dry hydrochloric acid gas was bubbled 
for different time intervals through the acetone 
solution before use. The dissolved hydrochloric 
acid concentration was determined by dtssolving an 
aliquot of the solution in water and titrating against 
a standard solution of sodium hydroxide. The 
concentration of HCl was varied by adjusting the 
time interval for which hydrochloric acid gas was 
passed through the acetone solution. In a particular 
run a-cresol (SO ml) and acetone (50 ml) solution 
were separately placed in thermostat for a few 

minutes to obtain the temperature of thermostat. 
Reaction mixture was prepared by taking o-cresol 
(20 ml), acetone (20 ml) and thioglycollic acid 
(0.042 M ; 2 ml) and refluxed at the desired 
temperature in the thermostat. After 2-3 min an 
aliquot (5 ml) of the reaction mixture was placed in 
an ice-bath to freeze the reaction. 2 ml of this 
solution was used for estimating acetone and 1 ml 
for the estimation of a-cresol. Acetone was esti
mated by hydroxylamine hydrochloride method 
and o-cresol was estimated spectrophotometrically 
using diazotised p-nitroaniline as an indicator. 

Results and Discussion 

Results of the kinetic investigation carried out 
at different temperatures and acid fconcentrations 
are reported in Table 1. The overall reaction was 
found to obey a second order rate law. This is 

confirmed from a plot of log b t ~ ~:2Y) vs time 

(Fig. 1). The various activation parameters 
(Table 2) for the overall reaction were obtained 
from the plot of log k/T vs 1/T (Fig. 2). 

It has been observed that the energy of activa
tion as well as entropy of activation decrease with 
increase ID acid concentration confirming that the 
reaction is catalysed by H+ ion. The kinetic inves
tigation was also carried out without using any 
promoter at 45 ± O.os· and an acid concentration 
of 0.0727 M. These rate constants have been 
compared in Table 3. 

The reaction was also carried out at 45±0.05" 
and 0.0727 M HCl using benzene, chlorobenzene 
and methanol as solvents (Table 4). The rate of 
the reaction was found to vary in various solvents 
in the following order : benzene ) chlorobenzene ) 
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methanol. This can be explained by the following 
arguments. This particular reaction became fast 
in the absence of water molecule. The methanol 
being the most polar solvent of the three and 
methyl group being a very good electron donor, 
can donate a pair of electrons to the oxygen of the 

oH- group. This helps oxygen acquire a negative 
charge which can form a hydration sphere around 
the CH 8 0H molecule by a strong hydrogen bonding 
with water. Thus. water molecules keep up their 
dominance when methanol is used as a solvent; 
so the reaction became very slow as determined 

TABLR 1-BRSULTS Olil KINJlTIC STUDY Olil o-CRJlSOL-ACJlTONJl BaACTJON 

(HCl] Initial Time [OH1 000Ha] [o-Oresol] Second ozder Average value 
x1o• M [OH.COOHa] s reacted reacted rate oonst. of rate oonst. 

M mol dm""" mol dm-• am• mol-• a-• dm" mot-• s-• 

Initial [o-Oresol]=0.46'10 M, [Promoter]=O.OO!I M 
Temp.-SO±O.Ofio 

1'1.6 0.189 2 3 000 0.006 8 0.011 4 4.59xlo-• 
'l !100 0.014 2 0.0261 4.44x1o-• ( U7 ± o.o9) x ur• 

10 BOO 0,0'.13 8 0.043 5 4.6BX 10-• 
18 000 0.031 5 0.056 5 4.59xlo-• 

31.4 0.189 0 3 600 0.009 '1 0 017 8 5.95xio-• 
6 600 0.016 2 0.029 6 5.67X 10-• (5.69±0.24) x to-• 

l'aOOO 0.0!1'1 0 0.049 6 5.40x1o-" 
18 000 0.040 5 0.0'18 '1 6.s11x to-• 

51.2 0.188 'l 8 600 0.01!11 0.011111 'l.4Bx1o-• 
7200 0.~58 0.038 9 8.91X 10-6 (8.31 ± 0.13) X Is-• 

14400 0.045 4 0083 0 8.!18x 10-• 
19 BOO 005'14 0.105 6 B.35x 16-' 

'151.'1 0.189 5 8600 0.0!16 '1 0.048 8 1.'18x 10-4 

'1200 0.041 5 0.075 9 1.50xlQ-4 (1,51 ±0.18) X 10-4 

10800 0.052 6 0.096 2 1.35x 1o-• 
14 400 0.06'14 0.125 0 1.48x 10 ' 

Initial [o-Creso1] .... 0.45'16 M, [Promoter~ =0.002 M 
Temp.=8fi±006o 

1'1.6 0.188 '1 8600 0.008 '1 0.015 8 5.80xlo-• 
7 200 0.01'16 0.082 8 5.61x1o- (11.68 ± o.ll9) x 1o-• 

14 400 0.084 3 0.0611 7 5.96xlo-' 
18600 o.ou '1 0.076 3 6.88 X 10-' 

81.4 0.188 9 3 600 0.018 3 0.018 9 6.34xlo-• 
'1200 0.019 '1 0.086 0 6.84x lo-• (6.46±0.26) x 1o-• 

U400 0.086 0 0.066 2 6.81x1o-• 
18 000 0.0461 0.033 9 6.85x to-• 

51.11 0.188 I) s 600 0.016 9 0080 9 1.34xto-• 
'1200 0.03'1 4 0.068 4 l.S11x1o-• (1.41±0 10)x1o-• 

12 000 0.0618 0.11114 1.52x 1o-• 
16 800 0.076 4 0.189 8 1.49xlo-4 

'12.'1 0.189 0 3 600 0.038 0 0.060 0 !1.118X lQ- 4 

'11100 0.0680 0.106 '1 11.311x1Q-4 (ll.llfi ±0.16) X to-- 4 

10 800 0.0'100 0.111'1 4 2.02x to-- 4 

14 400 0.098 0 0.170 1 2.39xto-• 

Initial [o-Oresol]=0.4fi'16 M, fPromoterJ=0.002 M 
Temp.=40±0.o5• 

1'1.6 0.188 9 8600 0.0191 0.085 3 1.22x1o-• 
'1200 0.03'11 0.06811 1.80x 10-4 (1.86±o.l2) x w-• 

12 000 0.059 6 0.108 4 1.43X to-• 
18000 0.079 8 0.1460 1.49 x 1o-• 

31.4 0.188 II 3 600 0.0114 7 0,045 2 t,64xlo-• 
71100 0.040 9 0.0'74 4 1.4Bx1o-• (1.'10±0,18) X 10-4 

10 800 0.065 6 0.118 '1 1.83x lQ-4 

16'.100 O.C85 9 0.15'11 l.B7x to-• 

51.2 0.188 0 8000 0.029 8 0.054 5I 'l.4ox to-• 
6000 0049 8 0.089 7 11.115 X 1(1"" (2.52±0.115) X 10-4 

10800 0.0818 0.148 8 'l.5Px to-• 
H400 0.101 8 0.186 2 11.8fiX10-• 

'12.'1 0.188 5 3000 0.064 2 0.11'14 6.44xto-• 
6000 0.098 5 O.t821l 6.41 X 10- 4 (6.63 ± o.23) x to-• 

10 800 0.132 3 0.230 4 6.811X 10-4 

14400 0.1460 0.28'11 6.85Xl0-4 
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(Table 1 contd.) 

Initial [o-Oresol] =0.4665 M, [Promoter]=0.002 M 
Temp.=45±o.os• 

17.6 0.18B 5 a ooo o.044 s o.os1 5 9.97XHI 4 

8.BOX to-• 
4.06x to-• 
4.Ux1o-• 

II 400 O.OBB 5 O.t61 0 (8.92 t O.U) x 10-• 
12 600 0.118 5 0.206 4 
19 BOO 0.137 3 0,249 8 

81.4 0.1B8 0 8 600 0.066 B 0.120 9 5.72 x to-• 
5.66x 1o-• 
5.30xto-• 
5.55 x to-• 

'1 BOO 0.105 5 o.t92 0 (5.55±0.tB) )( 10-. 
10 BOO 0.119 3 0.215 9 
16 BOO 0.148 0 0.261 6 

51.9 

72.7 

.>46 

0,42 

0.38 

0.34 -
/

"" ... l::! 
I -' 0.30 

<:>I ., 
.,, ... 0 26 

z 
0.22 

0.18 

0.14 

0,188 6 5 400 0.106 0 
'1 200 0.119 B 

10 BOO O.H4 B 
18 000 0.1611 5 

0.188 5 8 600 0.114 8 
6 600 0.186 0 
9 600 0.1510 

u 400 0.168 5 

60 I 20 I QO 24< 

Time I min I 

Flg.l. Plot of log ~ (a b; %271 ) vs tlme for acid-catalysed 

[H01]=711.7"10-a M, o•cresol- acetone reaction ; 
temp.=45:t0.05". 

experimentally. The chlorobenzene is less polar 
than methanol and it absorbs smaller number of 
water molecules than methanol and hence higher 
rate of reaction than that in methanol. In benzene 
the reaction is fastest due to the fact that benzene 
is a non-polar solvent and cannot absorb Wdter 
molecule and the reaction proceeds smoothly. 
Finally, a comparative study of overall rate cons
tants for o-cresol- acetone has been made with 
o-cresol- formaldebyde 6 •8 reaction. The rate of 
the reaction was found to be higher in the case of 
o-cresol- acetone reaction. This is because in 
acetone two methyl groups which are electron 
donating, help oxygen acquire a partial negative 
charge and carbon atom a partial positive charge 

0.192 9 
0.215 6 
0.280 6 
Ml95!l 

0.208 9 
0.244 8 
0.308 8 
0.308 8 

• 5.2 

-54 

-~6 

•5 8 

t: -6.0 
J< 

"' ,g -6.2 

-&.4 

-6.& 

-1.1 

c 

s.22x1o-• 
8.01 x to-• 
B.91 x to-• 
B.II9X to-• 

t,45 )( 10- I 

1.11 X 10-• 
Ul5xto-' 
1.25 )( 10-l 

(B.43±o.S9) x to-• 

(1.!15 ± o.1s) x to-• 

,I 3,24 3.50 

liT a IO,Ideg K'1l 

Pig. 2. Plot of log k/'1' vs 1/'1' for aoid-C'atalyserl -cresol
acetone re .. ction; tHClJ: (fl.) 72.7x 10-•, 
(.) 51,2 X lo-•, (0) 81.~ X Io-• and (QI t7 6x o-• M. 

[HOI] 
M 

TABLE 2-ACTIVATiuN PARAMhTBRS FOR 
o-0RBSOL- ACBTOl'i B BBACTION 

E log A 
kcal mol-• 

20.68 
11.86 
10.19 

t:,.S 
e.u. 
411.28 
7.10 

-049 

0.017 6 
0.081 4 
0.051 2 
0.072 '1 

3B.29 
25.150 
29.77 
15.66 6.46 -21.97 

thereby helping the formation of carbonium ion (I) 
in the presence of H+ ion faster than in the case of 
formaldehyde, 

(I) 
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T1Br.Jt 8-0o:~t~:PARISON Oli' OvJtRAr,r. RA'tJt OoNS'tAN't wx'ta AND wx'taO"C't "CSING PaoMoT:a:a 

[HOl)=0.072'114, Temp.=46±0.06° 

Initial 
(CH1 000H1 ] 

b (M) 

Initial 
[o-Oresol] 

tJ (M) 

Time 
8 

[OH1 000H1 ) 

reacted 
mol am-• 

[o-Oresol] 
reacted 

mol am-• 

Second order rate 
oonst. 

dm • mol-• a-• 
Average rate 

con st. 
dm8 mot-• s-• 

[Promoter]-0.0020 M 

0.188 5 0.456 5 3 600 0.114 8 0.908 9 1.45xto-• 
6 600 0.186 0 0.944 8 1.11xto-• 
9 600 0.15t 0 0.!!'14 8 t.16Xlo-• 

(1.25±0.18) X l(J1 

14 400 0.168 5 0.868 3 1,25X1(J8 

without using promoter 

0.188 9 0.45'1 0 8 600 0.060 2 0.104 5 1.6'1x1o-• 
'1200 0.084 4 0.154 4 1.58Xl(J4 

12 000 O.t091 0.200 '1 1.'12Xl(J4 

(1.66 ±0.08) X lo-4 

16 800 0.1!!1 5 0.219 9 1.'12Xto-• 

TABI,. 4-RJtAC'liON CARRIED OUT IN VARIOUS ORGANIC Sor.VJtN'tS 

[HOlj=0.072'1 M, [Promoter]=O.OO!l M Temp .... 45±0.05° 

Solvent Time Initial Initial [OH1 COOH1 ] 

a [OH1000H1 ) [o..Oresol] reacted 
[o-Cresol] 
reacted 

mol dm-• 

Second order 
rate oonst. 

dm1 mol-• s-• 
Average value 
of rate const. 

dm 1 mol-• s-• M M moldm-• 

Benzene 8 600 0.188 5 0.456 5 0.114 8 0.208 9 1.45X to-• (1.215 ± 0 18) X to-• 
6600 O.t86 0 0.244 8 1.11x1o-• 
9 600 o.tlit 0 0.2'14 8 t.l6xto-• 

14400 o.t68 5 0.908 9 1.25xlo-• 

Ohlorobenzene 8 600 0.188 9 0.45'1 0 0.108 2 0.188 8 4.90xlo-• (4.'16±0.26) x 1o-• 
6 000 0.118 '1 0.216 0 4.40xto-• 
9600 0.187 9 0.253 '1 4.'12XlO-• 

15 600 0.154 8 0.284 8 5.02xto-• 

Methanol 8 600 0.188 5 0.457 0 0.0921 0.168 15 s.7Sx to-• (8.65 ± o.o4) x to-4 

6 000 0.110 2 0.200 5 8.55X to-• 
10800 o.t9t6 0.288 0 8.73 x to-• 
16800 O.lU 9 0.270 2 s.6txto-• 

Calculation of step rate constants : 
k1 

{H8 C)C6 H• (OH) +CH8 COCH8 __... 

(H 8 C)C8 H 8 (0H)C(OH)(CHa)s 
(HaC)(C 6 H8 )(0H)C(OH)(CHa} 1 

kl 
+(H 8 C)(C8 H.)(OH) --+ 

(H 8 C)C 8 H 8 {0H)C(CH8 ) 11 (0H)C.H 8 (CH 8 ) 

(A) 

(B) 

The overall second order rate expression for the 
formation of product is 

• dx 
di=k(a-x)(b-y) (1) 

where, a is initial concentration of o-cresol, b the 
initial concentration of acetone, x the amount of 
o-cresol reacted in mol dm- 8 in time t s, andy the 
amount of aceton~ reacted in mol dm-s in timet s. 

From equations (A) and (B) it is obvious that 
a-cresol is being used in both the steps. Therefore, 
at any stage in the reaction the amount of the o
cresol consumed will be more than that of acetone. 
This can be verified from Table 1. The average 
proportion of o-cresol and acetone reacted was 
actually found to be x= I.82y. Substituting the 

values of x in equation (l) and on integration we 
get expression for overall rate constant, 

k-2.303x 1.82 lo a(' b-y ) 
- t (1.82b-a) g b a-1.82y 

(2) 

From equations (A) and (B) the rate of formation 
of 4-[1, 1-dimethylmethane-1-ol]-2-methylphenol is 

dy =k1 (na-y-r)(b-y) (3) 
dt 

where, (a-x), (b-y) and (y-r) are the concentra
tions of o-cresol. acetone and tertiary alcohol 
derivative respectively at time t and x, y and r are 
the respective amounts of o-cresol, acetone and 
tertiary alcohol reacted at time t, and n is the func
tionality of o-cresol. The rate of formation of 4,4-
isopropylidenebis(2-methylphenol) is 

dr =k.(na-y-r)(y-r) (4) 
dt 

where, (na-y- r) is concentration of o-cresol at 
any time t. The amount of o-cresol reacted at 
any stage of the reaction is equal to the sum of 
acetone and 4-[1,1-dimethylmethane-1-ol]-2-methyl-
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phenol reacted at any time t, i.e. 

~~=2+d' (5) 
dt dt dt 

From equations (3),.(4) and (5), 

~=nk1(a-x)(b-y)+nk11 (a-x)(y-r) {6) 

From equations {I) and (6), 

k(a -x)(b-y) =nk1(a-x)(b-y)+nk 11 (a-x)(y-r) 
(7) 

(y-r) or k=nlc1 +nk11 b-y (8) 

Now, (y+r) -x or r=(x- y) and the functionality 
of o-cresol (n) =I. 

Therefore, k=k1 +k11(t.=-;) (9) 

Sul)stituting the values of x, y and k (from Table I) 
at two different time intervals, two simultaneous 
equations for k 1 and k 11 at given temperature and 
HCJ concentration were obtained. These equations 
were then solved for k 1 and k 11 and are reported in 
Table 5. As is clear from Table 5, the rate of 
formation of 4,4-isopropylidene-bis(2-methylphenol) 
is 16- 21 times the rate of formation of tertiary 
alcohol, k 11 {k 1 = 16-21. An attempt was also made 

TABLE li-STEP RATK CONSTANT AT DIFII.RRJCNT 
TBMPBRA.TURK AND [HOl) 

[ROl] k, k. 'ka/k, 
M dm8 mol-• s-• dm • mol-• a-• 

Temp.-30±0.05° 

0.017 6 S.68xlo-• 6.69xto-• lB.'l 
0031 !l t.S5x10-• 8.'l~x1o-• 18.9 
0.051 2 7.1BX1Q-• Vl9xHr" 19.11 
0.072 7 1.02x 1o-• 1.92X 10-a 18.8 

Temp.=S5±0.05° 

0.017 6 4.sox ur• 9.79xto-• 110.4 
0.081 4 5.45X 10-• l.04xlo-• 19.11 
0.051 2 7.711x1o-• 1.50X to-• 19.5 
0.072 7 1.119X 10-• SU'7 xto-• 19.1 

Temp ... 40 ± 0,05 o 

0.017 6 l.OOX to-• 2.05X to-• 'lO.S 
0.031 4 l.lil X 10-• ll.'l3X to-' 19.8 
0.051 'l 16'lX10-4 8.2SX to-• 19.9 
0.072 7 2.4Sxlo-• 4,84X lo-' 19.5 

Temp.=45±0.05° 

0.017 6 'l.O'lxto- S.49xto-• 17.3 
0.0314 2,17X lo-4 3.58X to-• 16.8 
0.05111 'l.50X to-• 4.07xto-' 16.3 
0.072 7 4.4xto-• 7.08xl0-• 16.8 

to evaluate the ratio k 1 fk 1 from purely theoretical 
considerations of acid-catalysed o-cresol- acetone 
reaction as suggested by Ryabukhin 11 • From 
equations (3) and (4), 

d(y+r) =k1 (b-y)(na-y- r} +k,(y- r)(na-y- r) 
dt 

(10) 

l'ICS--3 

Dividing equation (10) by (6), 
d(y+r) =k, (b -y)'na-Y-r)+k,(y- r)(na- y-r) 

dx nk1(a-x)(b-y)+nk11 (a-x)(y-r) 

or 

or 

d(y+r)_na-y-r 
-ax- n(a-x) 

.....:d:..;.;( Y::....+..:._;;r) =~ . _d_x 
na-y-r n a-x 

Integrating, we obtain. 

log (na-y-r)=llog,(a-x)+log c 
n 

At t=O, y=O and r=O, 

log na=! log a+log c=log a 1 ' 0 +log c 
n 

log c=log [natn-1lln] 

Putting the value in equation (13), 

(II) 

(12) 

(13) 

log (na-y-r)=~ log (a-x)+log na!n-1 lln (14) 
n 

na-y-r=na!n-1 l'u. (a-x) 110 (15) 
y+r=na-natn-1ltu. (a-x)11D (16) 

To determine the ratio between reacted o-creso1 and 
acetone equation (4) is subtracted from equation (3), 
d(y-r) 

dt k1(b- y)(na- y-r)-k11 (y- r)(na- y-r) 

(17) 
Dividing equation {17) by equation (3), 

d(y-r) 1_k 1 (y-r) (18) 
dy k1 b-y 

or 
d( y-r) _ 1_ u()'-') 

dy b-y 
where. u=k11 /k1. 

Integrating we get, 
y-r 1 

(b-y)u -1-u 

At t=O,y=O and r=O, 

c=-~-.b1-u 
1-u 

Putting the value of c in equation {20), 

y-r _ 1 b1-u 1 (b )1-u 
(b-y)u-1-u· -1-u -y 

( y-r)= _l_.b1-u(b-y)u 
1-u 

- (l~u)'(b-y)1-n.(b-y)u 

(19) 

(20) 

J~-r= u~ 1 (b-y)- u~ 1 b1-u (b-y)u (21) 
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Adding equations (16) and (21), 

2y = na- na1u-1 lJa (a- x)1 10+ _!__(b- JV) 
u-1 

__ 1_ • bl-u (b-y)u 
u-1 

which can be solved for x, 

[
0(1-D)/11{ 1 

x=a- -n- na-2y+ u-l (b-y) 

(22) 

--L.b1 -u{b-y)u}]D (23) 
u-1 

u can be obtained from equation (23) by the amount 
of x and y at a given time interval. We have 
actually calculated the values of u at temperatures 
35 and 45° and at concentration of HCl 0.0572 M. 
These values of u obtained at different time intervals 
are given in Table 6. 

Time 
a 

3 600 
'f 200 

111000 
16 800 

8000 
6000 

10 800 
14 400 

Calculated Average 
k 2 /h 1 =u value 

Temp.=SIS±0.05°, [HCI]=O.OISU M 

19.80 
19.(5 19.8~ 
18.90 
19.6( 

Temp.-40±0.05•, [HOl] -O.OS'f!l M 

19.80 
19.611 
19.'111 
110.111 

19.811 

In obtaining the values of k1 /k1 (Table 6) the 
relation x= 1 82y has no where been used, whereas, 
the ratio k 1 (k 1 given in Table 5 involves indirectly 
the relation x= l.82y. The average calculated values 
of k 9 /k 1 (Table 6} are in good agreement with the 
experimental values (Table 5). This confirms the 
approximation used in obtaining the second order 

rate expression regarding the proportion of o-cresol 
and acetone reacted at a given time interval. 
Finally, a comparison has been made (Table 7) of 
the values of overall rate constants obtained purely 
from theoretical considerations of the reaction by 
using equation (24), 

(24) 

TABX.ll '1-CoMPARISON oF OvllaAX.t. RA'rll OoNS'rAN'l'S 

Temp. [HOI] Average value of 
± 0.05° M overall rate const. 

35 
(0 

0.051 2 
0.05111 
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