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The effect of varying concentration of sodium dodecyl sulphate (NaLS) as an
anionic surfactant micelle has been studied on the reaction of phenacyl bromide and
aliphatic carboxylates in 72: 28 acetone-water mixture. The second order rate
constant (k,) decreases with increasing concentration of NaLS. The surfactant
concentration has been maintained above the critical micelle concentration (cmc)

value in the aqueous orgamic medium.
compositions have been compared.

The rate constants in two different solvent
The activation parameters have been computed

in the cases of two different carboxylates and discussed.

Agood number of reactions have been studied
during the past decade, which are specifically con-

cerned with the characteristics of reactions occurr-
ing at the micellar surface. The results of these
investigations have been computed by many
authorst—¢. A survey of literature revealed that
very little work on the effect of surfactants on
nucleophilic substitution reactions has been done.
We thought that aliphatic monocarboxylates as
nucleophile? would be interesting for the present
work since they contain hydrophobic alkyl chain of
variable carbon atoms. The effects of cationic and
non-ionic surfactants on this reaction have been
investigated®. The present study has been confined
to the effect of anionic surfactant (NaLS) on the
titled substitution reaction.

Experimental

Materials : Sodium lauryl sulphate (BDH,
England) was purified by the method of Duynstee
and ‘Grunwald¥. Phenacyl bromide was prepared
and purified by the method of Rather and Ried®.
The sodium salts of carboxylic acids were prepared
from sodium ethoxide and the respective acid.
They were washed with ethanol and dried in vacuo
to a constant weight. Acetone was of AR grade
and was used without further purification. Triply
distilled water was used to prepare aqueous acetone
of the required composition.

Method of rate measurement : XKinetic experi-
ments were carried out in a thermostat at a desired
temperature by mixing phenacyl bromide (0.02M,
20 ml) and sodium salt of aliphatic carboxylic acids
(0.04M, 20 ml) in aqueous acetone in presence of
10 m1 of aqueous NaLS of appropriate concentra-
tion. The estimations were done by chilling 5 ml
aliquots of the reaction mixture in 10 ml of 6N
HNO, and 5 ml of 0.02M AgNO, solution and titrat-
ing the bromide ion by Volhard’s method®. The

second order rate cd-efficients were calculated graphi-
cally from the plot of log ;3—___—;: against time and

also by least square method using the expression for
— 2303 a(b—x)
*"tib-a) bla—x)

Results and Discussion

The effect of varying concentration of NaLS
above its critical micelle concentration on the second
order rate constant (k) for reaction between various
aliphatic carboxylates and phenacyl bromide in two
different acetone-water (v/v) mixtures have been
studied at 35° (Tables 1 and 2). In general the rate
of reaction decreases in presence of NaLS but the
decrease does not follow a regular trend. This
system has been studied upto a NaLS concentration
of 0.06M in 72% acetone-water mixture (Table 1).
On changing the solvent composition to 60% acetone-
water (v/v) (Table 2) the minima were obtained at a
higher detergent concentration (compare Table 1)
i.e., at 0.04M and then increased a little upto 0.06 4.
In both the solvent composition, the values of
second order rate constants were less than that in
absence of micelle in a particular system.

In general the rate retardation has always been
marked when nucleophilic substitution reaction has
been carried out with an anionic nucleophile in

resence of NaLS*°, Recently Romsted** has put
orward a theory which can very satisfactorily
explain the observed inhibition of second order
reactions in the micellar phase. The extent of inhi-
bition increases with increasing concentrations of
unreactive counter ions for the Stern layer. Since
there is a possibility of competition between reactive
and unreactive ions for sites in the Stern layer the
rate of reaction decreases. However, the slight
increase after the minimum is attained could not be
explained by the Romsted theory.

** Papor presented at Indian Beience Congress Association held at Varanasi in January, 1981.
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TABLE 1-~RATE CONSTANTS AT DIFFERENT CONCENTRATIONS OF NaLB FOR THE REACTION O¥ PHENACYL
BROMIDE(a) AND ALIPHATIC CARBOXYLATES(b) IN 72% ACETONE-WATER (v/v) AT 85°
(a=0.008M ; b=0.016M)

Carboxylates 10°k, in litre mol—* sec~* at Ky

10 [NaL8] in M 0.0 5 10 15 20 80 40 50 60 km
Acetate 127 108 087 — 048 1.11 115 1.04 084 2.64
Propionate 897 3840 288 9231 210 229 2.35 2.2¢ 1.82 1.89
Butyrate 457 882 3845 3890 3.04 346 3.80 2.96 2.55 1.50
Valerate 499 443 3892 862 8.86 3877 4.04 334 2.94 1.48
Caproate 5.40 5.02 4.66 4.16 3.57 8.88 4.25 3.47 3.29 1.50
Heptanoate 578 558 517 4.88 3.86 4.21 4.47 3.87 381 1.49
Caprylate 6.36 6,16 565 - 4.07 4.39 459 3.66 3.54 156

TABLE 2—RATE CONSTANTS AT DIFFERENT
CONCENTRATIONS OF NaLiS FOR THE REACTION OF
PHENACYL BROMIDE(a) AND ALIPHATIC CARBOXYLATES(b)
IN 60% ACETONE-WATER (v/v) AT 85° .

(a=0.008M ; b=0.016 M)

Carboxylates 10%k, in litre mol™* sec™" at
10* [NaLS];in M00 10 20 30 40 50 60
Butyrate 2,99 276 —. 2.14 2,06 2.20 2.33
Valerate 3.19 — 2.84 2.60 2.19 2.45 2.63
Heptanoate 3.55 8.14 2.91 2.84 2.28 2,73 2.58

The micelle affects the reaction rate by incorpo-
rating the substrate rather than by affecting the
solvent properties. The cmc of the surfactant
decreases by addition of organic solvents to water
and the micelles will be smaller in aqueous organic
solvent'?, When the water content in aqueous-
acetone increases from 28 to 40% the rate constant
decreases very slowly, the minima is shifted to a
higher surfactant concentration and the same trend
has been marked so far the rate profile is concerned.
As rate could not be followed beyond 0.06M NaLS
in reaction mixture (due to solubility problem) the
further trend in rate profile in case of reaction in
60% acetone-water (v/v) (Table 2) could not be
known. Rout ez al observed that, in the absence
of NaLS, with this type of solvent composition the
rate decreases as water content increases. It is also
found true here because with increasing ionising
power of the solvent the difference in solvation of
reactant and transition state would increase. This
will result in an increase in activation energy and
will reduce the ratet®.

The order of reactivity of sodium salts for
various aliphatic carboxylic acids is caprylate)
heptanoate ) caproate > valerate ) butyrate ) pro-
pionate ) acetate. The same order of reactivity has
been observed in the case of this reaction using
cationic surfactant, CTAB®. Combination of Swain-
Scott'* and Edwards'® equation clearly indicates
the dependence of nucleophilicity on pK, values.
The pK, values of the series under study increases,
as a result the nucleophilicity would also increase.
Hence the kg values increase on increasing the chain
length of the carboxylates. It has been further
observed that as chain length increases the ratio

of ky

km
carboxylates (where k, is the rate constant in
absence of micelle and k, the rate constant at
micellar concentration of 0.02M) (Table 1). This
indicates that the inhibition due to NaLS micelles
is independent of the chain length of the carboxy-
late under this condition.

remains almost constant from C, to higher

To examine the dependence of the reaction on
electronic and other factors, the values of k, of the
carboxylates have been fitted to various parameters
and the significant regression equation is given by
equation(1). '

ky=b, pKa+bg log p+1 (1)
This regression equation has been tested at each
detergent concentration and the values of b,, b, are
given in Table 3 along with other statistical data.

TABLE 3—SUMMARY OF STATISTICAL DATA POR REGRESSION ANALYSIS WITH EQUuarION (1)

Conc. of NaL8 in M b, b, R Best
0.005 3.58 0.859 0.9926 0.1594
0.01 1.788 0.9856 09967 0.1116
0.015 8.432 0.944 09905 0.1881
0.02 12.359 0.08769 0.9874 0.1488
003 16.272 -0.0804 0.9764 0.20889
0.04 22.067 -0.326 0.9716 0.2498
0.05 18.743 -0.1658 0.996 0.0614
0.06 12.886 —0.00497 0.996 0.07024

F I 8by ty Sn, ty
103.78 -~ 13.988 4.399 0.8137 0.219 8.922
228.44 — 6.013 8.082 0.5802 0.1534 6.4219

52.116 — 14,28 6.761 0.5076 0.3957 2.3914
58,74 - 56.79 38.969 3.113 0.1976 0.448
30.7648 — 75.175 b5.766 2.822 0.287 -0.2801
25,352 —102.647 6.8969 38.199 0.343¢ —0949
185.42 — 68.22 1.6956 8.1056 0.0844 —1.9688
203,306 -— 59.382 1.939 6.62 0.0965 —0.0443

where R=Multiple correlation coefficient ; F'=Value of F-test ;

Beat, Suy, Sne =errors of estimate, b, and b, respectively ,

,=Value of t-test for pKy and t,=Value of t-test for log P.
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The values of b, and b, reflect the sensitivity of
the rate constants to changes in pK,1® (electronic
factor) and log P*7 (hydrophobic parameter) res-
pectively. It can be noted from Table 3 that the
values of b, increase and those of b, fall rapidly
beyond 0.015M NaLS. Since the concentration of
NaLS is very high compared to cmc in this aqueous
organic medium, this point may indicate a change
in structure of micelle. It is perhaps due to this
change, that the electronic factor becomes more
predominant compared to the hydrophobic factor.

Effect of salts on the reaction rate under investi-
gation could not be studied due to solubility

problem.

The reaction with sodium heptanoate and capry-
late has been studied in 72% acetone-water at
different temperatures in presence of varying con-
centration of NaLS and the activation parameters
have been calculated (Table 4). Bunton ez alt°

TABLE 4—RATE CONSTANSTS AT DIFFERENT
TEMPERATURE AND AT VARIABLE [NaL8], AND
THERMODYNAMIC PARAMETERS FOR THE REACTION
BETWEEN PHENACYL BROMIDE (a) AND ALIPHATIC
CARBOXYLATE (b) IN 72% ACETONE-WATER (v/v)
(a=0.008M ; b=0.016 M scdium heptanoate)

10°[NaL8] 10? k, in litre mol~! sec—! at Ea — AS*
in M 95° ~80° 35° 30° k cal/mol e.u.

0 2.28 3.83 5.78 — 16.92 14.34
10 2.11 3.27 5.17 —_ 16.25 16.76
20 1.80 2.61 3.86 —_ 13.84 25.14
30 1.94 2.94 4.21 —_ 14.05 24.30
40 2.14 3.08 4.47 _— 13.43 26.20
50 1.56 2.21 3.31 —_— 13.71 25.88

. (a=0.008) ; b=0.016 sodium caprylate)

0 2.57 - 6.36 11.94¢ 18.26 9.82
10 2.37 —_ 5.65 10.13  16.12 17.01
20 2.12 —_— 4.07 7.82 14.97 23.66
30 2.25 — 4,39 8.20 16.12 17.51
40 2.36 —_ 4.59 8.56 16.12 17.42

observed that the effect of micelles upon the activa-
tion parameters are smaller in aqueous alcohol than
in water. In case of NaLS, they reported very
little increase in activation enthalpy with increasing
concentration of NaLS in aqueous ethanol. They
calculated the parameters basing on two tempera-
tures only. But in our case these parameters have
been calculated properly and the enthalpy of activa-
tion values do not show any remarkable change.
But it is higher in absence of NaLS. A large acti-
vation entropy in case of this bimolecular reaction

JICS—1

in micellar phase indicates a highly polar transition
state'®. As change of micellar behaviour depends
on large number of parameters, it is difficult to
draw a clear cut conclusion from thermodynamic

parameters.
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