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The heterogeneous reaction which takes place at a liquid-liquid inter-
face has been studied by several workers. In the majority of these cases, 
however, at least one of the reactants is solute molecules or ions dissolved 
in two immiscible solvents.
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The object of the following experiments is to investigate the case 
where the immiscible liquids themselves react with each other at there 
interface. The reaction chosen as one of such cases was the hydrolysis of 
benzyl chloride by water according to the equation :

This reaction has been already studied by G. Harker,(1) who observed 
rather remarkable facts that benzyl chloride is not acted on by steam but 

decomposed by water with constant velocity. The present authors were 
interested to investigate the course of the reaction with water phase as 

well as vapour phase, of which only the former reaction is here published 
as they are obliged to interrupt the experiment. Since benzyl chloride is 

known to be practically insoluble in water, it will be sufficient to take only 

the surface reaction in consideration. In the present experiment a known 

volume of distilled water has been placed on the top of benzyl chloride, the 
former being stirred with constant rate, and the concentration of hydro-

chloric acid in it has been determined frequently at different intervals by 

measuring its electrical conductivity.

Measurements.

A hard glass powder bottle of half liter capacity whose cross-sectional 
area is 40.0 sq. cm. was used as a reacton vessel. The vessel was closed 
with a cork stopper holding a thermometer (T), a platinum electrode (E), a 
small glass stirrer (S) and a fine glass tube (I), as is shown in Fig. 1, b. The 
two blades of the stirrer stand vertical so as not to disturb the interface of 
the two liquids. 

A weighed quantity of 250 c.c. of distilled water is placed in the reac-
tion vessel which is immersed right up to the neck in aa water thermostat. 
On the other hand a pear shaped vessel (B) with a glass stopper, in which 
50 c.c. of benzyl chloride (Schering-Kahlbaum's purest for scientific pur-

poses) is placed, is also immersed in the thermostat. To the bottom 
opening of the above vessel (B) is connected a rubber tubing (R) with a 
rubber clip (P) and a glass tube (I), the latter being placed in the reaction 
vessel through the cork stopper. When the temperature becomes constant 
the pear shaped vessel (B) is somewhat lifted up and by opening the rubber 
clip (P) benzyl chloride is allowed to flow into the bottom of the reaction 
vessel. The tube (I) is then lifted slightly above the interface in order not 
to disturb it. The stirrer (S) is then started.

(1) J. Chem. Soc., 125 (1924) 500.
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The upper end of the stirrer rod is connected through a short rubber 
tubing (C) co-axial with a pivot of a wooden pulley, which is coupled with 
another wooden pulley fixed to the axis of a large stirrer of the thermostat.

Fig. 1.

Since the thermostat-stirrer is driven 
by a small electric motor and regu-
lated so as to rotate with constant 
rate (100 turns per min.), the rate of 
rotation of the glass stirrer in the 
reaction vessel can be controlled at 
will by choosing a pair of wooden 

pulleys having a suitable ratio of 
diameters. 

The electrical conductivity of the 
aqueous layer was successively mea-
sured by means of a well calibrated 
Wheatstone's bridge with simultane-
ous record of time. The concentration 
of hydrochloric acid was calculated in 
mol/liter from the observed specific 
conductance by dividing it with the 
corresponding molecular conductance 
and multiplying with 1000. The vis-
cosity of the reacted solutions was 
found to be identical with the hydro-
chloric acid solution of the same

concentration and distilled water in the limits of the experimental errors. 

The necessary data of molecular conductance were determined by the 

writers at 30•‹ and 50•Ž. The reaction vessel itself was used as a conduc-

tivity cell at 30•Ž., but as it required a considerable amount of solutions, a

30.0•Ž.

50.0•Ž.
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small cell with the same electrode (shown in Fig. 1, a) was specially made 

for this purpose at 50•Ž. The values obtained are given in the following 

table, where m expresses the concentration of hydrochloric acid in mol/liter 

and A stands for the molecular conductance. 

The conductivity measurement was started when the concentration of 

hydrochloric acid reached the lower limit of concentration in the control 

measurement of molecular conductance given above, namely m = 0.000168 

at 30.0•Ž. and m = 0.000333 at 50.0•Ž. At first an experiment was done at 

18•Ž. by using the molecular conductance data of Goodwin and Haskell,(1) 

but the rate of reaction at this temperature was so small that it required 

whole day to reach the limit just mentioned. All the other experiments, 

therefore, were carried out at 30•‹ and 50•Ž., where this period varied from 

two hours to half an hour according to the temperature and the speed of 

stirring. Some of the results of the experiments are shown, as examples, 

by the curves in Figs. 2 and 3, where the figure on each curve indicates the 

number of revolution of the stirrer per minute. Full data will be given in 

later tables.

Fig. 2. Fig. 3.

It will be seen from these curves that the rate of increase of hydro-

chloric acid is largely affected by the speed of stirring and, moreover, it 

increases with time, tending to become constant gradually.

(1) Phys. Rev., 19 (1904), 369.
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Results and Discussion.

The experimental results may be accounted for by assuming an adsorp-
tion film (A.F.) and a diffusion film (D.F.) in the aqueous part along the 
interface with benzyl chloride, as is shown in Fig. 4. These films may be

Fig. 4.

movable as a whole but any configurations in 
the interior of them are supposed to be just 
like as on solid adsorbents. 

Since the reaction is a surface one and ad-
sorbed molecules at the interface are supposed 
to hinder the progress of hydrolysis, its rate 
may be expressed by H-kx, where x denotes 
the concentration of adsorbed molecules of 
hydrochloric acid, H and k being constants at 
a given temperature. Let m express the con-
centration of hydrochloric acid in the bulk of 
aqueous layer whose volume is V, then the 
rate of increase of the total amount of hydro-

chloric acid in it is equal to V dm/dt hydro-

denotes the time. The difference of the above two quantities may be equal 

to the rate of increase of hydrochloric acid in the adsorption film (A.F.), 

whose thickness is put as ƒÐ:

(1)

where S denotes the area of the interface, (m+x) being the actual concen-
tration of hydrochloric acid in the adsorption film. 

On the other hand, the rate of increase of hydrochloric acid in the bulk 
of the aqueous layer is equal to the amount which passes upwards in unit 
time through the diffusion film (D.F.). This amount is, however, propor-
tional to the area of the interface S, the diffusion coefficient of hydrochloric 
acid D in water and the concentration gradient in the diffusion film whose 
thickness is 8:

(2)

Solving this equation for x and putting the result in equation (1) we 
have

(3)
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Differentiating equation (2) with regards to t and substituting equation 

(3) in it we have

(4)

As the solution of this differential equation we obtain

(5)

where C is an integration constant and

(6)

But, since SƒÐ/V is very small compared with unity, equations (6) may be 

written in the form :

(7)

The relation between m and t is obtained by integrating equation (5)

(8)

where K is an integration constant. 

Equation (8) was tested by comparing the calculated values of m with 
those observed. The results are very satisfactory as is shown in the follow-
ing tables, in which N denotes the number of revolution of the stirrer per 
minute. The constants in equation (8) were computed in the following 
manner : The value of A which is equal to the reaction rate after suffi-
ciently long time (cf. eq. (5) ), can be directly known from the slope of the 
straight portion of the t-m curve shown for example in Figs. 2 and 3. Then 
by plotting the value of log (A-dm/dt) against the time t we obtain a 
straight line (cf. eq. (5) ), whose slope gives the value of B, C being known 
from the point of the line on the abscissa.
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18.0•Ž. N = 109•}2* 

A=1.00•~10-6 
K=978•~10-6

30.0•Ž. N = 0. 

A =1.69 •~ 10-6, B = 0.00362, 
C=0.689•~10-6, K= -22•~10-6.

* Continued from the last day .

30.0•Ž. N=62•}2. 

A = 3.90 •~ 10-6, B = 0.00440, 
C= 1.897•~10-6, K= -260•~10-6,

30.0•Ž. N= 62•}1. 

A = 3.82 •~ 10-6, B = 0.00440, 
C = 1.910 •~ 10-6, K = -260•~10-6.
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30.0•Ž. N=60•}2.* 

A = 3.77 •~ 10-6, 
K=4219•~10-6.

30.0•Ž. N= 101•}5. 

A = 4.01 •~ 10-6, B = 0.00449, 

C = 1.845 •~ 10-6. K = -224 •~ 10-6.

* Continued from (62•}1) over a night .

30.0•Ž. N = 111•}4. 

A = 4.03 •~10-6, B = 0.00640, 

C = 1.688 •~ 10-6, K = -89•~10-6.

30.0•Ž. N= 161•}5. 
A = 435•~10-6, B - 0.00972, 
G = 1.852 •~ 10-6, K = -26•~10-6.
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30.0•Ž. N= 209•}3. 

A = 4.36 •~ 10-6, B = 0.00979, 

C = 1.709 •~ 10-6, K = -10 •~ 10-6.

30.0•Ž. N = 214 •} 8. 

A = 4.31 •~ 10-6, B = 0.00921, 

C = 1.796 •~ 10-6, K = -11 •~ 10-6.

30.0•Ž. N=283•}13. 

A = 4.55 •~ 10-6, B = 0.01117, 

C== 1.514•~10-6, K= 48•~10-6.

30.0•Ž. N=283•}3. 

A = 4.50 •~ 10-6, B = 0.01117, 
C = 2.084 •~ 10-6, K=-20•~10-6.
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50.0•Ž. N= 96±5. 

A = 24.31 •~ 10-s, B = 0.0237, 

C = 8.792 •~ 10-6, K=52•~10-6.

50.0•Ž. N= 174•}4. 

A = 29.53 •~ 10B = 0.0283, 

C = 11.00 •~ 10-6, K = 13 •~ 10-6.

50.0•Ž. N=269•}10. 

A = 33.64 •~ 10-6, B = 0.6279, 

C = 12.42 •~ 10-6, K = 50 •~ 10-6.

50.0•Ž. N = 269 •} 10. 

(Continued)
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Table of Constants.

* After sufficiently long time .

It will be seen from the above tables that the values of A and B increase 
not only with rise of temperature but also with the speed of stirring. And, 
moreover, the effect of stirring on A is more prominent at higher tempera-

tures. On the contrary the same effect on B decreases with rise of tem-

peratures, showing a tendency that B becomes independent of the speed of 
stirring at sufficiently high temperatures. These facts may be accounted 
for by equation (7) at least qualitatively, taking into considerations the fact 
that the const nts Hand k have a property of reaction coefficient and S, the 
thickness of the diffusion film, becomes smaller when the speed of stirring 
increases. 

It is clear from the above data that the reaction is not of zero order as 
was mentioned by Harker. The reaction can be supposed quite naturally to 
be of constant velocity if we neglect the adsorption and assume the reaction 
to be completely irreversible. Nevertheless the result of experiments 
makes it necessary to assume the presence of an adsorption layer and the 
hindrance of reaction by adsorbed molecules. 

The writers desire to express their thanks to Professor M. Katayama 
for the interest he showed in the work.
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