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The Effect of the Silent Electrical Discharge on the Synthesis 

of Monochloroacetic Acid. 

By Yutaka ISOMURA. 

(Received May 2, 1939.)

1.RedPhosphorusasCatalyser.

Monochloroacetic acid has been simply prepared with catalysers 
such as red phosphorus,(1) iodine,(1) sulphur,(2) etc., by bubbling vigorously 
gaseous chlorine into acetic acid in direct sun-light and its yield has 
never exceeded 60.6%.(3) In the present research, instead of direct sun-
light, the silent electrical discharge was applied for the activation of 
chlorine and it was found that the discharge is so effective as to increase 
15-100% of the best yield of monochloroacetic acid ever obtained. 

Apparatus. The usual apparatus (Fig. 1) was improved as shown 
in Fig. 2, to increase the effect of the discharge. An induction coil is 
used (primary circuit : constant current of 3 A., 8 V.; secondary circuit: 
0.25 mA., 14000 V.). 

Experimental. At every run of experiments the followings have
been kept the same:temperature,100℃.,7g. of red phosphorus, and

70c.c. of acetic acid(99-100%.), while the volume of chlorine passed

(1) H. Miiller, Ann., 133 (1865), 156. 
(2) Anger and Behall, Bull. 8 c. chim., 3, 2 (1889), 145. 
(3) Cohen, "Prac:,icil Organic Chemistry", 106, London (1930).
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A:Cone. H2SO4

B:CaOCl2

C:Conc.H2SO4

D:CH3COOH+catalyser

E:50 cm. Liebig Condenser

F:CaCl2 tube.

Fig.1.

A:Outside electrode.
B:CH3COCl co lector. (cooled by

immersing in ice water)
C:Inner electrode in dil. H2SO4.
D:CH3COOH+catalyser.
E:To the earth.
F:To the secondary circuit of the

induction coil.

G.H:CaCl2 tube.

J:Cl2 bomb.

K:Cl2 flowmeter.

L:Microdrive auxiliary valve.

M:50cm. Liebig condenser.

N:40cm. Liebig condenser.

Fig.2.

into acetic acid in unit time and the duration of the reaction have been 
varied. The experimental results are shown in Table 1-3, and Fig. 3-8.
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There is a linear relation between the pressure difference of chlorine 
in the flowmeter and the volume of chlorine bubbled into acetic acid per

minute, as in shown in Fig. 3. 
Careful observations of the 

reaction permit attention to the 
following points as to the me-
chanism of the reaction. 

(1) An abundant quantity of 
acetyl chloride is formed in the 
reaction. 

(2) The behaviour of phos-
phorus as catalyser is not a 
simple carrier of chlorine and 
it is often dissolved completely 
into the reacting system. By 
the quantitative analysis on the 
residue of the distillation, the

Fig.3.

following substance are found in the extracts by water.

(3) The equation which was formerly believed to explain the reaction 
being

(A),

the values
Observed yield of monochloroacetic acid

 / Theoretical yield by the equation(A)
×100 and

Volume of chlorine calculated from the yield 
of monochloroacetic acid by the equation (A)/

Total chlorine bubbled into the system
×100(for example, the

yield of monochloroacetic acid by passing 222 c.c. of chlorine per minute 
for four hours with the discharge), are too small to explain the comple-
tion of the reaction as is shown in Table 3. 

To clear up these points and to modify the former views about the 
mechanisms of the reaction, the following new equation is proposed by 
the author. The equation is made up in a simple form from many 
individual processes which were previously investigated by Briickner(4). 
That is

(E).

Judging from the values calculated by the equation (E) in the 
Table 1-3 and in Fig. 4-8, it will be found that the above mentioned 
points are cleared up by this equation. Though it may not be of an 
exclusive nature, it will at least indicate the principal mechanism of the 
reaction.

(4) Bruckner, Z. angew. Chem., 50 (1928), 226.
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In Fig.4-11

◎ 2hours'reaction with discharge

○ 2hours'reaction without discharge

● 3hours'reaction with discharge

○ 3hours'reaction without discharge

○ 4hours'reaction with discharge

○ 4hours'reaction without discharge

→Pressure difference at the Cl2 flowmeter(cm.)

Fig,5.

→Pressure difference at the Cl2 flowmeter(cm.)

Fig.4.

→Total vo:ume of Cl2 passed(1.)

Fig.6.
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→Pressure aifference at the Cl2flowmeter(cm。)

Fig.7.

→Pressure difference at the Cl2 flowmer(cm.)

Fig.8.

II. Iodine, Red Phosphorus, and Phosphorus Pentachloride as Catalyser. 

Briickner(4) reported that he obtained 66% of monochloroacetic acid 
in four hours by using 1 g. 12+ 2 g. P4 + 2 g. PC15 as catalyser and bub-
bling 245 c.c. of chlorine per minute through acetic acid. This result 
was so amazing that even now this catalyses maintains its industrial 
application. 

The experiments were carried out by the present author with the 
same catalyser in much the same way as was previously mentioned and 
the same results as those of Bruckner were obtained. However, by 
using 1 g. of iodine for 70 c.c. of acetic acid, a great deal of difficulties 
were found to eliminate iodine vapour from every fraction of the distilla-
tion. The amount of iodine was then diminished from 1 g. to 0.2 or 0.1 g. 
so far as the yield of monochloroacetic acid was not affected. With the 
modified catalyser, that is 0.1-0.2 g. 12+ 2 g. P4 + 2 g. PC15, the experi-
ments were carried out to see the effect of the silent electrical discharge 
on the synthesis of monochloroacetic acid. As the result, the yield of 
monochloroacetic acid was increased in a great extent and the elimination 
of iodine from the product was satisfactory by carrying out the distilla-
tion at180-190℃.(5)

(5) Even if 0.1 or 0.2 g. of iodine is used for 70 c.c. of acetic acid, the distillates
between 180 and 190℃. have sometimes pint tint. It is found that 0.5-1%of active

charcoal is effective enough to decolourize such a small quantity of iodine in monochloro-

acetic acid. Iodine is completely adsorped by charcoal at the temperature between 180

and 190℃.
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From the experiments the followings can be perceived. 
(1) Iodine is dissolved in acetic acid as ICI or ICl3 and thus serves for 
the equal distribution of chlorine in the system. By the thermal decom-
position in the distillation, iodine is again set free from ICI or IC13 and 
is mixed in every distillate. 
(2) The yield of acetyl chloride is far less than that of the previous 
experiment (only 2.5 g in four hours). 
(3) Phosphorus pentachloride serves to produce acetyl chloride in

adequate amount and velocity. 
(4) Sometimes a part of 
phosphorus is dissolved, but in 
the majority of the experi-
ments it maintains its initial 
amount, and the yield of mono-
chloroacetic acid never fluc-
tuates as it does otherwise by 
the diminution of the amount 
of phosphorus. 

From the above mentioned 
facts we may conclude that 
the main mechanism of the 
reaction is expressed by the 
equation (A), and that the 
added substances take role of 
the catalyser. 

Not only from the above 
mentioned facts, but also from 
the values calculated by the 
equation (A) as is shown in 
Table 4-6, and Fig. 9-11, the 
equation seems to be correct.→Pressure difference at the Gl2 flowmeter(cm.)

Fig 9.

→Pressure difference at the Cl2 flowmeter(cm.)

Fig.10.
→Total volume of Cl2 passed(l.)

Fig.11.
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Summary. 

(1) Silent electrical discharge is very effective to produce monochloro-
acetic acid from acetic acid and chlorine by using red phosphorus as 
catalyser, and it increases, 15-100% of the yield of monochloroacetic acid 
compared with the formerly obtained results. The yield of 62.8 Jo in 
four hours running is one of the best record that is attained in the ex-
periment using red phosphorus (10%) as catalyser. A new equation 
(E) is proposed to clear up several questions involved in the formerly 
believed equation (A). 

(2) The reaction between acetic acid and-chlorine-was carried out under 
the influence of the silent electrical discharge, using iodine, red phos-
phorus, and phosphorus pentachloride as catalyser. The reaction is 
expressed by the equation (A). The yields of 79.2% in the reaction for 
three hours discharge and 80.00, for four hours discharge, are'far better 
than the yield of 66 reported by Briickner. This is chiefly due to the 
effect of the new modified catalyser and of the silent electrical discharge. 

Chemical Institute, Faculty of Science, 
Imperial University of Tokyo.


