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INTRODUCTION

The reversibility of the benzoin conden
sation was demonstrated for the first time by 
Anderson and Jacobson ^  at the University of 
Nebraska. They obtained benzaldehyde by reacting pure 
benzoin with sodium cyanide in a 95 ethyl alcohol 
solution. The benzaldehyde was recovered by ether 
extraction, and identified by conversion into benzal- 
phenylhydrazone. The ether extract on fractional 
distillation gave very little indication of the 
presence of benzyl alcohol. These investigators 
also determined the equilibrium constant for the 
reaction,

2c6h5cho  ̂  c^h5chohcoc6h 5,

at approximately 79° C. in a 95 $ ethyl alcohol 
solution. In this work, the weight of benzaldehyde 
present at equilibrium was taken as the difference 
between the weight of benzaldehyde or benzoin used 
and the benzoin found after equilibrium had been 
reached. Some of the experiments were performed in 
an atmosphere of nitrogen in order to prevent the 
oxidation of the benzaldehyde. The equilibrium con
stant found in using an atmosphere of nitrogen varied
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considerably from the constant found when the ex
periments were carried out in an atmosphere of air.

La.chman ^  obtained evidence that some 
benzyl alcohol was formed during the condensation 
reaction. This was attributed either to the benzaldé
hyde undergoing the Cannizzaro reaction or to the 
conversion of the benzoin into benzyl benzoate, and 
then into benzyl alcohol and benzoic acid. Traces 
of mandelic acid were also reported.

Buck and Ide demonstrated the reversi
bility of the benzoin condensation by removing the 
benzaldehyde as it was generated in the reverse 
process. This was accomplished by adding a second 
aldehyde to the solution of benzoin in aqueous al
coholic potassium cyanide, whereby a mixed benzoin 
was formed, which could be isolated and identified.
The reaction may be represented thus:

c6h5chohcoc6h 5 + 2xc6h4cho — * 2c6h 5chohcoc6h4x.

The question as to whether benzoin could be 
prepared from pure potassium cyanide and pure ben
zaldehyde in the absence of water has been a subject 
of much discussion. Smith ^  held that it was 
possible, but Lachman contradicted his statement, 
and considered that the experiments had been vitiated
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by contamination with atmospheric moisture. Work by 
Morten and Stevens indicated that water is not 
necessary for the production of benzoin. This fact 
was definitely established by Nadkarni, Mehta and 
Wheeler However, it has been shown by Nadkarni
and Mehta ^ , that substances like potassium iodide, 
potassium chloride, sodium chloride and quinol can 
inhibit the benzoin condensation when pure potassium 
cyanide and pure benzaldehyde are used in the absence 
of water. Further work by Nadkarni (®), indicated 
that the presence of water has the power of decreasing 
the inhibiting effect of the negative catalysts.

In this paper the reaction of benzoin in 
aqueous alcoholic cyanide solutions is considered as 
practically an equilibrium between benzoin and ben- 
zaldehyde. The equilibrium constants are calculated 
assuming such a condition. The primary purpose in 
determining the constants is to have them serve as 
indicators of the effects produced when quinol is 
added to the equilibrium reaction in 95 % ethyl al- ' 
cohol solution. The results obtained when the quinol 
is used are compared with those obtained in an 
atmosphere of nitrogen by Anderson and Jacobson. The 
constants are also used to compare the trend of the
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equilibrium in 95 $ ethyl alcohol to the equilibrium 
in 95 isopropyl alcohol.

EXPERIMENTAL

Materials.—  The quinol and the sodium 
cyanide were Mallinkrodt's 0. P. quality. The benzo
in was prepared from purified benzaldehyde and re
crystallized twice with ethyl alcohol. The 95 $ 
ethyl alcohol and the 95 fo isopropyl alcohol solutions 
were determined by specific gravity methods.

General Procedure.—  The method for the 
determination of the equilibrium constants as used 
by Anderson and Jacobson was followed with some modi- 
f ications.

Pure benzoin was- used as the starting sub
stance in all the experiments. All the experiments 
were performed in an atmosphere of air.

In determining the equilibrium constants an 
accurately weighed amount of pure benzoin was placed 
in a reaction flask, which was graduated in cubic 
centimeters. Sufficient 95 # alcohol was added to 
dissolve the benzoin present at equilibrium. Finely 
powdered sodium cyanide to the extent of 2.5 # of 
the total weight of the solution was added. The
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solution was heated under a reflux condenser in a 
boiling water bath, and then in an ethyl alcohol 
bath, kept constant at 79° 0. to within 0.25°. The 
volume of the hot solution was accurately measured.
A volume of ice-cold water, sufficient to make a 
resulting 50 io aqueous alcohol solution was added.
The solution was quickly cooled and allowed to re
main at 20° C. for one-half hour. The benzoin was 
collected and washed with a small volume of 50 $ 
ethyl alcohol solution previously saturated with 
benzoin. The product was dried, weighed, and the 
weight of the benzoin corrected for that which re
mained in solution.

The K was calculated by the regular equi
librium formula for a reaction of the type, 2A = B,

othat is, K = A /B, where A and B are measured in gram 
moles per liter of solution.

Determination of the Equilibrium Constant in 
95 ^ Ethyl Alcohol.—  The procedure was the same as 
that already described. The reaction was heated in 
the boiling water bath for one hour and in the ethyl 
alcohol bath for one hour. In some of the determi
nations a known amount of quinol was added to the 
reaction. The constant obtained in these experiments
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is given in Table 1.
Solubility determinations showed that 0.1665 

grams of benzoin dissolved in 200 cc. of 50 $ aqueous 
ethyl alcohol solution at 20° 0.

Table 1

Determination of K for BenzoinsBenzaldehyde at 79° 0. 
in 95 % Ethyl Alcohol.
Time of Heating: 1 hour in water bath; 1 hour in 
ethyl alcohol bath.

Vol.
cc.

Benzoin 
used gms.

Benzoin 
found gms.

Benzaldehyde 
found gms.

Quinol 
used gms. K

7.1682 4.2635 2.9047 0.233
JLS1.1 12.0214 8.0254 * 3.9960 0.234
162 8.4215 5.1994 3.2221 0.232
161 8.3810 5.1255 3.2555 0.242
107 7.8223 5.2452 2.5771 0.225
163 11.9945 7.9233 4.0712 0.241
161 8.0483 5.0419 3.0064 0.0298 0.210
107 7.0624 4.7079 2.3545 0.0138 0.208
108 8.0553 5.4650 2.5903 0.0124 0.214

..UQ ... -5t,8Q39__ 2.6346 0.0150 0.206
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Determination of the Equilibrium Constant in 
95 jo Isopropyl Alcohol.—  A known amount of quinol 
was added to the reaction in all the determinations, 
in order to have the same condition that existed when 
the experiments were performed in the 95 4> ethyl al
cohol solutions. Table 2 gives the results when the 
reaction was heated in the boiling water bath for one 
hour, and in the ethyl alcohol bath for one hour; and 
Table 3 the results when heated in the water bath for 
one and one-half hour, and in the ethyl alcohol bath 
for one and one-half hour.

Table 2

Determination of K for Benzoint^Benzaldehyde at 79° C.
in 95 io Isopropyl Alcohol.

»

Time of Heating: 1 hour in water bath; 1 hour in 
ethyl alcohol bath.

Vol.
cc.

Benzoin 
used gms.

Benzoin 
found gms.

Benzaldehyde 
found gms.

Quinol 
used gms.

K./

105 4.1901 2.4566 1.7335 0.0103 0.221
107 5.0787 3.0891 1.9896 0.0116 0.226
108 6. 5032 4.1414 2.3618 0.0100 0.236
110 8.1038 5.3302 2.7736 0.0151 0.246
108 6.4451 4.1315 2.3136 0.0113 0.225
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The ethyl alcohol bath was used in order to 
make it possible to compare the value of the constant 
obtained in the 95 $ isopropyl alcohol to the value 
of the constant obtained in the 95 $ ethyl alcohol 
at the same temperature.

Solubility determinations showed that 0.1936 
grams of benzoin dissolved in 200 cc. of 50 aqueous 
isopropyl alcohol solution at 20° 0.

Table 3

Determination of K for BenzoinsBenzaldehyde at 79° C. 
in 95 i> Isopropyl Alcohol.
Time of Heating: 1.5 hour in water bath; 1.5 hour in 
ethyl alcohol bath.

Vol.
cc.

Benzoin 
used gras.

Benzoin 
found gms.

Benzaldehyde 
found gms.

Quinol 
used gms.

K.

108 7.0689 4. 3206 2.7483 0.0101 0.304
107 5.0854 2.8452 2.2402 0.0110 0.309
108 6.0449 3.5105 2.5344 0.0118 0.317
109 8.0513 5.0202 3.0311 0.0151 0.316
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DISCUSSION OF RESULTS

The values of the equilibrium constant de
termined in the 95 io ethyl alcohol in the absence of 
quinol varied considerably. This was undoubtedly due 
to the uneven oxidation of the benzaldehyde present.
In some cases it appears as if this oxidation is in 
itself constant, as indicated by the first three values 
of the constant in Table 1. When the quinol was added 
to the equilibrium reaction the constant was lowered, 
the value being practically the same as that deter
mined by Anderson and Jacobson when the reaction 
was carried out in an atmosphere of nitrogen. If the 
quinol had inhibited the formation of benzoin from the 
benzaldehyde in the same manner as in the case where 
pure potassium cyanide and £>ure benzaldehyde were used 
by Nadkarni and Mehta, the value of the constant 
should have been raised instead of lowered. The 
presence of the aqueous alcohol solvent evidently 
rendered the quinol ineffective in its action as a 
negative catalyst in this respect. This is in agree
ment with the work of Nadkarni. Therefore it seems 
that the quinol inhibited the oxidation of the ben
zaldehyde present in the equilibrium reaction, since
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such an effect would manifest itself by decreasing 
the value of the constant. It is a well-known fact 
that quinol will inhibit the oxidation of benzalde- 
hyde at ordinary temperatures, but here we have 
evidence that the quinol still possesses this power 
when it and the benzaldehyde are in alcoholic solu
tions at a moderately high temperature.

The values of the equilibrium constant ob
tained in the 95 % isopropyl alcohol solution increased 
with increased concentrations when the reaction was 
heated for only one hour in the water bath and one 
hour in the ethyl alcohol bath. This might indicate 
that equilibrium had not yet been reached. When the 
reaction was heated for one and one-half hour in the 
water bath and one and one-half hour in the ethyl a.1- 
cohol bath, much better values were obtained.

By comparing Table 1 and Table 3, the equi
librium between the benzoin and the benzaldehyde 
appears to favor the formation of benzaldehyde to a 
greater extent in the 95 4> isopropyl alcohol than in , 
the 95 $ ethyl alcohol. The difference between the 
two constants might not be as great as the results 
indicate, since the additional heating in determining 
the constant in Table 3 might have also favored the
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slow side reactios, which would tend to increase 
the value of the constant. There is no doubt, how- 
©v®r, that the value of the constant is greater in the 
95 fo isopropyl alcohol solution than in the 95 % 

ethyl alcohol solution. The results obtained when 
both solutions were heated for the same length of 
time help to substantiate this conclusion.

The actual values of the equilibrium constants 
for the equilibrium reaction between benzoin and 
benzaldehyde, are without a doubt, smaller than those 
determined in this study, since the amount of benzalde— 
hyde present at equilibrium was found by difference.
The amount of benzaldehyde is not as great as this 
difference indicates, since all of the benzoin under— 
going reaction does not go> to form benzaldehyde. Part 
of it undergoes the side reactions, which have been 
mentioned. Because of this difficulty, the purpose 
in studying the equilibrium was not to find the 
actual constants. The constants that were determined 
served as indicators of certain effects produced by 
changes in environment.
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SUMMARY

1. The equilibrium between benzoin and 
benzaldehyde was studied in 95 io ethyl alcohol and 
in 95 isopropyl alcohol solutions.

2. The equilibrium tends to favor the for
mation of benzaldehyde to a greater extent in the
95 $ isopropyl alcohol solution than in the 95 
ethyl alcohol solution.

3. There is evidence that quinol has the 
power of inhibiting the oxidation of benzaldehyde 
in aqueous alcoholic cyanide solutions at 79° C.

t
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