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Dipole Moments of Benzil and Stilbene Dichloride. 

By Ken.iti HIGASI. 

(Received December 20, 1937.) 

In a famous paper(1) published in 1899, J. Thiele pointed out that 
benzil might be regarded as having conjugated double bonds. On reduc-
tion, its double bonds were supposed to move to the centre, giving an un-
saturated glycol, and to prove this view, he succeeded in obtaining the 
cis- and trans-forms of the enolic diacetate.

Benzil. Enolic isomer. Benzoin.

Translating this into modern words, the case for benzil may be said as 

intimately related to single bond-double bond resonance. If the C-C

(1) Thiele, Ann., 306 (1899), 87,.142.. See also Waters, "Physical Aspects of Organic 
Chemistry," 373, London (1935).
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single bond aquires a considerable amount of double bond character due 

to this quantum mechanical resonance, intramolecular rotation should be 

greatly hindered, and its direct consequence would appear in the tempera-
ture independence of dipole moment.(2) 

Having this view in mind, the dipole moment of benzil was measured

in benzene and carbon tetrachloride at 25 and 50℃. The reason for

choosing two different solvents is to check the specific action of solvents.

The dipole moment of α-stilbene di-

chloride in benzene and carbon tetra-

chloride was also studied. This substance 

resembles CH2Cl•ECH2Cl in structural 

formula, the only difference being the 

existence of two C6H5 groups instead of 

two H atoms. From the comparison with

the moment of CH2Cl・CH2Cl in the corresponding solvent, thel effect of

introducing big phenyl groups was sought. 

Preparation of Materials. Benzil. Benzoin was first prepared from 

benzaldehyde and HCN and then was oxidised to benzil. Material thus 

obtained was recrystallised from alcohol and then from benzene. M.p.

95℃.  Benzil was also synthesised from stilbene dichloride, and the di-

electric study on it was made for comparison's sake.

α-Stilbene dichloride.  This material was obtained by the addition of

chlorine to stilbene (purest) of Frankel and Landau. Recrystallised from
alcohol and then from the mixture of benzene and hexane.M.p.191℃. At

first the material recrystallised from alcohol and dried was examined; 
and the slightly higher moment of 1.50 D was obtained ; this seems to be 
due to the remaining alcohol. 

Benzene, hexane, and carbon tetrachloride. Materials from the 
Schering-Kahlbaum A. G. and the Nippon Zyunyaku Co. were treated as 
in earlier work.(3) 

Experimental Results. As the apparatus and the method of measure-
ment of the dielectric constant were described in a previous paper, (3) (4) 
only some improvements(5) which were made later will be reported here. 
In the oscillation circuit which contained the dielectric cell, a tetrode

(2) Kozima and Mizushima, Sci. Papers Inst. Phys. Chem. Research (Tokyo), 31 
(1937), 296. 

(3) Higasi, ibid., 24 (1934), 57. 
(4) Mizushima, Morino, and Higasi, ibid., 25 (1934), 159. 
(5) Cordial thanks are due to Mr. T. Sibata for his kindness in helping the writerin 

making these improvements.
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bulb "Mazda" UY 236 with a screening grid and an indirectly heated 
cathode, were employed (Fig. 1.). For the switch which connects the 
dielectric cell to the oscillating circuit, a pen-form one (Fig. 2.) was used

Fig. 1.
Fig. 2.

in the place of the former. A radio set of ordinary UY 24B, UY 47B, KX 

12B type with a slight improvement was satisfactorily utilized for the 

purpose of amplifying the beat note. 

Symbols and formulae used in this article are as follows :

ω:the concentration of the solute in the gram percentage.

ε,ε1: the dielectric constant of the solution and the solvent respectively.

d, d1 : the density of the solution and the solvent respectively. 

p12, p1 : the specific polarization of the solution and the solvent,

and  espectively.

P2 : the molar polarization

where M2 denotes the molecular weight of the solute.

μ:the dipole moment, which is calculated in this article as follows,

The estimation of the atomic polarisation in the determination of the 

dipole moment has been quite arbitrary and sometimes confusing. In the 

present case where the temperature dependence in moment is to be
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examined, the total neglect of the atomic polarisation appears to be much 
more erratic. In this paper, the atomic polarisation was estimated as 5 % 
of the molecular refraction, MRD after Groves and Sugden(6) (denoted by

μ) and also as 15% after Wolf's school(7)(denoted byμ'). As is clear

by the results, the difference in the choice of the atomic polarization 
hardly affects the temperature dependence (See Table 2). 

The results are shown in Table 1. The results on benzil from stilbene 
dichloride are also recorded in the same table. A glance at it will show 
that there is no difference in moment in benzene solution between this and 
the sample from benzaldehyde. 

Discussion of Results. The dipole moment of benzil in benzene solu-
tion at 25℃. was found as 3.71 D by Hassel and Naeshagen(8) and 3.2 D

by Sangewald and Weissberger.(9)The result of the present measure-

ment,μ=3.62 D lies between them. The moment of α-stilbene dichloride

Table 1. 
Benzil (prepared from benzoin).

In benzene at 25℃.

P2∞=333 c.c.,MRD=58.92 c.c.,

PA=5%MRD, PE+PA=61.87 c.c., μ=33.62D

PA=15%MRD, PE+pA=67.76 c.c., μ'=3.58D

In benzene at 50℃.

P2∞=313c.c., PE+PA=61.87 c.c., μ=3.62D

PE+P9=67.76 c.c., μ'=3.58D

(6) Groves and Sugden, J. Chem. Soc., 1935, 971. 
(7) Wolf and Trieschmann, Z. physik. Chem., B, 14 (1931), 346. 
(8) Hassel and Naeshagen, ibid., B, 6 (1929), 152. 
(9) Sdngewald and Weissberger, Physik. Z., 30 (1929), 268.
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In carbon tetrachloride at 25℃.

P2∞=318c.c.,  PE+PA = 61.87 c.c., μ=3.52D

PE+PA = 67.76 c.c. , μ'=3.48D

In carbon tetrachloride  at 50℃.

P2∞=291 c.c.,  PE+PA = 61.87 c.c., μ=3.46D

PE+PA = 67.76 c.c. , μ'=3.92D

Benzil (prepared from stilbene dichloride)

In benzene at  25℃.

P2∞=334 c.c.,  PE+PA = 61.87 c.c. , μ=3.63D

PE+PA = 67.76 c.c. ,  μ'=3.59D

In hexane at  25℃.

P2∞=308c.c.,  PE+PA = 61.87 C.C.,  μ=3.45D

PE+PA = 67.76 c.c. ,  μ=3.41D
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α-Stilbene dichloride.

In benzene at 25℃.

P2•‡= 115.1 c.c., MRD = 68.63 c.c. 

PA = 6% MRD = 3.4 c.c, , PE+PA = 72.0 c.c.,  μ=1.45D

In carbon tetrachloride at 25℃.

P2•‡=108c.c., PE + PA = 72.0 c.c. ,  μ=1.32D

given by Weissberger and Sangewald(10)is recorded as 1.27 D in benzene

at 25℃. in contrast to 1.45 D of the present author. The difference be-

tween them seems rather large, 

but on account of the small solu-

bility of this substance in ben-

zene, high accuracy cannot be 

claimed in an earlier work-in 

the present case., the accuracy

being μ=1.45±0.06 D.

The result of the present 

work on benzil is summarised in 

Table 2. The values of benzene

solution are quite independent of temperature, while those in carbon 
tetrachloride solution slightly decrease with rising temperature. 

One must emphasize that this fact is incomprehensible by the ordinary 

chemical formula of benzil. If the carbon-carbon bond be purely single,
from the analogy of CH2Cl•ECH2Cl,(4) it is clear that the 

stable internal position should correspond to the trans-

position and measurable increase in moment with rising 

temperature should result. And if we can attribute

the constancy in moment in the benzene solution to the abnormal action

(10) Weissberger and Sangewald, Z. physik. Chem., B, 9 (1930), 133.
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of the solvent, how can we explain the result obtained in carbon tetra-

chloride? 

On the other hand, Hassel estimated the moment as 3.78 D, when 

free rotation occurs, and seemed to consider the agreement with the ex-

perimental value to be something more than mere coincidence. But free 

rotation, which is greatly hindered even in the case of CH2Cl•ECH2Cl (with 

weaker mutual. effect between the rotating groups), is very unlikely to 

occur. 

From the result of Table 2, we may conclude as the following: 

(1) The oscillatory rotation of the polar groups near the trans-

position like that of CH2Cl•ECH2Cl does not occur. 

(2) The free rotation of the groups is improbable. 

(3) Therefore, the carbon-carbon bond in benzil is different from 

the pure single bond. 

As stated in the introduction, on account of the quantum mechanical 

resonance the carbon-carbon bond may acquire the double bond character. 

And the electronic structure of this bond has no longer the axial symmetry 

and tends to lock the groups either at the cis- or the trans-position. The 

dipole moment will be zero at the trans-position, while it will be very 

large at the cis-position. 

The simplest explanation of the present experiment is to consider the 

existence of the cis-form only, (the traps-form having a much larger 

energy). From this assumption the constancy in the moment follows, `at 

once. Then we have to consider that the bond moments of this molecule 

become very different from the ordinary ones on account of the quantum 

mechanical resonance. 

If, however, we consider the coexistence of the trans- and cis-con-

figurations, the variation of the moment with temperature should result. 

And the observable value of the moment should be governed by the Max-

well-Boltzmann's law of distribution. The small. decrease in the moment 

in CCl4 solution might indicate this effect, _but the temperature range of 

the present research is too small to draw a definite conclusion from it.

It is very interesting to note that diacetyl is re-

ported to behave just like ethylene dichloride. Accord-
illg to Zahn,(11)its momellt increases from 1.25 D at 66°

to 1.48D at 231°. Therefore in spite of its similar

structure to benzil, its carbon-carbon bond does not show any marked 

deviation from the single bond. Although further studies are desirable

(11) Zahn, Phys. Rev., ii, 40 (1932), 291.
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to explain it, we should like to point out here that a similar behaviour in 

dipole moment was recently discovered by Mizushima and Kubo.(12) 

Next, we will discuss the moment of ƒ¿-stilbene dichloride. 

Stilbene dichloride has two modifications (I and II of Fig. 3), and

α-modification is supposed to be form I.

Fig. 3. 

In Table 3 the comparison is made of the moments of this substance 

with those of ethylene dichloride in corresponding solvents. 

As benzene is known to exert specific solvent action on ethylene 

dihalides, the results in carbon tetrachloride are first considered. It is 

remarkable that ƒ¿-stilbene dichloride has almost the same moment as 

ethylene dichloride. As the moment of the rotating group -CH (C6H5) Cl is

Table 3. Dipole moment at 25℃.

supposed not to be much different 
from that of -CH2Cl (the moment 
of C6H5CH2Cl is 1.85 D in C6H6, 
while that of CH3Cl is 1.86 D in 
vapour), this indicates that large 

phenyl groups do not exert a 
marked influence on the intra-
molecular rotation. This is easily 
understood by the consideration 
that in form I, the most stable 

position is the traps-position as
regards to both phenyl groups and chlorine atoms, and the mutual effect 
of phenyl groups is not significant owing to large separation. 

The moment in benzene is larger than that in carbon tetrachloride. 
But this tendency is not so strong as it is observed in ethylene dichloride. 

As an explanation of anomalous behaviour of this substance in benzene, 
the formation of a loose-complex was proposed in which the mutual posi-

(12) Mizushima and Kubo, this Bulletin, 13 (1938), 174.
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Fig. 4.

tion of two chlorine atoms tends to approach 
the cis-position (4) (Fig. 4.). According to this
view, we might consider the case of α-stilbene

dichloride as follows. This loose complex ex-

ists in the benzene solution of stilbene di-

chloride, too, giving a higher moment. But 

the two chlorine atoms cannot approach so 

near as in the case of ethylene dichloride be-

cause of the greater repulsion due to two phenyl groups. 

Summary. 

(1) The dipole moment of benzil was studied in three solvents and 

its temperature dependence was examined. 

(2) The carbon-carbon bond of benzil is not a pure single bond and 

is probably a hybrid of single and double bonds. This is the result ex-

pected from Thiele's old idea of conjugated system and also from the 

quantum mechanical resonance. 

(3) The dipole moment of ƒ¿-stilbene dichloride was also studied 

in benzene and carbon tetrachloride solution. The result was com-

pared with that of ethylene dichloride. 

The research was conducted under the supervision of Professor M. 

Katayama and the author is specially indebted to Professor $. Mizushima 

for his guidance. Thanks are also due to Mr. T. A ndo for discussions. 
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