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The dipole moment of acenaphthene was 

determined in 1949 by Lumbroso1) as 0.97D, 

and then in 1950 by Bergmann et al.2) as 

0.85D, both measurements being made in 

benzene solution. Recently, Chau and Le 

Fevre3) gave the value 0.81D for this sub-

stance first determined in the gaseous 

phase and 0.80D in carbon tetrachloride 

solution. 

Since there is divergence of moment 

values, it was thought worth while to make 

an exact measurement on this polar hydro-

carbon using the gas-optical method at 

several temperatures. Measurements were 

carried out also in benzene solution for 

the sake of comparison. 

Two chlorine derivatives of acenaph-

thene were prepared for the present work 

and their dipole moments were also meas-

ured in benzene solution at 25•Ž. 

A discussion is given on the polarity of 

acenaphthene and on related problems.

Experimental Procedure

1. Materials. -(I) Acenaphthene. -M.p. 95-96℃.

This substance (supplied from Yawata Ironworks)

was recrystallized from benzene.

(II) 5-Chloroacenaphthene. -M.p. 69. 5-70.5℃.

Acenaphthene was dissolved in chloroform, and 

chlorinated by sulfuryl chloride. Then the 

chlorinated product was distilled twice in vacuo 

(5mmHg). The fraction boiling at 145-155•Ž was 

recrystallized from ethanol, and then from 

carbon tetrachloride. 

(III) 5, 6-Dichloroacenaphthene. -M.p. 166-168 

•Ž. 5-Chloroacenaphthene was dissolved in 1, 2-

dichloroethane and chlorinated by sulfuryl chlo-

ride in the presence of PCl5. The product was 

recrystallized from benzene. 

Solvent Benzene. -The solvent benzene was 

made free from thiophene by anhydrous AlCl3. 

It was then dried over metallic sodium and 

distilled. 

2. Measurement. -The dielectric constants 

were measured by the heterodyne double-beat 

method in the gaseous state4), and by the re-

sonance method in solution5).

1) H. Lumbroso, Compt. rend., 228, 1425 (1949). 
2) E.D. Bergmann et al., J. chim. Phys., 48, 356 (1951). 
3) J.Y.H. Chau and R.J.W. Le Fevre, Australian 

J. Chem., 8, 562 (1955).

4) T. Chiba, This Bulletin (to be published). 
5) R.J.W. Le Fhvre and P. Russel, Trans. Faraday 

Soc., 43, 374 (1947).
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The density d was measured by a pycnometer. 

The molar polarization of the solute extrapolated 

to the infinite dilution (P2•‡) was calculated by 

means of the equation proposed by Halverstadt 

and Kumler6). 

The sum of atomic and electronic polarization 

(PE+PA) was assumed to be equal to MRD, 

where MRD is the molar refraction at D-line. 

MRD of (I) was calculated from refractive 

index and density obtained for the melted state. 

MRD of chlorine derivatives were taken as the 

sum of MRD (I) and the atomic refraction of 

Cl, i.e., MRD(II)=MRD(I)+ARD(Cl)-ARD(H) .

Results

TABLE I

(I) Acenaphthene MRD=52.0cc.

(I) Acenaphthene MRD=52.0cc.

(II) 5-Chloroacenaphthene MRD=56.9cc.

(III) 5, 6-Dichloroacenaphthene MRD=61.7cc.

Discussion of Results 

In agreement with the results of the 

preceding workers, a dipole moment of 

acenaphthene 0.93D as vapor was found in 

the present measurement. 

This marks high polarity as a hydro-

carbon. It is to be noted in this connection 

that the moment of acenaphthene is ap-

proximately equal to, or slightly larger 

than, twice of that of toluene, that is, 

0.37D•~2=0.74D. 

Further, the existence of an abnormal 

solvent effect as suspected from the previous 

data*1,2) can be definitely ruled out both 

from the work of Chau and Le Fevre3) and 

from the present research. 

The dipole moments of acenaphthene, 

5-chloroacenaphthene and 5, 6-dichloro-

acenaphthene are compared with those of 

naphthalene, 1-chloronaphthalene and 1, 8-

dichloronaphthalene8) (see Fig. 1). Almost 

equal increases in moment upon the suc-

cessive substitution of Cl atoms are found 

both in acenaphthene and naphthalene. 

The increase 1.31-1.35D on the introductionn 

of the second Cl atom is lower than the 

increase on the first substitution 1.51-1.65D. 

The apparent reduction is due to the 

mutual induction of the two C-Cl dipoles.

(I) (II) (III)

Fig. 1

From the above comparison, it will be 
seen that the electron displacement in an 
acenaphthene molecule caused by the 
substitution of Cl atoms is essentially not

6) I.F. Halverstadt and W.D. Kumler, J. Am. Chem. 
Soc., 64, 2988 (1942). 

7) v. Auers and Friihling, Ann. 422, 200 (1921).

* Lumbroso's value in 1947 was 1.57D. 
8) G.C. Hampson and A. Weissberger, J. Chem. Soc., 

1936, 393.
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much different from that in naphthalene. 
In other words, no special change occurs 
which might be expected from the exist-
ence of the linkage C1-C2. Therefore, the 
dipole moments of Cl-derivatives of ace-
naphthene can be calculated by the simple 
rule of vector addition. 

The moment of 5-chloroacenaphthene is 
larger by 0.99D than that of 1-chloro-
naphthalene while 5, 6-dichloroacenaph-
thene is larger by 1.03D than 1, 8-dichloro-
naphthalene. It can be concluded, there-
fore, that the dipole moment of acenaph-
thene of about 0.9D has the direction shown 
by the arrow head in Fig. 1. 

This fact may deserve special attention, 
since it has been reported9) that the most 
reactive positions of acenaphthene in the 
substitution reactions are its 5 and 6 posi-
tions. 

Summary 

The dipole moment of acenaphthene (I) 
was measured in the gaseous phase as

0.93D. Measurement in benzene solution 

at 25•Ž gave the following moment values: 

acenaphthene (I) 0.85D; 5-chloroacenaph-

thene (II) 2.50D; and 5, 6-dichloroacenaph-

thene (III) 3.85D. By the comparison with 

the moments of naphthalene derivatives 

it was shown that the moments of (II) and 

(III) are approximately equal to the sums 

of the moment of (I) and the moments 

arising from one and two C-Cl bonds, 

respectively. 
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