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The molecular structures of monofluoro-
and o-difluorobenzenes with regards to the 
C-F distance from the resonance theory were 
investigated by Dr. H. Oosakat) using electron 
diffraction method. Recently a new appara-
tus which is capable of giving photographs 
of large scattering angle diffraction pattern 
has been constructed in our laboratory. We 
have reinvestigated the molecular structure 
of monofluorobenzene and also investigated 
the structure of monobromobenzene and 
determined the lengths of C-F, C-Br and C-C 
bonds using this new apparatus. 

Experimental 

The new apparatus is of the vertical hot cathode 
type, and the accelerated electron beam from the 
cathode is focused by an electromagnetic coil. 
The camera length is about 91 mm. The wave
length of the electron beam is  0.062～0.054 A,

which is calibrated by the gold photographs.

Monofluorobenzene (boiling point:  85.0℃.) was

synthesized2) by the following reaction:

Commercial monobromobenzene was purified by
distillation. (Boiling point: 154.0℃.).

Results and Discussion 

The theoretical intensity curves for several 
assumed molecular models have been calcu-
lated by the formula 3),

where q=10s/π, S=(4πsinθ/2)/λ, θ the scatter-

ing angle, and T. the wave length of the

beam. The thermal vibration factore exp 
(-bijq2) is ignored here 4).

In Table 1 are shown the assumed inter-
atomic distances of the molecular models 
with marks from A to H for fluorobenzene 
and from J to O for bromobenzene. The 
coplanarity of the benzene ring and the at-
tached halogen atom is assumed for all 
models. The visual intensity curves of ten 
or more photographs of each substance are 
compared with the theoretical curves in Figs. 
1 and 2. The q-values at the measured 
maxima and ratios q/qobs. with the devia-
tions of the theoretical q-values from the 
observed are listed in Tables 2 and 3 for 
each substance. 

Table 1 

Assumed Molecular Models Corresponding 
Interatomic Distances (cf. Figs. 1 and 2)

In order to determine the consistent mole-
cular models, we have compared the shapes 
and q-values of maxima of theoretical curves. 
and found the following characteristic features 

For monofluorobenzene, 1) the 7th maximum 
is influenced by C-C distance variation, 2) the 
4 th and the 6 th maxima, and the separation 
between the 3rd and the 4th change by C-C 
and C-F distances, and 3) the shape of the 9th 
and the 10th maxima has the characteristic 
feature for C-F variation, and it also depends 
slightly on the thermal vibration of the 
molecule (See Fig. 1). 

For monobromobenzene, 1) generally, the 
q-values of intense maxima shift sligtly by 
the variation of C-C distance, and 2) the 
6th, 8th and 11th maxima as well as the 
shape of the 4th maximum change with 
C-Br (See Fig. 2). 

These considerations lead us to the con-
clusion that:

1) H. Oosaka, This Bulletin. 15, 31 (1940). cf. C. Finbak 
& O. Hassel, Arch. Math. Natur'idenskab, 45, No. 3,8 
(]941). 

2) " Organic Synthesis " XIII. P. 46. 
3) R. Spurr and V. Schomaker, j. Ant. Chem. Soc., 64. 

2693(1942). cf. L. Pauling and L. O. Brockway, J. Am. 
Chem. Soc., 57, 2684 (1935). 

4) The influence of various thermal vibrations is small as 
wilt be seen in our next report on difluorohenzenes (5).
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Fig. 1. Theoretical and Visual Intensity 
Curves for Monofluorobenzene. 

The measured q-values of maxima are 
shown by arrows and dots on each curve. 
(These are the same in Fig. 2.)

Fig. 2. Theoretical and Visual Intensity 
Curves for Monobromobenzene

Table 2 

Observed q-values and the Comparison of Measured and Theoretical Values for Monofluorobenzene.

* See Fig. 1. for outer halos. 

** Used weights for each maximum are shown in the last column . In these average values 

the contribution of the C-C variation is predominant. 

Table 3 

Observed q-values and the Comparison of Measured and Theoretical Values for Monobromobenzene.
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* See Fig. 2 for outer halos.

C-F=1.30±0.03 A for monofluorobenzene,

C-Br=1.86±0.02 A for monobromobenzene,

alld C-C=1.39±0.02 A for the both.

This C-F length of monofluorobenzene is 
shorter than the previously reported value 
1.34 A1), but is more accurate since the outer 
halos are taken into account in this case. 
We are investigating the carbon-halogen dis-
tances of various halogenated benzenes con-
taining fluorine atom. For instance, the value 
1.30 A for C-F bond are obtained for m- and 
p-d ifluoroben zenes5). 

The Pauling formula, which shows the 
shortening of the bond length in the mole-
cule with resonance structures, is 

R=Rs-(Rs-Rd) (3x/2x+1), 

where x is the double bond character, R, and 
Ra are the interatomic distances5) for a single 
and double bond respectively, and R is the 
resultant intermediate distance. The values 
of x estimated from our observed bond lengths 
are 29% for C-F of monofluorobenzene and 
25% for C-Br of monobromobenzene. If 
we use the corrected values of Rs, 1.355 A for 
C-F and 1.883 A for C-Br, which are the 
length of the normal single bond proposed by 
Pauling and Schomaker7), we obtained 16.9% 
for C-F and 13.3% for C-Br.

Summary 

The molecular structures of monofluoro-
benzene and monobromobenzene have been in-
vestigated by the electron diffraction method. 
The C--F and C-Br distances in each
molecule have been determined as 1.30±0.03

Aand 1.86±0.02 A respectively. These dis-

tances are shorter than the case in which 
the bonds have the normal single bond cha-
racters. The double bond characters for 
these bonds have been calculated and obtained 
16.9% for C-F and 13.3% for C-Br, in 
which we have considered the corrected 
single bond lengths in both cases. 
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5) Published shortly (we have investigated for p- and o-
fluorochlorobenzenes, p-fiuorobromobenzene and m- and p-
difluorobenzenes). 

6) L. Pauling. "The Nature of the Chemical Bond" p. 
175 (1940).

Rs=1.41A, 1.91A for C-F, C-Br respectively, and Rd=1.21A, 

1.81A for C=F, C=Br respectively. 
7) L. Pauling and V. Schomaker, J. Am. Chem Soc., 63, 

37 (1941).
RAB=RA+RB-β|xA-xB|.  values for C-F, C-Br bonds

are as follows:
RO=0.77A*, RF=0.72A, RBr=1.14A*, xC=2.5, xF.=4.0,
xBr=2.8, β=0.09.  C-F : 0.77+0.72--0.09(4.0-2.5)=1.355A,

C-Br : 0.77+1.14-0.09(2.8-2.5)-1.883A. 
* proposed by Pauling and Huggins .


