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The infrared and Raman spectra of several 
boron trihalides have been recorded1-9) and 
their Urey-Bradley force constants10), except 
for those of boron triiodide, have already been 
calculated. 

We have now recalculated the force con-
stants of the boron trihalides BX3 (X: F, Cl, 
Br and I) by using the most probable observed 
values of the fundamental frequencies of 10B 
and 11B compounds as a means of studying the 
transferability of force constants from boron 
trihalides to boron mixed halides. 

The force constants for boron mixed halides 
were estimated by applying the usual additive 
property11) to the recalculated values for boron 
trihalides. 

The calculated values of the normal vibra-
tional frequencies of boron mixed halides 
were obtained by using these constants and 
were compared with the observed values7). 

Calculations 

The boron trihalides have a planar configura-
tion and belong to the point group D3h12). 
These tetraatomic molecules have six normal 
modes of vibration, of which two are degene-
rate; ƒË1(Ai'), ƒË2(A2"), ƒË3(E') and ƒË4(E'). The

A1' mode is active only in the Raman and the 

A2" only in infrared spectra, while the doubly 

degenerate E' vibrations are both infrared and 

Raman active.

Unfortunately we have no configuration 

data for boron mixed halides. If the boron 

mixed halides of the BX2Y type are assumed 

to have a planar configuration, they belong to 

the point group C2v. All six normal modes,

thus, are nondegenerate; ν1(A1), ν2(A1), ν3(A1),

ν4(B2), ν5(B1)and ν6(B1). All the vibrations

are both infrared and Raman active. 
In this paper, only the in-plane vibrations 

(BX3; A1' and E', BX2Y; A, and B,) are 
described. 

The following symmetry coordinates are used 
for the transformation into the factored F and 
G matrices defined by Wilson13):

For BX3 molecules;

For BX2Y molecules;

The internal coordinates used in boron tri-

halides and boron mixed halides are shown 

in Fig. 1.

Fig. 1. Definition of internal coordinates 
for BX3 and BX2Y molecules.

The Urey-Bradley force constants of boron 

trihalides can be calculated uniquely by using 

the three observed values of fundamental fre-

quencies(v,,vsandva)whicharelistedin
Table I. 

In the calculation, the force constant F is
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TABLE I. TRIHALIDE FREQUENCIES USED TO 

CALCULATE FORCE CONSTANTS (cm-1)

assumed to be equal to -0.1F, as usual11), 
and the following molecular constants which 
have been previously reported are used; 
r(B-F) =1.295A14), r(B-Cl)=1.73A12), r(B-Br) 
=1.87A15) and r(B-I)=2.10A9), while all bond
angles=120°12,14,15).

For boron triiodide, the tentative values 

which had been proposed by Wentink and 

Tiensuu9) were used because there are no ex-

perimental values. 
The force constants calculated for each 

boron trihalide to fit the most probable funda-

mental frequencies are shown in Table II. 

In Table II, the force constants for the 1113 

compound of boron trichloride are not given 

because the frequency va for this molecule has 

not been observed, as is shown in Table I.

TABLE II. FORCE CONSTANTS OF BORON 

TRIHALIDES (105dyn./cm.)

TABLE III. ESTIMATED FORCE CONSTANTS FOR 

BORON MIXED HALIDES (105dyn./cm.)

It may be seen in Table II that the values 

for 10B and 1113 compounds are approximately 

equal, as was expected. The force constants of 

boron mixed halides are estimated by applying

TABLE IV. OBSERVED AND CALCULATED 

FREQUENCIES OF BORON MIXED HALIDES

The observed values are cited from the Ref. 7.

14) A. H. Nielsen, ibid., 22, 659 (1954). 
15) H. A. Levy and L. O. Brockway, J. Am. Chem. Soc., 

59, 2085 (1937).



July,1963] 785

the usual additive property to the constants 

for 11B compounds of boron trihalides. 

The bending force constant, H, and the re-

pulsive force constant, F, are evaluated from 
the following equation;

The stretching force constant, K, is assumed 

to be equal to one in boron trihalides. 

The values estimated for boron mixed 

halides are shown in Table III. 

The normal vibrational frequencies of boron 

mixed halides are calculated by using these 

constants. 

The molecular constants for these com-

pounds have not been given. Since it may be 
assumed that the nature of bonds of these 

molecules does not differ greatly from that of 

boron trihalides, their values are taken from 

those of the boron trihalides. 

Results 

It has been described how Urey-Bradley poten-

tial function is quite suitable for calculating 

the normal vibrational frequencies of saturated 

hydrocarbons and their halogen compounds11)

Making use of this function with reference 

to boron halides, we have obtained a good 

agreement between the observed and the 

calculated values of vibrational frequencies 

for boron mixed halides, as Table IV shows. 

The frequencies for va corresponding to the 

out-of-plane bending vibration are omitted in 

Table IV. 

The greatest difference between the observed 

and the calculated values was about •}2%, 

while the average deviation was about •}1%. 

It has thus been found that the transferabil-

ity of Urey-Bradley force constants from 

boron trihalides to boron mixed halides was 

reasonable and that the error due to the 

assumed planar configuration and molecular 

constants of boron mixed halides had no great 

effect to the transferability of the force con-

stants. 
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