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The infrared and Raman spectra of several
boron trihalides have been recorded' ® and
their Urey-Bradley force constants'®?, except
for those of boron triiodide, have already been
calculated.

We have now recalculated the force con-
stants of the boron trihalides BX; (X: F, CI,
Br and I) by using the most probable observed
values of the fundamental frequencies of !'B
and 'B 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
property!'”? 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 values™.

Calculations

The boron trihalides have a planar configura-
tion and belong to the point group Dan!?.
These tetraatomic molecules have six normal
modes of vibration, of which two are degene-
rate ; vi(A,"), v2(Az'"), va(E') and vs(E'). The
A;' mode is active only in the Raman and the
A.'"' only in infrared spectra, while the doubly
degenerate E' vibrations are both infrared and
Raman active.
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Unfortunately we have no configuration
data for boron mixed halides. If the boron
mixed halides of the BX:Y type are assumed
to have a planar configuration, they belong to
the point group C,. All six normal modes,
thus, are nondegenerate ; v1 (A1), v2(A1), va(Ay),
vi(B:), vs(By) and vs(B:). All the vibrations
are both infrared and Raman active.

In this paper, only the in-plane vibrations
(BX;; A, and E', BX;Y; A, and B,) are
described.

The following symmetry coordinates are used
for the transformation into the factored F and
G matrices defined by Wilson'®:

For BX; molecules ;

A Si=(dri+dr;+4r)/V'3

E'; Ss=(24ri—dr.— 4dr3)/V'6
Si=Qdan—daz— das)/V'E

For BX.Y molecules ;

A S1=(4dRy+ dr;+dr3) V'3
So=(24R,—dr,—4r;) /16
S3=(24B:—da—da3)/V 6

B:; Ss=(dra—4r3) /v 2
Ss:(dﬂlz—ﬁﬂm)/’\/-f

The internal coordinates used in boron tri-
halides and boron mixed halides are shown
in Fig. 1.

Fig. 1. Definition of internal coordinates
for BX; and BX:Y molecules.

The Urey-Bradley force constants of boron
trihalides can be calculated uniquely by using
the three observed values of fundamental fre-
quencies (vi, vs and v;) which are listed in
Table I.

In the calculation, the force constant F' is
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TABLE I. TRIHALIDE FREQUENCIES USED TO
CALCULATE FORCE CONSTANTS (cm™!)
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It may be seen in Table II that the values
for '°B and "'B compounds are approximately
equal, as was expected. The force constants of
boron mixed halides are estimated by applying

Yy v Yy
10BF48) 888 1505 482
HUBF,a) 888 1454 480
10BC, 471 994 —
UBClg®? 471 954 243
10BBryb? 278 856 150
BBy, 278 820 150
10B]b> 190 737 100
UBID 190 704 100

a) From Ref. 7
b) From Ref. 9

assumed to be equal to —0.1 F, as usual''?,
and the following molecular constants which
have been previously reported are used ;
r(B-F) =1.295A1, r(B-C1)=1.73A'®, r(B-Br)
=1.87A' and r(B-1)=2.10A®, while all bond
angles=120°12:14,15,

For boron triiodide, the tentative values
which had been proposed by Wentink and
Tiensuu® 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 '°B
compound of boron trichloride are not given
because the frequency vy for this molecule has
not been observed, as is shown in Table L.

TaABLE II. FORCE CONSTANTS OF BORON
TRIHALIDES (10° dyn./cm.)

K H F
1BF, 6.032 0.210 0.932
1BF, 6.051 0.212 0.925
10BCl, — — —
1BCl, 3.022 0.055 0.537
©BBry;  2.401 0.058 0.412
uBBr,  2.406 0.059 0.411
10B], 1.838 0.042 0.287
1uBJ, 1.838 0.041 0.287

TABLE III. ESTIMATED FORCE CONSTANTS FOR
BORON MIXED HALIDES (10°dyn./cm.)

K(B-F) 6.051 H(F-B-F) 0.212 F(F--F) 0.925
K(B-Cl) 3.022 H(F-B-CI) 0.134 F(F---Cl) 0.731
K(B-Br) 2.406 H(F-B-Br) 0.136 F(F---Br) 0.668
K(B-I) 1.838 H(F-B-I) 0.127 F(F--I) 0.606
H(CI-B-Cl) 0.055 F(Cl---Cl)0.537
H(CI-B-Br) 0.057 F(Cl---Br) 0.474
H(CI-B-I) 0.048 F(Cl--I) 0.412
H(Br-B-Br) 0.059 F(Br-Br)0.411
H(Br-B-I) 0.050 F(Br--I) 0.349
H(I-B-I) 0.041 F(I--I) 0.287
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59, 2085 (1937).

TABLE IV. OBSERVED AND CALCULATED
FREQUENCIES OF BORON MIXED HALIDES

(cm~1)

Yy va v Vs Ya

10BF,Cl Obs. 1286 701 — 1470 366
Caled. 1265 708 428 1485 367

uBF;Cl Obs. 1242 696 427 1421 366
Caled. 1223 703 428 1428 365

WBF;Br Obs. 1247 637 — 1468 —
Calcd. 1228 646 363 1483 339

UBF,Br Obs. 1208 632 — 1417 —
Caled. 1188 639 363 1431 337

1BF.I Obs. - - —_ - — —_—
Caled. 1197 615 326 1480 322

UBF,1 Obs. — - - - —
Caled. 1161 608 325 1428 320

1WBCl;F  Obs. 1355 — — 1031 —
Caled. 1360 575 268 1035 376

UBCl;F Obs. 1312 - — 993 —
Caled. 1315 571 267 993 375
10BCl:Br Obs. 916 — — 991 —
Caled. 915 409 214 991 208
UBCl;Br Obs. 878 405 218 951 —
Calcd. 878 409 213 952 207

WBClsI  Obs. — - - - — —
Caled. 854 378 196 985 185

UBClJI  Obs. — —_ = — —
Caled. 820 377 196 946 185

WBBr:F  Obs. 1344 — — 901 —
Caled. 1342 442 178 915 324

UBBr,F  Obs. 1302 — — 862 —
Caled. 1298 439 178 876 324
10BBr;Cl Obs. 954 —_— — 864 —
Caled. 952 346 166 860 192
UBBr.Cl Obs. 918 - — 827 195
Caled. 913 346 166 824 192

1BBr;I  Obs. — — — — —
Caled. 834 230 141 850 128

UBBr;I  Obs. — — — — —
Caled. 798 230 141 813 128

10BI,F Obs. - - — — -
Calcd. 1319 378 123 818 302

UBLLF Obs. — - — — -
Caled. 1277 374 123 782 302

WB[,Cl  Obs. - — — — —
Calcd. 916 287 118 750 170

UBI[,Cl  Obs. - - - -— —
Calcd. 880 286 118 717 170

WB[,Br  Obs. — e - — -
Calcd. 812 220 108 746 124

UBLBr  Obs. - - - — —
Caled. 777 220 108 713 124

The observed values are cited from the Ref. 7.
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the usual additive property to the constants
for "B compounds of boron trihalides.

The bending force constant, H, and the re-
pulsive force constant, F, are evaluated from
the following equation ;

H(X-B-Y)=[H(X-B-X)+ H(Y-B-Y)] /2
F(X-Y)=[F(X--X)+F(Y-Y)]/2

The stretching force constant, K, is assumed
to be equal to one in boron trihalides.
The values estimated for boron

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.

mixed

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 compounds'®’.

785

Making use of this tunction 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 v, 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 +29%,
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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