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Recently vibrational spectroscopic studies of inorganic complexes have attracted 
some interest. Some good vibrational assignments have also been made for complexes 
like ammonia-boron trifluoride,l trimethylamine-boron trifluoride,2 acetonitrile- 
boron trifluoride,3 etc. In  some cases these assignments were followed up by normal 
coordinate analysis.4 As i t  was felt that the theoretical determination of other 
molecular constants like mean amplitude of vibration, Coriolis coupling constants, 
etc. for these complexes, would be of great use in future experimental studies, the 
present investigations were taken up. The first theoretical studies were made on the 
complex acetonitrile-boron trifluoride.5 I n  the present work the molecular constants 
for the complex ammonia-boron trifluoride with all its isotopic modifications have 
been determined. 

The complex &N,BF3 has a C3v symmetry with the vibrational modes 
distributed as 5A1+A2+6E. The A2 mode which represents the torsional motion is 
inactive both in Raman and infrared spectra. For the present calculations the 
vibrational assignment, internal and qymmetry coordinates, and the molecular 
parameters were taken from Taylor et al.1 The initial set of symmetry force constant 
(F) values were also taken from Taylor et al. However, when the eigenvalues of the 
GF product matrix were evaluated for H314N,11BF3, whereas the agreement with 
the observed frequency values was good for A1 species, the frequency reproduction 
for E species was poor. This may be due to the fact that the dispersion values even 
for the diagonal F matrix elements in the E species are large in the procedure of 
Taylor et al. Hence the E species force constants were improved iteratively till 
the experimentally observed frequencies were exactly reproduced for H314N,llBE'3. 
When these symmetry force constants were used to calculate the vibrational fre- 
quencies of the isotopic series H314N,10BF3, H315N,11BF3, D314N,11BF3, and 
D314N,10BP3 the agreement with the observed frequency values was fairly good. 
The symmetry F matrix elements are given in Table 1. The calculated and observed 
vibrational frequencies are given in Table 2. 
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The mean amplitudes of vibration for all the isotopic species were calculated 
using Cyvin's procedure6 and these values are given in Table 3. To check the depend- 
ence of non-bonded mean amplitudes on torsional vibrations, a torsional symmetry 

TABLE 1 

SYMMETRY F NATRIX ELEMENTS FOR NH3,BFs 
Symmetry force constants in mdyn A-1, mdyn rad-1, mdyn rad-2 

A1 class F11 
F 2 2  

P33 

3'44 

F 5 5  

E class p66 

F 7 7  

Fss  
P 9 9  

F l 0 1 0  

31111 

F a 7  

Spe- H3141J,11BF3 H314N,10BF3 H31sN,11BF3 D314N,11BF3 D314N,10BF3 
oies Calc.Obs. Calc. Obs. Calc. Obs. Calc. Obs. Calc. Obs. 

coordinate was introduced and the mean amplitudes were determined for two different 
torsional frequencies, viz. 25 and 150 cm-1 in the case of H314N,11BF3 only. I t  was 
found that gauche He . .F mean amplitude alone was dependent on torsional vibra- 
tions. 

The Coriolis coupling constants were evaluated using the procedure of Meal 
and Pol0.7 The most important amongst them, i.e, the diagonal elements of 

6 Cyvin, S. J., "Molecular Vibrations and Mean Square Amplitudes." (Universitetsforlaget : 
Oslo 1968.) 

7 Meal, J. H., and Polo, 8. R., J. chem. Phys., 1956, 24, 1119, 1126. 
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[Z(Ea x Eb), are given in Table 4 for all the isotopic species. All the abovementioned 
calculations were carried out on a UNIVAC 1108 computer a t  the computer centre in 
Xorges Tekniske Hggskole, Trondheim. 

WEAN AMPLITUDES (A) OF VIBRATION O F  T H E  ISOTOPIC SPECIES 

Ha14N,11BFs Hs14N,'OBF8 Ds14N,11BFa H316N,11BF3 Ds14N,10BFs 
Vibration 

0°K 2W0E 0°K 298°K O°K 29S0E 0% 298% OOE 29S°K 

At  torsional frequency 25 cm-'. b At torsional frequency 150 om-'. 

THE IiilPORTAHT FIRST-ORDER CORIOLIS COUPLING COEFFICIENTS gZ(Ea X E b )  FOR T H E  ISOTOPIC 

SPECIES 
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