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A complete normal coordinate analysis for the complex acetonitrile-boron trifluoride has been 
carried out for the first time. Mean amplitudes of vibration, Bastiansen-Morino linear shrinkages, 
and the most important Coriolis coupling constants have also been determined. 

Very recently a thorough vibrational study of 
acetonitrile-boron trifluoride1, BF3NCCH3, has been 
given for the first itime. The work 1 contains a nor-
mal coordinate analysis. It is not quite clear why 
we have not been able to reproduce exactly all of 
the calculated vibrational frequencies using the given 
force constants. One of the reasons may be an un-
sufficiently detailed specification of the applied va-
lence coordinates. Nevertheless the reported force 
constants1 were useful as a starting point in our 
normal coordinate analysis. We give here a detailed 
specification of the valence coordinates "which wTere 
used to construct the symmetry coordinates. The 
final force field of the present analysis is given as 
the F matrix based on the symmetry coordinates. 

As the main purpose of this work the developed 
force constants are used to compute mean amplitu-
des of vibration 2 and the linear shrinkage effects 2. 
Calculated Coriolis coupling constants are also 
given. 

Molecular Model 

The calculations pertain to a free BF3NCCH3 

molecule, for which a staggered C3u structure is as-
sumed; see Fig. 1. The structural parameters were 
taken from Ref. \ viz.: r = C - H = 1.157 Ä, R = 
B - F = 1.347 A, e? = B —N = 1.630 Ä, D = C = N = 
1.135 Ä, L = C — C = 1.439 Ä ; a = HCH and con-
sequently ß = CCH were assumed to be the tetra-
hedral angles; (5 = FBF = 113.13° gives a certain 
calculated angle for y = NBF; the BNCC chain is 
linear. 

Reprints request to Prof. Dr. S. CYVIN , Institute of Physi-
cal Chemistry, Technical University of Trondheim, N-7034 
Trondheim-NTH, Norway. 

1 B. SWANSON and D. F. SHRIVER, Inorg. Chem. 9, 1406 
[1970]. 

The applied valence coordinates are specified in 
the following way with reference to the numbering 
of atoms as given in Fig. 1. 
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Fig. 1. The acetonitrile-boron trifluoride molecular model; 
symmetry Ĉ v • 

ÄTi 0 ' = 1, 2, 3) for the C - H stretchings of the 
bonds r{(i — 4 ) ; AL(4-5), z fZ> (5 -6 ) and Ad 
(6 - 10) are the C - C, C = N and B - N stretchings, 
respectively. ARt represents the B — F stretchings of 
Ä 1 ( 7 - 1 0 ) , Ä 2 ( 8 - 1 0 ) a n d Ä 3 ( 9 - 1 0 ) . 

Adi (i = 1, 2, 3) for the HCH bendings of ax 

( 2 - 4 - 3 ) , a 2 ( l — 4 — 3) and a 3 ( l - 4 - 2 ) ; Aß{ 

for ßi(i-4—5); Ab{ for < 5 ^ 8 — 1 0 - 9 ) , <3 2 (7 -10 
- 9 ) and c53(7 — 10 — 8 ) ; Ay{ for ^ ( 7 - 1 0 - 6 ) , 
7 , ( 8 - 1 0 - 6 ) and y s ( 9 - 1 0 - 6 ) . 

AEX and AEY are the linear NCC bendings in the 
X and Y directions; a positive AEX moves the cen-

2 S. J. CYVIN , Molecular Vibrations and Mean Square Am-
plitudes, Universitetsforlaget, Oslo, and Elsevier, Amster-
dam, 1968. 
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tral C atom in the negative direction of the X axis. 
AQX and AQV are correspondingly the BNC linear 
bendings. 

Ax is a coordinate of internal rotation and taken 
as a combination of three torsions, viz. 

- 3~l/* (Axlt 4 ) 1 0 I 7 + AX2> 4 ,10 , 8 + Ax3> 4> 10> 9). 

Symmetry Coordinates 

Species A1: 

St = 3~1,t(Ar1 + Ar2 + Ar3), 
S2 = AL, 
Si =AD, 
5 4 =Ad, 
55 = 3~1/*(AR1+AR2 + AR3), 
S6* = 3~t/'r(Aa1 + Aa2 + Aa3), 
S6**=(rL/3)1/>(Aß1 + Aß2 + Aß3), 
SS* = 3-l/l R (Ad1 + Ad* + Ad3), 
S7** = (R d/3)1/1 (Ayt + Ay2 + Ay3). 

The final S6 and S7 coordinates are constructed 
using the relationship 

SJ - M,J S* — M" S** (J = 6, 7) 

where mf and m / ' are proper constant factors which 
make " c * , m ' c ** n rrij Oj + rrij jj = U 

as the normalized zero coordinates. Numerically it 
was found 

5 6 = 0.6676 S6* - 0.7445 S6** 
and 

5 7 = 0.6070 S7* - 0.7947 S 7 *\ 

Species A2: 
S = ( r R V ' A x . 

Species E (a): 

S9a = 6~V l (2 Art — AT2 — Ar3), 
^ioa = 6 - V l (2 AR1 — AR2 — AR3), 
S l l a = 6 - I / l r (2 Aax - Aa2 - Aa3), 
S12A=(rL/6)^(2Aß1-Aß2-Aß3), 
5i3a = 6 - 1 / l R (2 Adx — J<52 — Ad3), 
Su, = (Ä d/6)1/1 (2 Zf7l - Ay2 - Ay3), 
S15&=(LD)1'*€X, 
s163L=(Ddy*QX. 

Species E (b): 

S9b = 2 - ^ ( ^ 2 - ^ 3 , ) 
Sm = 2~l'^AR2-AR3)i 

Snh = 2~lltr{Aa2-Aa3), 
S12h=(rL/2y>(Aß2-Aß3), 
S13b = 2-1'tR(AÖ2-AÖ3), 
SUh=(Rd/2)^(Ay2-Ay3), 

The symmetry coordinates should differ only in a 
trivial manner from those of Ref. 1 : (a) the coordi-
nate of internal rotation in species A2 is included 
here, (b) the angle bendings are scaled by multiply-
ing with constant factors with the dimension of 
length, and (c) the sequence differs; the present 
symmetry coordinates are arranged with respect to 
the types of valence coordinates, but irrespective of 
the wave numbers of the vibrational assignment. 

Harmonic Force Field 

After the detailed specification of the symmetry 
coordinates the harmonic force field may be given 
in a convenient way. Table 1 shows the Ax and E 

Table 1. Symmetry force constants (mdyne/A) of acetonitrile-boron trifluoride. 

Species A\ 
1 5.042 
2 0.000 5.332 
3 0.000 0.001 18.877 
4 0.000 0.089 - 0.271 2.519 
5 0.000 0.000 - 0.001 0.739 6.532 
6 0.053 - 0.294 0.000 0.000 0.000 0.422 
7 0.000 0.000 0.000 - 0.491 0.307 0.000 0.610 

Species E 
9 4.885 

10 - 0.023 2.767 
11 0.092 0.093 0.424 
12 0.200 0.048 0.010 0.403 
13 - 0 . 0 0 9 0.328 0.040 - 0.004 0.545 
14 0.003 0.289 - 0.021 0.003 - 0.099 0.631 
15 0.000 0.038 - 0.004 - 0 . 0 4 5 - 0.006 0.067 0.339 
16 0.000 0.006 - 0 . 0 0 2 - 0.001 - 0.001 - 0.001 0.015 0.097 



Table 2. Observed 1 and calculated frequencies (cm - *) for isotopic molecules of acetonitrile-boron trifluoride. 

Fre- 11B n B D n B 1 5 N " B 10BD 
quency Obs. Calc. Obs. Cale. Obs. Calc. Obs. Calc. Obs. Cale. 

No. 

1 2956 2956.0 2123.5 2123.2 2955.8 2956.0 2957.0 2956.0 2121.9 2123.2 
2 2376.2 2376.2 2373 2379.3 2338.4 2343.7 2373.9 2376.3 2373.8 2379.4 
3 1372.0 1372.0 1106.7 1121.3 1373.3 1371.8 1374.2 1372.0 1106.6 1121.4 
4 978.7 978.7 892.2 883.5 968.7 967.9 979.0 980.2 899.8 899.5 
5 869.5 869.5 863.9 864.1 879.0 869.5 883.8 889.8 886.6 870.0 
6 651.4 651.4 647.5 647.3 654.6 651.5 660.5 663.2 655.9 658.9 
7 359.2 359.2 348.7 347.7 356.1 357.5 358.6 359.3 347.8 347.9 
9 3029.5 3029.5 2271 2253.6 3026 3029.5 3029 3029.5 2269 2253.6 

10 1430 1430.0 1024.7 985.6 1420 1430.1 1430 1437.0 1025.7 988.6 
11 1170 1170.0 1170 1215.9 1170 1169.6 1205.8 1212.5 1206 1262.5 
12 1031.4 1031.4 848 857.3 1032 1031.1 1028.6 1031.5 850 857.3 
13 520.9 520.9 518.8 501.6 516.0 512.1 522.0 520.9 518.7 501.7 
14 422.8 422.8 407 397 9 417.7 422.6 422.2 423.2 406.5 398.2 
15 314.3 314.3 298.6 312.0 312.8 313.8 313.9 314.3 298.1 312.0 
16 98.5 98.5 97.3 93.5 — 97.6 100.1 98.5 98.0 93.6 

blocks of the symmetry F matrix obtained as the 
final result of the present analysis. During several 
iterative steps the force constants were adjusted to fit 
exactly the observed frequencies1 for 11BF3NCCH3 . 

The force constants developed here are practically 
the same as those of the previously reported force 
field1 with two notable exceptions, for which we 
were not able to explain the discrepancies. 
(1) F33 = 0.585 mdyne Ä in the notation of Ref. 1 

is not quite compatible with the corresponding 
value of 0.634 mdyne Ä from the present ana-
lysis when based on unsealed angle bendings. 

(2) The given B —F stretching constant1, viz. 3.76 
mdyne/Ä is different from our value of 2.767 
mdyne/Ä. 

Table 2 shows the calculated frequencies for sev-
eral isotopic molecules of acetonitrile-boron trifluo-
ride. The agreement with observed values 1 is gen-
erally good and comparable with the results of Ref . 1 . 

Coriolis Coupling Constants 

The most important Coriolis coupling constants 
in a symmetrical top molecule are the first-order 
ones, which correspond to the diagonal elements of 
the {EaX Eb) matrix. The force constants were 
used to calculate these quantities, and the results 
are given in Table 3. 

Mean Amplitudes and Shrinkage Effects 

The main purpose of this work was to compute 
mean amplitudes of vibration and the linear Bastian-

Table 3. First-order Coriolis coupling constants for isotopic 
molecules of acetonitrile-boron trifluoride. For the number-

ing of frequencies (species E), see Table 2. 

No. HB n B D nB 1 5N 10£ 10BD 

9 0.203 0.311 0.203 0.203 0.311 
10 - 0.314 - 0.373 - 0.314 - 0.246 - 0.410 
11 0.844 0.852 0.844 0.778 0.891 
12 0.450 0.549 0.449 0.450 0.549 
13 0.724 0.575 0.720 0.723 0.573 
14 0.291 0.236 0.278 0.290 0.236 
15 - 0.660 - 0.601 - 0.654 - 0.660 - 0.601 
16 0.597 0.576 0.607 0.597 0.576 

sen-Morino shrinkage effects for 11BF3NCCH3 . It 
seems to be of special interest to establish a mean 
amplitude value of the unusual B — N bond between 
the two parts of the weak complex. Within the usual 
approximation of small harmonic vibrations the un-
known torsional frequency of species A2) has 
an influence only on one of the eighteen types of 
mean amplitudes. The calculated values for the re-
maining seventeen types of mean amplitudes are 
shown in Table 4. The calculated interatomic sepa-
rations for each type of atom pairs are given (in Ä 
units) in parentheses ( R ) . 

The gauche-H . . . F mean amplitude is highly de-
pendent on the torsional frequency. Table 5 shows 
the calculated results for two values of J'8 , incident-
ly chosen as 25 c m - 1 and 150 c m - 1 . It is to be ex-
pected that the applied aproximation of small har-
monic vibrations fails at such low frequencies as 
25 c m - 1 . 

The Bastiansen-Morino shrinkage effects for the 
linear BNCC chain are defined in the usual way 1, 



Table 4. Mean amplitudes of vibration (Ä units) for most of 
the distances in "BF3NCCH3 . 

Distance ( R ) 0°K 298 °K 

C - H (1.157) 0.078 0.078 
C - C (1.439) 0.046 0.047 
C = N (1.135) 0.034 0.034 
B - N (1.630) 0.058 0.061 
B - F (1.347) 0.050 0.053 
N • • C (2.574) 0.049 0.050 
B • • • C (short) (2.765) 0.060 0.064 
B • • • C (long) (4.204) 0.066 0.071 
C • • • H (2.126) 0.104 0.105 
N • • • H (3.154) 0.119 0.123 
B • • • H (4.718) 0.134 0.155 
N • • • F (2.376) 0.060 0.067 
C • • • F (short) (3.384) 0.069 0.100 
C • • • F (long) (4.745) 0.084 0.139 
H • • • H (1.889) 0.128 0.128 
F • • • F (2.248) 0.062 0.073 
trans-H • • • F (5.496) 0.122 0.136 

Table 5. Mean amplitudes of vibration (A units) for the 
gauche-H . . . F distance in 11BF3NCCH3; interatomic sepa-

ration : 5.095 A. 

V8(cm_1) 0°K 298 °K 

25 0.189 0.490 
150 0.163 0.242 

and may all be calculated independent of the torsio-
nal frequency. The results are given in Table 6. 

Table 6. Bastiansen-Morino shrinkage effects (A units) in 
11BF3NCCH3 . 

Distance 0 ° K 298 °K 

N' 
B 
B 

C 
C (short) 
C (long) 

0.0057 
0.0073 
0.0133 

0.0072 
0.0175 
0.0328 

Concluding Remarks 

The present calculations of mean amplitudes and 
shrinkage effects would be of great interest in a 
possible electron diffraction investigation of the 
molecule in question. This method has also proved 
to be useful in the studies of the phenomenon of 
internal rotation. In connection with such studies 
the present calculations might be pursued to de-
termine the framework mean amplitudes as func-
tions of the angle of internal rotation. The case 
would be especially convenient for such computa-
tions because the torsional frequency, which pertains 
to the internal rotation, is completely separated from 
all the other normal modes by virtue of symmetry. 
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Kathodolumineszenzabklingen von KJ und KJ(In) oberhalb 78 °K 

W O L F G A N G S C H W A R Z u n d E D G A R R I E F L I N 

Fakultät für Physik der Universität Freiburg i. Br. 
(Z. Naturforsdi. 26 a, 1349—1356 [1971] ; eingegangen am 30. April 1971) 

Decay of Cathodoluminescence of KJ and KJ (In) above 78° K 

The lifetimes of cathodoluminiscence of KJ and KJ(In) were investigated above 78 °K. The 
dependence of irradiation was compared with the production of traps; the measurements showed 
some correlation between the lifetime and the ratio of concentrations of M- and F-centers. This 
correlation is confirmed by a reactionkinetical model. 

Einleitung 

Das Eigenlumineszenzspektrum von Kalium-
jodid-Kristallen enthält bei Temperaturen um 80 °K 
zwei Banden der Wellenlängen 371 nm und 302 nm; 
diese Banden treten auf bei optischer Erregung 

Sonderdruckanforderungen an: W. SCHWARZ , Physika-
lisches Institut der Universität Freiburg. D-7800 Frei-
burg i. Br., Hermann-Herder-Straße 3. 

oberhalb der Bandkante, bei Erregung mit ioni-
sierender Strahlung und bei Ausleuchtung nach Er-
regung mit ionisierender Strahlung bei 80 °K. Der 
Prozeß der 371 nm-Lumineszenz läßt sich folgender-
maßen beschreiben1: durch den Einfang freier Elek-
tronen in lokalisierte Löcher (F^-Zentren) bilden 

1 H. B L U M E , P. B R A U E R u. G . STUHMER, Z . Naturforsch. 
21a, 849 [1966]. 


