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The boron and nitrogen hyperfine structure in the rotational spectra of aminodifluoroborane has
been investigated and the quadrupole coupling constants of !B and nitrogen have been determined.
We get the following results for the nuclear quadrupole coupling constants: y,,(*!B)= —1.971(6)
MHz, y,,(*'B)=—0.500(11) MHz, x.(''B)=2471(11) MHz, and y,,(**N)=0.890 (5) MHz,
155 (**N) = 2.303 (7) MHz, x,.(**N) = —3.193 (8) MHz. Additionally we determined rotational and
centrifugal distortion constants according to Watson’s A reduction.

Key words: Microwave spectroscopy, nuclear quadrupole hyperfine structure, aminodifluoroborane.

Introduction

Several types of aminoboranes, general formula
R,N-BR/, can often be prepared by pyrolysis of bo-
rane-ammonia complexes:

R,NBR, - R,N-BR), +RR..

For example aminoborane, NH,BH, (R=R'=H),
which is isoelectronic with ethylene CH,CH, is pre-
pared by pyrolysis of the precursor molecule ammo-
nia borane NH;BH; [1]. Gaseous aminodifluorobo-
rane, NH,BF,, which is isoelectronic with CH,CF,
may be prepared using the same preparation method.
In this case ammonia-boron trifluorid NH;BF; is the
precursor molecule. Both aminoborane compounds
mentioned above are unstable in opposition to their
organic analogs.

The microwave spectra of 6 isotopomers of
aminodifluoroborane, '*NH,'!'BF,, '*NH,!°BF,,
ISNH,!'BF,, !’NH,'°BF,, !*ND,!'BF, and
1“ND,!°BF,, were first observed and assigned by
Lovas and Johnson [2]. They determined the structure
and the dipole moment of the planar molecule, which
belongs to the point group C,y .

The nitrogen and the boron nucleus in aminodi-
fluoroborane have nuclear spins I larger than 1/2,
I(**N)=1 and I (*'B) = 3/2, which give rise to a hy-
perfine structure (hfs) of the rotational transitions due
to quadrupole coupling of both nuclei. Lovas et al.
were not able to resolve these hyperfine structures.
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Therefore they could not determine the nuclear
quadrupole coupling constants of both nuclei.

Experimental

Gaseous NH,BF, was prepared by pyrolysis of
solid ammonia-boron trifluoride NH;BF;.

400—-410K

H,NBF, H,N-BF, + HF.

The precursor substance amonia-boron trifluoride
was prepared by the reaction of ammonia and boron
trifluoride. 100 Torr of gaseous ammonia was filled in
an evacuated glass bulb and frozen at — 196 °C (liquid
nitrogen). Then 100 Torr of gaseous boron trifluoride
was filled in the cooled glass bulb. The mixture was
allowed to warm to room temperature. During this
time both substances, ammonia and boron trifluoride,
react and build the white solid reaction product am-
monia-boron trifluoride. This procedure was repeated
several times until we gathered about 1 g of ammonia-
boron trifluoride. This substance was used as precur-
sor for the pyrolysis without further purification.
The lifetime of NH ,BF, was only about 1 min in the
brass cells of the microwave Fourier transform
(MWFT) spectrometers [3—6]. So we had to use a
flow-system to measure the spectra. The rotational
transitions of NH, BF, were recorded in the frequency
range between 5 and 18 GHz at room temperature
and pressures between 0.13 and 0.65 Pa. We measured
only transitions of the main isotopomer '*NH,'!BF,.
These transitions are listed in Table 1. The frequencies
of all hyperfine components were determined by a
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Table 1. Rotational transitions of "*NH,''BF,, v_: hypothetical center frequency, d,: difference between calculated and hypothetical center frequency, v,,,:
frequency of the hyperfine component, Av, : experimental hfs-splitting referred to the hypothetical center frequency, Av,,,.: calculated hfs-splitting referred to the
center frequency, o: difference between experimental and calculated hfs-splitting. Transitions marked with *, are used for the hfs-analysis.

JK K,—J K K, Ve Se JK_ K,—J K K/, Ve S
[MHz] [MHZ] [MHz] [MHz]
F I F I Vobs AVexp Aveale o F I J A Vobs Avexp Aveare o
[MHz] [MHz]  [MHz]  [MHgz] [MHz] [MHz]  [MHz]  [MHgz]
Ly = Upo® 14483216 —0.049 4, — 4,,* 17 341.294 —0.007
05 05 05 05 14 482.985 —0231  —0230  —0.001 1.5 25 15 25 17 340.991 —0303  —0.310 0.007
05 15 05 05 14 483.726 0.510 0.506 0.004 25 15 25 15 17340.850  —0.444  —0.450 0.006
15 05 05 05 14 483.198 —0018  —0017  —0.001 25 25 25 25 17 341.481 0.187 0.195  —0.008
15 25 05 05 14 483.799 0.583 0.583  —0.000 35 05 35 05 17 341.168 —0126  —0.128 0.002
05 05 15 15 14 482.985 —0231  —0230  —0.001 35 15 35 1S 17 341.681 0.387 0392 —0.005
05 15 15 15 14 483.726 0.510 0.506 0.004 35 05 35 25 17 341.548 0.254 0257  —0.003
15 15 15 1.5 14482575  —0.641  —0.636  —0.005 35 25 35 25 17 341.141 —0.153  —0.147  —0.006
15 25 15 1.5 14 483.799 0.583 0.583  —0.000 45 15 45 05 17 341.520 0.226 0227 —0.001
25 15 15 15 14 483.483 0.267 0.265 0.002 45 25 45 05 17 341.296 0.002 0011 —0.009
25 25 15 1.5 14482826  —0390 —0383  —0.007 45 15 45 1.5 17 341.481 0.187 0.194  —0.007
i3 13 23 23 14 482.575 —0.641  —0.636  —0.005 45 25 45 15 17 341.268 —0.026  —0022  —0.004
i5 25 35 25 14 483.799 0.583 0.583  —0.000 45 05 45 25 17 341.390 0.096 0099  —0.003
35 18 35 25 14 483.483 0.267 0.265 0.002 55 15 535 15 17341023  —0271  —0.279 0.008
25 25 25 25 14482826  —0390 —0383  —0.007 55 25 55 25 17 341.646 0.352 0362 —0.010
35 25 25 25 14 483.274 0.058 0.054 0.004 65 25 65 25 17 341.141 ~0153 =0.158 0.005
2, — 20,* 15407.711 0020 41~ e 11646950 15 g'ggg
25 15 25 15 15 408.865 L1s4 LISt 0003 23 M 33 33 o N S
25 25 25 25 15406937 —0.774  —0.768  —0.006 3: 9% 3= 5% Ry e Bar 0,003
35 15 35 15 15 406.462 —1249  —1240  —0.009 2 e a3 : - ; -
45 05 45 05 11 646.503 0.152 0.131 0.021
=3 22 = kadbete  ihan 1D QB 45 15 45 13 11646.615 0264 0275  —0011
45 25 45 25 15 407.680 0.031 0.035 0.004 i: o x5 1645955 0396 —03%1 —001s
55 05 55 05 11 646.615 0.264 0.249 0.015
3 — 35" 13 466.795 0.041
2 22 55 15 55 15 11 646.503 0.152 0.163  —0.011
LS LS 15 15 13465838 —0957 0948 —0.009 55 25 55 25 11 645.955 ~0396  —0383  —0013
1.5 28 25 25 13 467.418 0.623 0.624  —0.001 65 15 65 1.5 11 645.955 —0.396  —0.403 0.007
2505 25 05 13 466.875 0.080 0083 —0.003 65 25 65 25 11 646.503 0.152 0.160  —0.008
%2 L-g gg 12 :;32;?;; 8;23 8;)23; -8883 75 25 715 25 11 646.503 0.152 0.148 0.004
35 05 35 05 13 467.127 0.332 0.329 0.003 051 — 65, 10 490.786 0.049
35 15 35 05 13 467.356 0.561 0.559 0.002 35 25 35 25 10 490.988 0.201 0225 —0.024
35 25 35 05 13 466.158 —0.637  —0.635  —0.002 45 15 45 15 10 490.473 —0314  —0301  —0013
35 05 35 15 13467.127 0.332 0.329 0.003 45 25 45 25 10 490.988 0.201 0.192 0.009
35 15 35 15 13 467.356 0.561 0.559 0.002 55 05 55 05 10 490.913 0.126 0.135  —0.009
35 25 35 25 13 466.158 —0.637  —0.635  —0.002 55 15 55 15 10 490.988 0.201 0.186 0.015
35 25 45 25 13466.158 —0.637  —0.635  —0.002 55 25 55 25 10 490.473 —0314  —0319 0.005
45 15 45 15 13465.955 —0.840  —0.845 0.005 65 05 65 05 10 490.988 0.201 0208  —0.007
45 25 45 15 13 467.220 0.425 0427  —0.002 65 15 65 15 10 490.913 0.126 0.117 0.009
45 15 45 25 13 465.955 —0.840  —0.845 0.005 65 25 65 25 10490473  —0314  —0332 0.018
45 25 45 25 13467.220 0.425 0427  —0.002 75 15 75 15 10 490.473 —0314  —0309  —0.005
55 25 45 25 13 466.955 0.160 0162  —0.002 75 25 75 25 10490913 0.126 0.109 0.017
55 25 55 25 13 466.955 0.160 0.162  —0.002 85 25 85 25 10 490.913 0.126 0.141 0.015
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Table 1 (continued)

IE_R.-FPK.K, Ve 5 JK_K,—J K K, Ve S
[MHz] [MHz] [MHz] [MHz]
F I F T Vobs Averp Avewe & F 1 ¥ P Vobe AVer Avee 0
[MHz] [MHz]  [MHz]  [MHz] [MHz] [MHz]  [MHz]  [MHz]
Ty = Loy 9 214.365 0043 12,5, — 12,04 14 199.503 ~0.015
45 25 45 25 9214.552 0.187 0199 —0012 95 25 95 25 14 199.648 0.145 0.163  —0018
55 15 55 15 9214123  —0242  —0233 —0009 105 1.5 105 1.5 14199.324  —0179  —0.174  —0.005
55 25 55 25 9 214.500 0.135 0.143  —0008 105 25 105 2.5 14199.576 0.073 0.090  —0.017
65 05 65 05 9 214.500 0.135 0.131 0004 115 05 115 05 14 199.648 0.145 0.133 0.012
65 15 65 15 9 214.500 0.135 0.132 0003 115 1.5 115 1.5 14 199.567 0.064 0081  —0.017
65 25 65 2.5 9214078  —0287 —0276 —0011  11.5 2.5 11.5 2.5 14199252 —0251  —0244  —0.007
75 05 75 05 9214.552 0.187 0.179 0008 125 0.5 125 0.5 14 199.648 0.145 0.151  —0.006
75 15 75 15 9214.448 0.083 0088  —0005 125 1.5 125 1.5 14199.567 0.064 0064  —0.000
75 25 75 25 9214078  —0287  —0.291 0004 125 2.5 125 25 14199252 —0251 —0253 0.002
85 1.5 85 15 9214123  —0242  —0.245 0003 135 1.5 135 1.5 14199324  —0179  —0.183 0.004
85 25 85 25 9214.448 0.083 0.077 0006 135 25 135 25 14 199.576 0.073 0.055 0.018
95 25 95 25 9 214.500 0.135 0.133 0002 145 25 145 25 14 199.648 0.145 0.128 0.017
9, — 9%, 6 502.249 0029  14,,, — 14,,, 10 155.498 —0.074
65 25 65 25 6502.367 0.119 0.149  —0030 115 25 115 25 10 155.618 0.120 0.134  —0014
75 15 75 15 6502099  —0149  —0.146 —0003 125 15 125 1.5 10155367  —0.131  —0.128  —0.003
75 25 15 25 6 502.309 0.061 0082 —0021 125 25 125 25 10 155.545 0.047 0.061  —0.014
85 05 85 05 6 502.367 0.119 0.109 0010 135 0.5 135 0.5 10 155.618 0.120 0.114 0.006
85 1.5 85 1.5 6 502.309 0.061 0071  —0010 135 1.5 135 1.5 10 155.545 0.047 0054  —0.007
85 25 85 25 6502045  —0203  —0.204 0001 135 25 135 25 10155295  —0203  —0.198  —0.005
95 05 95 05 6 502.367 0.119 0131 —0012 145 05 145 05 10 155.618 0.120 0.124  —0.004
95 15 95 1.5 6 502.309 0.061 0.052 0009 145 1.5 145 1.5 10 155.545 0.047 0.044 0.003
95 25 95 25 6502.045  —0203 —0217 0014 145 25 145 25 10155295  —0203  —0.206 0.003
105 1.5 105 1.5 6502099  —0.149  —0.157 0008 155 1.5 155 1.5 10155367  —0.131  —0.136 0.005
105 25 105 25 6 502.309 0.061 0.041 0020 155 2.5 155 2.5 10 155.545 0.047 0.036 0.011
1.5 25 115 2.5 6 502.367 0.119 0.109 0010 165 25 165 2.5 10 155.618 0.120 0.109 0011
{1y, — 1oy 16 174.118 0011 15,5, — 15,4, 8 235.192 —0.100
85 25 85 25 16 174.267 0.150 0173  —0023 125 25 125 25 8 235.295 0.103 0.116  —0.013
95 15 95 15 16173912 —0205 —0200 —0005 135 15 135 15 8235085  —0.107 —0107  —0.001
95 25 95 25 16 174.204 0.087 0.108 —0021 135 25 135 25 8 235.230 0.038 0.049  —0.011
105 05 105 05 16 174.267 0.150 0.138 0012 145 05 145 05 8 235.295 0.103 0.099 0.004
105 1.5 105 1.5 16 174.204 0.087 0099 —0012 145 15 145 1.5 8 235.230 0.038 0.043  —0.005
105 25 105 2.5 16173850  —0267 —0261 —0006 145 25 145 25 8235022 —0.170  —0.171 0.001
1.5 05 115 05 16 174.267 0.150 0.161  —0011 155 05 155 0.5 8235.295 0.103 0.107  —0.004
115 15 115 15 16 174.204 0.087 0.076 0011 155 1.5 155 1.5 8235.230 0.038 0.035 0.003
1.5 25 115 25 16173850  —0267  —0.271 0004 155 25 155 25 8235022  —0.170 —0.178 0.008
125 1.5 125 15 16173912 —0205  —0.209 0004 165 1.5 165 1.5 8235085  —0.107 —0.113 0.006
125 25 125 25 16 174.204 0.087 0.068 0019 165 25 165 2.5 8235.230 0.038 0.029 0.009
135 2.5 135 25 16 174.267 0.150 0.133 0017 175 25 175 25 8 235.295 0.103 0.095 0.008
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"BF,NH,

F="7/2-5/2
1=5/2-5/2 O
‘ 1 01 VYoo
F=5/2-3/2
1= 3/2-3/2
NS F=3/2-1/2

F=1/2-1/2

F=1/2-1/2 1=1/2-1/2

1=3/2-1/2 F=1/2-3/2

F=1/2-3/2 1=1/2-3/2

1=3/2-3/2 ’
: F=5/2-3/2
1=5/2-3/2
- R " F=5/2-5/2 Fig. 1. Rotational transition JK K, —
e 1=5/2-5/2 JK_K’.=101-000 of aminodifluoro-
_ borane, first the nuclear spins of the boron
};: g?g:g//g F=3/2-3/2 and the nitrogen are coupled to the spin I,
B ! . 1=3/2-3/2 and then I is coupled with rotational an-
I;=3/2—5/2 gular momentum of the molecule J to F.
=3/2-5/2

14485.2 MHz

Table 2. Rotational and centrifugal distortion constants of
NH,BF,, standard errors of the constants are given in
brackets, @y,, @, ¢@,, ¢,x and @ are fixed to zero, @,
constrained by planarity relations ¢: standard deviation of

the fit, N: number of rotational transitions, K, |* *|:

highest correlation coefficient.

A 10019.504 (15) MHz [, 0.0 Hz]

B 9590.311 (15) MHz [P 0.0 Hz]

C 4892.801 (16) MHz [, 0.0 Hz]

4, 10.38 (36) kHz 7% 0.0 Hz]

A —16.810 (37) kHz lok 0.0 Hz]

(/511( 8‘235 7“(;2)&*}; % 0.83256592
A z

on 3343 (16) kHz b Kl EH=

@, 0.64 (11)Hz N 45

D¢ —0.601 (86) Hz K, .lA4.B] 0978

Table 3. Boron (''B) and nitrogen quadrupole coupling con-
stants, standard errors given in brackets, ¢: standard devia-
tion, N: number of components, K, |* *|: highest correla-
tion coefficient.

max

nitrogen: boron:

15 —0.890 (5) MHz ) 1.971 (6) MHz
7 5.496 (9) MHz % —2971 (14) MHz
Xor 0.890 (5) MHz Yoa —1.971 (6) MHz
Abb 2.303(7) MHz Yon —0.500 (11) MHz
i —3.193 (7) MHz pa 2471 (11) MHz

o 0.005 MHz

Koalze (N), 7. (*'B)] 0375 N 53

The I- and F-quantum numbers are given.
Sample interval: 20 ns, polarizing fre-
quency: 14 484.2 MHz, 1024 data points,
6.5 - 10° averaging cycles, pressure: 0.2 Pa,
temperature: 293 K.

1

14481.7 MHz

least squares fit of the signal in the time domain to
minimize overlapping effects in the frequency domain
[7, 8].

Results and Discussion

NH,BF, is a slightly asymmetric oblate top rotor
(»=0.833) with the dipole moment vector along the
a-axis of inertia. Our first calculations of the rota-
tional transitions were based on the rotational and
centrifugal distortion constants given in [2]. For the
final fit of the rotational parameters we made use of
all our transitions. Additionally the transitions which
are listed in [2] with the exception of the transition
JK_K,—J'K_K,=413-312 were included.
The difference between the calculated and the mea-
sured center frequency of the transition mentioned
above was about 400 kHz. Therefore it was omitted in
the final fit which had a standard deviation of
101 kHz. This rather high standard deviation results
from the two sets of transitions with different accu-
racy. We were able to determine the rotational con-
stants, centrifugal distortion constants according to
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Watson’s A reduction of fourth order [9] and two of
the sextic constants, @, and ®,,. The other sextic
constants were fixed to zero. Additionally we had to
use the planarity relation for the sextic constants [10].
The results of the fit are listed in Table 2.

The hyperfine structure of the rotational transitions
of NH,BF, were analysed by first order approxima-
tion [11]. First calculations of the hyperfine structure
of transitions were based on the principal boron cou-
pling constants of BF,OH (., x,, x,) [12] and the ni-
trogen coupling constants of aminoborane [13]. The
assignment and analysis of the hyperfine pattern of the
transition JK_K, —J'K_ K|, =101—-000 (see
Fig. 1) yields the coupling constants y,, of both boron
and nitrogen. The determined value of the boron
coupling constant y,,= —1.971 MHz is rather similar
to the initial assumption, the coupling constant
1. (BF,OH) = —1.835 MHz. The determined value
of the nitrogen coupling constant y,,=0.890 MHz
differs strongly from our initial assumed value
Yaa(*'BH,'*NH,) = 0.095 MHz.

The four transitions which are marked with * in
Table 1 were used for the hyperfine structure analysis.
The results are listed in Table 3.

The interpretation of the boron coupling constants
of aminodifluoroborane is similar to the discussion of
coupling constants of trivalent bonded boron com-
pounds given in [13]. In this paper we listed in Table 5

[1] M. C. L. Gerry, W. Lewis-Bevan, A. J. Merer, and
N. P. C. Westwood, J. Mol. Spectrosc. 110, 153 (1985).

[2] F J Lovas and D. R. Johnson, J. Chem. Phys. 59, 2347
(1973).

[3] G. Bestmann, H. Dreizler, H. Médder, and U. Andresen,
Z. Naturforsch. 35a, 392 (1980).

[4] G. Bestmann and H. Dreizler, Z. Naturforsch. 37a, 58
(1982).

[5] W. Stahl, G. Bestmann, H. Dreizler, U. Andresen, and
R. Schwarz, Rev. Sci. Instrum. 56, 1759 (1985).

[6] Ch. Keussen, N. Heineking, and H. Dreizler, Z. Natur-
forsch. 44a, 215 (1989).

[7] I. Merke and H. Dreizler, Z. Naturforsch. 43a, 196
(1988).

Boron and Nitrogen Hyperfine Structure in the Rotational Spectrum

913

some trivalent boron compounds and their quadru-
pole coupling constants. These boron compounds
were classified in three groups by the order of magni-
tude of their coupling constants y, . In the picture we
use in [13] the boron bonding orbitals are sp?-hybrids,
the orbital perpendicular to the sp?-plane is a pure
p-orbital. The unbalanced occupation of this p-orbital
is approximately described by the coupling constant
7..- The higher the occupation of this orbital, the
lower is the coupling constant y... Aminodifluoro-
borane belongs to the third group of molecules in
Table 5 containing C,HBF, and BF,OH. These bo-
ron compounds have three bonding partners possess-
ing m-electrons. In case of aminodifluoroborane the
bonding partners are the two fluorine atoms and the
NH,-group which provide all back donation of
n-electrons into the p-orbital of boron. Consequently
the value of coupling constant y,. of NH,BF;, is as low
as the other y,. values of the boron compounds of the
third group.
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