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The ''B quadrupole hyperfine structure in the rotational spectra of three isotopic species of
hydroxydifluoroborane, BF,OH, BF,OD, and BF,'®OH has been investigated and the quadrupole
coupling constants of these species have been determined. Using the variation of the ' B quadrupole
coupling constants with isotopic substitution, it has been possible to evaluate the complete quadru-
pole coupling tensor, including the off-diagonal element y,, . for cach isotopic species.

Introduction

The microwave spectra of six isotopic species of
hydroxydifluoroborane have been observed and as-
signed by Takeo and Curl [1]. They determined the
rotational constants of all isotopic species. With the
assumption of equal BF bond lengths they calculated
the structure of the molecule. They could not resolve
the ''B hyperfine structure (hfs).

Hydroxydifluoroborane is a planar near-oblate
asymmetric rotor. Substitution of H with D or '°O
with 'O causes a considerable rotation of the mole-
cule in the principal axis system. It is thus possible to
calculate the orientation of the quadrupole coupling
tensor in the principal axis system and the off diagonal
element y,, of each isotopomer, using the coupling
constants of the three isotopic species BF,OH,
BF,0D, and BF,'®OH.

Experimental

The substance was prepared in the waveguide cell
by mixing BF; and H,O.
BF; +H,O0 < BF,OH + HF,
BF,OH + H,O < BF(OH),+ HF,
BF(OH), + H,O < B(OH); + HF.

BF; was obtained commercially from Fa. Merck,
Darmstadt, and used without further purification.

Reprint requests to Prof. Dr. H. Dreizler, Institut fiir Physi-
kalische Chemie der Universitdt Kiel, Olshausenstr. 40 - 60,
D-2300 Kiel.

BF,OD was prepared using D, O instead of H,O, and
BF,'®OH using *#0 enriched water (30%). The spec-
tra of BF,OH and BF,OD were recorded with our
microwave Fourier transform (MWFT) spectrometers
[2—-5] in the frequency range 4.8—40 GHz at room
temperature and pressures between 0.13 and 0.65 Pa
(1 and 5 mTorr). The measured transitions are listed in
Tables 1a and 1b. All frequencies were determined by
a least squares fit of the multiplet signals in the time
domain to minimize overlapping effects [6, 7].

Transitions of BF,'30OH were measured in a pulsed
molecular beam Fourier transform microwave spec-
trometer [8]. The absorption-emission cell consists of
a Fabry-Perot resonant cavity (mirror diameter:
16 cm, mirror curvature: 20 cm) inside a high vacuum
chamber. A pulsed nozzle is used to generate a super-
sonic molecular beam of the substance, which is di-
luted with argon as carrier gas. Frequencies resulting
from these measurements may not be as accurate as
those from normal MWFT spectroscopy because
there is no obvious fitting procedure to correct fre-
quencies of narrow multiplets. The line shape in this
type of spectroscopy is influenced by the resonance
curve of the cavity. Therefore a line form analysis is
difficult. The transition frequencies are listed in
Table 1c.

Results and Discussion of the ''B Quadrupole
Coupling

The rotational transition frequencies of the three
isotopomers of hydroxydifluoroborane were predicted
with the rotational constants given by Takeo and
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Table 1c¢. Measured transition frequencies [MHz] of BF,'®*OH. all symbols are used in the same way

as in Table 1a.

JK_K.~FE_K, F—F v Av,,. Sure v
[MHz] [MHz] [kHz]  [MHZ]
202 -101 7/2—5/2 24 867.540 24867.438
5/2—3/2 24867.317 0.223 0
32—1/2 24.866.987 0.553 — 1
5/2—5/2 24 866.860 0.680 — &
32—3/2 24 867.782 —0.242 =15
1/2—3/2 24 868.468 —0928 - 3
212 —111 i I T 24 218.560 24218413
5/2—3/2 24 218.098 0.462 — 13
32—1/2 24 218.200 0.360 -3
5/2—5/2 24217.898 0.662 -2
1/2—1/2 24 218.857 —0.297 = &
173372 24219.234 —0.674 — 9
212101 7/2—5/2 24 947.704 24947.605
3373 24947.497 0.207 4
42102 24 947.156 0.548 0
5/2—5/2 24947.042 0.662 — 3
32-3/2 24947.973 —0.269 8
202 — 111 7/2—5/2 24 138.389 24138.239
53319 24 137.930 0.459 3
32—1/2 24 138.029 0.360 1
5/2—35/2 24137.714 0.675 s 3
1/2—1/2 24 138.691 —0.302 —10

o
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Fig. 1. BF,OH and BF,OD in their principal inertia axes
system a, b, c. 2, is the rotational angle caused by substitu-
tion of H and D. z, and x, are directions of the principal
coupling tensor of BF,OH in the molecular plane, 8, is the
angle between the z-axis and the g-axis.

Curl [1]. Centrifugal distortion effects were neglected
because we were interested only in the hfs splittings.
The splittings were analysed using first order theory
[9]. The results of these analyses are listed in Table 2.
Standard errors of the fit are given in brackets.

Because hydroxydifluoroborane is a molecule with
a plane of symmetry, the axis perpendicular to the
plane is a principal axis of inertia and also a principal
axis of the quadrupole coupling tensor [10]. In this
case the transformation equation of the quadrupole
coupling tensor from the principal axis system of inertia
to its own principal axis system has the form

Zaa Zah 0 Z: 0 0
Yab I O =S10 % O s~
0 0 e 0 0
with
cosff; —sinf; O
S =\ sinf; cosfi; O
0 0 1

B:, i=1, is the angle between the z quadrupole tensor
axis and the a axis of the principal inertial axis system
of the isotopomer BF,OH (see Figure 1). We use
i=2,3 for the two other isotopomers BF,OD and
BF,'®*OH.
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Table 2. ''B quadrupole coupling constants and used rota-
tional constants [1] of the three isotopomers of hydroxy-
difluoroborane, o: standard deviation of the hfs analysis,
Av: mean splitting.

BF,OH:
A =10320.32 MHz

B =10099.33 MHz

C = 5095.13 MHz Correlation coefficient matrix:
7+ = 1477(5) MHz 1.000

7. =—3.867(7) MHz 0.350  1.000
Yaa = —1.477(5) MHz

Ipy = — 1.195(6) MHz

Yee = 2.672(6) MHz

g 3kHz

Av: 278 kHz

BF,0OD:

A =10296.88 MHz

B = 9400.85 MHz

C = 4905.77 MHz Correlation coefficient matrix:
7. = 1717(9) MHz 1.000

7. =—3.637(9) MHz 0.019  1.000
faa = —1.717(9) MHz

7oy = —0.960(9) MHz

fee = 2.677(9) MHz

o 3 kHz

Av: 238 kHz

BF,'®*OH:

A =10216.55 MHz

B = 9487.18 MHz

C = 4910.57 MHz Correlation coefficient matrix:
7. = 1798(9) MHz 1.000

7. =—3.484(16) MHz 0.110  1.000
Yaa = —1.798(9) MHz

7oy = —0.843(13) MHz

Je.= 2.641(13) MHz

o 7 kHz

Av: 476 kHz

Solving this matrix equation, we get expressions for
Laas Lbb> Z('(' and Zuh:

Laai = 7= €082 B, + 7. - sin? B, (2.1)
Tbwi = Zx - €08 B+ 7. - sin® ;. (2.2)
Xeci = Xy» (2:3)
Zapi =0.5 (1. — 7,) ~sin 2, (2.4)
Yaai = Zopi = (fz = %) - COS 2[5, (2.5)

It is a reasonable approximation in (2.1) to (2.5) for
i=1.2, 3 to assume that the values of y. 7, and y_ are
independent of an isotopic substitution of nuclei other
than the coupling one.
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Table 3. Principal values of the ''B quadrupole coupling
tensor in ''BF,OH together with values of the off-diagonal
constants ., and f§, for each isotopic species.

7. = —0.837(50) MHz
BF,OH, [, = 368(8): z,, = —0.479(34) MHz
BEOD, f,= 21.4(8): 7,, = —0.339(26) MHz
BF,'OH, f,=—08(8): 7,,= 0.014(14) MHz

7= —1.835(50) MHz

Table 4. ''B quadrupole coupling constants [MHz] of some
difluoroborane compounds and the principal values of their
coupling tensors.

Compound  j,, Liii Lee Lit.
HBF, —0.75(9) —2.585(55) 3.335(55) [11]
CH,BF, —2.713(21) —0.695(27) 3.408(27) [12]
C,H BF, —2589(12) —0.600(15) 3.189(15) [13]
BF,OH —1.477(5) —1.195(6) 2.672(6) *
BF,OD —1.717(9) —0.960(9) 26779) *
BF,'*OH —1.798(9) —0.843(13) 2.641(13) *
Compound . T X5
BF,OH —1.835(50) —0.837(50) 2.672(6)
Xz=Xaa Xx= Xbb Ay = Xee
CH,BF, —2.713(21) —0.695(27) 3.408(27)
C,HsBF, —2.589(12) —0.600(15) 3.189(15)
Xz==Xb» Ys=Xaa Xy =Xee
HBF, —2.585(55) —0.75(9) 3.335(55)
* This work.

f, and fiy can be expressed as
Bi=ph,—w,

%, 1s the angle between the z-axes of the principal
quadrupole tensors of BF,OH and BF,OD, caused by
the substitution of H with D; o5 is the corresponding
angle in the BF,OH - BF,'®*OH pair. These two angles
are calculated from the r -structure of the molecule
given by Takeo and Curl:

2, =154", o3=376".

i=273. (3)

For the BF,OH-BF,OD pair we get fori=2andi=1
with (2.5) and (3)
faa2 — [bb2 _ CVOSV‘?'(/}I — %)

S (4)
Laal — Zbb1 cos 23,

Expression (4) can be solved for f;:

B, =L - aretan ((£aa2 = 75b2)/(Kaar — Zpp1)] — €O 205
172 c sin 22, i
(5)
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The same mathematical formalism for the BF,OH
BF,'®*OH pair leads to another equation for f3,:

[(Yaa3 — Zbb3)/ (Haar — Abp1)] — €OS 205
sin 245 '

B, =3 - arctan
(6)

Expressions (5) and (6) allow us to calculate f3, .
BF,OH -BF,0OD pair:
B, =312°,

BF,OH - BF,'®OH pair:
B, = 36.4°.

The mean is

B, =36.8(8) .

For the calculations of y,, y. and y,, of the three
isotopomers we use the mean value f,. We assume the
error of 8, to be equal to the difference of the two
f, values. Results of these computations are given in
Table 3. The standard errors of the coupling constants
have been calculated using Gaussian error propaga-
tion.
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In Table 4 we list the quadrupole coupling con-
stants of some difluoroborane compounds. With the
assumption that the bonding orbitals of all listed com-
pounds are sp?-hybrids, the orbital perpendicular to
the sp?-plane is a pure p orbital. The size of the cou-
pling constants y, gives us an approximate idea of the
occupation of orbital caused by back donation of elec-
trons from the bond partners of boron. The coupling
constant by a single p-electron of boron is eQgq,,,=
—5.39 MHz [14]. HBF, and CH;BF, have the highest
positive y . values, that means the lowest occupation
of the p-orbital. The y. value of C,HsBF, is slightly
lower caused by interactrion with the n-system of the
phenyl group, but we believe that the main part of the
occupation is produced by the fluorine atoms [13].
Consequently the y.. values of the BF,OH isoto-
pomers are the lowest ones because the BF and BO
bonds are quite similar.
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