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The boron and nitrogen hyperfine structure in the rotational spectra of two aminoborane isoto-
pomers, ''BH,NH, and '°BH,NH,, has been investigated and the quadrupole coupling constants
of boron '°B, ''B and nitrogen '*N have been determined. We get the following results for the
nuclear quadrupole coupling constants: y,,(''B)= —1.684 (14) MHz, y,,(''B)= —2.212 (11) MHz,
Zec(1'B)=3.896 (11) MHz, 7,.('°B)= —3.481 (11) MHz, z,,('°B)=—4.623 (14) MHz, 7. ('°B)=
8.104 (14 MHz and y,,(**N)=0.095(9) MHz, j,,(**N)=2.091(8) MHz, x_(**N)=—2.186(8)
MHz. These nitrogen quadrupole coupling constants are those of the “BHZhNH: isotopomer.
Additionally we were able to determine two out of the three spin rotation coupling constants ¢,
¢yp-and ¢ . of boron, ¢, (' B=55.2 (26) kHz, ¢;, (*'B)=6.62 (36) kHz, ¢, (*°B)=15.26 (69) kHz and
¢y (1°B)=4.94 (70) kHz. The spin rotation coupling constants c,, had to be fixed to zero in both
cases. Furthermore we measured the rotational spectra in the mm-wave region to determine all
quartic and several sextic centrifugal distortion constants according to Watson’s A and S reduction.
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Introduction

Aminoborane, BH,NH,, belongs to the isoelec-
tronic inorganic analogs of simple hydrocarbons,
where pairs of carbon atoms are replaced by boron
and nitrogen. In general the BN-analogs are less sta-
ble than the hydrocarbons; aminoborane, e.g., poly-
merizes very quickly at room temperature and normal
pressures whereas ethylene is stable under these con-
ditions. Therefore it is difficult to study BH,NH, in
the gas phase.

The rotational and centrifugal distortion constants
of five isotopomers of aminoborane, ''BH,'*NH,,
'BH,'*NH,, ''BH,'°NH,. !''BD,'*NH,, and
"'BH,'*ND, were first determined by Sugie, Takeo
and Matsumura [1]. Using these rotational constants,
they calculated the complete r, structure of the un-
stable molecule. Some of the transitions they ob-
served. showed a hyperfine pattern due to the quadru-
pole coupling of boron and nitrogen. They were not
able to determine all quadrupole coupling constants
from these transitions. The y,, coupling constants of
both nuclei (*!B and '*N) were fixed to values, calcu-
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lated with the aid of ab initio molecular orbital meth-
ods.

Experimental

The substance was prepared by controlled thermal
decomposition of borane-ammonia, BH;NHj, to
aminoborane in a flow system.

BH,NH, " BH,NH, +H,.
This preparation method was first used by Gerry et al.
[2], who studied the infrared spectrum of the sub-
stance.

The borane-ammonia BH;NH; was obtained com-
mercially from Fa. Alfa Products, Karlsruhe, and used
without further purification. The lifetime of the
BH,NH, was about 10 min in the brass cells of the
microwave Fourier transform (MWFT) spectrometers
[3-6] and about 60 min after conditioning in the glass
cell of the millimeter-wave spectrometer [7]. The high
resolution spectra of the different isotopomers up to
40 GHz where recorded with microwave Fourier
transform spectrometers at a temperature of 223 K
and pressures between 0.13 and 0.65 Pa. All rotational
transitions which were used for the hyperfine structure

0900-0770 $ 01.30/0. - Please order a reprint rather than making your own copy

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift fir Naturforschung

This work has been digitalized and published in 2013 by Verlag Zeitschrift

in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Férderung der fir Naturforschung in cooperation with the Max Planck Society for the

@NOIS)

ND Wissenschaften e.V. digitalisiert und unter folgender Lizenz verdffentlicht: Advancement of Science under a Creative Commons Attribution-NoDerivs
Creative Commons Namensnennung-Keine Bearbeitung 3.0 Deutschland 3.0 Germany License.
Lizenz.

Zum 01.01.2015 ist eine Anpassung der Lizenzbedingungen (Entfall der
Creative Commons Lizenzbedingung ,Keine Bearbeitung*) beabsichtigt,
um eine Nachnutzung auch im Rahmen zukiinftiger wissenschaftlicher
Nutzungsformen zu erméglichen.

On 01.01.2015 it is planned to change the License Conditions (the removal
of the Creative Commons License condition “no derivative works”). This is
to allow reuse in the area of future scientific usage.



K. Vormann et al. - Rotational Spectrum of Aminoborane 771

Table 1a. Rotational transitions of ''BH,'*NH,. v_: hypothetical center frequency, v, frequencv of the hyperfine compo-
nent, Av,, - experimental hfs-splitting referred to the h)pothctlcal center frequency, Al cale: calculated hfs- spllltmq referred to
the center frcqucncy o: difference between experimental and calculated hfs-splitting. The transition JK K, —J'K'_ K’ =
15, —0yo. marked with * is not included in the hfs-analysis.

JK_K.—JK_K. v JK_K,—JK_K'\ v,
[MHZ] [MHZz]
F I F'r Uobs Av,, AVgie O F I F I Uobs Av, Aveye O
[MHz] [MHz] [MHz] [MHZz] [MHz] [MHz] [MHz] [MHz]

Loy = 0go* 50366.018 2515 3515 13824.517 —0.211 —0.218  0.007
0505 0505 50365.666 —0.353 —0.321 —0.032 25 05 35 25 13825719 0991 0.994 —0.003
0515 05 05 50366.452 0433 0413 0020 2525 3525 13825.141 0413 0400 0.013
1.5 05 05 05 50366.112 0093 0075 0018 35 1.5 3515 13823.338 —1.390 —1.391  0.001
05 05 1515 50365.666 —0.353 —0.321 —0.032 35 25 35 25 13826.031 1.303 1.290 0.013
0515 1515 50366.452 0433 0413 0020 4525 3515 13823.957 —0.771 —0.762 —0.009
1515 1515 50365.666 —0.353 —0.357 0004 45 25 3525 13825.563 0.835 0.828  0.007
1525 1515 50366.452 0433 0415 0019 35 15 45 25 13823957 —0.771 —0.750 —0.021
2515 1515 50366.112  0.093  0.105 —0.012 3.5 25 45 25 13825071 0343 0342 0.001
25 25 15 15 50365.666 —0.353 —0.337 —0.016 45 25 45 25 13824.606 —0.122 —0.121 —0.001
1.5 1.5 25 25 50365.666 —0.353 —0.357 0004 3, — 3, 27645.532
1525 2525 50366452 0433 0415 0019 45 15 15 15 27643394 —2.138 —2.136 —0.002
25 15 2525 50366.112 0093 0105 —0012 45 25 1525 27646527 0995 0975 0.020
25 25 25 25 50365.666 —0.353 —0.337 —0.016 55 15 15 25 27646.774 1242 1238 0.004
35 25 25 25 50366.112  0.093 0084 0.009 15 25 25 15 27647.019 1487 1.506 —0.019
lio— 14 4608.382 25 05 25 05 27645.388 —0.144 —0.165  0.021
0515 0505 4607.406 —0976 —0954 —0.022 25 15 2515 27647.288  1.756  1.769 —0.013
15 05 05 05 4608.591 0.209 0226 —0.017 25 25 2525 27644.140 —1.392 —1.391 —0.001
1.5 1.5 0515 4609.205 0.823 0831 —0.008 3515 2515 27647.019 1487 1491 —0.004
1.5 25 05 1.5 4606.518 —1.864 —1.856 —0.008 3.5 2.5 3.5 05 27644951 —0.581 —0.585  0.004
0515 1505 4607.406 —0.976 —0981 0005 3.5 05 35 15 27646.405 0.873  0.866  0.007
0505 1515 4609.922 1540 1.529 0011 35 15 3515 27646.527 0995 1.005 —0.010
0515 15 1.5 4608474 0092 0082 0010 3505 3525 27646074 0542 0540  0.002
05 05 1.5 25 4607.905 —0.477 —0474 —0003 45 1.5 45 15 27644026 —1.506 —1.503 —0.003
15 05 1.5 05 4608.591 0209 0.199 0010 45 25 4525 27646.844 1312 1.315 —0.003
1525 1515 4608.292 —0.090 —0.108 0018 5.5 25 5525 276453838 —0.144 —0.138 —0.006
1.5 05 1.5 25 4607.638 —0.744 —0.741 —0.003 _ 8782
15 1.5 1525 4608952 0570 0575 —0005 X 0% 4878.239
2515 1515 4608979 0597 0605 —0008 33 12 33 72  aervsas _oooe —00%° —o0of
25 25 1525 4608292 —0090 —0094 0004 33 33 3313 4ETISE —0299 0297 0002
1515 2515 4609205 0823 0830 —0007 2 % s ' y A

4525 45 05 4878.167 —0.072 —0.074  0.002
1.5 25 2525 4607.569 —0.813 —0.812 —0.001

45 15 45 15 4878465 0226 0.227 —0.001
2515 2515 4607.240 —1.142 —1.144  0.002

45 05 45 25 4878.147 —0.092 —0.090 —0.002
25 1.5 25 25 4608.292 —0.090 —0.099  0.009
55 25 55 5% 4609592 1210 1206 0004 >3 05 5505 4878251 0.012  0.015 —0.003
33 25 25 15 4607772 —0610 —0612 000y >3 15 55 15 4878369  0.130  0.132 —0.002
35 25 35 23 4608800 0427 0433 —000s >3 25 5525 4878219 —0.020 —0.019 —0.001
e R g e : - 65 1.5 65 1.5 4878.079 —0.160 —0.171  0.011
25 1.5 35 25 4607.756 —0.626 —0.619 —0.007 ¢3 53 3 1’3 4877998 —0241 —0242 0001
2525 3525 4609.073  0.691 0.687 0004 2 = : : e &
35 35 35 33 4608292 —0.090 —0087 —0003 65 15 6525 4878441 0202 0202  0.000
o0 = 2 < : : 265 25 65 25 4878369  0.130  0.131 —0.001
20— 2p2 13824.728 75 25 175 25 4878219 —0.020 —0.021  0.001
0525 0515 13823814 —0914 —0906 —0.008 ¢, _ 6,, 9662.538
1525 0515 13822.784 —1.944 —1.948  0.004 2
15 15 05 25 13825774 1046 1055 —0009 o2 23 3325 9662482 —0056 —0061  0.005

45 15 45 15 9662.137 —0.401 —0.401  0.000
05 15 1525 13822.784 —1.944 —1.951  0.007

45 25 45 25 9662772 0234 0236 —0.002
1.5 05 1505 13824.517 —0211 —0.198 —0013 §5 55 53 03 0662435 —0.103 —0.099 —0.004
1515 1515 13826.563  1.835 1.840 —0.005 22 7 e ¢ ; 309 —0.001
2515 1515 13826365 1637 1640 —0003 oo 23 3313 2662846 0308 0309 —0.
'S 32 2% 03 13824161 —0.567 —0559 —oo00s 33 05 5525 9662.435 —0.103 —0.113  0.010
B . : : : 6.5 0.5 65 0.5 9662.549  0.011  0.014 —0.003
1515 2515 13826242 1.514 1.525 —0.011

65 1.5 65 1.5 9662734  0.196  0.194  0.002
1.5 25 25 25 13823578 —1.150 —1.155 0005 (5 53 ¢35 23 9662508 —0.030 —0.030 0000
2505 2505 13825141 0413 0411 0002 -2 5 D = e o ‘

75 25 75 1.5 9662207 —0.331  0.327 —0.004
25 1.5 25 1.5 13826031 1.303 1325 —0022 ;5 15 735 25 0662804 0266 0.266 —0.000
25 25 25 3.5 13823.957 —0.771 —0.778  0.007 8; )5 835 23 9662508 —0030 —0.030 0000
3525 2505 13825437 0709 0.708 0.001 °° < Sl - : ' :
35 15 25 15 13824877  0.149 0151 —0.002 725 — 726 17137.773
35 25 25 25 13824.834  0.106 0.112 —0.006 4.5 2.5 4.5 2.5 17137.691 —0.082 —0.079 —0.003
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Table 1 a. (Continued).

JK_K,—JK_K'y v

[MHz]
F 1 F I (- Av, Aveye O

[MHz]  [MHz] [MHz] [MHz]
55 1.5 55 1.5 17137.256 —0.517 —0.519  0.002
5525 5525 17138088 0315 0311  0.004
6505 6505  17137.645 —0.128 —0.136  0.008
6515 65 1.5 17138166 0393 0397 —0.004
6525 6525  17137.645 —0.128 —0.126 —0.002
75 05 75 05 17137781 0008 0012 —0.004
75 15 75 1.5 17138038 0265 0263  0.002
75 25 7.5 25 17137732 —0041 —0.044  0.003
85 25 85 1.5  17137.345 —0428 —0.428 —0.000
85 1.5 8525 17138112 0339  0.344 —0.005
95 25 95 25 17137732 —0.041 —0.040 —0.001
g = Roa 34312.802
85 25 9.5 25 34312468 —0.334 —0.332 —0.002
95 1.5 105 1.5 34310887 —1915 —1.907 —0.008
95 25 10.5 2.5 34313968 1.166 1.170 —0.004
105 05 11.5 0.5 34312750 —0.052 —0.071 0019
105 2.5 11.5 0.5 34312413 —0.389 —0.380 —0.009
105 1.5 11.5 1.5 34314200 1398 1403 —0.005
105 05 11.5 25 34312329 —0473 —0480 0.007
115 0.5 125 0.5 34312750 —0.052 —0.047 —0.005
11,5 1.5 125 1.5 34313857 1.055 1.063 —0.008
115 25 12.5 25 34312663 —0.139 —0.151 0012
125 15 135 1.5 34311206 —1.596 —1.587 —0.009
125 2.5 13.5 25 34314093 1291 1274 0017
135 2.5 145 25 34312663 —0.139 —0.136 —0.003

analysis of both nuclei, boron and nitrogen, are listed
in Tables 1 a—c. The frequencies of all hyperfine com-
ponents were determined by a least squares fit in the
time domain to minimize overlapping effects in the
frequency domain [8,9]. The transitions above
40 GHz were recorded using a millimeter wave spec-
trometer with source modulation technique [7] at
room temperature and pressures between 1 and 4 Pa.

The center frequencies of all rotational transitions
of ""BH,"*NH, which were used for the centrifugal
distortion analysis are listed in Table 2. This Table
contains also transitions given in [1].

Assignment of the Nuclear Hyperfine Structure

First calculations of the nuclear hyperfine structure
of the rotational transitions were made using the rota-
tional constants and the quadrupole coupling con-
stants given in [2]. Comparison of the measured
hyperfine pattern of the rotational transition
JK_K,—J K_K',=523—-524 with the corre-
sponding calculated pattern shows that the coupling
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Table 1b. Rotational transition of '°BH,**NH,. All symbols
are used in the same way as in Table 1a.

JK_ K.—JK K. v

c

[MHz]
F 1 F' I Uobs Aveyy  AVgge 0
[MHz] [MHz] [MHz] [MHz]

10— 144 4898.517

1 2 1 2 4897194  —1.322 —1.323  0.001
2 2 1 2 4899.011 0.495 0.504 —0.011
1 2 2 2 4898.080 —0.436 —0.436  0.000
2 3 2 3 4896.632 —1.884 —1.877 —0.007
3 2 2 2 4899.011 0.495 0493  0.002
3 3 2 3 4899.580 1.064  1.064  0.000
2 2 3 2 4899.580 1.064  1.068 —0.004
2 3 3 2 4897492 —1.024 —1.025 0.001
2 3 3G 4898.679 0.163 0.156  0.007
2 2 3 4 4898.521 0.005  0.006 —0.001
3 2 3 2 4898.679 0.163  0.169 —0.006
3 4 3 2 4897332 —1.184 —1.179 —0.005
3 4 3 3 4898.521 0.005  0.001  0.004
3 2 3 4 4897.632 —0.884 —0.893  0.009
4 4 3 2 4899.793 1.277  1.268  0.009
4 3 3 3 4899.110 0.594 0.593  0.001
4 4 3 4 4898.727 0.211  0.206  0.005
3 3 4 3 4899.668 1.152  1.153 —0.001
3 2 4 4 4899.185 0.669  0.670 —0.004
3 4 4 4 4897841 —0.675 —0.675  0.000
4 3 4 3 4897.164 —1.352 —1.350 —0.002
4 3 4 4 4898431  —0.085 —0.084 —0.001
4 4 4 4 4900.282 1.766  1.773 —0.007
5 4 4 3 4897.632 —0.884 —0.884  0.000
5 4 4 4 4898.899 0.383  0.382  0.001
4 3 5 4 4897.632 —0.884 —0.881 —0.003
4 4 5 4 4899.492 0976 0975 0.001
5 4 5 4 4898.100 —0.416 —0.415 —0.001
2 2 3 3 4900.770 2254 2249  0.005
3 4 3 4 4896.280 —2.236 —2.242  0.006

Table 1c. Rotational transition of ''BH,'*NH,. All symbols
are used in the same way as in Table 1 a.

JEK_K,.—JK_K, 1y

[MHz]
F F Uobs Av,y Aveye 0
[MHz]  [MHz] [MHz] [MHz]
620 — 655 8944.572
45 45 8944378  —0.194 —0.193 —0.001
55 5.5 8944675  0.103  0.104 —0.001
6.5 6.5 8944751  0.179  0.178  0.001
75 7.5 8944460 —0.112 —0.113  0.001

constants of [1] do not satisfactorily reproduce the
hyperfine structure, see Figure 1.

After several attempts to assign the hyperfine struc-
ture of the transitions we chose the following way,
which was finally successfull:

1. The measured rotational transition JK_K, —
JK.K,=101-000of "'"BH,"*NH, showed a
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Table 2. Center frequencies of the rotational transitions of
the isotopomer ''BH,'*NH,. v_ . calculated center fre-
quencies from Watson’s S reduction, v_ ,.: hypothetical cen-
ter frequency, d: difference between calculated and hypothet-
ical center frequency. Transitions marked with * are taken
from [1].

JK_K.—JK_K. v De.obs 5
[MHz] [MHz] [kHz]
1 0 1 0 0 0 50365.922 50366.022 —100
2 0 2 1 0 1 100589.941 100 589.943 -2
2.1 2 § I S | 96121.387 96121.415 —28
3 1 2 2 1 1 157914.041 157914096 —55
321 2 2 0 151 648.481 151648496 —15
3 2 2 2 2 1 151086.230 151086.266 —36
30 3 2 0 2 150531.079 150531.054 25
4 0 4 30100 3 200052.835 200052.827 8
4 2 3 3L 282 201334.044 201334062 —18
4 3 2 3 3 1 201704.526 201704.576 —50
4 3 1 3 3 0 201720.640 201720.611 29
4 2 2 3 2 1 202733.761 202733780 —19
4 1 3 3 1 2 210375.564 210375578 —14
50 5 4 0 4 249031.606 249031.538 68
5 2 4 4 2 3 251484.063 251484.017 46
5 3 3 4 3 2 252237.005 252237.016 —11
5 3 2 4 3 1 252293.319 252293.325 —6
5 2 3 4 2 2 254259.537 254259.495 42
5 1 5 4 1 4 239700.420 239700.402 18
51 4 4 1 3 262677.693 262677.717 —24
6 0 6 5 0 5 297370.867 297370.886 —19
6 1 6 S 15 287284.381 287284.357 24
10 2 8 11 011 36433.372 36433.392 —20
11 2 9 12 012 34312.823 34312.802 22
110 1 1 1 4608.372 4608.382 —11
2 1 1 2 1 2 13824.702 13824.728 —26
3 1 2 3 1 3 27645475 27645532 —57
4 1 3 4 1 4* 46058.713 46 058.660 53
5 2 3 5 2 4 4878.235 4878.239 -3
6 2 4 6 2 5 9662.532 9662.538 —6
T 2 35 7 2 6 17137.760 17137773 =13
8§ 2 6 8 2 7% 27973.593 27973.640 —47
9 2 17 9 2 8 42761.225 42761.190 35
12 3 9 12 310 12741.397 12741.400 -3
13 211 13 2 12 148220981 148221.000 —19
13 310 13 3 11* 19977.005 19977.020 —15
14 311 14 312 30090.007 30089.987 20
15 312 15 3 13* 43715.702 43715.650 52
17 413 17 4 14 8033.672 8033.666 6
18 414 18 4 15 12389.049 12389.043 6
19 415 19 4 16* 18571.857 18571.880 —23
20 416 20 417 27114.746 27114.730 16
21 417 21 4 18* 38613.208 38613230 —22
24 420 24 421 97050.046 97050.054 -8
24 519 24 5 20% 10617.740 10617.740 0
25 520 25 5 21* 15549.924 15549.930 —6
26 521 26 5 22% 22331.502 22331470 32
27 522 27 5 23* 31471.060 31471.060 0
28 523 28 5 24* 43544490 43544500 —10
30 624 30 6 25% 8465.343 8465.360 —17
30 525 30 526 79 000.653 79 000.647 6

773

a) ﬁ | |
.
VYA
4878.8 MHz | 4877.5 MHz
|
|
V
MM
4878.8 MHz 4877.5 MHz
JVJ L
4878.8 MHz 4877.5 MHz

Fig. 1. The rotational transition JK_K,—J' K"K/ =
523—524of the ''BH,'*NH, isotopomer, a) power spec-
trum synthesized with the nuclear coupling constants given
in [1], b) experimental power spectrum, polarizing frequency:
4877.0 MHz, sample interval: 50 ns, 2048 data points,
1.3-10° measuring cycles, 0.13 Pa, temperature: 223 K,
¢) power spectrum synthesized with our nuclear coupling
constants.

triplet pattern. Theoretically, the hyperfine struc-
ture of this transition depends only on the y,, cou-
pling constants of both nuclei. The triplet structure
of the transition leads to the conclusion that one of
the nuclei possesses a large coupling constant y,,
while the other one must have a very small y,,. We
had to distinguish between two possibilities. First,
the boron coupling constant y,, is large while the
Za.o constant of the nitrogen is rather small, this
leads to the result y,,(*'B)=1.75 MHz in good
agreement with the calculated value y,,(*'B)=
1.6 MHz of [1]. Second, the nitrogen coupling con-
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stant y,, is large while the y,, constant of the boron
is rather small. This leads to the result y,,(**N) =
—1.09 MHz. The corresponding coupling constant
given in [1] is y,,(**N)= —0.6 MHz.

. We succeeded in measuring the rotational transi-
tion JK_K,—J'K_K,=624—-625 of the
"'BH,'°NH, isotopomer in natural abundance,
see Table 1c. The hyperfine structure of this transi-
tion depends in good approximation only on the
linear combination of the ''B coupling constants,
755 (*'B) — 7..(*'B)]. The '’N nucleus causes no
quadrupole interaction. We calculate [y,,(*'B) —
7..(*'B)] = —6.1 MHz, which is also in good agree-
ment with the value [7,,(*'B)—y..(*'B)] = —6.0
MHz of [1]. The hyperfine pattern of this transition
gave us also the first hint that boron spin rotation
coupling had to be taken into account.

3. Finally we made the assumption that the linear
combination of the nitrogen coupling constants
755 (1*N) — 7., (**N)] = 3.8 MHz of [1] is well deter-
mined. This decision was based on two arguments,
first the value of the boron coupling constant
s (1'B) — 7..(*'B)] of [1] is in good agreement
with our corresponding constant as mentioned
above, and second the two coupling constants (y,,,—
%..) of both nuclei, ''B and '*N, were experimen-
tally determined.

[89)

With these considerations we obtained reliable
starting values for three out of four nuclear quadru-
pole coupling constants; only one coupling constant,
namely y,, of **N, remained uncertain.

The hyperfine structure of the rotational transitions
of the 'BH,'*NH, isotopomere is even more compli-
cated than the corresponding hyperfine pattern of ''B
due to the nuclear spin, I =3, of '°B. There was only
one transition of '°BH,**NH, which was appropriate
to fit the nuclear coupling constants while the hyper-
fine structures of all other transitions were not re-
solved in a satisfactory way.

Results and Discussion
of the Centrifugal Distortion Analysis

Aminoborane is a near prolate asymmetric top
rotor (x=—0.92) with the dipole moment vector
along the a-axis of inertia. Our first calculations of the
rotational transitions of ''BH,'*NH, were based on
the rotational and centrifugal distortion constants
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given in [1]. Due to the large rotational constants
there exist only Q-branch transitions in the micro-
wave range. Further calculations, which take into ac-
count the rotational parameters of [2], showed that
there exist two P-branch transitions at 34 and
36 GHz, JK_K,—J'K_K,=1129-12012 and
JK_K,—J' K_K' =1028 —11011. These transi-
tions are relatively weak due to the selection rule
AK _ =2, but they are highly sensitive to the centrifu-
gal distortion constants and especially to the rota-
tional constant A. Knowledge of the hyperfine struc-
ture of these rotational transitions enabled us to
unambiguously identify them and determine their cen-
ter frequencies.

Using the set of rotational parameters based on the
transitions in the microwave range, the prediction of
transitions in the millimeter wave region was accurate
enough to identify the measured lines.

For the final fit we included all our center frequen-
cies and additionally the center frequencies listed in
[1]. Using the planarity relations [10] we were able to
determine the rotational constants, all quartic cen-
trifugal distortion constants and three of the sextic
centrifugal distortion constants according to Watson'’s
A and S reduction [11]. The other sextic constants
Dy, Py, @, and oy, respectively Hy,, Hg, h; and hy
had to be fixed to zero for the fit. Due to the planarity
relations, the sextic order constants @, in case of Wat-
son’s A reduction and h, in case of the S reduction
were constrained to the other centrifugal distortion
constants. The results of this analysis are listed in
Table 3.

We were not able to resolve the K-doublet transi-
tions 5,, —4,, and 5,, —4,,, although the prediction
gave a splitting of about 300 kHz for the center fre-
quencies. We could measure only one strong line at
252071.76 MHz due the overlapping of the hyperfine
structure. Its frequency is exactly the averaged fre-
quency of the two calculated transitions. Therefore it
was not included in Table 2 and in the fit.

As expected, some of the obtained parameters in the
Watson’s A reduced fit show larger errors than in the
symmetric reduction.

In case of '°BH,'*NH, we were not able to deter-
mine experimental center frequencies of the rotational
transitions due to the overlapping of the hyperfine
components, as mentioned above. Therefore we did
not perform a centrifugal distortion analysis but used
the rotational and centrifugal distortion constants
given in [1].
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Table 3. Rotational and centrifugal distortion constants of
"'BH,'*NH,, standard errors of the constants are given in
brackets, @y,, Px, ¢, and @y are fixed to zero in case of
Watson’s A reduction, Hyg,, Hg, h,, and h; are fixed to zero
in case of Watson’'s S reduction. ¢: standard deviation of the
fit, N: number of rotational transitions. K__ |**|: highest
correlation coefficient, h, and @, constrained by planarity
relations.

Distortion constants from Watson’s
S reduction A reduction

A 138221.39(9) MHz A 138221.38(9) MHz
B 27 487.267 (2) MHz B 27 487.889 (3) MHz
C 22 878.827 (3) MHz (& 22 878.220 (3) MHz
D 43.07 (3) kHz a4, 46.22 (3) kHz
Dy 314.6 (3) kHz Asx 295.8(3) kHz
Dy 2.58(2) MHz Ak 2.59(2) MHz
d, —8.615(3) kHz o, 8.621 (3) kHz
d, —1.565(3) kHz Ok 307.2(6) kHz
H, —0.73(3) Hz b, —0.56 (6) Hz
Hyx 14(6) Hz b 0.7(5 Hz
[Hi; 0.0 Hz] [Pk, 0.0 Hz]
[Hg 0.0 Hz] [Py 0.0 Hz]
[h, 0.0 Hz] o, 0.0 Hz]
h, 0.050 (3) Hz Pk 7.2(6) Hz
[hy 0.0 Hz] [ox 0.0 Hz]
X —0.92009124 % —0.92007035
g 35 kHz o 35 kHz
N 51 N 51

K el Do d5] 0940 Kol Ay 0,61 0.944

Results and Discussion
of the Hyperfine Structure Analysis

The hyperfine structure of the rotational transitions
of both isotopomers, ''BH,'*NH, and '°BH,'*NH,,
were analysed by first order perturbation theory [12].
In case of ''BH,*NH, we made use of all transitions
given in Table 1a with exception of the rotational
transition JK_K,—J' K_K,=101—000. This
transition was omitted because of the higher uncer-
tainties of the frequency determination.

For the analysis of the hyperfine structure in the
spectra of '°BH,'*NH, we used the transition
JK_K,—J'K_K' =110-111, which is listed in
Table 1b. We were able to determine all nuclear
quadrupole coupling constants of *'BH,**NH, and
'BH,'*NH,. Additionally we had to take into ac-
count the boron spin rotation interaction to achieve a
satisfactory fit within the measuring accuracy of our
spectrometers. In case of ''"BH,'*NH, all spin rota-
tion coupling constants ¢,,, ¢,, and ¢, were calcu-
lated, but one of them, ¢, ., was zero within the stan-
dard error. In case of '°BH,'*NH, only two of the
constants c,, and c,, could be determined. Therefore

775

Table 4a. ''B quadrupolc and spin rotation coupling con-
stants and '*N quadrupole  coupling constants of
"'BH,"*NH,, the spin rotation coupling constant ¢, of ''B
was fixed to zero, standard errors given in brackets. o stan-
dard deviation, N: number of components, K_  |**|:
highest correlation coefficient.

max

Nitrogen, '*N: Boron, ''B:

Fp —0.095 (9) MHz e 1.684 (14) MHz

b 4.277 (7) MHz 71— —6.107(9) MHz

on 0.095 (9) MHz Ze. —1.684(14) MHz

Ton 2.091 (8) MHz Ty —2212(11) MHz

Le —2.186 (8) MHz Ko 3.896 (11) MHz
Ci 0.0552 (26) MHz
&, 0.00662 (36) MHz
[c.. 0.0 MHz]
o 0.008 MHz
N 116

Koaelzs (*N), 7z, ("'B)| 0452

Table 4b. '°B quadrupole and spin rotation coupling con-
stants and '*N quadrupole coupling constants of
'“BH,"*NH,, the spin rotation coupling constant c,, of '°B
was fixed to zero, standard errors given in brackets o stan-
dard deviation, N: number of components, kel

highest correlation coefficient.

mdx

Nitrogen, '*N: Boron, '°B:

4. —0098(7) MHz X 3481 (11) MHz

i 4.276 (7) MHz . —12.726 (16) MHz

Yon 0.098 (7) MHz Zo.  —3481(11) MHz

Xbb 2.089 (7) MHz Lbb —4.623 (14) MHz

s 3187 (1) MHy o 8.104(14) MHz
o 0.01526 (69) MHz
o 0.00494 (70) MHz
le.s 0.0 MHz]
o 0.005 MHz
N 30

Kmax|/+ 1“N) . (*'B)|  0.600
Q(*°B)/Q(*'B) =z (*°B)/x~(*'B) = 2.084 (4)

Table 5. ''B quadrupole coupling constants [MHz] of some
compounds similar to aminoborane.

Compound Laa sb Lee Lit.
BH,NH, —1.684(14) —2212(11) 3.896 (11)  this work
CH,BF, —2.713(21) —0.695(27) 3.408 (27) [15]
HBF, —~0.75(9) —2.585(106) 3.335(106) [16]
C4H,BF, —2589(12) —0.600(15)  3.189(15) [17]
BF,OH —1.477 (5) —1.195 (6) 2.672(6) [18]

we decided to fix ¢, for both isotopomers to zero. The
results of the analysis of the hyperfine structures are
listed in Table 4a for '*BH,'*NH, and in Table 4b
for '*°BH,'*NH,. In Table 5 we present the quadru-
pole coupling constants of some boron compounds
similar to aminoborane. With the assumption that the
bonding orbitals of boron are in all cases sp>-hybrids,
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the orbital perpendicular to the sp?-plane is a pure
p-orbital. The unbalanced occupations of these p-or-
bitals, caused by back donation of m-electrons from
the boron bonding partners [13], are described ap-
proximately by the coupling constants .. The
quadrupole coupling constant by a single p-electron
of boroniseQq,,,=—5.39 MHz [14]. The molecules
listed in Table 5 may be classified in three groups.
Aminoborane is the only member of the first group.
This molecule has only one bonding partner possess-
ing m-electrons, namely the NH,-group. Members of
the second group are HBF, and CH,BF,, each of
them possesses two bonding partners with m-elec-
trons, the fluorine atoms. C¢HsBF, and BF,OH are
members of the third group. In this group all three
bonding partners have mn-electrons. Consequently, in
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this picture the member of the first group, aminobo-
rane, with only one m-donor, possesses the highest
positive y.. value, i.e. the lowest occupation of the
pure p-orbital. The y.. values of the members of the
second group are less positive, caused by the bonding
with two m-donors. The members of the third group,
each of them possessing three n-donors, have the low-
est y.. values. The unbalanced occupation of the pure
p-orbital increases from the first to the third group.
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