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We investigated the microwave spectrum of trimethylamine-borane by microwave Fourier 
transform spectroscopy and determined the quadrupole coupling constants of "B and 14N and 
the rotational and centrifugal distortion constants for the 11 B isotopic species. The B - N bond 
order is discussed and a value for e Q q2w ( l4N) is determined. 

We investigated the microwave spectrum of tri-
methylamine-borane , ( C H 3 ) 3 N - B H 3 with the 
higher resolution of microwave Four ier t ransform 
( M W F T ) spectroscopy to resolve the nitrogen and 
boron hfs. Previous investigations by Schi rdewahn 
[1], Durig et al. [2] and Cassoux et al. [3] did not 
obtain this information. The interpretat ion of the 
quadrupo le coupling constants results in the order 
of the B - N bond and a value of c £ < / 2 I 0 ( 1 4 N ) [4] 
under certain assumptions. Tr imethy lamine-borane 
was prepared according to 

B 2 H 6 + 2 N ( C H 3 ) 3 2 ( C H 3 ) 3 N - B H 3 . 

In the frequency range of our M W F T spectrometer 
the J = 1 - 0 and 7 = 2 - 1 transitions of ( C H 3 ) 3 N -
-- " B H 3 were measured at a tempera ture of - 5 0 ° C 
and pressures of approximately 0.25 mTorr . The 
transitions are given in Table 1. 

The multiplet patterns were assigned and analysed 
on the basis of a centrifugally distorted symmetr ic 
rotor with the rotational hamil tonian [5] H R = 
BP 2 + (A- B)P\- DjP 4 - Djk P 2 P 2 - Dk P\ con-
taining two coupled nuclei. 

The coupling scheme / , ( 1 4 N ) + P = Fu Fx + / 2 ( n B ) 
= F [6] was used. The hamil tonian matr ix of 
//R + Hq1 + Hq2 with HQi the hamil tonian for the 
hfs diagonal in K. / , , / 2 . F. MF and nondiagonal in 
J and F\ was diagonalised (program SYM2Q.FOR) . 
As the J = 2 - 1 transition is not well resolved the 
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quadrupo le coupling constants eQq{uB) and 
e (7c/(14N) were calculated f rom the splittings of the 
. 7 = 1 - 0 transition only. With fixed eQqs B, Dj, 

and Djk were fitted to both transitions. 
The results are given in Table 2. In Tables 3 and 4 

we give measurements and analysis of 7 = 1 - 0 
transitions of two unassigned vibrationally excited 
states. 

Table 1. Observed frequencies vobs [MHz] of the "B- and 
l4N-hyperfine components of the 7 = 1 - 0 and 2 - 1 transi-
tions of trimethylamine-borane. The values vca)c [MHz] 
were calculated with the parameters of Table 2. Av = 
vob.s - Vcalc [MHz], 

J'-J K F- -F F\-Fl v 'obs l c a l c Av 

1 - 0 0 1.5 -0 .5 1 — 1 9 031.692 9 031.704 -0.012 
1.5 -1 .5 1 - 1 9 031.692 9 031.704 -0.012 
1.5 -2 .5 1 - 1 9 031.692 9 031.704 -0.012 
0.5 -0 .5 1 - 1 9 032.014 9 032.006 0.008 
0.5 -1 .5 1 - 1 9 032.014 9 032.006 0.008 
2.5 -1 .5 1 - 1 9 032.014 9 031.999 0.015 
2.5 -2 .5 1 - 1 9 032.014 9 031.999 0.015 
3.5 -2 .5 2 - 1 9 032.726 9 032.744 -0.018 
0.5 -0 .5 2 - 1 9 032.726 9 032.736 -0.010 
0.5 -1 .5 2 - 1 9 032.726 9 032.736 -0.010 
1.5 -0 .5 2 - 1 9 032.868 9 032.853 0.015 
1.5 -1 .5 2 - 1 9 032.868 9 032.853 0.015 
1.5 -2 .5 2 - 1 9 032.868 9 032.853 0.015 
2.5 -1 .5 2 - 1 9 033.148 9 033.156 -0.008 
2.5 -2 .5 2 - 1 9 033.148 9 033.156 -0.008 
1.5 -0 .5 0 - 1 9 034.202 9 034.203 -0.001 
1.5 -1 .5 0 - 1 9 034.202 9 034.203 -0.001 
1.5 -2 .5 0 - 1 9 034.202 9 034.203 -0.001 

2 - 1 0 2.5 -1 .5 1 - 0 18 064.625 18 064.589 0.036 
3.5 -2 .5 2 - 1 18 065.239 18 065.275 -0.036 
4.5 -3 .5 3 - 2 18 065.392 18 065.392 0.000 

± 1 3.5 -2 .5 2 - 1 18 064.714 18 064.717 -0.003 
3.5 -2 .5 3 - 2 18 065.963 18 065.960 0.003 
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Table 2. Rotational, centrifugal, and hfs coupling constants 
of trimethylamine-borane, (CH3)3 1 4N- nBH 3 . The hfs 
analysis is based on 7 = 1 - 0 transition only. 

[1] 

B = 4 516.3558(25) MHz 
Dj = 1.5(5) kHz 
Djk = - 24.7(36) kHz 
eQq(u B) = 2.064(33) MHz 
<>0c/(l4N) = - 2.832(15) MHz 

4 516.353(15) MHz 
1.32(11) kHz 

Table 3a. Observed frequencies vohi [MHz] of the "B- and 
14N-hyperfine components of the 7 = 1 - 0 transition of an 
unassigned vibrational state. The values vcalc [MHz] were 
calculated with the parameters of Table 4a. 

J'-J K F'--F F\-Fx v o b s ^calc Av 

1 - 0 0 1 . 5 - 0 . 5 1 — 1 9 0 2 6 . 9 2 3 9 0 2 6 . 9 3 3 - 0 . 0 1 0 
1 . 5 - 1 . 5 1 - 1 9 0 2 6 . 9 2 3 9 0 2 6 . 9 3 3 - 0 . 0 1 0 
1 . 5 - 2 . 5 1 - 1 9 0 2 6 . 9 2 3 9 0 2 6 . 9 3 3 - 0 . 0 1 0 
0 . 5 - 0 . 5 1 - 1 9 0 2 7 . 2 5 7 9 0 2 7 . 2 3 8 0 . 0 1 9 
0 . 5 - 1 . 5 1 - 1 9 0 2 7 . 2 5 7 9 0 2 7 . 2 3 8 0 . 0 1 9 
2 . 5 - 1 . 5 1 - 1 9 0 2 7 . 2 5 7 9 0 2 7 . 2 4 3 0 . 0 1 4 

2 . 5 - 2 . 5 1 - 1 9 0 2 7 . 2 5 7 9 0 2 7 . 2 4 3 0 . 0 1 4 
3 . 5 - 2 . 5 2 - 1 9 0 2 7 . 9 6 4 9 0 2 7 . 9 8 3 - 0 . 0 1 9 
0 . 5 - 0 . 5 2 - 1 9 0 2 7 . 9 6 4 9 0 2 7 . 9 8 9 - 0 . 0 2 5 
0 . 5 - 1 . 5 2 - 1 9 0 2 7 . 9 6 4 9 0 2 7 . 9 9 0 - 0 . 0 2 6 
1 . 5 - 0 . 5 2 - 1 9 0 2 8 . 0 9 8 9 0 2 8 . 0 9 7 0 . 0 0 1 
1 . 5 - 1 . 5 2 - 1 9 0 2 8 . 0 9 8 9 0 2 8 . 0 9 7 0 . 0 0 1 
1 . 5 - 2 . 5 2 - 1 9 0 2 8 . 0 9 8 9 0 2 8 . 0 9 7 0 . 0 0 1 
2 . 5 - 1 . 5 2 - 1 9 0 2 8 . 4 3 0 9 0 2 8 . 4 1 6 0 . 0 1 4 

2 . 5 - 2 . 5 2 - 1 9 0 2 8 . 4 3 0 9 0 2 8 . 4 1 6 0 . 0 1 4 

1 . 5 - 0 . 5 0 - 1 9 0 2 9 . 4 5 2 9 0 2 9 . 4 5 1 0 . 0 0 1 

1 . 5 - 1 . 5 0 - 1 9 0 2 9 . 4 5 2 9 0 2 9 . 4 5 1 0 . 0 0 1 
1 . 5 - 2 . 5 0 - 1 9 0 2 9 . 4 5 2 9 0 2 9 . 4 5 1 0 . 0 0 1 

Table 3b. Observed frequencies vobs [MHz] of the "B- and 
14N-hyperfine components of the 7 = 1 - 0 transition of an 
unassigned vibrational state. The values vcalc [MHz] were 
calculated with the parameters of Table 4 b. 

J'-J K F'--F F\-FX V o b s l 'calc Av 

1 - 0 0 1.5 -0 .5 l — l 9 020.364 9 020.365 - 0 . 0 0 1 
1.5 -1 .5 l - 1 9 020.364 9 020.365 - 0 . 0 0 1 
1.5 -2 .5 l - 1 9 020.364 9 020.365 - 0 . 0 0 1 
0.5 -0 .5 l - 1 9 020.665 9 020.668 -0.003 
0.5 -1 .5 l - 1 9 020.665 9 020.668 -0.003 
2.5 -1 .5 l - 1 9 020.665 9 020.665 0 . 0 0 0 

2.5 -2 .5 l - 1 9 020.665 9 020.665 0 . 0 0 0 

3.5 -2 .5 2 - 1 9 021.383 9 021.408 -0.025 
0.5 -0 .5 2 - 1 9 021.383 9 021.405 -0.022 
0.5 -1 .5 2 - 1 9 021.383 9 021.405 -0.022 
1.5 -0 .5 2 - 1 9 021.543 9021.519 0.024 
1.5 -1 .5 2 - 1 9 021.543 9021.519 0.024 
1.5 -2 .5 2 - 1 9 021.543 9021.519 0.024 
2.5 -1 .5 2 - 1 9 021.836 9 021.827 0.009 
2.5 -2 .5 2 - 1 9 021.836 9 021.827 0.009 
1.5 -0 .5 0 - 1 9 022.865 9 022.870 -0.005 
1.5 -1 .5 0 - 1 9 022.865 9 022.870 -0.005 
1.5 -2 .5 0 - 1 9 022.865 9 022.870 -0.005 

Table 4a. Rotational and hfs coupling 
constants of trimethylamine-borane of the 
unassigned vibrational state of Table 3 a. 

B = 4 513.9776(18) MHz 
eQq(" B) = 2.162(39) MHz 
?£></( I4N) + - 2.824(19) MHz 

Table 4b. Rotational and hfs coupling 
constants of trimethylamine-borane of the 
unassigned vibrational state of Table 3 b. 

B = 4 510.6884(18) MHz 
eQq(u B) = 2.098(40) MHz 
? 0 4 ( i 4 N ) = - 2.829(19) MHz 

c 
/ 

\ 7 
/ IN>—C 

\ 
Fig. 1. Relative weight of the principal structures, which 
contribute to the ground state of trimethylamine-borane. 

Following the p rocedure given in [7] we calculat-
ed from the measured quad rupo l e coupling constant 
eQq(uB) = 2.064(33) M H z the B - N bond order 
/?B = 0.43(1), the n u m b e r of electrons donated f rom 
the nitrogen to the boron. e Q q 2 \ o { u R ) = - 5 . 3 9 MHz 
[8] and < N B H = 105.32(16)° [2, 3] were used. So 
the B - N bond can be interpreted as given in 
Figure 1. F h e low bond order correlates with esti-
mates of the dissociation energy to BH3 -I- (CH 3 ) 3 N 
of 31 to 48 kca l /mol [3], 

Fhe next considerat ion uses 
value c£)<y(14N) to de te rmine 
follow Fownes and Dailey [9] 
Details are given in [11], 

We use 

eQqi\ 

the experimental 
?£<72io(14N). We 
and Gordy [10], 

)( N) 

1 + [ 3 ( w c - 1) - wB] eN 
(1) 

with e(2<r/( l4N) the experimental nitrogen quadru-
pole coupling constant, e £?c/2io(14N) the quadrupo le 
coupling constant induced by a 2 p: electron, 
£n = 0.3 [12] the shielding constant of nitrogen, nc is 
the mean n u m b e r of electrons occupying the orbitals 
directed to the methyl groups, nB the mean number 
of electrons donated by the nitrogen to the boron. 
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The number of "unba lanced" p electrons in r -direc-
tion i.e. the N - B - b o n d direction may be ex-
pressed by 

(Up). = - j' nc- ap(i//c) • (3 cos2 (BNC) — 1) 

- ( 2 - / i B ) - a J ( ^ B ) (2) 

with c/p(i//c) the p-electron fract ion of the nitrogen 
orbital directed to the methylcarbon and <7p(t//ß) 
that directed to boron. Assuming hybridisat ion 
mixing of s and p functions y/c = s c + /. p c [13] one 
gets: 
^ . 2 

tfp(^c) = J A -2 w i t h / - 2 = - ' ( C O S < ( C N C ) r ' (3) 

and similar 2 
= w i t h ^ 2 = { / - - c o s ^ ( B N C ) i " 2 (4) 

1 + p 

with the relation 

and 

cos 2 <MBNC) = y (1 + 2 cos * ( C N C ) ) (5) 

« s ( V c ) = 1 + '/: 
(6) 

(1) simplifies to 

^ ,14xtx 3 • aj{y/c) 4 (2 - nc - /?B) _ /14xt. ?£?c/( , 4N) = c ^ ^ 2 i o ( 1 4 N ) 
1 + [ 3 ( W c - 1 ) - w b ] • £ N 

Equat ion (7) describes for / ? b = 0 the quadrupo le 
coupl ing constant of t r imethylamine. 

For tr imethylamine-borane the bond angle £ C N C 
= 109.0° is known from the structure [3] and the 
quad rupo le coupling constant = — 2.832 
MHz is measured in this work. 

For t r imethylamine the bond angle < C N C 
= 110.9° is determined by Woll rab and Laurie [14] 
and the quadrupole coupling constant e(2<y(14N) 
= - 5.47 MHz was measured by Lide and Mann 
[15]. 

Assuming nc ( t r imethylamine) = nc ( tr imethyl-
amine-borane) equat ion (7) yields two equat ions for 
nc and e<2</2io('4N). The results are nc = 1.16 and 
<j£?42!o(14N) = - 9.38 MHz. As there are some 
assumpt ions we do not give an error limit. The 
value of c(7c/2io( l4N) compares well with that deter-
mined f rom solid nitrogen c (2^210 ( 1 4 N solid) = 
- 9 . 3 M H z [16]. 
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