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Quantum mechanical calculations at correlated levels using different basis sets predict that the B-N bond length of 
H3N-BF3 is 1.68 k 0.02 A; the previously reported value of 1.59 k 0.03 A, which is based on microwave spectroscopic 
investigations, is probably too short. 

Although the classical donor-acceptor complex H3N-BF3 1 
has already been prepared in 1809 by Gay-Lussac,’ it has only 
recently been detected in the gas phase by Legon and 
Warner,2 who report experimental results of 1 using micro- 
wave spectroscopy. The analysis of the observed J = 1 + 0 
transitions of the 14N, 15N, 10B, and 1lB isotopomers of 
H3N-BF3 led them conclude that the B-N interatomic 
distance of 1 is 1.59 k 0.03 81,2 which is practically the same 
value as in the solid state (rBPN = 1.60 k 0.02 A).3 This is 
surprising, because the stronger base Me3N has an observed 
B-N bond length between 1.664 k 0.01 A 4 a  and 1.674 k 0.004 
A 4 b  in the related complex Me3N-BF3 2 in the gas phase. 
Also, donor-acceptor complexes exhibit usually shorter 
donor-acceptor bonds in the solid state than in the gas phase.5 
The shortening between the gas phase and the solid state can 
be as much as 0.8 A, which is observed for HCN-BF3.6 The 
B-N bond of 2 in the gas phase is 0.08 A shorter than in the 
solid state? Previous ab initio calculations predicts that the 
B-N bond of 1 should be 1.68 A and not 1.59 as reported by 
Legon and Warner.2 

In a systematic quantum mechanical investigation of the 
geometries, bond strengths and electronic structures of main 
group donor-acceptor complexes we found9 that, the theoret- 
ically predicted geometries are in very good agreement with 
experimental gas-phase values. Because 1 as the ‘archetypal’* 
donor-acceptor complex has been used by Lewis10 as the first 
example to illustrate the concept of the dative bond,ll the 
knowledge of the exact length of the donor-acceptor bond has 
particular importance. Therefore, we decided to study 
theoretically? the geometry of 1 using different basis sets and 
different methods for calculating the correlation energy. For 
comparison, we report also the optimized geometries of 
Me3N-BF3 2 and H3N-BH3 3. The experimental gas-phase 
geometries of 2 and 3 are known.4.12 

Fig. 1 shows the optimized structures of 1-3 at the 
MP2/TZ2P level of theory. The experimental gas-phase values 
are given in parentheses. The agreement between theory and 
experiment is very good, with the exception of the B-N bond 
length of 1. The boron atom has a tetrahedral configuration in 

Table 1 Experimental and calculated B-N bond lengths (A) and 
dipole moments (Debye) 

H3N-BF3 Me3N-BF3 H3N-BH3 
Method 1 (C3”) 2 (G”) 3 (C3”) 

Exp. (X-ray) 1.60 f 0.020 1.585 k 0.03~ 
Exp. (Gas phase) 1.59 * 0.036 1.674 +- 0.004d 

1.664? 0.011~ 
HF/6-31G(d,p) 1.688 1.674 
HF/TZ2P 1.687 1.676 
MFY6-3 lG( d .p) 1.679 1.664 
M P2/TZ2 P 1.678 1.661 
MP3/6-31 G(d,p) 1.678 
QCISD/6-31G(d,p) 1.679 
D (MP2EZ2P) 6.14 6.09 
D (exp.1 5. 63h 

1.564 k 0 . W  
1.657 k 0.02 

1.687 
1.672 
1.657 
1.648 
1.663 
1.667 
5.44 
5.221 

a Ref. 3; h ref. 2; ref. 7; d ref. 4b; e ref. 4a; fref. 14; g ref. 12; h ref. 22; i 
ref. 12. 

the complexes. The B-F bonds are significantly longer in 1 and 
2 than in BF3 (calculated 1.312 A, experimental13 1.311 A). 
The larger N-B-F angle and longer B-F bond of 2 than those 
of 1 indicate stronger donor-acceptor interactions in the 
former complex. Indeed, the bond strength has been calcu- 
lated at the MP2/TZ2P level of theory to be significantly 
higher for 2 (D ,  = 33.3 kcal mol-1) than for 1 (D, = 23.0 
kcal mol-1) .9 

Table 1 shows the experimental and calculated B-N bond 
lengths of 1-3. The theoretically predicted interatomic dis- 
tances change very little at different levels of theory. The 
calculated bond lengths at the HF level are slightly longer than 
the MP2 values. The larger TZ2P basis set gives very similar 
results as the 6-31G(d7p) basis set at the HF and MP2 level, 
respectively. Also the bond lengths predicted at the QCTSDIG- 
31G(d,p) level are practically the same as the MP2/6-3lG(d,p) 
results. This means that the theoretical methods, which are 
used to calculate the B-N bond lengths of 1-3, have nearly 
converged to a common value. The results in Table 1 show 

F 

1.012 r110.3 103.9- 

109.4 105’2 

108.6 

n 

111.0 104.9 
(110.3) (104.7) 

(1.216) 

(113.8) 

3 

W 
Fig. 1 Theoretically predicted geometries of the donor-acceptor 
complexes 1-3 at the MP2mZ2P level of theory. Experimental 
gas-phase values*,46J2 are given in parentheses. 
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theory's terminated at second order) level of theory using a 
6-31G(d,p)I9 and TZ2P basis set.*O The structures are verified to be 
minima on the potential energy hypersurface by calculating the 
hessian matrix at the HF/6-31G(d,p) level, which has only positive 
eigenvalues. Further geometry optimizations have been carried out at 
the MP3/6-31G(d,p) and QCISD/6-31G(d,p) level (Quadratic CI with 
single and double excitations21). 
5 The coefficient of the leading configuration in the MP2/6-31G(d) 
calculations of 1 (CO = 0.918), 2 (CO = 0.871) and 3 (cg = 0.960) shows 
that the Hartree-Fock configuration is dominant in the correlated 
wave function. 

that the B-N bond lengths of 2 and 3 calculated at all levels of 
theory are essentially in agreement with the experimental gas- 
phase values. The calculated values for 1, however, are clearly 
longer than the experimental value of 1.59 L 0.03 A.2 The 
theoretical results sug est that the B-N bond length of 1 
should be 1.68 -t 0.02 w . 

Table 1 shows that the B-N bond lengths of 2 and 3 are 
0.08-0.10 8, shorter in the solid state than in the gas phase, 
which can be attnbuted to the intermolecular dipole-dipole 
interact ion~.~J~ The calculated dipole moments of 2 (6.09 D) 
and 3 (5.44 D) at MP2/TZ2P are in reasonable agreement with 
the experimental values of 5.63 and 5.22 D respectively. The 
theoretical dipole moment of 1 is 6.14 D [MP2iTZ2P]. 
Because the calculated dipole moment of 1 has the same 
magnitude as those of 2 and 3, the intermolecular dipole- 
dipole interactions in the solid state should be similar. The 
B-N bond length of 1 should therefore be 0.08-0.10 A longer 
in the gas phase than in the solid state. This would agree with 
the calculated value of ca. 1.68 A (Table 1). The experimental 
gas-phase value of 1.59 A for H3N-BF3 1 is also difficult to 
understand, because the bond length of Me3N-BF3 2 (1.664 k 
0.01 A; 1.674 k 0.004 A)4 is clearly longer. Trimethylamine is 
a stronger base than ammonia. The experimentally reported 
B-N bond length of Me3N-BH3 (1.638 k 0.01 .$; 1.656 k 
0.002 A)l5 is similar or slightly shorter than that of H3N-BH3 
(1.657 k 0.02 .$).I2 

The experimental value of 1.59 k 0.03 8, for the B-N bond 
length of 1 reported by Legon and Warner2 is based on an 
estimate of the position of the boron atom on the axis of the 
symmetric top molecule. The position of the nitrogen atom of 
1 was obtained from the change in B on 'SN substitution in the 
J = 1 +- 0 transition as ZN = 1.555 1. From the signals of the 
isotopomers it was concluded that the B atom lies very close to 
the centre of mass in H314NIlBF3, but probably on the 
opposite side Q-om N. Based on experience, a value of ZB = 
-0.03 k 0.03 A was chosen for the position of the boron atom, 
which gives a B-N interatomic distance of 1.59 & 0.03 A.2 The 
calculations suggest that the boron atom is further away from 
the centre of mass. The theoretically predicted positions of 
the N and B atoms are (MP2/TZ2P) ZN = 1.463 and ZB = 

Because the calculated B-N bond lengths of the related 
complexes 2 and 3 are in excellent agreement with the gas- 
phase values, and because it is difficult to understand why the 
weaker base NH3 should have a much shorter bond with BF3 
than Me3N, we think that the published value TBN = 1.59 k 
0.03 8, for the B-N bond length of 1 is too short. The 
calculations indicate, that the assumptions underlying the 
calculation of moments of inertia are deficient. The theore- 
tical results presented here and in previous studies8 suggest 
that the true value should be r B N  = ca. 1.68 A. The results 
predicted at different levels of theory allowed an error 
estimate of * 0.02 A.+ 
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-0.216 A. 
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Footnotes 
t The calculations have been carried out using the program packages 
Gaussian 9216 and TURBOMOLE.17 The geometries are optimized at 
the Hartree-Fock (HF) and MP2 (Mgller-Plesset perturbation 
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