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Microwave Spectrum, Structure, and Dipole Moment of Ethynyldifluoroborane, 
H-CGCBF, 

By WALTER J. LAFFERTY* and J. J. RITTER 
(National Bureau of Standards, Washington, D. C. 20234) 

Suminizry The structure and dipole moment of ethynyldi- 
fluoroborane have been determined from a study of its 
microwave spectrum. 

A SYN rHEsIS and characterization of the ethynyldifluoro- 
borane molecule is reported ab0ve.l Only small amounts 
of sample have been produced to date. Because of this, 
only E, limited number of physical measurements was 
possible. This work was undertaken with the objective of 
obtain ng as much structural information from the micro- 
wave Epectrum as possible. 

The sample used in this study was prepared by Ritter 
et aZ.l A conventional Stark modulated spectrometer was 
used, and the spectra were all obtained at dry-ice tempera- 
ture. Despite the fact that the waveguide was pre-con- 
ditioned with BF, for 16 hr. prior to use, the sample of 
ethynyldifluoroborane decomposed rapidly in the brass 
waveguide; the half-life of the sample in the guide was 
about 1 min. This fact imposed a serious limitation on the 
study since only 1-5 cm.3 of gas at S.T.P. of the sample was 
available. 

Because of the sample limitations only the strong lines 
in the 18,000---33,000MHz. region were recorded. A 
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typical A-type spectrum of a near prolate rotor was observed 
and this spectrum was easily assigned on the basis of the 
Stark effect of the individual lines. About 15 lines were 
assigned for the ground state of the UB species and about 
10 for the less abundant 1°B species. In addition, six 
satellite lines from the first excited vibrational state of the 
IIB species were assigned, Both boron nuclei have quad- 
rupole moments, but no quadrupole hyperfine structure was 
resolved, although most of the lines broadened. 

distance is the same as in HBF,,S one calculates LFBF 
= 118.2" and Y ~ - ~  = 1.53 A. Errors in these parameters 
are difficult to estimate. The bond distance, however, is 
probably accurate to within -10.02 and the angle to 
within &lo. The boron-carbon bond length then is not 
significantly different from that found4 for BH,CO (vB--c 
= 1.540 A); the angle is virtually identical to that found 
for HBF,. 

Measurements of the Stark effect displacements of the 

Rotationat constants (MHz.) and moments of inertia (Amu As) of H-CeC-BF, 
H-lZC ~ 1 2 ~ l O B l B F  

(ground state) 
A 10507.4 f 2.8s 
B 3670.56 f 0.06 
C 2715.52 f 0.04 
Is 48.112 rfi 0,014 
I b  137,726 j ,  0.002 
Ic 186.164 f 0.004 
A 0.323 Jc 0*015b 

a Uncertainties cited are twice standard deviations. 
b A I= 10 - I, - Ib. 

H-12C =12C-llBlBF 
(ground state) 
10509.2 & 2.7 
3666.65 f 0.06 
2713.50 f 0.06 

48.104 f 0.014 
137.873 f 0.002 
186.302 f 0.004 

0.326 f 0.015 

The Table gives the rotational and inertial constants 
obtained for the ground state of both isotopic boron species 
as well as the constants obtained for the lowest vibrational 
state of the UB species. The following structural informa- 
tion can be deduced from the microwave spectrum: (1) The 
molecule studied apparently contains but one boron atom, 
since only two sets of lines originating from the ground state 
were observed. (2) The boron atom must be located on the 
A axis of the molecule since I ,  is not significantly different 
for the two isotopic species. (3) A distinct intensity 
alternation is observed-transitions between states sym- 
metric to a rotation about the A axis are roughly one-third 
of the intensity expected for them when cornpared with 
transitions between states asymmetric to rotation about 
the A axis. Therefore, an off-axis pair of equivalent nuclei 
with spin + must be present in the molecule. (4) The small 
positive inertial defect (A = I, - .Ia - Ib) reported in the 
Table indicates that the molecule is planar. (5) The 
moment of inertia of HBF, about the molecular symmetry 
axis2 (48.1608 Amu A,) is almost identical to I a  in BF2C,H. 
This is strong evidence that the off-axis nuclei are fluorine 
atoms and that the BF, group has nearly equivalent 
geometry in both molecules. 

This evidence indicates that the molecule has C,, sym- 
metry, 2.e. that the boron is co-linear with the ethynyl 
group and that the two off-axis fluorines are symmetrically 
placed. 

The two isotopic species studied are insufficient to 
determine the structure of the molecule completely. If, 
however, one assumes that the CEC and C-H bond lengths 
are unchanged from those in C,H22 and that the B-F bond 

H-lZC ~12C-llBlBF 
(v*) 

10397.4 f 5.9 
3684.45 f 0.20 
2717.26 f 0.15 

48-622 f 0.030 
137.209 f 0.014 
186.047 & 0.010 

0.216 f 0.035 

4,, t- 321 line of the UB isotopic species were made in the 
strong field limit. The waveguide spacing was calibrated 
using OCS as a standard.6 The dipole moment (and 2 0  
uncertainty) obtained for HC,BF,, 1.93 A 0 . 0 6 ~ ~  can be 
compared with 0.971 D for HBF,, and 1.67 D for CH,BF,.'J 

An estimate of the lowest vibrational frequency of the 
molecule can be made by measuring the relative intensities 
of the vibrational satellite lines compared with the lines 
arising from the ground state. The lowest vibration in 
HC,BF, is an in-plane skeletal bending mode of symmetry 
B, and the nuclear spin weighting is reversed from that of 
the ground state. The ratio of the relative intensities of 
the ground state to the intensity of the vibrational satellite 
was measured for the 5,, t- 4,, transition. For this transi- 
tion the ground state has a nuclear spin weighting of one; 
the vibrational satellite line has a weighting of 3. The 
measured ratio of the intensity of the satellite line to that 
of the ground state was 1-03 f 0.20 which leads to a value 
of 150 & 80cm.-l for the in-plane bend. The large 
uncertainty in the frequency results from difficulty in the 
intensity comparisons because of the rapid sample decom- 
position. 

When more sample becomes available we intend to 
extend our study to lower J values in order to obtain the 
boron nuclear quadrupole coupling constants. We hope, 
also, to study additional isotopic species in order to obtain 
an improved structure. 
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