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Geometrical parameters and vibrational frequency data for the dimer of monochlorogallane obtained by ab initio 
calculations show excellent agreement with experimental values; the dissociation energy of Ga2CI2H4 to the GaCIH2 
monomers and GaCl + H2 has been calculated. 

The heavier atom analogues of diborane(6) are of both 
experimental and theoretical interest. Most halogeno deriva- 
tives have been characterized for the dimers of B, Al, Ga,  and 
In.1 However, little information is available for the hydrido 
forms and this is limited in the case of digallanes to the 
tetrahalogeno derivative Ga2H2X4 (X = Br, C1) and the 
methylated species Ga2H2Me4.2 As for Ga2C14 and In2Cl4,3 
dialane(4)4 also has ionic character, in contrast to dibor- 
ane(4) .5 Theoretical studies on gallium compounds have been 
hampered by the high cost of ab initio calculations, which 
require at least a split valence basis set with added d-type 
functions (HF/3-21G*).6 Recently, GaCl, GaH, and GaH3 
were studied at this level of theory6 but for the bi- and 
tri-dentate forms of the mixed boron-gallium hydride GaBH6 
pseudopotentials were used.7 

Here we present an ab initio study and frequency analysis on 
the dichlorodigallane(6), H2Ga-pC12-GaH2. Recently, Goode 
et al.8 reported the gas-phase electron diffraction data and 
vibrational spectra for this compound, that was first prepared 
by Greenwood and Storr.9 We wanted to verify the 
experimental finding and calculate the dimerization energy 
using the 3-21G* basis set that has d-type valence functions for 
both gallium and chlorine. 

Structure (1) was optimized10 within DZh symmetry using 
GAMESS.11 The calculated (HF/3-21G*) and experimental 
(in parentheses) molecular parameters for (1) are shown in 
Figure 1. The harmonic vibrational frequencies of the 
optimized geometry were obtained from diagonalization of 
the force constant matrix at the same level of theory. Since all 
eigenvalues of the Hessian matrix of (1) are positive it is a 

Table 1. Vibrational frequencies (cm-l) and i.r. intensities (debye2/a.m.u. A2) for gallium structures. 

Calc. 
278 (4.5) 
281 (1.7) 
458 (2.9) 
501 (1.9) 
720 (6.6) 
756 (9.9) 

2034 (3.6) 
2036 (10.3) 

Exp . 
265 (s) 
290 (wsh) 
382 (m) 
480 (mw) 
575 (m) 
678 (vs) 

1990 (sh) 
2020 (s) 

Type 
Ga2CI2 (a)sym. str 
Ga2C12 asym. str. 
Ga2H2 twist 
Ga2H2 rock 
Ga2H2 wag 
GaH2 bend 
GaH2 sym. str. 
GaH2 asym. str. 

Ga2C12H~ 
GaC1H2 GaCl 

Calc. Calc. 
413 (1.8) 358 (2.8) 

526 (1.3) 
634 (3.8) 
788 (4.8) 

2032 (5.1) 
2037 (1.5) 
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Figure 1. Calculated (3-21G") Ga2C12H4, GaClH2, and GaCl struc- 
tures. The experimental values for Ga2C12H4 (ref. 8) and GaCl (ref. 
12) are given in parentheses. 

minimum energy structure. Table 1 gives the calculated i.r. 
active frequencies and intensities? together with Goode's 
experimental data. Table 1 also lists the calculated data for the 
fragment molecules GaC1H2 (C2") and GaC1. 

The calculated and experimental molecular parameters are 
in good agreement, althou h the 3-21G* separation between 

by 0.216 A, which reflects a 6.7% difference. This may not be 
surprising because the Ga-Ga interaction is at best weak. For 
comparison, the experimental Ga-Ga separations in p-di- 
chloro-tetramethyldigallane and Ga2C16 are 3.328 and 3.301 8, 
respectively, with a much shorter distance of 2.610 8, for the 
phydrido Ga2H2Me4. The difference in the calculated and 
experimental bridging Ga-C1 bonds of (1) amounts to only 
0.059 8, or 2.5%. As expected, this Ga-Cl bond is longer 
(0.226 A) than in the GaC1H2 monomer. The Ga-H bond 
lengths are virtually the same with only a marginal difference 
(0.80%) from the experimental value. 

The vibrational frequencies and intensities show good 
agreement with the experimental values, considering that the 
latter were obtained on a solid film at 77 K. The two lowest i.r. 
frequencies of 278 (B3J and 281 cm-1 ( B I J  are the 
characteristic vibrational modes for the dimer (1). 

We also investigated the binding energy of (1) with respect 
to its GaC1H2 monomer as well as its decomposition to GaCl 
and a hydrogen molecule, which is reported to occur at room 
temperature. From the total 3-21G* energies, i.e. 

the two galliums of 3.457 R is longer than the observed value 

t The other computed frequencies with zero i.r. intensities are: 33, 
141, 169,300, 458,476, 662,776, 2034, and 2038 cm-1. 

-4745.26845 a.u. for (l), -2372.61313 a.u. for GaClH2, 
-2371.48548 a.u. for GaCl, and -1.12296, for H2, a 
monochlorogallane dimerization energy of 26.5 kcaVmol(1 cal 
= 4.184 J) is calculated. The dissociation of GaClH2 to GaCl 
and hydrogen is endothermic by only 2.9 kcal/mol. When 
zero-point energy corrections are included these binding 
energies decrease to 24.6 and 0.9 kcal/mol, respectively. 
Inclusion of the effects of electron correlation are expected to 
increase these values. However, such calculations were 
beyond our means. 

In conclusion, ab initio theory at the 3-21G* level satisfac- 
torily describes the structure and vibrational frequencies of 
the monochlorogallane dimer Ga2C12H4 and appears in good 
agreement with the recent experimental data of Goode et a1.8 
Studies on gallium hydrides are in progress. 
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