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Organometallic Chemistry 
Trimethylaminedichlorogallane (CI2Ga-NMe3) 2 with the 

Ga--Ga intermetallic bond 
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M. V. Lomonosov Moscow State University, Department of Chemistry, 
Vorob'ev'" Gory, 119899 Moscow, Russian Federation. 
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The reaction of GaH3-NMe 3 with CIPBut2 in ether oc~.,:rs through the cxchange of 
ligands followed by reduction of Ga 3+ to Ga 2+ to yield (GaCI 2 • NMe3) 2. X-ray structural 
analysis demonstrated that gallium atoms in this compound form a direct metal--metal bond 
with the length of 2.421 A. 

Key words: gallium, gallanes, metal--metal bond, structure. 

The renewed interest in the chemistry of volatile 
alkyl and hydride compounds of aluminum, gallium, 
and indium, which has been particularly notable in the 
last 5--7 years, arises from the active use of these 
compounds for the preparation of semiconducting films 
by the CVD method)  -5  Among these compounds, the 
complexes with covalent M--E bonds of composition 
R2M--ER'2,  where M = AI, Ga, or In; E = N, P, or 
As; R = R" = Alk or R" = H, are of particular inter- 
est. These compounds can be used in the most conve- 
nient single-source (s ingle-component)  version of 
CVD 6.7 and make it possible to obtain films of the 
AIIIB v type with the electrophysical characteristics, which 
are difficult to achieve when multicomponent gaseous 
mixtures are used. 

The methods, which are most generally used for the 
synthesis of compounds of composition R2M--ER'  2, 
are based on reactions of metal alkyls with hydrides of 
the Group V elements (Eq. (1)) or on exchange reac- 
tions of the corresponding halides with lithium deriva- 
tives of the Group V elements (Eq. (2)). 

RaM + HER' 2 ~ R2M--ER" 2 + HR (I) 

R2MCI + LiER" 2 " R2M--ER" 2 + LiCI (2) 

Complexes of virtually all possible types, except for, 
probably, compounds with R = H, were obtained by 
these methods. 5 Most of these compounds occur as 
dimers in the crystalline and gaseous states, 6,7 but when 
steric hindrances at the M and E atoms increase, for 
example when R = R'  = Bu t, dimerization is suppressed 
and monomeric compounds form, a,9 which are, appar- 
ently, of most interest from the practical standpoint. 
However, the synthesis of these compounds is rather 
complicated because compounds of the HER'  2 type are 
hardly available. Therefore, in this line of investigations, 
the problem associated with the development of a simpler 
method for the synthesis of complexes containing M--E 
covalent bonds, among them complexes containing 
M--H bonds, is still a rather high-priority task. 

Results and Discussion 

Reactions of insertion of tin, silicon, phosphorus, 
and a number of other elements (hereinafter referred to 
as elements) into the M - - H  bond (M is a transit ion 
metal), which afford compounds wi th the M - - E  cova- 
lent bond, are well known in the chemistry o f  hy- 
drides. 1°-13 When element chloride is used as a reagent, 
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the reaction proceeds much more easily in the presence 
of acceptors of  hydrogen chloride, t° In this case, sto- 
ichiometry of the reaction, for example, the reaction 
between Cp2TaH 3 and CISnR 3 in the presence of ter- 
tiary amine, is described by Eq. (3). 

CP2TaH3+ CISnR3+ NR 3 = 

---- Cp2TaH2--SnR 3 + HCl .  NR 3 (3) 

One would expect that reactions of nontransition 
metal hydrides, which also contain tertiary amines (for 
example, like M H 3 " N R  3, where M is a Group IliA 
metal), with more readily available CIER'2,  which are 
intermediates in the synthesis of HER" 2, will make it 
possible not only to obtain complexes with M--E and 
M--H bonds but to simplify substantially the procedure 
for their preparation. 

Unfortunately, the experiment carried out with the 
use of trimethylaminegallane, Gal l  3 • NMe3, and CIPBut2 
in diethyl ether on the assumption that reaction (4) is 
stoichiometric, did not give the desired result. The 
reaction between the components proceeds without 
noticeable evolution of gaseous products and produces 
the complex of composition GaCI 2"NMe 3 (1) in a 
rather good yield (~30 %). Based on the IR spectral 
data, this complex does not contain metal--hydride 
G a - - H  bonds. However, when 1 was treated with acidi- 
fied water, hydrogen evolved, which indicates that the 
G a - - G a  bond exists in the complex, ke., the reaction 
between Ga l l  3 • NMe 3 and CIPBut2 is redox in charac- 
ter and results in a compound with the gallium atom in 
the 2+ oxidation state. 

MHa. NR 3 + CIER" 2 m, H2M--ER 2 + HC I .NR  3 (4) 

The reaction between G a H 3 . N M e  3 and PCI 3 pro- 
ceeds with the evolution of gas, which is spontaneously 
combustible in air (apparently, phosphine) and results in 
complete precipitation of gallium from the solution as a 
brick-red compound (2) insoluble in organic solvents. 
Based on the data of IR spectroscopy, product 2, like 1, 
contains no G a - - H  bonds, but, unlike 1, product 2 does 
not eliminate hydrogen upon acidic decomposition and, 
therefore, does not contain G a - - G a  bonds. Besides, the 
color of compound 2 and its insolubility in organic 
solvents indicate that polymeric chlorophosphine of ap- 
proximate composition (PHCI)n, which is well known in 
the chemistry of  phosphorus (see, for example, Ref. 14), 
forms in the course of the reaction; this polymeric 
chlorophosphine precipitates the gallium compound as a 
metallopolymer. According to the data of elemental 
analysis and IR spectroscopy, the composition of 2 may 
be described by the formula (GaCI3 .PHCI2 .NMe3)  n. 
However, note that this formula is tentative because, 
first, the modes of coordination of phosphorus- and 
nitrogen-containing ligands to the gallium atom are not 
clear and, second, experimental element content in 2 
substantially differs from the calculated value. However, 
the latter fact is not surprising taking into account that 

TJdlfle I. Principal bond lengths (d) and bond angles (o) in the 
(CI2Ga • NMe3) 2 molecule 

Bond d/A Angle ta/deg 

Ga--Ga(I) 2.421(I) CI(2)GaGa(I) 117.0(I) 
Ga--N 2.046(4) CI(I)GaGa(I) 116.0(I) 
Ga--Cl(l) 2.191(2) Cl(l)GaCl(2) 106.4(1) 
Ga--Cl(2) 2.189(2) CI(2)GaN 101.6(l) 
N--CO) 1 . 462 (7 )  NGaGa(I) 112.0(l) 
N--C(2) 1 .496 (8 )  GaNC(I) I 12.8(3) 
N--C(3) 1 .484 (8 )  GaNC(2) 107.3(3) 

GaNC(3) 108.1 (4) 

the ~,olymer can occlude different impurities, primarily 
solvent molecules. 

The structure of complex 1 was studied by X-ray 
structural analysis (Fig. 1). In this complex, the gallium 
atoms are in a distorted tetrahedral  environment  
(Table 1) typical of this element and are bonded to each 
other through the G a - - G a  bond. Therefore, the com- 
plex has the composition (CI2Ga 'NMe3)  2 (the oxida- 
tion state of  Ga is 2+), which is supported very well by 
the data on the chemical properties of  this compound. 
The G a - - G a  bond length in 1 (2.421 A) differs little 
from those observed in other known molecular com- 
plexes of gallium(2+) (2.406 A in (GaCl2.diox)  2 is, 
2.395 A in (GaBr2.diox)2,16 and 2.421 A in 
(GaBr2" PY)2 iT) and in anions (2.390 A in Ga2CI62- t8 
and 2.419 A in Ga2Br62- tg). As expected, the inter- 
atomic gallium--ligand distances appear to be very sen- 
sitive to the change in the oxidation state of  the metal 
atom. Thus, in the complexes of gallium(3+) chloride 
with different amine ligands, the interatomic Ga- -CI  
distance is generally no more than 2.164 A, z°,zt whereas 
in the case of  compound 1, this distance is 2.190 A 
(average) and it is not much different from those ob- 
served in the complex of gallium(2+) chloride with 
dioxane (the average value is 2.175 ,~)15 and in the 
Ga2CI62- anion (2.196 A) 18. Amine ligands in the mol- 

Fig. 1. Structure of the (CI2Ga- NMe3) 2 complex. 
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ecule are in a trans configurat ion with respect to the 
G a - - G a  bond. The G a - - N  distance (2.046 A) is some-  
what larger than that  in the complex o f  gal l ium(2+)  
bromide with pyr idine (2.024 A) 17 and is substantially 
larger than the values found in the tetrahedral  com-  
plexes of  ga l l ium(3+)  chlor ide  with the monodenta te  
nitrogen a tom (no more  than 2.01 A). z°-zz In this 
respect,  the G a - - N  bond  length in the compound  stud-  
ied approaches  the values de te rmined  for the dimeric  
complexes  of  G a  3+ with bulky bridging n i t rogen-con-  
taining ligands, i.e., bidentate  ligands (2.024--2.039 A). z3 
As a whole,  all these differences in the interatomic 
distances in the complexes  with gall ium in the oxidation 
states o f  3+ and 2+ are quite regular and are attr ibutable 
to the decrease in the acceptor  propert ies  of  the com-  
pound as the oxidat ion  state of  the metal  a tom de-  
creases. 

Therefore,  the  s tructure considered and the data on 
the structures of  analogous  compounds  reported previ- 
ously 15-19 indicate that  the complexes  with gall ium in 
the oxidat ion state 2+ are quite stable compounds.  
However,  in the cases reported in Refs. 15--17, the 
mechanism of  format ion  of  these complexes  is quite 
clear (halides of  compos i t ion  Ga2Hal  4 were used as the 
initial compounds) ,  whereas  the mechanism of  the for- 
mat ion of  the (CI2Ga" NMe3)  2 complex  remains un-  
known. It can only be s tated that  the first stage of  this 
react ion occurs  as the  ord inary  rep lacement  react ion o f  
hydride ligands with chlor ine  a toms to form dichloro-  
gallane,  C I 2 G a H -  NMe3,  24 which is well known in the 
chemist ry  of  gal l ium hydride,  and HPBut2 soluble in 
organic solvents. An analogous  react ion of  AIH 3 • N M e  3 
with CIPBut2 yields,  depend ing  on the ratio of  the 
reactants,  ch loroa lanes  of  compos i t ion  H 2 A 1 C I . N M e  3 
(1 : 1), HAICI 2 . N M e  3 (1 : 2), AICI 3 " N M e  3 (1 : 3), 
which are well s tudied,  and HPBut2. It is known z5 that  
the stabili ty of  ha loa lanes  with respect  to autocata lyt ic  
decompos i t ion  into e l ements  increases as the number  o f  
chlor ine  a toms in the s tructure increases; these com-  
pounds  are more  stable than the corresponding gall ium 
compounds  (see, for example ,  Refs. 26 and 27). Ga l -  
l ium c o m p o u n d s ,  pa r t i cu la r ly  G a H 3 - N M e 3 ,  ra ther  
readily decompose  (often for no apparent  reason) in 
solut ions to produce  hydrogen and metal .  Taking into 
account  the method  o f  prepara t ion  of  Ga2CI 4 based on 
reduct ion o f  Ga2CI 6 with metal l ic  gal l ium in a solu- 
t ion,  za it can be supposed that  the analogous react ion 
occurs  in the case under  cons idera t ion  as well, i.e., at 
the second stage of  the  react ion,  C I 2 G a H ' N M e  3 is 
reduced with the metal  that  can appear  in the system 
because of  part ial  decompos i t ion  of  the initial t r imethyl-  
aminegal lane .  However ,  as in the case of  haloalanes,  the 
in t roduct ion  of  ch lor ine  a toms into gal lane enhances  its 
stabili ty to au toca ta ly t ic  decompos i t ion  (to reduct ion)  
and inhibits  further  decompos i t i on  of  1. Genera l ly ,  the 
synthesis  o f  ( C I 2 G a H ' N M e 3 )  2 with a direct  me t a l - -  
metal  bond  can be cons idered  as the  first stage of  
d e c o m p o s i t i o n  o f  hydr ides  o f  G r o u p s  l l - - l l !  non-  

transit ion metals and their derivatives, which affords 
ult imately the metal  phase. 

Experimental 

All operations associated with the synthesis and isolation of 
the reaction products were carded out under an atmosphere of 
dry argon using the vacuum technique, Schlenk vessels, and 
anhydrous solvents (double distillation over LiAIH4). 

LiGaH 4 was prepared by the known reaction of LiH with 
GaCI 3 in diethyl ether. Finely dispersed LiH powder (0.5 mol) 
was added with intense stirring to a solution of GaCI3 (0.04 mol) 
in ether (80 mL) at -40  °C. The solution was slowly warmed 
to ~20 °C. Then the suspension was stirred for 5 h. The 
solution was decanted, and the concentration of LiGaH4 was 
determined. 

Gall 3- NMe 3 was also prepared according to the known 
procedure by adding the calculated amount of dry NMe 3 • HCI 
to a solution of LiGaH 4 with the known concentration (1 : I). 
The suspension was stirred for 1 h after the evolution of 
hydrogen ceased. The precipitate of LiCI was filtered off, and 
the concentration of gallane was determined. 

Synthesis of (CIzGa-NMe3)  z (1). CIPBut2 (1.8 g, 
0.01 re.l) was added dropwise to a solution of Gal l  3 • NMe 3 
(1.3 g, 0.01 mol) in ether (100 mL). The transparent solution 
was stirred at ~20 °C for 2 h, concentrated to l/3 of the initial 
volume, and atluted with benzene (150 mL). The precipitated 
crystals were removed from the mother liquor by decantation, 
washed with pentane, and dried in vacuo. The compound 
(0.6 g) was obtained as single crystals. Found (%): Ga, 34.6; 
CI, 35.3. C3HgCI2GaN. Calculated (%): Ga, 34~90; CI, 35.5. 

Synthesis of metailopolymer (2). Dry PCI 3 (4 mL, 
0.045 mol) was added dropwise to a solution of Gal l  3 • NMe 3 
(4~6 g, 0.035 mol) in ether (80 mL). The flocculent beige 
precipitate formed and gas evolved instantaneously; the gas is 
spontaneously combustible in air. As phosphorus trichloride 
was added, the precipitate turned reddish, and after comple- 
tion of the reaction, the color of the prcipitate was brick-red. 
The precipitate was separated from the mother liquor, washed 
with ether, ancl dried in vacuo at ~20 °C. Based on the data of 
elemental analysis, the colorless filtrate contained no chlorine 
and gallium. Found (%): C, 10.32; H, 2.77; CI, 51.5; Ga, 19.4; 
N, 3.83. C3HIoCIsGaN. Calculated (%): C, 10.64; H, 2.95; 
CI, 52.43; Ga, 20.67; N, 4.13. 

X-ray structural analysis of the single crystal of the 
(CI2Ga • NMe3) 2 complex sealed in a glass tube was performed 
on an automated Nicolet P3 diffract.meter (Mo-Kct radiation, 
graphite monochromator, 0/20 scanning technique, 20ma x = 
50°). The crystals are monoclinic: a = 7.835(l), b = 9.549(2), 
c = 10.416(2) A, g = 86.84(2)*, V = 778.1(4) A 3, space group 

Table 2. Atomic coordinates (x 104) and temperature factors 
(U) for the (CI2Ga. NMe3) 2 molecule 

Atom x y z U. 103/A 2 

Ga 4461(1) 5921(l) 4285(1) 35(1) 
CI(I) 1800(2) 5803(2) 3665(2) 75(1) 
C1(2) 4745(3) 8086(1) 4909(2) 79(1) 
N 5731(6) 5883(4) 2569(4) 49(I) 
C(I)  5146(9) 7022(6) 1711(5) 68(2) 
C(2) 7587(9) 6009(8) 2858(7) 86(3) 
C(3) 5488(11) 4508(7) 1949(7) 88(3) 
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P21/n, Z =  4, p = 1.110 g c m  -3. A total of 954 reflections 
with I 2 3cr(/) were used in calculations. Absorption was 
ignored (Is = 43.10 em-I). The structure was solved by the 
direct method and refined by the full-matrix least-square 
method with anisotropic thermal parameters of heavy atoms 
(Table 2). Coordinates of hydrogen atoms of methyl groups 
were calculated from geometric considerations and were in- 
eluded in the refinement. The final value of the R factor was 
0.039 (Rw = 0.041). The principal bond lengths and bond 
angles are given in Table I. 
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