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The Molecular Structure of Gaseous Dimethylamidogallane: Characterization of
the Dimer [Me_NGaH.,], by Electron Diffraction and Vibrational Spectroscopyt
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The structure of gaseous dimethylamidogallane has been determined by electron diffraction. The
predominant species is shown to be not the monomer Me,NGaH,, as suggested previously, but the
dimer [Me,NGaH,], with a cyclic Ga,N, skeleton and effective symmetry D,,. Salient structural
parameters (r,) are: r(Ga-N) 202.7(0.4), r(Ga-H) 148.7(3.6), and r(N-C) 146.3 (1.3) pm;
Ga-N-Ga 90.6(0.8) and C-N-C 109.6(1.6)°. The vibrational spectra of the compound, with either
hydrogen or deuterium linked to the gallium, indicate that the dimeric unit is retained in benzene
solution and in the crystalline state and have been analysed accordingly.

Dimethylamidogallane is a white crystalline solid formed
quantitatively at room temperature by the slow elimination of
hydrogen from dimethylamine-gallane [equation (i)].!'> The

Me,NH-GaH; (I) — Me,NGaH, (s) + H,(g) (i)

compound is reported to resemble the corresponding borane 3
in being dimeric in benzene solution; the corresponding alane is
trimeric under these conditions.* On the basis of its ir. spec-
trum, however, the vapour of the gallane has been judged to
consist predominantly of the monomer Me,NGaH,.? If this is
correct, the molecule is unique in being a low-temperature
derivative of gallane with a three-co-ordinate metal atom, and its
structure invites comparison with that we have recently
determined by electron diffraction for Me;N-GaH,.5 Of
particular interest are the lengths of the Ga-N bonds since
monomeric dimethylamidogallane can be formulated as
Me,N = GaH, with a degree of multiple bonding between the
gallium and nitrogen atoms. In this context, it is noteworthy that
the ir. spectrum of gaseous dimethylamidogallane has been
interpreted in terms of a Ga—N stretching mode with an energy
(743 cm™!) markedly higher than that (527 cm™!) of the analogous
mode of trimethylamine-gallane.>¢”

The attention attracted currently by compounds in which the
heavier typical elements engage in multiple bonding® has
combined with our more specific interest in the structural and
chemical properties of molecules containing Ga-H bonds to
prompt a structural investigation of gaseous dimethylamido-
gallane by electron diffraction. In addition, we have extended
earlier investigations of the vibrational spectra? to include not
only the vapour but also the solid and benzene solutions of the
isotopomers [Me,NGaH,], and [Me,NGaD,],. The electron
diffraction pattern leaves little doubt that the compound vapor-
ises predominantly not as the monomer (x = 1) but as the dimer
(x = 2). Both the electron scattering and the i.r. spectra can be
interpreted satisfactorily on the basis of a model with a four-
membered Ga,N, ring and complying effectively with D,,
symmetry. Indeed the vibrational spectra suggest that the same
molecule is present in benzene solution and in the crystalline
solid.

Experimental
Synthesis—Dimethylamidogallane was prepared largely in
accordance with the procedure described previously 2 and man-

+ Non-S.1. units employed: mmHg = (101 325/760) N m™2, am.u. =
1.6605 x 1077 kg.

Table 1. Nozzle-to-plate distances, weighting functions, correlation
parameters, scale factors, and electron wavelengths

Nozzle- Electron

to-plate Ag g . sw, sw, Sp COITE- Scale wave-

distance/ . = -~ lation, factor, length®
mm am plk ke /pm
2857 2 20 40 120 144 02862 0.697(9) 5684
1284 4 60 80 250 300 00862 0.283(12) 5.697

¢ Figures in parentheses are the estimated standard deviations of the last
digits. ® Determined by reference to the scattering pattern of benzene
vapour.

ipulated using conventional vacuum-line techniques. Gallium-
(1) chloride was prepared by the direct interaction of gallium
(Alcoa Chemicals) and chlorine, and lithium tetrahydrogallate
or tetradeuteriogallate by the reaction of lithium hydride or
deuteride (Aldrich Chemicals) with gallium(i) chloride in
diethyl ether.® The reaction of Li{GaH,] or Li[GaD,] with
dimethylammonium chloride (Aldrich Chemicals) in diethyl
ether provided the source of Me,NH-GaH; or Me,NH-GaDj;
after purification by vacuum distillation, this was left stored in
vacuo at room temperature for 14 d to bring about the
formation of dimethylamidogallane in accordance with equa-
tion (i). The amido-derivative was in turn purified by vacuum
sublimation and its purity checked by reference to the i.r.
spectrum of the vapour.

Electron-diffraction Measurements.—Electron-scattering pat-
terns were recorded photographically on Kodak Electron
Image plates using the Edinburgh gas-diffraction apparatus.'®
The sample was held at ambient temperature (corresponding to
an equilibrium vapour pressure of ca. 1 mmHg?2) in an ampoule
closed by a greased stopcock and gained access to the nozzle of
the diffraction apparatus via a greased glass taper joint and a
stainless-steel needle valve. The plates were left in air for 16 h
before developing in an effort to reduce the effects of reaction
between the vapour and the emulsion. Despite this, some
fogging was unavoidable, especially with the shorter nozzle-to-
plate distance which entailed longer exposure times. The nozzle-
to-plate distances and electron wavelengths are given in Table 1,
together with the weighting functions used to set up the off-
diagonal weight matrix, the correlation parameters, and final
scale factors.

Details of the electron-scattering patterns were collected in
digital form using a Joyce-Loebl MDM6 microdensitometer.'!
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Figure 1. Observed and difference radial-distribution curves, P(r)/r
versus r, for dimethylamidogallane. Before Fourier inversion the data
were multiplied by s-exp[(—0.000 035 s)/(Zg, — fo)(Zn — /W]

Calculations, performed on an ICL 2970 computer at the
Edinburgh Regional Computing Centre, were accomplished
with the programs for data reduction'! and least-squares
refinement !2  described elsewhere, the complex scattering
factors being those listed by Schifer ef al.'?

Vibrational Spectroscopy.—I1.1. spectra of gaseous or solid
samples of [Me,NGaH,], or [Me,NGaD,], were measured
with a Pye-Unicam model SP 2000 or Perkin-Elmer model
580A spectrophotometer. Raman spectra of solid samples or
solutions, measured with a Spex Ramalog 5 spectrophotometer,
were excited at A = 514.5 nm using the output from a Spectra-
Physics model 165 Ar™ laser. The vapour was contained in a
Pyrex-bodied cell having a pathlength of 10 cm and fitted with
Csl windows. Solid films of the gallane were formed by
condensation of the vapour on a CsI window (for i.r. studies) or
a copper block (for Raman studies) supported in an evacuated
glass shroud and held at 77 K. After annealing, the condensate
was recooled to 77 K before its spectrum was recorded. A
benzene solution ca. 0.2 mol dm~3 in the gallane was contained
in a thin-walled Pyrex capillary and held at room temperature
while its Raman spectrum was measured.

Results and Discussion

Structure of the Gaseous Molecule.—On the evidence of the
positions, relative intensities, and number of bands in the i.r.
spectrum, Greenwood er al.? deduced that gaseous dimethyl-
amidogallane consists of monomeric Me,NGaH, molecules in
which the C,NGaH, skeleton conforms to C,, symmetry.
However, we have been unable to accommodate such a model
on the basis of the measured electron scattering displayed by the
vapour, failing to find any solution with R; < 0.4. Figure 1
depicts the radial-distribution curve, P(r)/r vs. r, derived from
the experimental data sets after scaling, combination, and
Fourier transformation. We note in particular the appearance
of considerable scattering intensity corresponding to inter-
atomic distances greater than 350 pm, a feature quite
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Figure 2. Perspective view of the molecule [Me,NGaH,],

incompatible with the scattering properties expected of
monomeric Me,NGaH,.

In place of the monomeric unit we have therefore adopted for
our structural model a dimer, [Me,NGaH,],, with the
dimethylamido-groups providing symmetrical bridges between
the gallium atoms to generate a planar Ga,N, ring and a
[C,NGaH,], skeleton with D,, symmetry. As indicated in the
following section, this is consistent with the vibrational spectra
of the compound. We note too that analogous structures
centred on a planar four-membered ring have been deduced by
spectroscopic and diffraction methods for the compounds
[Me,NBX,], (X = F!4 or Cl'%), [Me,NAIMe,],,!® [Me,-
NAICl,],,'” and [Me,NInMe,],.'® The model we have chosen
for [Me,NGaH,], involves nine independent geometrical
parameters. With reference to the perspective view of the
molecule shown in Figure 2, these comprise the four bonded
distances Ga—-N, Ga-H, N-C, and C-H,,,, and the five angles
Ga-N-Ga, C-N-C, N-C-H,,,, H-Ga-H, and 0 defining the
twisting of each methyl group about the N-C bond (away from
the configuration in which the whole molecule possesses D,,
symmetry).

Molecular-scattering intensities have been calculated by
established procedures and the molecular structure has been
refined on this basis by full-matrix least-squares analysis. We
have not applied shrinkage corrections in our refinements but
have no reason to suppose that this will make any significant
difference to the molecular parameters we have derived.
Estimated standard deviations take into account the effects of
correlation, whether involving data points or the molecular
parameters themselves, and have been increased to allow for
systematic errors in the electron wavelength, nozzle-to-plate
distance, ezc.

On the basis of a dimeric model we are able qualitatively to
account for the principal features of the radial-distribution
curve (Figure 1). Thus, the most prominent peak located at ca.
295 pm arises primarily from scattering by the eight equivalent
non-bonded Ga - - - C distances. The bonded Ga-N atom pairs
account for most of the scattering near 200 pm while a shoulder
at ca. 290 pm on the flank of the large Ga...C peak is
associated with the Ga---Ga distance. Scattering from the
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Table 2. Least-squares correlation matrix ( x 100)* for the molecule dimethylamidogallane
Distances Angles Vibrational amplitudes Scale factors
e A Al r_""_'}L R} s A \ f‘—)¥_ﬂ
ry ry Ty A GaNGa CNC uy Us Ug ug k, k,
100 8 -21 -23 —-19 50 2 11 —4 -3 -8 -9 ry
100 —83 25 47 -34 —24 30 6 —46 5 2 r,
100 4 —48 45 13 —34 —11 34 -1 -1 r3
100 16 1 —-22 3 -2 —16 6 -1 ra
100 -7 2 79 -32 -19 28 7 GaNGa
100 13 10 —11 13 3 -5 CNC
100 14 11 19 37 39 u,
100 -57 -8 46 14 us
100 0 -8 20 Ug
100 10 3 g
100 30 k,
100 k,
* Numbers in bold type indicate marked correlation.
Table 3. The molecular parameters® for dimethylamidogallane,
[Me,NGaH,], (a)
Distance/pm
Parameter or angle/° Amplitude/pm
(a) Independent distances and amplitudes
r(Ga-N) 202.7(0.4) u, 4.5(0.9) m /\,\
r,(Ga-H) 148.7(3.6) 8.0° T A ;i
RO et et 40 120 zocy zao\/ 360
ra(C-Hy,) 107.1(1.3) 6.5° \} s/am-1
(b) Dependent distances and amplitudes®
dy(Ga---C) 294.1(1.2) us 9.2(1.3)
dy(N -+ N) 285.2(1.9)
d-(Ga - - - Ga) 288.1(1.7) us 5701.2)
dy(Ga - -+ Hy,) 388.2(1.7)
do(Ga « - « Hy,) 383.1(1.6)
dio(C--+N) 388.4(2.3) “s 1772
d,,(Ga+++H) 393.5(4.0)
(b)
(c) Independent angles
Ga-N-Ga 90.6(0.8)
C-N-C 109.6(1.6)
H-C-N 109°
H-Ga-H 109°
0, CH, twisting 20

¢ Figures in parentheses are the estimated standard deviations of the last
digits. ® Fixed. © Other non-bonded distances were included in the
refinement, but are not listed here.

bonded Ga-H and C-N atom pairs gives rise to the con-
spicuous peak at ca. 150 pm, and scattering from the bonded
C-H,,, atom pairs to the peak at ca. 110 pm. Between 350 and
450 pm there is a broad feature representing mainly the
scattering from the following non-bonded atom pairs:
C-++Hy, Ga-++H, C.-+-H, and C-..N. Moreover, there
are various weak components identifiable with scattering from
other non-bonded atom pairs, e.g. N« Hy, C---C, and
H...H.

Six of the nine independent geometrical parameters used to
define the model are amenable to simultaneous refinement.
These are the distances Ga—N, Ga-H, C-N, and C-H,,., and the
angles Ga~-N-Ga and C-N-C. Independent refinement is also
possible for two amplitudes of vibration; these relate to the
Ga-N and Ga - - - C distances. In addition, we have refined as a
single parameter the amplitudes of vibration associated with
each of the following sets of distances: (i) N.-+N and
Ga--+-Ga and (ii)) Ga--+-H, C---N, and the two longest

\} AVAH 1 .o
slnm1

Figure 3. Experimental and final-difference molecular-scattering
intensities for [Me,NGaH,],; nozzle-to-plate distances (a) 128.4 and (5)
285.7 mm

Ga--- Hy, distances. The angle 0 defining the mutual
orientation of the CH; and NCGa, groups has been fixed at 20°
following a series of calculations to explore its influence on the
R factor. The H-Ga-H angle has been fixed at 109° following
similar calculations but we do not attach undue significance to
this value as there is very little variation in the R factor and in
the values of the other parameters as the angle is varied in the
range 109—120°.

It has not been possible, because of the background noise
resulting from the reaction of the vapour with the photographic
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Figure 4. Vibrational spectra of dimethylamidogallane: (a) i.r. spectrum of the vapour at ca. 290 K (pressure ca. 1 mmHg, pathlength 10 cm); (b) i.r.
spectrum of an annealed solid film at 77 K; and (c) Raman spectrum of an annealed solid film at 77 K

emulsion, to refine any amplitudes of vibration other than those
already detailed. Accordingly we have drawn on the electron-
diffraction or spectroscopic precedents set by related molecules
to fix reasonable values for the remaining amplitudes.

The final least-$quares correlation matrix shows only one
major problem of correlation; this involves the N-C and Ga-H
bonded distances which are very similar in magnitude (see Table
2). Accordingly the Ga—-H distance is relatively poorly defined,
as shown by the estimated standard deviation. The success of
the refinement may be judged overall by reference to the dif-
ference between the experimental radial-distribution curve and
that calculated on the basis of the optimum model (Figure 1).
Figure 3 offers a similar comparison between the experimental
and calculated molecular scattering. The structural details and
vibrational amplitudes of the optimum refinement, corres-
ponding to R; = 0.121 (Rp = 0.091), are listed in Table 3.

Vibrational Spectra—Details of the vibrational spectra of
dimethylamidogallane with either hydrogen or deuterium
bound to the gallium are contained in Table 4, and represent-
ative spectra are illustrated in Figure 4. The results relate to the

compound in the vapour or the solid state or in benzene solu-
tion where the solute is predominantly dimeric (as judged by the
molecular-weight measurements reported previously 2). We dif-
fer from Greenwood et al.? in concluding that the dimeric
structure persists in the gaseous as well as the condensed phases,
and have analysed the vibrational spectra accordingly in terms
of the group vibrations appropriate to the molecule [Me,-
NGaH,],.

Each of the assignments proposed is based on one or more of
the following criteria: (@) analogy with the vibrational assign-
ments favoured for other molecules containing a GaH,,!*!°
GeH,,2° or NMe, 2!-2% group or a four-membered M,N, ring
(M = AL?® Ga,?® or In'®); (b) the selection rules expected to
govern the ir. or Raman activity of the vibrational modes
associated with the [Me,NGaH, ], molecule; (c) the polarization
properties of the Raman scattering exhibited by a benzene
solution of the gallane; (d) the effect of deuteriation at the GaH,
group on the wavenumber of a given spectroscopic feature, as
well as recourse to the product rule as applied to the
fundamentals of the [C,NGaH,], and [C,NGaD,], skeletons
belonging to a given symmetry class; and (e) the nature of the


http://dx.doi.org/10.1039/DT9850000807

811

J. CHEM. SOC. DALTON TRANS. 1985

-aul] y3iohey ay3 oy Ayunxord £q paindsqQ , (*@eD)e 01 anp uondiosqe Aq paindsqQ ,
"3UAZUdq 03 anp Fuieneds £q painosqo uoiday , paisi| 10u auazuaq o3 anp Fualedg , ‘pazirejodap = dp pue ‘pazuejod = d ‘peolq = 1q ‘Iop[NOYS = ys ‘A1aA = A ‘BUONS = S ‘WNIPIW = WI ‘LA = M

P (dp)urjoz 4 4 H*ON)I
01 (d)szoz (d)sg9z w9z p Juiddem DN
107 (dp)uiog (dp)uigog 00’1 woog S00€ + Buwossis DN wp6g 00’1 MI8T MI18T
M8 ¢
mgSH 0’1 M8ry 199y v (N-EO) A 101 WLy weLy 2 MLLY
001 M6y M6y 01 wiey weey ) $60S 2 wzyg
MBES vE'l wioy wyes (*HeD)d A M80p M08S o'l MZIY MSLS
JEONDQ % T 001 Mp09 MP09 M09
8¢'] My6Y (dp)woggy 1 (Us)mogy w989 Zurddem ‘yeo 9¢'T S66Y S089 9¢1 SIS 269
8’1 wgee A wzyL 9€] whee A wezL v Sunsim) °Heo
or'l weg) LET Wyl + Buniossps ‘Heo 6¢'1 (4s)ozs SSTL 9¢'] wops wees
w9 ¢
w9y i
10T MZ06 M6 W (FHO)d A 101 968 ST06 00’1 (ys)g68 m106
POl wg6 wzye + (O-N)A "wihs 201 weze W/ p6 1077 wez6 MpE6
(FHO)d 10 (N-8D)A X T 00'T wezo | MGZ0 T SOl MAT86 MOE0 T
W 1 JWIH0 |
101 MOE0 1 MTHO 1 (O-N)A aupwwisnuy 00'1 MO0 | SOv0 1 001 < Owipol o'Wy |
¥ weso 1 ywego 1
00’1 MA9QT T mAgOI T ) i
001 MAQZT 1 MAGZT T 001 wgjy | MBI 1 660 us)Ler 1 M8IT T
L ) 001 WLET | SLEL T 660 wgpl | LYa 28!
660 MILT T M991 | ¢ 001 #y97 | #8971 1 00’1 MOLT T ML |
(FHO)d MZT |
107 MOET 1 M6ET 1 ) L 001 MET | weeg | 001 MSET 1 MAPET |
mgory ) [ wyop I
. woty |
(Us)zew 1 Wser1 | CHOR ) 00 MSEY 1 A wepp |
00'1 MLPY | MLYY 00T IQWQPY | LY42 A 00'1 wogy | wosy |
1q°Mg6Y 1 00'1 wo9p | wesy | 001 o MSop |
00’1 wg/p | wg/y | 00’1 wgLy | wy/y | J L 001 us)oLY 1 w9y 1 MY
SGL8 1 (H-2O)a sujowwdsnuy S6¥E 1 8¢l (gs)sse 1 Us)oL8 1
71 SGPE 1 6€'T 19°sG88 | SAT06 1
o'l (d)sagse 1 (d)sagsg 1 S068 1 (H-®D)A oLjowwig S19¢ | 6€'1 SATLE T SALOG6 1
SABLE T us)ri61
001 we6L T weeL T 001 we6L T wo6L T 001 weig g weig g
001 wepg 7 wopg 7 CHOX X 2 001 wops woEg T 001 w98 7 Mp98 7
p g 001 wies T wees T A 00’1 wegy 7 wogs 7 001 we06 ¢ weo6 ¢
007  IQW9Z6T weze T (H-On
us)1g6 ¢ 00'1 wei6 wel6 T 00l wog6 T wog6 T
00'1 w9g6 T wQg6 T 001 we/6 T we96 7 001 weR6 T MG86 T
/M [2qeONTW] [FHeON W] 9%/Ma [FqeoN“W] [*HEON W] yswudissy WM t[F@eONTIW] [FHEON® W] /" T[*aeoN®W] ‘[*HEON®W]
\ v J L — ~ J AN J \ v v
» 3 067 ‘uonnjos °H°) ‘ueurey M LL ‘PUOS ‘UBwEY N LL ‘PHOS “X] A 06T ‘anodea “ry

' geoN N] pue *[*HeON 9] siowodolost oy jo (,-U0) SISqUINUIARM [BUONBIGIA P qEL



http://dx.doi.org/10.1039/DT9850000807

812

J. CHEM. SOC. DALTON TRANS. 1985

Table 5. Proposed assignment of the vibrational fundamentals associated with the [C,NGaH,], skeleton of dimethylamidogallane*

Symmetry
class Activity® Approximate description of mode [Me,NGaH,], [Me,NGaD,], Via/Vp©
a, R(p) v, symmetric Ga—H stretching 1 888 1353 1.395
v, symmetric N-C stretching 911 902 1.010
v, GaH, scissoring 742 538 1.379
v, Ga,N, stretching 498 498 1.000
vs NC, scissoring 268 262 1.023
v in-plane Ga,N, deformation — — (1.000)
a, v, GaH, torsion
vg NC, torsion
by, R(dp) vy GaH, wagging 686 498 1.378
vio Ga, N, stretching 466 4484 1.040
v, NC, rocking 201 — (1.000)
by Ir vy, antisymmetric Ga-H stretching 1870 1355 1.380
v, antisymmetric N-C stretching 1047 1047 1.000
v,4 GaH, rocking 575 412 1.396
v,s NC, wagging 281 281 1.000
v, out-of-plane Ga,N, deformation — — (1.000)
b,y R(dp) v, antisymmetric Ga-H stretching 1875¢ 1345¢ 1.394
v,s GaH, rocking 538¢ 4014 1.342
v NC, twisting — —_ (1.000)
b,, Lr. V,o symmetric N-C stretching 934 925 1.010
v,, GaH, wagging 692 510 1.357
v,, Ga,N, stretching 512 — (1.000)
v,3 NC, scissoring 281 281 1.000
b, R(dp) v,4 antisymmetric N—C stretching 10424 1 0304 1.012
v,s GaH, twisting 752 538 1.398
v,6 NC, wagging 300 3004 1.000
b, Lr v,, symmetric Ga—H stretching 1907 1371 1.391
v,s GaH, scissoring 733 540 1.357
v, Ga,N, stretching 479¢ 4754 1.008
vy NC, rocking — — (1.000)

@ Assignments refer to a skeleton assumed to have D,, symmetry. The wavenumber of each Raman-active mode is taken from the spectrum of a
benzene solution, that of each ir.-active mode from the spectrum of the vapour. * R = Raman-active, i.r. = ir.-active, p = polarized, and
dp = depolarized. ¢ Assumed values are given in parentheses. ¢ Wavenumber taken from the spectrum of the solid.

envelope associated with a given ir. absorption of the vapour
with its implications for the direction in which the dipole
moment oscillates with respect to the molecular framework.

Certain ir. and Raman bands are readily identified with
internal vibrations of the methyl groups forming part of the
dimethylamido-ligands, for example by analogy with the
vibrational analyses carried out on related molecules, e.g.
[Me,NGaMe,],,26 [Me,NInMe,],,'® and E(NMe,); (E = P
or As).25 These occur in the following regions (cm™'): 2 800—
3000, C-H stretching; 1400—1480, antisymmetric CH,
deformation; 1 160—1 240, symmetric CH, deformation; and
1030—1 140, CH; rocking modes; there are no features
obviously attributable to the CH, torsional modes. The
positions of the individual bands are virtually invariant,
irrespective of the physical state of the compound and of
whether the gallium atom is bound to hydrogen or deuterium,
Hence it is reasonable to assume that most of the remaining
features in the spectra can be meaningfully interpreted in terms
of the fundamentals of the D,, skeleton [C,NGaH,],; this is
the basis of the assignments given in Tables 4 and 5. The
descriptions of the normal modes thus employed appear at least
to be self-consistent, although how closely they represent the
true picture it is impossible to say in the absence of a detailed
normal co-ordinate analysis. However, it may be noted that a
molecule of the general type XNMe, is likely to show extensive
mixing of its vibrational fundamentals, especially those in-
volving CH, rocking and N-X stretching, as the mass of the
substituent X increases.?2

The 30 vibrational modes of the [C,NGaH,], moiety are
accommodated by the representation 6a, + 2a, + 3b,, +

Table 6. Moments of inertia, envelopes of vapour-phase i.r. absorptions,
and product-rule calculations for the [C,NGaH,], skeleton of
dimethylamidogallane

Property Value
10°% /,/a.m.u. pm? 4.3836
10°® Ig/a.m.u. pm? 4.8415
10 I/a.m.u. pm? 6.9784

Symmetryparameterk = 2B—A—C)/[(A—-C)* 0.492

Symmetry parameter p* = (4— C)/B* 0.411
B+ AB/(A + B)jcm'* 0.01826
B=crB-1° —0.3390
N(OK 1.4668
Av(PR)/cm™, calculated for type-C band 113
Av(PR)/cm™, calculated for type-A or

type-B band 90

Product-rule factor®
A

— Rl

Symmetry class Calc. Obs.*
a, 2.000 1.988

by, 1.372 1.433

by, 1.982 1.926

by 1.970 1.870

bay 1.401 1.370

by, 1.406 1.414

bi, 1.982 1.904

“ See ref. 27: A = h/8n’cl,, etc.; log,o S(B)) = 0.721/(B + 4)'-12.® Factor,
P = v(H)v{H)+++ Jv(D)v{(D) -+ °Based on the results listed in
Table 5.
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Sbyy + 3by, + 4b,, + 3by, + 4b;,. Of these 13 (b, + b,, +
bs,) are active only in i.r. absorption, 15 (a, + b, + by, + b3,)
are active only in Raman scattering, and two (a,) are silent in
both spectra. Although the ir. and Raman spectra should
formally comply with the mutual-exclusion rule, in-phase and
out-of-phase versions of vibrations involving the NC, and
GaH, groups are likely to have very similar energies resulting in
apparent coincidences between features in the i.r. and Raman
spectra. Using the dimensions deduced from the electron-
diffraction pattern of the vapour, we have calculated the
principal moments of inertia of the molecule [Me,NGaH,],,
with the results collected in Table 6. Formally the molecule is an
‘asymmetric top’ but it approximates to an oblate ‘symmetric
top’ with the Ga,N, plane containing the axes of /, and /g and
perpendicular to the axis of /, where I, < Iy < I.. With the
choice of co-ordinate axes shown in Figure 2, the form of the
momental ellipsoid is such that b,, modes of the gaseous
molecule give rise to type-C, b,, modes to type-A, and b,,
modes to type-B i.r. bands. A type-C band is expected to be
relatively distinctive with a prominent Q-branch with Av(PR) =
11.3 cm™'.2” On the other hand, there is little to distinguish a
type-A from a type-B band; under conditions of modest
resolution, both may be expected to look alike with somewhat
poorly defined P-, Q-, and R-branches of roughly equal
intensity and Av(PR) = 9.0 cm™!, in keeping with the approach
of the molecule to an oblate symmetric top. Hence, although the
i.r. spectrum of gaseous dimethylamidogallane includes some
absorptions which display clear signs of partially resolved
rotational structure (e.g. those at 1907 and 1 047 cm™!), this
serves only to differentiate between b,, modes, with their
pseudo-parallel-type contours, and b,, or b, modes, with their
pseudo-perpendicular-type contours.

GaH, Groups. The four stretching vibrations of the terminal
GaH, groups are readily identified, e.g. by their positions, by
the band-contours of the i.r. absorptions associated with the
vapour, and by their response to deuteriation (vy/vp ~ \/ 2). Of
the eight GaH, bending modes (involving scissoring, wagging,
or rocking motions), four are active in Raman scattering and
three in i.r. absorption. On the evidence of their positions and
response to deuteriation, the i.r.-active modes of [Me,NGaH,],
are identified with absorptions near 730, 690, and 575 cm™!. This
includes the absorption of the vapour at 733 cm™! which
corresponds presumably to the feature at 743 cm™' ascribed
previously to the Ga-N stretching fundamental of the mono-
meric Me,NGaH, molecule.? Our revised assignment based
on the dimer [Me,NGaH,], explains the failure of earlier
researchers to detect the corresponding feature of Me,NGaD,.2
Similar arguments cause us to assign the Raman scattering near
740, 730, 685, and 540 cm™ to the b, a,, b,,, and b,, bending
modes respectively.

NC, Groups. The stretching vibrations of the NC, groups
occur in the range 900—1 100 ¢m'.2'-25 The assignments
proposed in Tables 4 and 5 are consistent with the selection
rules, with the limited response to deuteriation at gallium, and
with the vibrational analyses carried out on other dimethyl-
amido-derivatives.!821:22:24-26 The p, fundamental is most
plausibly associated with the type-C ir. absorption of the
vapour at 1 047 cm™~! with Av(PR) = 10.8 cm™. Bending modes
of the NC, groups, expected at wavenumbers < 400 cm™!, are
less easy to identify but are probably responsible for i.r. and
Raman bands in the region 200—300 cm™!,

Ga,N, Ring. The Ga,N, ring possesses four stretching
fundamentals, two active in i.r. absorption (b,, + b3,) and two
in Raman scattering (a, + b;,). These we believe to be
responsible for the bands between 460 and 520 cm™!, although
features due to GaD, bending modes obscure this region in
the spectra of [Me,NGaD,],. There are no obvious candidates
for the two deformation modes of the Ga,N, ring (a, + b,,)
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but these occur in all probability at wavenumbers < 200 cm™!,
beyond the threshold of the present measurements.

Table 6 includes the results of product-rule calculations.
Where the theoretical and observed product-rule factors, P, can
be compared for a give symmetry species, the agreement is
reasonable. The comparison is tempered by three factors: (i) the
internal modes of the methyl groups have been ignored and so
any coupling between these and the skeletal modes must affect
P, ; (ii) some of the skeletal modes have escaped detection;
and (iii) the anharmonicity of the vibrations is expected to result
in the condition P, > P,,,. Indeed this condition has been
exploited as a means of adjudicating some of the assignments
within a particular symmetry class.

Conclusions

Our principal conclusion is that, contrary to previous
indications,? dimethylamidogallane exists predominantly as the
dimer [Me,NGaH,], in the vapour phase, as in benzene
solution, at ambient temperatures. The vibrational spectra
indicate too that the same discrete unit is present in the
crystalline solid; more definitive studies of single crystals are
now underway.?® Hence it resembles the compound Me,NGa-
Me, which is dimeric in the vapour phase, in benzene solution,
and probably also in the crystalline state.?® Other compounds
with the empirical formula R,NGaR’, (where R, R’ = H or
alkyl) are reported to be associated in the condensed phases, the
tendency to form dimers in solution increasing with the bulk of
the substituents.!®-2%

Analysis of the electron scattering due to the vapour indicates
the presence of a square Ga,N, ring [Ga-N-Ga = 90.6(0.8)°]
at the centre of the molecule. A similar geometry with angles
close to 90° is found for the B,N, rings in [Me,NBX,], (X =
F!* or CI'%), the Al,N, ring in [Me,NAlIMe,],,'® and the
In,N, ring in [Me,NInMe,],.!® The bond length lies at the
short end of the range spanned by measured Ga-N distances
(197—220 pm).® At 202.7(0.4) pm, it is significantly shorter than
the Ga—N distance in Me;N-GaH, [212.4(0.7) pm].5 Although
this may reflect in part the transition from a non-cyclic to a
cyclic molecule, the major influence is probably the superior
basicity and acidity of the units Me,N~ and GaH,*
respectively; the higher-energy highest occupied molecular
orbital of Me,N~ and the lower-energy lowest unoccupied
molecular orbital of GaH,"* simply result in a better energy
match of the frontier orbitals. The AI-N bonds in Me;N-AlMe,
[209.9(1.0) pm]3° and [Me,NAIMe,], [195.7(0.7) pm] !¢ show
a similar pattern. At 288.1(1.7) pm, the Ga - -+ Ga distance in
[Me,NGaH,], is significantly longer than twice the covalent
radius of gallium (240 pm);3' the Al...Al distance in
[Me,NAIMe,], (280.9 pm)'® is likewise more than twice the
covalent radius of aluminium (260 pm). This contrasts with
formally electron-deficient molecules like Me,Al(u-R),AlMe,
(R = H3? or Me*?) in which the distance between the heavy
atoms is close to twice the appropriate covalent radius. It is
likely that non-bonded repulsions between the nitrogen atoms
of [Me,NGaH,], or [Me,NAlMe,], have a significant
influence on the dimensions of the M,N, ring (M = Ga or Al).
As expected, the cyclic structure of the skeleton constrains the
amplitude of vibration of the Ga—N bonds. Thus, the amplitude
shrinks from 6.1(1.1) pm in Me;N-GaH,* to 4.5(0.9) pm in
[Me,NGaH,],.

The dimensions of the dimethylamido-group are in line with
those of related molecules. Representative C—N bond lengths
(in pm) and C-N-C bond angles (in °) are as follows:
[Me,NGaH,], 146.3(1.3), 109.6(1.6) [electron diffraction
(ED)]; Me,NH 145.5, 111.8 (ED); 3** Me,NSiH; 146.2, 111.1
(ED); *** P(NMe,), 145.8,113.5 (ED); *** Sn(NMe,), 145.0,119
(ED);** W(NMe,)s 151.6, 1049 [X-ray diffraction (X)];3**
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[Me,NBF,], 1469, 1079 (X);'* [Me,NBCl,], 150.5, 108.5
(X);'3 [Me,NAIMe,], 149.4, 108.1 (X);'® [Me,NInMe,],
147.5, 109.0 (X);!® [Be(NMe,),]; 146.3, 103.6 (X);3*/
[Sn(NMe,),], 147.3, 110.2 (X).3*¢ Despite the fact that some of
these compounds contain terminal NMe, groups and some
bridging NMe, groups, the dimensions reveal no obvious
pattern correlating with the nature of the ligation.
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