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Gallium and indium hydrazides, Ga[N(SiMe3)NMe2]3 (1) and In[N(SiMe3)NMe2]3 (2), were synthesized from the
reactions of metal chlorides and Li[N(SiMe3)NMe2]. Single crystal X-ray crystallographic analysis revealed that
compound 2 was monomeric with trigonal planar geometries on the indium and the indium-bonded nitrogen atoms.
The average In−N bond distance of 2.078(3) Å and the N−In−N−N dihedral angles did not provide clear structural
evidence of In−N π-bonding. The electronic absorption spectra of the indium hydrazido complex revealed transitions
at significantly lower energies compared to those observed in the tris(amido) compounds, In[N(SiMe3)2]3 (3) and
In[N(tBu)(SiMe3)]3 (4). The absorptions of the indium and gallium compounds were attributed to ligand−metal charge
transfer transitions. Trends in the electronic transitions for compounds 2 and 3 calculated at the time-dependent
density functional and configuration interaction including single excitations levels, both using a minimal basis set,
were consistent with the experimental data, and Mulliken charge analyses support the assignment to ligand-to-
metal charge transfer transitions. These calculations also demonstrated the presence of π-bonding between the In
and N p-orbitals, and an analogy is drawn to the frontier molecular orbitals of trimethylenemethane. The low-lying
spectroscopic transition in 2, and thus its yellow color, results from mixing of the lone pair electrons on the â-nitrogens
of the hydrazido ligands with the HOMO of the InN3 core.

Introduction

Group 13 metal nitrides and their composites are direct
band gap semiconductors used in fabricating high-power,
high-efficiency optoelectronic devices.1 Practically, films of
GaN and InN are prepared from tri(organyl) gallium or
indium and ammonia in chemical vapor deposition pro-
cesses.1 In order to overcome the disadvantages of these
conventional methods such as high temperatures and carbon
contamination, new metal precursors and nitrogen sources
have been extensively studied.2 Hydrazine and its derivatives
were investigated as alternative nitrogen sources to deposit
GaN-containing films at lower temperatures.3-6 Metal hy-

drazide derivatives are potential single-source precursors
because of the presence of intramolecular metal-nitrogen
bonds.7

Most of the group 13 metal hydrazide compounds studied
to date feature ring or more complex cluster structures.8-24
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In this study, we intended to use bulkier hydrazido ligands
to prepare monomeric compounds that may have increased
vapor pressures over the associated compounds. In addition,
the targeted tris(hydrazido) compounds do not contain a
direct metal-carbon bond, which could decrease carbon
contamination if these are used as precursors. In this paper,
we report the synthesis and characterization of the first
examples of group 13 metal tris(hydrazido) derivatives, Ga-
[N(SiMe3)NMe2]3 (1) and In[N(SiMe3)NMe2]3 (2), and the
unusual long-wavelength electronic absorptions for com-
pound2 and related amido indium compounds. Electronic
structure calculations at the time-dependent density functional
(TD-DFT) and configuration interaction including single
excitations (CIS) levels of theory using a minimal basis set
were carried out to understand the bonding and to aid in the
spectroscopic analysis.

Experimental Section

Materials and General Procedures. Indium chloride and
gallium chloride were purchased from Strem and used as received.
All the other chemicals were obtained from Aldrich. The solutions
of n-butyllithium in hexanes (2.5 M) and methyllithium in ether
(1.4 M) were used as received. 1,1-Dimethylhydrazine and chloro-
trimethylsilane were distilled over calcium hydride under nitrogen.
In[N(SiMe3)2]3

25,26(3) and In[N(SiMe3)(tBu)]327 (4) were prepared
according to the literature methods. Diethyl ether and hexanes were
predried over calcium hydride and freshly distilled over sodium/
benzophenone under nitrogen. The spectrophotometric-grade hex-
anes used in the absorption spectroscopic experiments were distilled
over calcium hydride under nitrogen and were degassed by the
repeating freeze/pump/thaw process. Benzene-d6 was distilled over
calcium hydride under nitrogen. All experiments were conducted
under an oxygen-free, dry-nitrogen atmosphere using Schlenk and
glovebox techniques.

1H NMR spectra were obtained in benzene-d6 solutions at room
temperature on a Varian INOVA 300 spectrometer, and the residual
proton (δ 7.15) in C6D6 was used as the internal standard. The IR
spectra of KBr pellets for solids and liquid films within NaCl
windows for liquids were recorded on a Nicolet MAGNA-IR 560
spectrometer. Chemical-ionization mass spectra were acquired on
a Finnigan Mat 95 spectrometer using a direct insertion probe. The
samples were evaporated at the temperature range 25-340°C, and
the ionization gas mixture was methane with 4% ammonia. The
electronic absorption spectra were recorded in a modified Varian
Cary spectrometer. Melting points were measured in sealed glass
capillaries and were uncorrected. The elemental analyses were

performed by Schwarzkopf Microanalytical Laboratory, Woodside,
NY, and Desert Analytics, Tucson, AZ.

Synthesis of HN(SiMe3)NMe2. To a stirred solution of H2-
NNMe2 (11.9 g, 197 mmol) in 20 mL of Et2O at-78 °C was added
an ether solution of methyllithium (135 mL, 197 mmol). After the
mixture was allowed to warm to room temperature and stirred for
4 h, it was again cooled at-78 °C, and Me3SiCl (25.1 mL, 197
mmol) was added. A white precipitate formed immediately, and
the mixture was allowed to warm to room temperature, stirred for
14 h, and filtered to separate a white solid (LiCl) and a colorless
filtrate. Ether was distilled off from the filtrate at low temperatures,
and a colorless liquid (14 g, 54% yield) was collected in the
temperature range 75-80 °C under a reduced nitrogen pressure
(ca. 100 Torr).1H NMR: δ 0.13 (9H, s, SiCH3), 1.72 (1H, br s,
NH), 2.21 (6H, s, NCH3). IR (cm-1): 3284 (νNH, w), 2986 s, 2949
s, 2896 m, 2849 m, 2811 s, 2764 s, 1464 m, 1450 m, 1434m, 1400
w, 1376 w, 1297 w, 1259 s, 1247 s, 1220 w, 1153 w, 1091 m,
1063 s, 1010 m, 968 w, 897 s, 837 s, 803 m, 747 w, 720 w, 684
w.

Synthesis of Ga[N(SiMe3)NMe2]3 (1). To a stirred solution of
HN(SiMe3)NMe2 (1.75 g, 13.2 mmol) in 20 mL of hexanes at-78
°C was added a hexanes solution ofn-BuLi (5.28 mL, 13.2 mmol).
The mixture was heated at 70°C for 1 h, and a colorless solution
was obtained. After the solution was cooled to room temperature,
it was added to a solution of GaCl3 (0.774 g, 4.40 mmol) in 20 mL
of Et2O at -78 °C. The mixture was allowed to warm to room
temperature, and a white precipitate formed during the warming
process. The slurry was stirred for 18 h, and a filtration was carried
out to separate the white precipitate (LiCl) and a colorless filtrate.
After the filtrate was concentrated to ca. 5 mL and stored at-50
°C, colorless plates were collected (1.32 g, 65% yield). The sample
used in collecting the absorption spectrum was recrystallized twice
from spectrophotometric-grade hexanes. Mp: 75.0-78.0 °C. 1H
NMR: δ 0.30 (27H, s, SiCH3), 2.64 (18H, s, NCH3). IR (cm-1):
2975 s, 2944 s, 2892 s, 2858 s, 2826 m, 2801 s, 2776 m, 2744 s,
2655 w, 1465 s, 1447 s, 1435 s, 1420 m, 1409 w, 1395 m, 1353 w,
1303 m, 1246 s, 1220 s, 1157 w, 1087 m, 1021 s, 1010 s, 945 s,
924 s, 833 s, 748 s, 739 s, 678 s. CI MS (assignment, % relative
intensity): 463 [(M+ H)+, 14.4], 447 [(M- Me)+, 28.7}, 348
[{M - N(SiMe3)NMe2 + NH3}+, 19.9}, 331 [{M - N(SiMe3)-
NMe2}+, 100}, 133 [{H2N(SiMe3)NMe2}+, 11.0}. Anal. Calcd for
C15H45N6Si3Ga: C, 38.87; H, 9.78; N, 18.13. Found: C, 37.68; H,
10.07; N, 17.64.

Synthesis of In[N(SiMe3)NMe2]3 (2). To a stirred solution of
HN(SiMe3)NMe2 (2.69 g, 20.3 mmol) in 20 mL of hexanes at-78
°C was added a hexanes solution ofn-BuLi (8.14 mL, 20.3 mmol).
The mixture was heated at 70°C for 1 h, and a colorless solution
was obtained. After the solution was cooled to room temperature,
it was added into a slurry of InCl3 (1.50 g, 6.78 mmol) in 20 mL
of Et2O at -78 °C. The mixture was allowed to warm to room
temperature and stirred for 18 h. A filtration was carried out to
yield a white precipitate (LiCl) and a yellow filtrate. After the filtrate
was concentrated to ca. 10 mL and stored at-20 °C overnight,
yellow blocks were collected (2.42 g, 70% yield). The sample used
in collecting the absorption spectrum was recrystallized twice from
spectrophotometric-grade hexanes. Mp: 75°C, decomp without
melting. 1H NMR: δ 0.29 (27H, s, SiCH3), 2.68 (18H, s, NCH3).
IR (cm-1): 2981 m, 2944 m, 2892 m, 2837 m, 2816 w, 2791 m,
2763 m, 2706 m, 2651w, 1458 s, 1442 s, 1418 s, 1394 m, 1351 w,
1296 w, 1246 s, 1238 s, 1221 s, 1152 s, 1086 w, 1041 s, 1030 s,
1008 s, 908 s, 826 s, 745 s, 733 s, 677 s. CI MS (assignment, %
relative intensity): 508 [M+, 0.3], 377 [{M - N(SiMe3)NMe2}+,
1.5], 362 [{M - N(SiMe3)NMe2 - Me}+, 2.6], 245 [a species
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containing an indium and a silicon, 46.1], 133 [{H2N(SiMe3)-
NMe2}+, 100]. Anal. Calcd for C15H45N6Si3In: C, 35.42; H, 8.92;
N, 16.52. Found: C, 35.13; H, 9.07; N, 16.48.

Electronic Absorption Spectra. The spectroscopic-grade hex-
anes solutions of compounds1 (0.06 mM),2 (0.08 mM),3 (0.13
mM), and4 (0.15 mM) were sealed in quartz cells (1 cm) under
nitrogen. All spectra were recorded in the wavelength range 190-
600 nm and were corrected with background subtractions.

X-ray Data Collection, Structure Solution, and Refinement.
A crystal of compound2 was mounted on a glass fiber under a
nitrogen atmosphere. The data collection was conducted on a
Siemens SMART system. An initial set of cell constants was
calculated from reflections harvested from three sets of 30 frames.
These sets of frames were oriented such that orthogonal wedges of
reciprocal space were surveyed. The data collection technique was
generally known as a hemisphere collection. A randomly oriented
region of reciprocal space was surveyed to the extent of 1.3
hemispheres to a resolution of 0.77 Å. Three major swaths of frames
were collected with 0.30° steps inω. Because the lattice was
triclinic, 50 additional sets of frames were collected to better model
the absorption correction. The final cell constants were calculated
from a set of 8192 strong reflections.

The space groupP1h was determined on the basis of the lack of
systematic absences and on the basis of intensity statistics. A
successful direct-methods solution was applied to the structure that
provided most non-hydrogen atoms from theE-map. Several full-
matrix, least-squares/difference Fourier cycles were performed
which located the remainder of the non-hydrogen atoms. All non-
hydrogen atoms were refined with anisotropic displacement pa-
rameters. All hydrogen atoms were placed in ideal positions and
refined as riding atoms with relative isotropic displacement
parameters. The experimental conditions and unit cell information
are summarized in Table 1.

Calculations. The geometries employed for compounds2 and
3 were those from single crystal XRD structures. Because of the
structural similarity of the two molecules in the asymmetric unit
in the structure of2, the set of coordinates for the molecule
containing In(1) was used. The electronic transitions for compounds
2 and 3 were calculated at the TD-DFT28a and CIS28b levels of
theory using the STO-3G basis set. This requires 204 and 240 basis
functions for compounds2 and 3, respectively. The TD-DFT
calculations are expected to be more accurate for the prediction of
absorption wavelengths (although the use of a minimal basis set
suggests that only qualitative results should be expected),28c while
the CIS calculations are useful because they provide wave functions

for the excited states that can be analyzed for other properties, like
partial atomic charges. Computed excitation energies from the CIS
level were inferior to those from the TDDFT calculations and,
indeed, were very inaccurate in some instances. The generally
poorer performance of CIS compared to TD-DFT has been amply
documented in the literature.28c-e The DFT functional employed
for the TD-DFT calculations was the PBE1PBE functional of
Perdew, Burke, and Enzerhof.28f Choice of the PBE1PBE functional
was motivated by its generally robust performance for excited-state
calculations.28d,g All calculations used the Gaussian 98 program
package.28h

Results

Synthesis and Characterization of Ga[N(SiMe3)NMe2]3

(1) and In[N(SiMe3)NMe2]3 (2). Compounds1 (65% yield)
and 2 (70% yield) were prepared as colorless and yellow
crystals, respectively, from the reactions summarized in eqs
1 and 2 and were characterized by elemental analysis and
spectroscopic methods. The reactant HN(SiMe3)NMe2 was
prepared as a colorless liquid from the reaction of Me3SiCl
with LiNHNMe2 generated in situ from the lithiation of
H2NNMe2.

The 1H NMR spectra exhibited singlets of the SiMe3 and
NMe2 groups at 0.30 and 2.64 ppm, respectively, for1 and
0.29 and 2.68 ppm, respectively, for2. In the chemical-
ionization spectrum of1, the parent ion (plus 1) was found
to be 14% of the base peak [M- N(SiMe3)NMe2]+. For 2,
the base peak was attributed to [H2NSiMe3NMe2]+. The
peaks centered at 245 with the intensity of 46% of the base
peak could not be specifically assigned, but the isotope
distribution of the peaks showed that they belonged to a
species containing an indium and a silicon atom. The
intensities of all other peaks including the parent ion peak
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Table 1. Crystallographic Data for Compound2

chemical formula C15H45InN6Si3
fw 508.66
space group P1h
a, Å 14.426(1)
b, Å 14.546(1)
c, Å 14.695(1)
R, deg 73.644(1)
â, deg 72.307(1)
γ, deg 73.312(1)
V, Å3 2749.6(4)
Z 4
T (°C) -100
λ, Å 0.71073
(F calcd, g cm-3) 1.229
µ, cm-1 10.01
R1, wR2a [I > 2σ(I)] 0.0234, 0.0559

a R1 ) ∑||Fo| - |Fc||/∑|Fo| and wR2) {∑[w(Fo
2 - Fc

2)2]/∑[w(Fo
2)2]}1/2,

wherew ) 1/[σ2(Fo
2) + (aP)2 + (bP)], P ) (Fo

2+ 2Fc
2)/3, anda andb are

constants given in Supporting Information.

3HN(SiMe3)NMe2 + 3n-BuLi98
hexanes

-78 to 70°C, 1 h

3Li[N(SiMe3)NMe2] + 3n-Bu-H (1)

3Li[N(SiMe3)NMe2] + MCl398
Et2O

25 °C, 18 h

M[N(SiMe3)NMe2]3 + 3LiCl
M ) Ga (1) and In (2)

(2)

Gallium and Indium Hydrazides
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at 508 (0.3%) were below 3%. The elemental analysis results
were satisfactory except that the measured carbon percentage
of compound1 was 1.2% lower than the calculated values.

Structure of In[N(SiMe 3)NMe2]3 (2). Compound 2
crystallized in the space group ofP1h with two chemically
identical, monomeric molecules in the asymmetric unit. The
molecular structure of one molecule is shown in Figure 1.
The structural parameters of the two molecules were similar,
and the selected bond lengths and angles are given in Table
2.

In both molecules, the indium atoms were three-coordinate
adopting a trigonal planar geometry. The bond angles at
indium varied from 118.15(7)° to 122.47(7)°, and the In-N
bond lengths from 2.0752(16) to 2.0812(15) Å. These In-N
bond lengths were comparable to those in other three-
coordinate indium complexes including In[N(SiMe3)2]3

[2.049(1) Å],26 tBu2In[N(SiPh3)(2,6-iPr2C6H3)] [2.104(3) Å],26

In(2,2,6,6-tetramethylpiperidino)3 [2.068(5) and 2.087(5)
Å],29 (2,4,6-tBu3C6H2)In[N(SiMe3)2]2 [2.094(4) and 2.103(6)
Å],30 and In[N(H)(2,4,6-tBu3C6H2)]3 [2.061(7)-2.075(6)

Å].31 It is noteworthy that these In-N bond lengths are also
similar to some four-coordinate tris(amido) indium com-
pounds such as In[NPh(SiMe3)]3(OEt2) [2.083(2)-2.103(2)
Å]27 and In(NPh2)3(py) [2.072(3)-2.099(3) Å].27 The ge-
ometries of theR-nitrogens (those bonded to indium) were
trigonal planar, and those of theâ-nitrogens were trigonal
pyramidal. Angles between the coordination plane on the
indiums and theR-nitrogens were in the ranges 52-57.8°
and 51.5-59.9° for the two molecules in the asymmetric
unit.

Electronic Absorption Spectra of Compounds 1-4. All
four of these compounds exhibited more or less distinct
absorptions in the ultraviolet spectral region. The electronic
absorption spectra of compounds1-4 are displayed in Figure
2, and Table 4 lists the specific values forλmax and the molar
extinction coefficients. Detailed assignments of the transitions
leading to these spectral features are discussed in the
following section. At room temperature, solutions of these
compounds did not exhibit detectable emission.

Discussion

The significance ofπ-interactions between metal and
nitrogen in heavy group 13 metal amides has been the topic
of several studies.32-36 Power and co-workers concluded that
these interactions, if they exist, are insignificant.36 The
structure determination of2 supports this statement at least
insofar as geometry is concerned. As described already, the
In-N bond lengths in the structures of2 and other amido

(29) Frey, R.; Gupta, V. D.; Linti, G.Z. Anorg. Allg. Chem.1996, 622,
1060.

(30) Leung W.-P.; Chan, C. M. Y.; Wu, B.-M.; Mak, T. C. W.Organo-
metallics1996, 15, 5179-5184.
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(32) Waggoner, K.; Power, P. P.J. Am. Chem. Soc.1991, 113, 3385-
3393.
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2799.

(35) Atwood, D. A.; Atwood, V. O.; Cowley, A. H.; Jones, R. A.; Atwood,
J. L.; Bott, S. G.Inorg. Chem.1994, 33, 3251-3254.

(36) Brothers, P. J.; Power, P. P.AdV. Organomet. Chem.1996, 39, 1-69.

Figure 1. Structure and atom labeling scheme for one molecule in the
asymmetric unit of the structure of In[N(SiMe3)NMe2]3 (2). Atoms are
shown at the 50% probability level. All hydrogen atoms are omitted for
clarity.

Table 2. Selected Bond Lengths (Å) and Angles (deg) for
In[N(SiMe3)NMe2]3 (2)

In(1)-N(1) 2.0752(16) N(1)-N(2) 1.443(2)
In(1)-N(3) 2.0802(16) N(3)-N(4) 1.440(2)
In(1)-N(5) 2.0768(16) N(5)-N(6) 1.445(2)
In(2)-N(7) 2.0753(15) N(7)-N(8) 1.445(2)
In(2)-N(9) 2.0796(16) N(9)-N(10) 1.440(2)
In(2)-N(11) 2.0812(15) N(11)-N(12) 1.443(2)
N(1)-Si(1) 1.7199(17) N(7)-Si(4) 1.7243(16)
N(3)-Si(2) 1.7252(17) N(9)-Si(5) 1.7248(16)
N(5)-Si(3) 1.7189(18) N(11)-Si(6) 1.7200(16)

N(1)-In(1)-N(3) 118.88(7) In(1)-N(5)-N(6) 122.56(13)
N(1)-In(1)-N(5) 118.15(7) In(1)-N(5)-Si(3) 126.93(9)
N(3)-In(1)-N(5) 122.47(7) N(6)-N(5)-Si(3) 110.33(12)
N(7)-In(2)-N(9) 121.08(6) In(2)-N(7)-N(8) 122.55(11)
N(7)-In(2)-N(11) 118.40(6) In(2)-N(7)-Si(4) 126.99(9)
N(9)-In(2)-N(11) 120.18(6) N(8)-N(7)-Si(4) 110.42(11)
In(1)-N(1)-N(2) 122.87(12) In(2)-N(9)-N(10) 122.21(11)
In(1)-N(1)-Si(1) 126.74(9) In(2)-N(9)-Si(5) 128.15(9)
N(2)-N(1)-Si(1) 110.32(12) N(10)-N(9)-Si(5) 109.63(12)
In(1)-N(3)-N(4) 122.33(12) In(2)-N(11)-N(12) 122.20(11)
In(1)-N(3)-Si(2) 127.58(9) In(2)-N(11)-Si(6) 127.01(8)
N(4)-N(3)-Si(2) 110.08(12) N(12)-N(11)-Si(6) 110.69(11)

Figure 2. Electronic absorption spectra of Ga[N(SiMe3)NMe2]3 (1), In-
[N(SiMe3)NMe2]3 (2), In[N(SiMe3)2]3 (3), and In[N(SiMe3)CMe3]3 (4).
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compounds containing a three-coordinate indium are com-
parable to four-coordinate indium compounds. The large
angles (51.5-59.9°, see Table 3) between the coordination
plane of the indium and those of theR-nitrogens must
significantly decrease theπ-interaction between the sp2-
hybridized indium and nitrogen atoms owing to reduced p-p
overlap.

Amido indium compounds having a yellow or brown color
were previously observed for In(NPh2)3(py),27 In[NMe-
(SiMe3)]3(p-Me2Npy),27 In[N(H)(2,4,6-tBu3C6H2)]3,31 and In-
[N(H)(2,6-iPr2C6H3)]3(py)2.31 No assignment of the absorption
peaks in any of these molecules has previously been
attempted. To address this situation, we carried out electronic
structure calculations to better characterize the lower energy
electronic transitions. Because of the large size of these
molecules, calculations were only undertaken for compounds
2 and3, but a comparison of these two already reveals some
interesting phenomena. TD-DFT/STO-3G calculations using
the input coordinates obtained from the XRD structures
provided the calculated transitions listed in Table 4. Although
only a minimal basis set is employed, the trends in the

absorption spectra predicted at this level of theory mimic
those observed experimentally. In particular, both2 and3
have lowest-energy absorptions of moderate oscillator strength,
with those of2 at significantly lower energies than those of
3.

There is a good correspondence in the overall character
of several of the low-energy excitations in both2 and 3,
even though the transition energies are significantly different.
For instance, both show longest wavelength absorptions that
are effectively 2-fold degenerate because the energies of the
highest occupied molecular orbital (HOMO) and the next
highest occupied MO (HOMO- 1) are very close to one
another, and thus, single-electron excitations into the lowest
unoccupied molecular orbital (LUMO) out of either occur
at similar wavelengths. In addition, there is also a non-
degenerate excitation from HOMO- 2 to LUMO in both2
and 3 that occurs with effectively negligible oscillator
strength. Finally, in each case there are effectively degenerate
excitations from HOMO and HOMO- 1 to LUMO + 1
that occur with moderate oscillator strength (the HOMO-
1 to LUMO + 1 excitation for2 does not appear in Table 4
but is predicted to be the seventh lowest-energy excitation).
One feature that does differentiate2 from 3, beyond the lower
energy required for the absorptions in2 already discussed,
is the presence of nearly degenerate absorptions from HOMO
- 3 and HOMO- 4 into the LUMO with weak oscillator
strength.

Inspection of the molecular orbitals involved indicates that
these spectral features derive from distorted p-p π-inter-
actions analogous to those found in the prototypical Y-shaped
π-system, trimethylenemethane (TMM).37,38As illustrated in
Figure 3 using symmetry labels consistent with theD3h point
group, the TMMπ-system has a low-energy orbital belong-
ing to the a2′′ irreducible representation (irrep) that has
entirely in-phase overlap of the p-orbitals. This is followed
by two degenerate nonbonding orbitals belonging to the ex′′
and ey′′ irreps, and finally, a fully antibonding orbital again

(37) Cramer, C. J.; Smith, B. A.J. Phys. Chem.1996, 100, 9664.
(38) Li, J.; Worthington, S. E.; Cramer, C. J.J. Chem. Soc., Perkin Trans.

2 1998, 1045.

Table 3. Important Angles (deg) between the Coordination Planes on
the Indiums andR-Nitrogens for the Structure of2a

plane 1 plane 2
angle
(deg)

Molecule 1
In(1)N(1)N(3)N(5) (0.0320 Å) N(1)In(1)N(2)Si(1) 52.0
In(1)N(1)N(3)N(5) N(3)In(1)N(4)Si(2) 55.9
In(1)N(1)N(3)N(5) N(5)In(1)N(6)Si(3) (0.0158 Å) 57.8
N(1)In(1)N(2)Si(1) (0.0098 Å) N(3)In(1)N(4)Si(2) 88.1
N(1)In(1)N(2)Si(1) N(5)In(1)N(6)Si(3) 90.4
N(3)In(1)N(4)Si(2) (0.0042 Å) N(5)In(1)N(6)Si(3) 93.5

Molecule 2
In(2)N(7)N(9)N(11) (0.0265 Å) N(7)In(2)N(8)Si(4) 51.5
In(2)N(7)N(9)N(11) N(9)In(2)N(10)Si(5) 56.1
In(2)N(7)N(9)N(11) N(11)In(2)N(12)Si(6) (0.0115 Å) 59.9
N(7)In(2)N(8)Si(4) (0.0079 Å) N(9)In(2)N(10)Si(5) 89.9
N(7)In(2)N(8)Si(4) N(11)In(2)N(12)Si(6) 90.5
N(9)In(2)N(10)Si(5) (0.0012 Å) N(11)In(2)N(12)Si(6) 94.3

a Each plane was represented by four atoms with the first atom in bold
being the center atom. The distances in parentheses were the mean
derivations of the four atoms from the planes. The torsion angles are the
angles between the normals of the planes.

Table 4. Observed Electronic Transitions for Compounds1-4

compd
obsdλ, nm

(ε, M-1 cm-1)
calcdλ,

nm
oscillator
strength assignmentb

1 295 (1200)
2 350 (2200) 362 0.03 HOMOf LUMO

357 0.03 HOMO- 1 f LUMO
271 (13000) 276 0.03 HOMO- 3 f LUMO

274 0.02 HOMO- 4 f LUMO
3 259 (2200) 262 0.07 HOMOf LUMO

262 0.07 HOMO- 1 f LUMO
230 (2200) 229 0.06 HOMOf LUMO+1

229 0.06 HOMO- 1 f LUMO + 1
202 (10000) 203 0.01 HOMO- 2 f LUMO + 1

4 281 (3300) HOMOf LUMO
HOMO - 1 f LUMO

253 (4100) HOMOf LUMO + 1
HOMO - 1 f LUMO + 1

a Calculated electronic transitions at the TD-DFT/STO-3G are presented
for compounds2 and 3. b The HOMO and HOMO- 1 levels in both2
and 3 and the HOMO- 3 and HOMO- 4 levels in2 are very nearly
degenerate.

Figure 3. TMM-like π-orbitals (left, corresponding to3), â-nitrogen lone
pair hybrid orbitals (right), and their mixing (center, corresponding to2).

Gallium and Indium Hydrazides

Inorganic Chemistry, Vol. 42, No. 11, 2003 3435



belonging to thea2′′ irrep. In the case of an indium amide,
the system has 6π-electrons from the 3 nitrogen lone pairs,
and one would thus expect the lowest energy electronic
transition to be degenerate and dipole-allowed from either
of the two nonbonding levels to the antibonding level. The
next lowest energy single-electron excitation would be dipole
forbidden from the fully bonding level to the fully antibond-
ing level.

Although it is somewhat surprising that this situation
applies, insofar as there is obviously a large “twisting” of
the In-N π-bonds, visualization of the MOs reveals the
TMM analysis to be valid. Figure 4 illustrates HOMO- 2
for 3, which is one of the most striking; this is the fully
bondingπ-orbital and clearly shows twisted, p-p π-interac-
tions of the appropriate phase. A pleasant feature of this
analysis is that it permits a ready explanation of all of the
differences in the spectra of2 and 3 by considering the
perturbing effect of the additional nitrogen atoms present in
2 but not in 3. The three nonbonding lone pairs on the
hydrazido â-nitrogen atoms also combine to give three
symmetry-adapted hybrid orbitals, all of which are doubly
occupied: inD3h symmetry, there would be one hybrid
belonging to the a2′′ irrep and two degenerate hybrids
belonging to the ex′′ and ey′′ irreps. The energy separation
between the three is very small because the nitrogen atoms
are far from one another in space, but these orbitals can mix
strongly with the TMMπ-orbitals as indicated in Figure 3.
The strongest interaction is between the sets of e-type orbitals
as they are closest to one another in energy. As all of the
e-type orbitals are doubly occupied, this has the effect of
raising the energy of the HOMO and HOMO- 1 relative
to the LUMO, which mixes much less efficiently with the
remaining â-nitrogen hybrid. This rationalizes the lower
energy of this absorption in2 compared to3. Moreover, the
mixing of the two sets of e-type orbitals creates a second
degenerate level only somewhat below the first, and this
rationalizes the HOMO- 3 and HOMO- 4 to LUMO
excitations observed in2 but not in 3 (there are such
absorptions in3, of course, but the HOMO- 3 and HOMO
- 4 orbitals will have entirely different character in that
case).

Refining these points, note that the very different elec-
tronegativities of In and N ensure that it is nitrogen p
character that dominates the lower energy orbitals and indium
p character that dominates the empty orbitals. The LUMO
in both 2 and3 is formed almost entirely from the indium
p, and all of the transitions already discussed may thus be
regarded as having substantial ligand-to-metal charge transfer
character. Indeed, Mulliken charge distributions computed
for the ground state at the HF/STO-3G level and for the first
excited state at the CIS/STO-3G level are shown in Figure
5 and support the interpretation that the longest-wavelength
excitation mainly involves ligand-to-metal charge transfer.
For compound2, the positive charge on the indium decreases
by 0.477 on going from the ground state to the first excited
state, indicating a gain of electron density. The total negative
charge on the threeR-nitrogens decreases by 0.219, that on
the â-nitrogens by 0.040, and the remaining ligand charge
depletion is spread over the other atoms. Similar charge
transfer transitions are observed for compounds3 and 4.
Consistent with the LMCT nature of these transitions, the
more electropositive nature of the [N(SiMe3)2] ligand in 3
raises the energy of all absorptions relative to those observed
in 4, which has at-Bu group substituted for one of the SiMe3

substituents. While one might anticipate that the yellow to
brown colors reported for In(NPh2)3(py),27 In[NMe(SiMe3)]3-
(p-Me2Npy),27 In[N(H)(2,6-iPr2C6H3)]3(py)2,31 and In[N(H)-
(2,4,6-tBu3C6H2)]3

31 are due to LMCT transitions, the change
in coordination number for the first three complexes and the
absence of any electronic absorption spectra preclude more
detailed comparisons.

For the hydrazido gallium complex,1, analogous LMCT
transitions would be expected to occur at lower energy with
respect to2. Consistent with the colorless nature of both the
crystals and solution of1, no absorptions were detected at
wavelengths longer than 350 nm. The cause of the missing
transitions may be the result of geometric changes in1 due
to the smaller metal. Sterically crowded ligands could force
a more nearly perpendicular orientation relative to the GaN3

plane. Even more substantial differences involving com-
plexation of the hydrazidoâ-nitrogens are possible. As a
result, the observed absorption at 295 nm cannot be assigned
to a specific transition.

Last, the LUMO+ 1 orbital is observed to be a fully
symmetric combination of In-N σ*-orbitals. This explains

Figure 4. Fully bonding TMM-like π-orbital for 3 shown at the 0.03 au
isocontour level; hydrogen atoms have been deleted for clarity.

Figure 5. Calculated Mulliken charges at the CIS/STO-3G level for
selected heavy atoms in the ground and first excited states of In[N(SiMe3)-
NMe2]3 (2) and In[N(SiMe3)2]3 (3). Values in parentheses are those for the
first excited state. Methyl groups are omitted for clarity.
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the dipole-allowedness of transitions from theπ-system to
this orbital that occur at substantially higher energies than
the π-π transitions.

Conclusions

Routine methods were used to synthesize the tris(hydra-
zides) of gallium and indium in good yields. Although
analysis of the molecular structure of In[N(TMS)NMe2]3 does
not provide evidence for In-N bond shortening that is
associated withπ-bonding, spectroscopic and theoretical
studies verify its presence. The unexpected yellow color of
the In compound resulted from mixing of theâ-nitrogen lone
pairs with the trimethylenemethane-like molecular orbitals
of the InN3 core. This mixing resulted in raising the HOMO

and lowering the energy of the ligand-to-metal charge transfer
responsible for the lowest energy transition.
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