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Thus, structures deduced in concentrated solutions will reflect the 
effects of contiguous counterions. E n d e r b ~ ~ ~  has for example 
reported neutron scattering studies on concentrated aqueous 
nickel(I1) chloride solutions and found that the angle between the 
nickel ion and the oxygen atom on the coordinated water molecules 
and the line bisecting the water protons decreases from 180’ with 
concentration increase above about 0.1 mol dm-3. The maximum 
angle of tilt from 180°, which he observed a t  42 f 8’ for solutions 
in ex- of about 1 .O mol dm-3, is not, in our view, due to hydrogen 
bonding but the effect of the neighboring chloride ions. In his 
most concentrated solutions, around 4 mol dm-3, the average 

(25) Enderby, J. E. Sci. Prog. 1981, 67, 5 5 3 .  

separation between nickel and chloride ions is about 5 A, and thus 
these ions are competing for the same water molecule in their 
solvation shells. 
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In the reaction between trimethylaluminum and ammonia to form aluminum nitride, (CH,)2AINH2 is a postulated intermediate. 
Results of ab initio geometry optimization calculations for this species as well as H2AINH2 and isoelectronic H$3iCH2 are presented. 
Each of these has a planar equilibrium skeleton with C, symmetry. Geometry optimizations were carried out by using generalized 
valence bond (GVB) wave functions. AI=N bond distances of 1.78 and 1.80 A are predicted for the dihydro- and dimethyl- 
aluminum amides, respectively, which are slightly longer than the optimized S i 4  bond distance of 1.74 A in H2SiCH2. AI=N 
bond distances in these compounds are found to agree with a phenomenological correlation established by Haaland, which relates 
the ratio of covalent to dative character of such bonds to the observed bond distances. We compare the bonding in AI-N and 
Si< molecules by analyzing the nature of the GVB orbitals describing the bonds and comparing their predicted dipole moments. 

Introduction 

Oligomeric alkylaluminum amides’+ (R2AINR’R”), have re- 
cently been the subject of renewed interest owing to their potential 
utility as precursors to aluminum nitride*J@” (AlN). As described 
in the review by Bahr,I2 E. Wiberg in 1939 elucidated a series 
of reactions involving the synthesis of methylaluminum amides 
and imides, which generate aluminum nitride when heated: 

Me3AI + N H 3  - Me3AI.NH3 - (Me2AINH2)2,,3 - 
(MeAlNH), - A1N (I) 

The rational design of precursors to aluminum nitride requires 
a detailed knowledge of the intermediate steps that occur in the 
sequence of reactions in (I); in particular, in this work we are 
interested in the first methane loss step, which results in formation 
of aluminum amides. Interrante et aL8 have studied the ther- 
modynamic, kinetic, and mechanistic aspects of the reaction 

Me3Al + N H 3  - Me3Al.NH3 - y3(Me2AINH2)3 + CH4 
(11) 

and have proposed monomeric M%AINH2 as an intermediate that 
participates as a catalyst in methane loss from the Lewis acid-base 
adduct Me3Al.NH3.9 This species may also be present as a gas 
phase or surface-adsorbed species in the chemical vapor deposition 
of AINI3 and in solution during the thermal equilibration of the 
more thermodynamically stable trimeric species (Me2AlNH2)3.14 
The theoretical studies reported here pursue the question of the 
structure and bonding in Me2AINH2. We compare bonding and 
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the predicted structure of Me2AlNH2 to those of two related 
molecules-H2A1NH2, and H2SiCH2. 

The strong tendency of alkylaluminum amides to oligomerize 
results in formation of Lewis acid-base complexes of the type 
(R,AlNR’R”), whose structures consist of four- or six-membered 
aluminum-nitrogen rings whose size (n = 2 or 3) depends largely 
on the particular groups attached to AI or N. Heating the alu- 
minum amides to moderate temperatures in solution results in 
elimination of alkane and formation of alkylaluminum imides 
(RAINR’),.1S-17 Imide aggregates with n up to 16 have been 
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Comparison of AI-N and S i 4  Bonds 

reported" and structures are known for compounds where n = 
4 unitsI6 and 6-8 units." 

A recent review of bonding in main-group elementst8 has 
collected a body of information on dative bonds. The data show 
that distances and strengths of dative bonds vary to a much larger 
degree than those of covalent bonds for a particular pair of atoms 
and that they have large inductive effects, especially at the acceptor 
atom. Aluminum-nitrogen bond lengths in the imide compounds 
above and in the oligomeric amides fall into the range 1.89-1.96 

Recently, the synthesis and structure of the first alumi- 
num-nitrogen compound with multiple AI-N bonds were re- 
ported.19 This compound, [MeAIN(2,6-i-Pr2C6H3)],, is an (AIN), 
analogue of borazine whose structure consists of a planar ring of 
alternating A1 and N atoms with an average AI-N (multiple) bond 
distance of 1.78 A and bond angles that deviate by -5' from 
120°. In our discussion we show that Al=N bond lengths of the 
amide compounds reported here fit into a correlation between 
covalent/dative character and bond length already established 
by Haaland.'* We also make a comparison between the Al=N 
bond in H2AlNH2 and the S i 4  bond in H2SiCH2. The S i 4  
bond in a number of compounds has been reviewed20 and the 
conflict between electron diffraction dataz1 and results of ab initio 
calculations22 noted. X-ray crystallographic dataz3" for a com- 
pound with a bond distance of 1.702 A and a microwave 
of 1,l-dimethylsilaethylene are in agreement with the a b  initio 
results and have resolved the conflict. The generally acce ted 
Si=C bond distance in silaethylenes is now around 1.70 1. 

In this work we use a valence bond description of the electronic 
structure. As this approach is rather less familiar than the 
ubiquitous molecular orbital method, a few words regarding the 
valence bond approach used here may be in order. 

Any many-electron wave function may be written as a reso- 
nating valence bond expansion; however, such a wave function 
is far too complex for routine calculations. Fortunately, in a great 
many cases, a single resonance structure provides a very good 
approximation to the electronic structure. In this case, if the spatial 
orbitals vi and the linear combination of spin eigenfunctions, 8, 
are optimized, then one obtains the most general independent 
particle model description of the electronic structure. This wave 
function of eq 1 has come to be called the generalized valence 
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bond (GVB)*' wave function. Even this wave function is too 
complex to allow routine calculations (only a handful of such 

del Piero, G.; Cesari, M.; Dozzi, G.; Mazzei, A. J .  Organomer. Chem. 
SM.)  13n 1 0 1  
1 Y 1  1 ,  1 L 7 ,  L01. 
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Table I. Bond Distances and Angles for Me2AINH2 
~~ 

bond length, A angle value, deg 
AI-N 1.797 C-AI-N 119.4 
AI-C 1.994 C-AI-C 121.2 
N-H 1.026 H-N-H 110.3 
C-H 1.096 H-AI-C 124.9 

E = -367.83493 hartrees. 

calculations have ever been done)! It is thus common to invoke 
two simplifying assumptions to permit calculations to be done. 
The first is the perfect-pairing assumption, which replaces the 
general spin function by one which assumes that pairs of orbitals 
are singlet-coupled; Le., 8 is replaced by epp = (a@-@a)(a@- 
&~)(a@-@a) .... The second assumption is that the orbital pairs 
(e.g., the lone pairs, bond pairs, etc.) are mutually orthogonal, 
even though the orbitals within a pair may overlap; this is the 
strong-orthogonality approximation. There have been many 
calculations using the GVB method with the strong-orthogonality 
and perfect-pairing (SOPP)  restriction^^^ 

*GVB-SOPP = Jcc ( ( ~ i a ( ~ i d Q ~ ~ 1  
i 

where (pia and 'pib are the singlet-coupled orbitals of the ith pair 
of electrons. We note two important properties of this wave 
function: (1) it is a generalization of Hartree-Fock theory and 
(2) the self-consistently determined orbitals of eq 2 are unique, 
unlike molecular orbitals. The restricted Hartree-Fock wave 
function is obtained by using the spin function eHF = a@a@a@... 
and by enforcing the restriction that (pia = 'plb for all pairs of spatial 
orbitals (i.e., for all values of index i ) .  For the GVB wave 
functions, any change in the orbitals from the self-consistently 
determined wave function will increase the total energy of the 
system; hence they are uniquely determined. For the Hartree- 
Fock wave function, the form of eq 2 reduces to a single Slater 
determinant, and as a consequence, any unitary transformation 
of the self-consistently determined orbitals will not change the 
total energy. Thus the molecular orbitals of a Hartree-Fock 
calculation are not uniquely determined. Their shapes can be 
changed dramatically without affecting the energy. 

In this work, geometries of the three compounds mentioned 
above were optimized by using the form of the generalized valence 
bond wave function given in eq 2. However, in each case, only 
the six valence electron pairs were correlated that had the largest 
correlation effects. These correlated pairs are the two pairs in 
the Al=N or S i 4  bonds and four bond pairs to the hydrogen 
atoms or methyl groups); the remaining valence electron pairs and 
core electrons were treated at  the Hartree-Fock (HF) level and 
are written symbolically as (core!: 

(3) 

In the remainder of the paper, this approximate form of the GVB 
wave function will be used exclusively; for convenience, it will be 
referred to simply as the GVB waue function. 
Results 

A. MezAINH2. Two conceivable geometries for Me2AlNH2 
are a planar structure with C, symmetry or a bent structure with 
C, symmetry depending on whether an Al=N double bond or an 
AI-N single bond and a nonbonding lone pair are the most 
energetically favorable bonding situation. The optimized geometry 
obtained from the GVB calculation gave the planar doublebonded 
structure as the stable equilibrium geometry. The equilibrium 
bond distances and angles and the total energy are given in Table 
I, while the details of the basis sets used are given in the Appendix. 
In order to check the possibility of a local minimum for the AI-N 

(25) (a) Hay, P. J.; Hunt, W. J.; Goddard, W. A., 111. J .  Am. Chem. Soc. 
1972, 94, 8293. (b) Hunt, W. J.; Hay, P. J.; Goddard, W. A., 111. J .  
Chem. Phys. 1972,57, 738. (c) Bobrowicz, F. W.; Goddard, W. A,, 
111. In Modern Theorericul Chemistry; Schaefer, H. F., 111, Ed.; Plenum 
Press: New York, 1977; Vol. 3, Chapter 4. 
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Figure 1. Contour plots of GVB orbitals for Me,AlNH,: (a, b) orbitals 
representing the AI-N bond perpendicular to the molecular plane; (c) 
orbitals representing the N-H bond; (d) orbitals representing the A I - C  
bond in the molecular plane. Contours are plotted at 0.04-au intervals 
in all figures. 
single-bond structure, an appropriate starting geometry was as- 
sumed in which the AI-N bond distance was 1.95 8, and the bond 
angles about the nitrogen atom were 1 loo. This geometry yielded 
a total energy 10.16 kcal mol-’ higher than that of the equilibrium 
structure, and no local minimum in the total energy for a structure 
with C, symmetry was found. In fact, calculations with assumed 
starting geometries rapidly collapsed to the planar structure de- 
scribed above. The AI-N equilibrium bond length of 1.80 8, (see 
Table I) is considerably shorter than the AI-N single-bond dis- 
tances found in the oligomerized amide, which has an AI-N 
single-bond distance of 1.935 8,.* 

A schematic representation of the bonding in the computed 
equilibrium structure of Me2AlNH2 is shown at the top of Figure 
1. Contour plots of the self-consistent GVB orbitals for the 
aluminum-nitrogen bonds are shown in panels a and b of Figure 
1. It can be seen that there is a double bond between the A1 and 
N atoms and that these bonds are very polarized toward the 
nitrogen atom. The orbitals on the right side of panels a and b 
are clearly associated with the nitrogen atom, as the inner contours 
of highest probability amplitude are very near the N core. 
However, the inner contours of the orbitals a t  the left of the 
corresponding panels are not close to the A1 core as they would 
be in a less polar bond, but are, in fact, rather close to the N core. 
The labels in the schematic diagram at the top correspond to the 
panels in which the contour plots are given. The lines connecting 
orbitals in the schematic show which orbitals are singlet-coupled. 
The polarization is so large that the bond may be described as 
two radially correlated pairs localized on the nitrogen atom 
forming dative bonds to the A1 atom. However, starting from 

Table 11. Bond Distances and Angles for H2AlNH2 
bond length. A annle value, dea 
AI-N 1.785 H-AI-N 118.5 
AI-H 1.606 H-AI-H 123.1 
N-H 1.026 H-N-H 110.3 

H-N-AI 124.8 
E = -298.77604 hartrees. 

Table 111. Bond Distances and Angles for H2SiCH2 
bond length, A angle value, deg 
Si-C 1.740 H-SiC 115.0 
Si-H 1.495 H-Si-H 122.5 
C-H 1.102 H-C-H 115.5 

HC-Si 122.2 

E = -329.1 16 34 hartrecs. 

neutral fragments, Me2Al and NH2, one might expect one polar 
covalent bond between AI and N and one dative bond in which 
the N lone pair is accepted by the AI atom. But, of course, there 
are two ways of placing these bonds, and as a consequence a 
resonating valence bond wave function would be required for this 
description. The GVB wave function is based on a single resonance 
structure and as a consequence it gives a mean-field (average) 
description of these bonds: thus there are two equivalent bonds, 
both of which have polar covalent and dative character. 

Panel c shows contour plots of the GVB orbitals that form one 
of the two equivalent N-H bonds; the left side is the orbital 
localized on the H atom and the right side in for that of the 
nitrogen atom. Panel d shows the contour plots of the GVB 
orbitals representing one of the two equivalent AI-C bonds; the 
orbital at the left is associated with the carbon atom and the orbital 
a t  the right is largely associated with the aluminum atom. The 
orbital plots in panels c and d are in the molecular plane. Note 
that the polar situation for the Al=N bonds, panels a and b, does 
not occur for the AI-C bond of panel d; Le., the inner contour 
of the right orbital has its maximum amplitude near the A1 atom. 
The predicted dipole moment is 0.9 D with the negatiue pole 
toward AI. 
B. H2ALNH2. The equilibrium structures of dimethylaluminum 

amide and dihydroaluminum amide (Table 11) are very similar. 
The Al=N bond distance is 0.01 A shorter in the dihydrogen 
compound, and the N-H bonds are predicted to be the same 
length. Thus there are only minor substituent effects on the 
structure when the CH3 groups are replaced by H atoms. 
Nonetheless, the contour plots of the GVB orbitals representing 
the Al=N, AI-H, and N-H bonds, which are shown in Figure 
2, do appear to reflect these subtle changes. Panels a and b of 
Figure 2 again describe the AI-N double bond; however, in 
comparison to the corresponding orbitals of Figure 1 ,  it can be 
noted that the innermost contour is missing in the orbitals a t  the 
left of Figure 2. This implies a very slight charge transfer from 
N to Al. The N-H bonds in the two molecules, Figures IC and 
2c, are essentially identical. However, there is a rather substantial 
difference in the A1 orbital, Le., the right orbital in Figures Id 
and 2d, when it is bonded to a H atom as compared to a methyl 
group. In particular, the orbital is polarized toward the H atom 
as compared to the methyl group. This can be verified by noting 
that the innermost contour of this orbital in Figure 2 is much 
smaller and that the orbital has much greater amplitude outside 
the area between the two atomic cores. Both of these observations 
are consistent with the fact that the predicted dipole moment is 
increased to 1.3 D with the negatiue pole toward AI. 

C. H2SiCH2. Silaethylene is unstable with respect to dimer- 
ization to disilacyclobutane. In an inert-gas matrix, the dimer- 
ization proceeds at  temperatures above 10 K.26 Theoretical 
predictions for the S i 4  bond distance are in the range 
1.692-1.728 A in silaethylene221”a*i and -1.692 8, in 1,l-di- 
methylsilaethylene;22b electron-withdrawing substituents on the 

(26)  Maier, G.; Mihm, G.; Reisenauer, H. P. Angew. Chern. 1981,93, 615. 
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Figure 2. Contour plots of GVB orbitals for HzA1NH2: (a, b) orbitals 
representing the AI-N bond perpendicular to the molecular plane; (c) 
orbitals representing the N-H bond; (d) orbitals representing the A1-H 
bond in the molecular plane. 

Si atom shorten the Si=C bond (by -0.034 8, for F22d), and the 
opposite effect is predicted for electron-withdrawing substituents 
on C (by +0.021 A for FZZd). 

Our optimized geometry (Table 111) for H2SiCH2 predicts an 
S i 4  bond distance of 1.74 A.27 Contour plots of the GVB 
orbitals representing the Si-C bond in silaethylene are shown 
in panels a and b of Figure 3. As the schematic diagram at  the 
top of Figure 3 suggests, the bonding between silicon and carbon 
is much more covalent than is the case for the Al=N double bond. 
This can be verified by analyzing the orbital plots: note how the 
left orbitals in panels a and b of Figure 3 have their innermost 
contour close to the Si core. This is in contrast to the corre- 
sponding A1 orbitals of the AI-N double bond shown in panels 
a and b of Figures 1 and 2. The orbital contour plots describing 

(27) The Si< bond length of 1.74 A is without a d function on the carbon 
atom; when a d function on carbon is included the bond length decreascs 
by leas than 0.01 A. 

(28) Unlike the previous two cases discussed here, i.e., (CH3)2AlNH2 and 
H2AINH2, the H#iCH2 molecule docs not exhibit B-bonds (bent 
multiple bonds) as the lowest energy orbital configuration, using the 
GVB wave function with the SOPP restrictions. The a,rdouble-bond 
d d p t i o n  is 0.105 eV lower in energy. However, we present the 
%bond description here for two reasons: (1) it provides a more natural 
comparison with the bonding in the other molecules just discussed; (2) 
previous experience has shown that removal of the strong-orthogonality 
restrictions in the wave function always leads to an B-bond description 
(see ref 29). 

(29) (a) Palke. W. E. J .  Am. Chem. Soc. 1986, 108,6543. (b) Schultz, P. 
A. Ph.D. Thesis, Department of Physics, University of Pennsylvania, 
1988. (c) Schultz. P. A.; Messmer, R. P. J.  Am. Chem. Sor. 1988, 110, 
8258. 
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Figure 3. Contour plots of GVB orbitals for HzSiCHz: (a, b) orbitals 
representing the S i 4  bond perpendicular to the molecular plane; (c) 
orbitals representing the C-H bond; (d) orbitals representing the Si-H 
bond in the molecular plane. 

the Si-H and C-H bonds are shown in Figure 3c,d. The 
predicted dipole moment is +0.6 D with the negatiuepole rowurd 
C. 
Discussion 

We may regard the AI-N double bond (for the molecules 
described above) as two equivalent bonds arising from an average 
of one dative bond and one polar covalent bond, whereas the S i 4  
bonds are composed of two polar covalent bonds. In order to 
understand more about the bonding in a compound such as 
Me2AlNH2, it is useful to make comparisons to other AlN com- 
pounds with a variety of bonding modes and to silaethylene. 
According to Haaland,'* dative bonds have a much greater var- 
iation in length than covalent bonds and have strengths up to half 
the covalent bond strength. Electron-withdrawing groups bonded 
to the acceptor atom tend to shorten and strengthen dative bonds, 
while electron donors have the opposite effect. This is just the 
familiar inductive effect, but it is more pronounced in the case 
of dative bonds as compared to covalent bonds.** 

A. Bond Distances. Dative bond distances in alane complexes 
with trimethylamine respond to groups with large inductive effects: 
the (purely dative) bond lengths in Me3N-.AlX, are 1.96,2.06, 
and 2.10 8, for X = Cl,30 H," and CH3,32 respectively. In a 

(30) Grant, D. F.; Killean, R. C. G.; Lawrence, J. L. Acra Ctysrallogr. 1969, 

(31) Almenningen. A.; Gundersen, G.; Haugen, T.; Haaland, A. Acra Chrm. 

(32) Andem.cn, G. A,; Forgaard, F. R.; Haaland, A. Acta Chem. Scand. 

825, 311. 

Scand. 19'12, 26, 3928. 
19'12, 26, 1947. 
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compound, the “dative” and *covalent” character of a bond may 
be deduced empirically by starting from neutral fragments and 
constructing a single resonance structure consistent with the ob- 
served molecular structure. Then the extent of mixing is deter- 
mined by considering the other canonical structures in which a 
particular bond is dative in one structure but covalent in an 
alternative one (e.g., as in a bridging N H 2  group). It has been 
noted that bonds with mixed covalent/dative character are shorter 
than pure dative bonds, and a correlation between bond length 
and the covalent/dative character of a series of compounds has 
been demonstrated.I8 For example, in the adducts just mentioned, 
the covalent/dative ratio (cov/dat) is 0/1 and a typical bond length 
when no groups with large inductive effects are present) is 2.06 6 ; in the trimeric amide (Me2A1NHJ3, cov/dat is 1 / 1  and the 

bond length is 1.93 A;8 in the cage compound (HAlN-i-Pr)4,16 
cov/dat is 2/ 1 and the bond length is 1.91 A; in crystalline AIN,” 
cov/dat is 3/1 and the bond length is 1.88 A. 

These compounds all have single AI-N bonds, and the bond 
length decreases as the covalent/dative ratio increases. In the 
compounds studied in this work, the covalent/dative ratio is 1 / 1  
but the Al=N bond order is formally 2. We should like to know 
the distances of single AI-N and double AI=N bonds for pure 
polar covalent bonds (Le., no dative character). Haaland has 
regarded the bond between A1 and the terminal NMez groups in 
dimeric (Me2N),A1 as being single, purely covalent bonds. This 
assumes a maximum of four bonds to an AI atom and that the 
nitrogen lone pairs on the terminal NMez group are not involved 
in the bonding. However, second-row elements bonded to elec- 
tronegative elements are frequently hypervalent; Le., there are 
more than four bonds to the hypervalent atom. This has recently 
been demonstrated explicitly in GVB calculations for sulfur dioxide 
and related molecules.” We expect, on the basis of these previous 
studies, that the A1 to N bond involving the terminal NMe2 groups 
is actually a double bond similar to the bond in H2AlNH2 or 
Me2AlNH2, which explains the similarities in Al=N bond dis- 
tances: 1.8 1 ,35 1.78, and 1.80 A, for ((Me2N)3Al)2, H2AlNH2, 
and Me2AlNH2, respectively. In agreement with this conclusion, 
a higher bond order (-2) than expected for ((Me21’$3Al)2 was 
reported recently on the basis of M O  calculations. 

Thus we still require AlN reference distances for purely covalent 
single and double bonds. Lacking the appropriate experimental 
information for such bonds, we choose as a guide the Si-€ (1.875 
A) and Si-C (1.702 A) distances in SiMe437 and Me2SiC- 
(SiMe3)(SiMe-t-Bu2)23a as experimental reference bond distances. 
The pure polar-covalent Si-€ single bond is only slightly shorter 
than the predominantly polar covalent AI-N bond in crystalline 
AlN (1.88 A).33 The AI-N single bond in the trimeric amide 
(Me2AlNH2)3, which experiences similar (methyl) inductive effects 
as the Si-C bond in SiMe4, is not purely covalent but has a 
covalent/dative ratio of 1 / 1 and exhibits an (experimental) AI-N 
distance of 0.06 A longer than the SiMe, reference single bond. 
Also, the monomeric amide (Me2AINH2), with a covalent/dative 
ratio of 1/ 1, has a (calculated) bond distance 0.06 A longer than 
the calculated double-bond reference distance in silaethylene (this 
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work), which has no dative character. Thus, the correlation noted 
by Haaland,18 that increased dative character results in longer 
bond lengths, appears to hold for the AI-N bonds, but a better 
set of reference compounds and a more extensive set of examples 
would be necessary to provide a definitive test of this correlation. 

B. Substituent Inductive Effects. The electron-donating effect 
of methyl substituents on A1 leads to a smaller dipole in 
M%AlNH2 (0.9 D) compared to H2AlNH2 (1.3 D). This is also 
reflected in the shorter Al=N bond distance in H2AINH2. As 
observed substituent effects can be understood easily 
in a generalized valence bond framework by simple considerations 
of the orbitals. In a first-row element, the core size is very small 
and only allows four orbitals to form bonds. However, outside 
the first-row main-group elements, the cores are large enough to 
allow six (or more) polar covalent bonds to form. In the second 
row, for example, electron-withdrawing groups distort the orbitals 
to which they are bonded (away from the atom’s core); this creates 
a partially unscreened core, which provides an additional attractive 
interaction sufficient to compensate the increased Pauli repulsions 
when the orbitals in other bonds move closer to the core. Overall, 
the effect is to shorten the other bonds to the atom that has the 
electron-withdrawing groups. The converse is found for elec- 
tron-donating group, which increase the Pauli repulsions between 
the bonds and result in increased bond lengths. 
Conclusions 

The bond lengths of Y2AINY’2 compounds are likely to vary 
more significantly with substituents Y and Y’ than the corre- 
sponding cases of Y2SiCY’2 compounds. Also the AI-N bond 
strengths will be less than those of the corresponding Si< bonds. 
Both of these features are predicted to arise as a consequence of 
the calculated substantial dative bond contribution to the AI-N 
bond and the observed correlation between dative bond character 
and bond strength and bond length. 
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Appendix: Computational Details 

GVB calculations within the strong orthogonality and perfect 
pairing (SOPP) approximations3* were carried out by using the 
G V B ~ P ~ ~ ’  and G A M E S S ~  programs. The GAMES program was 
employed for geometry optimizations. Polarized double-!: (DZ) 
basis sets of Huzinaga4’ using the [ 1 ls7p/6s4p] contractions of 
Dunning4’ were used for aluminum and silicon atoms. The d 
polarization function exponents for A1 and Si were 0.25 and 0.32; 
no polarization functions were employed on the C or N atoms in 
geometry optimizations. The Huzinaga valence D Z  basis4’ sets 
(using the Dunning [9s5p/3s2p] contraction4I) were used for 
carbon and nitrogen. The hydrogen atom basis set was the 
unscaled [3s/2s] contraction of the basis of H ~ z i n a g a . ~ ~  
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