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Summary 

The crystal structure of [LiN(SiMe,),], has been determined from single- 
crystal X-ray diffraction data collected by counter methods. N-Lithiohexamethyl- 
disilazane crystallizes in the monoclinic space group P2Jc with unit cell param- 
eters o S-848(4), b 3x.868(9), c 12.325(4) A, @ = 104.93(3)“, and pcaic 0.99 g 
cm-3 for 2 = 4 trimeric units. Least-squares refinement gave a final conventional 
R value of 0.050 for 2449 independent observed reflections. In the solid state 
the compound exists in a trimeric configuration with a planar Li3N3 ring. The 
average Li-N length is 2.00(2) A, and the ring angles are N-Li-N = 147(3)“, 
and Li-N-Li = 92(2)“. A greater degree of covalency in the title compound 
compared to Na[N(SiMe,),] and K[N(SiMe,),] - 2 C4H802 can be inferred from 
the Si-N bond length of l-729(4) a. 

Introduction 

The properties of the alkali metal disilazanes have been the subject of 
numerous investigations and the results of three crystal structures have appeared. 
The potassium salt is insoluble in hydrocarbon media, and the X-ray structure 
[Z] was done on the bisdioxane adduct: K[N(SiMe3)*] - 2 C4H802. It is revealed a 
Si-N-Si angle of 136(l)“, 7” larger than any other disilazane derivative. N-Sodio- 
hexamethyldisilazane is dimeric in solution [3], but exists as a polymer in the 
solid state [l]. The Si-N-Si angle is 125.6(l)“. The lithium analogue is also 
reported to be a dimer in hydrocarbon solution [3], but according to a prelimi- 
nary note by Moots et al. [4], is a trimer in the crystalline solid. Here the Si-N-Si 
angle is i18O. 

The communication [ 41 of the structure of [LiN(SiMe3)& we based on film 
data, and no coordinates or standard deviations in the structural parameters 
were reported. Although it was stated that the compound possesses a planar 
Li3N3 ring, careful scrutiny of the molecular illustration in the original manu- 
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TABLE 1 

CRYSTAL DATA 

Mol. formula: 
Mol. wt.: 

Linear abs. coeff. ~.r: 
Cak. density: 
Max. crystai dimensions: 

Space group: 

Molecules/unit cell: 
CeII constants =: 

Ceil volume: 

CLiN(SiMe3)213 
501.98 
2.53 cm-*. 
0.99 g cm-3 
0.30 x 0.30 x 0.40 mm 
monocIinic, P2 */c 
4 
a = 8.848(4) # 
b = 31.868(g) A 
c = 12.325(4) A 
p = 104.33(3)” 
3357.9 A3 

- 

‘%o-K, radiation. X = 0.71069 A. Ambient temperature of 23 +_ l°C. 

script and in a subsequent review article 133, lead to the inference of a decidedly 
nonplanar ring. In order to understand subtle but important features of the 
bonding in this compound, we have carried out a detailed structural analysis. 

Experimental 

N-Lithiohexamethyldisilazane was recrystallized under a nitrogen atmosphere 
from benzene, and the colorless, air-sensitive parallelepipeds were sealed in thin- 
walled glass capillaries. Final lattice parameters as determined from a least 
squares refinement of the angular settings of 15 reflections (20 > 20”) accurately 
centered on an EnrafNonius CAD-4 diffractometer are given in Table 1. 

Data were collected on the diffractometer with graphite crystal monochro- 
mated molybdenum radiation. The diffracted intensities were collected by the 
w - 26 scan technique with a take-off angle of 3.5”. The scan rate was variable 
and was determined by a fast 20” min-’ prescan. Calculated speeds for the slow 
scan (based on the net intensity in the prescan) ranged from 7 to 0.4” min-‘. 
Other diffractometer parameters and the method of estimation of standard 
deviations have been previously described [ 53. As a check on the stability of 
the instrument and crystal, two reflections were measured after every 40 reflec- 
tions; no significant variation was noted. 

One independent quadrant of data was measured out to 28 = 50”; a slow scan 
was performed on a total of 2449 unique reflections. Since these data were 
scanned at a speed which would yield a net count of 4000, the calculated 
standard deviations were all very nearly equal. No reflection was subjected to 
a slow scan unless a net count of 30 was obtained in the prescan. ‘Based on these 
considerations, the data set of 2449 reflections (used in the subsequent struc- 
ture determination and refinement) was considered observed, and consisted of 
those for which I > 30(T). The intensities were corrected for Lorentz and polari- 
zation effects, but not for absorption (P = 2.53 cm-‘). 

The function zu(lFol - lF,l)2 was minimized *_ No corrections were made for 

* Crystallographic programs used on a UNIVAC 1110 include ORFLS (structure factor calculation 

and least-squares refinement) [&I. ORFFE (distances and angles with esd’s) [6bl. ORTEP (thermal 
ellipsoid drawings) [6c], FOURIER [5dl. and BPL (leastsquares planes) [6e]. 

(Continued op. p_ 234) 
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extinction_ Neutral atom scattering factors were taken from the compilations 
of Cromer and Waber 171 for Li, Si, N, and C; those for H were from “Intema- 
tional Tables for X-ray Crystallography” [S]. 

Structure solution and refinement 

The structure was solved by the straight-forward application of the direct 
methods program MULTAN 193. S everal cycles of least squares refinement of 
the positional and isotropic thermal parameters of the 30 nonhydrogen atoms 
afforded a reliability factcr of R1 = C(lF,l - lF,l)/CiFOl = 0.146. Conversion to 
anisotropic thermal parameters and further refinement gave R I = 0.066. The 
positions of the 54 hydrogen atoms were determined from a difference Fourier 
map, and refined for two cycles with a damping factor of 0.2. More cycles of 
refinement of the nonhydrogen atoms led to final values of R1 = 0.050 and 
% = I=J(lF,I - I~,1)*/~~(~cl) * “* = O-054_ The weighting scheme was based I 
on unit weights, and unobserved reflections were not included. The largest 
parameter shifts in the final cycle of refinement were less than 0.01 of their 
estimated standard deviations. The estimated standard deviation of an observa- 
tion of unit weight was 0.94. A final difference Fourier map showed no unac- 
counted electron density. The final values of the positional and thermal param- 
eters are given in Table 2. 

Discussion 

The structure and atom numbering scheme for [LiN(SiMe3)J3 are presented 
in Fig. 1. The packing of the trimers into the unit cell is shown in Fig. 2. The 
Li3N3 ring is planar to within 0.01 A, and shows average values of Li-N = 
2.00(2) a, N-Li-N = 147(3)“, and Li-N-Li = 92(2)” (Table 3). In the polymeric 
structure of Na[N(SiMe&] [l], the Na-N length, 2.355(3) A, agrees well with 

- 
\ . 

Fig. 1. Structure and atom numbering scheme of the N-lithiohexamethuldisilazane trimer. 
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Fig. 2. Stereoscopic view of the packing of the trimers in the unit cell with the atoms represented by 
their 50% probabilits ellipsoids for thermal motion. 

this result after a correction of 0.35 a for the difference in Na’ and Lit radii 
[lOa]_ Angles of N-Na-N = 150.2(l)” and Na-N-Na = 102.0(l)” are also 
comparable to those found in the trimeric structure. 

The two important parameters of the hexamethyldisilazane ion fit well into a 
bonding scheme which involves an appreciable covalent contribution to the 
Li-N bond. The Si-N bond length l-729(4) a is comparable to the l-735(12) 
a found in H[N(SiMe,),] [ll] and l-73(3) A in Fe[N(SiMe3)2]3 [12]. It is 
significantly longer than the l-690(5) BL in Na[N(SiMe3)2], and the 1.64(l) A 
in K[N(SiMe,),] - 2C4Hs02 [2]. The average Si-N-Si bond angle, 118.6(g)” 
is much smaller than the 125.6(l)” for the Na salt, and 136(l)” for that of K. 
A similar argument has been used to attribute a greater degree of covalency in 
Sc[N(SiMe,)& 1131 compared to Eu[N(SiMe,),ls 1131. 

The nature of the nonbonded methyl-methyl repulsions around the Li3N3 
ring can be assessed via a comparison of Li3[N(SiMe3)2]3 with other compounds 
of formulation M[N(SiMe&]+ The N---N separation of 3.85(l) ,% for M = Lig 
is the same as that found in Eu[N(SiMe3)2]3, but is much longer than the 3.08 A 
calculated for Al]N(SiMe&la [ 141. Even so, it is likely that methyl-methyl 
repulsions exert a small effect on the bonding parameters of the ring, since the 
H---H distances on separate anions around the ring are as small as 2.12 A *_ The 
sum of the van der Waals radii for two hydrogen atoms is 2.4 A [lob]. 

* The average C-H distance is 0.91<10) A, and the closest H-*-H appraoch between hydrogen atoms 
on separate trimers is 2.53 A_ 
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TABLE3 

INTERATOMICDISTANCES<A)ANDANGLES(~)FORN-LITHIOHEXAMETHYLDISILAZANE 

Bond distances 

Li(l)_N(l) 
Li<l)_NC2) 
=W-NW 
LW9-NW 
Li(3jN(3) 
Li(3jN(l) 

Si<l)--c<l) 
SiU)--cW 
SW)--c<3) 
Si(2jC(4j 

SW)--c(5) 
Si(2)-C<6) 
Si(5jC(13) 
Si(5jC(14) 
Si(5jC(15) 

Si(lpSi(2) 
Si(3)---Si(4) 
Si(5)---Si(6) 
Li<l)---Li(2) 
Li<2)---Li(3) 

Bond on&x 

N<l)_Mll-W2) 
N(2jLi(2)-N(3) 
N(3jLi(3jN(l) ,, 
Si(ljN(ljSi(2) 
Si(3jN<2jSi<4) 
Si(5jN(3jSi<6) 
Si(2jN<ljLi(3) 
Si(3jN<2jLi(l) 
Si(3jN<2jLi(2) 
Si<4jN<2jLi(l) 
Si(4jN(2jLi<2) 

l-998(12) 

1.994(13) 
2.015(14) 

2.022(13) 
2.015(12) 
l-983(12) 
l-874(7) 

1.858(7) 
1.855(S) 
l-898(8) 
1.855(S) 
l-849(7) 
1.865(7) 
l-863(7) 
1.871<7) 

2.958(2) 

2.971(2) 
2.988(2) 
2.898(18) 
2.956(16) 

150.7<7) 
144.0(7) 
148-l(7) 
117.7(3) 

118.6(3) 
119.5<3) 
102.9(4) 
101.2(4) 
118.4(4) 
119.5(4) 
104.3(4) 

Si(ljN(1) 
Si(P)-N(1) 
Si(3jN(2) 
Si(4jN(2? 
Si(5jN<3) 
Si(6jN(3) 
Si(3jC<7) 

Si(W--C(6) 
SiWjC(9) 
Si(4jC(lO) 
Si(4)-C(ll) 

Si(4jC(12) 
Si(6jC(16) 
Si(6jC(17) 
Si(6jC(18) 
N(l)***N(2) 

N(l)---N(3) 
N(2)_*-N(3) 
Li(l)---Li(3) 

Li(ljN(2jLi(2) 
Li(2jN(3jLi(3) 
Li(l)_N(ljLi(3) 
Si<ljN(ljLi(l) 
Si(ljN(ljLi(3) 
Si<PjN(ljLi(l) 
Si(5jN(3jLi(2) 
Si(5jN(3jLI(3) 
Si(6jN(3jLi(2) 
Si(6jN(3jLi(3) 

1.728(4) 
1.729(4) 
1.134(4) 
l-721(4) 
1.730(5) 
l-730(5) 
l-861(7) 
l-872(7) 
l-855(8) 
l-874(7) 
l-855(8) 
1.893<7) 
1.877<7) 
l-865(8) 
l-874(7) 

3.862(g) 

3.844(g) 
3.839(g) 
2.826<16) 

92.6<5) 
94-l(5) 
90.4(5) 

102.6<4) 
120.3(4) 
120.8(4) 
117.9(4) 
102.4(4) 
103.8(4) 
116.8(4) 

The lithium atom is coordinated to only the two nitrogen atoms. The shortest 
Li---H length is 2.56(l) a. This results in the short Li-N bond distance of 
2.00(l) A compared to 2.096(S) K for the four-coordinated Li atom in stilbene 
bis(lithium l TMEDA) 1153, and to 2.22(4) A for the five-coordinated species 
in stilbene bis(lithium - PMDTA) 1153. 

From the crystal structure data, a clear reason for the existence of trimers 
in the solid state but dimers in solution fails to emerge. In lieu of persuasive 
electronic or steric effects, it is tempting to assume that packing effects favor 
the trimeric configuration in the crystalline substance, and that entropy provides 
the driving force for the dimers in solution. 
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