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ABsrRAcr 

We have redetermined the molecular structure of trimethylsilylisocyanate in the gzs 
phase by election diffraction_ An r, structure is defined with bond distances (pm) SiN 
174-O(4). Sic 186.4(2). N=C 120.2(16), C=O 117_6(10) and CH 109.9(5), bond angles 
jdegrees) HCSi 109.0(9), CSiC 108.8(25), SiNC 156.9(30) and NC0 165_8(36), with Liie 
N=C bond eclipsing one Si-C bond and the Me,Si group tilted slightly. The methyl groups 
are twisted 26_9(35)’ from the position giving the Me,Si group C,, symmetry in an 
(assumed) cone l rted fashion. The apparent deviations from linearity of the SiNCO 
skeleton are shown to be compaible with a pseudolinear structure sirniiar to that of 
SiH,NCO. 

INTRODUCTION 

The molecular structures of pseudohalide derivatives o.f carbon, silicon 
and germanium have been extensively investigated in recent years by a variety 

of techniques. Isocyanates in particular exhibit a wide range of apparent 
bond angles at nitrogen depending on the attached a&torn, the phase and the 
technique employed, and there are dso significant variations in the N=C and 
C=O bond lengths reported for different compounds_ An early electron 
diffraction study of Me3SiNC0 [l] suggested a skeleton bent at nitrogen, 
but the large uncertainties of the parameters reported make it difficult to 
compare the reported structure with those of CHaNCO 123, C2HSNCO’ 133, 
SiHJNCO [ 43 and GeHaNCO [ 51. The microwave spectrum [6] is not able 
to define the structure in this case, as the vibrational ground state molecule 
gives rise to a pattern of lines indistinguishable from that of a symmetric top, 
giving only one effective rotation constant BefI_ We have therefore studied 
the electron scattering pattern of Me$WWO again using modem data hand- 
ling methods and refinement techniques as part of a syst;tmatic study of 
alkyd and alkyl-substituted silyl pseudohalides. 
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EXPERIMENTAL 

Me3SiNC0 was prepared 173 by reaction of Me3SiC1 (2 mmol portions) 
with freshly-prepared and dried AgNCO (excess) in the absence of solvent. 
After each addition of chloride the reaction mixture was allowed to warm to 
room temperature and stud for some minutes. The volatile products were 
removed on a vac,nun Line and found to be essentially pure Me$XNCO by 
infrared spectrosc+~y sid vapour pressur e measnement. 

Electron diffract_c>n scattering intensities were recorded photographically 
using the Comell/&dinburgh apparatus operating at about 44 kV. Data were 
converted to digital form using a computer-controlled Joyce-Loebl micro- 
densitometer as described previously [8]. The electron wavelength (s-717(6) 
pm) was determined by analysis of scattering patterns of gaseous benzene 
recorded consecutively with thoSe of the compound_ Calculations were 
carried out on ICL 2976 computers using established data-reduction and 
refinement programs [9] _ Complex scattering factors of SchZfer et al. [ 101 
were used in all calculaticns. Weighting points used in setting up off-diagonal 
weight matrices, s-ranges and other pertinent data are given in Table 1. 

REFINEMENTS 

The molecular model used in the refinement assumed Cav local symmetry 
for each methyl gKUp and C3 local symmetry for the trimethylsilyl group as 
a whole. The structure then requires five bonded distances (CH, Sic, NSi, 
N=C and C=O), four bond angles (HCSi, CSiN, SiN=C and N=C=O) with 
torsions about Sic, SiN and N=C bonds, and a tilt of the MesSi group_ There 
are 60 distinct interatomic distances, eF.ch giving a peak in the radial distri- 
bution curve; amplitudes were iiiitialIy cet at values suggested by experience 
and normal coordinate calculations with other molecules, and those for most 
non-bonded distances involving hydrogen were kept fixed throughout the 
analysis_ Even so, it proved necessary to guard against some of the refining 
amplitudes adopting physically-unreasonable values in the course of the 
analysis. The final structure, shown in Table 2, has non-linear SiNC and NC0 
groups, a twist (fixed at SO” (eclipsed) after refining with a large estimated 
standard deviation) about the SiN bond and a small tilt of the Me3Si group 

TABLE 1 

Weighting functioPs. correlation p ammeters and scale factors 

C-ZLUle~ 
height 

(mm) 

PS %nin 
(all nrn_I ) 

*WI SW, S- Correlation Scale 
factor 

2&5.61 2 20 40 120 1-M 0.283 O-797(10) 
128.36 4 60 SO 300 340 -0.155 0.836(11) 
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TABLE 2 

(a) Refined parameters and amplitudes for bonded distances (bond lengths and amplitudes 
in pm; angle= in degrees) 

Parameter Length 

rCH 109_9(5) 
rC=o 117.6(10) 
rK=C 120_2(16) 

Amplitude 

8.6(9) 
4.3(4) 

> 4.3(4) 
F(NCO 118_9(4), 6r 2.6(17) 

rSiN 
rSiC, 

174-o(4) 
186_4(2) 

6.6 fixed aftzr refining 

Paxame ter 

rHC,Si 
LC,SiC, 
&iN=C 
IN=C=O 

Angle 

109_0(9) 
108.8(25) 
156.9(30) 
165.8(36) 

Parameter 

CH, torsion 
SIN torsion 
Me,Si tilt 
N=C torsion 

Angle 

26.9(35) 
60 f=ed after refining 

5_7(24) away from CO group 
0 fixed 

(b) Non-bonded distances between non-hydrogen atoms and amplitudes (pm) 
--. 

Distance= Length Amplitude 

N--O 235.9(13) 7_4(13) 
Sk-C 288_4( 12) 7.6( 10) 
N--C 289.9(24) 
c&--c, 303.5( 13) 

17.3(16) 

C-C, 384.5(75) 
397.2(27) 

25.4(42) 

Si--0 396_1(13) 10_5(12) 
cm--o 461.li68j 

505.1( 2i) 
25 fixed 

=C, denotes the carbon atom of a methyl group_ A list of non-bonded distances involving 
hydrogen atoms and correasponding amplitudes may be obtained from SC (author) on 
request. 

so that its (assumed) C, axis does not coincide with the Sm bond. The final 

R-factor was quite satisfactory (Ro 6.2%, Xi, 5.6%) and the final difference 
radial distribution curve (Fig. 1) showed no significant discrepancies. The 
final molecular scattering intensities and the corresponding difference cwles 
are shown in Fig. 2, and the correlation between the refming parameters is 
given in Table 3. 

DISCUSSION 

The structure given in Table 2 is an r, structure, with no ccjrrections for 
the perpendicular amplitude terms K. These are in principle available from a 
normal coordinate analysis but we have not included them. It is nevertheless 
interesting to compare the apparent shrinkages of the Si m-C and Si.-0 distances 
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Fig. 1. Radial distribution curve (P(r)/r) and final difference (observed - calculated) for 
bfe,SiNCO_ Before Fourier inversion the dab were multiplied by s exp [-0.00002~‘/ 
(2, -fs)(Zx -_N)j. The distance scale is marked in pm 

_ e-___-__- 

Fig_ 2_ Final molecular scattering and difference (observed - calculated) intensity curves 
for Me,SiNCC recorded at (a) 285.64 mm and (b) 128.36 mm nozzle-to-plate disbacces. 
The scale of s values is marked in nm-‘; intensities are scaled arbitrarily_ 

with those found in electron diffraction studies of SiH3NC0 and some related 
pseudohalides (Table 4). It is clear that the “shrinkages” found here (defined 
as [(~(LMX) f r(XY) + r(YZ)) -d(M--Z)] , by analogy with the linear shrink- 
age in molecules such as OCS) are comparable with those found for Sil&NCO, 
which is known [4] to have a pseudolinear skeleton, rather than with those 
found for molecules with genuinely-bent skeletons such as CHsNCO [2] and 
the azides 12, 111 _ It is therefore suggested that the present results are also 
compatible with a pseudolinear skeleton for Me&NCO. The apparent bends 
at N and C, the twist about the SiN bond and the tilt of the Me3Si group are 
then ascribed to the effects of the high-amplitude, low-frequency bend at 
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TABLE 3 

Correlation mah-ix between refiiing parameters X 100 

rCH 6r LNSiC LHSiC LSiNC tCH, uCH &i-H kl k2 

J-siN -52 -60 
rNC0 -59 68 -54 -85 55 
sr 100 -66 -65 53 
LNCO -79 
tilt -52 
uCH 64 -65 59 100 

UN-Q -60 
UC-C 88 

kl 100 54 

On!y t!xxe elements whose absolute magnitude exceeds 50 ale shown. 

TABLE 4 

Shrinkagesa (pm) and apparent angles (degrees) found by electron difiraction studies of 
some pseudohalides 

Molecule R,MXYZ 6 hi---Z sM--Y tU Reference 

SiH,NCS 4.2 2.8 163 12 
Me,SiNZO 15.7[30) 5.8(25) 157 this work 
SiH,NCO 12.1 8.6 152 4 

Cl_I,NCS 22.1 14.6 141 2 
CY,NCO 22.1 15.4 140 2 

GeH’,NCO 24.2 16.3 141 5 
GeH,NNN 50.9 33.8 123 11 
CH,NNN 54.1 39.4 117 2 

aShrinkage 6 defined as(distanc.: between non-bonded atoms) - (sum of bonded distances 

in linking chain). 

nitrogen that is presumably the motion observed in the Rarnan spectrum of 
the gas 1133 at 37 cm-‘. 

The microwave spectrum of Me&NC0 is very complex [S], but a 
symmetric-to? pattern has been assigned as due to ;nolecules in the vibra- 
tional ground state. The measured Beti is 1203.8 MHz, and DX is large 
(117.5 kHz) but not as skikingly large as those found for SiH,NCO [4] 
(642 kHz), CH,NCS [14] (6 MHz) or CH3NC0 [ 151 (9 MHz). Our r, struc- 
ture and the r. structure relating to the ground state rotation constants are 
not of course expected to be strictly comparable, as vibrational corrections 
are needed to convert each to a common basis, the P, = r, structure. The ra 
structure of Table 2 may even so be used to calculate “rotation constants”, 
and the mean of B and C from this calculation is 1200.5 MHz, very close to 
the observed Bcff. and with an estimated uncertainty of about 3 MHz. There 
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is thus no conflict between the microwave rotation constant and the electron 
diffraction structure_ A pseudolinear skeleton is also compatible with the 
rest of the microwave spectrum, ascribed to molecules in vibrationally-excited 
states, as for molecules such as CH3NCS [14] and CH3NC0 [15] with lighter 
three-fold rotors. The vibrational spectrum 1131, as it appears to follow the 
selection rules For a linear skeleton, is also compatible with a pseudolinear 
model. 

The remaining structural parameters zre much as expected; r(SIN) is not 
perhaps as long as suggested by Bauer [ 1] (176(2) pm) but is definitely not 
as short as deduced by Kroto [S] (169 pm). r(SiC) is definitely shorter than 
the 189(l) pm found by Bauer, and Kroto’s assumed r(N=C) of 115 pm is 
too small_ (The combined effects of these two short bonds made it necessary 
for the skeleton to be linear to fi.t the microwave B value [S] _) The bond 
angles at Si and the methyl carbon atoms are very close to te*rahedral- The 
Si?i bond is somewhat longer than that found in SiH,NCO [4] (170.3 pm), 
and this may be ascribed to the electrondonating effec+_s of three methyl 
substituents. The N=C and C=O bond lengths are very similar to those found 
in SiH,NCC [4] (r= 120-O(5), 118-O assumed; r,f 119_9(12), 117.4(6) pm) 
and in GeHsNCO [5] (ra 119-O(7), 118.2(7) pm). 
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