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Electron diffraction studies of a number of silyl 
pseudohalides, including HsSiNCO [ 1 ] , HsSiNCS 
[l] , FsSiNCO [2] , and HsSiNCNSiHs [3] have 
suggested that these molecules are characterised 
by very low skeletal bending frequencies s(SiNC): 
similar conclusions for these, and related silyl 
pseudohalides, have been drawn from microwave 
studies [4-61, and from vibrational spectroscopy 
[7-l 0] . The suggestion has been made [l] that most 
silicon pseudohalides of types RsSiNCO, RaSiNCS, 
and RaSiNCNSiRs, as well as species such as Si- 
(NCO&, [ 1 I] , probably contain SiNCX groups which 
are either linear at the equilibrium configuration 
or have only a very small barrier at linearity, and 
additionally exhibit skeletal bending modes s(SiNC) 
which are of low frequency and high amplitude. 
The substituted 0x0 compounds (RsSi)*O appear to 
be similar [12,13]. 

With few exceptions [l, 2, 6, 9, IO] detailed 
descriptions of the skeletal motions of these linear 
or quasi-linear systems [14] have not been achieved, 
although estimates of the bending frequencies have 
been made in a number of cases [l, 2, 4, 5, 8, IS]. 
We recently reported [16] the results of an SCF 

study, using the MNDO [ 171 method, of the equilib- 
rium structures of a wide range of substituted methyl 
and silyl pseudohalides: in the present communica- 
tion, we report the direct calculation of the skeletal 
vibrational frequencies for a range of substituted 
silyl isocyanates, isothiocyanates and carbodiimides. 

Calculations were made using the MNDO method 
[ 171 , as incorporated in the MOPAC program system 

[I819 with the published and atomic parameters 
[19-211. No d functions were employed: it has been 
shown [22, 231 that such functions are not neces- 
sary for the adequate description of most of the pro- 
perties of molecular silicon compounds. 

The vibrational spectra of HsSiNCS [9], and of 
ClsSiNCO and ClsSiNCS [8] have been studied in 
great detail, and in Table I we give as examples, 
a comparison of the calculated fundamental vibra- 
tional frequencies and those observed in the vapour 
phase for HsSiNCS and ClsSiNCS. In ClaSiNCS 
s(SiNC), uIo, was not observed directly, but its 
magnitude was inferred from combination bands. 
With the notable exception of v,(NCS) which for 
both molecules is calculated to be too large, the 
calculated frequencies are in reasonable accord with 
those observed, and the calculated atomic motions 
broadly confirm the published assignments [8,9] 

For each of the molecules RaSiNCO and RaSiNCS 
(R = H, F, Cl, CHs) there is a doubly degenerate 
skeletal bending mode, described approximately 
as s(SiNC), of e symmetry in C,,, which is calculated 
in every case (Table II) to occur at very low 
frequency. 

The second skeletal bend, G(NCX) is calculated to 
lie in the range 491-5 11 cm-’ for RaSiNCO, and 
in the range 455-474 cm-’ for RJSiNCS. In marked 
contrast to the very low values calculated for 6(Si- 

TABLE I. Comparison of Observed and Calculated Fundamental Frequencies in HaSiNCS and ClsSiNCS 

H3SiNCS ClsSiNCS 

Observed Calculated Approximate Observed Calculated 

frequency (cm-l)a frequency (cm-‘) 

Approximate 

description frequency (cm-l)b frequency (cm-‘) description 

a1 modes 2206 2262 v(SiH) 2092 2322 v,,(NCS) 

2065 2383 +,s(NCS) 1072 1185 u&NCS) 

1036 1150 +(NCS) 512 623 Y(SiN) 

951 965 fi (SiH3) 410 409 $X1) 

492 546 v(SiN) 210 170 s(SiC13) 

e modes 2207 2269 v(SiH) 623 639 y(SiC1) 

950 930 G(SiH3) 469 471 s(NCS) 

707 134 P(SiH3) 264 252 dSiC13) 

478 455 s(NCS) 170 139 G(SiC13) 

66 119 S (SiNC) Not observed 56 a(SiNC) 

aRef. 9 bRef. 8. 
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TABLE II. Calculated Skeletal Bending Frequencies s(SiNC) in Silyl Pseudohalides 

Inorganica Chimica Acta Letters 

RsSiNCO RsSiNCS 

Compound v(calc.) (cm-‘) v(obs.) (cm-‘) Reference Compound v(calc.) (cm-‘) u(obs.) (cm-‘) Reference 

HsSiNCO 83 20-69a 1,5,6,15 HaSiNCS 119 66d 9 

FsSiNCO 72 91b 2 l:sSiNCS 80 _ 

ClsSiNCO 57 29c 8 ClsSiNCS 56 24’ 8 

MeaSiNCO 55 37d 10 MesSiNCS 73 -45d 10 

ag(SiNC) has not been directly observed: 20-69 cm-’ represents the overall range of estimates derived from various experi- 

mental observations. bEstimated from electron-diffraction potential function. ‘Estimated from combination bands. 

dDirect observation. 

NC) in RsSiNCO and R,SiNCS, in the fulminates 
H,SiCNO and H,SiCNS, the values calculated for 
G(SiCN) are much higher, 202 cm-’ and 160 cm-’ 
respectively, with 6(CNO), 421 cm-’ and &(CNS), 
418 cm-‘. 

A carbodiimide RsMNCNMRs having a linear 
MNCNM skeleton will exhibit two G(MNC) modes, 
of eg and e, symmetry in D3d, or e’ and e” in D3h: 
the mode G(NCN) has e, symmetry in D3d or e: 
symmetry in D3d. In SiF3NCNSiF3 and SiC13NCN- 
SiC13, the e, s(SiNC) modes occur at 30 cm-’ and 
25 cm-’ respectively, and the eg modes at 69 cm-’ 
and 53 cm-’ respectively. The skeletal bend G(NCN) 
is calculated to occur at 496 cm-’ in SiFaNCNSiFa 
and at 495 cm-’ in SiClsNCNSiCls. 

Finally, we have calculated the skeletal bending 
frequency, S(SiOSi), in three ethers (RsSi)*O for R = 
H, F, and Cl. The frequencies calculated are 72 
cm-‘, 70 cm-‘, and 37 cm-‘, respectively. The 
observed band maximum in (SiH3)20 occurs at 
around 70 cm-’ [12, 24, 251, and in (SiFs)zO and 
(SiC1a)20 the bending frequencies have been measur- 
ed as 85 cm-’ [261 and 63 cm-’ [27] respectively. 
Again the MNDO calculations within an (s,p) basis 
set reveal extremely low skeletal bending frequencies. 

In every example, the occurrence of a very low 
frequency skeletal bending mode, perhaps the most 
characteristic common feature of these molecules, is 
reproduced by the calculations. 
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