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Summary 

In view of intense current interest in silicon-oxygen double bonds, the 
singlet potential energy surface of H,SiO has been explored through ab initio 
calculations, which is found to differ significantly from the H&O potential 
energy surface. Also examined are the effects of fluorine substitution on the rela- 
tive stabilities of H$iO and its isomers. 

For many years n-bonded silicon intermediates have attracted a great deal of 
attention in organosilicon chemistry [ 11, Now that compounds containing 
silicon-carbon [ 2,3] or silicon-silicon [4,5] double bonds can be synthesized 
and isolated at room temperature, it is inevitable that considerable attention is 
directed toward the preparation of silicon-oxygen doubly bonded compounds, 
silanones. Although schemes for the synthesis of &nones have been devised, up 
to now only indirect evidence is available which suggests the transient existence 
[6]. We here report preliminary studies of the singlet potential energy surface of 
HzSiO and the effects of fluorine substitution on the silicon-oxygen double 
bond. The reactions considered are (la) hydrogen elimination and (lb) isomer- 
ization to hydroxysilylene. 

HzSiO --f Hz + SiO (Ia) 

H$iO + H&OH (lb) 

In this work, stationary points on the potential energy surface were located 
with the 3-21G [ 7) SCF analytical gradient technique and were characterized by 
c~culating routinely their harmonic vibrations frequencies. The harmonic fre- 

*To whom correspondence should be addressed. 

0022-328X/83/$03.00 o 1983 Elsevier Sequoia S.A. 



C24 

quencies obtained at this level were used to compute zero-point vibrational 
energies. Following the full optimization of stationary point geometries, addi- 
tional single-point calculations were carried out with electron correlation in- 
corporated through configuration interaction (CI) or third-order MQller-Plesset 
perturbation (MP3) theories [ 81, using the larger 6-31G** basis set [ 91, these be- 
ing denoted by CI/6-31G**//3-21G or MP3/6-31G**//3-21G. In the correlation 
calculations, all single (S) and double (D) substitutions were included, with the 
restriction that the core-like orbitals (Is, 2s and 2p for Si, 1s for 0 and F in 
character) were excluded. The final Cl energies were obtained by adding the 
Davidson correction [lo] to allow for unlinked cluster quadruple correction (QC). 

A schematic energy profile and transition state geometries for the reactions la 
and lb are presented in Fig. 1. For comparison the analogous reactions 2a and 
2b of H&O were also calculated at the same level of theory and the results are in- 
cluded in the figure. 

H2C0 + Hz + CO (2a) 

H&O -+ H’COH (2b) 

Although our interest is at the characteristic comparison of H2Si0 with H&O, 
the present energy values for HzCO are very close to those obtained previously 
with more sophisticated calculations [ 1 l-131. 

Comparing HzSiO with l&CO, the following similarities and differences are 
worth mentioning. (i) Both hydrogen elimination reactions la and 2a are slightly 
exothermic and undergo considerable energy barriers of 84.9 and 88.7 kcal/mol, 
respectively. The “widths” of the barriers, as characterized by the imaginary (re- 

H?+'SiO H2S1=0 HSiOH(transl H2+C0 H2C=0 HCOH(trans) 

Fig. 1. Schematic energy profiles and transition state geometries for the hydrogen elimination and 
isomerization reactions of H,SiO and H,CO. Relative energies in kcal/mol are CI(S+D+QC)/G-31G**// 
521G values with zero-point correction. Geometries are in Angstroms and degrees. The arrows indicate the 
displacement vector of reaction coordinates at transition states. 
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action coordinates) vibrational frequencies of 2292i and 2212i cm-‘, were com- 
parable to each other. The transition states for these reactions are planar with 
both hydrogens on the same side of the SiO or CO bond axis. (ii) For the 
isomerization of the doubly bonded to the divalent species, reaction 2b is 
54.2 kcal/mol endothermic while reaction lb is only 2.2 kcal/mol exothermic. 
This small energy difference between H&X=0 and HSiOH is a distinct feature of 
silicon compounds. As for the divalent species, both HSiOH and HCOH were 
calculated to be 0.3 and 4.4 kcal/mol more stable in the tram conformer than in 
the cis form. The energies required from the tram to the cis forms were 9.5 and 
28.0 kcal/mol for HSiOH and HCOH, respectively. (iii) As shown in Fig. 1, the 
isomerization of H$iO to HSiOH(truns) prefers a non-planar transition state 
with the HOSiH dihedral angle of 116.5”, while the corresponding reaction of 
H&O proceeds via a planar transition state. The imaginary frequencies of 1912i 
and 27053. cm-’ calculated for these transition states indicate that the former re- 
action gives rise to the larger “width” of the barrier than does the latter. The bar- 
rier height for the isomerization HzSiO -+ HSiOH(truns) is 26.2 kcal/mol smaller 
than that for H&O + HCOH(truns), but still as large as 60.3 kcal/mol. These 
values suggest that HzSiO is sufficiently stable to isomerization. 

In Fig. 2 are shown the effects of fluorine substitution on the relative stabil- 
ities of silanones and hydroxysilylenes. It should be noted that the relative stabil- 
ities of the doubly bonded and the divalent species are dramatically reversed 
when hydrogens were replaced by fluorines. The effect of difluoro substitution is 
of special interest since it strongly stabilizes silanone relative to hydroxysilylene. 
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Fig. 2. Relative energies of silanones and hydroxysilylenes. Energies in kcal/mol are MP3(S+D)/S_3lG**// 
3-216 values without zero-point correction. 



In case of monofluoro substitution, HFSiO is more stable than HSiOF, but less 
stable than FSiOH. These effects of fluorine substitution are explained most 
probably in terms of the strength of the Si-F bonds. In addition, fluorine 
substitution causes the shortening of the silicon-oxygen double bond lengths (A); 
1.559 for H$iO, 1.542 for HFSiO and 1.534 for F*SiO. Thus, it appears that 
fluorine substitution strengthens the Si=O double bond, as far as bond energy- 
bond length relationships are valid. 

The present work predicts that silanone itself lies at the minimum of the 
potential energy surface and can be strongly stabilized in a thermodynamical 
sense with a proper choice of substituents. According to our preliminary calcula- 
tions, however, silanone is even more reactive than are silene (H2Si=CH2) and di- 
silene (H2Si=SiH2). In view of the interest in isolating a silicon-oxygen double 
bond, it is important to search for the substituents which reduce the high reactiv- 
ity. A theoretical study along this line is in progress in our group. 

Acknowledgment. All calculations were carried out at the Computer Center of 
the Institute for Molecular Science, using the center library programs IMSPAK 
(WFlO-9), GAUS80 (WFlO-25), and GUGACI (WFlO-21). 

References 

1 L.E. Gusel’nikov and N.S. Nan&kin, Chem. Rev., 79 (1979) 529. 
2 A.G. Brook. F. Abdesaken, B. Gutekunst. G. Gutekunst and R.K. KslIury, J. Chem. Sot., Chem. 

Commun., (1981) 191. 

3 A.G. Brook, R.K.M.R. KaUury and Y.C. Peon, OrganometalIics, 1 (1982) 987. 

4 R. West, M.J. Fink and J. MichI. Science, 214 (1981) 1343. 

5 S. Masamune, Y. Hanzawa, S. Murakami, T. Bally and J.F. Blount, J. Am. Chem. Sot., 104 (1982) 

1150. 

6 For recent papers. A. Sekiguchi and W. Ando, J. Am. Chem. Sot.. 103 (1981) 3579; A.V. Tomadze. 

N.V. Yablokova, V.A. Yablokov and G.A. Razuvaev, J. Organometal. Chem.. 212 (1981) 43; 

T.J. Barton, S.K. Hoekmann and S.A. Bums, OrganometaIlics. 1 (1982) ‘721: G. Hussmann. 

W.D. Wulff and T.J. Barton, J. Am. Chem. Sot., 105 (1983) 1263; I.S. Alnaimi and W.P. Weber, 

J. Organometal. Chem.. 241 (1983) 171. 

7 J.S. BinkIey, J.A. Pople and W.J. Hehre, J. Am. Chem. Sot., 102 (1980) 939; M.S. Gordon. 

J.S. BinkIey, J.A. Pople. W.J. Pietro and W.J. Hehre. J. Am. Chem. Sot., 104 (1982) 2797. 

8 J.A. Pople, J.S. BinMey and R. Seeger, Int. J. Quantum Chem., Quantum Chem. Symp., 10 (1976) 1. 

9 R. Ditchfield, W.J. Hehre and J.A. Pople. J. Chem. Phys., 54 (1971) 724: P.C. Hariharan and 

J.A. Pople, Theor. Chim. Acta, 28 (1973) 213; M.M. Francl, W.J. Pietro. W.J. Hehre, J.S. BinMey, 

M.S. Gordon, D.J. DeFrees and J.A. Pople, J. Chem. Phys., 77 (1982) 3654. 

10 S.R. Langhoff and E.R. Davidson, Int. J. Quantum Chem., 8 (1974) 61; E.R. Davidson and 

D.W. Silver, Chem. Phys. Lett., 52 (1978) 403. 

11 J.D. Goddard and H.F. Schaefer, J. Chem. Phys., 70 (1979) 5117; J.D. Goddard, Y. Yamaguchi and 

H.F. Schaefer, J. Chem. Phys., 75 (1981) 3459. 

12 G.F. Adams, G.D. Bent, R.J. Barlett and G.D. Purvis, J. Chem. Phys.. 75 (1981) 834. 

13 L.B. Harding, H.B. Schlegel. R. Krishnan and J.A. Pople, J. Phys. Chem., 84 (1980) 3394; M.J. Frisch, 

R. Krishnan and J.A. Pople, J. Phys. Chem., 85 (1981) 1467. 


