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Quantum Chemistry Research for the Silicyl Alkene Produced by
Addition Reaction of Disilyne with Hydrogen

BEI, Yi-Ling* ZHU, Chen-Fu
(School of Chemistry and Chemical Engineering, Shandong University, Jinan 250100)

Abstract The mechanism of the addition reaction of disilyne and hydrogen has been studied by using ab
initio calculation of quantum chemistry and density functional theory. All of the structures of the stationary
points on the reaction channels such as reactants, transition states and products have been optimized at
B3LYP/6-311G** level; the vibration frequencies and zero-point vibration energy have been also calculated
and analyzed to determine the reality of the transition states. The total energies of the matters were given by
the method QCISD(T)/6-311G**//B3LY P/6-311G** and corrected with zero-point energies. The computa-
tion indicated that the stable silicyl alkene is produced by the addition reaction of silicon alkyne and hydro-
gen. Thermodynamics and dynamics computation indicated that the reaction process is exothermic, has an
entropy reduction and spontaneous tendency, and the extent of reaction is large.
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Figurel Geometriesof the reactants, intermediates, transition states and products
bond length: 0.1 nm; bond angle: (°); /—dihedral: (°)
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Table1l Optimized geometries of the reactants, intermediates, transition states and products [bond length r: 0.1 nm; bond angle a: (°);

dihedral f: (°)]

Species  r(H—H)  r(S—Si) r(S—H) a(HSIS) B(HSISIH)
H, 0.744
Si,H, 2.105 1.494/1.494 1.681/1.681 124.8/124.8 180.0
TS 0.749 2212 1.502/1.511/2.667/2.722 104.0/110.5/116.2/122.3 —119.9/—33.2/—21.2
P 2266  1.489/1.488/1.622/1.834/1.526 86.2/128.8/121.4/53.2 87.0/169.2/5.1
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Table2 Absolute energies, zere-point energies and relative energies of reactants, intermediates, transition states and products

) . B3LYP/6-311G** QCISD(T)/6-311G**
Species Ezpve/(kJ»mol ) ) )
E/au. E{/au. Er/(kJ*mol ) E/au. Ei/au. Er/(kJ*mol )
H, 26.433 —1.180 —1.168
Si,H, 41.257 —580.147 —579.159
H,+SioH, 67.690 —581.327 —581.301 0.000 —580.327  —580.302 0.000
TS 65.595 —581.296 —581.271 79.784 —580.292  —580.267 91.600
P 81.116 —581.365 —581.334 —87.192 —580.362 —580.331 —78.248
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Figure 2 Potential energy surface for the reaction at the
QCISD(T)/6-311G**//B3LY P/6-311G** lever
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Table3 Harmonic vibration frequencies of the intermediates, transition states and products (cm %)

Species 1 2 3 4 5

7 8 9 10 11 12

TS 111.977i 96.9127 140.297 162447 213.679 282435 372.329 503126 623.032 2097.08 2142.89 433243
P 395732 446426 47549 636.925 70292 856.835 961.485 1005.88 1625.63 2041.47 219459 2218.09
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R4 RV 2 Raabe, G.; Mich, J. Chem. Rev. 1985, 85, 419.
Table4 Thethermodynamic properties of the reaction 3 Agrawa, P. M.; Thompson, D. L.; Raft, L. M. J. Chem.
TIK 7A§/ ) AH@/, AGal, K Phys. 19§8, 88, 5948. _
(K 2mol™ (kdmol™h) (kImol ™} 4 Dzarnoski, J; Rickborn, S. F.; ONedl, H. E.; Ring, M. A.
100 —89.889 —161.397 —152410 4.11X107 Organometallics 1982, 1, 1217.
200 —113.725 — 164813 —164661 1.02X10% 5 Feng, S. Y.; Ju, G. Z.; Deng, C. H. <i. China, Ser. B
1991, 21(9), 907 (in Chinese).
300 —124.683 —167.486 —130.080 4.47X10% (O, Ry, N, bEAE B, 1001, 21(9),
400 —129.951 —169.297 —117.318 2.09Xx10% 907)
500 —132.407 —170.387 —104.183  7.66X 10" 6 Ju, G.Z.; Ma W.Y.; Deng, C. H. Acta Chim. Sinica 1990,
600 —133.348 —170.896 —90.887  8.18X10’ 48, 105 (in Chinese).
800 —133.064 170,668 64212 156X 10° 7 Snyder, L. ;3 Wasserman, Z. R.; Moskowitz, J. W. Int. J.
Quantum Chem. 1982, 21, 565.
900 —132407  —170101 —50.987  9.05X10° 8 Colegrove, B. T.; Schaefer |11, H. F. J. Phys. Chem. 1990,
1000 —131.599 —169.334 —37.739 9.36X 10! 94, 5593.
1100 —130.717 —168.410 —24.619 1.48X 10" 9 Kobayashi, K.; Nagase, S. Organometallics 1997, 16, 24809.
1200 —129813 —167365 —11594 320X 10° 10 Koseki, S.; Gordou, M. S. J. Phys. Chem. 1988, 92, 364.
1300 —128.909 166236 1342  883X10°: 11 Thies, B. S; Grev, R. S.; Schaefer 111, H. F. Chem. Phys.
Lett. 1987, 140, 355.
1400 —128018  —165.039 14188 296%10°" 12 Bd, Y. L. J. Shandong Univ. (Nat. ci.) 2005, 40(3), 86 (in
1500 —127.160 —163.792 26946 1.15x10°? Chinese).
(A8, & K533k GZ32RR), 2005, 40(3), 86.)
R5 NS R 13 Bei, Y.L.; Feng, S. Y. Acta Chim. Sinica 1999, 57, 1306 (in
Table5 The kinetic properties of the reaction Chinese).
TIK AST(IK tomol Y s L (VRS H26T, fe% 23R, 1999, 57, 1306.)
~ 14 Becke, A. D. J. Chem. Phys. 1993, 98, 5648.
100 —67.760 126X10°* 15 Su, M. D.; Chy, S. Y. J. Am Chem. Soc. 1999, 121(17),
200 —63.735 5.96X 10 12 4229.
300 —57.572 7.01X10°° 16 Gonzalez, C.; Schlegel, H. B. J. Phys. Chem. 1990, 94(14),
400 —53.133 307x10°! 5523,
500 50979 5 395 10" 17  Frisch, M. J.;; Trucks, G. W.; Schlegel, H. B.; Scuseria, G.
' ' E.; Robb, M. A.; Cheeseman, J. R.; Montgomery, J. A
600 —48.442 1.83X10° Vreven, T. Jr.; Kudin, K. N.; Burant, J. C.; Millam, J. M.;
700 —47.221 2.39x10* lyengar, S. S.; Tomasi, J.; Barone, V.; Mennucci, B.; Coss,
800 —46.359 1.69% 10° M.; Scalmani, G.; Rega, N.; Petersson, G. A.; Nakatsuji, H.;
900 45706 796X 10° Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.;
Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.;
1000 —45.179 2.80x10° Klene, M.; Li, X.; Knox, J. E.; Hratchian, H. P.; Cross, J.
1100 —44.735 7.93%x10° B.; Adamo, C.; Jaramillo, J; Gomperts, R.; Stratmann, R.
1200 —44.363 1.91X 10’ E.; Yazyev, O.; Austin, A. J; Cammi, R.; Pomelli, C,;
1300 — 24020 207X 107 Ochterski, J. W.; Ayaa, P. Y.; Morokuma, K.; Voth, G. A_;
1400 43714 2 83X 107 Salvador, P.; Dannenberg, J. J.; Zakrzewski, V. G.; Dap-

prich, S.; Danidls, A. D.; Strain, M. C.; Farkas, O.; Malick,
1500 —43.434 1.39x 10° D. K.; Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.;

Ortiz, J. V.; Cui, Q.; Baboul, A. G.; Clifford, S.; Ci-
oslowski, J.; Stefanov, B. B.; Liu, G.; Liashenko, A.;
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