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Theoretical Study on the Reactions of Two-membered Si-O Rings
with CF, (nh=1~3) Radicals

GUO, Guan-Lun ZHU, Rong-Xiu ZHANG, Dong-Ju* LIU, Cheng-Bu
(School of Chemistry and Chemical Engineering, Shandong University, Jinan 250100)

Abstract The reactions of the two-membered Si-O ring with CF, (n=21~3) radicals have been studied by
using density functional theory calculations at the UB3LYP/6-31G(d) level. Calculated results show that
these reactions proceed via either the mechanism without C—F bond breakage or the mechanism with the
C—F and S—O bhond breakages. The activation energies, reaction heats, and details of the potential energy
surfaces for these reactions have been obtained. CF, radical was found to be the most effective etchant to

Si—O bonds. Thisresult isin good agreement with the corresponding experimental finding.
Keywords silicon dioxide; CF, (= 1~3); reaction mechanism; density functional theory
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Figurel Structure of two-membered Si-O ring
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Tablel Tota energies E, relative energies E;, and zero-point vibrational energies E,for all species and imaginary vibrational frequen-
ciesfor the transition states involved in the title reactions, calculated at the UB3LY P/6-31G(d) level

1

Species E/Hartree E2/(kJ*mol 1) E,%/(kJmol %) viem™
(Si0,),(OH)4+CF (%) —1170.774579 0 185.8
R1 —1170.776840 —5.9 187.6

TSla —1170.742540 84.1 188.4 600.5i

TSib —1170.762289 323 189.5 186.5i
Pla —1170.794409 —52.1 194.6
P1b —1170.855331 —212.0 191.0
(Si0,),(OH),+CF, (*A)) —1270.683415 0 196.2
R2 —1270.688569 —135 1985

TS2a —1270.677376 15.9 203.0 210.6i

TS2b —1270.662104 56.0 201.4 234.8i
P2a —1270.756529 —192.0 209.0
P2b —1270.759247 —199.1 202.7
(SiO,)(OH),+CF5 (%A —1370.539463 0 209.9
R3 —1370.547916 —222 213.9

TS3a —1370.477806 161.9 208.3 785.3i

TS3b —1370.470584 180.9 211.0 417.6i
P3a —1370.554913 —40.6 213.3
P3b —1370.610962 —187.7 215.2

& ZPE corrections have been taken into account.
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Figure2 Geometries (bond lengths: nm; bond angles: degrees) for the isolated reactants and reactant-like intermediates optimized at the
UB3LYP/6-31G(d) level
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Figure3 Geometries (bond lengths: nm) for the products optimized at the UB3LY P/6-31G(d) level
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Figure4 Geometries (bond lengths: nm) for the transition states optimized at the UB3LY P/6-31G(d) level, where arrows indicate vibra-
tional modes corresponding to the imaginary frequencies of transition states
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