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A Molecular Orbital Approach to the Nature of Si-F Bonding
in Fluorine Doped Silica

Nozomu UCHIDA, Takashi MAEKAWA, Masahiro SHINME!I and Toshio YOKOKAWA

MNDO, a semiempirical SCF-MO method, was applied to the study of the nature of Si-F bonding in fluorine
doped silica. The clusters Si (OH),, Si (OH)*, Si (OH)LX (X : f, C, Br, I}, Si04[Si(OH) 1. and SiQ, [Si(OH)s1,F
were treated in this study. The dissociation energies and two center energies of the 5i-X bondings were calculated.
The Si-F bonding was shown to be a stable bonding in comparison with the other Si-X bonding. In the calculations
of Si0,[Si(OH),]. and SiO,[Si(OH),],F, charge rearrangements occurred on the Si-O linkages owing to the sub-
stitution of -O8i(OH)s for F. The nearest neighboring Si-O bondings to $i-F bonding were shortened and the
secondary nearest neighboring 5i-O bondings were lengthened. This phenomena agree with the prediction of the

Gutmann’s bond length variation rule.
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Table. 1 Calculated standard heat of formation AH/, bond length R of Si-O and Si-X
bonding, two center energy E,;, dissociation energy E. and formal charge q on
8i, O and X of Si(OH), and Si(OH},X (X . F, Cl, Br, ID.

AH¢ (kJ/mol) R(A) E.leV) Eq(k]/moD) Qs Go,x
-OH -1.271 E3 1.691 -18.389 1.174 E3 +1.416 -0.578
F -1.345 E3 1.633 -19.145 1.201 E3 +1.442 -0.468
Cl -1.134 E3 2.1 ~10.550 0.858 E3 +1.262 -0.355 )
Br -1.037 E3 2.225 -9.077 0.808 E3 +1.1%4 -0.27%
1 -0.931 E3 2.416 -7.446 0.823 E3 +1.056 -0.053
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Table. 2 Calculated bond length R and two center energy Es of Si-0 and Si-F bonding and formal charge q on Si, O, F of

8i0,[Si(OHY,], and Si0s[Si(OH),1,F.

Reor (&)
E.z (eV) qsi0,F
SiF SiLO? .58 S0 F sit o Si? o
$i0, [SiCOH),], — 1.670 1.669 1.701  (-0.385)* +1.537  -0.774  +1.405  -0.533
—~  -21.43  -20.540  -17.984
Si0s[Si(OH), 1, F 1.632 1.667 1.672 1.700 -0.463 +1.584 -0.776 +1.406 -0.551
-19.687 -21.576 -20.477 -18.000
*Total formal charge on OSi{OH),
BLABEOY 75 ~Ofi0BaTtoBFOoEEED
FRERLICLOTC, ERIEEERSARLIES,
ERIESERE EH 2 BEXERT S,
H1bXhOSiOHK%x 7 »ETERLTLBD
Si(OHY; DE RO REEE B T b BT Tuioy,
2188 & ~0Si(OH), & kD R EH 12-0.385 TH 5 0 1o 1
------------- - S L, 7 » ROBREHX-0.463 TH Y, BRATH -

1.7O1 A
-7.984 sV
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Fig. 1 Perspectives of the calculated () Si0,[Si(OH), 1.
and (b Si0,{Si{OH),l;F with formal charge,
bond length and two center energy. The slightly
bent arrow in fig. 1 b indicates the direction of the
intramolecular electron shift and the atomic
rearrangement . A solid arrow and a dashed arrow
mean increase and decrease of bond length
respectively.
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