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Fig. 1 The optimized structural parameters and PES profile of
the first-order neutral hydrolysis of Si(OCHj;),

Relative energies are in kJ/mol, bond lengths are in 10 ~' nm
and bond angles in degrees. These units are employed uniformly
in all figures.

* Gibbs free energies in bold type are gained for CPCM single
point energy ( SPE) calculation at B3LYP/6-31G (d, p) level
and whereafter scaled with zero-point energy in gas phase;
" Gibbs free energies gained for CPCM SPE calculation at
B3LYP/6-31G(d,p) level and scaled with corrections to free
energies (CFE) in gas phase; © B3LYP/6311 + + G (d,p)
SPE Gibbs free energies scaled with ZPE in our previous work;
4 B3LYP/6-311 + +G(d,p) SPE Hartree-Fock energies scaled
with ZPE; °B3LYP/6-311 + +G(d,p) SPE free energies
scaled with CFE.
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Fig. 2 First-order acidic hydrolysis of Si(OCH; ),

WA I — SR M — oK S 3l 18, B T4k B
KArF HO0 " S BT IR A FETT AR B H,0 " 1
b — A~ B4 TR B v ] R C1-H1-IM4. gt o [a] 44
SN O ol O IR o= ol R
i H,0, " P AL F e — A H HL,0 &
i — K 0. 2334 nm (1) 55 S5 % B 4B 3T &R T
L 3).8R )5 CH,0 Sl i C1-H1-TS2 /K i
P =4 C1-HI-IM5. & 3 o, tbad 72 Jo i 2 fg
IR MR 2P L 4l C1-H1-TS1 (i 2 22 i,
LHT H, O N7 1% M ST e S0 Ik 1 X T 5 5 O &
HE K fi

TR = R MK R AR AL 25 4 5 PES
HE R T 4. X WA~ &, H,0 5@ i H 7
JOT - Ak FE AU 1% ) T H S S S B, 48 0ok ok D
75 C1-H2-TS 1 C1-H3-TS [{ §E £ 4> 5 53.5
59.8 kJ/mol, AR A — 2% . = g MoK ff A iR
PE— KR i e 21815 £

AR, oK T e DL SO T b Y AR
FERRYE Z5F T T 4% bk o X E A7 0 oK g K
53 F AT LS A 3K 3% 7 T -k i FE AU Al S
JEos. it FE 0Y BE 22 AR AIK, {H C1-H4-IM2 % 4%
FH 2R T 1) S B AR e, P 0 B8 4 8 i e e b T



13 THIRE  BRE S F T kB Lk Si(OCH,) K fiff 55 3B LI G % B2 02 PR T 5T 121

1.257 g2 2.105

9 ' -~
1.182/‘1 866 JO 7
@° ’
C1-H1-TS2 4

RH+H,0
00 .

'
'

V654 |
CI-HI-IM4
@ 2334..,0972
¢
1.636 | /1.394
11,751 /7
@1.069

@

1283

1.621 f
.0.974

1.815@

C1-H1-P2+CH;0H
\ 7297
V721
—
C1-HI-IM5

@,’ 0.969

12,033

é 1.644
1.932

@k,

Fig.3  First-order hydrolysis of Si( OCH,), by H;0 *
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Fig. 4 Second- and third-order hydrolyses of Si( OCH; ), in acidic solutions

PRI, B O B 8 3 A A E R W A T T TR
SUEF AR ARG ™ B2 fEm
WU — 2 O = GOK R TERE B B R A A
2.3 BMERRPIZRE

FATEL 20 0t ek ey ) v P OK AR ML B E AT T 58
SRIFA AR VS WD SRR K IR I R
SR 455 45 A T T T 4 T K A 3o AR
R Wk — K figt 77 ) CL-HI1-P1 1 1k — K fige ™
Yy CL-1-P(RYEK =¥y 25458 HT ) AR I — AL
R T B 6. KMl 7 W BB K 20 i) O 0. 1823 A1

0. 1521 nm 19 2 A5G 7 — &, i B b AE %
fik 32.5 kJ/mol. #X J5 ¥& ik 400l ot S0 7 ok i A
dH1-1-TS1 fin&| Si J5i¥ I, 4= 5 dH1-1-IM2. it 3
TR S AEL R 65.1 k/mol, bk — % — R 5 Si
(OCH,) , FRPE— K fift 1 fig 22 (115 2. 72 LB X
H R TR R Z BB R — 3 B 1k
R — L 1L

FRME 9 — R — G RARL, W E 7 PR,
SR, 9 R G A B MR 3 dig (104. 4 kJ/



122 Iy

I

2013 4

L CI-H4-TS

—
! 187

". —46.4

9 ‘1()34

2.030.
1.927 | 0\)
@ / k N

9

Fig. 5

1 264

\

,/(
é‘ 2118
@/‘q_

1.036 1485

dH1-1-TS1
—

" 65.1

Cl1-1-P-CI-H1-P1
—

0.0 )
N 325
——
dH1-1-IM1

0,980‘__,.?
N 1823 1-653@
-»
1.030

é 1.521 »

" /. 99.9
. - SSK @l 604 ?
2851 8

1.836

Y C1-H4-P+CH,0OH
" 05

. 219
C1-H4-IM2
<9

1.616

Fourth-order hydrolyses of Si(OCH; ), in acidic solutions

1.143
1.774

&

\ 539 L7

dH1-1-IM2

oD
1.975!
1.654 /
@ 1656 K
e -89
@'1539 "0

Fig. 6 The demerization of the first-order neutral and acidic hydrolysis products of Si( OCH; ),
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HYDROLYSIS AND OLIGOMERIZATION MECHANISMS OF
Si(OCH, ), IN ACIDIC SOLUTIONS:
A DFT INVESTIGATION

. . 2,3 2
Li Yu', Xue-li Cheng’*, Yan-yun Zhao
(" Department of Medical Technology, Zaozhuang Vocational College of Science & Technology, Tengzhou 277500)
(* Department of Chemistry and Environmental Science, Taishan University, Tai’ an  271021)

(* School of Chemistry and Chemical Engineering, Shandong University, Jinan 250100)

Abstract All species in this reaction system were fully optimized at B3LYP/6-31G(d,p) basis set level by
using density functional theory, and then single point energy calculations were performed. In succession the
hydrolysis and oligomerization mechanisms of Si( OCH, ), in acidic solutions were investigated systematically to
elucidate the competitiveness between hydrolysis and oligomerization. This theoretical model show that; (1)
H, O is bonded to precursors via hydrogen bonds or coordination bonds to facilitate hydrolysis; (2) H,O attacks
precursors from the opposite side of protonated alkoxy groups;(3) for the fourth-order hydrolysis, H,O expels
protonated alkoxy groups from the opposite side, but the precursor does not hydrolyze completely; (4) the
hydrolysis products condense via the “ring mode” ,viz. the hydrolysis products are linked together via hydrogen
bonds to form polyatomic rings to oligomerize via hydrogen transfer; (5) the precursor Si( OCH, ), is inclined
to hydrolyze than to condense; (6) proton blocks the cationic dimers to cyclize; (7) silicon cation can solicit
non-barrier oligomerization , but the ionic reaction channels are energetically unfavorable.

Keywords Silicon alkoxides, Hydrolysis, Oligomerization, DFT



