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The molecular structure and chemical bond properties of
dimethylphenylsilanol studied by DFT/B3LYP
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(a. Faculty of Material Science and Engineering; b. Key Laboratory of Unconditional Metallurgy,
Ministry of Education, Kunming University of Science and Technology, Kunming 650093, China )

Abstract: Dimethylphenylsilanol is easily refined into high pure silicon, but there is a lack of experimental
data of its chemical bonding properties. The optimized molecular structure parameters of
dimethylphenylsilanol are calculated through density functional theory (DFT) method with B3LYP/6-311+
+G * % basis sets. Then, the molecular chemical bonding properties are investigated with the natural
atomic obtain analysis, the frontier orbital analysis and the overlap population analysis under the natural
bond orbital (NBO) theory. It is showed that the O— H bond isn’t affected when the phenyl and the
methyl are joined into molecule, but the molecular energy and dipole moment are reduced, so as to make
molecule more stable. The Si—C bond between silicon atom and the phenyl is weak. But the bond strength
of Si— O is strengthened a little. The O— H bond is the weakest one in the molecular chemical bond. In
addition, the electron on the carbon atom in the phenyl is prone to nonlocalizing primarily. The lone pair
electron of oxygen atom transferring to the anti-bonding orbital between silicon and carbon atoms weakens

Si—C bond to some sort. So the gap of the theoretical principle of chemical bonding properties of C;H
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(CH;),SiOH can be filled and the basic theory of chemical reaction of C;H; (CH;),SiOH is obtained.
Key words: dimethylphenylsilanol; density functional theory (DFT); natural bond orbital; chemical bond;

molecular structure
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C,H,(CH,),SiOH

B 1 7 B3LYP/6—311G" " KETit &M -_HEZE
EEMAEEN s FREBR

1 —HEXEEBESFHRENIEEK nm
(N
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RlSi*Z(‘ RZL‘*SII RZ(‘* I1H RlSl*ES(‘ RS(‘*”I R6(‘*9” RlSl*lO(‘ Rl(?(‘*ll(‘ Rlll‘*l 1H Rll(‘*ll’»(‘

Cs H; (CH;3), SIOH
Cs H; (CH;), SiOH

0.1883 0.1093 0.1095 0.1883
0.1085 0.1393 0.1085 0.1404 0.1087 0.1393 0.1085 0.1394 0.1677 0.0959

0.1095 0.1095 0.1879 0.1404 0.1084 0.1394
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43]‘[72(‘715l 42(‘*151*6(‘ 49H*6(‘*1$i 42(‘*1&721() AZZH*ZI()*lSi 46(‘*151*10(‘ 4151710(‘*11(‘ AIO(T*IILT*IIH

Cs H; (CH;),SIOH  110.9 109.4 111.7

110. 8 118.6 111.0 121.0 119. 2
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SiH; OH  0.147 90.148 90.148 90.166 20.095 9  109. 5

109.5

107. 2 112.3 112.3 105. 8 118.9

7E CoH; (CHy),SIOH 43 F Hu Ry oc B /N T
Risioc =Ris—oc - Bl Si 5 HEFR[E] C J5UF 19 5 1< M /)
TSGR A C R B, R TR C— H
Kmg /N TR ) C— H . 5 5 ] A A6 i B 43
¥ SiH,OH # H..C; H; (CH,), SIOH 4> F Si—0
BRIEARK,O-HERKN - F2E2—8:H-0

—Si#EMAH SIH,OH /) 0.3° . B2, 2R3 3%
BARE SiEEA M H R 5, X 352 m R /N, B A4
SRR R . & 4 & CH; (CH;),SiOH
43 F M SiH; OH 43 F /) fg & FE A, 7T DL
I AE & 2R 2 AR PRGN AT RE T S fR g 8k,

R4 STERE EXNEERBIRE

£ FR E.w/hartree E../hartree E,;/(k] « mol™ ") 1/ debye
SiH; OH —367.202 87 0 0 1. 466 2
Cs H; (CH;), SiOH —677.004 96 —309.802 09 —813 385.39 1.399 8
£ 5 C.Hs(CH;),SiOH & F i B %A R F R 447
Ji 1Si 2C 3H 1H SH 6C 7H 8H 9H 10C 11C
[ AR J5 - H faf 1.84126 —1.08448 0.23 0.22345 0.21898 —1.08448 0.22345 0.23000 0.21898 —0.4814 —0.17973
Atom 12C 13C 14H 15C 16H 17C 18H 19H 20H 210 22H
AR I 7 B faf —0.18982—0. 20001 0. 21488 —0. 20203 0. 19095 —0. 19177 0.19919 0.19875 0.19868 —1.05762 0.48275

*6 SIH;OHLHFHBEREFEETIM

¥ 1Si 2H 3H 4H 50 6H
SR/ 1.1732 —0.1922 —0.2147 —0.2147 —1.0342 0.4826

% 5.3 6 4%k CH, (CH,),SiOH 4>+ il
SiH;OH 43 ¥/ A R J5F s ff 43 A . JT & 43 s
IE LA R SR L HROERIR H R F
Lsfamfr EEEPEREN CIEFM O JFF 1.
St F 5 &K CJEF I IE f B fif 2 228
2.925 Tde, 52K FHEAAY C IR F 0] () 1F 7 L o 22
1 2.322 66e,Si 5 O JFTa] HL fif 22 K 2. 898 88e; ¥2
H O JRT5 H R IEf R f 220 1. 540 37e
[F#E, SiH; OH 43+ /9 IE L faf B2 h 78 ST+ |
M EEERES SEAMOKEFL., Si50
6] 1E 97 B 7 2% 2. 207 e, 54 O ¥ 5 H J5E )
1EfHL AT 22 R 1. 516 Se. B K FR ORI BT AL HCAL
SiH;OH 4375 Si &0 H R T )5, xR Y
O—H #ma E i, H 4l Si—O 84 Frmss ., 54k,
Cs Hs (CH,), SiOH 4> F . Si 5B 3L C 1y
AURERT S SR CRFHEAMRE.

2.2 “HEXEEBENBABRESH

N T BB ARG W IR R i I O R T
A TR A AR AR S R Y a0 A O R
B () -7 3 TR AR B3LYP/6— 311+ 4G * » J
HTF AT T NBO HARBPLIE /> Hr. g NBO 4y
BT RE % $R 2 i 3+ 53 73 - 19 i A1 5 DL S gy
FIUE B RSy RS Y L RE A M S BT A% T T 19 A
ST OO0 R B SRR B AR DL A S X L TR S 43 AT
T SiH,OH 4+,
2.2.1 AT &SR 5 AT

AR i 2k B BT L [ 2Ry 7 13 Chighest
occupied molecular orbital, HOMO;lowest unoccupied
molecular orbital, LUMO) X k2% 5z W i P52 i e K .
Cs Hs (CH;), SIOH 437 #il SiH; OH 437 1) Bif £k i
HRAR IR 7k 8,
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£ FR Euo/hartree E.v/hartree AE/hartree  AE/(k] « mol™!)
SiH; OH —0.380 03 —0.005 41 0.374 62 983. 56
Cs H; (CH3), SiIOH —0. 250 50 —0.016 34 0.234 16 614.79

xS FMIEEL HOMO 1 LUMO H & 5 F AT & bk 4l

A T HOMO/% JRF LUMO/%
1Si 8.31 1Si 55.75

2H 0.0026 2H 15.29

3H 18.18 3H 1.75
SiH; OH

4H 18.18 4H 1.75

50 55. 24 50 21.88

6H 0. 0955 6H 3.58
1Si 1. 367 1Si 3.295
2C 6. 045 2C 4. 815

3H 0.084 3H 0.057
4H 0.020 4H 0.121
SH 0. 488 SH 1. 057
6C 6.046 6C 4. 814
7H 0.020 7H 0.121
8H 0.084 8H 0.057
9H 0.0488 9H 1. 057
10C 28.623 10C
11C 9.413 11C 5. 772
Cs H; (CH;), SiOH
12C 5.991 12C
13C 4.882 13C 9.178
14H 0.012 14H 0.005
15C 8. 430 15C 3.374
16H 0.008 16H 0.013
17C 27.926 17C
18H 0.007 18H 0.009
19H 0.012 19H 0.003
20H 0. 037 20H 0.030
210 0.019 210 0. 285

22H 0. 000 22H 0.001

F£7.% 8 45 CH; (CH;),SiOH 4 ¥ f
SiH; OH 431l 2k $138 B8 A #1347 i 4t
B s Evio Ml Evu #7m 40 T 10 & i b7 I8 Bl (HOMO)
BE A AR 28 Bl (LUMO) B R, % 7 7l W,

CsH; (CH;),SiOH 4r T REBR AE L SiH;OH 4
INEESRE L. £STHSHAHAAENERIET
BLIE R BT 5 R R R B 4 16 4y T B R ) BT
Bk IFEATIH—4k. M 8 Al L.

1 CyH; (CH,), SiOH o, xF HOMO #L3# 19 57
BRAKUCH R B 10 5 C IR 7,17 5 CJR .11 5
CIRT.15 % CJRF;SiJEF.0 M L H
JE 7% HOMO gk AR /. 1 % LUMO fy 5% ik 4K
WHARR LR 175 CRF. 105 CRT.12 % C
T 13 5 C IR T A, Si.O R LW H X
LUMO SEsk#f /. IR R R0 K o s % T
BRI T R .

2)SiH; OH , %} HOMO % 1 5Tk ik R O
JRF .3 S 4 SEE TSR T Hft e T RE
PE VT 08055 s X LUMO #3819 5Tk 7 IR Si
JRF O R T2 5 &R, HOR i T RE ) R E

2.2.2 ERRFEHEHN

B 4R S5 A (Milliken 8 2% 1Tk 5 & 4> it 1
B 1] Ly A S AR R R R ) I L A B i 55 A
—AE B E  JRT ] A AR T RO T 15 1]
Ji L i 2 SR L R L ) i [ Y L A
A, #£ 9 HFIH T CH; (CHy).SIOH 4+ Al
SiH; OH 735 i NBO 23 #r 53 2] i) 5 B 4R S5 4.

X9 BANBOSWBIMEEBEREH

b8t CoH; (CH;),SIOH | fh2e4t SiH; OH
1Si—2C 0.330 223 1Si—2H 0. 382 504
2C—3H 0.393 787 1Si—3H 0.339 539
2C—4H 0.376 267 1Si—4H 0. 339 539
2C—5H 0. 384 494 1Si—50 0. 358 508
1Si—6C 0.330 220 50—6H 0.321 333
6C—7H 0.376 267 — —
6C—8H 0.393 788 — —
6C—9H 0.384 495

1Si—10C 0.323 597 — —
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% 7
fh5  CoH;(CH,),SiOH || {24 SiH,OH

10C—11C 0. 483 709

10C—12C 0.459 865 — —
11C—13C 0.518 037 — —
12C—15C 0.536 751 — —
13C—17C 0.512 959 — —
17C—15C 0.518 164

11C—14H 0.425 344 — —
12C—16H 0.420 913 — —
13C—18H 0. 415 502 — —
15C—19H 0.414 871 — —
17C—20H 0.415 244 — —
1Si—210 0.383 527 — —
210—22H 0. 320 590 — —

Cs H; (CH3), SIOH 437y, 8 42 Ja B0 K1Y
SRR B 12C A1 15C [H), R By C e [a] 7 1 5
BHEEECH 0.504 914, 8% I;C ¥ 5 H R+
B2 SR R E 0. 418 3755 St 54 | C i
B &AL 0. 323 597:Si 5 [ C 5
T34 F L FEECRN 0,330 221581 5 O M E&
ERECH 0.383 52773 L O 5 H M E&SEFK
Ff/N 0,320 590, 7F SiH,OH 4y F 1,2 5 H J5
5 Si g[8 8 &5 JE B K. 0. 382 5045 Hik
i SUEF5 O FFH Rl 3 SEE 4 54
J7F45 Si ;0 5i+5 HJFEF RN,

2.2.3 WKL K AR ZAE A AT

210 45 4T P A Ak A3 RSl A AL b L R
& (Donor) #iE i, ML T 3Z 1K (Acceptor) #Li& j L &
AR R g e AE, (Fh o E®), —HifaE
fLBE AEGBR R 0 5 5 B9AH B AEHTBGR, B 7 42
(e e I K I 15 N S N el 0 A A 3
R

R10 BFHENE BFEEHE MBERHNZNIRENXEAE ( E?)

o LR EE TR R E® Eyp—Eo Fayp
() () (kcal » mol™!)  /hartree /hartree

BD 1Si— 2H BD=x* 1Si — 50 2.85 0.62 0.038

BD 1Si— 3H BD=* 1Si — 50 5.32 0.62 0. 051

H;SiOH BD 1Si— 4H BD=x* 1Si — 50 5.32 0.62 0.051

LP 50 BD % 1Si — 3H 6.90 0.52 0. 054

LP 50 BDx 1Si — 4H 6. 90 0.52 0. 054

BD 1Si — 2C BD=x* 1Si— 6C 2.11 0.77 0.036

BD 10C — 11C BD % 12C—15C 21. 34 0.28 0. 069

BD 12C — 15C BD* 13C—17C 20.73 0.28 0. 069

CsH; (CH3),SiIOH  BD 13C — 17C BD* 10C—11C 21.71 0.29 0.070

LP 210 BD x 1Si— 2C 6.57 0.58 0. 055

LP 210 BD % 1Si— 6C 6.57 0.58 0. 055

LP 210 BD % 1Si— 10C 4. 34 0. 84 0. 054

CsH; (CH,),SiOH 2 F o 2K 3 I C JR 7 A gt
BB (BD) 5 C i+ HE (BD ) [ B A4 & K
TR E AL RE B AT 2 ) A R A X A
C—C BB (BD) M AHAR ) C— C LA
(BD™ ) {3t B 1 00 1) 556 K Bl A 3R b C 1 A9 A
HFATREN IR LT C P . i O B9 i
F(LP21O) i Si—C R IE WA — @l H, X
SAE—ETREE L HIES Si—C B B4 AR, 1

H, SIOH ., O JIC6 H 3= Jig 1) Si— H Sz 8 3l (9 #
Pl K el Si—H S P ss .

3 % it

W T R PG 5 . R B3LYP/6—311
+4+Gx x FYE T CH; (CHy),SiOH 43 F 1)
e VSR AT B . O 45 A B0 R T STk o
MroBRBEFHRM T ESERESNE.BET
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LR 4518 Structure: THEOCHEM, 2001, 542(1/3); 227-237.

D Cs Hs (CH;), SIOH 437 X B 552 2% » 8 il
FHBEXT R AL O— H # 52 ) EL 40, (A Si— O S
DI

2) C¢H; (CH,).SIOH 43 F 1, X HOMO i
LUMO 57 ik 5 K9 J5 7 #E th e R R 1 C Ji 7 I
SHERB T HE, S HER L C KT HEE
EERSS .S Y O sk R K, 4 Frh O—H #
J2 i 55 )

3)Cs H; (CH3 ), SiOH 4y T K 58 1 C Ji 111
LT B S AR B AR B ORI | C R TR
TRl RE R IR BT AT C R F 34 5 O (1 X H 3 1)
Si—C [ EEHUIE , nT B Ry 55 Si—C 4,
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