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Theoretical Sudy of the Chemisor ption of Benzene on Si(111)-7 x 7 Surface

L1, YarCha WANG, Wen-Ning CAO, Yong FAN , Kang-Nian*
( Department  Chemistry, Fudan University, Shanghai 200433)

Abdract A theoreticd nodeling goproach usng smal and large dlicon cluders regpectively has been
enployed in the invedigation of the chemisorption gate of berzene on the 9 (111)-7 x 7 suface. Three
possble binding gateswere invedigated at both HF and DFT levels aswell as ONIOM (HF AM1) and ONIOM
(B3LYP AM1) methods. 1,4 Dio date was found to be the energetically preferred sate. The sze effect of
cluger has to be conddered for the ungable normoo bhinding gate. B3L YP method has much nore accuracy
than HF method in adsomption energy. Frequency calculaion results, metching very well with the HREBLS
observations, further corfirm the 1,4 binding gate for bernzene chem rption. No trangtion gate was found
from monoo bonding gate to 1,4 binding ate by our theoretical calculation,  the adorption mechanism of
benzene on 9 (111)-7 x 7 surface was proposed. It is that firgly berzene nolecules are weakly trgpped into a
nonoo  bonding precursor gate , which subsequently decay into a dable dio bonded chemiorbed gate.
Keywords chemisomtion, berzene, 9(111)-7 x 7 suface, ONIOM , B3L YP, HF
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Table 1 Adsrption energes and geometrical parameters o structures optimized by HF and ONIOM (HF AM1)

HF? ONIOM (HF AM1) °
Adsorption energes” (KJ/ mol)
1,4 Bonding secies 25.96 19.68
Qorner bonding goecies - 179.2 - 160.7
Reg bonding gecies - 112.6 - 113.04
Gometrical parameters o the 1,4 do bonding date
D[9(1) —8(2)] 0.4372 nm 0.4367 nm
D[9(1) - C(1) ]/ D[S (2) —€(4) ] 0.1994/0.2009 nm 0.1995/ 0. 2007 nm
333 (1C()/ S@9(2cC 109.8/105. 9 109.8°/105. 8
() CH@)/ 9(2CM@AH©2 111.8/105.6 111.8/105. 7
Gaometrical parameters of the corner adatom adsorbed gructure
D[9(1) —8(2)] 0.4518 nm 0.4538 nm
D[9(1) —C(1) ] 0.2328 nm 0.2269 nm
9(3)9(1)C(1) 119. & 119.2
9(1) C(1) H(D) 89.9 9.9
Gometricd parameters of the res atom adrbed gructure
D[S(1)) —S(2)] 0.4776 nm 0.4764 nm
D[9(2) —C(2)] 0.2334 nm 0. 2404 nm
9(4)39((2cC(2 101. & 101.1°
9(2) C(2) H(2) 0.8 90.2

agmdl duger; °large dluger; ®the formuadf adorption energy : Eagomption energy = - ( Ethe adeorbed system = Ebervene = Esilion duster) -

2 ONIOM (B3LYP AM1)

, HF
1 14 1
nol , )

2 ONIOM(B3LYP AM1)

B3LYP )

41.87 KJ/ mol

5.86 kJ/
0.42 KJ/ ol .

B3L YP

Table 2 Adsrption energes and geometrica parameters o structures optimized by B3L YP and ONIOM (B3L YP AM1)

B3 YP? ONIOM (B3 YP AM1) °
Adrption energes” (KJ/ mol)
1,4 Bonding ecies 97.13 91.27
Gorner bonding Pecies -3.35 -44.80
Reg bonding gpecies - 26.80 -21.21
Gometricd parameters of the 1,4 dio bonding gructure
D[9(1) —8(2)] 0.4389 nm 0.4385 nm
D[9(1) —<€(1))/ D(9(2) —<€(4) ] 0.2032/0.2029 nm 0.2034/0.2026 nm
3Q9@cCc@/ 9@s@c@ 106.3/111. 7 106.3/111. 7
(O CH@/ 9(QCM@H©2 109.4°/103. & 109.5°/103. &
Gometrical parameters of the corner adatom adsorbed gructure
D[9(1) —8(2)] 0. 4659 nm 0. 4616 nm
D[S(1) —€(1)] 0.1995 nm 0.2214 nm
9(3)9(1)C(1) 126.1° 126.¢°
9(1) C(1) H(D) 101.5 95.2
Goometrical parameters of the res atom adorbed gructure
D[9(1) —8(2)] 0.4680 nm 0.4675 nm
D[S(2 —€(2)] 0.2216 nm 0.2262 nm
3(4)9(2)C(2) 102.5 102.5°
9(2C(QH® 2.3 91. 4

2 grdl duger; Plarge duger; °the formulaof adrption energy :

Eais)rption energy = ( Ethe adorbed sygem = Ebenzene - Es'licon duser) .
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1 2,
B3LYP \Y, 1,4
HF 71.18 K/ nol -
(97.13 K/ mol) DS (92. 11 K/ C(1) C(4) ° 1,4
nol) [ C(2) —<(3)
( ) 0.1347 nm, c=cC 0.132 nm
( ), : , C(2 c@3) °
1,4 ° ,
25.96 kJ/ nol , (92.11 - ,C(1) C(2
ki/ mol) , JHF  0.15 nm, c—C 0.154 nm
B3LYP , 9—C 0.2032 (0.2029) nm,
Cea , Sy (0.18 0.21 nm)
pBP86/ DN * * | ) ,
100.9 kJ/ nol , 8.79 Ki/ mol , 0. 4568 nm 0.4389 nm. 9CH
HyHs ONIOM (B3LYP AM1) 109.5° , P°
0.84 K/ ol . 9° : , 9—<C
2 , B3aYP 0.1995 nm, S—-C (0.18 0.21 nm)
3.35  26.80 KI/ nol , ,  0.2214 nm.
, HF 1,4 : c 1.4
, B3LYP
o 3.
, 9(111)-7 x 7 , (HREELS , §—<C
.C—H C=cC
, , , 1.4
9(111)-7x 7
Tt- , o
3 o0 14 B3LYP 631G * * (em™h)

Table 3 Vibrationd frequencies (cm™ ) of HREEL S data and DFT (B3L YP/ 631G * *) cdcuationsd 1,4 do bonding sructure

Norma node description

HREH Sresltsof GHe/ S (111)-(7x7) ?

BALYP 631G * *P

9 —C dretching 540 544
9 —C dretching — 673
9 —C dretching — 698
C=—C dretching 1582 1563
C=—C dretching 1635 1613
) 3 2880

C—H gretching (°) 2920 2930
3012

, . 3013

C—H dretching (9°) 3025 20
3034

2 Reference [9] ; ° the present work
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QSPR Sudies on Sdubilities o Some Given
Solutes in Pure Sovents Using Frontier Or bital
Energies and Theoretical Descriptors Derived
from Hectrodatic Potentialls on Mdecular
Surface

SHANG, Zh-Ca; Z0U, JiamWe ; HUANG,
Mei-Lan; YU, QingSen
Acta Chimica Sinica 2002, 60(4) , 647

logXz = &Vsmin+ Vs m + €1 + dT + €€ owo + f€ Lumo + @

Slubilities of gven olutes in pure lvents can be well expressed in terms of four
theoretica descriptors derived from dectrogatic potentids on nolecuar suface
Vrin, Vsmax, [1, T and the frontier orbit energes

Theoretical Sudy o the Chemisorption o
Benzene on Si(111)-7 x 7 Surface

LI, YarCha; WANG, WerrNing; CAO, Yong;
FAN , Kang-Nian
Acta Chimica Sinica 2002, 60(4) , 653

A theoretica nmodeling goproach usng svdl and
large dlioon duders repectivdy has been
enployed in the invedigaion o the
chemisomption gate of benzene on the 9(111)-7
x7 suface. 1,4 Dio gae wasfound to be the
energeticaly nore preferred date than the other
two morog  binding dates. The adgorption mechaniam was proposed thet firgly
berzene nolecues are weakly trgpped into a noned bonding precuror dete,
which subsequently decay into a gable dio bonded chemirbed dae.

Density Functional Theory Studies on Vibra
tional Spectra of 2 Huor o5 bromopyridine

AJO, Yong; XIE, Da-Qan; XUE, Ying;

Hll . F7

N
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Acta Chimica Sinica 2002, 60(4) , 660 H
TDDFT and ab initio Sudy on the Quadratic N
Hyper pdarizabilities o trans Tetraammine Lf)_\Ru\i\]Eg
ruthenium () Complexes HaN "/NH3

LIN, ChenrSheng; WU, KeChen; Sijders,
Jagp G ; SA, RonglJian; CHEN, Xi-Hua
Acta Chimica Sinica 2002, 60(4) , 664

D: donor substituted
A: accepter substituted

The hyperpolarizahilities vaues of transtetraammineruthenium ()  conplexes
with dfferent dornor/ accepter subdituted were sudied by usng the TDDFT and ab
initio HF method.

Sudy on the Dynamic Surface Tenson and
Adsor ption Kinetics of CigDAC

CHEN, WenJun; LI, GarZwo; CHAI, Jin
Ling; LI, Ying; ZHANG, Zh- Qo
Acta Chimica Sinica 2002, 60(4) , 669

The dynamic surface tendgon (DST)
65\_\*&»\“ o octadecyldmethylammonium chr
60 loride (Cg DAC) was measured
usng the maximum bubble pressure
s method.  The dfects of (Cis DAC)
40?\“\\&‘,‘ concentraion and tenperature  of
) 3040 60 80 10 1o DST  have been invedigated

s sydematicaly and the parameters
(n, i, t", tm,Ym, Ryz) have do been cacuaed out. Combined with
Word Tordai  equation, the dfective dffuson codficient D, and the adsorption
barrier E,were obtained. The adomtion mechanism was gudied and the physca
meaning of DST parameters was d o discused.
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