2010 4F56 68 45
559 3, 851~857

A o 8

ACTA CHIMICA SINICA

»

« WFFIR I

CuCl 5 SiO,-TiO, HIF B EEA M E E ZREBILH R

FHA £ B xWE O xAR&K F &

R TOREARERL A S ERE ALY TS0 % KR 030024)

WE UL SIO, A B, I Ti JR 7B Ti 0 i 7 BIERE 0 AL L AN OH ZEH1# LY Si0,-Tio, B &%k
YIRS AU AL T A T R T P B, TiV) L. SR SUBR BE IR BL I % FE 2 1 BB (DFT-GGA)#F 5T T CuCl
5 Si0,-TiO, ZAMMAR AR . VA RER M, TE SiO, FARF A Ti(IV)E 777 LUK CuCl 58k i
FHEAER, 1 CuCl/SiOp-TiO, HEALFIM LM IS E. 4> T RIHUE R Cu(HVE W AFIEE 0TI T HOMO %1
I, 5K FHEF; TIAV)H L JEF UTEk LUMO 3L, #5821, TS5 05 5050 38l — 5

REEA SULEH, A R S EY; LR, B R iR B S

A Density Functional Theory Study of Interaction of CuCl with
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Abstract The clusters contain 0 and 1 hydroxyl groups at the titanium center, noted as Tiy,SisSic and
Tig(OH)Si;Sie, respectively, were used to simulate the Ti(IV) center in the silica matrix. The interactions of
CuCl with Si0,-TiO, mixed oxide were systematically studied by the first-principle DFT-GGA calculations.
The calculation results show that incorporation of Ti atoms into silica can enhance the interaction of CuCl
with the oxide support, leading to more stable CuCl/Si0O,-TiO; catalysts. In addition, the frontier molecular
orbital shows that the HOMO orbits of the CuCl/Tiy,;SisSis and CuCl/Tig,(OH)Si3Si¢ adsorbed clusters
were mainly contributed by Cu atoms, while the LUMO orbits were contributed by Ti atoms. The calcula-
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tion results were in accordance with the experimental facts.
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Figure 1 Cluster models of SiO, and SiO,-TiO, mixed oxide
(a) Si(OH)Si;Sis, (b) Tisu(OH)Si3Sis, (¢) SiSisSis, (d) TipunSisSis
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Table 1 Bond length and Mulliken charges of the cluster mod-
els calculated at the GGA-PWO1 level of theory

Bond length/A Mulliken Charge/e
Cluster
Ti—O Si—O Ti O, O Si
SiSi,Sig — 1.615 — —0.900 —0.642 1.639
TipuSisSig 1.705 1.631 1.735 —0.879 —0.635 1.592
Si(OH)Si;Sig — 1.615 — —0.895 —0.665 1.644

Tig{OH)Si3Sig  1.791 1.624 1.661 —0.894 —0.679 1.626
2.2 Cu/Cl 5 Ti/Si i E/ER

AU EE Ny, 027 s N HAH G2 T IR AT R
T P R B R A Sk o 4> VR P AR
AR5 CuCl A TipyuSisSis, Tisu( OH)SisSis F-47 JL A+
RUHT 7 FHOE R, SN F IR giud e sy 1
2 2. TipwSisSig M Tig(OH)SisSis 55 i o5 HE BhiE
HOMO i F2E i O J Forik, mifs(fSHuE LUMO
BUBN Ti 8 10 d PUB T ook, X5 DR
4 B — 37, CuCl [¥1 HOMO i =22 i1 C1 J5 ok,
LUMO #uiEh Cu JET s Pudvisk. 77 W, CuCl
TipunSiaSie, Tisu(OH)Si3Sis /FE LM H1, Cu/Cl L5 Ti/Si 1)

4 P 7 P AR AR L 2 AR O A LUMO (Ti JR1 d
B TTER) S5 45K & N 4% HOMO (Cl R 7 51k X CLR
5 TiaAvyH e, Bk, 76 CwCl 5 Ti/Si F/ER
N Cl JR 1Y TipuSisSis M Tig(OH)SisSig 1) Ti(IV)
HUC A ELAE .

2 S RNISTATLRUE B A

Table 2 Frontier orbital energies of the reactants

Frontier orbital energy/eV

Reactant
HOMO LUMO
Tig(OH)Si;Si4 —0.24406 —0.10181
TipuSisSig —0.24368 —0.07778
CuCl —0.21689 —0.13615
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Table 3 Energy difference between the frontier orbital of the

CuCl molecule interacting with Ty Si;Sig and Tig,(OH)Si3Sig
cluster models

Possible reaction AE/eV
(1) Tiw{OH)Si;Sig(LUMO)—CuCI(HOMO)  0.11508
2 TipuiSizSig(LUMO)— CuCl(HOMO) 0.13911
(3)  CuClI(LUMO)—Tiy(OH)Si;Sig(HOMO)  0.10791
(4)  CuCI(LUMO)— TipySisSig(HOMO) 0.10735
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Figure 2 Optimized geometry structures of Cl atoms interacting

with Ti atoms in SiO,-TiO, clusters models
(a) CuCl/TihulkSi4Si6, (b) CuCl/Tlsuf(OH)ShSlé

23 Cu5OmtBEIER

Cu Ji75 O WA BAE 7 X F 2404E: (2) Cu Ji T
735 Tiq(OH)Si3Sis A TipuSisSis A Si—O—Ti
it A4 Oy; (b) Cu J5tF43 71 5 SiOH 1 Si(OH); 111
T O MM EAEH. B 3 24 CuCl [ Cu Ji 7435l s
TipuiSiaSis A Tigu(OH)SisSis A Si—O—Ti ## E[1)
WAL Op 1E R AR G5 R B, 36 4 8 Cu I 1 5
B Oy YEFHTE R CuCl/TipuiSisSis #1 CuCl/Tig OH)-
Si3Sig W B REAR Y (P B . BT Mulliken HEfar DA A S
He MR B RE L TR) IS 20 HS T AR R Y 1 CuCl/SiSisSis Hil
CuCl/Si(OH)Si;Siq I [ 45 F 254

M 4 e LIFEH, CuCl/TiyySisSig Al CuCl/Tig,-
(OH)Si3Sie W i AEAS AL 1) I Bk /N T 2 4%0 Oy 1

B 3 Culi+15 Si0,-TiO, M4 O, 1EH JE L i

Figure 3 Optimized geometry structures of Cu atoms inter-

acting with the O, atoms in SiO,-TiO, mixed oxide
(a) CllCl/Tibu|kSi4si6, (b) CuCl/lem(OH)SuSls
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Table 4 Bond length, bond orders and Mulliken charges of the support catalyst formed by the interaction of CuCl with bridge Oy as well
as total energy and adsorption energy calculated at the GGA-PWO1 level of theory

Adsorption complex — B(.)nd distance’/A Bond order . Mulhken.:harge/e Total energy/ E.p/(kImol 1)
Ti—O Si—O Cu—Cl Cu—0, Cu—CICu—0O, Ti O, Si” Cu Cl Hartree

CuCl/SiSi,Sig — 1.641 2126 2.133 0929 0289 — —0.9351.6670.174 —0.398 —7630.93194 100.150

CuCl/TipSisSie 1.749 1.616 2.115 2.000 0.941 0.321 1.738 —0.9581.6170.276 —0.423 —8190.96235 134.688

CuCl/Si(OH)Si;Sis — 1.653 2113 2.149 0950 0.267 — —0.9471.6780.243 —0.401 —7114.33383 119.080

CuCl/Tig,(OH)Si;Sis 1.810 1.637 2.116 1.996 0.925 0.347 1.599 —0.9301.6530.322 —0.429 —7674.40396 183.328

“Ti—O0 and Si—O denote the average value of Ti—O and Si—O bond length around Ti atom, respectively; ’ the average mulliken charge.

RS K GGA-PWIL 1543 21 CuCl 53K Oy 1 FI I M AR AL AR (1) L AT 4 7Y 224
Table 5 Bond length, bond orders and Mulliken charges of the support catalyst formed by the interaction of CuCl with bridge O, as well
as total energy and adsorption energy calculated at the GGA-PW91 level of theory

) Bond distance?/A Bond order Mulliken charges/e Total energy/ .
Adsorption complex E4/(kJemol )
Ti—O Si—0 Cu—CI Cu—O; Cu—ClCu—O; Ti (0N Si® Cu Cl Hartree
CuCl/SiSi,Sig — 1.627 2.081 1977 1.089 0.337 — —0.6471.6600.094 —0.360 —7630.94106 124.084
CuCl/TipuSisSis 1.744 1.595 2.083 1959 1.059 0.374 1.743 —0.6371.6120.218 —0.398 —8190.96277 135.791
CuCl/Si(OH)Si;Sig — 1.633 2.103 1956 0.995 0389 — —0.6911.6630.218 —0.370 —7114.34972 160.799
CuCl/Tiz,(OH)Si;Sis 1.809 1.631 2.116 1.902 0.936 0.454 1.701 —0.716 1.6350.284 —0.429 —7674.41581 214.440

“Ti—O and Si—O denote the average value of Ti—O and Si—O bond length around Ti atom, respectively; ” the average mulliken charge.
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Figure 4 Optimized geometry structures of Cu atoms interact-
ing with the O, atoms in SiO,-TiO, mixed oxide

(2) CuCl/TipuiSiSis, (b) CuCl/Tig(OH)SisSis
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Figure 5 Frontier molecular orbitals of Cu atoms interacting
with the Oy, atoms in SiO,-TiO, mixed oxide

(a) HOMO (CuCl/TipuSisSig), (b) LUMO (CuCl/TipuSisSis), (c) HOMO
[CuCl//Tig(OH)SisSie], (d) LUMO [CuCl/Tiq,{OH)SisSie]
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