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Abstract

Density functional theory (DFT) and Monte Carlo Simulated Amrealing (SA) are used 1o investigate adsorption of
CO on TiO, (110) surface. surface with defects and metal-doped TiQ,. First the calculations of structure of TiO, bulk
and TiO, surfaces (TiO; (110) surface, surface with defects, metal-doped surfaces) is carried out and they show good
agrectnent with experiments and other Ab-inito calculations, Then CO is adsorbed at acidic sites (Ti and metal) of the
surfaces and bond length of CO is obscrved. The bond length of CO adsorbed increases remarkably (~1.140 A) in
comparison with free CO molecule (1.128 A) then it is less stable and easier 10 react with O,. The surface with defects
and Mn-doped surface have the highest ability to Iengthen the bond length of CO adsorbed.

1. MG PAU

Titan dioxit 14 mt vat liéu quan trong duge img
dung trong xic 1ic, quang xuc tac [1], cong ngh¢
sensor [2] do cac tlinh chat hap phy va xic tic cia
TiO,. Viéc nghién ciru cac tinh chat electron va s
hap phu CO uén cac bé mit cua TiO, sé gop phin
quan trong trong nghién ciru co ché cua cac qua
trinh hidro héa CO; oxi hod CO tren bé mijt TiO;
bién tinh bang cac kim loai chuyén ncp, hap pl\u co
tén kim loai chuyén llep trén bé mit chdt mang
TiO; (ing dung trong cong nghé sensor khi). ..

Nhing két qua thue nghiém [3] trong khoang
nhiét do 300-373 K cho 1hay su hap phu CO chi xay
ra khi c¢6 mit cac cac Khuyet tét diém O trén bé mat
TiO,. Nhiét Imp phu trén bé mat TiO, (110) xac dinh
dugc khoang 19 keal/mol. Sir dung giai hép theo
chuong trinh nhiét d6 (TPD) ngudi ta thiy mdt
Iucng nhé CO, thodt ra sau khi CO khi hdp phy trén
bé mat TiO; do phén img oxi héa gira CO hip phy
vi O ctia tinh thé.

Linsebigler va cac cong su [4] di khao sat sy
hap phu CO trén bé mét TiO, (I IO) bj oxi hoa va bé
m3t bj ti. Két qua cho lhay trén bé mat TiO, (110)
oxl héa, CO hép phu & 105 K vao vj tri Ti va giai
hap hoan toén & 225 K. Khi dd hip phu vé ciing nho,
néng lugng lién két ciia CO trén bé mit TiO, (110)
19,9 keal/mol.

Tinh toan Ab initio trén cluster [S] xac djnh
duge CO bi hip phy vao nguyén tir Ti s6 phm s
qua nguyén tir C v&i ning lugng lien két 17

kcal/mol; qua nguyén tir O véi ning lugng lién két
khoang 30-36 kcal/mol. Fahmi va Minot (6] sir dung
phuong phap Hartree Fock tuan hoan nghién ciu sy
hdp phy CO cho nang lugng lién két trong khoing
10,87 dén 20,03 kcal/mol. Theo Bagus va cic cong
s (7). CO bi hip phu & tdm axit (ion Ti) & khoang
cich 2,328-2,381 A va nang luong lién két 16,1-18,4
keal/mol khi do hdp phu vé ciing nho va 11,53
kcal/mol khi hap phy don 16p.

Cic két qua tinh |oan vong bai bio nay dugc
thyc hién trén phan mém ABINIT [8, 9] véi co sol
thuyét 13 1y thuyét phiém ham mat do "10].
tugng nghién ciru la TiOy rutil va cic bé mat TIO,
rutil (110) bién tinh bing cac kim loai.

2. KET QUA VA THAO LUAN
Kiém tra céc tap siéu thé

Cic 1ap siéu thé cia Ti va O sir dung g;m ding
tuong quan trao dbi LDA Teter chudn héa Ceperley
Alder. Cac 1dp siéu lhe nay duqc kiém tra can thin
béng cach Xac d{nh chu trisc té bao don vi TiO; rutil
va mt s6 thong b lién quan.

. Su dung tap sneu thé gan ding LDA cho két qua
hang ) mang luéi rat gan v6i thye nghiém. Két qud
ning lugng ving cdm so véi thyc nghiém sai s
1,3% 1a hoan toan chap nhin duge. Gia trj ving
dugc xéc dinh nh gin ding GW (GW
approximation) [11].
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Lé Kim Long va cong s

ang 1: So sanh thyc nghiém va tinh toan cac hing s mang luéi té bao TiO, rutit

Thuc nghiém Tinh toin Sai sé (%) £
Hingsd [a(A 4,594 4,597 0.065 Q ’O //>
mang lusi [ c(A) 2,958 2,961 0,101
Egy (€V) GW 3.0 3,040 13 ] —
Egp (€V) LDA 3.0 2,553 14.9% \

Sw bép phu CO trén bé mat TiO, rutil (110)

Truée hét, si dung “thudt giai luyén thép” [12]
dé xac dinh vi tri hip phy véi cac théng s6 quan
trong: s6 vong tang giam nhiét dd: 10; s& budc mai
véng: 100000; d§ chinh xac: 10°% keal/mol; truimg
luc tong hgp (Universal). Day 1a wruong liec tong
hgp, dugc sir dung cho nhidu nguyén té trong bang
tuan hoan.

Ve vi tri hép phy, xac dinh duge 2 khu vye hép
phy ¢6 nang lugng nho nhét. Trong dé, vj 1ri hip
phu & Ti duge wu tién hon ci do ning lugng
thip hon.

Nhu vy, su hip phu CO sé& duge thye hi¢n tai vj
tri ion Ti, hodc cac ion kim loai khac trong trudmg
hop bién tinh,

Hinh I: Vi tri hip phy
cia CO trén bé mit TiO,
(110)

Két qua tinh toan DFT thu dugc khoang cich
hap phu la 2.338 A. Do dai lién két CO 12 1.137 A.

O

D6 dai lién két CO nim giira d6 dai lién két doi
C=0 (1.163 A) trong phan tir CO, vi 6 dai lién két
ba C=0 (1.128 A) trong phén tir CO. Nhu viy thye
chit sy hdp phu CO hoan toan tuong ty nhur viée tao
thanh Phn’rc cacbonyl cua cac kim logi, lam do dai
lién ket CO tang 1én. Khi két hop véi chc két qua
tinh nang lugng cia TiO, (110) va CO, xac dinh
dugce ning lugng hép phy:

E.t = E no2eco ~ E noz - E o = -15.996 keal/mol

Nhr vay hé ha‘p phu CO téa nhiét. Nhiét hép phu
khéng qua 16 nén qua trinh hap phy 1a hdp phu vét
ly. Qua trinh hép phuy lam kéo dai lién két CO, nhu
viy dy doan mot phan nang lugmg tda ra trong qua
trinh hip phy da 1am lién két CO dai ra.

Sur hiip phy CO trén bd mit TiO, khuyét tat

Su hdp phy trén bé mat Kkhuyét tat ciing twong tu
nhur trén bé mit TiO, (110), CO hip phy & vj tri Ti
véi cdu hinh Ti ... CO. Khoang cach ht‘!p phu ban
diu 2,5 A. Trén bé mat tn tai hai loai nguyén tir O,
nguyén tir O cu néi (BO) va nguyén tir O bé mat
(PO), nén twong (mg c6 hai loai khuyét tat tuong
umg la BOV (Bridging-Oxygen Vacancy: Khuyét tit
oxi cau ndi) va POV (in-Plane-Oxygen Vacancy:
Khuyét tit oxi bé mat).

Nhiét hip phy t6a ra trong truémg hgp CO hip
phu bé mit TiO; bé POV nhd hon gia trj khong dang
Kké. Nhung d$ dai lién két CO lai I6m hon. So sanh
v6i truémg hop hip phy CO trén bé mat TiO; (110),
nhan thiy ring su hap phy cang t6a it nang lugng thi
6 dai lién két CO lai cang l6n. C6 1€ niing lugng

Bing 2: So sénh sy hap phy CO trén hai loai bé m3it khuyét tat.

Khoang cach hip phy Do dai lién E hip phy

Eol (€V) (A) Kkét (A) (kcal/mol)
TiO, BOV +CO -19365,489 2,3403 1,1406 -11,687
TiO, POV + CO -19365,202 2,3219 1,1452 -11,109
TiO, + CO -19802,063 2,3380 1,1370 -15,996

hip phy d& mét phin dugc tich vao lién két CO, lam
di lién két nay ra. Nhu vdy, trong qué trinh thyc
nghigm, khong nhét thiét mét xuc téc cho nhigt hip

phu cao lai c6 kha ningx hoat héa phén tir Ion. Tham
chi cin phai chii ¥ nhieu hon dén cic phan img c6
nhiét hip phy nhé boi rit c6 kha ning ning lugng
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hip phu da mot phan duge tich vao lién két CO, lam
dai lién két nay ra. Nhu viy, trong qué trinh lh\rc
nghiém, khéng nhét thiét mot xic tac cho nhigt hap
phy cao lai ¢4 kha niing hoat hoa phan tir lon. Thim
chi cén phai chi y nlneu hon dén cac phan g c6
nhiét hép phu nho boi rAt c6 kha nang nang lugng
toa ra da duge tich vao cac lién l\cl caa phan ur bj
l\ap phy, cic lién két “cao nang” ndy bj hogt héa
manh s& dé d,mg dirt gay dé phan img hon.

Nhu viy bé m{n khnycl lal POV ¢ hogt tinh cao
hom hitn so VOI be mat Llluycl tat BOV. Nhin chung
khi bé mat dn (ai khuyét it thi déu lam ting kha
ning hoat hoa phén wr CO, biéu hign bing do dai
lién két CO tang lén.

Sy hiip phy CO trén b mt TiO, bitn tinh
T bc mat TiO, (110) sau kb da 161 uu hoa, thay

thé ¥ sb nguyén tir Ti bing nguyén tir kim loai M
(vai M 1a Li, Ca, Sc. V. Mo, Mn, Fe, Co, Ni). Hap

Ung dung iy thiiyet priem rigin me ug..,
phy CO trén bé mat TiO; bién tinh bing kim loai M
1rén v tri M.

Néu xét vé niing lugng h;‘lp phy, nhin chung be

mit bién tinh chc nguyén té thudc nhém VINB b
n{mg lugng hép phy kha 16n va tuong dvong nhau,
Didu nay 13 hodn toan hop ly. Khi xac dinh nhigt
hinh thanh tinh cho mét phén tr CO & cac phic
cacbonyl c6 thé lhay 3 syt tuong dbng nay, gia tri
AII'm/so CO déu xap xi -35.33 kcal/mol. Céc b
mat bién tinh bing Li, Ca, Sc, V, Mo déu o néng
lugng haP phy tong duong nhau. Trudmg hop dic
bigt 12 be mat bién tinh bing Mn. Ning lugng hap
phu it nho (-1.8 kcal/mol), réi véi dy doan khi dya
vz\o uhigt I\\nh thanh cla phl’lc cacbonyl.
Ncu xét v& mit dg dai lién két CO, ¢6 thé lhf'ly rat rg
moi luung quan glﬂa d¢ dai lién két CO va nang
lugng hap phy. H¢ sb tuong quan =0, 86 cho thiy
gitra hai dgi lugng nay c6 moi quan h¢ tyén tinh véi
nhau, Nhu vay kh.’mg dinh, nhiét hap phy cang nho,
do dai lién k&1 Cco cang lon.

Bang 3: So sanh sy h;‘np phy CO trén cée bé mit TiO; bién tinh

TOAMICO | B (eV) e | P o | Tt
Li -18219,767 2,039 1,140 -7,894
Ca -18237,899 2,552 1,138 -7,402
Sc -18269,979 2,421 1,138 -12,990
Vv -18388,461 2,272 1,138 -12,766
Mo -20079,924 2,430 1,137 -13,786
Mn -21021,503 1,924 1,143 -1.800
fe -18776,084 1,836 1,142 -36,596
Co -18972,663 1,778 1,142 -44,340
Ni -19203,920 1,742 1,142 -44,383

b Ca S¢ TV MoMn fe Co Ni
5.0000
-5.0000 +
E -15.0000
= +25.0000 | <
= .35.0000
-45.0000
+55.0000 — ————— 11320
—a—E ads (kcal/mol)  —a—Bond length {A)

Hinh 2: Ning luong hap phy va d dai lién két CO trén cac bé mat khac nhau

Sur bét thuong cia bé mat bién tioh bing Mn c6
thé lién quan dén clu hinh electron ([Ar]4s’ 3d)
Phén 16p d cua Mn dugce lam day mdt ntra, xac sudt
cho electron va nhén electron cia obitan d 1a nhw

nhau. Ning luong hip phu nhé cia b& mit bién tinh
Mn trai véi dy doan ban dau Co thé nang lugng ﬂly
di duge dua vio lién két CO, 1am kéo dai lién ket
CO.
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Lé Kim Long va ciong sy

Bond length {A)
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Hinh 3: Quan hé gitra do dai lién két CO vi nhiét hip phy trén cAc bé mat bién tinh

3. KET LUAN

Céc kel qua duge cdng b6 trén day da cho nhimg,

két qua ral quan lrong vé sir Imp phu CO trén bé mat
TiO,, bé miit kl\uyel tat BOV, POV va bé mit bién
tinh bhng cac kim logi khac nhau. Tir dé di dyr doan
dugc kha ning hoat hoa manh phin tr CO trén bé
mat TiO» khuyel tat va bé mat TiO, bién tinh bing
Mn va gop phin dy doan co che phan \mg oxy héa
CO trén be mit TiO,. Viée 18i uu hoa trude khi thay
nguyen w Ti bano nguyén tr kim logi M dya trén
gia dinh anh huong cia truomg thé da lthl 13p cho
hé lhung khéng chiju anh budng cia cdu tao cua
nguyén tr kim loai thay vao. Cac céng trinh nglucn
ciru sau s& thuc hién tdi wu hoa sau khi thay thé
nﬂuyen tr kim loai M vai hy vong thu duge Két qua
day di hon. Céc nghién cau cy thé hon vé cac bé
mat nay dang dugc tién hanh va s& dugc cong b6
trong cAc cong trinh iép theo.

TAILIEU THAM KHAO

Akira  Fujish Kazuhito Hashi Toshiya
Watanabe., 710, Photocatalysis: Funduamentals and
Applications BKC, 176 pages (1999).

Dang Thi Thanh Le, Dang Duc Vuong, Nguyen Van
Duy, Nguyen Van Hicu, Nguyen Duc Chien.
Preparation and characterization of nanostructured
TiOy and SnO, materials for gas sensor applications,
Proceedings of the Eighth German-Vietnamese
Seminar on Physics and Engineering, Erlangen, 03-
08 April, 2005,

A. Mills, N. Elliont, I. P. Parkin, S. A. ONeili, R J.
Clark. Novel TiO, CVD films for semiconductor
Pphotocatalysis, Journal of Photochemistry and
Photobiology, 151, 171-179 (2002).

Lién hé: Lé Kim Long

Khoa Héa hoc

q.

5

7

10.

12,

. W. G. Aulbur, L.

A. L. Linscbigler, G. Lu,
Photocatalysis  on  TiO,
mechanisms,  and  selected
Reviews, 95(3), 735-758 (1995).

Sheng-Guang  Wang, Xiao-Dong Wen, Dong-Bo
Cao, Yong-Wang Li, Jianguo Wang and Haijun Jiao.
Formation of oxygen vacancies on the TiOy(1 1 0)
surfaces, Surface Science, 577(1), 69-76 (2004).

A Fahmi, C. Minot. Surf Sct., 304, 343 (1994).
Gianfranco Pacchioni, Anna Maria Ferrari, Paul S.
Bagus, Cluster and band structure ab  intio
calculations on the adsorption of CO on acid sites of
the TiOy(110) surface, Surface Science, 350(1-3), 20
April 1996, Pages 159-175.

X. Gonze, J.-M. Beuken, R. Caracas, F Detraux, M.
Fuchs, G.-M. Rignanese, L Sindic, M. Verstraete, G.
Zerah, F. Jollet, M. Torrent, A. Roy, M. Mikami, Ph.
Ghosez, J.-Y. Raty, D.C. Allan. Furst-principles
computation of material properties : the ABINIT
software project, Computational Materials Science,
25, 478-492 (2002).

X. Gonze, G.-M. Rignanese, M. Verstraete, J.-M.
Beuken, Y. Pouillon, R. Caracas, F. Jollet, M.
Torrent, G. Zerah, M. Mikami, Ph Ghosez, M.
Veithen, J.-Y. Raty, V. Olevano, F. Bruneval, L
Reining, R. Godby, G. Onida, D.R. Hamann, and
D.C. Allan. A brief miroduction to the ABINIT
software package Zeit. Kristallogr., 220, 558-562
(2005).

Ping Ung Van, Dgng luc hoc cdc phdn img héa hoc.
Nxb. Gido dyc, Ha N§i, 155 trang (2006).

Jonsson, J. W. Wilkins,
Quasiparticle calculations in solids, Solid State
Physics, 54, 1-218 (2002).

S K:rkpalnck C D. Gc]an

44

and J. T. Yates Jr.,
surfaces:  principles,
results,”  Chemical

M. P. Vecchi.
g, Science, 220,

y S
(4598), 671-680 (1983).

Trudng Dai hoc Khoa hoc Tu nhién, Pai hoc Quoc gia Ha N§i

19 Lé Thénh Téng, Hoan Kiém, Ha Noi.

751





