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Abstract 

Density functional theory (DFT) and Monle Carlo Simulated Annealing (SA) are used to investigate adsorption of 
CO on Ti02(l 10) surface, surface wilh defects and metal-doped Ti02. First the calculations of structure of TiOj bulk 
and TiO; surfaces (TiOj (110) surface, surface with defects, metal-doped surfaces) is carried out and they show good 
agreement wilh 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 observed. The bond length of CO adsorbed increases remarkably (-1.140 A) in 
comparison with tree CO molecule (1.128 A) then it is less stable and easier to react with Oj. The surface with defects 
and Mn-dopcd surface have the highest ability to lengthen the bond length of CO adsorbed. 

1. MO DAU 

Titan dioxit la mpt vgt lieu quan trpng dugc ung 
dung trong xuc tic, quang xiic tic [1], cdng nghe 
sensor [2] do cac tinh chat hip phu va xiic tic ciia 
Ti02. Viec nghien ciru cic tinh chat electron va su 
hip phu CO tren cic be mat cua Ti02 se gdp phin 
quan trpng trong nghien cuu co che ciia cic qui 
trinh hidro hda CO; oxi hoi CO tren be mat Ti02 
bien tinh bing cic kim logi chuyen tiep; hap phy CO 
tren kim logi chuyen tiep tren be mgt chit mang 
TiOi (irng dung trong cdng nghe sensor khi)... 

Nhiing kk qua thuc nghiem [3] trong khoang 
nhiet dp 300-373 K cho thiy su hip phu CO chi xiy 
ra khi cd mat cic cic khuy§t tat diem O tren b^ mat 
Ti02. Nhiet hip phy tren hk mat Ti02 (110) xic djnh 
dugc khoing 19 kcal/mol. Su dung giai hap theo 
chucmg trinh nhi^t dp (TPD) ngudi ta thiy mpt 
lugng nhd CO2 thoit ra sau khi CO khi hip phy tren 
be mat TiO; do phin ung oxi hda giiia CO hap phy 
v i O ciia tinh the. 

Linsebigler va cic cpng sg [4] da khao sit sg 
hip phu CO tren be mat TiO; (110) bj oxi hda va hh 
mgt bj tdi. K6t qua cho thay tren be mgt TiO; (110) 
oxi hda, CO hap phy d 105 K vao vj tri Ti vi giai 
hip hoin toin d 225 K. Khi dp hap phu vo cimg nhd, 
ning lugng lien kgt cua CO tren be mit TiO; (110) 
la 9,9 kcal/mol. 

Tinh toin Ab initio tren cluster [5] xic djnh 
dugc CO bi hip phy vio nguyen tur Ti so phoi tri 5 
qua nguySn tir C vdi ning lugng lien ket 17 

kcal/mol; qua nguyen tu O vdi ning lugng lien ket 
khoing 30-36 kcal/mol. Fahmi vi Minot [6] sudyng 
phuang phap Hartree Fock tuin hoin nghien cuu sir 
hap phy CO cho ning lugng lien ket trong khoing 
10,87 den 20,03 kcal/mol. Theo Bagus va cic cOng 
sg [7], CO bj hap phy d tim axit (ion Ti) d khoang 
cich 2,328-2,381 A va nang lugng lien kat 16,1-18,4 
kcal/mol khi dp hip phy vd ciing nhd va 11,53 
kcai/mol khi hap phy don Idp. 

Cic ket qua tinh toin trong bii bio niy duac 
thyc hipn tren phin mem ABINIT [8, 9] vdi casdly 
thuyet la ly thuyet phiem him mat dp 'lOj. Doi 
tugng nghien citu li TiO; rutil vi cic be mat TiO: 
rutil (110) bien tinh bing cic kim logi. 

2. KET QUA VA THAO LUAN 

Kiem tra cac tap sieu the 

Cac tgp sieu the cua Ti vi O sir dyng gin d6ng 
tuong quan trao doi LDA Teter chuan hda Ceperley-
Alder. Cic tip sieu th8 niy dugc kiem tra cin thSn 
bang cich xac dinh cau true te bio don vi TiO; rutil 
vi mpt so thdng so lien quan. 

Sir dyng tgp sieu the gin diing LDA cho ket qua 
hang so mang ludi rat gin vdi thgc nghipm. Ket qua 
nang lugng vimg cam so vdi thgc nghiem sai so 
1,3% la hoan toan chip nhgn dugc. Gia tri viang cam 
dugc xic djnh nhd gan dung GW (GW 
approximation) [11]. 
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°"S P. So sanh thirc nghiem va tinh toan cac hing s6 miing lirfti tc brio TiO, rutil 

n Hang so 
m^ng luai 

a (A) 
c(A) 

E„„ (eV) GW 
Eg,p (eV) LDA 

Thirc nghiem 
4,594 
2,958 
3.0 
3.0 

Tinh toan 
4,597 
2,961 
3,040 
2,553 

Sai so (%) 
0,065 
0,101 

1,3 
-14,9% 

Sy h^p phu CO tren be mat TiOi rutil (110) 

Trudc h6t, sd dung "thuat giai luypn th^p" [12] 
de xic dinh vi tri hap phy vdi cic thdng so quan 
gpng: sd vdng ting giim nhipt dp: 10; so bude mdi 
vdng: 100000; dp chinh xic: 10"' kcal/mol; trudng 
luc tdng hgp (Universal). Day li trudng lgc tong 
hpp, dugc su dyng cho nhi^u nguyen to trong bang 
tuin hoan. 

Ve vi tri hip phy, xic djnh dugc 2 khu vgc hap 
phy cd nang lugng nhd nhat. Trong dd, vj tri hap 
phy d Ti dugc uu tien hon ca do ning lugng 
thip hon. 

Nhu viy, su hip phy CO se dugc thgc hipn tai vj 
tri ion Ti, hoic cac ion kim logi khic trong trudng 
hgp bi8n tinh. 

Hinh 1: Vi tri hap phy 
ciia CO tren be mat TiO; 
(110) 

Ket qui tinh toin DFT thu dugc khoing cich 
hip phy la 2.338 A. Dg dai lien ket CO li 1.137 A. 

Dg dii lien ket CO nim giira dp dai lien ket ddi 
C=0 (1.163 A) trong phan tir CO; vi dp dii lien ket 
ba^C=0 (1.128 A) trong phan tOr CO. Nhu vgy thgc 
chat sg hap phy CO hoin toin tuong tu nhu viec tgo 
thinh jihuc cacbonyl ciia cic kim logi, lim do dii 
lien ket CO ting len. Khi ket hgp vdi cic kSt qui 
tinh ning lugng cjia TiO; (110) vi CO, xac djnh 
dugc ning lugng hip phy: 

Eads = E T.o2tco - E T,o2 ~ E co =" 15.996 kcal/mol 

Nhu vgy hp hip phy CO tda nhipt. Nhipt hip phy 
khdng qui ldn nen qui trinh hip phy li hap phu vit 
ly. Qui ginh hip phy lim keo dii lien k6t CO, nhu 
vgy dy doan mgt phin nang lugng tda ra trong qua 
trinh hip phy da lim lien ket CO dii ra. 

Sur hap phu CO tren be mat TiO: khuyet tat 

Su hip phy tren bl mat khuySt tat cung tuong tg 
nhu tren b6 mat TiO; (110), CO hip phy d vi tri Ti 
vdi ciu hinh Ti ... CO. Khoang cich hip phu ban 
diu 2,5 A. Tren bl mgt tdn tgi hai loai nguyen tir O, 
nguyen tu O cau ndi (BO) vi nguyen tii O be mgt 
(PO), nen tuong lirng cd hai logi khuy6t tit tuong 
ling la BOV (Bridging-Oxygen Vacancy: Khuyet t^t 
oxi cau ndi) vi POV (In-Piane-Oxygen Vacancy: 
Khuyet tit oxi be mat). 

Nhiet hip phy tda ra frong frudng hgp CO hip 
phu be mat TiO; he POV nhd han gii tri khdng ding 
ke. Nhung dp dii lien k€t CO lgi Idn hon. So sinh 
vdi trudng hgp hip phy CO tren hk mat TiO; (110), 
nhgn thay ring su hip phy cang tda it ning lugng thi 
dp dii lien ket CO lgi cing Idn. Cd le nang lugng 

Bdng 2: So sanh sg hap phu CO tren hai logi be mgt khuyet tat. 

Ti02 BOV + CO 

TiOi POV + CO 

TiOi + CO 

E,„„i (eV) 

-19365,489 

-19365,202 

-19802,063 

Khoang each hSp phy 
(A) 

2,3403 

2,3219 

2,3380 

Dp dai lien 
ket (A) 
1,1406 

1,1452 

1,1370 

E hdp phu 
(kcal/mol) 

-11,687 

-11,109 

-15,996 

hip phu da mgt phin dugc ti'ch vio lien ket CO, lam phy cao lgi cd khi ning hoat hda phan tu Idn. Th^m 
dai Ii8n k6t niy ra. Nhu vay, trong qui trrnh thuc chi cin phai chu y nhieu hon den cic phin umg cd 
nghipm, khdng nhit thiSt mgt xuc tic cho nhiet hap nhiet hip phy nhd bdi rit cd khi nang nang lugng 
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hip phu da mdt phin dugc tich vio lien ket CO, lim 
dii lien ket nay ra. Nhu vgy, trong qui trinh thgc 
nghiem, khdng nhat thiat mpt xiic tic cho nhi^t hap 
phy cao lgi cd kha nan^ hogt hda phin tir ldn. Thgm 
chi can phii chii y nhieu hon den cic phin irng cd 
nhipt hip phy nhd bdi rit cd khi ning ning lugng 
tda ra da dugc tich vio cic lien ket cua phin tir bj 
hip phu, cic lien ket "cao ning" niy bj hogt hda 
mgnh se de ding dirt giy dc phin irng han, 

Nhu vgy be mit khuyet tgt POV cd hogt tinh cao 
hon hin so vdi be mit khuyet tgt BOV. Nhin chung 
khi be mit ton tgi khuyet tgt thi deu lim ting khi 
ning hogt hda phan ti> CO, bilu hipn bing dp dii 
lien kit CO ling len. 

Su hap phu CO tren be mit TiOi bien tinh 

Tir be mgt TiO; (110) sau khi di toi uu hda, thay 
the Vl so nguyen tu Ti bing nguyen tir kim logi M 
(vdi M li Li, Ca, Sc, V, Mo, Mn, Fe, Co, Ni), Hap 

Ung dy.ng ly thuyet pniem nam mgt ug... 

phy CO tren be mit TiO; bien tinh bing kim logi M 

tren vj tri M. 
Neu xdt vl ning lugng hip phy, nhin chung b̂  

mil bien tinh cic nguydn to thupc nhdm VIIIB co 
ning lygng hip phy khi ldn va tuong duong nhau. 
Dicu niy li hoin toin hgp ly. Khi xic djnh nhi?t 
hinh thinh tinh cho mgt phan td CO d cac phirc 
cacbonyl, cd the thay rd sg tuong ddng nay, gii trj 
A|//';9H/S6 CO deu xip xi -35.33 kcal/mol. Cic bg 
mjit biln tfnh bing Li, Ca, Sc, V, Mo deu cd rang 
lugng hip phy tuong duang nhau. Trudng hpp die 
bipt la be m^t bien li'nh bing Mn. Ning lugng hip 
phy rat nhd (-1.8 kcal/mol), trii vdi dg doin khi d̂ â 
vio nhipt hinh thinh ciia phdc cacbonyl. 
Neu x6t ve mgt dp dii lien ket CO, cd the thiy rat ro 
moi tuong quan giCJa dp dai lien ket CO vi nang 
lugng hap phy. Hp so tuong quan r̂  = 0,86 cho thay 
giOa hai dgi lugng niy cd moi quan hp tuyen tinh vdi 
nhau. Nhu vgy khing djnh, nhipt hip phy cing nho, 
dp dii lien ket CO cang Idn. 

Bdng 3: So sinh sg hip phy CO tren cic be m$t TiO; bien tinh 

TiOi-HVl+CO 

Li 

Ca 

Sc 

V 

Mo 

Mn 

Fc 

Co 

Ni 

E,o,., (eV) 

-18219,767 

-18237,899 

-18269,979 

-18388,461 

-20079,924 

-21021,503 

-18776,084 

-18972,663 

-19203,920 

Khoang each 
hap phy, A 

2,039 

2,552 

2,421 

2,272 

2,430 

1,924 

1,836 

1,778 

1,742 

Dg dai lien ket 
CO, A 

1,140 

1,138 

1,138 

1,138 

1,137 

1,143 

1,142 

1,142 

1,142 

Nang luong hap 
phy, kcal/mol 

-7,894 

-7,402 

-12,990 

-12,766 

-13,786 

-1,800 

-36,596 

-44,340 

-44,383 

Ll Ca Sc Ti V Mo Mn Fe Co Ni 

—*-E ads (kcai/mol) - • - B o n d length (A) 

Hmh 2: Nang lugng hap phy va dg dii lien kit CO tren cac bl mgt khic nhau 

Su bit thudng ciia be mgt bien tinh bing Mn cd nhau. Ning lugng hap phy nhd cua be mat bien tinh 
thi lien quan den ciu hinh electron ([Ar]4s^3d'). Mn trii vdi dg doan ban dau. Cd thi ning lugng nay 
Phin Idp d ciia Mn dugc lam diy mpt nua, xic suit d i dugc dua vao lien ket CO, lam keo dai liSn ket 
cho electron vi nhgn electron cua obitan d la nhu CO. 
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1.1360 

0.0000 • 

Bond length (A) 

1.1380 1,1400 1.1420 

Hmh 3: Quan he gi&a dg dii lien ket CO va nhipt hap phu tren cic bl mgt biln tinh 

3. KET LUAN 

Cic ket qui dugc cdng bd tren diy da cho nhiing 
ket qui rat quan trpng ve su hap phy CO tren bl mat 
TiO;, bl mit khuylt tit BOV, POV vi be mat biln 
tinh bing cac kim loai khic nhau. Tir dd da dg doan 
dugc kha nang hoat hda mgnh phin ttr CO tren bl 
mat TiO; khuyet tit vi be mat TiO; bien tinh bang 
Mn vi gdp phin du doin co che phin img oxy hda 
CO tren be mat TiO;. Viec tdi uu hoi trudc khi thay 
nguyen td Ti bang nguyen tir kim loai M dga gen 
gii dinh inh hudng ciia trudng the di thiet lap cho 
he thdng khdng chiu anh hudng cua ciu tgo ciia 
nguyen tir kim loai thay vio. Cic cdng trinh nghien 
Clin sau se thuc hien tdi uu hoi sau khi thay the 
nguyen ttr kim loai M vdi hy vgng thu dugc ket qui 
diy du hon. Cic nghien cOru cu the hon ve cic be 
mat niy dang dugc tien hinh vi se dugc cdng bd 
gong cic cdng trinh tiep theo. 
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