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Tém tit

Trong ndi dung bai bdo nay, chung téi trinh bay két qua nghién ctru vé ciu triic dién tir cia rutile TiO, pha tap bai cac
nguyén t& N va Fe bang cic tinh toan sir dung 1y thuyét ham mat do v6i phan mém WIEN2k. Két qua nghién ctru cua
chiing t6i cho thiy, viéc pha tap lam thay d6i dang ké ciu trac dién tir rutile TiO,, pha tap N lam giam nang lugng ving
cam tir 2.93 eV dbi véi chat nén rutile TiO, tinh khiét xudng con 1.85 eV trong khi pha tap Fe tao nén hop chét c6 tinh
chat ban kim loai.

Tir khod: Rutile TiO,, pha tap N, pha tap Fe, cAu trac dién tir, d6 rong ving cAm, LDA+U

Abstract

The electronic structure of rutile TiO, doped with N, Fe has been investigated by density functional theory calculations
employing WIEN2k package. DFT calculations show that doping rutile TiO, with N or Fe results in significant changes in
the electronic structure. For instance, N-doped TiO, has a bandgap of 1.85 eV in comparison with that of 2.93 eV in pure
rutile TiO,. Moreover, our DFT calculated results also indicate that Fe-doped TiO, is a half-metallic compound.
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1. Mé dau

Rutile TiO, [1] 1a mot chat ban dan c6 ning

xUc tac quang hoa hién nay chua dat hi€u qua cao
vi buc xa anh sang c6 budc song nhd hon 380

luong ving cam vao khoang 3.0 eV [2]. Néu
rutile TiO, hap thy mot birc xa anh sang c6 ning
lugng 16n hon nang luong vung cam (twong ung
v6i bude song nhd 380 nm, thudc vao vung tir
ngoai) thi mdt electron s€ bi kich thich va chuyén
tor vung hoa tri dén vung dan tao ra cap dién tir -
16 trong 13 nguyén nhan tao ra kha ning xiic tic
quang hoa cua TiO,,. Str dung rutile TiO, lam chat
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nm chi chiém mot ti 1& nho trong quang phd cua
anh sang mit troi. Dé c6 thé tan dung ngudn anh
sang mat troi mdt cach hi€u qua trong cac phan
Ung quang xuc tac cua rutile TiO,, lam giam nang
lwong ving cim cua rutile TiO, la cach tiép can
dugc nhiéu nha khoa hoc quan tim chu yéu bang
cach pha tap rutile TiO, v6i cac nguyén t6 hoa
hoc khéac nhau [3, 4]. Tinh toan ciu trac dién tir
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st dung 1y thuyét phiém ham mat do giup cho
viéc nhan dién cic nguyén t6 c6 kha ning gitp
lam giam ning luong ving cim cua TiO, mot
cach nhanh nhit. Vi vay trong pham vi bai bao
nay, chung toi trinh bay két qua nghién ctu vé
cAu trac dién tir cua rutile TiO, dugc pha tap lan
luot boi cac nguyén td N va Fe bang cac tinh toan
sir dung 1y thuyét phiém ham mat do.
2. Phuwong phap nghién ctru

Céc tinh todn trong bai bao nay dugc thuc hién
dwa trén Iy thuyét phiém ham mat d xap xi mat do
dia phuong LDA [5] va phuong phap LDA+U véi
tham s6 Hubbard, sir dung phan mém WIEN2k
[6-9]. Nhu ching ta biét, phuong phap LDA+U
[10] c6 thé xir 1y t6t cac twong tac Coulomb manh
trén cung mot nit gitrta cac electron dinh x1, dac
biét la gitra cac electron 3d. Trong bai bao trudc
day [11], ching t61 da xac dinh dugc gia tri cua
tham s Hubbard U = 8.5 eV ddi v6i nguyén t6
Titan (Ti) 1a phu hop cho cac tinh toan vé céu trac
dién tir ca rutile TiO2. Vi vay, ching t6i tiép tuc
strdung U =8.5 eV dbi voinguyénté Tiva U =4.0
eV dbi v6i nguyén tir Fe trong céc tinh toan trong
nghién ctru nay. Gid tri K-mesh = 200 va RMT.
Kmax = 7.0 ciing tiép tuc duoc sir dung trong cac
tinh todn ciia nghién ctru nay. O mang tinh thé
rutile TiO2 duoc xdy dung dya trén cac thong sb
cAu triic xac dinh tir thuc nghiém nhu sau: rutile
TiO2 c¢6 cdu trac mang tinh thé tr gidc, véi céc
thong s manga=b=4.584 A, c=2.953 A; a=p
=v = 900; nhém khong gian 136 P42/mnm [12].
Mdi 6 don vi c6 chira hai nguyén tir Ti & cac vi tri
(0,0, 0), (0.5, 0.5, 0.5) va bén nguyén tir oxi & céc
vitri (0.3,0.3,0),(0.7,0.7,0), (0.2, 0.8, 0.5), (0.8,
0.2, 0.5). Ban kinh Muffin - tin cua cac nguyén
t6 1an luot 1a: RMT( Ti ) = 1.94, RMT(O) = 1.72.
Céc electron hoa tri cua Ti va Oxi (O) 1an luot 1a
3d24s2 va 2522p4. Dé ti 1¢ pha tap vao rutile TiO2
c6 y nghia so véi cac nghién ctru thuc nghiém,
ching t61 stir dung si€u 6 mang TiO, c6 kich thude
2x2x1, tire 1a ¢6 chira 8 nguyén tir Ti va 16 nguyén
tir O. Sau d6 chiing tdi tao ra cau tric rutile TiO,

pha tap bang cach thay thé mot nguyén tir O bang
mot nguyén tr N (Ti,O JN) hodc thay thé mot
nguyén tir Ti bang mot nguyén tir Fe (Ti.,0,Fe).
Cau trac rutile TiO2 pha tap N, Fe s€ dugc toi uu
hoa dé dat dén trang thai can béng. Tinh toan cu
tric dién tir ctia TiO, pha tap N, Fe dugc thuc hién
trén cac cau tric da duoc toi wu toi wu nay.

3. Két qua va thao luin

Mat d9 trang thai (density of states, DOS) tong
cta céc electron trong hop chét Ti,O N va DOS
riéng phan cua cac electron trong nguyén tor N
duoc biéu dién trén Hinh 1. Dya trén Hinh 1 ta
thdy, DOS tong trai dai trén ving ning lugng tir
khoang - 6 eV dén 15 eV vé6i ving dan 16n hon so
v6i d6 rong clia ving hoéa tri. DOS tong ciing cho
thiy TiO, pha tap N la chat ban dan v6i nang lugng
viing cim vao khoang 1.85 eV. Nhu vy, viéc pha
tap N vao rutile TiO, lam giam bé rong cia ving
cAm tir 2.93 eV [11] d6i véi chat nén TiO, xudng
con 1.85 eV dbi véi TiO, pha tap N. Hinh I ciing
cho thy céc electron trong nguyén tir N dong gop
vao DOS téng & ving héa tri nhiéu hon ¢ ving
dan. Nhu vay, két qua tinh toan ctia ching toi cho
thdy viéc pha tap N vao rutile TiO, c6 kha nang
lam tdng hiéu qua quang xtic tac so voi rutile TiO,
tinh khiét. Cac nghién ctru thyc nghiém gan day
dd xac nhan quan diém nay, Oliver Diwald va cac
cong su da tong hop dugc mau TiO, ¢6 pha tap
N va phat hi¢n hi¢u qua quang xuc tac cua mau &
viing 4nh sang kha kién [13].
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Hinh 2. DOS tbng ciia hop chat TiO, pha tap Fe

DOS tong va DOS riéng phan cia cac electron
trén orbital 3d ctia nguyén tir Fe trong hop chét
Ti,O, Fe duoc biéu dién lan luot trén trén Hinh
2 va Hinh 3. Dya vao Hinh 3 ta thay, DOS tong
cua cac electron trong tinh toan véi spin-up va
spin-down 1a khong hoan toan dbi ximg vdi nhau,
diéu nay thé hién rutile TiO, pha tap Fe c6 tinh
chat tir. D61 voi truong hgp DOS tong tinh toan
v6i spin-up ta nhdn thiy c6 mot sb trang thai vuot
qua vi tri nang lugng Fermi, thé hién tinh kim loai
cua TiO, pha tap Fe. Trong khi do, két qua tinh
toan voi spin-down lai cho thay khong cé trang
thai nao vuot qua vi tri nang lugng Fermi, thé hién
tinh ban dan cla TiO, pha tap Fe véi gia tri ndng
luong Vl‘l‘ng cAm vao khoang E = l.fl eV. DQS
riéng phan cua Fe-3d orbital cling thé hién diéu
nay va cho thiy trang thai ctia electron vuot qua vi
tri nang luong Fermi la do cac electron trén orbital
3d ctia nguyén tir Fe. Vay ¢6 thé két luan TiO, pha
tap Fe co tinh ban kim loai (half-metallic).
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Hinh 3. DOS riéng phan ciia cac electron 3d cua Fe
trong cau trtc TiO, pha tap Fe

4. Két luan

Béng céc tinh toan s dung ly thuyét phiém
ham mat do dua trén xap xi mat do dia phuong
va phuong phap LDA+U, ching t61 da xac dinh
dugc ciu tric dién tir cua rutile TiO, pha tap lan
luot boi cac nguyén td N va Fe. Két qua nghién
ctru cho thay, pha tap N vao rutile TiO, lam giam
ning luong ving cam tir 2.93 eV xudng con 1.85
eV. Pha tap Fe vao rutile TiO, tao thanh cAu trc
c6 tinh ban kim loai. Nhu vay, nghién ctru ctua
chiing t6i cho thay hop chat rutile TiO, pha tap
N c6 kha nang dugc ing dung lam xtic tac quang
hoéa trong viing anh sang kha kién.
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