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NGHIEN CUU CAU TRUC HAT NANO TiO,
BANG PHUONG PHAP PHIEM HAM MAT PO
DUA TREN LIEN KET MANH

STUDY OF TiOs NANOPARTICLES’ STRUCTURE USING DENSITY
FUNCTIONAL THEORY BASED TIGHT BINDING METHOD

Phan Thanh Hung!

Tém tat — Cdu triic ciia cdc hat nano TiOs vdi
cdu hinh va kich thudc khdc nhau tiv 0,8 nm dén
2,7 nm d pha anatase va rutile dugc nghién ciiu
bdang phwong phdp phiém ham mdt dé dua trén
lién két manh (DFTB). Két qud cho thdy dé bén
cdu tric ciia cdc hat anatase kém hon cdc hat
rutile. Qua sé liéu tinh todn tinh chdt dién tit ciia
hat: cdc hat rutile c6 dé rong ving cam tién dan
dén khéi khi kich thudc ting, con dé rong ving
cdm cdc hat anatase thay déi khong tudn theo quy
ludt nao. Qua tinh todn ndng luong tao thanh:
ndng lugng tao thanh cia cdc hat cang nho khi
kich thudc ciia cdc hat cang I6n. Nhitng két qud
ciia dé tai nay nhdm cung cdp nhing dinh hudng
hitu ich cho viéc ché tao cdc hat nano TiOs trong
thuc nghiém.

Tir khéa: cdu triic hat nano TiO,, ddic tinh
dién tir cua TiOs, phuwong phdp DFTB.

Abstract — The different structure and size
of TiOo nanoparticles ranging from 0.8 nm to
2.7 nm with two different phases of anatase and
rutile were studied by Density Functional theory
based Tight Binding (DFTB) method. The results
showed that the stability of the rutile phase was
better than that of the anatase phase. Based on
calculation of the electronic properties of parti-
cles, the energy band gap of rutile particles was
comparable to that of bulk structure. In contrast,
the energy band gap of the anatase changed
irregularly. Moreover, the formation energy that
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was used for forming the particles was inversely
proportional to their size based on computation
of energy. The results provided useful instructions
for practical applications in fabrication of TiOq
nanoparticles.

Keywords: structure of TiO. nanoparticles,
Electronic properties of TiO>, DFTB method.

I. GIOI THIEU

Titanium Oxide 12 mot hgp chit héa hoc tu
nhién dang Oxit cua titan c6 cong thiic 1a TiO,.
TiO, con dugc goi la titani tring, cé diém néng
chdy 1a 1.843 9C, mat do: 4,23 g/cm3; khbi
luong phan tii: 79,866 g/mol, diém sdi: 2.972
OC. Nhiing dic tinh trén cho thiy TiO, 1a loai
vat liéu dic biét, c6 nhiéu wu diém vugt troi:
nhe, do néng chiy cao (bén nhiét), it chiu tic
dung héa hoc (bén héa), chiu mai mon, c6 do
cliing 16n, it nit gay, § dang bot mau hay dang
kim loai van 1a nguyén liéu qui d€ ché tao ra cac
san phim cao cAp mang céc tinh chét t6t, TiOq
c6 tinh chit xic tic quang tot va 1a ning luong
sach,... [1], [2]. V6i nhiing ddc tinh uwu viét néu
trén, TiOy dudc xem la vat li€u véi kich thuée
nano sang gia trong nganh céng nghé nano ma
cdc nha khoa hoc trén thé gi6i dang dic biét quan
tdm, chd y tdi. Ciu tric TiOy dudi dang hat, ton
tai hai hiéu ting dic biét 12 hiéu dng bé mit va
hiéu dng kich thuéc [3], [1]. Vi thé, hat nano
TiO, hita hen nhiéu tiém niing cho viéc nghién
ctiu va ung dung trong khoa hoc va cong nghé.
P4 c6 nhiéu nghién ctiu bing thuc nghiém va li
thuyét & trong va ngoai nudc vé su anh hudng clia
dic tinh ciu tric hat nano TiOs 1én cdc dic tinh
li, hoa cua chung, tuy nhién cac nhom chi nghién
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cuu cac hat 6 kich thudce 16n (d: 8-21nm) [4], [5],
[6], [7] va (d: 2-5nm) bing phucng phap dong luc
hoc phan tit (MD) [1] hoiic véi kich thudc rit nhd
(d < Inm) [8], con véi kich thuée (d: 0.8-2.7nm)
bing phuong phip DFTB thi chua dudc dé cap
t6i. Trong bai bdo nay, chiing tdi trinh bay két qua
nghién ctdu ciu tric hat nano TiO; theo hai pha
anatase va rutile tuong tng véi cac kich thuée va
hinh dang khac nhau (d: 0.8-2.7nm).

II. NOI DUNG NGHIEN CUU

P& tao ra cic ciu triic hat nano TiOs, trudc tién
ching toi thiét 1ap mo hinh khéi bang cach lay
cdc hing s6 mang va toa do cic nguyén ti trong
mdt 6 ¢ s§ tir thyc nghiém [9], [10]. Sau do,
chiing tdi tién hanh hdi phuc chiing bang chuong
trinh tinh toan DFTB+ d€ tim cic thong s6 ciu
tric sao cho nang lugng tao thanh cta hé la cuc
tiéu. Két qua ching toi thu dugc mo hinh khdi
ma & ¢o sé cua ching dugc mo6 ta ¢ muc 2.1
theo 1i thuyét DFTB. Tir mo hinh ciu triic khoi
ndy, ching tdi xdy dung mod hinh cédc cu tric
hat (hinh 2) bing cach cit chiing theo céc hudng
khéac nhau.

A. Cdu triic khéi TiO,

O co s6 anatase (Hinh 1) gdm 12 nguyén ti
(trong d6 gom 4 nguyén ti Titan va 8 nguyén
tit O), khoang céch gitta Ti-Ti 1a 3.04 A, khoéng
cach gitta Ti-O 1a 1,98 A va 1.92 A. Céc goc
tao bdi O-Ti-O 1a 77.6° va géc tao bdi Tiy-O;-
Ti, bang 102.40. Hang s6 mang dudc mo ta &
bang 1.

O co 56 rutile (Hinh 1) gdm 6 nguyén ti (trong
d6 gém 2 nguyén ti Titan va 4 nguyén ti O).
Khoang canh gitta cac nguyén t¢ Ti;-Tis 1a 3.59
A, 16n hon khoang cach gilta cac nguyén ti O-Ti
(Tip-O3 = Tiz-O1 =Ti;-Oz= 1.99 A, va Ti;-Oy
= Ti;-O3= 1.96 A). Khbi rutile c¢6 tinh dbi xing
cao, nguyén ti O; va Oy ddi xing qua Ti, cac
gbc tao bdi O-Ti-O déu 1a 900 va gbc tao bdi
Ti-O-Ti 1a 130.90. Hing s6 mang dudc md ta &
bang 1.

Qua s6 lidu tir Bang 1, ta thiy hang s6 mang
ctia anatase va rutile dugc tinh bang phuong phap
DFTB va tinh tf thuc nghiém c6 sai s6 nhd
va khong dang ké (sai s& dbi voi hing sb a la
2.7%, ¢ 1a 1.7%). Diéu nay cho thidy mo6 hinh
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a) Khdianatase b) Khdi rutile

Hinh 1: M6 hinh ciu tric 6 co sé anatase va
rutile. Hinh cau mau tring 12 nguyén ti Titan va
hinh cdu mau dé 12 nguyén ti Oxygen

cAu triic khdi dugc tinh 1a phu hop va ding véi
thuc nghiém.

B. Thiét ldgp mé hinh hat nano TiOs & pha
anatase va rutile

Céc hat nano TiO» dudc tao ra ti cau tric khoi
ma 6 co sé da dudc hién thi nhu Hinh 1, bang
cach cat cAu tric khdi nay theo cic huéng khac
nhau d€ tao ra cdc clu tric hat nano theo hai
pha anatase va rutile. Sau d6 hodi phuc cic ciu
tric hat nano dudc tao ra nay bang géi cong cu
DFTB-plus.

Cac mo hinh anatase va rutile tot Hinh 2 dudc
tao ra phai dam bao s6 nguyén ti Titan va Oxy
theo ti 1€ 1: 2, cac md hinh anatase thuong c6 6
mat: (100), (-100), (010), (0-10), (001) va (00-
1); con cdc mo hinh cua rutile dudc tao ra déu
c6 6 mat (110), (-110),(-1-10), (1-10), (001) va
(00-1). P& dam bdo sd nguyén ti Titan va Oxy
cla tiing mo6 hinh ding theo ti 1€ 1:2, chiing t6i
da loai bd cac nguyén ti Titan va Oxy trén cac
bé miit va cic canh ctia mo hinh.

C. Cdu triic tinh thé hat nano TiO,

Céc hat anatase (Hinh 3) sau khi dudc hdi phuc
hinh dang c6 su thay d6i nhiéu, do sau khi hoi
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) Bang 1: Bang hing s6 mang clia anatase va rutile theo
s0 liéu thuc nghiém [9], [10] va theo tinh todn bang phucng phiap DFTB

C a (A) c (A) u (&)
Hang s0 mang
Thuc nghiém | DFTB | Thyc nghiém | DFTB | Thyc nghiém | DFTB
anatase 3.785 3.890 9.514 9.366 0.2066 0.214
rutile 4.593 4.671 2.958 2.997 0.3053 0.301
ana_48 ana_51 ana_63
rut_75 rui_8l a rut_8lb
ana_75 ana_b§ ana_l123
rut_81 ¢ rul_84 rut_l05
% ﬁ l L
ana_l35 a ana_l35 b ana_l50
r
Y
% :
ana_l68 ana_231 ana_l46

Hinh 2: M6 hinh céu triic cdc hat anatase va rutile ban dau. Hinh cau mau tring la nguyén ti Titan

va hinh cau mau do 13 nguyén ti Oxygen.

phuc cdc nguyén ti & cic 16p bé mit dudc sip
xép lai din dén kich thudc va hinh dang clia cic
hat truéc va sau hodi phuc bi thay ddi (Bang 2).

Céc hat anatase dudc khao sat c6 s6 nguyén
tl tir 48 nguyén ti dén 246 nguyén td, ban dau
¢6 kich thudc nhd nhit 1a 3.8 A, va 16n nhit 1a
17.9A, sau khi hdi phuc hat ¢6 kich thuée nhd
nhit 1a 3.4A, va 16n nhét la 19.0A. Nhin chung
kich thudc ctia cic hat ting dan ti 1& thuan véi
s6 nguyén tif ctia ching. Nhung cic hat sau khi
hdi phuc thudng c6 kich thuéc 16n hon so véi
ban dau, do cdc nguyén ti oxy trong ciu triic c6
xu huéng xuét hién trén bé mit, diéu nay khong
nhiing din dén su thay ddi kich thu6c ma lam
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bién dang ctia cic hat sau khi dugc hdi phuc.

Mo hinh cdu tric ctia 12 hat rutile sau khi
dugc hodi phuc (Hinh 3), so véi hinh dang ban
dau, hinh dang sau khi hoi phuc it thay ddi hon
so vGi cac hat anatase.

Bang 3, céc hat rutile ¢6 s6 nguyén ti tit 75
nguyén ti dén 396 nguyén ti, ban dau cé kich
thudc nho nhit 1a 9.0A va I6n nhit 1a 27.0 A,
sau khi hdi phuc hat c6 kich thu6c nhd nhit 1a
8.8 A, va 16n nhét 12 26.9 A, cho thiy kich thudc
cac hat rutile ban dau va sau khi dudc hdi phuc
thay d6i khong dang k€, diém nay khac vdéi kich
thu6c ban dau va sau khi hdi phuc ctia cic hat
anatase.
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Bang 2: Bang sb liéu kich thudc clia cac hat anatase trude va sau khi hdi phuc

Hat Truwée hdi phuc Sau héi phuc
dmaz(A) | dpnin(A) | dmaz(A) | dimin(A)
ana_48 9.5 3.8 10.2 6.3
ana_51 7.8 5.4 7.7 34
ana_63 7.8 7.7 9.5 7.6
ana_75 10.1 7.8 10.1 8.5
ana_96 13.0 5.7 12.8 74
ana_123 11.7 10.1 12.2 11.5
ana_135a 11.7 10.1 11.7 11.3
ana_135b 11.7 10.1 11.6 11.5
ana_150 13.0 9.5 14.4 10.3
ana_168 17.9 7.6 18.1 9.1
ana_231 15.6 10.1 16.7 12.7
ana_246 17.9 114 19.0 12.8
g ana_51 ana_63 rat_T5 rut_81 a rat_ 81b
pi
ana_ T3 ana_ 96 ana_ 123
ana_l35 a ana_135 b

ana_l68 ana 231

ana_l46

Hinh 3: M6 hinh ciu tric cdc hat anatase va rutile sau khi hdi phuc.
t Titan va hinh cAu mau d6 1a nguyén ti Oxygen
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Hinh cau mau trang 1a nguyén
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Bang 3: Bang sb liéu kich thudc cla céac hat rutile trudc va sau khi hdi phuc

Hat Truée hdi phuc Sau héi phuc
drmaz(A) | dmin(A) | dmaz(A) | dmin(A)

rut_75 11.2 9.0 114 8.8

rut_81a 12.0 11.2 11.0 10.5
rut_81b 12.0 11.2 11.5 11.3
rut_81c 12.0 11.2 11.6 10.7
rut_84 12.0 11.2 114 11.0
rut_105 15.0 11.2 14.9 113
rut_228 16.5 15.9 16.4 15.9
rut_276 15.9 15.0 19.3 16.0
rut_300 21.0 15.9 20.8 15.9
rut_324 22.5 15.9 22.3 15.9
rut_348 24.0 15.9 23.9 15.9
rut_396 27.0 15.9 26.9 15.9

D. Ndng luong tao thanh cua hat nano TiOo
Néng lugng tao thanh cia hat nano TiOy dudc
tinh theo cong thuc sau [1]:
N.(

bulk
pot

nano __
‘pot

A

Trong do: E;g" la thé ning tinh trén tling
nguyén ti clia hat nano; EJ%* 1a thé ning tinh
trén tiing nguyén ti cda md hinh khéi, N 1a s6
nguyén ti cda hat, A la dién tich cta hat va Eg
la nang lugng tao thanh cia hat.

Tit Bang 4, ta thiy rang thong thudng dién tich
clia cdc hat ti 1 thuan v6i sb nguyén tt, thé ning
trén tiing nguyeén ti cta hat thi c6 su thay d6i nho.
Nhung néang lugng tao thanh ctia cac hat thi ti 1&
nghich véi sd nguyén ti, kich thudc va hinh dang
clia cac hat. Nhu vy, hat c6 s6 nguyén ti, kich
thuéc cang 16n thi ning lugng tao thanh cang
nhé va céc hat nay dé dang tao ra hon trong thuc
nghiém.

Ciac s6 liéu (Bang 5) cho théy, thé ning trén
tung nguyén ti cua hat ti 1€ thuin véi dién tich
cua hat, nang lugng tao thanh thi ti 1€ nghich véi
dién tich va sb nguyén tif ctia hat (c6 tinh chét
gibng nhu cdc hat anatase), diéu nay cho thiy
ning lugng tao thanh phu thudc vao clu tric clia
ching, cac hat c6 kich thudc cang 16n thi cang
dé dudc tao ra trong thuc nghiém.

)

Es
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So sanh niang lugng tao thanh cda cac hat
anatase (Bang 4) va rutile (Bang 5) cho thiy, mic
du nang lugng & tling dang pha khac nhau ti 1&
nghich véi kich thuée va dién tich cda chung,
nhung khi so sanh gilta hai pha trén cling s
nguyén ti thi thong thuong dién tich va kich
thudc cha cac hat rutile nhé hon so véi anatase
(cac hat rutile c6 dién tich 16n nhat 1a 112,1 A2
tuong dng v6i 396 nguyén tif va nhd nhit 1a 24.7
A? tuong tng véi 75 nguyén t, cdc hat anatase
¢6 dién tich 16n nhét 1a 104.3 A2 tuong dng voi
246 nguyén tit va nho nhit 1a 15.6 A2 tuong ting
v6i 48 nguyén ti), nhung nang lugng tao thanh
cua cac hat rutile thi 16n hon anatase tinh trén
cing ti 1& s6 nguyén ti (ning lugng tao thanh
ctia céc hat rutile Egyqp= 2.68(J/m?) va Egmin
= 1.50(J/m?), c4c hat anatase Eg,,4.= 2.44(J/m?)
va Egmin= 0.82(J/m?)). Piéu nay cho thiy, néu
xét trén cung ti 1& s6 nguyén ti gilfa hai hat
tuong Ung v6i hai pha anatase va rutile thi cac
hat anatase sé dé tao ra hon so véi rutile, diéu
nay diing véi tinh chét ciia hat trong thuc nghiém
vi rutile 12 dang thu hinh phd bién nhit va bén
vitng nhit, anatase chuyén sang rutile khi dudc
gia nhiét [2].
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Bang 4: Bang sb liéu kich thudc clia cac hat rutile trudc va sau khi hdi phuc

Hat Dién tich A (A2) | EZ9/o(eV) | EbulF(eV) | Eg (J/m?)
ana_48 15.6 -70.40 -70.84 2.18
ana_51 19.2 -70.37 -70.84 1.99
ana_63 239 -70.36 -70.84 2.03
ana_75 259 -70.32 -70.84 2.44
ana_96 283 -70.53 -70.84 1.70
ana_123 44.4 -70.42 -70.84 1.86

ana_135a 48.0 -70.53 -70.84 1.42
ana_135b 48.0 -70.55 -70.84 1.33
ana_150 50.1 -70.59 -70.84 1.21
ana_168 58.5 -70.55 -70.84 1.34
ana_231 90.0 -70.59 -70.84 1.05
ana_246 104.3 -70.63 -70.84 0.82

Bang 5: Bang sb liéu ning lugng tao thanh cta cac hat rutile

Hat | Dién tich A (A2) | ERgo(eV) | ELuk(eV) | Eg (J/im?)
rut_75 24.7 -70.38 -70.93 2.68
rut_81a 25.0 -70.42 -70.93 2.67
rut_81b 25.3 -70.42 -70.93 2.64
rut_81c 249 -70.41 -70.93 272
rut_84 30.1 -70.46 -70.93 2.12
rut_105 32.1 -70.43 -70.93 2.64
rut_228 64.7 -70.62 -70.93 1.79
rut_276 74.4 -70.64 -70.93 1.76
rut_300 81.7 -70.64 -70.93 1.70
rut_324 89.3 -70.65 -70.93 1.64
rut_348 103.1 -70.66 -70.93 1.50
rut_396 112.1 -70.67 -70.93 1.52

E. Tinh chdt dién tit cia hat nano TiO

Qua bang s6 liéu vé do rong viing cAm cia cic
hat anatase va rutile (Bang 6), bé rong viing cAm
ctia khéi anatase 1a 3.2 eV va khdi rutile 1a 3.1
eV. Ving cAm clia cic hat anatase c6 gid tri ti
2.1 eV dén 3.3 eV, c6 nhiing hat c6 cling niing
lugng bi gidn ra va cé nhitng hat c6 viing cAm bi
giam lai khong tuan theo quy luat ndo so vdi ciu
triic khéi. Hat rutile c6 ving cAm tir 2.2 eV dén
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2.8 eV, cac hat c6 kich thudc cang 16n thi gia
tri viing cAm gan bang véi clu tric khdi cia né.
Diéu nay cho thiy ring, su thay ddi kich thudc
va ciu tric clia cac hat anatase manh hon sy thay
ddi cta cic hat rutile hay hat rutile c6 ciu triic
bén hon so véi anatase, két qua nay phu hop véi
su thay ddi ciu tric clia cic hat anatase va rutile
trudc va sau khi hoi phuc (Hinh 2 va Hinh 3).
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Béng 6: Bang s liéu do rong vung cdm cla
cac hat anatase va rutile

Anatase Rutile

Hat E4 (eV) Hat Eg (eV)
ana_48 3.3 rut_75 2.2
ana_51 3.2 rut_81a 2.5
ana_63 2.7 rut_81b 2.4
ana_75 2.4 rut_81c 2.4
ana_96 3.1 rut_84 2.5
ana_123 2.4 rut_105 2.2
ana_135a 2.9 rut_228 2.8
ana_135b 2.8 rut_276 2.8
ana_150 3.0 rut_300 2.7
ana_168 3.1 rut_324 2.8
ana_231 2.1 rut_348 2.8
ana_246 2.8 rut_396 2.7
Khéi 32 Khéi 31

. KET LUAN

Thoéng qua phuong phap DFTB, ching t6i da
mo6 phéng dude ciu tric va tinh todn cdc tinh
chét dién ti clia cic hat nano TiOy theo hai pha
anatase va rutile. T ciu tric khéi clia anatase
va rutile nay, ching toi cit theo cic hudng tuy
y nham tao ra céc cu tric dang hat c6 cac kich
thu6c va hinh dang khac nhau. Cic ciu tric hat
nano dudc tao ra c6 kich thudc tu 8A, dén 27 A,
dugc hdi phuc bang phuong phap DFTB & nhiét
do K.

Tur su thay d6i vé cAu tric clia cac hat trudc
va sau khi dudc hdi phuc cho thiy, do bén ciu
tric cuia cac hat anatase kém hon cac hat rutile.

Qua s6 liéu tinh todn tinh chit dién ti cta hat:
céc hat rutile c6 do rong ving cim tién dan dén
khbi khi kich thudc ting con dd rong ving cim
céc hat anatase thay d6i khong tuan theo quy luat
nao.

Qua tinh toan nang lugng tao thanh: nang
lugng tao thanh cua cac hat cang nhd khi kich
thudc ctia cac hat cang 16n. Nhitng két qué clia
dé tai nay 1a co sé d€ dinh huéng cho viéc ché
tao trong thuc nghiém cac hat nano TiO2 véi cac
pha va clu tric khic nhau, hia hen nhiéu tiém
niing vé ung dung trong khoa hoc va cong nghé.

Trién vong nghién ciiu tiép theo: bai bdo nay 1a
mot phan trong chuong trinh nghién ctiu hat nano
TiO; bing phuong phdp DFTB. Cic két qua md
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phoéng tir bai bdo dugc st dung trong viéc tién
hanh mo6 phéng dong luc hoc phan ti s€ dugc
tiép tuc nghién ctiu mot cach diy du.
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