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SUMMARY

STUDY ON THE EFFECTS OF DOPED NITROGEN CONCENTRATION TO
CRYSTALLINE PHASE TRANSITION OF N-TiO2

The crystalline phase transition of N-TiO2 which is prepared from TiCls and NHz were
investigated. The XRD method showed that, there was the process of phase transition from
rutile to anatase phase and amorphous phase when the molar ratio NHs/TiCls increases of
from 0 to 4.20. The process of reverse phase transition from amorphous to anatase phase
and rutile phase was obtained when the concentration of doped nitrogen reduced from
4.51 to 0% atom. The combination of XRD and XPS methods showed that, the change of
binding energy of N1s, Ti2g, Ols and lattice parameters of the N-TiO2 corresponding the
change of doped nitrogen concentration was noted. Thus, change the concentration of
doped nitrogen make distorted TiOs octahedral, altering the condensation type between of

them and was direct cause leading to the phase transformation of N-TiO-.
Keywords: binding energy of N1s, Ti2g, O1s; the phase transition of N-TiO>

1. MO bAU

Qué trinh quang xuc tac phan huay cac
chat doc hai trong nudc va khi dudi anh
sang mat troi 1a chu dé& dugc nghién ctu
rat s6i dong trong nhiing nam gan day [1-
4]. Trong do, TiO2 pha tap nito (N-TiO2)
dugc ching minh 1a loai quang xuc tac cé
hoat tinh cao va twong dbi 6n dinh dudi
anh sang nhin thiy, gia thanh ré, khong
doc, bén trong méi trudng an mon va anh
sang nén dugc quan tam nghién ctu [3-6].

Tuy da c6 hang ngan cong trinh nghién
cuu vé N-TiO, da dugc cong bd nhung
con nhiéu van dé& nhu co ché thAm nhap
tinh thé va anh huong cua nito pha tap
dén cau triic dién tir ctia TiO2 chua dwoc
hiéu biét day dua [7]. Thanh phan pha tinh
thé duoc chiing minh ¢ anh husng lon
dén tinh chiat quang xdc tac cua TiO:
nhung anh hudng cia nito pha tap dén
thanh phan pha cua TiOz con it dugc dé
cap va két qua dua ra chua dugc théng
nhat. C6 nhom tac gia cho riang nguyén
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nhan cua su chuyén pha 1a do anh huéng
cua dung méi [8], cua pH (¢ pH thap thu
dugc pha rutin) nhung khi thay phan
TiCls c6 mat SO; hoac F thu dugc pha

anata thi chua dwoc giai thich théa dang
[9]. Mét s tac gia cho rang nito pha tap
c6 thé kim hadm qué trinh chuyén pha [4],
thiic day qué trinh chuyén pha [10], khong
anh huong dén sy chuyén pha [11,12]. Bai
bao nay cong bd két qua nghién ctu vé anh
huéng caa nong d6 nito pha tap dén qué
trinh chuyén pha ctia N-TiO; diéu ché tur
TiCls, NH3 theo phuong phap uét.

2. THUC NGHIEM

2.1. Hoa chit va quy trinh diéu ché bt
nano N-TiO2

Hoéa chat: TiCls (Merck, Duc, 99%),
amoniac (Merck, 25%), xanh metylen,
nudc cat. Cac hoa chat trén thudc loai tinh
khiét phan tich, khéng phai tinh ché b
sung.

Bot N-TiO2 duoc diéu ché theo quy trinh:
hoa tan TiCls v6i nuéc cat & ~ 0°C dé thu
duoc dung dich A c¢6 nong do Ti(IV) xac
dinh. Dung dich B thu dugc khi hoa tan
NHs trong nudc cat dén nong do yéu cau.
Tron hai dung dich A va B ¢ nhiét do
phong (25 - 30 °C) trén may khuay tir. Dé
6n dinh hén hop trong 4 gio, bot két taa
duoc rira 4 lan bang nudc cat, sdy chan
khong & 80 °C trong 24 h, nghién min trong
cbi ma ndo, nung & nhiét do thi nghiém trong
30 pht véi toe do nang nhiét 5 °C/phat. Anh
huong cia nong do6 TiCls, ti 16 mol
NHs/TiCls (Rn) dén thanh phan pha ciia N-
TiO, duoc nghién ctru khi thay d6i lugng
nudc hoic luong NHz caa mdi mau thi
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nghiém trong khi lwong cac héa chat con
lai khong d6i. Mau TiO2 ddi ching dugc
diéu ché theo quy trinh trén, nung 600 °C
nhung khong c6 mat NHs.
2.2.Thiét bi nghién ciu
Gian d6 XRD cua cac mau duoc ghi trén
nhidu xa ké tia X D8 Advance Brucker
(buc) voi anot Cu, tia Ko cua A =
0,154056 nm, gbc 26 quét tr 10 ° = 70 °,
téc do quét 0,030 °/s. Thanh phan pha cua
mau dugc xac dinh theo cac cong thuc:
A%b=— 12100 (1)
|, +1,2651,
A% la thanh phan pha anata, gia tri I, Ir 12
cuong d6 pic (101) cua pha anata va
cuong do pic (110) cua pha rutin (R)
tuong tng.
Céc hing s6 mang a, b va ¢ cua tinh thé
TiO2 duoc tinh theo cdng thic tinh hang sé
mang cua hé ti phuong:
2 2 2
Trong d6, d 1a khoang céch gitra cAc mat
mang, h, k va | 1a cac chi sé Miler. Phd
XP (XPS) dugc ghi trén may S-Proble
™2803 - Fisons Instruments (M¥), ngudn
phat tia X AlKa tai Vién Khoa hoc va
Cong nghé tién tién Nhat Ban. Ham lugng
cac nguyén t6 hda hoc co trong mau dugc
xac dinh tir XPS theo cong thuc [13]:
Xi = LOO
Z:j:o(I i /1 j)

li, lj 1a cuong dd cac pic dac trung cua
nguyén té i, j trong mau nghién cuau,

(3)

17,17 1a cuong do cac pic dac trung cua

cac nguyén té i, j trong mau don chat, X;



1a ham lwong cua nguyén tb i (% nguyén
tir). Hoat tinh quang xuc tac cia san pham
dugc xac dinh khi tron 0,150 g bot N-
TiO2 véi 200 ml dung dich xanh metylen
10 mg/l, khudy hdn hop 30 phut trong tdi
dé can bing hip phu-giai hip. Dén
compact Golstar 40w, A = 400 + 700 nm
duoc dung 1am ngudn sang. Do hap thu
quang cua dung dich xanh metylen trudc
va sau khi phan ung dugc do trén may
CECIL- CE 1011 (buc) ¢ budc séng A =
663 nm. Hiéu suat quang xuc tac (H) caa
san pham duoc tinh theo cong thirc:
C,—C

Co 4)
Trong d6 Co va C la nong d6 cua dung
dich xanh metylen trudc va sau phan ung.
3. KET QUA VA THAO LUAN
3.1. Nghién ciu hién tweng chuyén pha
cua N-TiO2

H (%) =
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Hinh 1. Gian doé XRD cua bét N-TiO
(a. Truoc khi nung, b. 600 °C)

Gian d6 XRD cua bot N-TiO; thu duoc
khi nong do TiCls khong d6i (0,36 M), ti
1&¢ mol NH3/TiCls (R) thay doi tir 0 + 4,2
trudc khi nung va nung 600 °C dugc dua
ra trong Hinh la va Hinh 1b tuong ung.
Két qua cho thay, khi Ry < 1,75 bot co
100% pha rutin, khi Ry = 2,10 ton tai
dong thoi hai pha anata (A) va rutin, khi
Rn = 2,45 + 2,80 mau bot hau nhu chi ¢6
pha anata, pha rutin con khéng dang ké va
giam dan khi Ry tang, khi Ry > 2,80 thi
chi ¢6 duy nhat pha anata (Hinh 1b) va
mau chua nung twong rng chi ¢6 pha vo
dinh hinh (Am). Khéng xuat hién pic dic
trung clia nito trén cac gian d6 XRD, diéu
d6 dugc cho 1a do nito da thAm nhap vao
cau tric cua TiOz hoic nong d¢ nito pha
tap qua nhoé nam dudi gidi han do duoc
cua thiét bi do [3]. Cac nha khoa hoc déu
cho rang rang, & moi nhiét do rutin la pha
bén nhat con anata la pha gia bén [2].
Theo d6 qua trinh chuyén pha cia TiO;
phai xdy ra theo chiéu tir vo dinh hinh
sang pha anata va rutin. Nhung trong
cdng trinh ndy, su chuyén pha tréi chiéu
cua N-TiOz tur rutin sang anata va vo dinh
hinh khi Ry thay doi tir 0 + 4,20 da duoc
ghi nhan. Gian ¢6 XRD caa mau N-TiO;
véi Ry = 4,20, néng d6 TiCls = 0,36 M
nung & cac nhiét @6 tir 200 + 900 °C duoc
dua ra trong Hinh 2. T Hinh 2 c6 thé
thiy, & 200 °C bot N-TiOz 1a vo dinh
hinh. Qué trinh chuyén tir pha vo dinh
hinh sang pha anata xay ra kéo dai tur trén
200 + 600 °C. Tu 700 + 800 °C xay ra qua
trinh chuyén pha tir anata sang pha rutin.
Nhiéu tac gia cho rang, su chuyén pha tir
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anata sang pha rutin cua TiOz thuong ra ¢
mot pham vi nhiét do nhat dinh kém theo
hiéu wng toa nhiét goi 1a nhiét chuyén pha
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Hinh 2. Gian d6 XRD ciia N-TiO,
nung tir 200 + 900 °C

3.2. Nghién cttu anh hwéng cia nong dd
nito pha tap dén sw chuyén pha

Phd XP cua cac mau N-TiO2 nung tir 400
+ 800 °C va mau TiOz ddi ching duoc ghi
va dua ra trong Hinh 3. D34 xuat hién pic
N1s la pic dic trung cua nito trén phd XP

[5]. Tuy nhién trong cong trinh nay, lan
dau tién sy chuyén anata kéo dai tir 200 +
600 °C, da duogc ghi nhan.
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Hinh 3. Phé XP cia N-TiO, nung tir
400 + 800 °C

tai mic nang lugng ~ 400 eV, cuong do
pic N1s giam dan khi nhiét 6 nung ting.
Dén 800 °C khong con ghi nhan duoc pic
N1s trén XPS. Su xuat hién pic Nis trén
pho XP nhu trén ching té nito da pha tap
thanh cdng vao tinh thé TiO.

Bang 1. Twong quan gitka nong do nito, théng s6 mang va thanh phan pha cia N-TiO2

Mau Théng s6 mang Nong do nito, %  Thanh phan pha, %
a=bh, A C, A (theo XPS)

Ti02-600 3,784 9,514 0 R, 100
N-Ti02-200 / / 4,51 Am, 100
N-TiO2-400 3,788 9,500 3,40 A, 70; Am, 30
N-TiO2-500 3,791 9,508 2,43 A, 85; Am, 15
N-TiO2-600 3,787 9,512 1,74 A, 100;
N-TiO2-700 3,785 9,512 0,86 A 93 R, 7
N-Ti02-800 / / 0 R, 100

Két hop nghién ctu trén pho XP va gian
dd XRD cho thay (Bang 1), c6 su thay doi
céc thdng sb mang tinh thé va thanh phan
pha theo ndng do nito pha tap. Khi nong
do nito pha tap giam tir 3,40 xubng 0%
nguyén tir thi cac thong sé mang a va b
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giam tir 3,790 + 3,785A cOn C ting tir
9,487 + 9,512 A theo hudng tiém can dén
c4c gia tri thong s6 mang cua mau TiO;
déi chung twong tng (a = 3,784 A va ¢ =
9,514 A ). Chi ¢6 mét sy ting bat thuong
cua a va b tai 500 °C duoc cho la do su gian



mang luéi tinh thé trong khi nung [14]. Su
thay d6i cac théng sé mang trén ddy cho
thiy, khoang céch gitra céc cation Ti(IV)
trong tinh thé va kiéu ngung tu cac bat
dién TiOg da thay doi theo nong do nito
pha tap. Chi tiét pic N1s caa N-TiO2 nung
tor 400 + 800 °C thu duoc tir XPS duoc
trinh bay trong Hinh 4 va Bang 2. Két qua
cho thiy, xuit hién nhiéu pic co cuong do
thip thuéc N1s: tai 400 °C c6 5 pic tai
397,0; 400,0; 401,0; 402,0; 403,0 eV, tai

N1s,400°C N1s,500°C

398,5400401,5403404,5 397398399400401402

N1s-600°C

397,5 399 400,5 402

600 °C con 3 pic tai 398, 400 va 401,3 eV
nhung 2 pic tai 398 va 401,3 eV c¢6 cuong
do rat nho, dén 800 °C khong ghi nhan pic
cua nito. Cac pic trén duoc cho 1a do nito
pha tap ¢ cdc dang khac nhau nhu No,
(NOY)o, (NHy)i, (NOx)i cling ton tai trong
N-TiOz [2,5]. Khi nong d6 nito giam thi
s6 luong va cuong do céc pic ndy déu
giam. Két qua trén cho thay khi nhiét do
nung ting, ndng do nito pha tap giam thi
dang nito pha tap clng giam theo.

N1s, 700 °G

398 399 400 401 402

Hinh 4. Céac pic N1s thanh phan cia N-TiO2 nung tir 400 + 800 °C

Bdng 2. Mitc ndng lirong cac pic N1s thanh phan cia N-TiO2

Madu Mikc ning Iwong cac pic N1s thanh phan, eV
TiO2-600 Khoéng c6 pic N1s
N-TiO2-400 397,0; 400,0; 401,0; 402,0; 403,0
N-TiO2-500 398,5; 399,0; 400,5; 401,5;
N-TiO2-600 398,0; 400,0; 401,5;
N-TiO2-700 399,0; 400,5; 402,0;
N-TO2-800 Khoéng c6 pic N1s

Chat pha tap ¢ anh huong dang ké dén
tinh chat cua chat ban dan. N-TiOz 1a mot
chat ban dan, trong do nito pha tap 1a mot
dang khuyét tat tinh thé, n6 cd thé tro
thanh tam tai hop e, h* [15]. Sy thay doi
nong do nito pha tap twong dwong véi su
thay d6i ndng do tam tai hop nén cé anh
huang truc tiép tai thoi gian sdng cua cap
e, h* va hiéu suat quang xuc tac caa N-
TiO,. Chi tiét cac pic Ti2p3/2, Ti2pl/2 va
O1s cua N-TiO2 tr XPS duoc dua ra

trong Bang 3. Két qua cho thay c6 sy tach
mutrc nang lugng Ti2p rb rét phu hop vai
thuyét truong tinh thé thanh hai mic
Ti2p3/2, Ti2pl/2 véi AE ~ 6,0 eV. Khi
nong d6 nito pha tap thay doi, cac muc
nang luong Ti2p3/2, Ti2pl/2 va O1s cua
N-TiO2 déu bi thay doi. Trir mau N-TiO,-
400 c6 ca&c muc nang lugng Ti2p3/2,
Ti2p1/2 va O1s cao bat thudng, cac mirc
ning lugng twong ¥ng cuia CAC MAu con
lai déu thap hon so v&i mau TiO,-600.
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Bang 3. Mite ndng lwong O1s, Ti2p3/2, Ti2pl/2 phu thugc nong do nito pha tap

Mau [N], O1l1s, AEOI1s, Ti2p3/2 AETIi2p3/2 Ti2pl/2 AE Ti2pl/2
% eV eV eV eV eV eV
TiO2-600 0 531,0 / 459,5 / 465,5 /
N-TiO2-400 3,40 5315 -05  460,0 -0,5 466,0 -05
N-TiO2-500 2,43 529,5 1,5 458,0 1,5 464,0 1,5
N-TiO2-600 1,74 530,0 1,0 458,5 1,0 464,5 1,0
N-TiO2-700 0,86 530,5 0,5 459,0 0,5 465,0 0,5
N-TiO2-800 0 531,0 0,0 459,5 0 465,5 0

Khi néng do nito pha tap giam tir 3,54 +
0% nguyén ta thi cac muc Ti2p3/2
Ti2p1/2 va Ols caa N-TiO; tang, tién dan
dén cac murc nang lugng tuong Gng cua
mau déi chung. Céc nha khoa hoc di
chang minh rang, ¢ sy twong quan chit
ché giita mat do dién tir lién két va ning
lien két gitra cac nguy@n tir trong phan tu.
Sy thay ddi c6 quy luat cadc mirc ning
luong lién két Ni1s, Ti2p3/2, Ti2pl/2 va
Ols nhu trén cho thay, khi nong do nito
pha tap giam s& gay ra sy thay doi mat do
dién tir trong phan tir N-TiO,, kéo theo su
thay doi do phan cuc cua cac bat dién TiOs
[10]. Vi vay, c6 thé cho rang, su thay doi
nong d6 nito pha tap 1a nguyén nhan tryc
tiép lam thay ddi kiéu ngung tu cac bat
dién TiOs, khoang cach gitra cac cation
Ti(1V) trong tinh thé va thanh phan pha
cua N-TiOz [9].

4. KET LUAN

Di ghi nhan bang thyc nghiém su chuyén
pha tinh thé tréi chiéu cua N-TiO; tir rutin
sang anata va v dinh hinh khi ti I¢ mol
NH3/TiCls tang tr 0 + 4,20, su Chuyén
pha tinh thé nguoc lai tr v dinh hinh
sang pha anata va rutin khi néng d6 nito
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pha tap giam tur 3,40 + 0% nguyén ta. Ba
chimg minh duoc biang phuong phap
XRD va XPS sy thay ddi nong do nito
pha tap 1am thay ddi cac muc ning luong
lien két N1s, Ti2p va Ols va cac théng sb
mang tinh thé, do d6 lam thay doi kiéu
ngung tu cac bat dién TiOs va khoang
cach gitra cac cation Ti(IV). Piéu d6
ching to, sy thay ddi ndng do nito pha tap
la nguyén nhan tryc tiép lam thay doi
thanh phan pha tinh thé ciia N-TiO2.
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