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PHAN I. THONG TIN CHUNG

1.1. Tén dé tai: Ché tao va nghién clu cac tinh chit cia ban din tir pha lodng
TiOzFe*

1.2. Danh sach chi nhiém, thanh vién tham gia thwe hién dé tai

TT |Chirc danh, hgc vi, hg va tén| Don vi cong tac Vai tro thwe hién dé tai
1 PGS.TS. Trinh Thi Loan Khoa Vat Iy, PHKHTN, Chu nhiém dé tai
DPHQG Ha Nbi
2 Ngac An Bang Khoa Vit Iy, PHKHTN, Uy vién
PHQG Ha Noi
3 PGS.TS. Nguyén Ngoc Long | Khoa Vit Iy, PHKHTN, Uy vién
PHQG Ha Noi
4 ThS. Vii Hoang Hudng Khoa Vat ly, PHKHTN, Uy vién
PHQG Ha Noi

1.3. Pon vi chi tri: Truong Pai hoc Khoa hoc Ty nhién, PHQG Ha Noi.

1.4. Thoi gian thyc hién:

1.4.1 Theo hop dong: tir thang 4 nam 2019 dén thang 4 nam 2021

1.4.2 Gia han (néu c6):  dén thang..... nam.....

1.4.3 Thuc hién thuc t&:  tir thang 4 ndm 2019 dén thang nam 2021

1.5. Nhitrng thay déi so v6i thuyét minh ban du (néu co):

(Vé muc tieu, ngi dung, phwong phdp, két qua nghién civu va t6 chire thwce hién; nguyén
nhan; y kién cua co quan quan ly)

1.6. Tong kinh phi dwgc phé duyét ciia dé tai:150 triéu dong.

PHAN II. TONG QUAN KET QUA NGHIEN CUU

1. Pit van dé

Titan dioxit (TiO2) 1a mot chat ban din quan trong. Trong nhiing thép ky vira qua,
TiO2 kich thudc nano mét da thu hiat dugc sy quan tam cua rat nhiéu nha khoa hoc do
TiO2 1a mdt vat li¢u gia thanh thap, khong ddce hai, 6n dinh vé mat hoa hoc va sinh hoc
cling nhu céc tinh chat quang hoc va dién tir dong nhat [1-4]. Tuy nhién, TiO2 tinh
khiét c6 do rong ving cam 16n (Eq = 3,23 eV ddi véi pha anatase va Eq = 3,06 eV
(chuyén murc thang) hoic 3,10 eV (chuyén mirc nghiéng) ddi véi pha rutile nén khéng
thé tan dung duoc dai 4nh sang nhin thay. Trong nhiing nim gan day, nhiéu nd luc
dang ké da duogc thuc hién nham ché tao cac hat nano TiO2 bién tinh c6 hoat tinh quang
hoc dudi tac dung cua anh sang trong vung nhin thiy (A > 400 nm). Giai phap chu yéu
Ia pha tap cac nguyén t6 kim loai chuyén tlep, tham chi ca cac nguyén t6 phi kim vao
TiO2; khi d6 pho hap thu cta vt lidu co thé mo rong sang vung anh sang nhin thay
(400 — 700 nm) [4,5]. Tap chit mé ra kha ‘nang thay d6i cau tric dién tir va tinh thé cia
cac hat nano TiOp, lam thay doi thanh phan héa hoc, tinh chat quang va tir tinh cua vat




lidu. Trong s cac kim loai chuyén tiép, kim loai sat dugc coi 1a mot tmg ctr vién thich
hop, vi ban kinh ion hiéu dung trong phdi tri bat dién cua Fe®* (0,645 A) gan bing T14+
(0,605 A) [6]. Do d6, né co6 thé d& dang két hop vao mang nén TiO2. Sy pha tap sat
trong TiOz co thé ting cudng hoat tinh quang xuc tac [7] va c¢6 thé 13 vat liéu thu nang
lwong mit troi ddy hta hen cho cac tmg dyng trong tach nudce bang quang dién tir dé
tao hydro [8]. Pugc blet rang cac tinh chat quang va tur tinh phy thudc vao cac nut
khuyét oxy va/hoic ndng do sai hong trong chat ban din. Tuy nhién, viéc xac dinh rd
rang ban chét cua cc sai hong gy ra cac dic tinh quang va tir tinh d3 quan sat duoc
van 1a mot thach thire dang ké d6i v6i cac nha nghién ctru. Cac hat nano TiO2: Fe®* da
dugc tong hop bang nhiéu phuong phap khac nhau nhu sol-gel [9,10], electrochemical
anodization [11], solvothermal [12], thiy nhiét [13] va plasma nhiét [14].

V6i mong muén tao duge vt liéu TiO, tan dung duoc t6i da dai nang luong anh sang
mat troi, gop phan vao cong cudc nghién ctru tim hiéu cac tinh chét cia loai vat liéu
nay va cing mong mudn mé rong hudng nghién ctru ctia nhom. Trong dé tai nay chung
t6i d tién hanh tong hop cac hat nano TiO2 pha tap Fe3* bang cac phuong phap thuy
phan két hop voi thuy nhiét; nghlen ciru anh huong cua diéu kién cong nghé ché tao,

cling nhu nong do tap chat Fe3* 1én cau tric, su chuyén pha cua tinh thé TiO2 théng qua
cac gian do nhidu xa tia X va phé) Raman va nghién ctru anh hudéng cta néng do cac
ion Fe3* dén nang luong ving cam Eg, cling nhu Ey (Urbach energy) cta TiOz. Dac biét
khi dugc pha tap 1a cac nguyén td nhu Mn, Fe, Co, vat liéu TiO2 trd thanh vat liéu ban dan tir
pha loang (Diluted magnetic semiconductors (DMS)). Vat liéu ban dan tir pha lodng phuc vu
muc dich cta vat lidu dién tir vi vét liéu nay duoc cong b 1a ¢6 kha nang tiém spin cao [15].

Vit liéu ban dan tir pha lodng da thu hat dugc nhiéu su chd ¥ trong thap ky qua do chung c6
nhitng tinh chat ndi tai hiém c6 vira c6 tinh chat quang, vira co tinh chat tir va tinh chat dién.

Ching c6 tiém nang thu vi dbi cac thiét bi méi trong linh vuc tién tir va céc linh vuc lién quan
[16].

2. Muc tiéu

- Nghién ctru dé tim ra qui trinh céng nghé ché tao thanh cong cac hat nano
TiO, pha tap Fe3* it ton kém.

- Nghién ctru anh hudéng cia diéu kién cong nghé ché tao, ciing nhu nong do
tap chat Fe3* 1én cdu tric, sy chuyén pha cia tinh thé TiO2 thong qua cac
gian do nhidu xa tia X va phd Raman.

- Nghién ctru anh huéng cta ndong do6 cac ion Fe®* dén ning luong ving cam
Eg, cling nhu Ey (Urbach energy) cua TiOo.

- Nghién ctru anh hudng cua tap chat dén tinh chat tir ctia TiO».

Dé tai duoc thuc hién voi mong mudn mé rong pham vi nghién ctru ctia nhom va cac
két qua cua nghién ctru cua dé s& gop phan 1am ting kha ning tng dung cta loai vat
liéu TiO2. Viéc thuc hién dé tai cling 1a co s¢ giup cho cac can bo khoa vat ly,
DHKHTN, DPHQG Ha Noi ning cao va chuyén siu vé trinh do chuyén mén.

3. Phwong phap nghién ctru
e Qua trinh thay phan

Co so khoa hoc ctia qua trinh thity phan 13 qué trinh phan giai mot hop chat héa
hoc ¢ phan tur lwgng cao, vai su tham gia cia nude dé tao ra nhitng hop chét hoa hoc
méi c6 phan tir lwong thap hon.



e Phwong phap thiy nhiét
Phuong phap thuy nhiét 1a phan ing xay ra do co sy két hop cua cac dung dich

hodc cac khoang chit ¢ nhiét do va ap suét cao dé hoa tan va tai két tinh vat liéu ma &
nhiét d§ thuong khong hoa tan dugce. Theo dinh nghia ciia Byrappa va Yoshimura, thuy
nhiét chi la qua trinh héa hoc xay ra trong mot dung dich (c6 nudc hodc khong co
nudc) 6 nhiét do cao va ap sut trén latm. Viéc thiic day nhanh phan tng giita cac pha
ran duoc thyc hién bang phuong phap thuy nhiét tirc 1a phuong phap dung nude dudi
ap suat cao va nhiét 6 cao hon diém soi binh thuong. Luc d6 dung méi thuc hién hai
chtrc nang: thtr nhét vi né & trang thai 10ng hodc trang thai hoi nén dong chirc ning moi
truong truyén ap suat, thir hai né dong vai tro hoa tan mot phan chit phan tng dudi ap
suit cao, do d6 phan ung duoc thuc hién trong pha 16ng hodc ¢6 su tham gia mot phan
ctia pha 1ong hodc pha hoi. Phuong phap thiy nhiét ciing duoc sir dung dé nuéi tinh
thé. Thiét bi sir dung trong phuong phap nay 1a ndi hap (autoclave) hay binh thuy nhiét.

e Caiu tao ciia binh thiiy nhiét gom:
- Binh Teflon 1 binh tro dung cac dung dich tién chét va khong phan Gng
v6i hoa chat.
- V6 thép chiu dugc nhiét do cao va ap suit cao.

e Uu diém ciia phwong phap thity nhiét:
-Phan tng héa hoc dudi nhiét do va ap suat cao nén téc do va thoi gian phan ung
nhanh.
- Phan ung trong binh teflon kin nén it chiu tac dong cua mdi truong.
- Bang cach thay d6i ty 18 tién chat, ap suét, nhiét do, thoi gian phan Gng c6
thé diéu khién dugc kich thudc, hinh thai hat theo mong mudn, sy phan bd kich thudc
hat hep dong déu...
- San phém ¢ @6 tinh khiét cao, diéu khién duoc ciu tric vi hat cling nhu tinh chat hoa
1y cua chung.
- Hiéu suat phan tng cao, khi c6 mit dung dich thi nhiét d6 xay ra phan tmg
thap hon.
- Trang thiét bi ré tién phu hop v6i quy mé phong thi nghiém.
Véi vu cac wu diém trén, phuong phap thiy nhiét dugce chon dé ché tao mau TiO2:Cr3*
v6i tién chét ban dau:
- Dung dich TiCla.
- Dung dich FeClz (0,02 M)
- Dung dich H2SO4 (10 %).
- Dung dich NH4+OH.
- Nude trung cat va gidy quy tim kiém tra do pH.

Quy trinh ché tao cac hat nano TiO2:Fe®* duogc trinh bay trén hinh 1 véi cac budc cu
thé dugc trinh bay nhu sau:

- Budc 1: Trude tién coc dung 20 ml dung dich H2SO4 (10%) duoc dit vao khay
dung dich nudc da dé ha nhiét d6 xudng dudi 10 °C.

- Bu6c 2: Bb sung 2ml dung dich TiCls (d=1,73 g/ml) vao dung dich H2SO4
trén. Hon hop dung dich dugc khudy déu trén may khudy tir trong khoang 20 phut. Pua
cdc chira hon hop dung dich ra khoi khay nuée da va tiép tuc khudy déu cho dén khi
nhiét do cua hdn hop dung dich can bang voi nhiét d6 phong. Trong qua trinh nay,
phan tng hoéa hoc sau co thé duoc thuc hién:

TiCls + H20 + H2SO4— TiO-SO4 + 4HCI (2.1)



Dung dich TiCl, Dung dich FeCls

| | Tron 1an déqg nhit trong dung
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Hinh 1. So d6 quy trinh ché tao hat nano TiOa: Fe3*.

- Bude 3: Dung dung dich NHsOH (NHs.H20) nho tir tir vao hon hop dung dich
trén cho dén khi do PH = 7. Phuong trinh hoa hoc xdy ra nhu dudi day:
TiO-SOs + 2NH3.H20 —H,TiO3zl + (NH4)2S04 (2.2)
- Budc 4: Loc, rira sach hon hop nhan dugc tir phuong trinh (2.2) nhiéu 1an béng
nude cit. San phém thu duoc duoc chia ra lam hai phﬁn:
+ Mot phan két tia dugce cho vao binh teflon voi 50 ml H20 va dua di thay
nhiét ¢ nhiét 46 T=220 °C trong 24 gio0.
+ Phan con lai cia két tia duoc mang di G nhiét & 400 °C trong 3 gio.
+ Mot phan két tia duoc cho vao binh teflon véi 50 ml H2O va dua di thiy
nhiét & nhiét do T = 220 °C trong 24 gio, sy kho & 120 °C trong 24 h.
+ Phan con lai cua két tha duoc mang di ¢ nhiét ¢ 400 °C trong 3 gid.

Hinh thai bé mit cua cac hat nano TiOz: Fe¥* duoc xac dinh bang kinh hién vi dién
tir truyén qua (TEM, JEOL/JEM 1010). Thanh phan cia cac mau dugc xac dinh bang
may do EDS dé phan tich thanh phan nguyén t6 (EDAX-Model APOLLO XL) gin véi
kinh hién vi dién tu quét phat xa truong (FESEM) Nova NANOSEM-450, FEL Ciu
trdc tinh thé ciia cac mau chuan bi di dugc nghién ciru bang cach sir dung may do nhiéu
xa tia X (XRD) cua Prc D5005, vé6i bitc xa CuKa (A = 1,54056 A). Phd Raman dugc
thuc hién biang may quang phd ké LabRam HR800, Horiba véi bude song kich thich
632,8 nm. Phd phan xa khuéch tan duogc ghi lai trén may quang phé VARIAN UV-VIS-
NIR Cary-5000. Ham Kubelka-Munk (KM) F(R) dugc tinh theo phwong trinh: F(R) =
(1- R)Z/(2R) K/S, trong d6 R, K va S 1a phan xa, hp thu va hé sd tan xa, twong Ung.
Phd huynh quang (PL) dugc ghi lai ¢ nhiét do phong bang may do quang phé Jobin
Yvon FL3-22, Hoa Ky véi dén xenon 450 W 1am ngudn kich thich. Tinh chat tir ctia vat
lidu duoc khao sat qua phép do tir ké mau dung VSM trén thiét bi DMS 880 tai DHBK Ha
Noi.

4. Tong két két qua nghién ciru



4.1. Hinh thai hoc va thanh phan nguyén té
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Hinh 2. Ph6 EDS cua cac mau TiO2:Fe®* véi cac ndng d6 khac nhau:
a - 5,08 at%, b- 9,29 at% va c- 14,54 at%.

Két qua phan tich tir cac pho EDS chi ra rang nong d6 tap chat Fe®* vao miu
nhé hon so vo1 dinh luong ban dau. Két qua chi tiét dugc trinh bay trong bang 1.

Bang 1. Cac thanh phan nguyén té thu duoc tir cac phd EDS ciia cac mau pha tap Fe®*
v6i céc lugng khéc nhau.

Starting Fe3* Ti O Fe

content (at%) (wWt%) (at%) (wWt%) (at%) (Wt%) (at%)
1 65,55 39,31 33,56 60,24 0,89 0,46
4 62,72 37,23 34,52 61,36 2,75 1,40
8 50,14 27,62 41,47 68,41 8,39 3,96
10 53,49 31,27 36,37 63,65 10,14 5,08
16 47,83 28,87 34,22 61,84 17,95 9,29
25 36,74 22,13 35,11 63,33 28,15 14,54

Pho EDS cua cdc mau TiO2:Fe®* voi cac nong do 5,08 at%; 9,29 at% va 14,54 at% Fe®*
trinh bay trong hinh 2 cho thay su ¢6 mat cua cac nguyén to Ti, O va Fe. Nguyén t0 luu



huynh (S) duge phat hién trong phd EDS ciia cac mau duoc pha tap voi 9,29 va 14,54
at% Fe3*. Nguyén té nay xudt hién do viéc st dung H2SO4 trong qua trinh tong hop
mau.

Hinh 3. Anh TEM cuia cac mau TiO2:Fe®* véi cac ndong d6 khac nhau:
a - 0 at%, b- 3,96 at% va c- 9,29 at%.

Anh TEM cta cac mau TiO2 pha tap Fe®" véi cac n6ng do 0; 3,96 va 9,29 at% duoc
trinh bay trén hinh 3. Két qua cho thay hinh thai hoc ctia cic mau c6 dang gan hinh cau
va kich thuéc cta cac hat nano giam khi néng do tap chat Fe** trong mau ting. Mau
TiO, khong pha tap chit co6 dudng kinh hat nim trong khoang 10,4-17,8 nm véi kich
thude hat trung binh 1a 13,7 nm, trong khi mau pha tap Fe®* v&i nong do 3,96 at% co
duong kinh nam trong khoang 8,4-14,2 nm va kich thuéc hat trung binh 1 11,4 nm va
mau pha tap Fe3* véi ndng d6 9,29 at% cé dudng kinh nam trong khoang 8,8-13,0 nm
va kich thudc hat trung binh 1a 10,8 nm. Céc gié tri kich thudc nay phi hop tot v6i cac
gia tri dugc ude tinh tir cac mau XRD bang cach st dung cong thirc Scherrer (trinh bay
trong phan tiép theo).

4.2. Cac phén tich XRD

Trudc tién, anh hudng cua ché do tao 18n cau tric tinh thé cua TiO2:Fe3* duoc khao
sat. Hinh 4 trinh bay gian d6 nhidu xa tia X cua mau pha tap chat Fe®* véi ndng d6 5,08



at.% tong hop & cac ché do khac nhau. Két qua cho thiy sau qua trinh thay phan mau
thu dugc 14 vo dinh hinh, trén gian d nhidu xa khong thay su xuat hién cua bat ky dinh
nhiéu xa nao (hinh 4, dudng a). Bé thu dwgc mau tinh thé TiO2:Fe®*, san pham vé dinh
hinh nhan duoc sau qué trinh thiy phan dugc tiép tuc xir Iy & cac ché do khac nhau: o
nhiét trong moi truong khdng khi ¢ 400 °C trong 3h, thay nhiét trong moi truong nudc
cat hai 1an & nhiét do 200 °C va 220 °C trong 24 h. Tir cac dudng b, ¢ va d trén hinh 4
c6 thé thay rd cac dinh nhidu xa dic trung cua pha TiO; anatase da xuét hién & cac goc
20 béng 25,3; 37,9; 48,0; 54,0; 55,2; 62,6 va 68,7°. Cac dinh nhiéu xa nay lan luot
twong (g Véi céc chi sé Miller (hkl): (101), (004), (200), (105), (211), (204) va (116).

(101)

26 (")

Hinh 4. Gian d6 nhiéu xa tia X ciia miu TiO pha tap chat Fe®* voi nong do 5,08
at.% tong hop o cac che d6 khac nhau: a- sau qué trinh thuy phan, b- sau u nhiét
& 400°C/3h, c- sau thuy nhiét ¢ 200 °C/24 h, d- sau thuy nhiét ¢ 220 °C/24h.

Bén canh d6, ddi vai mau thuy nhiét & 220 °C/24 h, hai vai nhiéu xa ¢ 2 bén dinh 37,9°
cling duoc quan sat thay & khoang 37,0 va 38,8°. Hai vai nhiéu xa nay lan luot tuong
trng vai cac chi s6 Miller (hkl): (103) va (112) cua tinh thé TiO, anatase. Ngoai cac
dinh nhidu xa dic trung cia pha anatase, cac dinh nhiu xa lién quan dén cac pha khéac
cua TiOz ciling nhu lién quan dén kim loai Fe hoic cac Oxit sit déu khong quan sat
thay. Nhu vay mau pha tap chat Fe3* vai ndng do 5,08 at.% thay nhiét ¢ 220 °C trong
24 h 1a don pha TiO2 anatase. Diéu nay chi ra rang tap chat Fe3* c6 thé da thay thé ion
Ti* trong mang TiO2. So vé&i hai mau xtr Iy & cac ché do u nhiét & 400 °C/3h va thay
nhiét & 200 °C/24h, mau thiay nhiét & 220 °C/24 h c6 cac dinh nhiéu xa vé&i cuong do
manh hon dang ké. Trong cac phan nghién cuu tiép theo, cac mau TiO:2 pha tap chat
Fe3* duoc ching toi chon thuy nhiét & nhiét do 220 °C, trong 24h.

Anh huong caa ndng do tap chat Fe3* 1én cau trc tinh thé TiO2 dugc khao sat
bang cach st dung XRD. Két qua duoc trinh bay trong Hinh 5. Bdi véi miu TiO, pha
tap Fe®* voi ham lugng pha tap 5,08 at%, cac dinh nhiéu xa quan sat duoc & cac goc
20: 25,3°, 37,0°, 37,9°, 38,89, 48,0°, 54,0°, 55,2°, 62,6° va 68,7° lan luot tuong ung Vo
cac mat (101), (103), (004), (112), (200), (105), (211), (204) va (116) ctua pha anatase
(JCPDS 04-477). Khong c6 su xuét hién cua cac dinh nhiéu xa cua cac pha khac. Cac
thong sé mang cua cac mau di dugc tinh toan va dugc thé hién trong Bang 2.
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Hinh 5. Gian do nhiéu xa tia X cua mau TiO2 pha tap chat Fe3* véi nong d6 khac nhau :
(a) 0 at%, (b) 3,96 at%, (c) 5,08 at%, (d) 9,29 at% va (e) 14,54 at%.

Céc gia tri nhan duoc cua cac théng sé hing s mang cho pha anatase gan dang voi
gia tri tiu chuan a = b = 3,783 A va ¢ = 9,510 A (JCPDS 04-477). Nhu da thay trong
Hinh 5, d6i vé&i cac mau dugc pha tap tir 0 dén 3,96 at% Fe3*, ngoai cac dinh nhiéu xa
dic trung cua pha anatase, con ¢6 mot dinh rat yéu xuat hién & gié tri 26 bang 30,7°, ¢6
thé lién quan dén mat (121) caa pha brookite. Khi nong do Fe®* ting 1én dén 9,29 at%
thi hoan toan khong quan sat thay cac dinh nhiéu xa caa pha anatase, thay vao dé 1a cac
dinh nhidu xa ma&i xuat hién & cac gbe 20: 27,3°, 36,1°, 41,2°, 43,7°, 54,1°, 56,4°, 62,9°
va 64,0°. Cac dinh nay twong rng véi cac mat (110), (101), (111), (210), (211), (220),
(002) va (310) cua pha rutile (JCPDS 21-1276). Céc théng sé mang tinh thé cia mau
rutil pha tap 9,29 at% Fe3* tinh dugc la a =b = (4,613 + 0,007) A, ¢ = (2,964 + 0,006)
A, 16n hon mot chit so véi gia tri chuan a = b = 4,59330 A, ¢ = 2,95920 A (JCPDS 21-
1276). C6 thé luu y rang ddi véi cac mau pha tap dén 9,29 at% Fe, khong quan sat thay
cac pha khac nhu Fe, Fe,TiOs, FeTiOs, Fe2Os va FesOs. Két qua nay cho thay rang cac
ion Fe da duoc phan b déu va thay thé ion Ti** trong mang tinh thé TiO,. Chi trong
mau pha tap véi 14,54 at% Fe3*, ngoai pha rutil, mot vai dinh nhiéu xa yéu thudc pha
a-Fe203 (hematit) da dugc quan sat ¢ 26 gia tri 33,1° va 49,6° (JCPDS 33-0664). Nhu
vay, mau TiOz pha tap 14,54 at% Fe3* 1a hon hop cua pha rutil cua TiO2: Fe®* va pha a-
Fe20s.

Bang 2. Cac thdng s6 hang sé mang cia cac mau TiOa:Fe3* véi cac nong do khac
nhau.

Nong do Fe* Céc thong so hang s6 mang Kich thudc tinh
(at9%) a=b (A) c(A) the tr(t:‘rrl:‘g\bmh
0 (anatase) 3,788 = 0,004 9,48 £ 0,04 13
0,46 (anatase) 3,783 £ 0,008 9,45+ 0,06 11
1,40 (anatase) 3,783 £ 0,004 9,49 £ 0,04 11




3,96 (anatase) 3,787 £ 0,004 9,50 £ 0,04 10
5,08 (anatase) 3,799 + 0,002 9,50 + 0,02 11
9,29 (rutile) 4,613 £ 0,007 | 2,96+ 0,01 12
14,54 (rutile+hematite) 4,60 + 0,02 2,98 + 0,02 9

Tir cac két qua néu trén, c6 thé thiy rang pha tap Fe thuc diy qua trinh chuyén pha
anatase thanh rutile (ART). Tir cac tai liéu hién c6 biét raing ART cua TiO2 néi chung
phu thudc vao thanh phﬁn, kich thudce hat, tap chét, ban chét, ham lugng pha tap va qua
trinh xir Iy nhiét, v.v. Viéc thuc ddy ART bang pha tap Fe di duoc cong bd bai Hirano
va cac cong su [13], v6i mau TiO2:Fe* i ¢ nhiét d6 cao (800-950 °C). Nghién ciru vai
tro ciia cac tap chat trong TiO2, Hanaor va cac cong sy [17] chi ra rang dbi véi cac
cation tap chat c6 hoa tri thap (<4) s& thuc didy ART va cic cation c6 hoa tri cao (> 4)
s& rc ché ART. Trong truong hop cia ching t6i, cic mau TiO2: Fe®* khong trai qua
qua trinh U & nhiét do cao; do d6 1y do ting cuong ART c6 thé 1a do ion Fe®* ¢6 hoa tri
thap. Sy thay thé cua ion Ti* bang ion Fe?* din dén sy hinh thanh cac nat khuyét oxy
& xen k& Vo va Ti ctia Ti®* hoa tri thap hon bang phan tng sau [17]:

Fe** + Ti** + 20% — (Fe** + 0% + Vo) + Ti** + 120,
Nut khuyét oxy Vo ting cuong ART.
4.3. Pho Raman

Pugc biét réng phé Raman c6 thé phat hién ra cac bién dang cuc b0 cia mang nén
VA C4C sai hong tinh thé. TiO2 c¢6 thé ton tai & ba dang pha chinh: anatase, rutile va
brookite. Anatase va rutile co ciu truc tinh thé ta giac va 1an luot thudc nhom khong
gian D*'g (14/amd) va D*'14 (P4/mnm). Brookite c6 cau trac truc thoi va thudc nhom
khong gian D25 (Pbca). Pha Anatase ¢ sau mode Raman tich cuc voi cac ddi xing:
1A1g, 2B1g va 3Eg. Pha Rutile c6 boén mode Raman tich cuc véi cac d6i ximg: Big, Eg,
Aug Va Byg. Pha Brookite c6 36 mode Raman tich cuc vai cac d6i xtiing: Aig, Big, B2g VA
Bsg [18].

e
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o Rutile =Brookite |

Intensity (a.u.)

100 200 300 400 500 600 700
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Hinh 6. Pho Raman cia mau TiO2 pha tap chat Fe3* véi ndng d6 khac nhau : (a) 0 at%,
(b) 3,96 at%, (c) 5,08 at%, (d) 9,29 at% va (e) 14,54 at%.

Trong nghién ctru ndy, anh huéng cua nong d6 dung dich Fe®* dén céu trac vi mo
ctia cac hat nano TiO; pha tap chat Fe3* duoc khao sat bang cach do phd Raman & nhiét
d6 phong (Hinh 6). Phd Raman ctia mau khong pha tap cho thdy nim dinh Raman nim
& 141,6 cmt, 194,2 cm?, 395,3 cm?, 514,1 cm™ va 636,8 cm™ twong g véi cac mode
Eq(1), Eg(2), Big(1), A1g&B1g(2) va Eg(3) ctia pha anatase, trong d6 mode Eg(1) co
cudong do 16n nhat. Cac mode Eg chu yéu thudc vé dao dong kéo gidn dbi xiung
(symmetric stretching vibration) ctiia O-Ti-O, cAc mode Big lién quan dén dao dong uén
d6i xtmg (Symmetric bending vibrations) cua O-Ti-O va mode Aig dugc quy cho dao
dong udn khong dbi xing (asymmetric bending vibration) ciia O-Ti-O trong TiO, [19].
O nhiét 46 phong, A1g&B1¢(2) xuat hién dudi dang mot dinh hop nhat vi Aig co tan s6
rat gan véi Big(2), do d6 chi c6 ndm dinh 13 rét xuét hién nhu trong Hinh 6. Trong phd
Raman ciia cic mau khong pha tap va cac mau pha tap thiap hon 5,08 at% Fe®*, ngoai
c4c mode Raman cua pha anatase, cac mode Raman yéu cua pha brookite xuét hién &
245,7 cm™, 319,1 cm™ va 363,4 cm! twong ung véi cac d6i xing Asg, Big VA Bzg [20].
Trong phd Raman cua tit ca cac mau nay, khong quan sat thay cac ché do dic trung
ctia pha lién quan dén pha tap Fe3*. Vi tri cta cac ché 46 Raman cta pha anatase cia
cac mau c6 ham luong Fe khac nhau duge cho trong Bang 3.

Bang 3. S song ciia cac mode Raman ciia cac mau TiO2 anatase pha tap Fe3* voi cac
noéng d6 khac nhau.

Nong do Eq(1) Eq(2) B1g(1) A1 & Big(2) Eq(3)
Fe®* (at%) (cm™) (cm™) (cm™) (cm™) (cm™)
0 141,6 194,2 395,3 514,1 636,8
1,40 1442 195,9 393,3 513,0 636,8
3,96 146,1 197,5 393,0 512,5 636,7
5,08 148,0 199,4 392,7 511,6 636,7

Diéu tha vi 1a khi ham luong Fe®* tang 1én, cac mode Eq(1), Eq (2) dugc chuyén va mé
rong sang phia sb séng cao hon (dich chuyén xanh), trong khi do, cac mode Big(1),
A19&Bi1g(2) dugce dich chuyén mét chit va dugc mé rong sang phia sb séng thap hon
(dich chuyén d6), va mode Eq(3) dugc mo rong nhung khéng bi dlCh chuyén. Mode
Eq(1) v6i cudng do cao nhat dich chuyen tir vi tri 141,6 dén 148 0cm? (A1 =6,4cm?)
va ban do rong cua dinh phd thay d6i tir 13,3 dén 16,4 cm™ (A2 = 3,1 cm™®) khi ham
luong Fe¥* tang tir 0 dén 5,08 at%. Theo béo céo trudc day, nhiing thay doi vé vi tri va
d6 rong ciia cac mode Raman c6 ngudn goc khac nhau. Sy dich chuyén va mé rong ciia
mode Eq(1) duoc gan cho su giam kich thudc hat [21,22], nut khuyét oxy khéng hop
thirc hoa hoc (non-stoichiometry oxygen deficiency) [21,23,24], giam gitt phonon [25],
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hiéu tmg phi diéu hoa [26,27]. Trong trudng hop cua chung toi, su dich chuyén va mo
rong cia cac mode Raman khong phai do giam kich thudc hat, bdi vi kich thudce tinh
thé da thay d6i khong dang ké. Cac ion Ti** ¢6 hoa tri cao hon cac ion Fe®*. Do d6, khi
c4c ion Fe3* thay thé cac ion Ti*, cac nut khuyét oxy duoc tao ra dé duy tri tinh trung
hoa dién tich cuc bo, dan dén sy dich chuyén va mo rong cac mode Raman [23,24].
Ngoai ra, cac lién két méi lién quan dén dopant Fe cling dugc tao ra, vi du nhu lién két
O-Fe-O va Fe-O-Ti. Diéu nay c6 1& dan dén su thay doi d6 phan cuc cia lién két va do
16n cua lién két O-Ti-0, va do d6, dan dén su dich chuyén va mo rdng cua cac ché @6
Raman [19].

Khi ham lugng Fe tang lén den 9,29 at%, trong pho Raman, cac mode dao dong cua
pha anatase hoan toan bién mat thay vao do xuat hién bén cyc dai méi nam & 148,9
cm?, 248,6 cm?, 428,2 cm™ va 603,3 cm™. Bén cuc dai nay 1an lugt duogc gan cho cac
mode Big, SOE (second-order effect), Eq va Aig ctia pha rutile. Nhu thdy trong hinh,
Big 12 mode manh nhit va Aiq 13 yéu nhat. Mode Eg dugc gan cho su udn cong khong
d6i xtmg cua cac lién két O-Ti-O trong miat phang {001}, mode Aiq duoc dic trung boi
su kéo gidn d6i xtng cua céac lién két O-Ti-O trong mit phang {110} va Big 12 su két
hop cua sy udén cong khong d6i ximg cia cac lién két O-Ti-O trong cic mit phang
{001}, {110} va {~110} [28]. Pbi v6i mau dugc pha tap chit véi 14,54 at% Fe®, cac
mode Raman dic trung cia pha rutile hiu nhu khong duoc quan sat thay. Diéu nay co
thé 1a do lugng tap chat Fe®* qua 16n, giy ra nhiéu 16n trong chuyén dong dao dong.
Mit khac, & ham lugng Fe nay, mau 1a hon hop cta pha rutile cua TiO2: Fe®* va pha a-
Fe,O3 nhu duoc chi ra trong mau XRD trong Hinh 5.

Do d6, ca phan tich XRD va quang phd Raman déu xac nhan rang pha tap Fe gitp ting
cuong ART.

4.4. Cdc tinh chit quang
Phd phan xa khuéch tan cua cac hat nano TiO2 pha tap Fe3* dugc mé ta trong Hinh

7. Ham Kubelka-Munk F(R) ctia cac mau thu dugc tir sb lieu phan xa khuéch tan duoc
trinh bay trong Hinh 7b.

100

0% Fe
——0.46% Fe
| ——1.40% Fe
——5.08% Fe
9F ——9.20% Fe
| ——14.54% Fe
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Hinh 7. (a)- Pho phan xa khuéch tan ctia cac mau TiO,: Fe®*.
(b)- Ham Kubelka-Munk F(R) xac dinh tir pho phan xa khuech tan.
(c) va (d)- Do thi cta [F(R).hv]? va [F(R)hv]*?2 theo ning luong photon hv.

Co thé thay rang bo hap thy cua cac mau dich chuyén vé phia ving anh sang kha
kién khi nong do Fe®* ting. Su chuyén dich do trong quang phd hap thu c6 thé lién
quan dén sy thu hep viung ciAm cua cac miu ndy. Ning luong ving cdm cta cic mau
dugc xac dinh bang cach sir dung phuong trinh Tauc:

ahv = A(hv-Ey)"

trong d6 o 1a hé sd hap thy, Av 13 ning lugng photon, Eq 12 d6 rong ving cdm quang, A
la héng s6 khong phu thudc vao nang lugng photon va n 1a tham s6 bang 1/2 ddi voi
chuyen murc thang duoc phép va 2 dbi véi chuyén muc nghiéng dugc phep [29]. He s6
hép thy o ty 1€ voi F(R). Do do, nang luong Eg cua cac mau dugc xac dinh bang cach
v& biéu do cua [F(R)hv]? va [F(R)hv]”2 so v6i nang luong photon hv. Két qua duoc
trinh bay trong Bang 4.

Bang 4. P9 rong ving cam Eq ing voi cac chuyén mirc thang, nghiéng va ning luong
Urbach Ey cia TiO2:Fe3* pha anatase va rutil voi nong o Fe khac nhau.

Eq (eV)
Nong do Fe3* (at%) Chuyén mirc | Chuyénmic | Ey (meV)
thang nghiéng

0 (anatase) 3,57 £0,02 3,21 £ 0,02 46

0,46 (anatase) 3,51+0,02 3,13+0,02 160
1,40 (anatase) 3,45+0,02 2,93+£0,02 241
5,08 (anatase) 3,37 £0,02 2,82 £0,02 324
9,29 (rutile) 3,25+0,02 2,32 +0,02 628
14,54 (rutile+hematite) 3,06 + 0,02 2,14 + 0,02 723

DPbi v6i mau TiO2 khong pha tap, d6 rong vung cam Ung véi chuyen mirc thing va
nghiéng Eq lan luot bang 3,57 va 3,21 eV. Cac gia tri nay phu hop t6t v4i cac gia tri
tinh toan duoc bao cdo boi Daude va cac cong su [30], d6i vai chuyen mirc thang Xap
— X1p (3,59 V) va chuyen murc nghiéng I's — Xap (3,19 eV). Nhu thay trong Bang 4,
d6 rong ving ciAm thiang giam tir 3,57 xudng 3,06 eV va d6 rong ving cam chuyén mirc
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nghiéng giam tur 3,21 Xuéng 2,14 eV khi nong do Fe®* ting tir 0 dén 14,54 at%. Két
qua nay trai nguoc véi két qua nhan duoc cua Zahid va cac cong sy [9], nhung phu hop
v6i cac két quéa tham khdo khac [3,31-33]. Tinh toén ly thuyét cia Wang va cic cong
su [34] cho thiy dinh ving hoa tri cta vat liéu TiO2 khong pha tap bi chi phdi boi cac
trang thai O 2p, va day vung dan bi chi phbi béi cac trang thai Ti 3d. Khi cac ion Fe3*
dugc pha tap trong TiO2, cau trac vung cua no bi thay d6i, cu thé 1a trang thai sub-band
ciia Fe 3d dugc hinh thanh gan dinh ving hoa trj cua TiO». Nhu da dé cap o trén, sy
thay thé cac ion Ti** bing cac ion Fe®* tao thanh cac khoang trbng oxy Vo va Ti%*. Céac
trang thai khuyét tat nay ciing c6 thé dinh vi trong vung cam. Cac electron sau d6 duoc
kich thich thong qua céc trang thai trong ving cam. Do do, ca trang thai sub-band cua
Fe va trang thai Vo va Ti%* déu gy ra sy giam do rong vung cam ctia TiOy: Fe¥.

Sy thay doi cau trac ving cta TiO2 do pha tap Fe c6 thé dugc kiém ching bang cach
xéac dinh ning legng Urbach E,. Niang luong Urbach cho biét muc do su rdi loan céu
truc trong vat liéu va dugc xac dinh theo cong thirc sau [7]:

hv
o = (fpexp (E_)
u

trong do o l1a hé¢ s6 hép thu, oo la hﬁng ) phu thudc vao vat liéu, hv la nang luong
photon. Ning lwong Urbach duogc tinh bang cach vé& do thi Ina theo hv nhu trong hinh
8. Gia tri ciia Ey bang nghich dao d6 doc cuiia phan tuyén tinh ciia do thi In[F(R)] theo
hv. Cac gia tri thu dugc ctia Ey dugc trinh bfiy trong Bang 4. Két qua cho thay gia tri
niang luong Urbach ting khi ham luong Fe®* trong mang TiO2 tang. Nghia la ham
luong tap chat Fe duoc pha vao trong TIOz cang nhiéu thi cang c6 nhiéu muic ning
luong khuyét tat hinh thanh trong viing cAm. Piéu nay dan dén viéc giam do rong ving
cam quang cta TiOz.
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Hinh 8.
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Do thi cua In[F(R)] theo hv cho cac mau TiO2:

2.48

2.52

2.56
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2.60

Fe3* voi cac nong do khac nhau.
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Hinh 9. Pho huynh quang nhiét d6 phong ctia TiO2 anatase khong pha tap.

Ph6 huynh quang nhiét d6 phong cua miu TiO2 khong pha tap chat dudi budc song
kich thich 320 nm duoc trinh bay trén Hinh 9. Mau TiO; khong pha tap thé hién cau
trdc pha anatase. Trong pho huynh quang, bn cuc dai/vai yéu & cac vi tri nang luong
2,57 eV (482,4 nm), 2,66 eV (466,1 nm), 2,75 eV (450,9 nm), 2,83 eV (438,1 nm),
2,98 eV (416,1 nm) va hai cuc dai manh ¢ 3,16 eV (392,4 nm) va 3,21 eV (386,2 nm)
duogc quan sat. Theo tai li¢u, cdc dinh huynh quang & 2,57 va 2,66 eV dugc gan cho su
phat xa tir cac trang thai khuyet tat bé mat cua TiOz [35,36], cac dinh phat xa ¢ 2,75 va
2,83 eV duogc gan cho sy tai két hop ciia cac tim F hinh thanh tir cac nat khuyét oxy
[35]. Trong khi d6, cac cuc dai huynh quang tai 2,98 eV, 3,16 ¢V va 3,21 eV duoc quy
cho cac chuyén murc phat xa ving —ving, cu thé 13 cac chuyén muc [1p = Xia, ['p =
Xop va Xip = I3, twong ung [30].

th) huynh quang cua cic mau TiO2:Fe3* anatase véi cac nong do Fe khac nhau dugc
hién thi trong Hinh 10.

0% Fe A, =320 nm
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——1.40% Fe
5 1.6x10° | ——3.96% Fe e
a ——508%Fe ¥
g .
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Hinh 10. Phé huynh quang nhiét &6 phong cia TiOz anatase pha tap chat Fe3* voi cac
nong do khac nhau.

14



C6 thé thay rang cuong do huynh quang cua cac mAau pha tap chit Fe%* v4i nong do

0,46 at% va 1,40 at% giam dan so v6i mau khong pha tap, ngoai ra, cuong do ciia cac
dinh lién quan dén phat xa ving-vling giam nhanh hon. Sy giam cuong d6 huynh
quang theo ndng do tap chat Fe®* di duogc bao cdo trong mot sd bai bao [37,38] va n6
duge cho 1a do su giam tde d6 tai td hop cua cip electron-15 tréng khi ham luong Fe
tang lén. Luu y rang khi ham luong Fe ting 1én dén 3,96 at% va 5,08 at%, phd huynh
quang thay doi dang ké. Pho huynh quang bao gém mot dai manh va trai rong tir 2,4
eV dén 3.4 eV. Diéu niy c6 thé do & ham luong Fe cao nay, nhiéu dang khuyét tat
duogc hinh thanh va chung hoat dong nhu cac trung tdm tai hop birc xa. Romero va cac
cong sy dd quan sat thdy sy ting cuong cuong do huynh quang ¢ néng do tap chét Fe
cao. [39] va né dugc giai thich 1a do lwgng Fe®* du hoat dong nhu trung tim tai hop
cho cac hat tai.

T T T ¥ T T T T T T T
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Hinh 11. Ph6 huynh quang ctia cac mau TiO2 pha tap v6i 9,29 a% va 14,54 at% Fe.
Pho PL ctia mau TiO, khong pha tap chat ciing dugc trinh bay dé so sanh.

Pho huynh quang ctia mau TiO2 pha tap véi 9,29 at% va 14,54 at% Fe3* dugc mo ta
trong Hinh 11. Miu TiO2 pha tap véi 9,29 at% Fe ¢ ciu truc rutil. Phd PL cua né thé
hién hai cuc dai yéu nam ¢ 2,83 eV (438,1 nm) va 2,98 eV (416,1 nm) tuong tmg véi
su tai hop cta cac tim F hinh thanh tir nat khuyét oxy va sy chuyén mitc nghiéng I'ip
— Xia, trong tng. Hai dinh phat xa nay da dugc quan sat bdi Abazovic va cong su [40]
d6i voi TiO2 rutil. Trong khi d6, mau TiO; pha tap 14,54 at% Fe 1a hon hop cua pha
rutil cia TiO2: Fe3* va pha a-Fe»03 khong phat xa. Khi ham lugng Fe qua cao, ban thén
c4c ion Fe3* tro thanh trung tim dap tat. Pay 1a hiéu tng cta su dap tit ndng do cua sy
phat xa.

4.5. Tinh chét tir

Tinh chat tir cia cdc mau TiO2:Fe3* dugc khao sat boti tur ké mau rung. Duong cong tur

hoa do tai nhiét d6 phong ciia cac mau TiO; pha tap chat Fe voi1 cac nong do 0 at%,
1,40 at%, 5,08 at%, 9,29 at% va 14,54 at%. Cac thong sb tir xac dinh duoc tir cac
duodng cong tir hda cua cac mau dugc trinh bay trong bang 5.

Béng 5. Cac thong sb tir duge xac dinh tir dudng cong tir hoa ciia cac mau.

Nong do Fe3* (at%) Hc (Oe) Mr (emu/g) Ms (emu/g)

0 (anatase) 121.552 11.229E-3 55.889E-3
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1,40 (anatase)

92.142

1.832E-3

64.026E-3

5,08 (anatase)

116.220

13.012E-3

259.033E-3

9,29 (rutile)

82.950

1.526E-3

167.966E-3

14,54 (rutile+hematite)

226.395

29.749E-3

446.986E-3
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Hinh 12. Puong cong tir hoa ciia cac mau TiO, pha tap Fe3* vai cac nong do khac
nhau.

Buong cong tir hoa cua mau khong pha tap thé hién pha sat tir va nghich tr. Nghich tur
13 ban chat cua TiO2 [41,42]. Bén canh d6, ngudn gdc cia pha sit tir trong TiO2 khong
pha tap c6 thé do su c6 mit cia cac sai hong (defeCtS) va/hodc cac nut khuyet oxy da
duge bao cdo rong rii. Cac nut khuyét 6xy trén bé mit cac hat nano c6 thé tao ra tuong
tac trao doi gilta cdc momen spin dién tir cuc bo va la nguyén nhan gay ra tinh sat tir
trong TiO2 khong pha tap [43,44]. Déi véi mau TiO2 pha tap chat Fe¥*, dudng cong tur
hoa ctiia cac mau hién thi tinh thuan tir va sit tir yéu. Tinh thuan tir €O thé do su co mat
cua ion tap Fe trong mau. Piéu dang chu y la tir tinh cua cac mau tang khi nong do
tap chat Fe3 trong mau ting tir 0 dén 5,08 at%. Tuy nhién voi mau pha tap Fe3+ 9,29
at%, tr tinh ciia mau lai giam. Sy thay d6i nay co thé lién quan dén su thay d6i vé cau
trac tinh thé do nong do tap chat. Nhu da trinh bay o phan trén, v6i nong do tap Fed* tir
0 dén 5,08 at%, mau t6n tai & pha anatase, trong khi dé véi cac mﬁu pha tap 9,29 at%
va 14,54 at% cac mau ton tai & pha rutile. Su giam tu tinh cua mau pha tap chat 9,29
at% co thé do c6 su phan bd lai Fe3* trong mang nén TiO2 rutile. Pay 1a mot van dé
mo, dé 1am rd cin cO cac nghién ctru chuyén sau. Vi miu pha tap Fe®* 14,54 at%, tir
tinh cta mau lai ting. Piéu nay co6 thé 1a do su thay thé cta Fe* vao vi tri cua Ti**
trong mang TiO; rutile tang, cdng vdi sy c6 mat pha hematite.
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5. Panh gia vé cac két qua da dat dwoc va két luan
Céc két qua nghién ctru chi ra r::ing cac muc tiéu dat ra ctia dé tai di duge thuc hién,
cu thé:

- Pi tim duoc qui trinh cong nghé ché tao thanh coéng cac hat nano TiO2 pha
tap Fe3* it ton kém.

- Anh hudng cua diéu kién cong ngh¢ ché tao, cling nhu néng do tap chat
Fe3* 1én cdu trac, su chuyén pha cta tinh thé TiO2 théng qua cic gian do
nhidu xa tia X va pho Raman da duoc khao sat va phan tich.

- Anh huéng cta ndng d6 cac ion Fe3* dén ning luong ving ciAm Eg, ciling
nhu Ey (Urbach energy) cua TiO2 da dugc xac dinh thong qua sb liéu do
phd phan xa khuéch tan.

- Anh hudng cua tap chat dén tinh chit tir ctia TiO2 dd duoc khao sat thong
qua phép do tir ké miu rung.

Céc ndi dung nghién ctru cia dé tai di duge sir dung viét thanh cong bai bao co tidu dé:
“Anatase to rutile phase transformation of iron-doped titanium dioxide
nanoparticles: The role of iron content” dang trén tap chi Optical Material voi IF =
2,779 (SCI, Q1), dat duoc két qua dy kién cta dé tai (SO luong bai bao céng bd trén tap
chi khoa hoc quéc té theo hé thong ISI/Scopus: 01)

6. Tém tat két qua (tiéng Viét va tiéng Anh)

C4c hat nano TiO2 pha tap chit Fe®* da duoc ché tao thanh cong bang phuong
phép thuy nhiét. Cac mau khong qua xtr 1y nhiét & nhiét d6 cao. Kich thudc hat
nano trung binh cta cac miu thay d6i trong dai tir 10-14 nm. Nong do tap chat Fe3*
trong cac mau tong hop duge diéu chinh tir 0 dén 14,54 at%. Céac phan tich XRD va
phé tan xa Raman duoc str dung dé khao sat sy chuyén pha anatase sang rutile. Céc
két qua nghién ctru chi ra tap chat Fe®* tiang cuong (thuc day) su chuyen pha
anatase thanh rutile. That vay, mau TiO: khong pha tap va cac mau pha tap chat Fe
V01 cac nong do < 5,08 at% thé hién céu trac pha anatase. Trong khi do, cac mau
pha tap chat Fe®* véi cac nong do > 9,29 at% thé hién ciu tric pha rutile. Phép do
phd phan xa khuech tan cho thay bo hap thu dich vé phia ving anh sang kha k1en
vOi1 sy tang cua nong d6 tap chit Fe®*. Cu thé, nang lugng vung cAm clia cic mau
giam tur 3,57 eV dén 3,06 eV d6i ! chuyén mirc thang vatr 3,21 eV dén 2,14 eV
d6i voi chuyen muc nghiéng khi nong d6 tap chat Fe®* trong mau tang tur 0 dén
14,54 at%. Pho huynh quang cho thdy cac dinh phat xa lién quan dén cac chuyén
mirc viing-viing va cac trang thai sai hong. Tap chat Fe3* anh huéng dén phd huynh
quang cua cac mau TiOz:Fe®. Dic biét pho huynh quang cua cac mau TiO, pha tap
chit Fe3* véi céac néng do 3,96 at% va 5,08 at% co su thay doi dang ké. Nhu vay,
chi bang cach thay d6i nong do tap chat Fe®* trong mang nén TiO2, ching ta c6 thu
dugc cac mau véi cac cau trac tinh thé va tinh chat quang hoc nhu mong mudn.
Phép do tu cho thay tinh sat tir va nghich tir ¢ nhiét do phong trong mau TiO;
khong pha tap, ngudn gbc sit tir trong mau co thé do sy c6 mit cua cac sai hong
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(defects) va/hoac cac nut khuyet 0xy. Nhung duong cong tir hda cua cac mau
TiO2:Fe3* cho thiy su cung ton tai cta pha sit tir va thuén tir. Tinh thuan tr c6 thé
lién quan dén su hién dién cua céc ion Fe3* trong mau.

The Fe®-doped TiO, nanoparticles have been prepared via hydrothermal
technique. The samples did not undergo heat treatment at high temperatures. The
mean nanoparticle size varied in the range from 14 nm to 10 nm. The Fe-doping
concentrations were modifed from 0 to 14.54 at%. Both the XRD analysis and
Raman scattering spectroscopy were used to investigate the anatase to rutile phase
transformation. The results showed that the Fe-doping enhanced the anatase to
rutile transformation. Indeed, the undoped TiO2 sample and the samples doped with
5.08 at% Fe and lower exhibited an anatase structural phase. Meanwhile, the
sample doped with 9.29 at% Fe exhibited a single rutile phase. Diffuse reflectance
measurement indicated that the absorption edge of the samples was shifted towards
visible light region with increasing the amount of Fe®*, namely, the band gap
energy decreased from 3.57 to 3.06 eV for the direct and from 3.21 to 2.14 eV for
indirect. Transitions with increasing Fe3*-doping concentration from 0 to 14.54
at%. The PL spectra showed the emission peaks related to the band to band
transitions and the defect states. Further, the Fe-doping affected the PL spectra of
the TiO2:Fe®" samples. Especially, the Fe-doping with 3.96 at % and 5.08 at%
leaded to the remarkable change of the PL spectra. Thus, only by changing the Fe
ion content in TiO2 we can get the crystals with the desired crystalline structure and
optical properties. The magnetic measurement shows ferromagnetic and
diamagnetic behavior at room temperature in undoped TiO2, The ferromagnetic has
originated due to the presence of defects or/and oxygen vacancies which is intrinsic
in nature. But M-H curve of Fe-doped TiO2 shows coexistence of ferromagnetic
and paramagnetic phases. The paramagnetic has arisen due to the presence of
magnetic Fe3* ions in TiO2 host.

PHAN III. SAN PHAM, CONG BO VA KET QUA PAO TAO CUA PE TAI

3.1. Két qua nghién ctru

. Yéu ciu khoa hoc hoiic/va chi tiéu kinh té - ky thuat
TT Tén san pham
Pang ky Dat dwge
1
2
3.2. Hinh thire, cAp @9 cong bd két qua
Tinh trang Ghi dia Danh
(Da in/ chap nhdn inl|  chiva gia
T Sdn pham da ngp don/ da dwpc| camon | chung
chap nhén don hop | swtaitrg | (Dat,
le/ da dwoc cap giay cia khong
xdc nhan SHTT/ xac | Trung dat)
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nhdn s dung sdan tam HO
pham) tro
NCCA
ding quy
’ ’ dinh
1 |Cong trinh cdng bo trén tap chi khoa hoc quoc té theo hé thong ISI/Scopus
1.1 [Trinh Thi Loan, Vu Hoang Huong, Nguyen Da in Duing Dat
Thi Huyen, Lai Van Quyet,
Ngac An Bang, Nguyen Ngoc Long, Anatase
to rutile phase transformation of iron-doped
titanium dioxide nanoparticles: The role of
iron content, Optical material
111(2021)110579,
https://doi.org/10.1016/j.optmat.2020.110579
SCI (IF =2,779, Q1)
1.2
2 |Sach chuyén khao dugc xuat ban hoac ky hop dong xuat ban
2.1
2.2
3 |[Pang ky sé hitu tri tu¢
3.1
3.1
4 |Bai bao qudc té khong thude h¢ thong ISI/Scopus
4.1
4.2
5 |Bai bao trén cdc tap chi khoa hoc cia PHQGHN, tap chi khoa hoc chuyén
nganh quédc gia hoic bao cao khoa hoc ding trong ky yéu hoi nghi qudc té
5.1 [Trinh Thi Loan, Nguyen Ngoc Long, ba in buing Thém
Synthesis and Characterization of Ni?*-doped
SnO- powders, VNU Journal of Science:
Mathematics — Physics, Vol. 35, No. 4(2019)
pp.33-40. https://doi.org/10.25073/2588-
1124/vnumap.4356
5.2
6 |Bdo cdo khoa hoc kién nghi, tu van chinh sach theo dat hang ctia don vi str dung
6.1
6.2
7 K&t qua du kién dugc ting dung tai cac co quan hoach dinh chinh sach hoac co
s ing dung KH&CN
7.1
7.2
Ghi chu:
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Cot san pham khoa hoc cong nghé: Liét ké cac thong tin cac san pham KHCN
theo thu tu <tén tdc gia, tén cong trinh, tén tap chi/nha xudt ban, so phat hanh,
nam phat hanh, trang dang cong trinh, ma cong trinh dang tap chi/sach chuyén

khao (DOI), loai tap chi ISI/Scopus.,,,>
Gui kém toan vin cac két qua khoa hoc cong nghé.

3.3. Két qua dao tao

STT Ho va tén

Thoi gian va

(s6 thdng/sé tién)

kinh phi tham Cong trinh cong bo lién quan
gia de tai/dw an | (Sin pham KHCN, ludn dn, ludn vin)

Nghién ctru sinh

1

2

Hoc vién cao hoc

1

2

Ghi cha:
Guri kém ban photo trang bia luan 4n/luan vin va bang hodc gidy ching nhan
nghién ctru sinh/thac s§ néu hoc vién da bao vé thanh cong luan an/luén van;

Cot cong trinh cong bd ghi nhu muc II1.1.

PHAN IV. TONG HOP KET QUA CAC SAN PHAM KH&CN VA PAO TAO CUA

DE TAI
TT San pham S6 hrong | S6 hrong da
ding ky | hoan thanh
1 | Bai b4o cdng bd trén tap chi khoa hoc quoc té theo hé thong
01 01
ISI/Scopus
2 | Sach chuyén khao duoc xuat ban hoic ky hop dong xuat 0 0
ban
3 | PBang ky s& hiru tri tu¢ 0 0
4 | Bai bao qudc té khong thudc hé thong ISI/Scopus 0 0
5 | SO Iwong bai bao trén cac tap chi khoa hoc cia PHQGHN,
tap chi khoa hoc chuyén nganh qudc gia hodc bao cdo khoa 0 01
hoc dang trong ky yéu hoi nghi quc té
6 | Bao c4o khoa hoc kién nghi, tu van chinh sach theo dat 0 0
hang cia don vi su dung
7 | Két qua du kién dugc ing dung tai cac co quan hoach dinh 0 0
chinh sach hoac co s¢ ung dung KH&CN
8 | Pao tao/hd tro dao tao NCS 0 0
9 | bao tao thac si 0 0
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PHAN V. TINH HINH SU DUNG KINH PHI

Kinh phi Kinh phi
TT N§i dung chi dwgc duyét | thwe hién | Ghichu
(triéu dong) | (triéu dong)
A | Chi phi truc tiép 142,5 1425
1 | Thué khoan chuyén mon 94,52 94,52
2 | Nguyén, nhién vat liéu, cdy con.. 38,7 38,7
3 | Thiét bi, dung cu 0 0
4 | Cong tac phi 0 0
5 | Dich vu thué ngoai 0 0
6 | Hoi nghi, Hoi thao, kiém tra tién d6, nghiém 7,8 7,8
thu
7 | In an, Van phong pham 1,48 1,48
8 | Chi phi khac 0 0
B | Chi phi gidn tiép 0 0
1 | Quan ly phi 75 7,5
2 | Chi phi dién, nudc 0 0
Tong so 150 150

PHAN V. KIEN NGHI (vé phdt trién cdc két qua nghién ciru ciia dé tai; vé quan Iy, t6 chirc
thue hién o cac cap)

Mong mudn ctia nhom nghién ctru: Trong thoi gian t6i, nhom nghién ctru c¢6 thé két
hop v6i cac nha nghién ctu tir hoc dé nghién ctru sau hon vé tinh chat tr cua vat li€u
TiO2:Fe** noi riéng va cac vat lidu ban dan tir pha lodng noi chung.

PHAN VI. PHU LUC (minh chitrng cdc san pham néu & Phan III)
Sdn pham khoa hoc:
01 bai bao qudc té ISI: Trinh Thi Loan, Vu Hoang Huong, Nguyen Thi Huyen, Lai
Van Quyet, Ngac An Bang, Nguyen Ngoc Long, Anatase to rutile phase transformation
of iron-doped titanium dioxide nanoparticles: The role of iron content, Optical material
111(2021)110579, https://doi.org/10.1016/j.0optmat.2020.110579, SCI
01 bai bao trong nudc: Trinh Thi Loan, Nguyen Ngoc Long, Synthesis and
Characterization of Ni?*-doped SnO, powders, VNU Journal of Science: Mathematics

— Physics, Vol. No.

1124/vnumap.4356

35, 4(2019)

Pon vi chi tri dé tai
(Thu truong don vi ky tén, dong dau)

pp.33-40.

https://doi.org/10.25073/2588-

Ha Noi, ngay

thang........

Chii nhiém d@ tai
(Ho tén, chir ky)
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TOM TAT BANG TIENG ANH KET QUA CUA PE TAI NGHIEN CUU NHAN
TAI TRQ CUA TRUNG TAM HO TRQ NGHIEN CUU CHAU A

SUMMARY

Project Title: Synthesis and investigation of the properties of TiO2:Fe3* dilute magnetic
semiconductor

Project Leader: Trinh Thi Loan
Code number: CA.18.6A

Managing Institution: Faculty of Physics, University of Science, Vietham National
University, Hanoi

Cooperating Institution(s):
Duration: from 4/4019  To 4/2021
1. Objectives:

Derive and optimize the synthesization procedure to fabricate Fe**-doped
TiO2 nanoparticles.

Investigation of the effects of the synthesis procedure as well as doped
Fe3* concetration on the crystal structure and phase transition of the
synthesized nanoparticle samples.

Investigate and estimate the variation of band-gap energy Eg and Urbach
energy Ey of TiOzas a function of doped ion concentrations.

The magnetic properties of the synthesized nanoparticle samples were
also studied.

2. Main contents and Results obtained:

The Fe**-doped TiO2 nanoparticles have been prepared via hydrothermal
technique. The samples did not undergo heat treatment at high
temperatures. The mean nanoparticle size varied in the range from 14 nm
to 10 nm. The Fe-doping concentrations were modifed from 0 to 14.54
at%.

Both the XRD analysis and Raman scattering spectroscopy were used to
investigate the anatase to rutile phase transformation. The results showed
that the Fe-doping enhanced the anatase to rutile transformation. Indeed,
the undoped TiO2 sample and the samples doped with 5.08 at% Fe and
lower exhibited an anatase structural phase. Meanwhile, the sample
doped with 9.29 at% Fe exhibited a single rutile phase.

Diffuse reflectance measurement indicated that the absorption edge of the
samples was shifted towards visible light region with increasing the
amount of Fe3*, namely, the band gap energy decreased from 3.57 to 3.06
eV for the direct and from 3.21 to 2.14 eV for indirect. transitions with
increasing Fe3*-doping concentration from 0 to 14.54 at%.

26



The PL spectra showed the emission peaks related to the band to band
transitions and the defect states. Further, the Fe-doping affected the PL
spectra of the TiO2:Fe** samples. Especially, the Fe-doping with 3.96 at
% and 5.08 at% leaded to the remarkable change of the PL spectra. Thus,
only by changing the Fe ion content in TiO2 we can get the crystals with
the desired crystalline structure and optical properties.

The magnetic measurement shows ferromagnetic and diamagnetic
behavior at room temperature in undoped TiO., The ferromagnetic has
originated due to the presence of defects or/and oxygen vacancies which
Is intrinsic in nature. But M-H curve of Fe-doped TiO2 shows
coexistence of ferromagnetic and paramagnetic phases. The paramagnetic
has arisen due to the presence of magnetic Fe** ions in TiO2 host.

3. Significant scientific and technological products:

Trinh Thi Loan, Vu Hoang Huong, Nguyen Thi Huyen, Lai Van Quyet, Ngac An
Bang, Nguyen Ngoc Long, Anatase to rutile phase transformation of iron-doped
titanium dioxide nanoparticles: The role of iron content, Optical material
111(2021)110579, https://doi.org/10.1016/j.0ptmat.2020.110579, SCI (IF = 2,779,
QI)

Trinh Thi Loan, Nguyen Ngoc Long, Synthesis and Characterization of Ni%*-doped
SnO; powders, VNU Journal of Science: Mathematics — Physics, Vol. 35, No. 4(2019)
pp.33-40. https://doi.org/10.25073/2588-1124/vnumap.4356

Signature

Trinh Thi Loan
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MAU 11B-2013/NCCA

PHIEU PANG KY KET QUA CUA DE TAI NGHIEN CUU ’
NHAN TAI TRQ CUA TRUNG TAM HO TROQ NGHIEN CUU CHAU A

Tén dé tai: Che tao va nghién clru cac tinh chat clia ban dan tir pha lodng TiO2:Fe™",
Chu nhiém dé tai: PGS. TS. Trinh Thi Loan

Co quan chu tri dé tai: Truong PHKHTN, PHQG Ha Noi
Dia chi: 334 Nguyén Trai, Thanh Xuan, Ha Noi
Dién thoai: 024-35581835

Co quan quan 1y dé tai/du an: Trung tAm HO trg Nghién ctru Chau A, PHQGHN

Pia chi: Tang 8, nha C1T- Pai hoc Qudc gia Ha Noi, 114 dudng Xuan Thuy, quan Cau Giay,
Ha Noi.

Dién thoai: 024.37547987

Toéng kinh phi duoc cap: 150 triéu dong chan.
Trong do6:
- Tu kinh phi nhén tai trg cua Trung tam HO trg NCCA: 150 triéu déng chan.

Thoi gian nghién ctru: 24 thang
- Thoi gian bat dau: 4/2019
- Thoi gian két thuc: 4/2021

Tén cac can bo tham gia dé tai/du an:
- PGS. TS. Nguyén Ngoc Long
- PGS. TS. Ngac An Bang
- ThS. Vi Hoang Hudéng

Tom tit két qua dang ky:

1. Cac két qua ndi bat (mo ta ngan gon két qua noi bat):

- Céc hat nano TiOz pha tap chat Fe®* dd duoc ché tao thanh cong bang phuong phap thay
nhiét. Cac mau khong qua xtr 1y nhiét & nhiét do cao. Kich thudc hat nano trung binh ctia
cac mau thay doi trong dai tir 10-14 nm. Nong do tap chat Fe®* trong cdc mau téng hop
duoc diéu chinh tir 0 dén 14,54 at%.

- Céc phan tich XRD va phd tan xa Raman duogc sit dung dé khao sat su chuyén pha anatase
sang rutile. Cac két qua nghién ciru chi ra tap chat Fe®* ting cuong (thic day) su chuyen
pha anatase thanh rutile. That vay, mau TiO2 khong pha tap va cac mau pha tap chét Fe3*
v6i cac ndng do < 5,08 at% thé hién ciu trac pha anatase. Trong khi d6, cic miu pha tap
chat Fe®* véi cac néng d6 > 9,29 at% thé hién cau tric pha rutile.

- Phép do phd phan xa khuéch tan cho thay bo hap thu dich vé phia ~vung anh sang kha kién
vOi sy tang cua nong do tap chat Fe%*. Cu thé, nang luong vung cam cua cac mau giam tu
3,57 eV dén 3,06 eV ddi véi chuyén murc thing va tir 3,21 eV dén 2,14 eV d6i voi chuyén
mirc nghiéng khi ndng do tap chat Fe®* trong mau tang tir 0 dén 14,54 at%.

- Phd huynh quang cho thiy cac dinh phat xa lién quan dén cac chuyén mirc ving-ving va
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cac trang thai sai hong. Tap chat Fe®* anh huong dén phé) huynh quang cua ciAc mau

TiO2:Fe®*. Pac biét phé huynh quang cua cac mau TiO; pha tap chit Fe3* v6i céc néng do

3,96 at% Va 5,08 at% co su thay doi dang ké. Nhu vay, chi bang cach thay doi nong do

tap chit Fe3 " trong mang nén TiOy, chung ta c6 thu duogc cac miu vai cac ciu trac tinh thé

va tinh chat quang hoc nhu ‘mong muon.

- Phép do tu cho thay tinh sat tu va nghlch tr & nhiét do phong trong mau TiO, khdng pha
tap, nguon goc sét tir trong mau c6 thé do su c6 mat cua cac sai hong (defects) Va/hoac cac
nut khuyet oxy. Nhung duong cong tir hoa ctia cac mau T102 Fe3* cho thay su cung tdn tai
cua pha st tir va thuan tir. Tinh thuan tir c6 thé lién quan dén sur hién dién cua cac ion Fe®*
trong mau.

2. Céc két qua cong bd (ghi rd tén tac gia, tén bai bao/bao cio khoa hoc, tén tap chi/ky yéu hoi

nghi/noi xuét ban/td chirc hoi nghi, nam, tap, sb trang):

- Trinh Thi Loan, Vu Hoang Huong, Nguyen Thi Huyen, Lai Van Quyet, Ngac An Bang,
Nguyen Ngoc Long, Anatase to rutile phase transformation of iron-doped titanium dioxide
nanoparticles: The role of iron content, Optical material 111(2021)110579,
https://doi.org/10.1016/j.optmat.2020.110579, SCI (IF = 2,779, Q1)

- Trinh Thi Loan, Nguyen Ngoc Long, Synthesis and Characterization of Ni?*-doped SnO;
powders, VNU Journal of Science: Mathematics — Physics, Vol. 35, No. 4(2019) pp.33-40.
https://doi.org/10.25073/2588-1124/vnumap.4356

3. Céc két qua dao tao (ghi rd tén HVCH/NCS, tén luan van/ luan an, nam bao v¢):

4. Céc san pham khac (néu co6):

Kién nghi vé qui mo6 va doi tuong &p dung nghién ctru:

Chunhiém dé  Thu truéng co quan Chu tich hoi dong  Thu trudng co quan quan 1y

tai chu tri dé tai nghiém thu dé tai
(Trung tm
Ho tro NCCA)
Trinh Thi Loan Bach Thanh Cong
PGS.TS. GS. TS
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