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Ché tao vat liéu gom thity tinh SiO,-TiO, pha
tap Yb®* va khao séat ciu tric, tinh chat quang
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TOM TAT

Trong cong trinh nay, chung toi da sw dung
phirong phdp sol-gel dé ché tao vit liéu khoi 85 %
Si0,-15 % TiO, pha tap voi cac ham luong Yb** khdc
nhau. Két qua phdn tich FT-IR, Raman va XRD cho
thdy cdc tinh thé TiO, hinh thanh trong mau cé cdu
triic anatase va kich thwoc trung binh 15-20 nm. Hon
nita, khi ham lwong pha tap Yb** tang dén 1 % mol

thi trong mau bdt ddau xudt hién thém pha tinh thé méi
pyrochlore Yb,Ti,O; Khi sit dung budc song kich
thich 300 nm, thu dwoc dang phé ddic trung cia Yb>*
trong vimg 980 nm, ching t6 dd c6 sw truyén ndng
lwong tir cc tinh thé TiO, sang ion Yb**. Cuong d¢
phat quang dat gid tri 16m nhdt khi néng d¢ Yb** la
0,1 % mol va giam ddan khi nong do pha tap ting lén.

Tir khéa: gom-thiy tinh, truyén ning lwong, TiO, anatase, pha pyrochlore

MO DAU

Céc ion dit hiém (RE) co cau triic ving ning
luong phong phtl, nho vay céc vat ligu pha tap voi cac
ion nay c¢6 nhiéu &ng dung rong rii nhu man hinh
hién thi va thiét bi quang dién tir, & d6 thuy tinh
thuong 1a vat lidu nén cho cac ion dit hiém [1, 6].
Tuy nhién, m{t ham lugng pha tap cao s€ gay ra su
két dam cua cac ion lam giam hiéu suit phat quang
do c6 sy truyén ning luong giita cac ion. Do do, viéc
phan tan t6t cac ion dat hiém trong vat liéu nén 1a mot
yéu t6 can thiét trong viéc thiét lap mot hé thdng
quang hoc 1y tuéng. Mot giai phap cho van dé nay la
phan tan cac ion trong nén vat liéu gébm-thay tinh, &
day cac tinh thé ban dan dugc dua vao trong nén cia
thity tinh. Céac tinh thé nano ban dan nhu TiO,, ZnO,
SnO, thuong dugc chon vi chung c6 d6 rong ving
cam 16n (~3.5 eV) do d6 c6 thé st dung ngudn dén
UV phé rong dé kich thich dién tir dich chuyén tir
ving héa tri 1én ving din, sau d6 s& truyén ning
luong cho cac ion RE lan can. Qua trinh nay s€ bu trir
cho tiét dién hip thu nho cia cac ion RE, do dé
cuong do phat quang cua RE dugc tang cuong. Trong

céc ion RE thi Yb* 13 ion ¢ cdu tric ving ning
lwong don gian nhat nén né thuong dugc sir dung nhur
cac “tam nhan” (sensitizers) trong cac véat liéu
composite phat quang. Do dé tinh chit phat quang
cua Yb* trong cac vat liéu nén khac nhau can dugc
nghién ctu. Trong nghién ciru nay, anh hudng cua
ham luong tap Yb® 1én cdu trac cua nén va tinh chét
phat quang cua Yb*" duoc nghién ctru mot cach chi
tiét.
VAT LIEU VA PHUONG PHAP
Quy trinh ché tao

G6m thay tinh 85Si0,-15TiO, dang khéi pha tap
Yb* véi cac ham lugng khac nhau dwoc ché tao bing
phuong phap sol-gel, qua cac budc: tao sol TiO,; tao
sol SiO, trung gian va hoa tan Yb*', sol TiO, va dung
dich cua Yb* duoc thém vao sol trung gian dé tao sol
da thanh phan; 1 sol, sdy va nung gel & cac nhiét do
khéac nhau. Sol TiO, duogc tao nhu sau: hoa tan TTIP
(Titanium TetralsoPropoxide) vao acetic acid, lan
lugt cho isopropanol va methanol vao dung dich vira
thu duoc voi ti 1¢ thé tich CH;COOH:TTIP:CH-
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3CH(CH3)OH:CH;0H=33:30:9:28. Sol TiO, thu dugc
c6 mau vang nhat. Sol da thanh phﬁn duoc tao qua
cac bude: cho nudc vao dung dich TEOS trong
ethanol dé tao sol trung gian; lan luot cho
Yb(NO3)3.5H,0 hoa tan trong ethanol, sol TiO; va
nuéc vao sol trung gian véi ti I& TEOS:C-
oHsOH:H,0=1:4:10, TEOS:TiO,:Yb = 85:15:X, Vi
x=0.1,0.5,1,1.5,2,3,5. Xtuc tac trong qua trinh sol gel
1a HCI véi nong d6 0,05 M. Sol dugc chira trong cac
lo polypropylen, i ¢ nhiét &6 phong trong 3 ngay, sy
& 50 °C trong 5 ngay, 80 °C trong 2 ngay. Gel sau d6

duoc nung ¢ 700 °C, 800 °C va 900 °C trong moi
truong khong khi vai tée do gia nhiét 1a 1°C/phit.
KET QUA VA THAO LUAN
Dic tinh ciu tric cia gébm thiy tinh pha tap Yb**
Phé truyén qua hong ngogi FT-IR

Phé truyén qua hdong ngoai (FT-IR) duoc thuc
hién trén phd ké FTIR-EQUINOX 55. Hinh 1 trinh

bay pho FT-IR cua mau pha tap 1 % Yb duoc nung &
cac nhiét d khac nhau.
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Hinh 1. Phd FT-IR cta 15Ti-1Yb dugc nung ¢ cac nhiét do khac nhau

Két qua cho thiy phé cua mau sau khi nung &
700 °C xuét hién cac dinh phd & vi tri sb song 1645
cm™ va 3426 cm™ dac trung cho dao dong bién dang
va dao ddng hoéa tri cia nhom O-H cua nudce con sot
lai trong mau. Cac dinh & vi tri s6 song 470 va 804
cm dic trung cho dao dong bién dang & (Si-O-Si) va
dao dong hoa tri dbi xing v4(Si-0-Si) cua silica vo
dinh hinh. Ngoai ra, ving phé manh nhit & 1100 cm™
1a ciia dao dong hoa trj bat d6i xting cia cac lién két
=Si —O-Si = trong ta dién SiO, cua SiO,. Vung
nay gém hai thanh phan: dinh manh nhét ¢ 1099 cm™

la ctia mode quang ngang (TO) va bo & vi tri 1228
cm™ dic trung cho mode quang doc (LO) [7].

Khi miu duoc nung & 900 °C, sy bién mit cua
céc ving phd dic trung cho dao dong ciia nhém O-H
ching té qua trinh xtr 1y nhiét ¢ nhiét d6 cao s€ giup
loai bo dwoc nude. Didu nay s& giup ting cudng tin
hiéu huynh quang cua ion dat hiém. Ngoai ra, trén
phd con ¢6 sy xuét hign cta dinh pho méi ¢ vi tri s6
song 660 cm™ dic trung cho dao dong hoa tri O-Ti-O
cua tinh thé TiO, [8]. Nhu vay qua trinh xir 1y nhiét &
900 °C khong nhiing loai bo cac nhém OH con lai
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trong miu ma con thic day sy hinh thanh va phat
trién cac hat tinh thé nano TiO,.

Khi ting ndng do tap Yb* tir 0 % dén 2 %, phd
FT-IR & Hinh 2 cho thay vi tri va cudng do cac dinh
dac trung cho SiO, c4u trac vo dinh hinh va cua dinh

Si-OH khong thay d6i. Tuy nhién, cac dinh dic trung
cho dao dong cua TiO, 6 660 cm™ giam dan vé cuong
d6, diéu nay cho thay qué trinh pha tap Yb*" kim ham
su hinh thanh va phat trién cua tinh thé TiO,.
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Hinh 2. Phé FT-IR cia miu 15Ti pha tap cac ndng d6 Yb* khac nhau dugc nung & 900 °C

Phé Raman

Dé nghién ciru anh huong ctia ham luong pha tap
Yb* 1én cdu trac ciia miu, ching toi ciing sir dung
phé Raman. Phd Raman ciia cac mau véi ham lugng
Yb** khéc nhau nung ¢ 900 °C dugc thuc hién trén hé
LABRAM 300 (Horiba JOBIN YVON) va str dung
laser He-Ne 632 nm dé kich thich. Két qua dugc thé
hién & Hinh 3.

Phé cua cac mau SiO,-TiO, pha tap va khong pha
tap Yb*" déu xuét hién cac dinh dic trung cho 6 mode
hoat dong Raman cua TiO, tng Vi ciu trac anatase &
vi tri s6 song: 144 cm™* (Eg), 198 cm™ (E,), 394 cm™
(Byg), 516 cm™ (Ayy + Byg) and 638 cm ™ (E,) va céc
dinh ¢ 800 cm™ va 980 cm™ dic trung cho dao dong
héa tri caa Si-O-Si va Si-OH cia SiO, [9]. Tuy nhién,

trong cac phd nay khong thy rd cac dinh phd cua
SiO, vo dinh hinh trong ving s6 song 400 dén 600
cm™. Didu nay co6 thé dwoc giai thich 1a do cac dinh
cua TiO, co cudng do rat manh trong ving phd nay
nén di bao phu cac dinh phé cua SiO, (phd cia mau
SiO, tinh khiét ciing duoc dua vao hinh 3 dé so sanh).
Khi ndng d6 pha tap Yb** tang tir 0 % dén 5 % mol,
cuong do cac dinh déc trung ctaa TiO, giam ching toé
su hién dién cua cac ion Yb®" kim hdm su phat trién
ciia cac hat tinh thé TiO,. Ngoai ra, trong cac mau
pha tap con xuét hién dinh phd & vi tri s6 song 303
cm™ dic trung cho dao dong bién dang cua lién két O-
RE-O cua Yb,Ti,O; pha pyrochlore [9, 10] va cuong
d6 dinh nay tang dan theo ndng do pha tap.
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Hinh 3. Ph Raman ctia mau 15Ti v&i cac ndng do pha tap khac nhau duwoc nung ¢ 900 °C
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Hinh 4. Gian dd XRD cia mau 15Ti véi cac ndng do pha tap khac nhau dwoc nung & 900 °C

Két qua do nhidu xa tia X (XRD) duoc thuc hién
trén nhidu xa ké D8 Advance véi budc song tia X
kich thich 1a CuK, = 1,5418 A va duoc thé hién &
Hinh 4.

Gian @5 XRD ciia mau khong pha tap va pha tap
1 % Yb** sau khi duwoc nung & 900°C chi xut hién
cac dinh nhidu xa & vi tri 20 = 25.2°, 37.7°, 48.1°,

53.8°, 55.2° va 62.5° tuong uwng Vvoi cac mat mang
(101), (004), (200), (105), (211) va (204) cia pha
anatase cua tinh thé TiO, (JCPDS 21-1272) ma khong
¢6 su hién dién cia pha rutile. Diéu nay ching to khi
phan tan tinh thé TiO, trong nén SiO, v6 dinh hinh
lam tang dang ké nhiét d6 chuyén pha tir anatase sang
rutile caa TiO, so véi vat lieu TiO, thuan. Ddi vai
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mau pha tap tir 2 % tro 1én, ngodi cic dinh dic trung
cho pha anatase cua TiO, c6 cuong do giam xudng,
con xuét hién cac dinh khac & vi tri 20 = 30.78°,
35.69°, 39.01°, 51.38° va 61.09°. Cac dinh nay dic
trung cho céu trac lap phuong tim mat cua pha
pyrochlore Yb,Ti,O; (JCPDS 23-0590) va cudng do
tang dan theo nong d¢ pha tap.

Dé tinh kich thudc trung binh cia tinh thé tir dir
liéu XRD, ching t6i st dung phuong trinh Scherrer:
D =kA/Bcos@, trong d6: D 1a kich thuéc trung
binh cua tinh thé, A 13 bude song tia X kich thich, k
1a hé sb phy thudc vao hinh dang tinh thé c6 gia tri
vao khoang 0.9, B 1a d9 ban rong cua dinh nhiéu xa
(tinh theo radian) va 0 13 vi tri dinh. Két qua tinh kich
thuéc tinh thé trung binh tir phwong trinh Scherrer
cho thay gia tri nay giam tir 20 nm (mau khong pha
tap) xudng 14 nm (mau pha tap 5 % Yb*") chang to
su hién dién cua cac ion pha tap lam giam kich thudc
cua tinh thé TiO,. Piéu nay cé thé dugc giai thich 1a
do khi pha tap Yb** vao trong SiO,-TiO, xay ra qua
trinh thay thé Yb® (ban kinh 1,008 A) vao cac vi tri
cua Ti** (ban kinh 0,74 A) do d6 tao ra ¢ng suit kéo
gidn 1am han ché sy phat trién cua tinh thé TiO,. Hon
nira, khi pha tap & mot nong do cao 2 % mol dan dén
su hinh thanh pha tinh thé méi Yb,Ti,0,. Két qua nay
hoan toan phu hop véi dir liéu ctia FT-IR va Raman.

Phé huynh quang kich thich (PLE)

Phd huynh quang kich thich cua cic miu véi
nong d6 TiO, khac nhau pha tap 2 % Yb duoc thé
hién & Hinh 5. Khi thu tin hiéu & budc séong 974 nm
ng vé6i dinh phat quang cia Yb*', trén phd PLE c6
bd hip thu manh & bude séng 270 nm. Day 1a ving
hip thu do truyén dién tich giita 0> - Yb*" twong ting
v6i dich chuyén cua dién tir tir obital 2p cia 0% dén
orbital 4f cua Yb® [11] . Sy xuét hién ciia ving hip
thu & vi tri dinh pho 340 nm Gng voi d6 rong ving
cam cua TiO, chang to co su truyén ning luong tir
tinh thé TiO, sang cac ion dét hiém Yb**. Ngoai ra,
trén phé PLE con quan sat dugc ving hip thu yéu
trong ddy budc song tir 500 nm dén 700 nm, day la
ving tuong tng voéi cac muc sai hong do khuyét
oxygen trong vat lidu TiO, [12]. Khi ting nong do
TiO, tir 5 % mol dén 10 % mol thi thé tich tinh thé s&
tang do do s& lam ting cudng qué trinh truyén ning
lwong tir tinh thé TiO, sang Yb** (cuong do ving hip
thu & 340 nm ting). Tuy nhién, khi tiép tuc ting ham
luong TiO, 1én 15 % mol thi higu suit truyén ning
lwong gitta TiO,-Yb*" lai giam 1a do khi ham lwong
TiO, cao dan dén sy hinh thanh va phat trién cac tinh
thé TiO, c6 kich thudc 16n lam han ché qua trinh
truyén nang lugng.
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Hinh 5. Phé huynh quang kich thich ciia cac mAu véi ndng d6 TiO2 khac nhau dugc pha tap 2 % Yb** (Aemis. = 974 nm).
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Hinh 6. Phé quang phat quang ctia cac mau 15Ti pha tap cic ndng do khac nhau (Aex = 300 nm)

Phé quang phat quang cua cdc miu trong ving
hong ngoai gan dugc sir dung dé nghién ctru kha ning
truyén nang lugng tir cic tinh thé TiO, sang cac ion
Yb*. O day, mau duoc kich thich bang 4nh sang co
budc song A,=300 nm tuong Gng véi qua trinh kich
thich ving—ving cac tinh thé TiO,. Dé so sanh cuong
d6 phat quang gitra cac mau, ching t6i do phd quang
phat quang ciia mau dwoc nghién thanh bot.

Hinh 6 trinh bay phd quang phat quang cta céc
mau 15 % TiO, pha tap cac ndng d6 Yb** khac nhau.
Phé ctia cac mau déu xuét hién dinh phat quang & vi
tri budc song 974 nm va 1002 nm Gng vaéi dich
chuyén tir trang thai ’F, dén %F, dac trung cua ion
Yb**. Didu nay cho thiy da c6 sy truyén ning luong
tir cac tinh thé TiO, sang cic ion Yb* theo so dd
truyén ning luong trén hinh 6. Hon nita, cuong do
phat quang manh nhét d6i véi mau pha tap 0.1 % mol
Yb* va giam dang k& khi ndng d6 pha tap ting. Su

suy giam cuong do phat quang ¢ nhitng ndng d6 cao
1a do hiéu wng dap tit ndng do. Ngoai ra, qué trinh
pha tap kim hdm sy phat trién cua tinh thé TiO, va
dan dén hinh thanh pha mdi nén ciing lam giam kha
ning truyén nang luong tir TiO, sang Yb**,

Tir két qua cua phdé PLE, qua trinh truyén ning
luong tir TiO, sang ion Yb*" ¢6 thé dwoc mé ta nhu
sau : Khi dién tir cua tinh thé TiO, nhan ning luong
cua anh sang kich thich twong tng vai do rong ving
cdm cua TiO, dich chuyén 1én vung dan va truyén
nang lugng cho cac ion Yb** dé dich chuyén 1én trang
thai kich thich Fs, qua qué trinh tai hop khong birc
xa. Dong thoi mot phan dién tir duoc by & céc trang
thai khuyét tat boi qua trinh khong birc xa va ciing
truyén ning luong cho céac ion Yb*'. Sau d6, qua trinh
dich chuyén cua dién tir tir trang thai *Fs, sang 2F+»
phat ra anh sang trong viing hong ngoai gan.
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Hinh 7. So ¢4 mirc ning luong thé hién co ché cia su truyén ning luong tir TiO, sang Yb**

KET LUAN

Bing phuong phap sol-gel véi qui trinh xur Iy
nhiét pht hop, ching t6i da ché tao dugc vat liéu khdi
gdém-thuy tinh SiO,-TiO, pha tap Yb* khong bi nut
gdy, ¢6 mau tring duc. Cac tinh thé TiO, cau tric
anatase hinh thanh trong nén vo dinh hinh SiO, va su
hién dién cua thanh phan pha tap Yb®* kim him sy
hinh thanh va phét trién cua cac tinh thé TiO,. Cac
nhém OH con lai trong mau da duoc loai bo gan nhu
hoan toan sau khi cac mau duoc nung ¢ 900°C. Diéu

ndy gitp cho cudng do huynh quang cua Yb** duoc
tang cuong dang ké so véi mau nung & 700 °C. Hon
nita, cuong do huynh quang cua Yb** trong ving 974
nm dugc ghi nhan bang qua trinh kich thich gian tiép
ching t6 di co sy truyén nang luong tir cic tinh thé
TiO, sang céc ion Yb*".

Loi cam on: Nhom tac gia xin chdn thanh cam on sy
tai tro' ciia Quy Phdt trién Khoa hoc va Céng nghé
quéc gia (NAFOSTED) cho dé tai ma sé 103.03-
2015.34.

Synthesis of SiO,-TiO,:Yb>* glass-ceramics
and characterization of structure and optical

properties

e Huynh Tat Thanh

An Giang University

e Tran Thi Thanh Van
University of Science, VNU-HCM

ABSTRACT

In this work, the monoliths of 85 % SiO,-15 %
TiO, doped Yb*" ions at different contents have been
prepared by sol-gel method. The measurement of FT-
IR, Raman spectroscopic and XRD analysis show the

formation of anatase TiO, nanocrystals with average
size about 15-20 nm in silica matrix. Moreover, the
pyrochlore crystals of Yb,Ti,O; begin to form in the
samples when content of Yb** reaches to 1 mol %.
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The energy transferred from TiO, crystals to Yb®*

ions

is proven by the characteristic emission

spectrum of Yb®* at the wavelength of 980 nm when
the samples are excited by the wavelength of 300 nm.
Key words: glass-ceramic, energy transfer, TiO, anatase phase, pyrochlore phase
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