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Téng hop va tinh chat phat anh sang trang ctia BaMgAli0017 dong
pha tap terbium, europium

Synthesis and white light emitting characteristics of terbium, europium co-doped in
BaMgAI10017
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Tém tit

Vit liéu phat quang BaMgAl;0017 (BAM) ddng pha tap hai nguyén té dat hiém terbi va europium dugc tong hop bing
phuong phap sol-gel citrate. Hon hop dugc nung ¢ 1100 °C trong mdi trudng khir bang khi CO. Vit liéu phéat quang ba
mau xanh duong, xanh 14 ciy va do6 tuong ung voi dic trung phat quang ctia Eu?*, Th® va Eu®* khi duoc kich thich bgi
burc xa ¢6 budc song 365 nm. Pho phat quang c6 cuong do cao va cho dai rong tir 420 dén 500 nm tuong Ung véi dic
trung phat quang cua ion Eu?* va Tb®. Phd phat quang cua ion Tb®* cho birc xa trong ving mau xanh 14 cdy, do dich
chuyén trang thai tir °Dy4 sang "Fs. Phd phat quang cho buc xa trong ving mau do, ¢6 dai rong khong dbi xung véi dinh
cyc dai 620 nm tuong tng voi dic trung phat quang cia ion Eu®* va Th*. Nhimg két qua nay cho thdy, vat liéu BAM
ddng pha tap terbi va europium c6 thé dugc st dung 1am vét liéu phat anh sang tring.

Tir khéa: BAM; phdt énh sdang trang.
Abstract

Luminescence of terbium and europium co-doped in BaMgAl10O:; (BAM) were synthesized using sol-gel citrate
method. The mixture was then baked at 1100 °C in a CO reduction environment. Blue, green and red tri-luminescent
materials correspond to the luminescent characteristic of Eu?*, Tb% and Eu®* ions when being radiated at 365 nm
wavelength. The luminescence spectrum is intense and gives a range of 420 nm to 500 nm (blue), which corresponds to
the luminescence characteristics of Eu?* and Th**. The emission spectrum of Tb3* shows radiation in the zone green due
to the state transition from 3Dy to "Fs. The red luminescence of Eu®* and Tb®* shows an asymmetric broad band that
peaks at 620 nm. Taken together, our results indicated that terbium and europium co-doped in BAM can be used as
white-light emitting material.
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1. Mé& dau

Gan day, nhiéu cong trinh nghién ctru cua
cac tac gid trong va ngoai nudc da thanh cong
trong viéc ché tao vat liéu phat quang BAM pha
tap ion europium phat xa mau xanh duong véi
bude song 452nm. Ho da ap dung phuong phap
sol-gel citrate, nung ¢ nhiét d6 1200°C. Trong
khi d6, phuong phéap phan tng pha ran c6 nhiét
do nung khoang 1300°C [1]. Vi phuong phap
sol-gel citrate khong nhimg ha thap nhiét do
nung ma vat li¢u ché tao duogc co tinh déng
nhat, d6 tinh khiét cao, kich thuéc vao ¢ nano
va diéu ndy dd md ra nhiéu kha ning ung dung
mdi nhu trong cac man hinh c6 d§ phan giai
cao, man hinh plasma [2], [3]. Trong linh vuc
chiéu sang thi myc tiéu tao ra anh sang tring co
do tra mau CRI (Color rendering index) cao
bang cach phdi tron ba mau co ban dang dugc
cac nha khoa hoc hudng dén. Mot trong nhimng
vat liéu phat quang ho aluminate cho hiéu suét
phat quang cao dang dugc cac nha khoa hoc
quan tdm nghién ctru 1a vat liéu BaMgAlioO17
(BAM) pha tap cac ion dat hiém [4-7]. Nhu vat
lidu BAM pha tap ion Eu?* phat quang mau xanh
dwong nho cac dich chuyén 4f-5d, va phét quang
mau d6 khi ion europium c6 hoa tri 3 (Eu®*) nho
céc dich chuyén trong ndi bo cau hinh 4% (°Do—
’Fj). Anh sang tring 1a su tong hop ciia ba mau
co ban do 1a xanh duong, xanh 14 cay va mau do.
Nén viéc tim ra ion pha tap phat quang mau
xanh 14 cay trén nén vat liéu BAM dé phéi tron
céc vat lidu theo ti 1¢ thich hop nham phat ra 4nh
sang trang 1a viéc can thiét,

2. Thwe nghiém

Vit liecu BAM dong pha tap terbium va
europium dugc tong hop bang phuong phép sol-
gel citrate, cac hoa chét ban dau gdm Ba(NOs),
Mg(OH)2.4MgC03.6H20, Al(NO3)3.9H20, Th4Oy,
Eu203 va CsHsO7.H20. Sau khi dugc 13y theo ti
1¢ thich hop, hdn hop dung dich dugc khudy
trén bép tir & nhiét d6 75°C trong 4 gid dé cho
cac chat tan vao dung mdi, tiép theo siy hdn

hop & nhiét do 60°C trong 6 gid nham loai bo
bdt dung moi, khi do ta thu dugce xerogel dang
bot ¢6 mau trang. Tién hanh nung hdn hop &
1100°C véi thoi gian nung 1 gio trong moi
truong khtr bang khi CO. Kiém tra ciu tric vt
liéu thu dwoc bang phép do nhidu xa tia X
(XRD) boi hé do nhidu xa ké Bruker D8-
Advance tai Khoa Hoa hoc Dai hoc Khoa hoc
Tu nhién Ha Noi. Cac phd kich thich phat
quang (PLE) va phé phat quang (PL) cua cac
mau duogc ghi nhan trén hé do thuong mai FL3-
22, tai Phong Khoa hoc Vit liéu, Truong Dai
hoc Khoa hoc Tu nhién, Pai hoc Quéc gia Ha
No6i va hé¢ do tu tao, tai Khoa Vat ly, Truong
Pai hoc Khoa hoc Hué.

3. Két qua va thio luin

3.1. Gidn d6 XRD
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Hinh 1. Gidn d6 XRD ciia médu BAM: Tb* (3%mol).

Gian dd XRD ctia mau BAM: Tb®* (3%mol)
nung ¢ nhiét do 1100 °C trong moi truong khur
bang khi CO dugc thé hién trén Hinh 1. So
sanh gian d0 nhiu xa va thé chuan JCPDF
Card N0.26-0163 [8] chiang toi thdy miu ché
tao dugc twong dbi don pha, miu chi xuat hién
dinh khong mong mubn véi cuong do bé tai vi
tri 20 = 28.33° twong tng dinh dac trung cua
BaAl204. Vit lidu tong hop duoc c6 cau trac
khong gian kiéu hexagonal, c6 cac thong sb
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mang a =b = 5.62A°% ¢ = 22.64A° vao = B =
v =90°.

3.2. Phé phdt quang cdc méu BAM: Tb* khi
thay déi nong dé Th**
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1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5 va 5.0 v6i 7ex=365 nm.

Hinh 2. Phé PL mau BAM: Tb*(x%mol) véi: x = 1.0,
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Hinh 3. Phé PLE méu BAM: Tb*(3%mol),
Zem=545 nm

Po phd phat quang v6i bude séng kich thich
Aex = 365 nm cua cac mau BAM: Tb% c6 ndng
d6 ion Tb®* thay d6i tir 1.0 % mol — 5.0 % mol
thé hién trén Hinh 2. Két qua cho thdy, cac phd
thu dugc c6 cung hinh dang, bao gé)m mot sd
dai buc xa kha hep c6 cuc dai & khoang budc
song 490, 545, 586 va 620 nm tuong tng vdi
cac dich chuyén tir °D4 - 'Fy (J=6,5,4,3), trong
ndi bd cdu hinh 4f% cua ion THb%, blc xa cb
budc soéng 545 nm (green), ung véi dich
chuyén °Ds = "Fs, ludn luén c6 cuong d6 manh
nhat. Cudng d6 phat quang tang khi nong do
ion Th®* tang va dat gia tri cuc dai khi ndng do

ion Th% dat 3% mol, sau d6 cuong do giam dan
khi néng d6 Tb®* 16n hon 3% mol, co thé do
hiéu tng dap tit vi nong d6 [9]. Phd PLE véi
budc song phat quang 545 nm dugc thé hién
trén hinh 3, phé kich thich c6 mot sb dai hep
trong khoang tir 300 dén gan 400 nm va mot
cuc dai véi cuong do thép 0 483 nm. Tu dé
chung ta thay rang, dé vat liéu BAM:Tb%* phat
biic xa 545nm chiing ta c6 thé dung cac birc xa
kich thich véi cac budc song 320, 350, 365,
378 va 483 nm.

3.3. Phé phdt quang ciia BAM khi déng pha
tap terbium va europium
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Hinh 4. Phé PLE méu BAM :Th®, EU®*, 2em=620 nm
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Hinh 5. Phé PL méiu BAM: Tb, Eu, 2=365 nm
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Khi ddng pha tap 3% mol terbium va 3%
mol europium vao mang nén BAM, trong qué
trinh nung mau da khir khong hoan toan Eu®*
thanh Eu?, do d6 trong méu ludn ton tai ion
Eu®* va Eu*[8]. Pho kich thich phéat quang cia
mau do & budc séng phat quang Aem=620 nm
(tng v6i tam phat quang Eu®") dugc thé hién
trén Hinh 4, mot sb vach hep sic nét trong
khoang tir 350 dén 550 nm dic trung cho qué
trinh chuyén ddi trang thai f-f ctia ion Eu®*. Tir
ph6 PLE thé hién trén Hinh 4, ta c6 thé nhan
thdy dé cho tdm phat quang Eu®* phat ra buc xa
620 nm c6 thé dung buc xa kich thich cé budc
song 365 nm. P6i v6i tim phat quang 13 ion
Eu?* d c6 buc xa mau xanh duong (blue) ta
cling c6 thé dung birc xa kich thich 365 nm[8].
Nhu véy, vat liéu BAM dong pha tap Tb va Eu,
cho du europium c6 hoa tri +2 va +3 nhung ta
c¢6 thé dung birc xa 365 nm dé kich thich ba ion
trén. Phé PL mau BAM ddng pha tap europium
va terbium dugc thé hién trén Hinh 5. Nhin vao
két qua do ta théy ¢ su xuat hién cac cuc dai
phé O cac budc song la: 452, 490, 545, 586 va
620 nm, c6 thé quy dam birc xa ¢ khoang budc
song tir 420 dén 500 nm 1a sy phdi tron buc xa
cua hai ion Eu®* va ion Tb%, buc xa ¢ budc
song 545 nm la ddc trung phat quang cua ion
Tb%" va birc xa trong khoang 620 nm 1a sy phdi
tron buc xa cia hai tAm ion Eu®* va ion Tbh%".
Nhu vdy d3 c6 bang ching cho thdy vat liéu
nén BAM dong pha tap Tb va Eu cho phd phat
quang c6 xuat hién ddng thoi ba birc xa tng véi
ba mau co ban dé tao thanh anh sang tring. Tuy
nhién con phai diéu chinh nhiét do nung,
phuong phap khur, lam chu dugc quy trinh khu
dé tao thanh ion Eu?*, Eu®" nhu mong muén,
nham cho phd phét quang cé ti 1& vé cudng do
ctia ba mau co ban tdt nhat dé tao thanh anh
sang trang.

4. Két luan

Chung t6i di ché tao thanh cong vat liéu
BAM bing phuong phap sol-gel citrate, vat lidu

ché tao duwoc c6 cau truc khong gian kiéu
hexagonal, pha BaMgAl10017 chiém uu thé, co
cac thong s mang 1a a = b = 5.62A°, ¢ =
22.64A° va o = B =y = 90° Vit licu BAM
ddng pha tap terbi va europium cho phd phat
quang c6 cuong dd cao & cac budc song 452,
545 va 620 nm, tuong Ung véi dic trung phat
quang ctia cac ion Eu?*, Tb%" va Eu®* khi dugc
kich thich bdi buc xa c6 budc song 365 nm.
Nén vat liéu téng hop dugc théa man diéu kién
vé ba mau co ban dé phat anh sang tring.
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