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CAC NGHIEN CUU VE CAU TERBIUM, CO CHE TRUYEN NANG LUQNG
VA HIEN TUQNG DAP TAT HUYNH QUANG

Ngoé Van Tam

Vién Nghién Ctru va Ung dung cong nghé Nha Trang

Tém tat: Hién twong huynh quang cua diode phdt énh sdang tring (phosphor—converted white- llght—
emitting diodes pc-WLEDs) la umg dung quang trong trong viéc thay thé cdc nguon dnh sing truyén
thong Chiing co hiéu qua cao hon nho nghién cuu, ung dung quad trinh truyen nang luong. Viéc phat
trién cde vat liéu phdt ra dai phé hep, hiéu qua la mot trong nhiing muc tleu dé phat trién hé thdng diot

phat quang (LED). Bdi bdo niy mé ta qud trinh truyén nang lu’ong Ce’*

— (Ih*") n — Eu’" cho phép

cam bién phat xa vach Ev*" 5D;— 7F, boi qua trinh chuyén tiép hdp thu Ce** 4f; — 5d, dwoc phép trong
ving quang phé gan UV va tim. Qud trinh truyén ndng luong ney dwoc thé hién trong LaFs [1-2].

Tw khoa: 77 ruyén nang luong, Wleds , LaFs, cdu Terbium, chuéi Terbium, d&ng pha tap Ce, Eu.

1. Mé& déu

LED trén co so tir ngoai gén (n-UV) dua
vao huynh quang ba mau, khic phuc duoc
nhuoc diém cua cac loai LED khac vé nhiét do
tao mau tuong quan cao (correlated color
temperature) CCT va chi s6 tao mau thap (color-
rendering index) CRI Tuy nhién, LED (n-UV)
trén co thé khic phuc 16i nay boi vi mat cua con
nguoi khéng nhin thay tia n-UV (350-370 nm),
do do CRI va CCT duoc kiém soat boi cac ti 1¢
ctia huynh quang 3 mau. Su phat trién cua huynh
quang do moi 1a then chdt trong nghién ciru
WLEDs dua trén n-UV do hi¢u qua kém cua
huynh quang do truyén théng nhu Y,0;: Eu®* va
Y-0,S: Eu*" dudi kich thich 350-400 nm [3-4].
Mot s6 phosphor mau doé bén nhu Lu,CaMg:(Si,
Ge);012: Ce’' va Cau(PO.) ,0: Eu®' giip phai cac
thiéu sot cua su hap thu trong vung xanh [10],
[11]. Tuy nhién, dinh phat xa anh séng hep mau
do hoidc mau cam cua cac ion nhu Eu®" va Sm*
khong dugc nhay nhu qua trinh truyén nang
luong truc tlep cia Ce* hodc Eu vi co su tén
tal cua truyen dién tich kim loai - kim loai
(metal—metal charge transfer MMCT), lam giam
kha ning nhay cam huynh quang [5]. Gan day,
mot chudi terbium di duoc dwa ra nhu la mét
trung gian dé giam bot tac dong MMCT trong
cac nén cua YBOs boi AA Setlur 6. Mot md
hinh méi cua S — (Tb*"), — A di duogc hinh
thanh dé giai thich su ting cuong cia dong mau
do phat quang cuong do hep cua n-UV bom
phosphor. O day, "S" thé hién cho ting nhay

cam vdi su chuyén dbi cho phép va "A" thé hién
cho cac hoat hoa vdi su chuyén ddi cAm. Jia va
cong su bao cao vigc tang cuong cuong dd phat
quang cua cac ion Sm*" bang cach thuc hién
Eu”' — (Tb*), — Sm®" trong cac nén cua
Sr;Ln(PO4); va Eu*” — (Tb*), — Eu®*" trong
cac nén cua BaLn (BO;3),Cl 1a mot mo ta y
nghia cho cac ing dung cua chudi terbium, va
cac phat xa c6 thé diéu chinh tir mau xanh sang
mau cam di duoc thuc hién bing cach ting ham
luong cua Tb**, mic du hién twong hoa tri hdn
hop cac ion europium la khéng kiém soat dugc
7. Trong bai bao nay chung t6i nghién ciru qua
trinh truyén nang luong tir Ce® — (Tb*), —
Eu®" voi ndng do cua Tb*" trén nén LaF; ché tao
bang phuong phap thuy nhiét. Nguyén 1y qua
trinh truyén nang luong co thé dugc mo ta &
gian do hinh 1. Quan sat gian do ta thay vé co
ban co6 hai hinh thic truyén ning luong tir ion
Ce sang ion Tb. Hinh thac thi nhat 1a truyén tir
ion Ce sang ion Tb sau do dén ion Eu. Hinh thirc
thu hai 1a truyén truc tiép tir ion Ce sang ion Eu.
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Hinh 1. Gian do hal hinh terc truyen niang
lwong Ce -> Eu’*



2. Thyc nghiém
2.1. Ché tao méu

Hé mAu LaF; dong pha tap Ce, Eu duoc tong
hop bing phuong phap thuy nhiét
La(NO3)3.6H,0 va NaF di dugc su dung lam
nguyén lidu ban diau  Ce(NOs);.6H,0,
Tb(N03)3A6H2O va Eu(NO3)3A6H20 da duqc
thém vao cho su pha tap.
Cetyltrimethylammonium bromide C;oH4BrN
(CTAB) phu gia qua trinh két tia dé kiém soat

cac kich thuéc hat. Cac hoéa chat
La(1\103)3.6H20, Ce(NO3)3.6H20,
Tb(NOs);.6H:0 va Eu(NOs);.6H,O cua hing
SigmaAldrich va CisH#BrN (CTAB) cua hing
Merck. Hé mau duoc ché tao co qui trinh nhu
hinh 2, miu thu duoc la bot tra“ing min, kich
thudce cum hat ¢& vai chuc nm.

Hé mau duoc ché tao co thanh ph?m duoc mo ta
6 bang 1.

Bang 1. Thanh ph?m ciac miu dﬁng pha tap Ce va Tb ché tao b:"mg phwong phap thiy nhiét
A A 0 A A 0 3+

Stt Nongcde%f“c“’ Néng do mol % Tb* | Tong domol % Eu Ky hiéu mAu

1 1 0.1 1 MTbEul

2 1 0.5 1 MTbEu2

3 1 1 1 MTbEu3

4 1 2 1 MTbEu4

5 1 5 1 MTbEu5

MObi mau ché tao chira 5 mmol cua cac ion
trong nhom Lantan, 15 mmol cua NaF va 1
mmol cia CTAB. Cac nitrat, hoa tan trong 24
ml nudc, dd dugc thém vao CTAB trong 8 ml
nude. Sau khi khudy trong 20 phut, NaF hoa tan
trong 8 ml nudc dugc thém ting giot. Sau khi

Ce(NO3)3.6H.0 La(NO3):.6H,0

Khudy 15 phit

Dung dich chira Ce**

tiép tuc khudy trong 40 phut, hdn hop duogc
chuyén vao mét autoclave lined bang teflon va
dun nong ¢ 130°C trong autoclave ES 315 Tomy
tai Vién Nghién Ctru va Ung Dung Cong Ngh¢
Nha Trang.

Th(NO3)3.6H:0 w
-+

.
Khu4v 15 phut Khudy 15 phut

Dung dich chira Eu*

| Hén hoo mudi Nitrat [

Khuay
C19H4,BrN + Nude
Dung dich CTAB

Khudy 15 phut

Khudy 15 phut

15 phut

| Auto clave line

Nung thuy nhiét 130°C, 10h

=

Say khé 80°C

Hinh 2. Quy trinh ché tao mu ddng pha tap Ce**, Tb**, Eu*", bing phwong phap thiy nhiét



2.2. Phd huynh quang.

Ph6 huynh quang do trén  may
Spectrophotometer Fluorolog-3 FL3-22 (Horiba
Jobin Yvon) kich thich budc song 325 nm tai
Truong Pai Hoc Duy Tan - Pa Nang. Quan sat
ph6 huynh quang ching ta nhan thay khi thay
d6i nong d6 Tb cuong do dinh huynh quang cua
ion Ce giam dan, cuong do huynh quang cua Tb
tang dan va cuong d6 huynh quang cua Eu®
cung tang dan, quan sat hinh 3. Co qua trinh
truyén ning luong xay ra trong hé mau nay.
Nhung khi nong d6 Tb qua cao Umg voi mau
MTbEuS thi cwong d6 huynh quang cua Tb va
Eu giam xuéng xuat hién hién tuong dap tét
huynh quang Eu** do nong do Tb*" co thé quan
sat duoc trén phd huynh quang cua hé miu theo
hinh 3.
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Hinh 3. Phd huynh quang ctia miu ddng pha
tap Ce-Tb-Eu ché tao bang phwong phap
thuy nhiét.

3. Két qua va théo luin
3.1 Co ché truyén niing lwong ddng pha tap
ba nguyén té Ce, Th, Eu.

Cac nha nghién ctu di dua ra mo hinh chudi
terbium (Tb*" - Tb*' - Tb*" - ...) hinh 4(a) dé giai
thich qua trinh truyén ning luong tir S dén A:
S — (Tb*)y — A [7]. 8. Tuy nhién, qua trinh
truyén nang luong theo " Tb*" - Tb*" - Tb* - ."
va mt qua trinh c6 nhing dicu khong hop 1y vi
nhing 1y do sau day: Xac xuat cua qua trinh
truyén ning luong gilta Tb> - Tb* thap do su
chong chéo nho giita pho kich thich va pho
huynh quang cia Tb*[9].Vi qua trinh truyén

nang luong theo chudi Tb nén xac suait qua trinh
truyen nang luong la giam theo cap s0 nhén.
Néu goi xac suat cia qua trinh truyén ning
luong cia Tb*" - Tb* 1a p thi p<1, khi dé xac
suat ciia qua trinh truyén nang luong cap n la
P=p". Dé P bang p° la cuc ky thip khi gia tri
trong (Tb*), 1a 1on hon 5. Qua trinh truyén nang
luong tir S dén A qua chudi terbium (Tb*" - Tb*
- Tb* - ...) 1a mot sw kién xac suat rat nho. Vi
vay, mo hinh chudi terbium la khong hop 1y lam.
O day. chung t6i ciing giai thich toan bd qua
trinh cta truyén ning lwong cho cac cau nbi
terbium trong hinh 4(b). Toan bo qua trinh bao
g0m bon giai doan [10-12].

Giai doan A: Ion Ce*', duogc kich thich bai anh
sang UV, ¢6 thé truyén ning luong cho Tb* ion
o trang thai nén. Su tuong tac giita Ce*" - Tb*'
1a rat pho bién.

Giai doan B: Cac ion kich thich Tb*" co thé phat
huynh quang anh sang mau xanh yéu cua chuyén
doi °D; — "Fr hoic truyén ning lwong dén Eu®*
trong cach Tb®" (°Ds) + Eu’* ('Fo) — Tb*" ('Fs)
+ Eu* (D2) + A, vOi Ap 1a ning luong
phonon.

Giai doan C: Bén canh giai doan B, mot ion
kich thich Tb*" co thé giai phong ning luong
theo cach cua ndi long voi terbium khac ion (I1I)
& trang thai co ban Tb*" (°D;) + Tb*" ('Fs) —
Tb** (°Ds) + Tb** ('), d6 1a c6 loi cho sy phat
xa mau xanh 14 ciy cia "Dy — Fy.

Giai doan D: Ning luong cua Tb*" trong °Ds
ciing ¢6 thé truyén vao Eu®" thong qua cac qua
trinh Tb** (°Ds) + Eu’™ ('Fo) + Aph — Tb*" ('Fs)
+ Eu®" (Dy). Cac ion Eu®" (*Dy) phuc hdi vé
trang thai Eu’" ('F ) va huynh quang .

Tur gian do hinh 1 cho thay rang sw phat xa cua
Eu’" bat ngudn tir mic ning luong D5 (377-
378 nm) va D4 (488 nm) cua Tb*", twong ting
vO1 cac giai doan B va D. Thoi gian phan ra cho
5d — 4f cua Ce™ Ia cang ngan c& nano glay,
trong khi cac gia tri cho °Ds — F; cua Tb*" va
Dy — 'F; cua Eu’" 13 vao khoang cua micro
gidy, vi vay ion Tb*" cling déng vai tro luu trix
ning luong tir Ce*".



Kiéu chudi Th: P,=p" p<1

(a)
n
.0 - ° - ° _,¢ - _,¢

Giai doan A
Truyén nang luong

Kich thich UV ’

=@

(1111 doan C
I) +"Fs—>Dy+"Fy

Huynh quang

Huynh quang
D,—7F;
Kiéu cAu nhénh

Giai doan B
Tb(°D3)+Eu(’Fo) = Tb("F3)+ Eu(®Dy)+Ap,

I°

Huy nh quang

- . :
- " Vi
N : *Do—"F;
Sd—af

a

()

.‘Ve

Huynh quang

Giai doan D
Tb(*Da)+Eu("Fo) +Apm
—Tb("F4)+ Eu(*Dy)

Hinh 4. M6 hinh truyén niang lwgng cia chudi Ferbium (a), cAu terbium (b).

3.2 Co ché dap tit huynh quang cia Eu’*
kich hoat béi cAu Terbium

Su dap tat huynh quang cua Eu®" kich hoat
boi cac cau Terbium véi mot ham luong cua
ndng d6 Tb>" dwoc quan sat va bao cao trong cac
cong trinh nghién ciru trude do. Tuy nhién co
ché dap tat khong 10 rang. Jia et al [13] cho rang
su dap tit ndng do Tb>" 1a co ché chlem uu thé,
chung t6i quan sat duoc qua trinh dap tit huynh
quang cua Eu’" bat dau khi thanh phin % mol
cia Tb* 1a 5 ung voi mau MTbEuS. Mot sd
cong bd cho rang su dap tit huynh quang boi
cau Terbium khi nong d6 ctia Tb*" 1a 10% trong
Na;Ln;B,0; (Ln = Y hoac Gd) [14]. Trong
LaFs: Ce*", Tb*, Eu*, ion La*" duoc thay thé
boi Tb* ¢ ban kinh 16n hon nhung khéng c6
mdi lién hé can thiét gitra cac hiéu tmg khoang
cach ban kinh va hién tuong dap tit phat quang.
Chung ta biét trang thai bé mat co thé lam thay
doi cac tinh chat phat quang cua cac chét phat
quang 15. Cac khuyét tat bé mit dong vai tro
lam trung tAm dap tit va do do né dong vai tro
quan trong trong su dap tit huynh quang. Do do,
tac dung dap tat co thé 1a mot két qua sb luong
ngly cang ting doi voi cac khuyét tat trén bé
mat, trong do c6 ngudn gbe tir cac thay doi ty sb
ion dat hiém (Tb*", Eu*’, La®) 16. Cac khuyét
tat do c6 thé hap thy ning luong tir cac trung
tam phat quang cua qua trinh truyén nang luong.
Do do, chung té1 dua ra mét gia thuyet dé giai
thich hién tuong phat quang dap tit trong cau
Terbium: ty 1¢ ion dat hiém co anh huong dén
cac trang thai bé mat cua cac chat phat quang va
cudi cung anh huong dén s6 luong cac khuyét

tat bé mat va cuong do phat xa cua Eu®'. Dé
kiém soat qua trinh dap tat huynh quang chung
ta phai tha nghiém dé dwa ra ti 1& thich hop.,
dong thoi phai thu nghiém ché tao dé giam t01
da cac yéu t6 anh huong dén qua trinh dap tit
huynh quang.
4. Két luan

Cac mod hinh truyén nang luong cua Ce’' -
(Tb*), - Eu®" duoc dua ra dé giai thich vai tro
cua (Tb*"), trong truyén ning luong tir Ce®* dén
Eu®' va hién tuong dap tit xuat hién khi pha tap
ham luong cao Tb*". Thuat ngit "cAu Terbium "
duoc su dung dé thay thé cho " chudi terbi" dé
thé hién vai tro cua cia (Tb*'), trong truyén
ning luong cua Ce’" -(Tb*"), - Eu’’, va cac gia
tri cua n duoc xac dinh 1a nhé hon 3. Cudi cung
cac co ché dé dap tit huynh quang cia Eu®' voi
mot ham theo ndéng do cua Tb®" dd duoc nghién
ctru. Trén co so lién quan dén cau néi Terbium,
c6 thé phat trién wdc tinh ndng do Tb> - Eu®* dé
t6i wu hoa cac tinh chat phat quang cua Eu®*
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STUDIES OF TERBIUM BRIDGE, MECHANISMS OF ENERGY TRANSFER AND
LUMINESCENCE QUENCHING

Ngo Van Tam

Nha Trang Institute of Technology reseach and Application

Abstract: The fluorescence of a phosphor-converted white-light-emitting diodes pc-WLEDs is an
important application in replacing traditional light sources. They are more effective thanks to research
and application of energy transmission. Developing materials that emit an efficient, narrow spectrum
band was one of the goals for developing light-emitting diode (LED) systems. This paper describes the
energy transfer Ce’" — (Ib°") n — Euw’" that allows the sensor to emit lines Eu’>" 5D;— 7F, by the
absorption transition Ce>" 4f; — 3d; allowed in the spectral region near UV and purple. . This energy

transfer is shown in LaFs.

Key words: Energy transfer, Wieds, LaF3, Terbium bridge, Terbium chain, co-doped Ce, Eu.
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