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Hé vat liéu phat quang don thanh phan SrsB,0s dong pha tap Th** va Eu®* duoc ché tao
bang phwong phdp né dung dich. Ddc trung vé cdu tric va tinh chdt quang hoc cia vt liéu
ché tao duwroc khao sat théng qua phé kich thich phat quang, phé phdt quang ciing nhw gian
d6 nhiéu xq tia X. Céc phan tich vé phé phét quang ¢ nhiér dé thap cua ion Eu* va thoi
gian song cua bic xa da chi ra c6 hai vi tri tam quang hoc Eu** khac nhau trong mang nén.
Qua trinh truyén ndng heong tir Th®* sang EU®* ciing da dwoc quan sat thdy va co ché

truyén nang heong dwoe xdc dinh la twong tée lwéng cuc tir cuc.

Tir khoa: SrsB,0, truyén nang heong, Th** - Eu®*.

I.GIOI THIEU

Céc nguyén t6 dat hiém (RE) pha tap vao c4c vat liéu phat quang da va dang dong mot
vai trd quang trong trong cudc song hién dai, chung dugc st dung trong céc thiét bi hién thi, cong
nghé laser va thiét bi chiéu sang [1, 2, 3]. Hau hét cac vat liéu nén phat quang dwoc phét trién
trén cac hé oxides, sunfides, fluoride va oxysulfides pha tap kim loai chuyén tiép hoic RE*".
Trong s6 céc ho vat liéu sir dung nhu mang nén thi vat liéu borate c6 nhiing loi thé nhat dinh nhu
nhiét do tong hop thap, d6 6n dinh tét va vat liéu ban dau ré [4, 5]. Péng vai tro 1a mét thanh
phan quang trong trong ho vat liéu borate, SrsB,0g dang nhan dugc sy quan tam rat 16n tir cac
nha nghién ctiu. Gan day, cac bao cdo vé SrsB,0 chii yéu tap trung nghién cau tinh chat quang
cua vat liéu khi pha tap ion Eu** ciing nhu nghién ctru didu kién cdng nghé ché tao [1, 6, 7].
Trong khi d6, SrsB,0 pha tap ion Eu®" hién rét it dugc quan tam, cac cong b vé vat ligu nay rat
han ché. Bén canh d6, ta biét rang ion Th*" va ion Eu® 1a hai nguyén té quan trong trong céc vat
liéu phat quang, chiing cung cip buc xa mau xanh va mau dé can thiét cho cac vat liéu phat
quang. Viéc dong pha tap hai ion nay vao cling mang nén Sr;B,0s ¢ thé dan dén qua trinh
truyén nang lugng giira ching. Qua trinh truyén niang lugng giira cac thm quang hoc la chu dé
hap dan cho c4c nghién ctu boi 18 chung dong vai tro quang trong trong viéc phat trién cac hé vat
lieu phéat quang c6 hiéu suat tét str dung cho cong nghé chiéu sang. Do do, trong phan trinh bay
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ctia béo co nay, ching toi tim hiéu dic trung quang hoc cua ion Eu** va qué trinh truyén ning
luong gitra ion Th** sang ion Eu®* trong mang nén Sr;B,0 duoc ché tao bang phuong phéap nd.

1. THUC NGHIEM

Hé mau Sr3B,0s: Th*, Eu® duogc tdng hop bang phan wng nd & nhiét d thap. Céc tién
chat gdm c6 Sr(NOs), (Merck), HsBOs; (AR), Eu(NOs); (Sigma), Th,05 (Sigma) va uré CH4N,0.
Tb,0; dugc nitrat hoa bang axit nitric. Uré duoc sir dung dé cung cap nhién liéu cho phan tng
nd. Bé phuc vu cho cac phép do nghién ciru trong cong trinh ndy, chung t6i di ché tao mot mau
Sr;B,05 chi pha tap Eu**, mét mau chi pha tap Tb* va mot hé théng mau dong pha tap Tb**
1mol% va Eu** thay déi véi x = 0; 0,001; 0,002; 0,005; 0,008; 0,01 nhu dugc cho trong bang 1.

HGon hop dung dich chira céc tién chat va uré sau khi duoc can theo hop phan duoc
khuay va gia nhiét dong thoi bang may khudy tir & 70 °C trong thoi gian 2 gior dé tao gel. Gel sau
d6 duoc dua vao 106 nung ¢ 590 °C trong thoi gian 5 phat dé thuc hién qué trinh phan tng nd
dung dich cua vat liéu. Sau d6, mau dugc lay ra va dé ngudi, ta thu dwoc dang bot mau trang.

Bdng 1. Hé thdng cac mau sir dung trong cong trinh

Samples SBE SBT SBl1 SB2 SB3 SB4 SBb
Th (mol%) 0 1 1 1 1 1 1
Eu (mol%) 1 0 01 02 05 08 1

Cau trdc cua vat liéu ché tao duoc khao sat bang phép do nhidu xa tia X trén hé Bruker
D8-Advance X-ray. Phé phat quang va kich thich phat quang tai nhiét d6 phong thuc hién trén hé
FL3-22 (Horiba-Jobin-Yvon) véi ngudn kich thich dai rong tir dén Xenon 450 W. Phép do phat
quang & nhiét do thap dugc thuc hién bang hé do Xplora 6 véi nhiét do thap nhat vao khoang -
196°C. Phép do phd dé tinh thoi gian séng ciia muc °Dy caa ion Eu®* duogc thuc hién trén hé do
Varian Cary Eclipse.

I11. KET QUA VA THAO LUAN
3.1. Pic trung ciu tric cha vat liéu Sr;B,0¢

Gian d6 nhiéu xa tia X ctia cac mau SBT, SB1, SB3 va SB5 dugc trinh bay trén hinh 1.
Tt ca cac dinh nhidu xa tir cac gian do chi ra vat liéu don pha, c6 pha cau tric Sr;B,0 (JCPDS
PDF: 31-1343). Khong quan sat thdy bat ky du hiéu dich dinh nao trong c4c gian dd XRD di
chi ra vat ligu don pha Sr;B,06 6 thé thu nhan bang phwong phép nd dung dich. Két qua nhiéu
Xa ciing d chi ra rang véi cac nong do pha tap khéc nhau khong lam anh huong dén cau tric
pha cua vit liéu, didu nay thé hién qua viéc khéng phat hién duoc pha ndo khéac ngoai pha chinh
Sr3B,06 trén gian d6 XRD. CAu tric SrsB,0g thudc hé rhombohedral véi nhém khong gian Ra.
[8] v&i cac chiéu caa 6 co s¢a = 9.04600 A, b = 9.04600 A, ¢ = 12.56600 A.
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Hinh 1. Gian d nhiu xa tia X cua SBT, SB1, SB3 va SB5

Trong mang nén Sr;B,0s, khi pha tap Eu®* s& thay vao vi tri cia ion Sr** do su twong tu
vé béan kinh gitra chiing. Béan kinh cua Sr** va Eu®" 1an luot 13 131 nm va 109 nm. Phét quang cua
mau don pha tap Eu®* SBE bat ngudn tir cac chuyén doi ludng cuc dién va ludng cyc tir caa ion
Eu®* trong trudng tinh thé. Trong cac chuyén doi cua Eu®, thi dic biét cd chuyén doi °De-'F,
day 1a chuyén doi vai s6 luong tir J=0, do d6 nang lugng khdng bi suy bién do hiéu tng Stack
[9]. N6i cach khéc, v6i mét vi tri tam quang hoc Eu®* thi chi quan sat dugc mot dinh thudc vé
chuyén doi °Do-"Fo [10]. Néu c6 nhidu hon mot vi tri thay thé caa ion Eu® trong mang nén thi s&
quan sét thay nhiéu hon mét dinh phét xa thudc vé chuyén doi °Dy-'Fo. Do d6, phat quang ctia dai
°Dyo-"Fo 12 mot cdng cu dé khao sat sb vi tri thay thé caa ion Eu** trong mang nén.

Phé phét quang cia chuyén doi °Dg-'Fo va °De-"F tai nhiét d6 phong va tai nhiét do thap

83 K dugc trinh bay trén hinh 2a va hinh 2b twong tng.
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Hinh 2. (a): Phd phat quang trng véi chuyén doi *Do-'Fo; cia miu SBE do tai nhiét 6 phong,
(b): Phé phat quang (ng vai chuyén doi °Do-'Fy tai nhiét do thdp 83 K
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Két qua do phd phat quang & hinh 2a chi ra rang, chuyén doi °Do-'Fo dem dén dai bic
Xa c6 budc song tir 575 nm dén 581nm va chuyén doi °De-"F; twong (ng véi dai buc xa tir 585
nm dén 598 nm. Quan sét dai bt Xa tir 575 nm dén 581 nm cua chuyén doi °Do-'F, do tai nhiét
d6 phong ta thay n6 bi tach ra 1am hai dai c6 buéc séng tir 575 nm dén 578 nm va tir 578 nm
dén 581 nm, diéu ndy dan dén kha ning ton tai 2 vi tri thay thé caa ion Eu®* trong mang nén
Sr3B,06 [10, 11]. Dé loai trir kha ning dong gop cua phonon vao chuyén doi *Dy-'F, chling toi
da tién hanh do phd phat quang tai nhiét d6 thap 83K, két qua chi ra trén hinh 2b ciing cho thay
chuyén doi °Do-"Fo dan dén su xuat hién hai dai bic xa. Nhu vy, c6 thé néi rang ion Eu®* ton
tai tai hai vi tri khac nhau trong mang nén, hinh thanh nén hai tam quang hoc khac nhau.

Bén canh do, hai vi tri thm Eu®* trong mang nén ciing duoc nhan thiy qua phép phan
tich dudng cong suy giam cudng d6 huynh quang theo thoi gian. Két qua phép do suy giam
cudng do huynh quang theo thoi gian cia mau SBE ting véi bude séng 612 nm dugc trinh bay &
hinh 3. Puong cong duoc lam khit vai ham exponential kép dugc cho boi céng thuc (1) [12,
13].

I :A.e(ft/rl) +AZ.e(7t/T2) (1)

& day, | 1a cuong d6 huynh quang, A; va A, 1a hang sb, t 1a thoi gian va 7y, 7, 1a 2 thoi
gian séng. Vi hai két qua thoi gian sng 7, va 7, tinh ra tir qué trinh 1am khit cho thay trong vat
liéu c6 hai tam phét quang Eu®* [14, 15]. Tur két qua 1am khit, thoi gian séng trung binh cua buc
xa duoc tinh theo phwong trinh dudi ddy [12, 13]. Cu thé, thoi gian sng trung binh cua buc xa
ion Eu® trong mau SBE tinh duoc 1a 1,294ms.
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Hinh 3. Puong cong suy giam cudng do huynh quang cua Eu®*
trong mau SBE thu tai budc séng 612 nm
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3.2. Pic trung quang hoc va quéa trinh truyén ning lweng trong vat ligu Sr;B,0s: Th*,
Eu®

Hinh 4 trinh bay két qua do phd phat quang (PL) ciia mau don pha tap Th** (miu SBT)
kich thich bang birc xa c6 budc séng 350 nm va phé kich thich phat quang (PLE) cua mau don
pha tap Eu®" (mau SBE) thu tai birc xa 612 nm. Két qua cho thiy c6 su chdng phu giira hai phd,
diéu ndy dan dén kha ning c6 thé xay ra qua trinh truyén nang luong tir Th* sang Eu®* khi ma
chung dugc ddng pha tap trong cing mang nén Sr;B,0s.
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Hinh 4. Ph6 PL ctia mau SBT va phd PLE Hinh 5. So sanh phd PLE cua mau SBE thu tai
cta miu SBE 612 nm, SBT thu tai 545 nm va SB5 thu tai 612 nm

Dé danh gia qua trinh truyén ning luong gita Th* va Eu®', chiing ta s& so sanh ba phé
kich thich ciia ba mau SBE (don pha tap Eu®"), SBT (don pha tap Tb**) va SB5 (mau dong pha
tap Eu** va Tb*") nhu dugc trinh bay trong hinh 5. Quan sat phd PLE cia mau don pha tap Eu®*
(SBE) thu tai 612 nm ta thiy khong xuat hién dinh kich thich & 350 nm. Trong khi d6, phd PLE
ctia mau don pha tap Tb*" (SBT) thu tai 545 nm xuét hién dinh kich thich & 350 nm. Bay gio ta
quan sat pho PLE cua mau dong pha tap ca Eu®* va Tb* (miu SBE) thu tai budc song 612nm
(cua Eu®) ta lai thiy xuat hién vach kich thich 350nm cia Tb**. Nhu vy cé thé néi rang, c6 su
truyén ning luong tir Th* sang Eu®*.

Phé phat quang cua cac mau dong pha tap SrsB,0g: 0.01Tb**, x.Eu*" véi cac nong do
Eu® khac nhau, kich thich boi bic xa c6 budc soéng 350 nm, duoc trinh bay trén hinh 6. Phé
phat quang ghi nhan dai bic xa mau xanh dic trung cia Th* va ving bac xa do cua Eu.
Cuong d¢ ctia chuyén doi °D,-"Fs (545 nm) caa Th®* giam xudng khi ma nong do Eu®* tang l1én.
Trong khi dé, cudng do cia chuyén doi °De-"F, ctia ion Eu®" ban luc dau ting 1én sau d6 giam
xudng khi ting ndng d6 Eu**. Sy thay doi cu thé ciia hai buc xa ung véi chuyén doi °D,-"Fs cua
Tb* va °Dy-'F, ciia Eu** duoc trinh bay trén hinh 7.
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Hinh 6. Phd PL cua Sr3B,04:0.01Th**, xEu®* Hinh 7. Su phu thudc ciia cuong do cua °D,-'Fs of Th**
va *Do-F, cua Eu®* theo ndng do Eu®* pha tap

Sy suy giam cuong do cua Th® khi ndng d6 cua no dwoc cb dinh 1a do qué trinh truyén
nang luong tir ion Th* sang Eu®* [16]. Trong khi do, su suy giam cudng do phat quang cua ion
Eu®* khi ndng d6 né vuot qua 0,2 mol% la do qua trinh dap tit ndng do.

Thong thudng, co ché ciia qua trinh truyén nang luong tir tm ting nhay sang tam kich
hoat (Tb®" truyén sang Eu®*) trong vat liéu phét quang dién ra théng qua qué trinh tuong tac da
cuc dién hodc twong tac trao ddi. Bé xac dinh dugc co ché ndo din dén qué trinh truyén ning
luong trong SrsB,0g thi viéc tinh ban kinh toi han R, giita tim ting nhay va tam kich hoat la can
thiét. Vi su gia ting ndng d6 pha tap, khi d6 khoang cach giita Tb*" va Eu®* s& ngin di, va khi
du ngén thi qué trinh truyén ning luong xay ra. Khoang cach toi han R, duoc tinh bing biéu
thirc sau day theo nhu dé xuét cua Blasse [16, 17] .

b
v
R~ 2'£4ﬁch j )

O day, x. 1a ndng do téi han, N 1a sé cation trong mot 6 co s¢ va V 1a thé tich cua 6 co
s6. DI voi SryB,04, V = 890.51 A% N = 18 [6], va x, = 0.012. Tir déy tinh dwoc gié tri R, vao
khoang 19.9 A. Két qua nay cua khoang céch t6i han cho thiy twong tac trao ddi khong thé 1a co
ché cho qua trinh truyén ning lugng trong vat liéu SrsB,0g: Tb*, Eu®* vi theo ly thuyét, twong
tac trao ddi chi dién ra véi khoang cach bé hon 5 A. Do vay, quéa trinh truyén ning luong gitra
Tb* va Eu®* phai la twong tac da cuc dién.

Dua trén ly thuyét caa Dexter, mdi lién hé gitra hiéu suat va nong d6 pha tap duoc cho
boi phuong trinh theo sau [16]:

Mo n/3
— o< Cpae 3+ @)
Ns
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& day no va 75 1a hiéu suét lugng tir huynh quang cia Tb*" trong truong hop khong cé va c6

/3
mat Eu®. "/
: T3+ 4 Byt

tinh thdng qua ti s6 cudng do huynh quang (lso/ls) nhu & biéu thirc theo sau [16, 18]:

la tong ndng d6 cua Th* va Eu®. Ti s hiéu suit huynh quang cé thé

1
s0 ~ Cn/?)
‘[5

763+ 4 Bt (5)

Méi quan hé gitra =2 C;b/gﬂEuH twong ng véi n = 6, 8 va 10 s& ung Vé&i cac
IS

tuong tac ludng cuc - ludng cuc (d - d), ludng cuc - tir cuc (d - ) va t cyuc - t cuc (q - ). Méi
lién hé gitra (1s0/15) va C;;33++Eu3+ duoc biéu dién trén hinh 8.

Tir hinh 8 ta thdy méi quan hé (I/1y) va ¢ ot tuyén tinh tot nhat tng véi n=8,

T3 F + Bu
diéu nay cho thiy tuong tac ludng cuc - tir cuc 1a déng vai trd chu yéu trong qué trinh truyén
nang lugng giita Tb** va Eu®" trong mang nén Sr3B,0e.

on yarhx Equaton_[y=a 76
NoWeighin W No Vieghin
13963 26103

)
R Squar| 095060

028059 x
085194

84 Valie  Standard Ent 8 Value | Standard En
Iercept L6316 0.72584 & nlecepl | 02306 044012
Sope 2058 0295 & Sope 03188 002647

B
g

Vabe | SndadEil
\\\\\\\\ 07 0SS

e Soe 0453 005

3

; B %
;9 6 5 6 E 6
s < 4
3. . @ 3 (b) 3. ©
L 2.
2] R=0.952 24 ’=0.974 2
R'=0.951
] ] n
04— — —— —— 04— y T ; ; r : ; T y
10 15 20 25 30 35 40 5 10 15 20 25 30 0 5 10 15 20 25
i epx10° 3. px10° Ce X107
N A ) ) 3+ s 6/3 8/3 10/3
Hinh 8. Su phu thudc cua (Isp/ls) cua Th™" vao (a) Crd+ g3+ (b) Copdt g3+ (c) Crpt g3+

IV. KET LUAN

Vit liéu SryB,06: 0.01Th**, XEu** dd duoc ché tao thanh cong bang phwong phap nd
dung dich. Két qua nhiéu xa tia X chi ra vat liéu don pha, c6 pha ciu triic SrsB,Og thudc hé
rhombohedral va céc ndng d6 pha tap khong anh hudéng dén cau tric cua vat liéu. Cac nghién
ctru vé& phé phat quang caa chuyén doi °De-'Fo & nhiét d6 phong ciing nhu & nhiét d6 thap 83K
da chi ra c6 hai vi tri ion Eu® trong mang nén. Khi dong pha tap Th** va Eu** da xuét hién qué
trinh truyén ning lwong tir Tb* sang Eu®* bang co ché twong tac ludng cuc - t cuc dién.
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ABSTRAST

Th** and Eu®" ions codoped Sr3B,0¢ phosphors were prepared by the combustion method.
Crystalline structure and spectroscopic properties of the phosphors were studied by X-ray
diffraction diagram and photoluminescent spectra. The results of the luminescent spectra at
low temperature and the lifetime of Eu®" ions showed that Eu** ions located different two
positions in the lactice. The process of energy transfer was oberseved from Tb** ion to Eu®*
ion and the energy transfer mechanism was explained by dipole-quarpole interaction.
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