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TOM TAT

Vit liéu phat quang Sr2Al:SiO7 dong pha tap cac ion dat hiém (Eu®, Dy*) duoc
ché tao bang phuong phép phan ting pha ran ¢ nhiét d6 1250°C trong 2 gio. Két
qua khao st gian d6 nhiéu xa tia X cho thay, vat liéu c6 cau tric pha t gidc. Pho
btec xa ctia Sr2ALSiOr: Eu®* ¢é dang vach hep c6 ciec dai ¢ 589 nm va 619 nm dac
trung cho chuyén doi ctia ion Eu?*. Pho btic xa cua Sr2AlSiOz: Dy®*cling la cac
vach hep véi cuc dai birc xa & bude séng 478 nm, 575 nm déc trung cho chuyén
doi cta ion Dy?*. Trong hién twgng phat quang cua vat liéu Sr2ALlSiO7 dong pha
tap Eu®, Dy3'thi ca 2 ion nay déu déng vai tro la tam phat quang va bitc xa phat
quang cta chung chiu &nh huong 1an nhau. Cac déc trung phat quang cua cac vat

liéu nay duoc trinh bay va thao luan.

Tt khoa: Sr2AlSiO7, Eu’, Dy*, quang phat quang.

1. MO PAU

Vit liéu phat quang va cong nghé ché tao vat liéu phat quang da va dang duoc
nhiéu nha nghién cttu trong va ngoai nuwdc quan tam nghién ctru do nhiing tng dung
quan trong cua ching trong khoa hoc va doi séng. Trong ky thuat chiéu sang va hién
thi, vat liéu phat quang dong vai tro quan trong trong viéc ché tao cac loai den huynh
quang, den LED, d6 la cac loai den chiéu sang cd hiéu sudt cao, ti€t kiém nang luong.
Trong s6 do6, vat liéu phat quang pha tap ion dat hiém duoc st dung rong rai trong
nhiéu tng dung khac nhau, do chung khong ddc hai, than thién véi méi truong, cd dd
chéi va tudi tho cao [1]. Trong vai ndm qua, LED trang kich thich béi btic xa ttr ngoai
gan két hop vdi cac vat liéu phat quang mau do, xanh 1a cay, xanh da thu hut nhiéu sy
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quan tam cta cac nha khoa hoc. Nhitng vat liéu phat bitc xa anh sang nhin thay voéi
hiéu sudt phat quang cao dudi kich thich tir ngoai gan hay anh sang mau xanh da duoc
tng dung trong ché tao LED trang. Vat liéu silicate alumino kiém thd da thu hut nhiéu
st cht y va tro thanh mot hudng nghién ctru tha vi trong linh viee vat liéu phat quang
vi tinh 6n dinh hda hoc cao va kha ndang khang nuwdc so véi cac vat liéu trén nén sulfit
va aluminate [2-4]. Bao cao nay trinh bay cac két qua nghién ctru vé anh hudng cua
dong pha tap Europium va Dysprosium dén tinh chat quang cta vat liéu Sr2ALSiO7
dugc ché tao bang phuirong phap phan ting pha ran.

2. THUC NGHIEM

Vit liéu phat quang Sr2ALSiO7 (SAS) dong pha tap ion Eu®, Dy* dwgc ché tao
bang phuong phap phan tng pha ran. Cac nguyén liéu st dung gdom: SrCOs (99,9%,
Trung Qudc), ALOs (99%, Trung qudc), SiO2 (99,9%, Han qudc) va Eu0s (99,9%,
Merck), Dy20s (99,9%, Merck). Hon hop dugc can theo ti 16 hop thic, chat chay B20s
duoc thém vao véi ti 16 4% khoi lwong san pham. Phdi liéu dugc nghién tron bang cdi
ma ndo trong thoi gian 1 gid, sau d6 hoén hop dugce nung & nhiét do 1250°C trong 2
gio. Gian do nhiéu xa tia X thwe hién boi nhiéu xa k&€ Bruker D8-Advance, pho phat
quang (PL) va phé kich thich phéat quang (PLE) thuc hién bang phd k& huynh quang
FL3-22 ctia Horiba.

3. KET QUA VA THAO LUAN
3.1. C4u trtic tinh thé ctia vt liéu Sr2A1:S5i07 pha tap ion dat hiém

CAu truc tinh thé ctia cac vat liéu phat quang Sr2ALSiO7 pha tap ion dat hiém
dwoc khao sat béng nhiéu xa tia X. Gian d6 XRD ctia cdc mAiu SAS: Eu’+(0,5 %mol),SAS:
Dy?*(1,0 %mol),va SAS: Eu* (0,5 %mol), Dy** (1,0 %mol) dugc biéu dién trén hinh 1.
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Hinh 1. Gian d6 XRD cua SAS: Eu® (0,5 %mol) (a), SAS: Dy*(1,0 %mol) (b)
va SAS: Eu* (0,5 %mol), Dy* (1,0 %mol) (c)

Két qua phan tich cho thdy, cdc mau c6 cdu tric pha mong mudn la Sr2ALSIO;,
c6 céac thong s8 mang: a =b = 7,83010A, ¢ = 5,27320A, o = p = y = 90°, véi nhém khong
gian P-42im, thudc pha t& giac (Tetragonal). Mat khac, gian d6 nhiéu xa khong xuat
hién cac dinh dac trung cta cac ion dat hiém cling nhu cac thanh phan phdi liéu ban
dau. Diéu nay ching to rang, cac ion dat hiém khi dwoc pha tap vao mang nén véi
ham lugng bé khong lam thay doi cau truc pha cua vat liéu.

3.2. Dic trung quang phd ctia vat liéu SAS: Eu*(0,5 %mol)
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Hinh 2. Phd PL ctia mau SAS: Eu* (0,5 %mol)  Hinh 3. Pho PLE ctia mau SAS: Eu’* (0,5 %mol)

kich thich béng btic xa 365 nm do & btrc xa cé budc séng 619 nm

Trén hinh 2 trinh bay phd PL ctia vat liéu SAS: Eu (0,5 %mol) kich thich bang
btic xa 365 nm, phé btic xa thu duoc bao gom cac vach hep déc trung cho chuyén doi
cta ion Eu*, twong ting vai cac dich chuyén tir trang thai kich thich Do vé trang thai co
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ban 7F; (J = 0, 1, 2, 3,4). Biic xa ¢ budc song khoang 589 nm tuwong ting voi chuyén doi
ludng cuc tir Do — “Fictia ion Eu®. Bitc xa dbudc séng 619 nm twong ting véi chuyén
doi ludng cuc dién Do — 7F2 ctia ion Eu®, chuyén doi nay phu thudc vao su ddi xtng
cua truong tinh thé. Ba dinh btrc xa khac tai 580 nm, 657 nm va 702 nm la twong doi
yéu, twong tng véi cac chuyén doi *Do — 7Fo, Do — 7Fs va Do — 7Fa. Trong pho btec xa ctia
vat liéu SAS: Eu® (0,5 %mol) khong quan sat thay dai rong dac trung cua ion Eu?.

Pho PLE cuia SAS: Eu® ting vdi btee xa phat quang c6 budce séng 619 nm duoc
biu dién trong hinh 3. Pho PLE cua vat liéu phat quang SAS: Eu® (0,5 %mol) xuat hién
mot dai rdng trong vung ti ngoai, va mot s6 vach hep trong khoang 330 nm — 580 nm.
Pho PLE bao gom hai phan chinh: (1) - Dai rong trong vung budc song nhé hon 300 nm
duoc goi la dai truyén dién tich (CTB) do sy twong tac Eu’- O, dai truyén dién tich
gay ra boi su truyén mot dién tir tir quy dao 2p ctia Oxy dén 16p vo 4f¢ cua ion Eu®, (2)
- cac vach hep tr 330 nm dén 580 nm, duoc gan cho sw chuyén doi kich thich f - f caa
ion Eu®. Vach ¢ ceong dd manh nhat tai 393 nm twong tng v6i chuyén doi 7Fo— 5Ls
cua ion Eu*. Cac dinh kich thich yéu khac tai 360 nm, 381 nm, 413 nm va 461 nm, 531
nm, 575 nm duoc cho la qua trinh chuyén doi ndi cdu hinh 4f - 4f ctia cac ion Eu’* trong
mang nén, c6 thé duoc gan cho cac chuyén doi twong tng "Fo—> 5Ds, 7Fo—> 5Gas, 7Fo—>
5Ds, 7Fo — 5Dz, 7Fo — 5D1, 7Fo—> 5Do [5].

3.3. Dic trung quang phd ctia vat liéu SAS: Dy?(1,0 %mol)

2.5x10°
1.2x10" 4
578 .
1.0x10° 4 479 2.0x10°
=l = {
= oo =S
T &
= T 1.5x10° o
= =
. 6.0x10° =
= =S 1.0x10°
=2 on
E aoxi0’ 4 £
= =1
© “ 50107 4
2 0x10°
00 T T T T 0.0 T T T T T
400 450 500 550 500 650 250 300 350 400 450 500 550
Bué6e séng (nm) Bude séng (nm)

Hinh 4. Ph6 PL ctia mau SAS: Dy3* (1,0 %mol)  Hinh 5. Pho PLE cua mAauSAS: Dy?® (1,0 %mol)

kich thich bang btic xa c6 budc séng 365 nm do & btrc xa co burdc song 575 nm

Pho PL cua vat liéu SAS: Dy? (1,0 %mol) kich thich béng btrc xa 365 nm dwoc chi
ra 0 hinh 4. Dudi kich thich 365 nm, pho PL cua vat liéu SAS: Dy** (1,0 %mol) bao gom
cac vach hep, véi hai birc xa chinh trong viing mau xanh (479 nm) va trong ving mau
vang (578 nm) twong tng voi chuyén doi ludng cuee tir (MD) “For2 — ®Hise va chuyén doi
luong cuc dién (ED) “Foz — ®Hisp ddc trung cua ion Dy?. Trong d6 chuyén doi Fop —
‘Hise v6i AJ = 2 la dich chuyén rat nhay. DAy ciing la loai tdm phat quang duocsw
dung nhiéu trong vét liéu phat quang [1]. Sw m& rong cua cac vach bikc xa cta ion Dy?*
6 lién quan dén cac murc Stark & cac muec *Fo va H; [6].
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Pho PLE cua vat liéu SAS: Dy** (1,0 %mol) duoc khao sat ing vdi bic xa phat
quang c6 budc song 575 nm duoc chi ra trén hinh 5. Phd PLE cta vat liéu SAS: Dy* (1,0
%mol) bao gom cac vach hep c6 cac dinh 297 nm (‘His2 —>4P3p), 324 nm (‘Hisz = ¢Psp),
350 nm (°Hisz —>*Msp, ©P72), 363 nm (*Hisz —>*l112), 387 nm (®Hisz—>4Liae, *Frr), 423 nm
(*Hisp—24Guin), 450 nm (°Hisp—>4li52) va 468 nm (°Hisp—>4Foz) twong tng véi cac
chuyén doi ddc trung 4f — 4f tlr trang thai co ban ‘Hise 1én cdc trang thai kich thich khac
nhau cta cau hinh dién tx 4f° ctia ion Dy?* [6].

3.4. Dic trung quang phd ctia vat liéu SAS: Eu** (0,5 %mol), Dy* (1,0 %mol)

Phé PL ctia mau SAS: Eu3* (0,5 %mol), Dy* (1,0 %mol), kich thich b?mg btrc xa co
365 nm duoc chi ra trén hinh 6.a. Phd PL ctia mau SAS: Eu® (0,5 %mol), Dy (1,0 %mol)
xuat hién cac vach hep déc trung cho ca ion Dy?* va ion Eu®. Két qua cho thay, phd PL
ctia mau SAS: Eu* (0,5 %mol), Dy* (1,0 %mol) véi biic xa kich thich 365 nm thi ca ion
Eu®* va ion Dy* déu déng vai trd 1a tim phat quang. Ngoai ra, phd PLE cia mau SAS:
Eu® (0,5 %mol), Dy* (1,0 %mol) duwoc khao sat ttng voi bitc xa phat quang & budc song
578 nm (hinh 6.b), c6 dang vach hep trai dai ttr 300 nm dén 500 nm cac vach hep nay
hoan toan trung véi cac vach hep dac trung cho chuyén doi kich thich cua vat liéu SAS
don pha tap Dy*.

8.0x10°

2.5¢10°
578
2.0¢10°
6.0x10° - 479
Z 2 110"
£ 4.0x10° 4 g
& -
619
‘Z‘ T, 1.0x10°
£ £
“ 20x10° 4 c
5.0¢10°
00 T T T T T 00 T T T T T T T T T T T
400 450 500 550 600 650 250 300 350 400 450 500 550
Buéce séng (nm) Bude song (nm)
(a) b)

Hinh 6. Phd PL (a) va PLE (b) ctia mau SAS: Eu® (0,5 %mol), Dy* (1,0 %mol)

3.5. Dic trung quang phé cua vat lieu dong pha tap SAS: Eu** (x %mol), Dy* (1,0
0/01'1’101)
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Dy? (1,0 %mol) kich thich bang btic xa c6 365  d6 phét quang cuc dai vao nong do Eu®* trong
nm, (voi x =0,25;0,5; 1,0; 1,5) mau SAS: Eu? (x %mol), Dy* (1,0 %mol)
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Phé phat quang cua cac vat liéu SAS: Eu® (x %mol), Dy* (1,0 %mol) véi x = 0,25 -
1,5 %mol duoc kich thich boi biic xa c6 budc sdéng 365 nm trinh bay ¢ hinh 7. Két qua
thu dwgc cho thdy, khi ndéng d6 ion Dy? khong déi la 1 %mol va ting dan nong d6 ion
Eu* thi ceong d6 dinh 619 nm dac trung cho chuyén doi cta ion Eu® tang lén tuy
nhién ceong do ctia birc xa nay van yéu hon so véi dinh dic trung ctia ion Dy*, trong
khi d6 cuong do cuc dai 0 birc xa 578 nm déc trung cho ion Dy?* giam dan. Két qua cho
thay, khi néng d6 ion Eu* tang va gitt nguyén nong d¢ ion Dy?** thi cuong dd btrc xa
cua ion Dy* giam thé hién kha nadng xudt hién su truyén nang lugng tir ion Dy* dén
ion Eu® khi c6 su bao phu vung pho kich thich cua ion Eu* (461 nm, 575 nm) véi vung
pho btic xa cua ion Dy?** (479 nm, 578 nm) nhu két qua chi ra trén hinh 5 va hinh 6, vi
thé su tang cwong do btc xa cua ion Eu®* 1a do tang nong do tam kich hoat va anh
hudng cta viéc truyén nang lwong Dy® - Eu®. Sy thay d6i ctia cwong d phat quang
cuc dai vao nong do ion Eu** mod ta trén hinh 8.

3.6. Dic trung quang phd ctia vat liéu SAS: Eu* (1,0 %mol), Dy* (y %mol)
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Hinh 9. Pho PL ctia mau SAS: Eu® (1,0 %mol), Hinh 10. Sy phu thudc ctia ceong do phat
Dy? (y %mol) kich thich bang btic xa c6 365 quang cuc dai vao noéng &6 Dy?* trong mau
nm, y =0,5; 1,0; 1,5 2,0; 2,5 %mol SAS: Eu* (1,0 %mol), Dy* (y %mol)
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Ngoai ra, pho PL ctia hé mau SAS: Eu? (1,0 %mol), Dy®* (y %mol) véi: y =0,5; 1,0;
1,5; 2,0; 2,5 %mol, kich thich bdi btrc xa 365 nm chi ra trén hinh 9. Két qua thu dwgc cho
thdy, hinh dang phd va vi tri dinh khong khéc gi so v6i mau dong pha tap ion Eu® va
Dy? ¢ trén. Tuy nhién, cuong do bic xa cua ion Eu* va Dy* cung dat cuc dai ting voi
nong do cua Dy** 1a 1,0 %mol. Sau d6,khi noéng do ion Dy** tiép tuc téng dan thi cuong
dd btc xa cua ching giam dan nhw md ta ¢ hinh 10, diéu nay ching to ¢é hién tuong
dap tat vi nong do.

4. KET LUAN

Céc vat liéu phat quang Sr2ALSiO7 don pha tap va dong pha tap cac ion dat
hiém (Eu*, Dy*) da duwoc ché tao thanh cong bang phuong phap phan tng pha ran.
Vit liéu Sr2ALSIO7 ¢6 cdu truc tinh thé pha t& gidc. Sy phat quang cua vat liéu
Sr2ALLSiOz: Eu® phat bitc xa mau do khi duoc kich thich bf?mg bttc xa ttr ngoai 365 nm
va vat liéu SrALSiO7: Dy* phét bitc xa mau trang vang. Phat hién kha nang truyén
nang luwong ti ion Dy?* dén ion Eu* trong mang nén Sr2Al:SiO7, ddng thoi khi tong
nong do tap vuot qua 2 %mol thi xuat hién hién teong dap tat vi nong do.
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ABSTRACT

Eu® and Dy?*ions doped with Sr2Al:SiO7 (SAS) phosphors were prepared by the
solid-state reaction at 1250°C for 2h. X-ray diffraction patterns confirmed a
tetragonal crystalline structure. Luminescent spectra of Sr2AlSiO7 Eu®
phosphor consists of narrow lines with maximum intensity at about 589 nm,
619 nm that characterize transitions of Eu® ion andluminescent spectra of
Sr2Al:5i07: Dy* phosphor consists of narrow lines with peaking at about 478nm,
575nm that characterize transitions of Dy® ion. In the luminescence of Eu** and
Dy?® ions doped with Sr2AL:SiO7 phosphors, the whole Eu?* and Dy?* ions are the
activators and their emission is influenced together. Spectroscopic characterics

of the phosphors were presented and discussed.

Key words: Eu®, Dy%, photoluminescence, Sr2AL:SiOy.
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