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TOM TAT

Vat liéu phat quang Ca2Al:SiO7 pha tap ion dat hiém Dy* dwoc ché tao bing
phuong phap phan tng pha ran. Két qua khao st gian d6 nhiéu xa tia X cho thdy,
vat liéu c6 cau truc don pha, pha t giac. Phd buic xa cta vét liéu Ca2ALSiOz: Dy
gom cac vach hep c6 cuong dd birc xa cye dai & bude song 478 nm, 575 nm va 664
nm dic trung cho chuyén doi ctia ion Dy%. Co ché phat quang, co ché dap tit
cuong do vi ndng dd, toa do mau CIE cua hé mau Ca2ALSiOr: Dy?* (x %mol) cling

duoc trinh bay va thao luan.

Tit khéa: Ca2AL:SiO7, ion Dy, phat quang, dap tat cuong d6 vi nong do.

1. MO PAU

Vat liéu phat quang da dwoc phat hién va ¢ng dung rong rai trong doi séng
cting nhu trong khoa hoc, dac biét la trong linh vuc chiéu sang, quang dién tk, thong
tin quang. Viéc phat trién cac vat liéu phat quang co rat nhiéu cac tng dung thiét thue
va chinh su xuat hién cua cac vat liéu phat quang cé nhiéu déc tinh tot da tao ra nhitng
thay doi 16n trong linh vyc chiéu sang va hién thi. Tuy nhién, khong dung lai & do,
ngay nay vat liéu phat quang van dang la mot dé tai dwoc nhiéu nha khoa hoc quan
tam nghién ctu. Viéc tim kiém cac vat liéu mdi va cai tién phuong thie ché tao la dong
luc thuc ddy su phat trién nganh quang pho ting dung.

Gan day, vat liéu phat quang trén nén silicate-alumino kiém thé Ca2ALSiO7 da
duoc cac nha khoa hoc quan tam nghién ctru. Silicat-alumino kiém thé cé tinh 6n dinh
hoa hoc cao va kha nang chiu nuwdc tdt hon nhiéu so véi vat liéu phat quang trén nén
sunfua va aluminat nén thich hgp lam mang nén trong vat liéu phat quang [1-4]. Do
do6, cac vat liéu phat quang ndi chung va vat liéu trén nén silicate-alumino kiém tho
Ca2ALSiOr pha tap cac ion dat hiém noi riéng dugc xem nhu la mot trong nhiing vat
liéu day htra hen va thu hat nhiéu sy quan tam cua cac nha khoa hoc, tré thanh mot
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cht dé hdp dan trong linh vuc vat liéu phat quang. Cac nghién ctru tinh chat phat
quang cta vat liéu phat quang trén nén Ca2ALSiO7 pha tap cac ion dat hiém dang la
van dé thoi sy, béi Ca2ALSIOr ¢6 cac tinh chat déc biét, chang han nhu chi phi thap,
tinh 6n dinh nhiét va on dinh hoa hoc cao va dac biét 1a hap thu manh btic xa 6 vung
tr ngoai gan,... c6 kha ning ché tao LED trang [2, 5, 6, 7]. B4o cdo nay trinh bay cac két
qua nghién ctu vé anh hudng ctia nong do pha tap Dysprosium dén tinh chdt quang
ctia vat liéu Ca2ALSIO7 dugc ché tao bang phuong phép phan tng pha ran.

2. THUC NGHIEM

Vat liéu phat quang Ca:ALSiO7 (CAS) pha tap ion Dy?* duoc ché tao bang
phuong phap phan ting pha ran. Cac nguyén liéu stt dung gom: CaCOs (99,9%, Trung
Qudc), ALOs (99%, Trung qudc), SiO:2 (99,9%, Han qudc) va Dy20s (99,9%, Merck).
Hon hop duoc can theo ti 1¢ hgp thirc, chat chay B20s duoc thém vao vdi ti 1€ 4% khoi
lwong san pham. Phéi liéu duoc nghién tron b?mg c6i ma nao trong thoi gian 1 gio,
sau d6 hon hop duoc nung ¢ nhiét do 1280°C trong 1 gio. Hé mAau tién hanh khao sat
la: CAS: Dy* (x %mol), véi x =0,5; 1,0; 1,5; 2,0; 3,0; 3,5.

Gian d6 nhiéu xa tia X thuc hién boi nhiéu xa ké Bruker D8-Advance, pho phat
quang (PL) va phd kich thich phat quang (PLE) thuc hién bang phd k& huynh quang
FL3-22 cua Horiba.

3. KET QUA VA THAO LUAN
3.1. C4u tric tinh thé cta vat liéu Ca2A1:Si07: Dy

Gian d6 nhiéu xa tia X (XRD) ctia hé¢ mau CAS: Dy* (x %mol), duoc bidu dién
trén hinh 1.
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Hinh 1. Gian d6 XRD ctia hé mau Ca2A1:SiO7: Dy?®* (x %mol)

Két qua phan tich trén hinh 1 cho thdy, vat liéu c6 cau tric pha mong mudn la
Ca2AlSiOr, voi nhédm khong gian P-42im, thudc pha tit giac (Tetragonal) phu hop véi
thé chudn ctia pha Ca:ALlSiO7 (JCPDS: 35-0755) [3, 8]. Cdu trtac pha Ca:ALlLSiO7 ¢6 do
1ap lai rat cao khi thay d6i nong do pha tap ion Dy?* tir 0,5 %mol dén 3,5 %mol. Mt
khac, gian d6 nhiéu xa khong xuat hién cac dinh déc trung ctia ion dat hiém ciing nhuw
cac thanh phan phdi liéu ban dau. Diéu nay chiing td rang, cac ion dat hiém khi duoc
pha tap vao mang nén véi ham luong bé khong lam thay ddi cdu trac pha cua vat liéu

[3].
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3.2. Dic trung quang phd cta vat liéu Ca2A1:SiOr pha tap ion Dy
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Hinh 2. Phé PL ctia Ca2A1:SiO7: Dy*(x %mol) ~ Hinh 3. Phd PLE ctia Ca2AL:SiO7: Dy*(x %mol)
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Hinh 4. Sy phu thudc ctia ceong d phat quang cuc dai vao nong d¢ ion Dy3.

Phd PL ctia CAS: Dy** (x %mol) kich thich bang btic xa c6 bude séng 350 nm
duoc thé hién trong hinh 2. Phd PL bao gdom cac vach hep, tng véi cuc dai bic xa ¢
bwdc song 478 nm, 575 nm va 664 nm. Trong d6, hai vach tng vdi budc song tai 478
nm va 575 nm c6 ceong d¢ manh, d6 chinh la cac chuyén doi *Fop—Hisz va chuyén doi
“Fop—SHizz ctia ion Dy*. Trong d6, chuyén doi *Fsp—°*Hi2 voi AJ = 2 nén la dich chuyén
rat nhay [4, 9]. Ngoai ra biic xa 664 nm twong tng voi chuyén doi ‘Foo—6Hue cua ion
Dy® ¢6 cuong d¢ yéu. Két qua cho thdy, ion Dy** khi pha tap vao mang nén CAS gitt
vai tro la tam phat quang.
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Pho PLE cua CAS: Dy* (x %mol) duoc khao sat iing vdi btic xa phat quang c6
budc séng 575 nm duoc chi ra trén hinh 3. Ph6 PLE bao gom cac vach hep, ¢ dinh &
322 nm (*Hi52—%P32), 350 nm (°Hisp—*Mis2,6P72), 363 nm (*Hisp—*l112), 383 nm
(*Hisp—*L3n, 4Frp), 425 nm (*Hisp—4Guip,), 451 nm (*Hisp—4lisz), teong tng voi cac
chuyén doi dc trung tir trang théi co ban Hise dén cac trang thai kich thich khac nhau
ctia cdu hinh dién t 4f° ctia ion Dy? [10]. Cac phd PL va PLE ctia hé mau CAS: Dy (x
%mol) déu giong nhau vé hinh dang va vi tri cac dinh, chi khac nhau vé cuong do cuc
dai cta birc xa. Hinh 4 mo6 ta su thay déi cia cwong dd phat quang cuc dai vao nong do
ion Dy?". Két qua thu duoc cho thay, khi pha tap ion Dy* véi nong d¢ tir 0,5 dén 1,5
%mol thi ceong do buc xa tai budc séng 575 nm cua ion Dy* tang dan va dat cuc dai
tng voi nong do 1,5 %mol, khi néng dd ion Dy* vugt trén 1,5 %mol thi ceong do buic
xa bat dau giam dan, nguyén nhan do dap tat vi nong do.
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Hinh 5. Cac chuyén doi hap thu va btic xa ctia ion Dy?* trong mang nén Ca:ALSiO7

Cac két qua thu duoc tir phd PL va pho PLE cta vat liéu CAS: Dy?* ¢6 thé md ta
cac chuyén doi hdp thu va btc xa cua ion Dy* trong mang nén CAS nhu trén hinh 5.
Gian do chi ra cac qua trinh chuyén doi tham gia vao qua trinh phat quang caa vat liéu
CAS: Dy*. Khi vat liéu phat quang CAS: Dy* dwoc kich thich boi cac birc xa trong
vung tr ngoai dén anh sang xanh, cac ion Dy* dugc kich thich va chuyén doi tir trang
thai co ban dén cac trang thai kich thich. Do sy chénh 1éch nang lwgng gitta cac murc
nang lugng cao la bé, cac dién tix kich thich dich chuyén ho6i phuc khong biic xa dén
trang thai kich thich thap *Fsz, sau d6 chting hoi phuc btic xa twong tng véi cac chuyén
doi 4Fop—°®Hjp, (J = 15, 13, 11) c6 cuc dai 6 478 nm, 575 nm va 664 nm [10].
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Bén canh d¢, toa d6 mau CIE ctia hé mau CAS: Dy?®* (x %mol) dugc kich thich
bang btk xa ¢6 budc séng 350 nm déu c6 toa dd x, y nam trong vung bikc xa mau trang
vang (hinh 6).
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Hinh 6. Toa d6 mau CIE ctia hé mau CAS: Dy? (x %mol) dwgc kich thich bﬁ“mg btrc xa 6 budc
song 350 nm.
3.3. Co ché dap tit cwong d6 phat quang do néng do trong vat liéu CAS: Dy
Su dap tat cuong d6 phat quang vi néng d6 d6i véi vat liéu CAS: Dy* bat dau
xudt hién khi néng d¢ ion Dy* dat 1,5 %mol nhu & hinh 4. Theo ly thuyét vé hién
twong dap tit nong do ctia Dexter va Blasse, khoang cach téi han (Rc) ctia qua trinh
truyén nang luong duoc tinh nhu biéu thirc sau [11]:

1/3

3V
4mx N (1)

R, =2

O day, xc 1a ndng dd t6i han, tikc 1a nong d6 pha tap ma tai d6 cuong d6 phat quang bt
dau suy giam. N la s0 cation trong 6 co so va V 1a thé tich 6 co sé [12]. D6i vdi vat liéu
CAS, V=299,672 A3 N =2 [13], xc = 0,015 (tir hinh 4). Thay cac gia tri nay vao biéu thuc
(1), gia tri Retinh duoc vao khoang 26,7 A. Co ché dap tit phat quang do ndng dd 1a do
qua trinh truyén nang luong khong phat xa. Cac qua trinh truyén nang luong khong
phat xa nay c6 thé 1a: tuong tac trao doi dién tich, qud trinh tai hap thu hodc tuong tac
da cuc dién.

Trong co ché twong tac trao ddi dién tich xay ra ¢ khoang cach tdi han bé,
thuong 1a nhd hon 5 A [12]. Do d6, co ché nay khong thé dung d€ giai thich qué trinh
dap tat cuong dd phat quang trong vat liéu CAS. D&i véi co ché qua trinh téi hdp thu
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xay ra khi c6 su chong phu gitta phd phat quang cta tam tang nhay va pho hdp thu
ctia tam kich hoat [14]. Trong treong hop vat liéu CAS: Dy*, ion Dy*" dong vai tro tam
phat quang va khong xuét hién tam tang nhay. Vat liéu khong ton tai tam tang nhay
nén vai tro cta qua trinh tai hap thu khong duoc st dung.

Do d6, co ché& dap tat cwong d6 phat quang do nong d6 gay ra boi qua trinh
twong tac da cuc dién duoc st dung dé€ giai thich. Theo Dexter su phu thudc cua cuong
do biec xa phat quang vao nong do tam kich hoat tuan theo phuong trinh sau [14]:

| K

X B 1+ B(X)le (2)

O day, I la cudong d6 phat quang cta vat liéu CAS: Dy*, K va B la cic hang s&
véi cung diéu kién kich thich, x 1a ndéng d6 tam kich hoat. Thong s6 Q nhéan céc gia tri
6, 8, 10 twong ting cho cdc qua trinh twong tac ludng cuc-ludng cuc (d-d), ludng cuc-ti
cue (d-q), t& cuc-tt cuc (q-q). Gia tri Q cd thé xac dinh thong qua do thi:

log (Ij =cC- Q logx
X 3

©)

Db thi biéu dién log(I/x) theo log(x) ctia vat liéu CAS: Dy?* ing véi cac nong do
ion Dy?* khac nhau dugc trinh bay ¢ hinh 7. Hé s6 goc ctia d6 thi xac dinh bang -1,9927
va tinh duoc gia tri Q = 5,9781, rat gan vdi 6. Két qua nay cho thay twong tac ludng cuec-
ludng cuc (d-d) déng vai tro chinh trong co ché dap tat cwong d6 phat quang do nong
do cua vat lieu CAS: Dy

4.6 A *

y =5.0024-1 9927x
R’ =0.98
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Hinh 7. M6i lién hé gitta log(I/x) va log(x) caa CAS: Dy (x %mol)
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4. KET LUAN

Hé vat liéu Ca2AL:SiO7 pha tap ion dat hiém Dy?® da ché tao thanh cong bang

phuong phép phan ting pha ran. Vat liéu CAS c6 cdu trtic don pha, tinh thé pha t

giac. Pho PL cta mau CAS: Dy?® ¢6 dang vach hep, c6 cuc dai & budc song 478 nm, 575

nm va 664 nm dic trung cho ion Dy* phat bitc xa mau trang vang. Cuong dd biic xa

cua vat liéu thay doi theo nong d¢ ion Dy* va dat gia tri 16n nhat khi nong d¢ ion Dy

la 1,5 %mol. Twong tac ludng cuc-ludng cuc (d-d) dong vai tro chinh trong co ché dap

tat cuong dd phat quang do nong dd ctia vat liéu CAS: Dy
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LUMINESCENCE MECHANISM OF ION Dy?* IN Ca:Al:SiOs PHOSPHORS

Do Thanh Tien' >, Nguyen Manh Son?
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ABSTRACT

Dy?* ion doped Ca2AlSiO7 phosphors were prepared by the solid-state reaction.
The X-ray patterns of the prepared samples showed that the Ca2Al25i07 material
has single-phased tetragonal structure. The emission spectra of Ca:AlL:SiO7: Dy?*
shows the narrow lines with the maximum emission at wavelength 478 nm, 575
nm, 664 nm characterize the electronic transitions of Dy?® ion. Mechanism of
concentration quenching, luminescence mechanism, CIE color coordinates of the

Ca2AL:SiO7: Dy?* (x %mol) samples have also been presented and discussed.

Keywords: Ca2Al2SiO7, concentration quenching, Dy®, luminescent.

71



Co ché’phit quang ciia ion Dy3* trong mang nén Ca2AlSiO7

e

7

N

D6 Thanh Tién sinh ngay 12/05/1992 tai Thira Thién Hué. Nam 2014 6ng
tot nghiép cit nhan Vat ly tai truong Pai hoc Khoa hoc, PH Hué. Nam
2016, 6ng tot nghiép thac si chuyén nganh Quang hoc tai Truong Dai hoc
Khoa hoc, PH Hué€. Tt ndm 2017 dén nay, 6ng giang day tai Truong Dai
hoc Nong lam, PH Hué. Tt nam 2017 dén nay, 6ng la nghién ctru sinh

tién si chuyén nganh Quang hoc tai Truong Dai hoc Khoa hoc, PH Hué.

Linh vwc nghién ciru: Quang hoc, dac biét la vat liéu phat quang ting dung
trong ché tao den LED.

Nguyén Manh Son sinh ngay 01/01/1961 tai Thita Thién Hué. Ong t6t
nghiép cit nhan nganh Vat ly tai truong Dai hoc Tong hop Hué nam 1982
va nhan hoc vi tién si ndm 1997 tai Vién Vat ly, Vién Han 1am Khoa hoc
va Cong nghé Viét Nam. Ong duoc phong hoc ham phé gido sw nim
2009. Tt ndm 1982 dén nay, 6ng cong tac tai khoa Vat ly, Truong Dai hoc
Khoa hoc, Dai hoc Hué.

Linh viee nghién ciru: Quang hoc vat ran.

72



