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STUDY ON THE PROPERTIES OF GdPO4:Tbh NANOPHOSPHORS SYNTHESIZED BY
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Tém tit - Vat liéu nano phat quang GdPO4 Th3* dugc didu ché
thanh cong bang phuong phép phan tng nd. Cu truc, vi hinh théi
va tinh chét quang ciia vat liéu duoc khao sat bang cic phuong
phép: Nhiéu xa tia X (XRD), SEM, ph kich thich huynh quang,
phd phat xa huynh quang, thoi gian séng. Vat liéu thu duoc sau
khi nung & 800°C 1 don pha véi ciu triic tinh thé monoclinic,
kich thu6c hat trung binh khoang 20 nm. Phd huynh quang cua
cac miu GdPO4:Tb véi ndng d6 ion pha tap khac nhau déu co
hinh dang twong ty nhau va thé hién ddy du tinh chét quang ciia
ion Th3* duéi kich thich 273 nm. Nng d6 ion pha tap Tb®* t6i uu
trong nghién ctru nay 1a 10 mol%. Ddng thoi, thoi gian sdng cia
mau vt liéu GdPO4:10mol% la dai nhat dat 5,4 ms.

Tir khéa - GAPO4:Tb; vat ligu phat quang; phan tmg nd; vt lidu
nano.

1. Pit van dé

Trong nhing thap nién gin day, vat lidu vo6 co ngay
cang dong vai tro quan trong trong mot sé linh vic nhu
quang xdc tac, thiét bi dién quang, dan truyén thudc hay
cong nghé LED [1, 2]. Trong do, cac gadolinium
orthophotphate pha tap ion dat hiém c6 ky hiéu chung
GdPO4:RE di dwoc quan tdm nhidu trong thoi gian qua,
day ciing 1a mang nén rat quan trong, c¢6 do 6n dinh vé nhiét
va héa hoc cao do & phén 16p 4f da lap day mot nira trong
cAu hinh electron cia Gd®. Hon nita, do c¢6 ban kinh ion
gan bang nhau nén Gd3* d& dang bi thay thé boi cac ion dét
hiém nhu Eu®, Th3*... Di ¢6 nhiéu cong trinh nghién ciru
ché tao vat lidu v6 co bang cac phuong phap khac nhau:
Thiy nhiét [3], sol-gel [4], phwong phap phan mg pha rén
[5] ... Phuong phap phan tmg nd 1a phuong phéap dua trén
phan g oxy hoa - khir giita tic nhan oxy hoa 1a gdc nitrat
(NOgz) va tac nhan khir 1a cac chét hitu co c¢6 chira nhom
amino (-NH). Nam 2017, T.T.D. Hién va céc cong sy da
nghién ciru tinh chét cia vat liéu YPO4:Tb duge tong hop
bang phan tmg nd [6], nhiét do tong hop vat lidu tdi vu la
800°C. Dudi kich thich 220nm, phé huynh quang gom céc
vach hep tuong tmg véi cac chuyén doi °Ds - ’F; (J=3-6) va
ndng d6 ion pha tap Tb3* tdi wu 1a 5 mol% [7]. Ndm 2018,
cling bang phuong phap phan tmg nd, T.T.D. Hien va cac
cong su da nghién ctru anh huéng cia nhiét do téng hop
dén tinh chét cua vat liéu GAPO,:Eu [8]. Khi nhiét d6 tong

Abstract - Tb* doped GdPOs nanoparticle phosphors were
successfully obtained by a straightforward combustion method. The
morphologies, crystal structure and optical characteristics were
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hop tir 300 dén 500°C, pha tinh thé hinh thanh la hexagonal
(GdPOﬂ4.H20)n. Maic khac, khi nhiét 4§ tong hop trén 700°C,
tinh thé chuyén hoan toan sang pha monoclinic (GdPO,).

Trong nghién ctru nay, nhom tac gia téng hop vét licu
GdPO4:xmol%Tb (x=1, 5, 10, 15, 20) bang phan ing nd &
nhiét d6 nung la 800°C, xét anh hudng ctia nong do ion
pha tap dén cau trac, hinh thai va tinh chét quang cua vét
lidu va tim ndng do ion pha tap ti uru cho qua trinh ché tao
vat liéu.

2. Thwe nghiém

Hoa chat ding dé téng hop vat liéu gom Gd,Os3
(99,99%, Aldrich), Th(NO3)3.5H20 (99,9%, Aldrich), ure
(99%, Merck) va cac dung dich HNO3z 65% (Merck),
H3P0485% (Merck), NH3 25% (Merck) va nudc cat 2 lan.
Céac dung dich Gd(NO3z)3 0,2M va Tb(NOs)3 0,02M duogce
diéu ché tir cac tién chit ban dau Gd,0s, Th(NOs)3.5H,0
va HNO3. Quy trinh tong hop vat liéu GdPO4:Tb duoc thé
hién trong Hinh 1.

Vit lidu duoc kiém tra cu trac bang phwong phép
nhidu xa tia X dugc ghi trén may D8 Advance-Bruker tai
Khoa Héa hoc, Truong Dai hoc Khoa hoc Ty nhién
(PHQGHN). Céc anh hién vi dién tir quét (SEM) ctia mau
bot duoc ghi trén may S-4800 (Hitachi) tai Vién V€ sinh
dich t& Trung wong. Phé huynh quang va kich thich huynh
quang dugc do trén hé do NanoLog (Horiba Jobin Yvon),
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Vién Tién tién Khoa hoc va Cong nghé, Dai hoc Bach khoa
Ha Noi.
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Hinh 1. Quy trinh téng hop vit liéu GAPO+:Tb

3. Két qua va thao luin

Gian d6 nhiéu xa tia X cua vat lieu GdPO4: xmol%Th3*
nung & nhiét do 800°C trong 2 gid dugc trinh bay ¢ Hinh 2
cho thay, vat liéu thu dugc don pha c6 cau truc tinh thé
monoclinic véi cac thdng sé mang a=6.6525A, b=6.8451 A
va €=6.3342 A phu hop véi thé chudn JCPDS 84-0920.Bén
canh do6, khong ghi nhan dwoc cac pha tap trén gian db nhidu
Xa tia X dong nghia khong xuat hién pha tinh thé hexagonal
(GdPO4.H;0) ciing ¢6 nghia la phan tr nude da tach hoan
toan khoi tinh thé GdPO,. Cac dinh nhiéu xa dic trung &
20 =21,72° 27,83°% 29,72° 30,85° 32,10° 35,40°; 37,87°
42,52% 43,23° 47,80° va 50,20° twong (tng véi cdc mat
phing mang (111), (200), (120), (210), (012), (202), (212),
(031), (103), (212) va (132) [9].
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Hinh 2. Gidn dé XRD ciia vit liéu GAPOa: X%Th3*
Kich thuéc tinh thé trung b‘lnh‘ cta cac mau vat lidu
dugc tinh theo cong thuc Scperrer I:ém luot 12 8; 10; 10; 10;
12 nm twong (g v6i cac mau c6 nong do ion pha tap 1; 5;
10; 15; 20mol% Tb**. Nhu vay, khi nong d6 Tb*" tang tir

1 — 20 mol%, kich thudc tinh thé thay do6i khéng rd rét.
T6m lai, gidn d6 nhiéu xa tia X cuia vat ligu GdPO. Th*
dugc diéu ché bang phuong phap né cho thay: vat liéu thu

dugc 1a don pha, khong ghi nhan duoc sy xuat hién coa tap
chat. Bén canh do, vat liéu hinh thanh c6 d6 ddng nhét cao,
¢6 kich thuéc nanomet va sy thay doi nong do pha tap khdng
gay anh huong nhiéu dén cau trdc, hinh théi cua vat ligu.

Anh SEM cua vat lieu GdPOs: 5mol%Th® va
GdPO4:10mol%Tb3* nung & 800°C dugc trinh bay & Hinh
3 cho thiy vat liéu thu duoc c6 hinh dang tya cau va twong
d6i dong déu, kich thudc tinh thé trung binh khoang 20 nm.
Két qua nay ciing tuong ddng véi két qua nhan duoc tir
phuong phap nhiéu xa tia X cua vat liéu.

By ]
PN
sasogliFEndley & sl xfs'ﬂ.s# 300m

Hinh 3. Anh SEM cuia vdt liéu GAPO4:5mol%Th3*(A) va
GdPO4:10mol%Th3*(B) nung ¢ 800°C
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Hinh 4. Phé kich thich ciia vt liéu GAPOa: 10mol%Th®* cho
phat xa & cdc budc song 543 nm; hinh nhd la phong dai mot
doan pho kich thich nay trong vung budc song 330-400 nm

Phé kich thich dugc trinh bay & Hinh 4 gdom hai day
vach kich thich dic trung ctia Gd®* va Th®*. Cac vach kich
thich & 273 nm va 275 nm dwoc quy cho cac chuyén doi
twong tng 1a 8S7;2 - 81112 va 8572 - Blgp. Bén canh do6, cac
vach ¢ 277, 310 va 312 nm dugc quy cho cac chuyén doi
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tuong tng la 8S7/0 - 8172, 8S7/2 - BPspo va 8S7y2 - 8P4 cuia ion
Gd?®*. Céc vach kich & 317, 325, 340, 350, 368, 378 nm
chinh 1a cac vach thich truc tiép cua ion Th3* tir trang théi
co ban "Fe 1én cac trang théi kich thich. Cu thé la cac
chuyén doi 'Fs — °H7 & 317 nm, "Fs — 5D & 325 nm, "Fs —
5L7 & 340 nm, 7F5 - 5L9 & 350 nm, 7F6 — 5L10 & 368 nm va
"F¢ — 5Gg & 378 nm do cac chuyén doi dién tir 4f — 4f cua
ion Tb%[2,10, 11, 12].
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Hinh 5. phé hupnh quang ciia vét liéu GAPOs: 10mol%Th3* vii
nhitng budc song kich thich khac nhau

Phé huynh quang chuan héa cua vat liéu GdPO.:
10mol% Th3* dugc kich thich & cac budc séng khac nhau
(213, 273 va 270 nm) duoc trinh bay ¢ Hinh 5 cho théy tat
ca déu c6 hinh dang twong tw nhau (vi tri va ty 1¢ cuong do
cac vach phd).Cac dién tir khi dwoc kich thich 18n céc trang
thai kich thich c6 nang luong cao hon s& hoi phuc khong
phét xa vé mirc kich thich c6 ning luong thap nhét, trong
trudng hop ndy 14 °Dy va sau d6 chuyén doi phét xa nhan
duoc khi dién tir hdi phuc vé mirc ning luong co ban F
(j =3 -6) [5-12]. Bé&n canh d6 ¢6 su truyen nang lugng tur
Gd® t6i Th3* khi hai ion ndy ciing nam trong mot mang
tinh thé bai vi phd phat xa huynh quang cé dang twong ty
nhau trong ca hai truong hop kich thich ¢ budc séng
273 nm va 370 nm.

Duéi bude séng kich thich 273 nm, phé huynh quang
cua vat lieu GdPO4: xmol%Th3* duoc trinh bay & Hinh 6
cho thay: tat ca cac mau vat liéu c6 ndng do ion pha tap
khéc nhau déu thé hién cac chuyén doi dic trung cua Th3*
5D, - ’F; (J=3-6). Phé huynh quang gdm cac vach hep, sic
nét cu thé 1a: tai 487 nm (°D4 — 7Fs), 543 nm (°D4 — Fs),
587 nm (°D4 — "F4) va 623 nm (°D4 — 'F3) [5-11] trong d6
phét xa D4 — "Fs c6 cuong d troi hon so vai cac Chuyen
doi con lai. Pho huynh quang ciing cho thay khi ndng do
pha tap Tb3* tang tir 1 d&én 10 mol%, cuong d6 huynh quang
duoc cai thién dang k&. Tuy nhién, khi ndng dé ion pha tap

Tb* vuot qua 10 mol%, cudng do huynh quang lai suy
giam. Dleu nay dugc giai thich rang, khi ndng do ion pha
tap tang, s6 tim phat quang ting dan dén cuong d6 huynh
quang tang 1én. Tuy nhién, khi ndng d6 ion Tb3* ting cao,
khi d6 xay ra qua trinh phuc hdi ngang giita cac ion Tb3*
lan can dan dén giam hiéu sudt phat xa. Pay con goi 1a hién
tuong dap tat huynh quang vé ndong do. Nhur vay, hiéu ang
dap tat huynh quang xay ra khi nong d¢ ion Tb* 16n hon
10 %mol. Két qua nay kha phu hop véi nghién ctu cua

N.T. Huong va cong su [13], ddi voi vat lieu GdPO4.H,O:
xmol%Th3 ché tao bang phwong phéap thity nhiét, & d6
cuong d6 phéat quang manh nhét dugc thu nhan trén mau
pha tap 7 mol% Tb**,
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Hinh 6. Phé hupnh quang ciia vt liéu GdPOs: xmol%Tb3* nung
6 800°C dudi budc song kich thich 273 nm (4) va cuong do
chuyén doi °Da — "Fs phy thudc vao nong dé Th** (B)

Céc duong cong suy giam huynh quang d6i voi cac mau
vat liéu GdPO4:xmol%Tb dugc trinh bay & Hinh 7 cho
chuyén doi °D4-"Fs, bude song kich thich va phat xa twong
ung la 273 va 543 nm.
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Hinh 7. Duong cong suy giam huynh quang cua cdc vit liéu
GdPO4:xmol%Thb (x=1, 5, 10, 15, 20)
C6 thé thay ring, thoi gian phat xa cia ion Tb®* trong
tat cd cdc mau dugc xac dinh phuong trinh:
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| = Asepx(-t/z1) + Azepx(-t/r2) [14]

Trong do, I' la cudng d6 huynh quang tai thoi diém t.
Ay, Az 13 tham sd, 7 12 thoi gian sdng.

Thoi glan song trung binh dugc tinh theo cong thirc sau:
= AxTi 4773 [14]. Thoi gian song ting khi nong d¢ ion
AqT1+ART,
Th®* tang va dat gia tri 16n nhat khi nong d6 ion Tb3* la
10 mol%. Tuy nhién, khi noéng do ion Tb3 vuot qua
10 mol% thi thoi gian song bi suy giam. Diéu nay ciing do
ndng do ion Tb3* ting 1én, khoang cach giita hai ion s& ngan
lai, cling c6 nghia la mirc do tuong tac giita ching s€ tang
1én va xay ra sy truyén niang luong giira cac ion cho nhau.
Pay ciing la nguyén nhan 1am suy giam thoi gian song.
Bdng 1. Decay time cua cdc vt liéu
GdPO4:xmol%Tb (x=1, 5, 10, 15, 20)

X (%) 1 5 10 15 20
A 0790 0620 0861 0599 0,344
u(ms) 1753 1489 5618 5113 1,468
A 0312 0466 0175 0459 0,707
T2(ms) 4736 4456 2298 1566 4,854
T(ms) 3293 3543 5363 4439 4419

4. Két luan

Trong nghién ctru nay, vat liéu GdPO4:Tb da duoc tong
hop thanh cong bang phuong phap phan tng nd & nhiét do
800°C. Vat liéu thu dugc 1a don pha véi ciu triic tinh thé
monoclinic véi kich thudc trung binh khoang 20 nm. Sy thay
d6i nong do ion pha tap khong gay anh huong nhiéu dén cau
tric, hinh thai vat liéu va kich thude hat. Dudi kich thich
273 nm, vt liéu phat xa mau xanh, phd huynh quang thé
hién cac chuyén doi phat xa dic trung °Dq - 'F; (J=3-6) ciia
Tb3 trong d6 chuyén doi °Ds — Fs & 543 nm c6 cuong do
manh nhat. Hiéu tmg dap tat huynh quang xay ra khi ndng
d6 ion Th3* 16n hon 10 mol%. Thoi gian séng dai nhat khi
ndng do Th* 1a 10 mol%.
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