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Tém tit

Eu3* va Bi3* ddng pha tap vit liéu GdsPO7 véi cac ndng d6 Bid* khac nhau da dugc tong hop bang phuong phap pha rin.
Pic trung cAu trac va hinh thai bé mat vat liéu duoc khao sat béng k¥ thuat phan tich nhiéu xa tia X va anh hién vi dién
tir quét SEM. Anh hudng cia sy ton tai ion Bi®* dén su phat quang phat xa ctia ion Eud* trong mang nén GdsPO7 duoc
nghién ciru bang phd phat quang va 1y thuyét Judd-Ofelt. Trong do6, thong tin vé ti s6 cudong do R va tham sé cudong do
Q, thu tir 1y thuyét Judd-Ofelt cho thay su gia ting tinh bat d6i xtng tai cac vi tri Eu®* trong mang nén GdsPO7 clia céc
mau chira Bi%*. Toa d6 mau CIE va nhiét d6 mau (CCT) ciing duoc sir dung dé danh gia phat xa téng thé cua vat liéu phat
quang GdsPO7:Eu®*,Bi%* véi cac ndng do Bis. khac nhau.

Tuwr khoa: vat liéu Phosphate; Europium; Bismuth; vat li¢u phat quang.
Abstract

Eu®* and Bi®* co-doped GdsPO- host lattice with different Bi®** concentrations have been synthesized via solid state
reaction. The structural characteristic and morphology of sample surface were investigated by X-ray diffraction and SEM
image techniques. Influence of the existence of Bi®* ions on emission intensity of luminescence Eu®* ions in GdsPO7 host
lattice was studied by the photoluminescence spectra and Judd-Ofelt theory. In which, informatin of R ratio and £
intensity parameter from the Judd-Ofelt theory reveals the increase in the assymmetry at Eu®* sites in GdsPOy7 host lattices
in the sample containg Bi®* ions. The CIE chromaticity coordinates and correlated color temperature (CCT) were also
used to characterize the overall emitted emission of GdsPO7:Eu®*,Bi** phosphors with various Bi** concentrations.
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1. Gigi thi¢u

Cac vat liéu pha tap ion d4t hiém c6 hoa tri ba
(RE®*) da duoc chi ¥ nghién ciru nhidu do cac
mg dung trong céng nghé phat sang va hién thi
trang thai rdn do qua trinh chuyén doi doc déo
ctia cau hinh 4f" véi sy phat xa sdc nét va cuong
dd cao [1-3]. Pic biét, ion Eu®* thuong duoc sir
dung 1am chét kich hoat quan trong vi nd phat ra
btrc xa mau do tir cac chuyén doi *Do—"F3 (J =0,
1, ..., 6). Pé tang cuong kha niang phat xa mau
do cia Eu®*, mot sé nguyén té nhu A%, Bi®*,
Sc®* dugc dong pha tap dé lam thay doi cuong
do phat xa ctia ion Eu®' [4, 5]. Trong d6, ion Bi**
c6 dai phat xa rong va cuc dai phat xa thay doi
trong cac mang nén khac nhau va chiing thuong
dugc dong pha tap voi Eu®* dé didu chinh phat
xa ctiia Eu®*. Mot s6 lugng 16n cac vat liéu phat
quang ddng pha tap cua Bi**/Eu®* nhu
CaMo004:Bi®* Eu* [6], Ba,Y2Sis013:Bi’* Eu®*
[7], Lu:Ge07:Bi**Eu®* [8], BaGd.04:Bi%*,
Eu®* [9] d4 dugc nghién ctru dé danh gi sy ting
cuong phat xa Eu®* do sy ton tai cta ion Bi®*
trong mang nén.

La mot ho vt liéu phat quang quan trong, vat
liéu phat quang dua trén cac hop chét photphat
da duogc nghién clru rong rai vi ching c6 nhiing
uu diém nhu 6n dinh nhiét va nhiét do thiéu két
thap [10]. Vat liéu phat quang photphat chira
anion (POs)* c6 dai hip thu rong trong ving
7,75-8,55 eV, do d6 photphat dat hiém c6 thé
dugc ung dung cho dén huynh quang ba mau
kich thich boi anh sang VUV [10, 11]. Trong sb
cac vat liéu phat quang ho photphat, GdsPO7
(GPO) pha tap cac ion dat hiém ciing da dugc
nghién ctru cho céc img dung vat liéu phat quang
hoic thiét bi chiéu sang [3, 12] va ca trong ting
dung hién thi [11] vi d6 bdo hoa mau tbt. Tuy
nhién, s lugng cac nghién cuu vé vat liéu
Gd3PO7 pha tap ion RE chua nhiéu. C6 rat it bao
c40 vé mang nén GdsPO7 pha tap ion dit hiém
ma ta c6 thé tim thdy nhu khao st tinh chat phat
quang cua GdsPO7:Eu trong vung UV/VUYV nam

2001 [11]; tong hop cac hat nano GdsPO7:Eu®*
bang phuong phap nd vao nam 2008 [13] va
nghién ctru dac tinh phat quang cua vat liéu phat
guang dnh sang d6 GdsPO7:Eu®** tng dung cho
di6t phat sang kich thich béi UV vao nim 2013
[3]. Ngoai ra, nim 2018, hop chat GdPOu-
GdsPO7 pha tap Yb**, Er**, Ho® va Tm?* da
duoc téng hop bang phuong phép sol-gel va da
nghién ctu kha ning phat quang chuyén doi
nguoc cua hé vat liéu nay [12]. Tuy nhién, chua
c6 bao cdo nao nghién ctru anh hudng cua ion
Bi®* dén sy phat quang ctia GdsPO7:Eu®* va cac
thong s6 cuong do Judd-Ofelt ctia phat quang
ciia Eu®* trong mang nén nay ciing chwa dugc
nghién ctru. Vi vay, trong nghién ciru nay, anh
hudng ctia ion Bi®* dén céu tric tinh thé va dic
tinh phat quang ctia GdsPO7:Eu® Bi** duoc
nghién ctru thong qua phén tich pho nhiéu xa tia
X va phd phat quang. Ngoai ra, cac tham sb
Judd-Ofelt con dugce tinh toan dé wge tinh su
thay d6i méi trudng tai cac vi tri Eu®* trong
mang nén GdsPO7 thong qua cac tham sé cuong
d6 (Q2 and Qq), va ti s6 cudng do R.

2. Thue nghiém ché tao va ki thuét phan tich

Hé mau GdsxPO7Eu®*(3.0 mol%), Bi**
(x mol%) (x =0, 1.0, 2.0, 3.0, 4.0), ki hiéu lan
luot 1a GAPOEu, GAPOEu1.0Bi, GAPOEu2.0Bi,
GdPOEu3.0Bi va GdPOEu4.0Bi, dugc ché tao
bang phuong phap phéan tng pha rén sir dung cac
tién chat ban dau gdm Gd»O3 (Sigma-Aldrich),
(NH4)2HPO4 (Sigma-Aldrich) va Eu.O3 (Sigma-
Aldrich). Nhiing tién chit ban dau nay dugc can
va tron déu thanh hdn hop dong nhat trong cdi
ma nao. Tiép theo, hon hop duoc cho vao ce
nung alumina va nung néong ¢ nhiét d¢ 1050°C
trong 2 gid. Sau d6 dé ngudi dén nhiét 46 phong,
san pham cudi cing dugc nghién thanh bot min
ding dé do dac cac phép do phan tich.

CAu trac tinh thé cta cac mau ché tao duoc
danh gia thong qua nhiéu xa tia X (XRD) sir
dung thiét bi D8-Advance-Bruker (Ptrc) véi
ngudn bic xa Cu (A=1,54078 A). Phd quang
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phat quang va ph kich thich phat quang dugc
do bang thiét bi FL3-22 (Horiba) sir dung dén
Xe-arc 450 W va anh SEM duoc ghi lai bang
kinh hién vi dién tir quét Model JSM-IT200 ctia
JEOL (Nhat Ban).

3. Két qua va thao luin

3.1. Két qua céu tricc tinh thé va hinh thdi bé
mdt ciia cdc mau GdsPO7:Eud* Bid* di ché tao

Ciu tric tinh thé cia vat lidu
GdsPO7:Eu®*,Bi®* dugc khao sat thong qua phép
do nhidu xa tia X (XRD) va gian két qua XRD
ciia cac mau khong pha tap GdPOEu cung véi
cic mau pha tap GdPOEul.0Bi, va
GdPOEu4.0Bi dugc mo ta trong Hinh 1. Két qua
gian d6 XRD ciia cac mau 13 twong ty nhau va
chung c6 céu truc pha don ta (PDF card JCPDS:
34 — 1066) [3, 13] voi tham s6 6 don vi ag =
12.02 A, bo = 15.60 A, co = 13.88 A.
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Hinh 1. Két qua nhiéu xa tia X ctia cac mau GdPOEu,

GdPOEu1.0Bi va GAPOEuU4.0Bi.

Ngoai ra, khong quan sat dugc céc pha la
trong biéu d6 XRD cho thay rang cac diéu kién
tong hop vt lidu 1a phu hop dé thu duoc vat liéu
GdsPO7:Eu®*,Bi®*c6 céu trac don pha va nong
d6 pha tap Bi** dén 4.0 mol% khong anh huong
dén ciu tric vat liéu. Hinh 2 trinh bay anh SEM
cua cac mau GdPOEul.0Bi, va GAdPOEu4.0Bi,
két qua cho thay hinh dang hat khong dong nhat
va cac hat co6 xu hudng tao thanh cum vai kich
thudce 16n.

3.2. Anh hwéng ciia Bi** dén tinh chit quang
ciia vit ligu GdsPO7:Eu3* Bi®*

Pac trung phat quang cua vat liéu GdzPOy
pha tap ion Eu®" duoc thé hién thong qua phd
phat quang (Photoluminescence-PL) va phd kich
thich  phdt quang (Photoluminescence

60

Hinh 2. Anh SEM cua cac miu GAPOEu1.0Bi,
va GdPOEU4.0Bi.

excitation-PLE) duoc trinh bay trén Hinh 3 va
Hinh 4 twong ung. Phd PL ciia midu GdPOEu
trén Hinh 3 dugc thu tai bude séng kich thich
UV 254 nm, pho bao gém céc dinh sic nét tuong
tig cac chuyén doi °Do.1—F. Trong do, phat xa
tr mtrc °D1 quan sat duoc & ving 520-575 nm
cho thay cac dinh & 527 nm, 537 nm va 553 nm
tuong tng v4i cac chuyén doi °Di—"F; (3 =0, 1,
2) [14]. Cac phat xa tir mirc °Do bao gdm 5 dinh
phat quang manh tai 580 nm, 593 nm, 616 nm,
653 nm va 704 nm, ching twong Umg véi céac
chuyén doi Do—"F; (J = 0, 1, 2, 3, 4) [14].
Chuyén doi °Do—"F2 ¢6 cuong d6 manh nhat &
budc séng 616 nm va ndé manh hon nhiéu so véi
cac chuyén doi khac 1am cho vat liéu dat d6 bio
hoa mau cao [11]. Puogc biét qua trinh chuyén
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doi °Do—"Fo duoc quan sat thdy khi cac ion Eu®*
nam & vi tri c6 tinh ddi xtmg thap vi qua trinh
chuyén doi nay bi cdm dua trén 1y thuyét Judd-
Ofelt [15-17]. Két qua trén Hinh 3 cho thiy su
phat xa cudng do cao cta chuyén doi *Do—"Fo,

Aoy 254 Nm
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Hinh 3. Phd PL cua miu GdPOEu dudi kich thich
254 nm.

Hinh 4 mo ta phd PLE ciia miu GdPOEu
duoc ghi tai budc song phat xa 616 nm (chuyén
doi °Do—'F2) ctia Eu®* & nhiét do phong. Dai
truyén dién tich (CTB) duoc quan sat thiy &
ving budc song 200-300 nm, 1a két qua cua
Eu®*—0? va dinh phat xa yéu & 208 nm duoc gin
cho qua trinh hip thy ciia nén Gd-O [3, 11, 13]
bén canh sy chuyén doi 8S72-%P; & budc song
315 nm cua cac ion Gd*" [18]. Cac dinh phat
quang sic nét trong ving budc soéng 340 nm —
480 nm bét ngudn tir cac chuyén doi f-f ctia cac
ion Eu®*, gdm cac dinh c6 cuc dai & 362 nm
("Fo—>Da), 379 nm ("Fo—>G2), 392 nm ("Fo—°Ls),
413 nm ("Fo-°D3) va 464 nm (‘Fo—°D2). Bén
canh d6, pho PLE cua cac mau c6 va khong co
pha tap ion Bi®* dugc thé hién trén Hinh 5 dugc
do & budc song phat xa 616 nm cia ion Eu®*.
Phé PLE cua hai mau twong ty nhau voi dai rong
tir 200-300 nm va cac dinh sic nét & dai 300-480
nm. Tuy nhién, dai rong c6 budc song cuc dai
254 nm cta mau GdPOEu3.0Bi c6 cuong do
manh hon mau khong c6 Bi®* nén budc song 254

didu d6 co nghia 1a cac ion Eu®* dinh vi trong
moi truong cé tinh di xumg thap va két qua nay
phtt hop véi cdu tric don td cia mang nén
GdsPO7 & phan 3.1.

Aem: 616 NmM
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Hinh 4. Phé PLE cia mau GAPOEu thu tai buéc séng
phét quang 616 nm.

nm nay duge sir dung dé kich thich cdc mau do
PL.

Dé nghién ctru anh huéng cua nong do Bi®*
dén phat xa do ciia Eu®* trong mang nén GdsPO»,
phé PL cua cac mau GdsPO7:Eu® Bi®* véi cac
néng do Bi®* khac nhau d3 dugc do dudi kich
thich bfmg burc xa 254 nm, két qua duogc thé hién
trong Hinh 6. Két qua trén Hinh 6 chi ra rang
phat xa d6 ctia qué trinh chuyén doi °Do—"F2 cua
Eu®* tang va dat cuc dai ung véi nong d6 Bi®*
3,0 mol% va sau d6 giam dan khi nong d6 Bi®*
cao hon mic du néng dd Eu® duge cd dinh. Su
thay d6i cuong do phat xa do cua ion Eu* (ndng
d6 Eu®* khong doi) nay xuat phat tir sy ton tai
ctia Bi®*. Co thé 1y giai 1a sy ton tai cta ion Bi®*
tac dong dén tinh bat ddi ximg tai cac vi tri Eu®*
trong mang nén, din dén su thay d6i phat xa
Eu®*. Va su thay doi nay c6 thé dugc udc tinh
bang Iy thuyét Judd-Ofelt (JO) 4p dung cho phat
xa Eu®*. Puoc biét, cac ion Eu®* thuong duoc sir
dung nhu céng cu manh dé khao sat méi trudong
cuc bd xung quanh cic vi tri Eu®* thong qua mot
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s6 thong s6 nhu ti s6 cuong do phat quang (R)
va thong s6 cuong d6 Qi-2. 4.6 [19-22]. Gia tri
ctia R dugc tinh tir ty s6 cuong do ciia cac chuyén
doi °Do—'F2 va °Do—'F1. Bdi vi chuyén doi
SDo—'F2 (chuyén doi ludng cuc dién) rat nhay
cam v6i sy thay doi moi trudng xung quanh vi
tri Eu’* va quéd trinh chuyén doi °Do—'F1
(chuyén doi ludng cuc tir) it bi anh huong boi
mai trudng, do d6 gia tri cua ty 1 R ¢6 thé phan
anh su thay doi cua mdi truong cuc bd xung

\ —— GdPOEu
f\-. +  GdPOEUu3.0Bi
/ 2\
7 I 2 Aem: 616 NM

<
<
S
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Hinh 5. Phé PLE cua cac mau GdPOEu va
GdPOEu3.0Bi thu tai budc séng phat quang 616 nm.

Tir cuong do phat quang cia cac chuyén doi
*Do—'F; (J=0, 1, 2, 3, 4) trén Hinh 6, thong s6
cuong do -2, 4.6 c6 thé xac dinh cho tt ca cac
mau c6 nong do Bi** khac nhau. Nhin chung, cac
thong s& -2, 4,6 ¢6 thé tinh tir phd hap thy [23],
pho kich thich [24, 25] hodc phd phat xa [22, 26]

quanh vi tri ctia Eu®*. Két qua ty 16 R & cac nong
do ion Bi®** khac nhau duoc trinh bay trong Bang
1, cho thay R tang Ién khi ndng d6 Bi®* ting tir
1.0 1én 3.0 mol% va sau d6 giam & ndng dd cao
hon ctia Bi**. Biéu nay c6 nghia 1a cac vj tri ion
Eu* trong mang nén GdsPOy7 co tinh ddi ximg
thip hon va do phat xa do cua cac ion Eu® c6
cudong do tot Gmg véi ndng do6 ion Bi®* Ia
3.0 mol%.

- 254 nir
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trong d(’)f 1(°D, —» 'F,)dv va
J1(°Dy > F, ,5)dv I luot la cuong do tich
phan ctia cac chuyén doi °Do—F1va *Do—'Faa;
Aed 12 x4c suét chuyén doi ciia qua trinh chuyén
doi ®Do—"F2.46 VA Amd 13 x4c sudt chuyén doi cua
qua trinh chuyén doi *Do—'F1; v 14 s6 song va n
1a chiét suét; Sma 1a luc vach cua qua trinh chuyén
doi °Do—'F1 va gia tri ctia n6 khong phu thudce
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Hinh 6. Pho PL ctia hé miu GdsPO7:Eu®,Bid*
Vvéi cac nong do khac nhau cta Bi®*.

clia cac vat lidu phat quang kich hoat ion RE®".
Trong nghién ciru ndy, pho phat xa cia Eu®* trén
Hinh 6 dugc str dung dé tinh toan cac tham sd
=2, 4 thong qua cuong do phat quang cua céac
chuyén doi °Do—'Fy (J= 0, 1, 2, 3, 4) theo
phuong trinh sau day [27, 28]:

5 ﬂ;ye Q, HU (2) Hz )

ﬁT n(n2 +2)2

Vi

vao vat liéu nén; [U (/1)H2 (A=2, 4, 6) 1a cac phan
tor ma tran binh phuong rit gon va gia tri ctua
ching c6 thé duogc tim thay 13 0,0032, 0,0023 va
0,0003 tuong ung vai cac chuyén doi *Do—'Fa46
[23]. V6i két qua phd phat quang caa Eu®* trén
Hinh 6, gia trj cia cac thong sb cuong do Q. 4
& cac ndong d6 Bi®* khac nhau di duoc tinh toan
va liét ke trong Bang 1.
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Bang 1. Ti s6 cuong do R va thong sb cuong do Q-4 (x10%° cm?) ctia Eu®* trong vat licu
Gd3PO7 va trong mot sd vat liéu chtra phostphat.

Vit liéu R () Q4 TItk.
GdPOEu 6.71 10.66 6.46  This work
GdPOEu1.0Bi 7.10 11.20 6.80  This work
GdPOEuU2.0Bi 7.29 11.60 7.50  This work
GdPOEuU3.0Bi 7.61 12.10 8.3 This work
GdPOEuU4.0Bi 7.16 11.4 595  This work
LioZr(PO4)2: EU* - 0.64 1.99 [29]
SrBPOs:Eu®* 2.03 550 122 [30]
CagZnLa(PO.)7:Eu®* 6.93 022 [31]
LiGdsP,013: Eu®* 8.79 6.54 [32]
LiYsP,013: Eu®* 540 283 [33]

Thong s6 cudng do Qs khong duge xac dinh
do gidi han trong phép do ma dinh phat quang
mg véi chuyén doi °Do—’Fe khong thu duoc.
Céc thong sb -, 4 clia cac vat lidu phat quang
trén nén photphat khac ciing duogc liét ké trong
Bang 1 dé so sanh. N6 cho thay sy thay d6i 16n
vé gia tri R va Q» giita cic mau c6 va khong c6
Bi®*, dong thoi cac gia tri nay thay doi theo su
thay d6i nong do Bi®* va dat gia tri 16n nhat &
nong d6 Bi** 1a 3.0 mol%. Két qua nay cho thay
su ton tai cua ion Bi®* lam ting cudng d6 phat
xa ciia Eu®*. Nhu di biét, cac thong sd R va Q»
dic trung cho tinh bat d6i xung tai cac vi tri Eu®*
trong mang nén, do d6 két qua R va Q2 cua cac
mau c6 chaa ion Bi** c6 gia tri 16n hon mau
khong chira Bi cho thay su c6 mit cia Bi®* da
lam ting tinh bat ddi xtng tai cac vi tri Eu®*
trong mang nén GdsPOy7. Bén canh d6, cac gia tri
R va Q> cua vat liéu GdsPOs7 trong nghién ctru
nay 16n hon so véi céac vat ligu phat quang trén
nén phosphat khac dugc liét ké trong Bang 1

ciing chi ra rang sy bat di xing 16n hon tai cac
vi tri Eu®* trong GdsPO7 so véi cac vat lidu phat
quang chira photphat khéc.

3.3. Toa dp mau CIE va nhiét dp mau twong
d6i CCT ciia h¢ vit liéu GdsPO7:Eu3* Bid*

Bén canh phan tich cuong d¢ phat quang va
thong sd cudng d6 bang Iy thuyét Judd-Ofelt, toa
do mau CIE va nhiét d6 mau tuong quan (CCT)
cling dugc sir dung dé khao sat va mé ta mirc
phat xa tong thé cia tat ca cac mau da chuan bi
va két qua duoc trinh bay trong Bang 2 va Hinh
7. Két qua cho thay gia tri CIE (X, y) ctia mau véi
3 mol% Bi®* ¢6 phat xa mau do tbt va gia tri CCT
ciia n6 ciing 1én hon so v4i cac mau khac. So
sanh vo1 toa do CIE (0,654, 0,345) cua
GdsPO7:Eu®* trong tai liéu tham khao [13], mau
ctia chung t6i (GdPOEu3.0Bi) vdi sy ton tai cua
ion Bi®* dat dén CIE mau d6 dam tét (0,656,
0,338) va nd gan véi anh sang do tiéu chuan
(0,666, 0,334).

Bang 2. Toa do mau CIE (X, y) va nhiét d6 mau tuong ddi CCT trong hé miu GdsPO7:Eu®* Bi®".

Mau CIE (x, y) CCT (K)
GdPOEu (0.652, 0.342) 2481
GJPOEU1.0Bi (0.653, 0.340) 2547
GAPOEU2.0Bi (0.655, 0.339) 2602
GJPOEU3.0Bi (0.656, 0.338) 2644
GdPOEu4.0Bi (0.650, 0.343) 2431




10 Nguyén Ha Vi, Ho Van Tuyén | Tap chi Khoa hoc va Cong nghé Pai hoc Duy Tan 04(65) (2024) 4-11

520 CIE 1931 2-deg XYZ CMFs
= Working space - CIERGB
Reference White - E

e 630
° 700

0

Hinh 7. Toa d6 mau CIE ciia midu GdPOEu3.0Bi.
4. Két ludn

Vit liéu phat quang GdsPO7:Eu®",Bi** dugc
tong hop thanh cong bang phuwong phap trang
thai ran va tt ca cac mau c6 nong d6 Bi®* khac
nhau déu dat dén trang thai mot pha c6 cau trac
don ta. Phat xa phat quang ctia ion Eu®* trong
GdsPO7 duge ting cudng khi c6 mit ion Bi®* va
dat duoc phat xa manh & nong d6 Bi®* 3 mol%.
Két qua ty 18 R va tham s6 cudng do @, tinh toan
theo 1y thuyét Judd-Ofelt cho thiy su gia ting
tinh bat d6i ximg tai cac vi tri Eu®* trong mang
nén GdsPO; trong miu chtra ion Bi®*. Mau
GPE3Bi ¢6 toa d6 mau CIE mau do dam tot
(0,656, 0,338) gan v4i anh sang mau do tiéu
chuan.
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