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BixZr,0:Ho**,Yb**,Mo®* CHO DINH HUGNG NG DUNG
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TOMTAT

Hé vat liéu phat quang chuyén d8i nqugc BiyZr,07:3%Ho™,10%Yb** x%Mo®* (x =0, 1, 3, 5) da dugc tong hgp thanh cong bang phuang phap dét chay. Do
tinh khiét pha, thanh phan nguyén t6 va hinh thai bé mét vat liéu duoc xac dinh bang cac phuong phap nhiéu xa tia X, tan xa nang lugng tia X va kinh hién hién
vi dién t& quét. Qua trinh phét quang chuyén déi nguoc duoc khdo sat trén phé huynh quang dudi budc song kich thich 980nm bang diode laser. Nong d6 pha
tap Mo® da dugc t6i uu héa dé dat cung do phat xa manh nhat. Trén phé huynh quang c6 su phat xa manh & viing mau luc (538 - 548 nm, °F,/5S, — 3lg) va
yéu & viing do (667nm, °Fs — lg). Vat liéu BZ0:Ho**,Yb**,Mo®* ¢6 dd tinh khiét mau cao va cudng dd phat quang chuyén ddi ngugc manh, ¢d tiém néng (ng
dung lam vat liéu chuyén d6i ngugc mau luc trong danh dau huynh quang.

Tir khod: Chuyén d6i nguac; BiZr,0;; chdt phdt quang; truyén ndng luong.

ABSTRACT

The BixZr,07:3%H0%*,10%Yb** x%Mo®* (x =0, 1, 3, 5) upconversion phosphors were synthesized by a combustion method. The phase purity, composition,
and surface morphology were analyzed using X-ray diffraction, energy-dispersive X-ray spectroscopy, and scanning electron microscopy. The upconversion
luminescence was investigated through photoluminescence spectroscopy under the excitation of a 980nm diode laser. The Mo®* doping concentration was
optimized to achieve the highest emission intensity. The fluorescence spectra exhibited strong green emission (538 - 548nm, F4/*S; — °lg) and weak red
emission (667nm, Fs — 3lg). The BZ0:Ho**,Yb** Mo®* material demonstrated high color purity and strong upconversion luminescence intensity, making it a
promising candidate for green upconversion materials in fluorescent labeling applications.

Keywords: Upconversion; Bi Zr,0;; phosphor; energy transfer.
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CHU VIET TAT

BzO Bi»Zr,0;

XRD Nhiéu xa tia X

EDX Phd& tan xa nang lugng tia X

SEM Kinh hién vi dién ti quét

PL Huynh quang

uc Chuyén déi nguoc

cCcT Nhiét d6 mau tuong quan
1. GIOI THIEU

Cac vat liéu phat quang UC pha tap dat hiém cé kha
nang chuyén déi kich thich héng ngoai gan thanh anh
sang kha kién hodc tir ngoai théng qua nhiéu lan hap thu
hodc trao d6i nang lugng. Ching néi bat véi cac dac tinh
nhu tinh 6n dinh héa hoc cao, kha nang xuyén siu qua
mo sinh hog, tinh tuong thich sinh hoc cao, déc tinh thap,
do6 tinh khiét mau cao va dé dang chiic nang héa bé mét.
Nh& hiéu suat phat xa cao, cac chat phat quang chuyén
déi nguoc la vat liéu hap dan trong nhiéu linh vuc ting
dung, dién hinh la danh ddu huynh quang trong y sinh,
vat liéu bao mat, tem chéng hang gia,... [1-3].

Trong sé cac ion dat hiém, cacion Ho**, Er¥* vaTm3* ¢6
kha nang phat xa UC do ching c6 nhiéu muic nang lugng
va thdi gian s6ng kéo dai [4-6]. Trong d6, ion Ho3* c6 kha
nang chuyén hoa buc xa héng ngoai gan thanh buc xa
mau luc. Tuy nhién, khd nang nay bi gii han bdi ion Ho**
it c6 kha nang hap thu truc tiép photon 980nm do buic xa
kich thich khéng tuong thich véi cadc mic nang lugng clia
ion Ho** [7]. Ngugc lai, ion Yb** lai c6 tiét dién hap thu
photon 980nm kha I6n, cé kha nang déng vai tro lam ion
tang nhay. Khi kich thich bang diode laser 980nm, ion
Yb3* sé hap thu buic xa réi truyén nang lugng sang Ho**,
lam tang cudng d6 phat quang UC [8-11]. Bén canh do,
viéc déng pha tap MoO,> d€ hinh thanh cadp ting nhay
Yb3*-Mo00.* cé khd nang lam tdng manh cudng d6 huynh
quang, tang ti 1&é mau luc/ mau dé trong quang phé phat
xa, tur d6 lam tang dé tinh khiét mau [12, 13].

Trong nghién ctu nay, vat liéu BZO:Ho**,Yb3**,Mo®*
dugc tdng hagp bang phuang phap dét chay va khéo sat
kha ndang phat quang UC mau luc, dinh huéng Ung dung
trong danh dau huynh quang.

2. PHUONG PHAP NGHIEN CUU
2.1. Phuong phap téng hop vat liéu

Vat liéu BZO:Ho**,Yb3**Mo®* dugc téng hop tu cac
dung dich muéi tuong tng la Bi(NOs); 0,20M, ZrO(NOs),
O,ZOM, HO(NO3)3 0,0SM, Yb(NO3)3 0,10M va (NH4)5MO7024
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0,03M. Dau tién, cac dung dich mudi dugc pha trén theo
ti 1&é mol nguyén té Bi: Zr:Ho: Yb: Mo =(190-x):200: 3
: 10 : x. Tiép d6, dung dich hon hgp dugc khuay tu va gia
nhiét & 80°C. Sau khi thém urea (v6i s6 mol gap 20 lan sé
mol vat liéu), dung dich ti€p tuc dun duédi hoi nudc dén
khi thu dugc chat16ng dang dac sanh. Hon hgp tao thanh
dugc chuyén vao chén su va dugc nung sa bd & nhiét dé
400°C trong 4 gig, thu dugc tién chat. Cudi cung, tién chat
dugc nghién trong c6i ma nao, dugc U nhiét & nhiét do
600°C trong 4 gio, thu dugc vat liéu phat quang
BZO:Ho3",Yb3*,MoS*.
2.2. Phuong phap do dac

Vat liéu phat quang BZO:Ho**,Yb3,Mo®* dugc xac dinh
cdu trac, thanh phan, hinh thai, tinh chat huynh quang
bang cac phép do dugc liét ké & bang 1.

Bang 1. Céc phép do dac dugc st dung trong nghién ciu

Phép do May do Dia diém do
XRD D8-Advance Bruker Vién Khoa hoc Vat liéu
EDX Detector HORIBA, model 7593-H, | Vién Khoa hoc Vit liéu

gan trén hé FESEM HITACHI S-4800

SEM HITACHI S-4800 Vién Khoa hoc Vat liéu
PL Nanolog, Horiba Jobin Yvon Vién Tién tién Khoa hoc
va (dng nghé (AIST)
3. KET QUA VA THAO LUAN

3.1. Xac dinh ciu truc, thanh phan, hinh thai

Dé xac dinh cau truc tinh thé, gian dé XRD clia cac vat
liéu BZO, BZO:Ho**,Yb3**,3%Mo® U & 600°C da dugc thu
nhan (hinh 1).
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Hinh 1. Gian d6 XRD clia vat liéu BZ0 va BZ0:Ho**,Yb**,3%Mo%*

Hinh 1 cho thdy, ciac vat lieu BZO va
BZO:Ho**,Yb**,3%Mo® ¢ bén pic nhiéu xa chinh tng véi
cac mat phang phan xa (222), (044), (404) va (226), phu
hop véi thé chudn JCPDS 04-001-9350 cla cau truc
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pyrochlore [4, 5]. Ngoai ra, trén gian d6 XRD khong xuat
hién tin hiéu cla cac pha tap chat nhu Bi,O; hoac ZrO,,
ching to cac vat liéu thu dugc c6 do tinh khiét pha cao.
Tu két qua XRD, gia tri hang s6 mang (ing véi cau truc lap
phuong cda vat liéu BZO:Ho**,Yb3*,3%Mo®* cling da dugc
xac dinh la a = 10,62A.

Dua trén dé ban rong tai dinh nhiéu xa cuc dai (B, rad),
kich thudc tinh thé trung binh (D, nm) cla BZO va
BZO:Ho**,Yb**,3%Mo%* dugc tinh toan lan lugt la 5,4nm
va 6,9nm bang phuong trinh Scherrer:

D 0,9\
Bcos6

Trong d6, A (nm) la budc séng tia X, 6 (d6) la géc phan
xa Bragg.

1

Thanh phan cla cac nguyén t6 clta vat liéu
BZO:Ho?**,Yb**,3%Mo%* da dugc xac dinh bang phép do
EDX (hinh 2).

zr B T —
M [ Element | Weight% | Atomic%

Mo ' 0K |31z |12
o L w133

MoL [086 046
HoL 1 096 1029
YbL (609 [ 178
BIM |48 | 1086

1.00um

Hinh 3. Anh SEM c(ia vat liéu BZO: Ho**, Yb**, 3%Mo®*

Hinh 2 cho thdy, cac nguyén té trong thanh vat liéu
déu xuat hién tin hiéu day da va khong lan tap chat. Ti lé
cac nguyén t6 Bi: Zr : Ho : Yb : Mo trong vat liéu phu hgp
tét véiti 1é 184:200: 3 :10: 3 trong thanh phan du kién.
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Hinh thai bé mat cua vat liéu da dugc khao sat bang
anh SEM (hinh 3).

Hinh 3 cho thay, cac hat vat liéu c6 dang hinh khéi,
phan bé kha rdi rac, kich thudc hat trung binh khoang 150
-200nm.

3.2. Khao sat tinh chat phat quang UC

a) Khao sdt céng sudt nguén phdt diode laser

Coéng suat ngudn phat diode laser anh huéng dén
cudng dé phat quang UC va cong suat ngudn phat ti 1é
thuan véi cudng dé dong dién cap cho nguén phat. Dé
khao sat cong suat kich thich t6i uu cho su phat quang
UC, phé huynh quang cla cac  mau
BZO:Ho%*",Yb3*,x%Mo®" (x =0, 1, 3, 5) phu thubc cudng do
dong dién cap cho ngudn phat da dugc ghi lai. Hinh 4
trinh bay két qua khao sat tai néng dé pha tap 1%Mo®,
(ng v&i mau c6 cudng doé phat huynh quang cao nhét so
vGi cdc mau con lai trong cling diéu kién khao sat.

5, 5,
F -l
500000 | Pl
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o T T T
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Hinh 4. Ph phat quang UC cda vat liéu BZ0:Ho**,Yb**,1%Mo®* phu thudc
Cudng d6 dong dién cap cho nguon phat diode laser

Hinh 4 cho thdy, cudng d6 phat quang UC tang dan
khi tang cuong do dong dién tir 600mA dén 980mA. Tuy
nhién, cudng dé huynh quang tang cham khi cuong dé
dong dién tang tr 890mA Ién 980mA, cho thay day la
vung kich thich t6i uu. Do d6, trong nghién ctru, nguén
phét diode laser dugc cadp dong 980maA, tuong Ung vai
cdng suat 700mw.

b) Téi uvu néng dé6 Mo+

Dé khao sat anh hudng ctia néng dé Mo®* pha tap dén
cudng doé phat quang UC, phé huynh quang clia caéc mau
BZO:Ho%*!,Yb3* x%Mo®* (x = 0, 1, 3, 5) tai budc séng kich
thich 980nm da dugc thu nhan (hinh 5).

Hinh 5 cho thdy, cac chat phat quang UC phatxa manh
& vung mau xanh luc va phat xa yéu & viing mau dé. Vliing
phat xa mau xanh luc & dai budc séng 538 - 548nm va
mau do & dai budc séng 640 - 670nm tuong Ung véi cac
budc chuyén 5F./°S;- 5lg va °Fs - °lg clia Ho** [6-11].
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SR — o nang lugng dé chuyén Ién cac muc 5F4/°S,. Cac ion Ho**
A e 8 = con lai sé héi phuc khong phat xa vé muc °l;, sau dé hap
400000 S,-1, BZO: Ho®, Yb?*, x%Mo®* NS Y o i A
= =0 thu nang lugng tU cac ion Yb3* dé chuyén lén muc °Fs. O
5 300000 ! muc °F4/°S;, phan 16n ion Ho** sé chuyén vé muc °lg, kém
g x=5 theo phat xa anh sang mau xanh luc. Mét phan nho ion
| g— Ho* sé chuyén vé muc °l;, tao ra dai phat xa can héng
= N 7. . 2 ’ ~ ~ N
© ngoai. Tai muc °Fs, phan I6n ion Ho** & mic sé chuyén doi
100000 - vé muic co ban °l, kém theo phat xa anh sang mau d6. Cac
ion Ho** con lai sé ti€p tuc nhan nang lugng dé chuyén

0 ’ - Ién cdc trang thai cao hon.

500 550 600 650 700

Buéc séng (nm)

Hinh 5. Phd phét quang UC clia vat liéu BZO: Ho**, Yb**, x%Mo®*

Cac mau pha tap Mo® déu cho cudng dé phat xa UC
cao han mau khong pha tap va dat cuc dai ing & gia tri
néng d6 Mo®* pha tap la 1%. & cac néng d6 pha tap Mo+
cao hon, cudng d6 phat huynh quang gidm do hién
tugng dap tat bai néng do. Nhu vay, viéc dong pha tap
Mo®* da tao ra cap dimer Yb*-MoO.* dong vai tro truyén
nang luong hiéu qua hon so véi Yb** [12,13].

Hon n(ia, khi pha tap Mo*%*, cudng d6 mau xanh luc ¢
su tang manh va chiém uu thé hon nhiéu so véi mau do,
dac biét 8 néng d6 pha tap 1% Mo®* (hinh 6).

400000 -

[ Mau xanh luc
B Viau 6o

1 b b

Néng do Mo® (mol%

300000

200000 -

Cudng d6 (a.u)

100000

Hinh 6.Ti & cudng do mau xanh/ dd trong quang phd phat xa ctia vat liéu
Hinh 6 cho thay, khi pha tap Mo®* sé lam tang d6 tinh
khiét mau xanh luc trong quang phd phat xa. Nhu vay, dudi
budc séng kich thich diode laser & 980nm, vat liéu
BZO:Ho3*",Yb3*,1%Mo®" phat xa manh mau xanh luc, c6 thé
Uing dung hiéu qua trong viéc danh dau huynh quang.
Bén canh d6, qua trinh truyén nang lugng dugc minh
hoa théng qua gian d6 cac muc hinh nang lugng (hinh 7).
Theo so d6 hinh 7, ion Yb3* hap thu buic xa 980nm va
chuyén tir muic nang lugng co béan 2F;; 1én muc *Fs),. Tai
day, ion Yb** truyén nang lugng da hap thu cho ion Ho**
lan can, réi hoi phuc khéng phat xa vé muc ca ban. Sau
khi nhan nang lugng ti Yb**, ion Ho** chuyén ti muic co
ban °lglén muc °le. Tai day, da s6 cacion Ho* tiép tuc nhan
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Hinh 7. So d6 miic nang lugng cla Yb**, Ho** va qua trinh phat quang UC
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Hinh 8. Toa do mau cta cic mau BZ0:Ho**,Yb** x%Mo®*

Ngoai ra, toa d6 mau theo Uy ban Quéc té
(Commission Internationale de I'Eclairage, CIE) clia cac
mau téng hop dugc tinh toan ti phd PL dugc thé hién
trén hinh 8.

Hinh 8 cho thdy, khi pha tap 1%Mo®, toa d6 mau
chuyén dich manh vé phia mau xanh luc. Tuy nhién, khi
tang dan ndng d6 Mo®* 1én 3% va 5%, toa d6 mau chuyén
dich gan vé toa d6 cua vat liéu khi khong pha tap Mo®*.
Két qua nay chi ra rang, & ndbng do 1%Mo®* thi mau xanh
luc c6 do tinh khiét cao nhat.

0.8
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DPé& c6 thé xac dinh dugc dé tinh khiét vé mau sic cla
vat liéu, toa d6 mau clia chat phat huynh quang dugc xac
dinh theo c6ng thuc sau [14]:

(X=X’ +(y—-y,’
g =)+, -y’
Trong do (x, y) la toa d6 mau clia mau; (x; = 0,3333 va

yi = 0,3333) la toa d6 mau clia nguén sang trang; (x4, yad) la
toa d6 mau clia budc séng chinh cta vat liéu.

Do tinh khiét mau = x100%  (2)

Ngoai ra, nhiét d6 mau tuong quan cua vat liéu dugc
tinh toan bang phuong trinh McCammys [14]:

CCT =-449n3+ 3525n%-6823n + 5520 (3)

Trong d6 n = (X-Xe)/(y-Ye), VGi (Xe, Ye) la toa d6 mau cla
diém chuan (0,3320; 0,1858).

Toa d6 mau, nhiét @6 mau tuong quan va dé tinh khiét
mau dugc trinh bay ¢ bang 2.

Bang 2. Toa d mau, dd tinh khiét mau va nhiét 6 mau tuong quan ctia
vat liéu

Vat liéu Do tinh
BZ0:Ho™ YbreaoeMos | OV | knigee) | €T
x=0 03420639 | 706 5364
X=1 0313:0675) | 78,0 5782
x=3 0328:0,661) | 75, 5571
x=>5 0349:0641) | 712 5271
4. KET LUAN

Vét liéu phat quang BZ0:3%Ho3*,10%Yb3*,x%Mo%* da
dugc téng hgp thanh cong bang phuong phap dét chay.
Vat liéu thu dugc cé cudng dé phat xa UC manh nhat ting
vGi ndng do pha tap Mo®* la 1%. Su hinh thanh cdp dimer
Yb3*-Mo0O,* déng vai tro la trung tam tang nhay hiéu qua
dé nhan nang lugng kich thich réi truyén ning lugng cho
tam phat quang Ho*. Quang ph6 phat xa cula
BZO:Ho3*,Yb3**,1%Mo%" c6 toa d6 mau nam trong ving
xanh luc véi dé tinh khiét mau gan 80% dudi kich thich
diode laser 980nm. Diéu nay cho thay, khi chiéu sang
laser, bt phéat quang nay sé phat ra quang phé xanh lam
vGi cusng d6 manh, co tiém nang uing dung hiéu qua
trong danh dau huynh quang.
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