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Near-infrared Upconversion Luminescences Properties of Yb**-Tm** Co-doped
BiOBr Nanocrystals
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Abstract: Yb**-Tm’* co-doped BiOBr nanocrystals were successfully prepared by hydrothermal method, and its up-
conversion luminescence properties was investigated. Under excitation at 980 nm light, an intense near-infrared (801 nm)
accompanied by weak red (655 nm) and blue emissions (485 nm) were observed, which were attributed to the *H,—
Hy, 'G,~’F, and 'G,— Hj transitions of Tm’" ions, respectively. Power dependence studies revealed that blue and red
emission resulted from a three-photon process, while the near-infrared emission resulted from a two-photon process,
and a possible upconversion mechanism is discussed. As the Yb*" ions concentration increasing, the overall emission
intensity increases and near infrared emission is much stronger than red and blue ones. Consequently, the ratios of
near-infrared to visible (lgo; nm/lags nm) reaches 71.4. These results indicate that the Yb -Tm* co-doped BiOBr nano-
crystals have potential applications in biological field as luminescence labeling probers.

Key words: BiOBr: Yb*', Tm*"; upconversion luminescence; near infrared emission

AR, Wi LB R AOKRIRHE ERege R 1 R AE, Wk B AR RO B R A R
JeR s LOANMER A SR B ERAOE A RIEAE . AR SR KR B
AR BRI TS, JCHRAEAEDINR B AR NSO R RE, A AR
0 BRIy T AR DRSS SR TRFTCE IO 2 WIS i U A v A A T,

U2 AL FAL GRS bR id M kL, B B R L EH LB, Tm’ B HATRR IR 1 B 45

Wi BER: 2015-08-18; WEIMEaFS B E: 2015-10-25

ELW B : BHxARRIL4(61465006) National Natural Science Foundation of China (61465006)
YEZ RN 2kdk(1987-), T, BhEE T L. E-mail:liyongjin2008@163.com

BIEE: REE, 2. E-mail: songzg@kmust.edu.cn



280 TS| R =

#3145

¥, 76 980 nm FIITZLAMGIOR T, ALK N
800 nm (*Hy—He) (ML L0 A 1, T 40 41700~
1100 nm)2& A AR GAFE S T L, BB AY)
ALURDEIRT . WBORT R 7861 e N, 5
H, JHT ¥R Tm™ 811 s R 60, 980 nm
WELLAMG, IR T B, It A B a
WGBS, RBART AN AR DA R
AR, YO R T’ 45 28 MR 97 22 BR T3 404k
E2 N I S - e (1B VA W 2 | DA W N T o
ROCIAE TR AP Rk, BFST Tm’ B 1 3
SRAN A | AN N I = E (3 W A = L B ot i
TC AT 3 R A R

TR ALSE (BIOB)AE A — P 8 B (1) > S AR K1 KL,
BAPEE A AR S R . R IR v
RELZIAL e CU) v N B AL R R ' A AR Y
WKL BiOBr HA WM A e fl = 7 e E A
(=390 eI, T ANE AR R RO TR,
Jf H BiOBr gh &t T HAME ) 4k 7 24514, 75
en R TE A E T FE 3 o DRI X 4 1 2
iV QR TR W (VA | = W LG5 B A= S e
EXTRRPE R o B A, IX TR 1) & 1A 3 BE 52 Wi s
TR R e W), WEH T LB, 43
DL ekt . BT, #5154 A A [H 45
i BiOCI T w2 WFoel' 24, 17 LL BiOBr by 3 Jit
PRI b4 ke Yo HR D . A& T AELL BiOBr
B, SR HKHUERI% YO -Tm 3t BiOBr 4k
fm, BFFCIL b R M i A ML

1 LWHZE

1.1 HEmEl&E

KK BGEBI% YO -Tm’ 3545 BiOBr 42K i
(Tm* = 0.5mol%, Yb*" = 1.0. 3.0, 5.0. 7.0 1 10.0mol%)-
Fe 022 vh 5 LLFR B A YA 22 307 Bi(NOs);-5H,0
(AR), Tm,05(99.99%), Yb,05 (99.99%), KBr (GR).
T SERE B R L (0 AR A D AR E G R S A5 AE Y,
(PIRHER B, TR IT o SN 4 2] 70 mL 25 257 /K,
AR JE I 2K T pH 3 3, SR SWHREHE 0.5 h,
B 5 R A 27 5O 100 mL SR PUGR &4
WA K G, BT 160°CHA T, RV 12 he 4R
o EARA AR SR, T IEK SR 22 5 1 K B0k
o, B AE SOCTHRAA N T, A THEmFE T
GEEREE IR 450°CHIBH RS 2 by BEJE A
SRS HZ IR, WS, BIAS 20T Re ke .
1.2 HMmERIE

K H HAH %~ Rigaku Model D/max-2200 74 X
SRP AT SRS 5 B S A (RS Cu BB Ko 5

#:(2=0.15406 nm) ); KH HA R RS AR
JEM-2100 AUE S HL 7 BB st v Es; RH
2% [ Nicolet 28 7] 2E 77 ) Magna-IR 750 74 {# 37 IH-A45
21 AN IR FE b 16 (8 37 20 48 6 3% (FT-IR); 2R
FH A Hitachi 2% 4771 F-7000 2¢643 66T
DEARFE A 0 B3R %, 980 nm - PARBOL 2%
VE R BCRIGIR, FTE B e =i F il & .

2 GRSt

2.1 LEMISHR

B 10 Yo' -Tm’ 3545 BiOBr 44K i bt Yb* ik
FEAZAGT) XRD B3, MBI al LG 2, B HE i
S U341 56 N - Y 75 A ) BiOBr (JCPDS  73-2061),
RUPKPGER I G T Yo ' -Tm* 3545 BiOBr gik
mie ACH] Jade FRAE, VAT B A R A% ZORT b
AR, &5 R 1 . NE 1 iTLUEH, B Yo

I Yb-1.0mol%

Yb-3.0mol%

Yb-5.0mol%

A A _JI l_ A Jk.. P — —e
h‘ Yh-7.0mol%

’ Yb-10.0mol%

JCPDS: No.73-2061

| L
10 20 30 40 50 60 70
260/ (%)

Bl 1 Yb*-Tm’'3t45 BiOBr 49K 5BE Yb» i ik AR LI

XRD i
Fig. 1 XRD patterns of Yb*>*-Tm®" co-doped BiOBr nano-
crystals with different Yb*>" concentrations
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Tablel Lattice constants and cell volume of Yb**-Tm?**
co-doped BiOBr nanocrystals with different Yb*" concen-

trations
Yb*/ mol% Lattice constant/nm Cell volume
a=b c /nm?*
1 0.3936 0.8141 0.12615
3 0.3931 0.8112 0.12535
5 0.3930 0.8111 0.12530
7 0.3926 0.8121 0.12519
10 0.3915 0.8095 0.12407
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Fig.2 TEM images of Yb**-Tm’" co-doped BiOBr nanocrystals
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Fig. 3 FT-IR spectrum of BiOBr: Yb**, Tm** nanocrystals
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Fig. 4 Upconversion emission spectrum of BiOBr: Yb*,
Tm** (1.0/0.5m01% ) nanocrystals under excitation at 980 nm
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Fig. 5 (a) Power dependence of the UC emission intensities
of BiOBr: Yb*", Tm®" (1.0/0.5mo0l% ); (b) Energy level dia-
grams of BiOBr nanocrystals and possible UC mechanisms
under 980 nm excitation.
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Fig. 6 (a) Upconversion emission spectra of BiOBr: Yb**, Tm**

nanocrystals with different Yb*>* concentration under excitation

at 980 nm and (b) the intensity of 485, 655 and 801 nm wave-
length vs Yb*" ions concentration
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