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Abstract: In this paper, NaScF,:20% Yb’" /2% Er’" nanoparticles ( NPs) with a size of about 35
nm are prepared by a solvothermal process. Under the excitation of 980 nm wavelength, the NPs ex-
hibit strong red upconversion( UC) emission and weak green UC emission. The corresponding inten-
sity ratio of red emission to green emission is approximately 6. Meanwhile, the green and near-infra-
red( NIR) emission of the UCNPs own excellent temperature sensing performances within the studied
temperature range, which can be used for optical thermometry based on fluorescence intensity ratio
(FIR) technology. The maximums of relative sensitivity S, for thermally coupled *H,,, level and
*S,,, level of Er'* and non-thermally coupled Yb** *F, , level and Er’* *1,,,, level are 1.17% - K™
and 0.73% - K", respectively. The results show that the UCNPs are a kind of high efficient red

UC material and show promising temperature sensing performances in visible and NIR region.

Key words: rare earth; nano particles; upconversion; optical thermometry; NaScF,

Wi B H#: 2022-02-27; fEITHH: 2022-03-15

BEETE: EHEAKPEHEA(11704054) 5 FPRMNEHL IR AR QH O I 5K (X202110617080) B¢ B 16 H
Supported by National Natural Science Foundation of China(11704054) ; Undergraduate Innovation and Entrepreneurship Train-
ing Plan Program of Chongqing University of Posts and Telecommunications( X202110617080)



551

AHE W, 5. NaScF,: Yb' " /Er " 4K J0k: 2¢ e i fors vk 685

1 3l

X —H WS Tl 4 7 B
WEIE A= W B IT 45 25 AT 45 Ml v 473 15 A LG B Y
fate, UL, D v A 0 R S PR Y 2R
AR RAREE SR, R, BETE TR
AR B8 4 T B B 4T % B A =X 7 Dy X0 TS vk
S A Sy PR BN 58 BRI R A O T K A
AR BRI GURE B O ) 1 AR 42 ik 2O 2 D IR e
AR R Y, 5 e A SR D R ok
B LY (FIR) 45062 2 B 38 0 il B e B, 4R
I, 75 B4 I, 26 6 5 i S0 ol o B i) I a5y
JEE A T30 kY VR R B T e R R A IR R I
T AT 00 R R AR X ORIE TR DN = Y 9 A
B, ¢ FIE2=MR oo TAERZ R T HAR
WP T IR RE 1 B PG Lo it R A

Horp JUDLEET =i L8 Ty B R
Vo e o S MR S NE- ¥ SR CRE o
e K AR BRL AT LUK AR R 5 1Y 3T 2T A e 4
AR RE R IR L 5 s A LY R
A, FEAR AR R LB TR E O Z N,
PR L LA A 0 R A 4 D ) 28 8 TR R R AL
S b R E BT R4 0 AR aE PR AREEE IR A
RN | JEBRR A PE AR A T LA AR H A TR
A R PN AT R S A A R

A SCR T AL B0 VE ¥ il £ T 7S 1 A NaScF, :
20% Yb** /2% Ex’ " 4K UKL, IF 4R T T % 48K Bl
e ] UL IX R ST 214 XY T R

nu\«

2 5 b
2.1 K

W ke HBE, Ol R NH,F M NaOH ¥ H
RN AR AL TARA A 24, ScCl, (99.999% ) |
Yb,0,(99.99% ) Fl Ex,0,(99.99% ) I 3% Tt 5t
PAERFHEARAE . MR (0A,90% ) Fl-+ /\ 4
(ODE,90% ) i Alfa Aesar it N, Ff A JFRE 4 &
gl ik — Al
2.2 7Nf1H NaScF,:20% Yb* /2% Er’ " 2/ 3k Bi

L il &

F H ) 43 S FR B SeCl, L YBCL, LA & ErCl, 3t
0.8 mmol, LA ZE 100 mL =#kei ; 3Tk, o
FEE 12 mL 0 AR AT 28 mL + /U, B AR — =
g, HIR S WA E 100 C I R+ 10

min , LUHEGHBE IR 08 S0 SRR 5 BT o 78 0 4
2 140 °C FF4FF 30 min, DUE R + 8 1 il ik £
AW Z 5 W E SRR 2 80 C I mA &
£ 3.2 mmol NH,F L& 0.8 mmol NaOH [ F! i
VW, Ol A W S o) $5 R TR FE 80 °C R R IR 30
min; 3 K B BN E 300 CIFFEAFF 1.5 h
JE BRRE BRI, AW R D R
PR ) B AR AT B RO AR R AT R
N o BN 7= ) e 38 2k 7 BN T i A i R Y
BT AT Bl A 2 B LR A 3 R O #E 8 000
r/min FE.OD =,
2.3 H&RIE

K H] Persee XD-2 fi7 S & # i 19 XRD 1if
SRR 5 BE AT B i H O SE 2 B AR RS-
4800 7 & S 14 H - W T BE ( FE-SEM) 58 i, %
TRAL RSN T A PR FLS920 S 3 A% H 3k 1 3% R
a1 RO o T RO LA B AR S R AR
980 nm F AR BOG AR S 6% DU L i Bk TR
b [F bR & 748 B A 7R ) HFS600E-PB2 AL # &
FH T4 1R S 3 2

3 ZR5H%

3.1 YHESH

Kl 1(a) K il % NaScF,:20% Yb'* /2% Ex’*
Yy KIIURL Y XRD 3, AT L S H A S5 e 0 4R
5 B Ko B 5 N f A NaScF, BYAR#E R A (JCPDS
20-1152) MAVE B, Bk 1 22 A0 I 2 18 0 2] He Ath 1) A
S B BT A BUR AR SO SEARDE B YR 5 BT
A Mg Z g ARG, KB 1(b)
() A BT il £ 94 K JBURL (9 SEM /] /- B RS 43 A
P, AT L HSORL RO 3 5] P B B AR 29 R 35 nm /2
A, IF BB B oy HohE
3.2 LEEBEXRMER

& 2(a) 42 NaScF,:20% Yb' " /2% Ex’* 4l K ik
£ 980 nm UKk T 1Y L kRS, #E 500 ~700
nm 3 [ N AEAE =B 0 ke a3 0 D Ak T
521 nm 41 EX*TCH,,, >, SEOEER T AT
552 nm b EX’ T L0S, L, GG ER AT A R AL T
654 nm ALY BT UF, o0, ZGIRE %R S
Y S AP EAR S E AR 3 AL S

J Pt — WY NaScF,:20% Yb'* /2% Exr'* 4}
KR YD 5 B 2Z ) A RE AL s HLE, T AT



686 A S %43 %
(a) (b)
NaScF,: 20%Yh**/2% Er**
]
<
=z
Z Jepps 20-1152 | (©) NaScF,20% Yb**/2% Er
£ 5
- K
E
Z
S
5
|1 | “ ull i
: | il [ — -, L
10 20 30 40 60 25 30 35 40 45
20/(°) Diameter/nm
&1 FES Y XRD &3 K 7S fa Al NaScF, MIARHER A (a) (SEM & (b) FIURLAZ 434 8] (¢) o
Fig. 1 The XRD patterns(a), SEM image(b) and corresponding size distribution(c¢) of the as-prepared samples.
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(a) The upconversion spectra of NaScF,:20% Yb’* /2% Er’*

nanoparticles. (b) The power dependence curves for the
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Fig.3 The energy level diagrams of Yb** and Er’*
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Fig.4 Temperature dependence of green UC spectra(a) , FIR, (b) as well as the corresponding absolute sensitivity S, | and rel-

ative sensitivity S, (¢) excited by 980 nm wavelength.
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