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Abstract; A series of Yb’"/Tm’*/Ce’* co-doped NaYF, nanoparticles with different Ce’* contents
were produced by solvothermal method. Strong upconversion blue fluorescence can be observed un-
der 980 nm laser excitation. The influence of different Ce’" content on the luminescence intensity
was investigated. It was found that the upconversion luminescence from UV to visible enhanced firstly
and then weakened with the increase of Ce’* concentration when the mole fraction of Ce’* increased
from 0% 1o 0.5% . The fluorescence intensity reached the maximum at 0.2% , which was about 5
times stronger than that without Ce’* doping, and the blue light at 475 nm was enhanced by 6
times. In addition, the mechanism was explored in detail. On the one hand, the cross relaxation be-
tween('F,, 'H,) in Tm’" and (’F,,, *F,,) in Ce’" occured after doping Ce’* , which effectively
prevented the electron transition from going back to the ground state, resulting in the overall fluores-
cence enhancement. On the other hand, the (Yb'*- Yb'*- Ce’*) Trimers formed by doping Ce’”
transfered energy to ' G, level and emitted 475 nm blue light, which led to strong blue light. When it
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was applied to the fluorescence intensity ratio thermometry measurement, the absolute sensitivity was

as high as 0.035 0 K",

Key words: Ce’* doped; upconversion luminescence; strong blue light; (Yb**- Yb’* - Ce’* ) Trimers; fluorescence

intensity ratio thermometry
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Fig.1 (a)XRD patterns of Ce’" -doped (0. 1% /0.2% /0.3% /0.4% /0.5% ) NaYF,:18% Yb’*,0.5% Tm’* (1, M, IV,
V,VI) and Ce’"-free NaYF,: 18% Yb’*,0.5% Tm’* ( I ) nanoparticles, the corresponding diffraction peaks of
(100), (110), (101), (201), (211) crystal planes are indicated. (b) X-ray diffraction patterns of (201) nanoparti-

cle with different Ce’* concentration.

RT HHERARIUE Ce'" = HMNB A B-
NaYF,: Yb** ,Tm® " 44 K KL I H 57 b i v, Fe AT
BRI (201 ) & T4 2 049 107 5 A 32 A7 JR 3 0Kk, A
L(b) i, HRAE A HiA% 7 B 2dsing = kA

Horp d g b EE , 0 AT S Mk S IEEE A N
X B m s, B4 Ce* JT, (201) & 1 X R Y
A f /N EE AR RS BDAT ST M 0 U AR Ce " 11
TN kRN NEE R d (AR K, XUl B A



1766 K ot

E

542 &

KA, BT Ce’ M4 (102 pm) KT Y
9242 (90 pm) , B G #F — 25 0F B T 49 K kL
(201 ) b 1A ) B A8 K2l Ce (10 AN B %K)
B Ty 45 i BT A TP U T YT (8 AN AL AL
fLE, —A Ce’" B A&l A2 A IE
B, 3 T A W AR R G T IR
A VAR 3 08 X0 R PR T B IR 4R T AR AR B 4£-4f
BRI LR 2 A5 1 e & 6 I i 10 i

AN, Ce’ 242 (102 pm) KT Tm'* 12
£ (88 pm) , 4B AW E £ L &G0 8 K,
Yb'' 5 Ce’ "BEE T {2 YB'T 5 Ce’ " AR 45
BB RE K JERE AL 45 T’ "R A G,
KA 475 nm B E A0 TR T GIREE
3.2 BRI

B 2(a) & NaYF,: 18% Yb'",0.5% Tm’ ",
0.2% Ce’ " Ff & 1Y 5 ST LR, 7T LB H 40Kk T
HEPV A 7 R SF o A ¥5) o R 4 T 30 i A
ENTTE . HABIE A L AR i KN R AT
W5 Z 2, NaYF, #9209 TEM EZ (E 2(b))

(29.51 + 1.46) nm

N W W B
“n O wn O
[ T N
—~
o
<

Frequency /%

21 22 23 24 25 26
Diameter/nm
B2 (a)NaYF,:18% Yb’",0.5% Tm>* ,0.2% Ce’* LR-
TEM; (b) HR-TEM; (¢)DLS &,
Fig.2 LR-TEM(a), HR-TEM(b) and DLS(¢) of NaYF,:
18% Yb** ,0.5% Tm** ,0.2% Ce’* .

R HE A B] B A 0. 28 nm, XF W NaYF, (9 (110)
pn T, RGOk T A M R A, RE S
Zeta HLOL 43 HT AL R AL B9 NaYF, 40 K60 F FE A9
KR AW 2 () FoR 7] LLE R & K6 3
J¥EAE d=(29.5+1.46) nm, KRB/,

AR Debye-Scheller 24 & ¢ = *
B, cosf

NaYF, 40K JkL 0 ks 42 1T 1 XRD Bz 5% 477 4 04 19
HIESEITE H v K =0.89 24 Scherrer #41,A =
0.154 056 nm & Cu Ka HT£E A0 K, B, RATHS
U () 2 W 5 | @ S e KR AT ST 0 Sk I8 £ A B R AL
H A 5 ST 38 R RSE Ol 28 ~ 32 nm, i — 2B
P W] 5Ok o BT A DU A R AR — 3K

K 3 J& e gokok 7 /) TEM REE &, A &
HTEMIHE H FLY Yb Tm Ce %8 240K 19 M
F 531, A4S TT R S A AR 4 51 3k R R W
WG T Ce’ 4824 NaYF,: Yb'" ,Tm’* [ #5 4
P S T

3 NaYF,:18% Yb**,0.5% Tm** ,0.2% Ce’* f) TEM
PENTEEE A
NaYF,: 18% Yb’*,0.5% Tm’*,0. 2% Ce’* TEM

Fig.3

and its surface scan

3.3 BERAIES

7E 980 nm T £L 40 G & Tl E T NaYF,:
18% Yb** ,0.5% Tm** ,x% Ce’* 526, I &
4 WA DUE A LR 9K R & T R B
JERE AN, K B0 32 AE T AE 362,451,475,
646,700 nm Fff 3T, 4 B %t D, —H, ' D, —'F, |
'G,—H,.'G,—’F, fI’F, >*H,, BT LWLk
T b R 5, RATAR 4G SCHR [27 ] I IE Y 18%
Yb' " 1 0.5% Tm® " # HiA B% 40 KR T, 53 41
W B 2 R A & R 0 Ce ™ R P58 L 3 3 1 I 4
B, MIBA Ce’ FEi 0 FFE 0.2% I, 2k aR



113

SHGE, A Ce’THBIRXT NaYF,: Yb''  Tm® QKR T et SR MERR A S B RSO LA RN 1767

FEBEE 4B A 1 R B R0 Y Ce’t ks
BN 28GR R ET S ;Y Ce’ T N 0.2%
B, 98600 B feiit , U AN B Ce’ T 35 5 5 22 4 1
SR TE AT WG 475 nm ('G,— H, ) Iz BE 3 5
MG, LA Ce’ " HiRm ik 6 f5 224, JEEH M
P ar LA 475 nm B5OGAR 38 | S H T 2960k
BURBEE T B

NaYF, : 18% Yb,0.5% Tm, % Ce )_—080 nm
x%Ce 'G,—H

0%
—0.1%
—02% |
—03% m

0.4%
—0.5%

Intensity/a. u.

Intensity/a. u.

0 010203 04 05
Ce’** concentration/mmol

1 3
D,—F,

'D,—*Hj [\ G,
it Arm
o~ -

300 350 400 450 500 550 600 650 700 750
A /nm

B4 AR C’ HFmBIAH NaYF, 0 YB'", Tm’*, Ce’*
(18% ,0.5% ,x% ) (x=0.1,0.2,0.3,0.4,0.5) %%
FetiE 4 B Ry b 4 58 SR AR Sy B B 2 B Ce’”
B2 vk B 09 A AL (OG #5980 nm, D)% F . 7.5
W/em?) .

Fig.4  Fluorescence spectra of NaYF,: Yb'"  Tm’" , Ce’*

(18% ,0.5% , x% ) (x=0.1,0.2, 0.3, 0.4, 0.5)

doped with different Ce’* content, the illustration

shows the change of the sum of upconversion fluores-

cence integral intensity with Ce’* doping concentra-

tion(laser: 980 nm, power density: 7.5 W/em®)

3.4 KAEFEGHH

KT H—L R B A Ce’ " X Lo
SR DL 475 nm & SHE K N B 7 =R R E
980 nm P OL W R [F Ce’" Wk FE Y NaYF, :
Yb'' Tm®* GORKLF ISt Fdr, IWIE S ol LA
W HE Ce’ " IBARMREH 0% HINZE 0.2% , &Kt
Tt T 'G, B A iR 0. 72 ms 34 m 2
0.76 ms; 1] 24 Ce’ " He B Ak L 14 i | 75 fiw B & b
., BRI EmAR ™, =1L - L
kb 4Dk,
Hik, ORI K B R SR R, Dk, R
PR G R W B, BT Cett B A
T B Af-4f (8] B ERAE LR PR fiff 35 4R 2 BR
TEAS A BN, T D &, W/, 56 4 i 1

i, XK Ce’ B4 NaYF,: Yb** | Tm® " I Xt
T WA Ce’ B2 NaYF,: Yb'* | Tm® " 44 K ki T
KUk, Tm’ " "G, BB BB T B RMJLER L
ISP S BRAT , DI 7= A T A8 A & S 9 o . R, 2
Ce’" i M 0. 2% 3N 5 0. 5% W, 2% 56 % iy 4i
i, B Ce’ " VR EEPRK T B AR TR Y ab B B, oK
e AR

NaYF, : 18% Yh,0.5% Tm, x% Ce|
x%Ce

lg/

111111

04 08 12 16 20 24

Decay time/ms

FS5 AMF Ce’ " FEBARI NaYF,: Yb'* , Tm’ " 7E 475 nm
BT WA AL Y b e 8 5E O 5 s 2k (O A% 1980
nm, HREZEFEF .4 W/em®)

Fig.5 Upconversion fluorescence decay curves of NaYF, :

Yb**, Tm’* doped with different Ce’* contents at
475 nm emission wavelength ( laser; 980 nm, power

density; 4 W/cem®)
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Tab. 1 Sensitivity comparison of different samples
R R 5 R AT 4 %F R /K I 9 B/ K =B N
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a-NaYF,: Yb** /Tm’* @ CaF, *Hy() » Hysy— Hy 0.004 3 313 ~373 [29]
Y,TiO,: Li* /Yb** /Ex** 2H, 00480 s 0.006 7 298 ~ 673 [30]
NaLuF,: Yb** /Er* ¥ /Tm®* ¥y, s, .0 Fy—7 Hy 0.007 6 300 ~ 600 [31]
Gd,0,: Yb** /Ho** °F, 08,0l 0.009 2 300 ~673 [32]
NaLuF,: Yb** /Tm?** 'D,,'G,— H, 0.004 7 300 ~ 550 [33]
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Fig.6  Fluorescence spectra of NaYF,: Yb'" Tm’", Ce’* =

nanocrystals at different temperatures, the illustra-
tion shows the fluorescence spectra with emission s a a

wavelengths ranging from 300 nm to 750 nm ( laser:

980 nm, power density; 4 W/cm? ) o
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Fig.7  Variation of fluorescence intensity at different emis-

sion wavelengths with temperature
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Fig.8 (a)Linear fitting of fluorescence intensity peak ratio at 700 nm and 646 nm with temperature. (b) Linear fitting of the ra-
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