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Abstract

In this study, thulium-doped strontium fluoride (SrFz) optical nanomaterials were prepared via a
hydrothermal method using trisodium citrate as a chelating agent, with different concentrations of
Tm?3* ions incorporated into the SrF: matrix. The effects of Tm3+ doping concentration on the phase
composition, morphology, and optical properties were systematically investigated by X-ray diffraction
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(XRD), scanning electron microscopy (SEM), fluorescence spectroscopy, and UV-vis absorption spec-
troscopy. Phase analysis indicated that all samples were phase-pure SrFz, and the morphology was
found to be concentration-dependent. The results showed that as the doping concentration in-
creased, the luminescence performance first improved and then decreased. The optimal fluores-
cence and UV absorption properties were achieved when the synthesis temperature was 180°C and
the Tm3* doping concentration was 0.9 mol%.
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WACEE(SIE) PRI R R BNLTT M IESSARSE Z ARG, HIBSUR TR NERTE . BRIk KR EE
AFJURPRFAE( 1] SACBGURA R & ROTEBON 2 FE, K& 07 2 AR s R AL e
P FURTIRESE . il A R R R (S e B BETR £h) 5 R B JEURHZ Ak 211 B RS 1
PREJG, GRRE ST S SRS, BT 800 B TR R T T sl A B, WA 5 2k
TP BRI 2] . TR - BB DR AL R AT SRR IO S A, G IR SR S pH (B 9KRL T A
SE ST BUY BB IS, 4RI M N EBER B BRS S R T SRR 5ACHE, MR Z4EM 2 25 MR . JR 4k
AR AR A AR B S L, SEIURAL SRR AR LK (3] A DT VE A AR Eh(n
CaF, 8 NaF){EVE P AR B Jm 5 AN INDTIE 77 4 5 77 S B AR AN VE SR BB TIE . DT 487 B
ey TIRSGRKACEE, 2R HARGURM R 4] KRG B BLAKCORTER, K a A T IR AR 5 7T e 2
WHEAE T EIEZES, T 100CE 300°CHMTHE, MM ALER ISR KRFAT, HTSRAEE
SR B SRR AR G AT, RONREE . R0 A B R A RS R e P kAR« T3 S AR
Ko SBLP=NLE B L Welks TR HARARL . iR R . A RBe, HIE 50 1 77k
2% 7R T SE B OW 45 R B RE R R 5]

FAACBGUKRA BHE A SURRA T Z M, T BN RS, BALEE R IOR B B LR
B, SRR TR XA B GURA R BETT S5/ A BB, Ottt A2tk [6].
Y A B AR RS TARRR TS, T DA P SO A S, ST P i D 2 1k
Jit e # oo ER B R B RE LA M AL B8 B A SRR T L, PRI 2 B T A0k e OB EE . LED
SR 7]. BURE WIRE WTAVESE R E BRI RA SO ML S 20 T T, R ™
PHER ZHE LT 2 A8] [9]. AHELZTR, IKBGEAE N —Fbi I & 0%, RA R, R, &
REEAR A, PRI R % SRR I () R G AL R C bU A5 2 802 N T 48 2 AL BB A KA Y
% o AT T MBS 1, BT HOMRR R RER S5 1 5 TR AOEHLH . Tm® B 5 1 412
HL AT, SF,—3He BRIT W] AE 40 1.8 pm BUITZLAM RN, 20 B S T B A FRL i R 5 I 1 i o 182 X
R EWIE[10]. BEAN, Tm'fE StFs 2 W] 3RS RAFIDESA PR, A T IABEEE— b4l 1 AR48 5ot
B RE, ARITROCRCRIIR 1],

PRl ASCR SR AE 55 A IR B A 98 A4 s I8 A RS F) A B8 D A IR 1 = A B8 B S4B 2l
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KepfR[12]. Rl X SATHHUXRD) S35 T B AMEBL(SEM) . ZO6G I ACNIEE SR AT WL 73 BE 145 I
IR T T BB A AR OO TE A 2V e

2. SKWHESUE

KK PGER % Tm3 4524 StF, 40K 8. FH 0.1 mmol Tm (NO3); A1 0.9 mmol ] St(NOs),. VAR T 60
mL B FOKA, B A A E AR . RS AR N 0.01 g FT R R = 84(CeHsNa;O7-2H0) H AR FFi
e, HiERRE T D SHEE FERRE NS G, Ao TEG RO, Foe il i ik
FF o SREEBEEE 10min 5, B BRI AERT I 4 mmol NaF, FF4:4HE 15min, BB 7548 - iR
KEVHINEEE T RAEBHRZPL, AR StF, BB A B UTE, B4R Tm> e R AL pTiE 77 3
SYRNTTIRR S 2 o, T SEIIENIR A o ¥ RRA PR 2 100 mL FEPU S 206 P AT AR5 4 = R
S, HHEE THEBTEE D, THRZE 160°CH 180°C IR 24 h. 7E/KMGEIR & E&MT, RIIRIAZ
DI iR - AR, SRORET KA ST 588, RATEIRL M E RIGHIAK ek, RNEGHRE, e
EEARANERR, I AOIEERIKH LB PRI K OB RE B OGRS =R, UMK ERRE R
W B BRI A S B2 B R PR o B RERATEIE T H TR F, T 60CT I 4 h, HIFF SrF 4K
kL. AH X HATHAUXRD) /T

FH% x mol 1) Tm(NO3); FI(1 — x) mol 1] St(NOs), I f#ET 60 mL £ BT 7K (x = 0.1%~15%), &Lk
IR, 1E 180°C IR 24 h J5 HZAF 3 StFo: Tm> Yk kL. S8 )5 7 BB (SEM). 2 aikX
VL HNRT Wt o B T SRR A 20 AT T 45 2 A AR I ROW T SR e M R

3. SLIHIES R

B A FALER(SF T PR B B G TR & TiE TE B AL 7 R RO RE, R /MR
Bt J2 K BH fit Rt GV A 4 AT AT SR 13]. H A MERERR 2L dn AR s 58 L RE LU AL, 5 A R
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Figure 1. XRD patterns of Tm-doped SrF> fabricated at various synthesis temperatures
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XRD 73 #1RH, & LEENS SFa:Tm™ 402K b ) i i 2 KR SOl 8t 4y oA 2 25 R A P o B K BAGELFEE
HI 160°CTHE 180°C, A& FABZAK T 50 (R EEIE K, ATHRNEZHT AR BT A, R W B A T
RGNy Ko RN, AR ZI R SR A P R S BB . BRI R AR AR K2 IR, shPsIRZ
B, AT RIS AL, TGS IR A A TR TR S s EHE, feRt R K ORI B B R

DOI: 10.12677/ms.2026.1610189 49 FHER2


https://doi.org/10.12677/ms.2026.1610189

RIK

48

AT Vo B N 30 HL P s IS o AL, IR AR AR T RE S 5 SR S o A W AR S ANAE S B T
BE— B AT AR AR . K GSAS-IT FEFE X XRD ¥ #E4T Rietveld S1EAS1E(E 1 4), BLAR
FE 2 10.1, B ZERF wR N 1.38%, KB4 RS Tm> CRl) S48 Se2 i dbg i hr, H AR
BT JRAH, UESE T8 B 1 I BB 2% IS kg 251 (1 se B AR B
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Figure 2. The SEM images of thulium-doped strontium fluoride obtained at different dopant levels
B 2. ERRIBIRE THISEEREMNEN SEM B

PG R RIS, AR S IEEERRBRE S, 7RO 5 pm,  BEARI0R RS 2 A 72 1 4ok
KIXTH], FEF— VAR S A BT RO BRI RIB A% 0.1% Tm FERBURI 4/ Ride A7 1)
51, WIREATEW, OCERMEBIRIER, SRR ZBE SIS SIS IRIRER 0.5%)5, BURL R
ANEIE R, AORLEE S E— R T, BRI B IE R AF, T EEIR: BB Ak B RO E
0.9%Itf, FURIHEAT OB A, SR RS IE R, R B SS (R JEOIRE R HR S5, e AR A 1k
W, BIRE T HSIRANGIENES, BRIt RoRA AR, SORSIABR KT AR A15E ;. 4REK Tm* 5%
WRIESRFE 1.0%, TEBIRE TITHEE AR, BURIERE . FIRAR RS2 R, KRN k4] 5
B, SRR BRI B A I G, R — PR T . BARCRE, 1E 0.1%~0.9%B7% X (], Tm*
AL SRS StFs a7 B VE S AR s BRI 0.9% )5, B T A
W, PSSR S AR IR ™ BLBIURL 41 58

N T IRABEIC T B AR LR SrF 9K dh T R NE BE RN, A SO A [R5 24K L Y StFa: Tm™*
AR B E SR PO AGEAT Y BURO IR R EE, RGUHRTS T 1E 385 nm BURBCK N BAIKR B Kot
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Figure 3. Fluorescence spectra of thulium-doped strontium fluoride prepared
at different doping concentrations
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I 3 RGURFIB I BN MR R R, BT R RS IUEE T T & - BRE 2
HFFE RS, BRSSO FUENLT 495 nm, [FIRMFERE 300~420 nm FEFELTENE. 530 nm 5 560
nm X R SFELL T 760 nm FEFIELLAME S o Hd 495 nm ARSI IH)E T Tm* (1 'Ga—He i GERIE
620 nm PITHRFAE K AT R 'Ga—Fa LLIEERIE[ 14] 0 S RFAEVE 17 B I A BE Tm3 45 2% L k2 W B Am e
W BB IR A A28 s P A e RO OB B B, T AN 22 5528 T 119 J 30 A P 855 e L T 1) L7 e
P .

T il 9 B B R I HH LY ) 5 10 K5 ek N RV FE AR K AT A 24 T3 B 2RIRBE T 0.1%32 72 0.9%,
FE R IGIRE R AR =, IHFTE 0.9%35 0 Al BUR G A BB Kl . R T RSB IIREE X ], Kok
HC ARSI SR SR, SOGBFIRBERCR, BRI IAERHESS, Jeilhhr] mR g RS 620

nm 200K S BEE B AR — R T A 0.6%~1%, FIAE Tm3 5 7 [ B B 48, 28 Xtk oh 3
RIEAE, R AEREREORZ R I SREE O FE R K o 28 Xt i BRI FE 'Gy BRI T AR, B
il 'Ga—3F4 BRIT, BU# 620 nm 20060 LFIH 2%, R EERDCNEDC R . MBIIREERIT 0.9%2 )5,
Tm B[R — 2P0, B TR A VR R 5, WORAS B K Sl R4 & 14 DL T URE AL
RICHEEFE IS IR E T B, 15% 15 2= i 65 5 555

N T IRNIETE Tm> 5 4R BEXT SrFa 90K it 58 AN SRV T REATY 25 K4 (R 0, AR SO AN [R5 2 9K BE 1)
SrF: Tm 4K S AE 5K R4 - o] WG 2 Y BE T (UV-Vis) BEATIRISOGIE (R 55, RGHRI T B 4K E
XPIRCA IR R . 8] 4 IR T B AN RIVR BEAR B8 1 (1 58 70 e g

Fr A HZRIA7E 200~300 nm 58 4P X 5 IR 5 1) 5k T AAE FE RSy, SRR T SeFo I LT iER
T, HZ BORR BEBE Tm? 45 4K FE T & B AR T, 15 20 BE DA 1.0 mol % IR il 58 410 DX IR ST BE A
BAIRE N 0.5 mol%MIFE M 59: LET] WG 600~800 nm [X ], 44 450 H 0 193 4L 375 BT 1140 29 ST AR A0 W i
g, X Tm® BRI £-f BUE BFERIE,  RHETROE AL B AR B AR B R A e, BB 2R AX
PERSCRE, AL Tm™ B TR T REG S BAATRICGRERE Tm> 5 =3t 2 5l b T3,
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Figure 4. Comparison of UV fluorescence spectra with different concentrations
of thulium ions doping
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