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L. — P HRACEL AN ZL RO 2 ALK R R i 2 T7 1 B 24 534 < NaGd-
sEuxFa, HAFESE M B i g e B R

1 2 HGd (NOs) sFIEu (NO3) s¥EWIA T 28 17K, 15 21 [Gd (NO3) s+Eu (NO3) 5] (VR A VAR,
HrpGd™ BRI EE /R A (1-%) :x, A 0<x<0. 1, BUZIR A BUAA TR 1/5~1/888 Al s 1Al
FIRVB AV NN SRZ, 7E90 CRY N2 ~3 h, 242 K 5 1 T s 15 T8 (A U vE 55 O
DUFE , I AR BE L~ 20K, ARG e 2 T — 2548, IONZRTB/K, B 75 43k 15~20 min,
SRIGHEFIBEFE0.5~1 h, 193] A B HlA; Hh, JR BN E 5B iRAH6d® [ BE /R EL
N A5~22) :1;

2) 1Al B R A I NAP () 7K W, o NaF 5 B bl A s Gd* (1 BE R EL Ay (8~ 10) : 1, B
FIEHE A S N FE TR A, A3 B BB LB 5

3) SR G R BB I B B 1 B8 A [Gd (NO3) a+Eu (NOs) 3] V8 A 7AW, 4k B2 1 F1 3 +E
0.5~1 hf3 2| EJHKC;

D Mg B CHE B R RN EY, RN SRR T NT0%-80%, K H BN HLAE H 7E160
~180°CIEE N/AKIMALIE12~20 h; M54 5 R A Uik I/ 211 A Byiie ) 2%
VIR AN TEIK 21 43 e I4¢ 2~ 3, ZE BBV pHAR g b 1k s AL A VT IE ) T 70~80 C %44 R F
#4~8 h, BIA R 2B RAL ALVt R OC 2 FLAK A R .

2. MR HE BRI EL SR 1T 1 il 46 5 ik, R A2 - D IR D v, 6d (NOs) s3I MK M0 . 2-
0.4 mol/L;Eu (NO3) sy IR FEN0.1-0.2 mol /L.

3 MR A AUR SR TR (1 ) 4 v, HOBRAE AL - IR 2) oh, PR NaF i VR IT IK JE h 2 ~4
mol/Ls
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—MBHEREN LML B LA S ARSHRFIE A

[0001] A4

[0002] A BRI e —Pids L5 B B A AL ALV AL (RO 2 FLAK R il & 07
J& T # LB IR KOG B & B ARSI

[0003] EREIA:

[0004]  NaYF4HINaGdF. S50 <e @A LA H A 5 TR =K. 2 75 FoE S s 8K A0
R T RE AL AE SR B R EHDGUR KOG H 284 PR B VAR R 2 AR AE B In A
SESFJT A &) RE BN F A, 52 B A 40572 19 3% 38 OCVE - Na YF o MINaGdF 42 HL A 75 75 Al
SETT PR AP ARSE 1, 75 T7 di AR 5 R ) RO G R 2R 300378 5 T ST e AR S5 ), Horh N7 dR AR 5
[KINaYF a2 AR FT JE RN s b5 Bt ikt

[0005] 4L (Gd*) EFHRA KM EEL NP, & (£ — P & 7 mse oL e f L5+
(Bu’*, Dy**, Th*Z0) f FE#H R 06 AR Al LB 8 (vb° ) B E s+ B, T,
Ho®* %5 (I 3£45 , 7ENaGAP 3 J57 HH SR i 5 s 88 L 6 48 R o it ELR) 228 5 BH 28 G d™*
) MGURE P B8 5 b 9 oK T (R ISR R R IO L i 52 59 DR UG , #1245 ZR (K NaGd Fa g KRR
AHEBN PR LR R RE T — R0 2 TIRE 9K L Ak, G I E 247
L Y* A5 K, FHGA™ B Y 1 Sy B R 40K A 1) 28 o B B8 4 BT 75 7 A 40 oKt 1) A
Ji » HLBEAR BH 5 440 55 s N It 75 ) ] | B ALG e B2 3l P2 B i B 3% 4 R O3 # (Nature 2010,
463, 1061-1065) o

[0006]  E W, & AUk ge FR Gl &R AR5 — , JESH A #5 1) # 1235 Z-NaGdFa &6 4N
Kobi -, BFE K RGE A UTTETS « il A ALV TG I8 I - B VA 5 o X 6 1] 4% 7 1 A
AN [F) F 2 1 A7 SN I TR R A S R Z8AIK S IORE S8 A5 1 R K | = W) AR Ve 5 o Bl 22 55
B, 1 AR AR E A B . 7, 2 LB IR 4K i T Hrh AL
BRI A AE M £ & D, ROGHR I &, T4 7 S S M L3, 52 8 7 ANE ) =2 k0 .
Guo Gao%E AR F— /K #ik, 76320 °C R [ B 10h, 13 3] T NaYFa 2 FLIHCK AR 454 , HAK 293
~5 um, EA2Z) lum, fLARL)28.5 nm; {H A& 7E [FRER) SN 26 T 5 il % BINaGdF I AOK i I
HAA R Z L4558 Nanoscale, 2013, 5, 3501 .2 B Hi AN IE, A IR miE ],
PANaGdF 42y J5T 1 B 438 22 L 4R K s ) SCHRAN L FIE AR WL A FFHRIE

[0007] & HINZE:

[0008] AU BAHRH —Fhil & B RALELINAL (o R 2 ALK MR T

[0009] A& HH 5 — BRI RRUE IR TV & R B R AL AN AL € RO 2 ALK R A B o
[0010] Ak AR BARF AR E T

[0011]  — P45 4 Ak EL AN €8 R 6 2 L4 K G AR i) 28 J7 32, MR T A 45
NaGdi—xEusFs (x = 0~10 mol%) ,iZM R Hl & TR T .

[0012] 1) E=HIGd (NO3) sFEu (NO3) s¥AVRIE T 281K 4, 15 21 [Gd (NO3) s+Eu (NO3) 3] (IR &
VR, HoPGdY HEC T BEREE ) (1-x) o x, HAp0<x<0. 1, BUZ IR A AR 1 /5~1/884
s 1A EIRIR A VAR MR 25, 7E90°C R IN#2~3 h, Z18 I Jl A (e s 15 BT 159 (A et
VE B O UTRE , 3F AR BRI L ~ 20K ARG 2 N — R4, INNZE 18K, 8 A 4 i 15~
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20 min, SR JEHEFIPEFR0.5~1 h,433]3 EE A Hd, KR B S B HIRAT G
BEIREL A (15~22) 15

[0013]  2) [AEIHIBEAF INANaF [ 7K, HorpNaF 5B RA P Gd® ) BE/RLE y (8~10)
L, ’E T35t i S I A TR 5 15 B A g B s

[0014] 3 SR J5 [A] BB NP 3R 1D B Y [Gd (NO3) s+Eu (NOs) ] TR A V& R » 4k B2 7 77
PHE0.5~1 hiFEIBIEIEC;

[0015]  4) B2 HUCEBE R RS, R N BAARFUR T AT0%-80%, K FL BN HEFE H 71
160~180°CiL [ N KA IR 12~20 h; RN 584 e P SO UL, A 20 B AU
FHZE VBRI TE 7K B 43 B 35 2~ 3R, PRI pHAE 9 % s B B PTE ) T-70~80 C 2614
TFEA~8 h, EIAT R RIBE F AL B R 2 ALAK AR

[0016] A& I — PR ITET

[0017] B3R 1) h1,Gd (NOs) sV VR IR 0. 2-0 .4 mol/L;Eu (NOs) s¥& VRIKI R & 40, 1-0. 2
mol/Ls

[0018]  EE) th, Pk NaF &R 1 E J92~4 mol/L.

[0019] L3R5 kbl & B M RACELNA UR 2 ALK A RL . Z 90K G B 2 L4
), FLARVERHI3-5 nm.

[0020]  SELAMHE AR , AR HEA LT B

[0021] 1) A J B R AR R I SE 36 T 250 28 22 FLANK dib 45 14 o fENaF 5 & iR A I B 549 3]
OB, FH T-NaFid & , 2 R BIF-WR B 7E DT YD 1 o 722 R B NN B Y [Gd (NO3) 3+
Eu (NO3) 3] Y598, JE I F 6 B F-F Fh A, B I8 B0 T0E SR A BRAE — 2 T LK i 7E7K
I ESEAE TS T4 i A, 49K b T il s ik, i 2449 B 2 FLAK R 451 -

[0022]  2) A< B il £ 12 25181 B , AN 0 N 1 PR 9 A I BEAE ARV AT,
3 FATAT A LA, 5 P08, (T Dol A A 77

[0023]  3) AVEAR RIS M RACEL AN (R 6 2 FLAKS, , MU A R F B S8 13
TREE W 2R, i HLE A ok B 22 5P B 16d™ AR , M i il A & 6 ARG P R —
M, & — P MR 2 A BN FHIE I 2 THEE 4Kk kL

[0024]  4) ARJ7E1F BB HE RAL ELANAL (1Rt 22 LGN K i R I HE 3 1) B 43 ek, HL
FSFEN I AR T2 560, 456 BT A3 7= ) K 100~150 nm, BEL4£20~50 nmf#)#L % 4%
IRGIK B

[0025]  5) ARTIEMR BN BHBALMA AR Z ALK A Z LG M, FLEZ3-5
nm, [ 5¢ 6 T AR GE , W T A8t . 2 ALK s L =D, W T = St L3R

B [=135¢ BA

[0026] & 1y SE it 1 il % 1) 45 B R AL EL AN 2 FLANAKTR [ XS AT SRR I

[0027] [l 22y SE ] 1 il % 1) 45 A TR SLAN 2 FLANK R 138 S L B

[0028] &I 37yt 1 i i 4% O 1B B AL L AN 2 SLAUKSE 1 e o Fe R B S i A
[0029] B4y st 1 il %6 (¥ 12 B AL EL 3 22 FLAK R IO D E I

[0030]  &f5 7St 1 il % 1) 45 A TR SLAN 2 FLAN KR B A S TE I

(00311 HAkscitiTs K-
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[0032] "I &5 A AR STt S5 R AR R B BB AR T AR P I U, I e St 45 A
BB PR A 9 e AR AR e 7 SR IRIBR il

[0033] st f4i1 -

[0034] AR IABHFIELMA AR ZILGKEM KL, H o8 :NaGdi-xEuxFs, Hix = 5
mol % HBEAR G| IRUT

[0035] 1) 7 EHN9.5 ml KIGd (NOs) s¥A ¥ R JENO0.4 mol/L) Al mlFEu (NOs) 575 ¥
(RIZHN0.2 mol/L) T 150 ml Z&1E/KH, 133 [Gd (NO3) s+Eu (NOs) 3] VR A VAW, HLHI25 ml
B R ATEF IS ¢ JRE,7E90°CRIINING b, 2SI il 1 T ve 4 BT 3 A i
BOLUTEE , 7 F 28 RK BRI LR RS 5 B A, IINA0 ml 2808 7K , B 5 238115 min, S8
JERETIPERE0 .5 h, 13RI A B B RA;

[0036]  2) [AjEHURAF AL ml NaFE KR, HIK B2 N2 mol /L, Wg 74+ , 4 S N 4)
ARG 132 BB

[0037]  3) SRS AERPEVEBH AL R D B 925 ml [Gd (NOs) s+Eu (NOs) 5] 7B & ¥& ¥R, 4%
BRI EE0.5 h, 3B EkC,

[0038]  4):¥g B CEL B B R B2, I N S AR FIE 78 B 280%, I HEAR HH 72180 Cil J&
TAKIMALFE20 b SN 584 JE I B L UT R, I 45 B8 B LT Y AR K A e K B
SRS 3UK, BIER I pHE N M 1 A P TEMTETS C4M4E T TH6 h, BI {3 2154H
FACELANL RO 2 ALAK R L

[0039] St f4]2 :

[0040] A EHBHFACELINL R Z ALK R R, 5 - NaGdi—xEuxFs, Hix = 2
mol %o H B2 D IRa T

[0041] 1 ZlEH9.8 ml KIGd (NOs) s¥ ¥ R FZEN0.4 mol/L) H10.8 mlf¥JEu (NOs) 3%
WGREEN0.1 mol /L) A T-180 mlz&48KH , 433 [Gd (NOs) s+Eu (NOs) 3] VR &V, BLHI 30
ml &4 FH . AR S VETR NS, 5 g JRE,FE90°CI MN#2.5 h, 28T R A Ui iE S T3 A
T PTIE O UTRE , 3T F 28K BRI 29K, SR JE e 8 R B b, N30 m1Z8 487K, 88 75 43 118
min, SR EHESIEEE0. 5 h, B3I A B A

[0042]  2) [ EJHIBHAF NS ml NaFRyKIEW, FA N4 mol /L, WE 3, {8 R BN4)
FARA AR A B IR EB

[0043]  3) R )G/ MBI ERD B HEI30 ml [Gd (NO3) s+Eu (NO3) 5] TR & & WL, 4k
B SIPEFEL h, 5 BB RC.

[0044]  4) 4G B CE B B R B2, [ N S AR FIE 78 B2 70%, N HEAE R 7E170 Cil JE
TAKIAEFRLS by S B 58 4 5 I F B QTR , 4543 210 A (DTl ) - 2 RK G K B
ARG 20K, BIER I pHE M 8 A P TEMITETO C4F T T8 h, BT f3 21454
FAELNA RO 2 ALK M KL

[0045] i jita 513

[0046] AR E\BHBACELINL R Z ALAK R, H 5 9 : NaGdi-xEuxFs, Hix = 8
mo 1%, H ELAR i &P IR T

[0047] 1) A7 EH9.2 ml HIGd (NO3) s G H0.4 mol /L) A11.6 mlffJEu (NO3) 3i%
W GRIZN0.2 mol/L) ¥ T°200 mlZ& 17K, 132 [Gd (NOs) s+Eu (NOs) 3] VR& 15, B H 35
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ml B4 o MR AVETRP N4 g JRE, E90°CHE NS h, 18I Bl A (Y iE 8 e A il
VE B OUTRE , I FZR K BRI LUK ARG EE RS R 5a#R b, IN30 m1 Z8 187K, #8520 120 min,
SRIGHEF71HE0.5 h, 1533 BB KA

[0048]  2) [HjEMUHAFINALS ml NaFEAKIER , HIK N2 mol /L, ff [ NV 78 iR &
23 4B B,

[0049]  3) ARG AEE MBI AEERD & HI35 ml [Gd (NO3) 3+Eu (NOs3) 3] B A4, 4k
LR FIAEE0.5 h, BBk C,

[0050] 4D 3% B CHE RS & I BiZE T, S B S8 AR 78 S5 80%, T N L FE Hh 7E 170 C L
TAKIALERLS by 584 5 R B OO , 4545 21 A 6 DTTE v - 2 K AT K 2B
A ABES 3UK, BPER I pHE N M 8 A (P TEITES0 C4M4E T T4 h, BIAT 3 21B4H
FAELNA RO Z ALK M KL

[0051] ks 4 -

[0052] o szt 51— il % () B AL EL AN AL (0 R 6 2 FLANK S A R AT R RE DU 22 -
[0053]  BHRAELINAL B R OC 2 LYK MR A R I 1 45 M, FLAT S8 00 & 1 7] B
d{EL AR X 58 B 5 NaGdPa ) AR E R 7 (27-0699) Fir ZI dAEL AR XS 5 B — B0, J8 TN 77 di &R
WK LR

[0054]  Z%NaGdF4:Eu® 2 FLA0K MR B FIRES , B N20~50 nm, K& HN100~
150nm, f1E 277

[0055]  i%NaGdF4:Eu® ZFLYK AR 2 ALE5H , FLAEZI3-5 nm, WEBFTR.

[0056] 45 U615 nmff , Pk (14550 A AL EL AN ZL 4 KOG 2 FLANK G U OGS 32
Wehr F273 nmAbRIFRIEH: B T6d> BTS2 — °LERIE, 310 nmAb 04 8 F6d* B+
(112 — °PrikiT,394.5 nmAbiIE BT Eu’ BREMRUS , R T "Fo — Lok, i 4R
[0057]  7E273 nmAl394.5 nmi¥)EAMCEUK T, BHRALELINZ FLAUK & &0 tH 3067 T
592 nmAN615 nmfl)EHZEEL0E, X NEW BRI De — FifiP Do — “FoRiT,695 nmff) K 5
e Xof B FEu® B F10°Do — "FaRiE, SR 273 nmBOR IR 69 T
394.5 nmFA A, LB TGd BRI BL , Gd® B FIR I BE B JE A RE B AT, 15 3
TR B LA N R .

[0058]  pH DA B ALE SERT WL, AR 2 AN 2 A7 J1 AN (1 B FH A -

[0059] 44K, AU BHIE AT 2 Fha ], 7EAN TS B AR B RS o LS S LT, AR AR
BRI BARN 572214 ] AR A R B A A AH R ) 2O AR T, HLIK G H N7 [ 05 A R AR T B2
J& T A% <8R B B RO BSORI 22 SR K ORGP
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SNEBEEE Espacenet  SIPO
HEGE)

AERALNF T —HBERALCLPNIBEXSILAKRETRNHZ T E
BR—REXANKME , HZ LA DR - NaGd1-xEuxF4 (x=0~ 10
mol%). AXKAFRIZENAECELSILMKSEMBEE BT , RELE
MAFEHETE  RKBRES , EESALHERTLHRED , THER
EhR. ARAFZIZEE  FTEEREEMN , BANRNEKER
BT RBEEAENRN , 7R, BT IlbE>,
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