Haal S Kot R Vol. 44 No.5
20234 5 CHINESE JOURNAL OF LUMINESCENCE May, 2023

XEHES: 1000-7032(2023)05-0786-15

Mn* G SRR AL P 5 % 75 T2k L 9OE )
BT, KR, HBE,

(LI AR 2 5 TR 2 B 8N 7l Sk R DAL AL T A L A B R S0 5, I mg AR 4500015
2. FBIN A2 B A X BPRERL 22 5 TR 2B, W/ % FH 471099)

FEE : Mn" 8 7R, AL BRI 2 RRR A E A5 KA 78 Min* 0 90 B P A5 % KT 9 38 F 75 T2k (Zero
Phonon Line, ZPL)%¢ 6 BE A B 2% 58 SR B M E o 4 SO B 38R ZPL K SFRAE B9 Mn" B 908 Ak P £ 62
JEH A AR S RO B AT B A . RBLT —Se MU H ORTSR ZPL R S R SO Pl B ES T

A NB™/Mo®/Ta™ /W DU, Mn* 8 2 b 45 J Bl 48 Sy XoF e A0 285 B3 9 AN S5 A0 JROAR 5 5 5 b A 9T 5 /TG AT G i 2
JE ARG ZPL S S B 06 L A 1 s Min™ 78 35 43 94 AR 4 Hh ZPL A 8 1 Stokes v B8 T R I, T £ 7 43 S A Ak B
ZPL X 55 T v W 5 FE 5 5 ZPL & 5 Mn*™ ST U AL B 9868 1 ZPL KA T 619 ~ 628 nm Z [H] , 5 Mn " 7E 7 1L
FEAL T R R T s ZPL 5 v W Y R 5 AN A5 B 0T AL 25 AL AT DG, % RS — 2 e Ky L 2 b B o
J5 ik kAR i AR A

X # O Ma"; ANTOLN; BFE T BALY
HESES: 0482.31 XERFRIRAD : A DOI: 10. 37188/CJL. 20220405

Mn*-doped Red-emitting Oxyfluoride Phosphors with

Intense Zero Phonon Line

QU Qiao', ZHANG Wenrui', HE Lulu®, JI Haipeng'"
(1. Key Laboratory of Advanced Energy Catalytic and Functional Material Preparation of Zhengzhou City , School of Materials
Science and Engineering , Zhengzhou University , Zhengzhou 450001, China;
2. School of Materials Science and Engineering, Zhengzhou University( Luoyang Campus) , Luoyang 471099, China)

* Corresponding Author, E-mail: jihp@zzu. edu. cn

Abstract: The *E,—*A,, transition of Mn* ion is parity- and spin-forbidden. For Mn*-activated phosphors, it is of
both scientific and industrial interest to obtain intense zero phonon line (ZPL) emission of this transition. In this re-
view, the synthesis, crystal structure and luminescence property of Mn*-doped oxyfluoride phosphors with intense
ZPL were summarized. Some rules have been found. The cations forming octahedron in oxyfluoride phosphors with
intense ZPL include Nb**/Mo*/Ta> /W, which have higher valence state than Mn*" and are heterovalent for Mn** sub-
stitution. Distortion of octahedron in the oxyfluoride host lattice is necessary to obtain intense ZPL. The ZPL can be
more intense than the Stokes vg phonon sideband emission in some oxyfluorides, while in some others, it can be low-
er than the vg emission. The wavelength of the ZPL in typical oxyfluorides is ranging from 619 nm to 628 nm, close to
the luminescence energy of Mn'' in typical fluorides. The ZPL/v¢(Stokes) intensity ratio is not only dependent on the

chemical composition of the phosphor, but also varies with the preparation method for a specific phosphor.
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Tab. 1 The Mn*-doped oxyfluoride phosphors with intense ZPL emission
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Tab.2 The Mn*-doped oxyfluoride phosphors with weak ZPL emission
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2.1.1 KNaMoO,F,: Mn*
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Fig. 1 (a) Octahedron coordination in KNaMoO,F,. (b) Room temperature emission spectrum of KNaMoO,F,: Mn" (A, =475
nm). (¢)Unit cell of KNaMoO,F, drawn using the information given by ICDD No. 04-019-2938.
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Fig.2 (a)Distorted [ MoO,F,] octahedron in the unit cell of Rb,Mo0O,F,. (b)[ MnF4] octahedron optimized by theoretical calcu-

lation. (¢)Emission spectrum of RbyMoO,F,: Mn* (A, =468 nm).
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Fig.3  (a) [MoO,F,] octahedron in Cs,MoO,F,: Mn* . (b) Excitation (A,,=619 nm) and emission (A,=468 nm) spectra of
Cs,Mo0,F,: Mn*.
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Fig. 4 (a)Unit cell of CsMoO,F;. (b)Emission(A,_=468 nm) spectrum of CsMoO,F;: Mn*".
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Fig.5 (a)[MoOF;] octahedron in the unit cell of KsMoOF;. (b)
K;MoOF,: Mn*".
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2.2.1 Na,NbOF,:Mn*
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nm) ; (¢)Cs,NbOFs: Mn* ) 2 IR & 561 (A,,=470 nm) ; (d) Rb,NbOFs: Mn*' 119 55 1L & 51 61 (A ,,=465 nm) .
Fig.6 (a) Unit cell of Na,NbOF5 and the distorted [ NbOFs] octahedron. (b) Room temperature excitation (A,,=610 nm) and

emission(A,,=470 nm) spectra of Na,NbOF5: Mn*". (¢)Room temperature emission spectrum of Cs,NbOF5: Mn* (A =470

nm). (d)Room temperature emission spectrum of Rb,NbOFs: Mn*" (A, =465 nm).

2.2.2 BaNbOF,:Mn"

2018 4%, il M K 27 1 8K 156 280 #52 PR A 41Ok
YT BE 7 % H1 % 7 BaNbOFs: Mn* . 10 mmol
BaF,.5 mmol Nb,Os Fll 0. 8 mmol K,MnFg fill A 30
mL HF 12 (40%) " s fEE 3 dE T, Bk &9 1
HF 2 H % 7 % i 5F & A4 Nb™/Mn* 25 1~ 28 #1533
79 . BaNbOFs b 37 J5 s & , 25 Ay Pa-3"" A
W A UL i 0 E S HE . L AE 78 KA 298 K
MR 5 k56 TR 7. AR AR T R

LO-  po2gg K 7PL
— 7=78 K
0.8
z
5 06
=
n
g
E 0.4
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0
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A/nm
7 BaNbOFs: Mn*7E 78 K #1298 K I & i} 19 & (A=
628 nm) ﬂl?’iﬁ\]‘ﬁ'ﬁﬁé()\ex:474 nm)
Fig.7 Excitation (A,,=628 nm) and emission (A,,=474 nm)

spectra of BaNbOF5: Mn* acquired at 78 K and 298 K

Stokes FH -1 06 J SF 5 BE K 0 2 AR A R AIE , A
SCAE # %F & 65 b i 45 W iR AT T 4R A Can &
7) N R F 629 nm 9 fe B Ry ZPL g, FL 5 v,
U PR 5 BE LGSR 247, 8% . LT, ZPL/ve [ 5 °F- 5
(4 15 5 TRV S 3 4 AN 16 (640 nm) F1 w3 (654 nm)
P KA LT HA M B 24 S AL 2O I 5 A
25 20 R% s kX bR HE Y IE B MR T BE ]
PRI, A 0 5 TF 4 R AE 1 2 6 b 1Y 26 6P o 4n 3%
S 70 Tl O 1 o BIF 5T A% U R /0 57 B > o T T
(A5 Ak, Sk IE B0 45 R AR 3
2.2.3 K,(NbOF,)(HF,):Mn"

2020 4F , K A5 T K 2 HEAH AL 2047 PR 2
K HI L PUVE 2 #4857 K3(NDOFs) (HF,) : Mn*. 5
1E 85 “C/AK ¥, ¥ 1 mmol Nb,OsIF T 6 mL HF
(40%)H R A R E IR 5N A 4 mL X 8 5K, i
JMA0.014 8 g KyMnFg f1 16 mmol KF, # 4 20 min
W4 DL TE o 24 HF o8 10 mL B 7= 9 48
KoNbF,, B BH HF 52 U IE F 2 . K5 (NDOFs) -
(HF,) : Mn* (25 [8] BE C2/c) W fh L & 4 Nb™ 5 5
ASFHLTAS O T8 A [INDOFS /A T 44 5 171 7 K,NbF,
(%5 [ B P2)/c) T, NDb™ 5 74> FIE B NDF, 12 [H
A, Hom 75 52 B 25 T INDOFs], fE474 nm R T,
W 19 & 5T IR IR AR L, {2 K,NBF,: Mn* 1 ZPL/
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T5, &5 M PO AL IR TR T LR STEDLYEOE 793

ve 5 B L (72.5%) B 2 K F H 7E K5 (NDOFs) -
(HF,) : Mn" P i FE1H (33. 19%) (K 8) .
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<
E
Z 06
g
=
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0E 1 1 1 1
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K8 K,;(NbOFs) (HF,): Mn* Fl K,NbF,: Mn* B I & (A=
630 nm) 5 & 4 (A,,=474 nm) 3%
Fig.8 Excitation spectra(A,,=630 nm) and emission spectra
(A,=474 nm) of K;(NbOFs) (HF,) : Mn** and K,NbF:
Mn*

{H 7E [ B B A [NbF,] £ [ & 19 RbsNbsOF 4
gEFg M H1I B 59 19 ZPL., 2019 4%, VE IE
RO R R A R P vE kR T
RbsNbsOF : Mn* . ¥ 2.5 mmol Nb,Os 7E 50 ‘CF
% T 5 mL HF (40%) , & J5 FF 1 A 0. 125 mmol
K,MnF, Fl 15 mmol RbF, 7£ 50 “CHE S+ 2 h )5
W 4E 721 o #E RbsNbsOF g i I8 v A5 W b Nb™
TA% AL, 43 I SR [INDF,] 2 18 14 FTNDOLF,]/\ i
(B 9Ca)) ; H, [NbF,| 2 1 & 9K 57 77 76 1
[NbO,F, |\ I 44 35 £ T O % 5. 7£ 470 nm 3%
K T, RbsNbyOF g2 Mn* & S 6 3% v £ 9 1 7 T
633 nm, % i T HE LI 2] ZPL & 45 (K 9(b) ) o
S bR b, v B % R Rk b A 0 Y s S AR X
58, UL B Mn* 48 2% J5 0T BE 18] B 5 4 P S Nb
B AL, B, A SCPEE X 9(b) iy ZPL
AR AT AR AN 4 T, £ L K AR T BB S A
— N EBA —ERE N ZPLIE

1.0f v

Vs

S
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Ve

N
=
T

Intensity/a. u.
«— 7ZPL
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0 1 I L
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19 (a)RbsNb;OF g i1 ; (b) RbsNbyOF g Mn* Y % i & 4961 (A ;=470 nm) .
Fig.9 (a)Unit cell of RbsNb;OF 5. (b)Emission spectrum of RbsNb;OF 5: Mn**(A,,=470 nm) at room temperature.

2.3 AW AROLHBFHNRILDTEXH
2.3.1 Na,WO,F,:Mn*

2017 4, th R A A A i E T AR ISR B TR
AL T 38 S S OUE 5 A% Na,WO,F,: Mn™' .
# 4 mmol Na,WO,-2H,0 f] A 1.5 mL HF (48% ) %
W HEFE 10 min, A 0. 5%~4. 0% mmol K,MnF;,
SR 5 T A 3 mL B (TCSE ) L P 00 Pk i
T e 13 F| Na,WO,F,: Mn" . 10 (a) fir 78 K
Na, WO, F, (1 s ML 25 18, H: T & [W O, F 1/ Tl 4R (
10(b) )t W 5B A SE 7 07 LL K 44 F s ; 7F
Jahn-Teller ff H1 F , WIMn [5] & & i # (W—O0,
0.178 83 nm; W—F1/F4, 0. 196 38 nm; W—F2/F3,
0.209 41 nm) i {f [W O, F, I8 WL K i i A48, 5 ki
FEXTFRME R Co, (IR TF 5 WL 0, D3, F1 Co, 55 ) o AE
5| SCHR 35157 A 28 10 T 5 A 48 $0OK 37 %

T A W 205 R B Ao A< 78 - 7 i)
Ao (i 1 28 A () L G e A 2% (2) F1(3) 148
18 ,
()= ¢ DL, (2)

R
11 &
Horbr, LR b s BB BT BN TR 19 25 S KL
S5\ TH B 58 X5 G 5T AR [R] AR I ) A g A2
FONTHAK (O, 5B ) BB, 0,02 o0 I B BT P
B\ TR 1 45 58 1 o %98 1B 7E 460 nm 5 D6 I
& K 2 B3 ZPL (619 nm) , ZPL/vg 38 B 1L 20
125%(E 10(c) ) o
IS, At R8T 4 iR 3B T Na,WO,F,: Mn*
Y 8 5 96 M T, (B BT 38 1Y ZPL 5 v I 1 5
FEWARTE . 2018 4F , 1 % MR HL K27 Cai 55z 18 8@
i AR TR £ Na,WO,F s Mn™, 75 S8 f% 4. 85

2
g

[(6, - 90)"], (3)
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mmol Na,WO0,-2H,0 ¥ T 10 mL HF (48%) ¥ % ,
A 0. 15 mmol K,MnFg )7 B AL 10 h, 2R J5 1 i
A Hf 8 W R £ ) HF 5 & 13 8] Na,WO,F,:
Mn* . HE R 2¢OE6E (K 10(d) ) 7T W ZPL 5 v,
U4 F0) 8 BB G v 3R 171, 1%, 3 K T’ 10(e) Hh il 52
) Y P ) 2 125% 1 OB . 2020 4, ¥ 1
AR K5 m0 1l R HE R o 3k 0 UE &
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Na,W0,2H,0%F 2 mL HF(40%) , 885 INA 1% ~6%
() K,;MnFe, 3% % 0 A 3.5 mL H 5 3K 45 U0 %€ -
MR 2663 (B 10(e) ) 7] UL ZPL 5 vl 1Y

SR EE LA 114. 1%, /N T 10(e) L (d) oo W 2% 5]
B HEAE . 2022 4F , A% T4 A 21 4 38 A SR A 3 U O
il £ Na,WO,F,: M i, MnFg & 4= T B &l i 1
AR T B8 28 48 2 07 AT A 2 40 o 5 Ak B 1 Y
KA o R ILTOVE B BT & 12 6k h ZPL 5 ve Y
SR LR 138% 5 1M 2R FH 85 - 28 4 vk ] 45 1), %05
JFE /N T 20 0E B 494 i, B T IR R O B[]
BRI 7E 117% ~ 138% Z [A1728 4k . L, SRR
A & 5 ¥ 1 45 B8 Na, WO, F,: Mn* i 98 6 1k i A
AR 2 5 0 B 0 >R FH L350 0 o i) 4 I, 90l
PER A R 2 5 I A R AR .
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(a)Na,WO,F, i 4 (b) f b BT & [ WO, F, 1\ K 5 (¢)Nay,WO,F, - Mn* 7 460 nm % & F =5 1L 1Y & 66 135 A W il

619 nm & 6L 61 5 (d) Na,WO,F,: Mo 7E 488 nm i & T A9 % I & 561 5 (e)Na,WO,F,: Mn* " 7E 476 nm 4 %

TR E R R OGS .
Fig.10

(a) Unit cell of Na,WO,F,. (b)The [ WO,F,] octahedra contained in the unit cell. (¢)Emission spectrum of Na,WO,F,:

Mn*(A,.,=460 nm) and excitation spectrum(A,,=619 nm). (d) Room temperature emission spectrum of Na,WO,F,: Mn**

under 488 nm laser excitation. (e) Room temperature emission spectrum of Na,WO,F,: Mn* (A,,=476 nm).

ZPL g &= BE IR FE BB A A2 46 ZPL 5 velf (1)
S L BE IR A B AR . 5 Ah AR RO A 2
1 2 ZPL 3R LA 7L VR —A 7, & 11(a)
5T 488 nm G & N NayWO,F,: 3%Mn* £
10 ~300 K I & G635 FEARR T, K P A
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=
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z
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Ve 10K
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Bl ZPL 1 Stokes 77 - 4ik 2 ¥ 1§ . Fifi % it 79 T
7o, B I R A5 Y 1 R 3l A I A Y B A JE 2 4
5, UK Stokes A7 R S B M H B [ H
M Wi 4 i EL R - P A AR R 5 e IR
R SEIE N HA BT 4L . B 11(b) 45 i T ZPLAE &

(b)
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T
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Energy/eV
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T/IK

(a)488 nm WOLH A T NayWO,F,: 3% Mn™ #2238 4 55 1% 5 (b) AR [AIIRE T 69 ZPL B (B h ST O LA 20D .

(a) Temperature dependent emission spectra of Na,WO,F,: 3%Mn*" under 488 nm laser excitation. (b)ZPL energy as a

function of temperature( the solid red line represents the fitting result).
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5, S M BOE ALY R T AR SHADE PO 795

B 30 1) A5 Ak B K R FH Varshini 7 R LA T A5
gk
aT?
En(1) = Enl0) = 52

Horp  Eyp (0) 92 0 K ZPL B fE & B, Eppy (T) J2
ZPLI R AR R BB 22 a FIB R E S
B WTLLE W BEE R E T, ZPLIE RS 4L,
H ZPL/ve i FE [ i 35/
2.3.2 KNaWO,F,: Mn*#= LiNaWO,F,: Mn*

24 ] K/LG #6543 BUIR Na J5 7 45 28 O byt 32 B
W5k ZPL & ST . 2020 4%, 1 i 0 3 R K23 5 0

(4)

() [ zp
KNaWO,F,: Mn"

Intensity/a. u.

ZPL , Vs LiNaWO,F,: Mn
1 v,
| =
1

ZPL § v N
|\, NasWO,F,: Mn

V3
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A/nm

1 1
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& 12
it (ICDD card 04-019-2939) ,
Fig.12
Unit cell of KNaW 0,F,(ICDD card 04-019-2939).
2.3.3 K,WOF,:Mn"
2019 4F , B 1 ] X 38 417 8 50 K %% Huppertz 2{
2 VR R A R ] 2P A R R R A T
K;WOF;: Mn* . & ¢4 75 mg KHF, fil 27. 83 mg
WO 7E R IR A8k R 5 & T 25 7E
400 “CAR it 48 h Jf 22 18 [ 15 ) KsWOF, 5 28 I 6
(a) (b)

13
Fig.13
(A,,=460 nm) spectra of K;WOF;: Mn*".

L AE 2R L BOVE J7 vk il 4 T ANaW O,F,: Mn™ (A=
Li/Na/K) , H:#h LiNaW O,F,: Mn*' 5 KNaW O,F,: Mn*
R B 3 ZPL &G (B 12(a) ) , ZPL 5 v, 1Y 5
JFE 43 9 R 116. 2% F1160. 0% . Na,WO,F,: Mn*
5 LiNaWO,F,: Mn* 1y & 5 115 Hh 4% % 9 0§ o7 & —
o, X 5 W R A AT ¢ (25 8] BE AR J& Pben) 5 1M
KNaWO,F,: Mn* i & S 1% th #5 W B A T 208, 2
K2 KNaW O, F, ) fib R 4548 & A2 T o8 A8 o P4/
nmm s £ L5 R b DL WS e i N iR b A4S
XM A 43 O AN E S AR H A 4 AR AL
O/FIRA 5 (B 12(b) ) .

(a)ANaWO,F,:0.02Mn* (A = Li,Na,K) i & 5 Y6 3% (A = Li,Na, A =476 nm;A = K,A,.=479 nm) ; (b) KNaW O,F, fJ i

(a)Emission spectra of ANWOF': 0.02Mn*' (A = Li, Na, K)(for A = Li, Na, A,=476 nm; for A = K, A,,=479 nm). (b)

H 5 Cs,MnF £ ERJE B A Mn* . KsWOF; by 54}
h A, S [ HE P2y/e. 5K & A7 [WOFs D\ T
&t W5 54 F AN LA O 49 B b g A~ 4B 47
HO/FLLO0.5:0. 5T A 86 (K 13(a)"™, 544
W—F g4 (0. 189 2(2)~0. 199 5(2) nm) A b,
W—O/F IR G 5 A7) BT B B B < B % (0. 177 8(3) ~

2 7
E,—"A,,

Ve
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(a)K;WOF, i & /ATHHA 5 (b) Ky WOF; : Mn* 38 & (A,,=627 nm) 55 % 5} (A, =460 nm) 3% .

(a) Octahedral coordination around tungsten in the structure of K;WOF;. (b) Excitation (A,,=627 nm) and emission
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0. 178 2(2) nm) Ifii i W ffs 25 /\ I 44 Hh 0 JE B Mg
5 [WOFs]/\ K B 25 44 v i) KB I, 35tk 9K
3o TE 460 nm K T, & PO R i g A T
627 nm, ZPL(619 nm) 5 ve 1§ (Y 58 & LN 23. 2%
(B 13(b))™,

W 2 AR 8 Nay W O,F,: Mn* Hh () Na' s
R 242 0 Rb'EE Cs™Ji T 5 Rb, W O,F,: Mn* il
Cs, WO, F,: Mn"HIFRIH 5519 ZPL, 20224F, B R
WK 2R IE B R IR AR AU sE ik i 4 T
Rb,WO,F,: Mn*. ¥ 5 mmol WO;7E 5 mL HF(40%)

Kl 14

Fig.14

2017 4%, 5[5 28 K K 2% Seo #4214 1 41k
B %l & T Cs,WO,F,: Mn* . B 26 4%
Cs,CO5 Fl WO, 7E 700 ‘CF 3 10 h il % Cs,WO,,
SR 5 ¥ HAE HF /R (48%) T 80 °CF i fift , Fiti J5 Jin
A KoMnFgq, BE¥F 2 4y HE 78 50 ‘C R ML 15577,

K15
Fig.15
2.4 KUTa"AFOHEEFHREMLD R LH
2.4.1 K,TaO,F,:Mn"

2019 45, B PG I i K 2 £ A 5052 DR A4 ™R
PR S 7 22 83k i o5 7 B B3R ZPL R S 1Y

HEFE 24 h, SRS A 10 mmol Rb,CO, 4k ZE3 £ 12
h, FEATA 0. 1 mmol KoMnFe i 4K S8 HE 12 h, &L
FEVEG T M. 16 Rb,WO,F, S, W 53R 4 5 F
9 O/F ( &5 2 % 0 0. 667, F 0. 333) I J5[WO,F,]/\
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T A v 118 52 3 v AN T B A% (L 14(a) )™, A
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WA F 632 nm , XF I T vl s 76 77 KARIR AT, 2 L
3| )2 Stokes & 506 ([ 14(b))P, [RL kv 7R ffy b %)
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(a)Unit cell of Rb,WO,F,. (b)Emission spectrum (A= 465 nm) of Rb,WO,F,: Mn*".

5 RbyWO,F, 20, 7E Cs,WO,F, (454, W 5 6
MEA H O O/F (A F 0. 667, 0 0. 333)JE AL
[WO,F, ]\ i, i 2 /\ i A4 1 ARS7. (1] 15(a) ) o
Cs; WO, F,: Mn*™ i 32 & S W7 T 630 nm, iy e I,
1M ZPL A& 53 o BEAR 55 (&1 15(h) )™,

(h) ST
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(a)Cs, WO, B 5 AT 5 (b) Cs,WO,F, s Mn™ Y % IR B (A,,=632 nm) I & 5T (A,,=488 nm )i
(a)Unit cell of Cs,WO,F,. (b)Excitation(A,,,=632 nm) and emission (A,,=488 nm) spectra of Cs,WO,F,: Mn"".

K;TaO,F,: Mn* o B S M40 S 1 3K Ta,05 + 6KHF,=
2K;Ta0,F, + 4HFT + H,01 , ¥ Ta,05 Fil KHF, & %)
J& AR B 7E N,-H, U 360 “CAR I 2 h 15 2]
KiTa0,F 3 2K 5 5 HoA KoM F IR S HHE S . B TR
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B A DB HF IR, 120 “CJZ 0 30 mins 527 76 0% BE ALY B[ TaO,F, 1 /\ T A, Ho b 24~ 0 X 4 HiE
80 “CT 12 WS 20/~ o XTAE S k) i X S 2T 4 G|, BA Dy FRE (B 16(a)) o K3TaO,F,: Mn* 7E
ARG O G RN U5 & S B RE 14/ 460 nm UK R R AT HR Y ZPL(620 nm) , ZPL 5 v
mmmo 1E K;TaO,F, SR, Ta™ 5 4 F 24 (630 nm) W58 B L1 K 43. 1% (& 16(b) )™,

/L
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Fig.16  (a)Unit cell of KyTaO,F,. (b)Excitation(A,,=630 nm) and emission(A,=460 nm) spectra of K;TaO,F,: Mn*.
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2.4.2 K,TaOF: Mn* BB 7 Ak 45 T KiTaOFg: Mn™ . 1 64%
2021 4%, i 8 K2 1 U R B0 45 R K 34 S )5 8 3K, Tak; +Ta,05 + 9KF — 5K TaOF, FR B
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K117 (a)K3TaOFq: 0.04Mn™ B AR A7 ) 1406 (3B 00 R - S 3 20 (0 38 s 33k il (3R m I I 2206 5 (b) K, TaOF:
Mn* B9 % 5455618 (A,.,=470 nm) ; (¢) K;TaO,F, BBy R AT 55 R5 18 (G €0 278 S0 1% 21 4 3R F 0% K (8 3R T 5 1Y
2{H) .

Fig.17  (a)Profile fitting for the K;TaOFg:0.04Mn* (black dots for the observed pattern, red line for the calculated pattern, and

blue line for the difference). (b) PL spectrum of K;TaOFg: Mn* (A,,=470 nm). (¢) Rietveld refinements for K;TaO,F,.

The observed pattern(blue dots) , calculated pattern(red line), and the different lines(gray line) are shown.
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