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Cs;NaBiCls:Mn*" — An Orange-yellow Inorganic Double Perovskite Phosphor

WANG Luping, FAN Guodong, WANG Le, WU Fan
(1. College of Chemistry and Chemical Engineering, Shannxi University of Science &Technology, Xi'an 710021, China;
2. Key Laboratory of Auxiliary & Technology for Chemical Industry, Ministry of Education, Shaanxi University of Science &
Technology, Xi'an 710021, China)

Abstract: A series of Cs,NaBiClg:Mn>" double perovskite phosphors were prepared via liquid-phase synthesis, and their structures
and luminescent properties were investigated by X-ray diffraction and fluorescence spectroscopy. The result show that with the
gradual introduction of Mn*", localized excitations centered on Bi*" ions in the host lattice Cs,NaBiCl strongly absorb near-UV light,
and the energy transfer between Bi*" and Mn?" promotes the electron transition between atomic d orbitals, thus leading to an intense
orange-yellow photoluminescence. The photoluminescence reduces when the manganese-bismuth molar ratio is 0.7 due to the
concentration quenching effect. Also, a broad emission peak centered at 590 nm is assigned to the *7,—%4, transition of octahedrally
coordinated Mn*". Based on the excitation spectrum, there are some peaks at 354 nm that arise from 6s*>—6s'6p' excitations of Bi**
ions. It is indicated that Cs,NaBiClg:Mn®* could be a promising fluorescent phosphor synthesized without the use of expensive

reagents and toxic elements materials.

Keywords: liquid phase synthesis; double perovskite; inorganic; phosphor

FEERT ¥R CaTiO; 25 AR Rl 1 — KA KL,
BERIT 19 tHa, H—Kih¥ X8 ABX;
(A=CH;NH;". Cs'; B=Pb>". Sn*". Ge*'; X=CI.
Br . ), 4RO iz ia F T %Rl s 5 A i
G, IR E A G s 2 s A
5k A'Pb"X; (A=CH3;NH;". Cs™; X=CI'. Br. I)

Wk H I 2020-09-10. BATH: 2020-10-18.

FEETH: AT RS S HREE 5 E A5 = JF Ot 4
(KFKT2019-11); BEVEARHE BT R1(2016GY-142).

W—EH: EFEV1995—), L, Wi,

WSS HEK0964—), 5, 1, #i2.

T BAAENAE. mRIEREL SRR
FFIKA B B S v, CRAIE I — R 20t
REVYRDGH TN AR, et 20 10 45, 4
FEEERAT K BH g F R R TR ZE T, P g
TR R DR B AR N 3.8%3R i 1] 20.35%(2,

[FJE, A ES AR i T I s IR B A P . v

Received date: 2020-09-10. Revised date: 2020-10-18.

First author: WANG Luping (1995-), female, Master candidate.
E-mail: 1124671019@qq.com

Correspondent author: FAN Guodong (1964-), male, Ph.D., Professor.
E-mail: fangd@sust.edu.cn



. 750 CREMR £R 2741

J Chin Ceram Soc, 2021, 49(4): 749-756

2021 4

INTPE AT RN S R RS, AR RO A
ST T OEERY (HE AT T b A {ELAT 52 PR
T B AL AR T 2 S

H AL, AR o # RS &
WATIINEZ — R — A —A =N 3L
IR PO™, TR IR AR 450, Lo 7
X AB'B"X6 (A=Cs"; B=Na". Cu’. Ag"; B=Bi’".
Sb’*. In’"; X=CI'. Br. "7, XELE5ERG A&
AEENEY, HARTRptA Rt A ga e i, Rt
FE—FATRTIR PR . s LIS AT (E B L3
ke WA (pe-LEDs) 1 [ B AT RE R e A 13
N 2 —. pe-LEDs 0] LA D, HaeE
JEFBUT I 10 £, 296K 2 5. T RUIZ
IR JTEAEN 20%, £ pe-LEDs [R5 i
1) E NN S N SN TR e T N A
pc-LEDs JZ H1#E () Ga,_(In N LED A Fr Al s
SR ALK, SRR Y3A1505,:Ce™ T,
X T 7 A BRI 2 B Tl ol = B (5 RN 2L (5 1) 20
i, RS — A B ROk,

Cs,AgInCly &ML AEERAT, FLEE B
3.3~3.5eVIOL STAE Ok, SRR ARET e EUR
(PL)#) 2 WL, (HIL AR 2RI AR 55
2 g PLU 2 R R R R o A T
i@, NandhaK HI Nag f .l id it Volonakis 55
(I RSN , 7E Cs,AgInClg HFB 2% T30 7 Mn®",
DAECHIE I T 2065 PL (=619 nm)™. SR110, S5
RICET - ZPLQY)WIRIRAL, R 3%~5%7/ 47
Yang 25 [PVHR 0 T OO0 MY B BR DA Ak BT
Cs:AgInBi; Cls 41 K ff (NCs), 5 H # 7 PR
Cs,AgInClg #HHCHAT TR RIS IR . SEAR B
BIFASFIBE B PLQY . Cs,AgBiBrs WL HATEL
SRR E Y, XIS R N T R
fE X ST BRI AMEII 2. Yang 2514
T Cs,AgBiX4 (Cl'- Br . 1)3D X454 NCs, Ffid
JRT M 395 nm F 575 nm FES AR A . Zhu
ARSI T T Bl dE N A ik, 4% T A £k
™ Cs,NaBiClgNCs. #%¢ T Jil Ag #7485 Na &1
(R, 45 %W, Cs,Na;_,AgBiClsNCs 7 690 nm
A B (B S

WAESR, AU & B2 M 156k
MR, HET, Sl & BT MoT kB 4R
SreLay(Si04),(PO4)40, FEH ), Mn® 145 4 4 1L 44
FaE MR Bt E . M2 e B Al 4

J&, B (M) B AE 2 P B L 2B R S
TP, IR R T Mo™ ) 4T —04, BR
I A B A A B R ST

A TAERIE T — M s A S R Cs,NaBiCly
B2k M BOWSOR R SH R PE o 45 SRR Mn™ R
— AN, I N BT 5 A CsoNaBiClg (45
Ry, A BT Mo™ (R EE RS, (RN A S
B SZ RS St . BRAM X — RAVB AR FE Sk AT T 2%
W e FE I S 0T o

1.1 FER

FEARA): RIRHG . RAER . SALEN. DUKE
RS WRERTR . DL A5k et
1.2 HEEE

Bt Cs,CO; F1 HCI J W& ik CsCl, o4l
JEN 99.5%. Jyil% Mn® 524 (1) Cs,NaBiClg #1: i
b 2t B L AR B BE CsCl. NaCl. BiCl; Al
MnCl,-4H,0, [ A 30 mL % HCL, 73
HHOINAAE 80 °C, K5 Bk CsCl LLAREUR I IR £6 2
HEFE, R IR LT AR e A I OLR, W
CsCl, 3R TE 1 1 BT HE o B 30 4k 22458 20 min,
SR 5K L IS TR, R P A H 2
DURA PR AR Y 58 4 . LT b G H 2 FLBe &5 T =)
hyk, el ZEEReEk, IR ISR TR
T A3 2RE kY K BT EE 30 min, DAARAR YA Mn®"
BN
1.3 HmEIE

K H] Smart Lab 9KW %4 X 5 Ze 7 56070 BT i i
(4L, &SR A Cu #E K, 1=0.154 06 nm, &5
BTN 45KV, HLIAL 200 mA , Wl A 1 20 Sk 5°~80°,
i ] VECTOR=22 % Fourier £14h 634 I 5 FE 5
RI2r 4 it, WL 500~4 000 cm™', i ]
Cary 5000 748 Zh—n] UL—IT 41 40530l 6 B V1 A
i 1) UV-Vis 18 SUFHE S, W 536 /Y 200~800 nm.
i H AXIS Supra 4 X 5 420 FL B8 15073 T
TLERMRE, KRR OL Al K, %R
120 W, i 90°, R4 GHEN 284.6eV [
AR Qe A AR C s HEAT IS LA 0t .
FluoroMax—4P 4 5 J6 i ot FARE e 35 A3 I 2 A b
(17 R RS O % DL R R AR e ek . R
Quanta—p F-3029 AR 73 BRAE 2 I o 4 ot (1) 468
XA,



549 5 4 1)

TFF % Cs,NaBiClgMn® RS i (0 A NS BT 28 8 « 751 .

2 EREH®

2.1 XRD 73#f

Bl 14 n(Mn)/n(Bi)EE/REEA 04 0.1, 0.3, 0.5,
0.7 A1 0.8 W 4I#5 1) Cs,NaBiClg:Mn 1] XRD .
TAETO AL b A4 25 1) B4 B (IC S D) Hh A A 7 25 it
Cs,NaBiClg ] XRD AT #5#E PDF )7, Kl
FFIGEE AR S CsoNaBiClg [¥] XRD REAE A XS L. 38
R SCHER[11AT %0, CsyNaBiClg J& T FrUESr J7 Al i 44
GiK, F5 LT Fm3m IRE

Kl 1a KM H] GSAS # XKL Cs,NaBiClg

Intensity

10 20 30 40 50 60 70 80
20/(°)

(a) Rietveld refinement of Cs,NaBiCls phosphors

1) XRD HEAT Rietveld KifEf&h B, HEH S5
10.842 90(7) nm 5 SCHRHRIE 5 {H 10.839(1) nm
W& . Rietveld &R Cs—Cl. Na—Cl
1 Bi—Cl K73 51 ok 12%3.833 63(4).6%2.735 66(5)
F1 6x2.685 79(5) nm, & A B 56 TORE i AT e —
(7 7 A AR g e, LL4E Cs,NaBiCly 75 AriE, i
BT SR A7 ST R LR, BT BB 2 MR b
HIRTES RS 5 Cs,NaBiCl 45 44 FOWE L AREL, A7 5 i
PLERA KBRS, HIH AT AR, B
W45 N AR BT TR 038 Fm3m 55 0B ST 7 AH Ak
g5

;_7(Mr})/n(Bi)=O.8

rAz(MrAl)/n(Bi)=O.7

n(Mn)/n(Bi)=0.5

n(Mn)/n(Bi)=0.3

n(Mn)/n(Bi)=0.1

Intensity

Cs.NaBiCl
H]l[llllll o

A

10 20 30 40 50 60 70 80
20/(°)

(b) 5°-80°

1 AR Mn® 4524 R Cs,NaBiCls 2OEH 1) XRD 3%
Fig. 1 XRD patterns of Cs,NaBiCl, phosphors doped with different Mn*" contents
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