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Abstract ; Photoluminescence (PL) properties of Mn doped CsPbCl, (Mn: CsPbCl, ) perovskite quantum
dots(QDs) with various Mn/Pb molar ratios were studied. Two emission bands peaked at around 400 nm
and 600 nm, respectively, were observed in Mn: CsPbCl; QDs at room temperature. The PL intensity of
Mn ion emission in the Mn: CsPbCl; QDs was significantly enhanced with respect to the band edge exciton
emission as Mn/Pb molar ratio increased from 0.5:1 to 5: 1. Both the exciton absorption and emission
bands in the doped Ds shifted to the blue, which was consistent with the reduction of the QD size. The
red shift of Mn>* emission band with increasing the molar ratio was considered to result from the forma-
tion of Mn>*-Mn’* pairs in the doped QDs due to high concentration Mn doping. Further, the PL quan-
tum efficiency of Mn: CsPbCl; QDs as a function of Mn/Pb molar ratio was studied in detail. It is found
that the PL quantum yield of Mn’* gradually increases with the increasing of Mn/Pb molar ratio. The
maximum PL quantum yield reaches 62% as Mn/Pb molar ratio is 2: 1. The PL quantum yield drops con-
tinually with the increasing of Mn/Pb molar ratio to 5: 1. The reduction of PL quantum yield at high con-
centration Mn doping is related to Mn doping concentration-induced PL quenching due to the formation of
Mn®*-Mn’" pairs. The temperature-dependence of PL spectra in Mn: CsPbCl, QDs demonstrates that
Mn’* emission band shifts to the blue and the emission width is broadened , while PL intensity increases

which is in contrast to [I-VI semiconductor QDs.

Key words: perovskite; doped quantum dots; photoluminescence; quantum yield

Wi B # : 2017-08-22; fEITHHA: 2017-11-13

ESTE: HFRARFERA (11704152) ; HMERHE &R S S RHEOCT H (20150204067GX,201705201 14JH ) % Bl
Supported by National Natural Science Foundation of China(11704152) ; Key Program for The Development of Science and Tech-
nology of Jilin Province (20150204067GX,20170520114]JH)



610 K ot

C I %39 %

1 3]

Bl ESER AR TR Z B Tk
T, 32 PR R I A A AN T UL DX T
90% LA I 14 S bt e 7= B A 1Y A PR i (15 ~
50 nm) , AT DL B s A0 A BT
BRIT 48 B 1, sh (Mn) , EZPHTHB R 1-V
ﬁ%*fﬁﬁiéw*%, U Mn: ZnS. Mn: ZnSe Mn:
CdSe Mn: ZnInS 55, 4% & {11 04 56 2% B 2% 1
RO R Mn BAvE T AR EAMO Ak
SR VE T2 SRR F] Mn BT RORER (L, 5
fifi Mo BSTHYST, FI°A, fES 2 18] IRAT 7 Ak 58
Ko Mn BT R INECRE F L 50% |, RIFFH &
HAFARTE (2790 ~ 110 nm) , 74k BA K HFE
R, WEERE Mo B4E AR
K575 Ay ARG (R e/ R o, XS 5
PP Mn B2 & 7S IEFEAH T A
MR,

2016 4F-, Parobek %5 5 X4k 1& T Mn 8441
CsPhCL, T 7 5 A& A KOG AT 52450 Al
fITREEE] 4 Mn F48 240 B AT LIS &5 Mn 251
R BHRFR0R . 24 Mn B TFEEIRSM BN 9. 6%
BF, Mn (9% S B FRCR Rk E 27% ), R
IMTARZEHE TN Mn 25T 945 220k B Al it 05U 45
PEASIR NI T80T ZHCR TR, fil Liu 45
W R (27% ) 1Y Mn 8423548 T H s &
R 54% (¥ CsPb Mn, _ ClLF 51 Btk
RAWIFE Mn B2 EXT CsPhCl, TS5 Mn BT
RHBCRI I, SR e AT A s SRR E
RO S A 3 AR IR R, X L i
Mn B FH & CHLELRARA B B

FEASCH  FRAT AL AR Mn/Ph A HUAFSE T
ANJA] Mn BAREERY CsPhCl, B il & 65, 4
Hr'T Mn/Pb A& FEXT Mn: CsPhCL, B 5 10 &6
TEAEL TR 520, 5T Mn: CsPhCL, 575 1)
AR THE TN A CHLEE,

2 % oy

2.1 HmflE

S 24 bt WAL (MnCL, =99% ) | A ALY
(PbCL,,99.99% ) JkHAH: (Cs,CO, ,99.99% ) iif
PR (oleic acid OA,90% ) . il % ( oleylamine OLA,
70% ) . —FF B (trioctylphosphine TOP,90% ) .1

e

J\J (1-octadecene ODE ,90% ) 4§,

THFRHE Cs-oleate HIGK Al 45 FRHL 0. 652 ¢
Cs,CO, B HIHA &4 17.5 mL ODE #12.5 mL OA
()=S0, AR AOINAE] 108 C,ME 25 0.5 h
BRSPS, SR RS TH R IR EE F 150 °C
PR 15 min, [N F850 SO0 RIS & U, i
Je B BN RTIRALARRE 100 °C R,

Mn: CsPbCl, & F & & 5. A T WF5E Mn:
CsPhCL, 7 5 f AN [A] Mn®* &5 00 H R OG5
Wi, FR AT B 5 T — RIIAE Mn® " R Mn:
CsPbCL i F 4, SEG AT DL i A $84% Mn® ™ il
FE Ph? T L, R A Mn: CsPhCL &1
Mn® " e, TRAE 190 CE&ATF, B EE S
T Mn/Pb B2 30 80.5: 1,25 1,5: 1/ Mn:
CsPbCL 15, Holf Mn/Pb (R HE R 2: 1A Mn:
CsPbCl, it s R R =3k 55% VL b, 3AT]
LA Mn/Pb LG 2: 1061, SE80 & 7 I,
FREL 0. 05 g MnCl,.0.054 g PhCl,, L 1.5 mL
) OA F1 1.5 mL 4 OLA K HOE A& 6 mL
ODE Y =80 b, FIF RO #3108 CHiE =
30 min, Fifi 5 PR G IRAE R AR AR 150
CIFPRIR 10 min {1 520 4 78535 i 22 VI A W
Z 5K = U SO AR E] 190 °C, i E
ATMBRAERTIKAAR0. 35 mL, S 1 min J5 PR VKA
R EFRBNAT, anFE Ak, v PR I O
12 VRGBS 0 UTTE FRVA AR, IR PR BT, 2R3
YR EARE T 5808, Mn/Pb Y5 H R 0.5: 1FI
5: 1 Mn: CsPbCl, It F i 5 72 Al |, HIEFK
ISR s A DX ), Mn/Ph (195 HE R 0. 5: T 418
0.025 g MnCl, .0. 054 g PbCl, 1.2 mL & OA Al
1.2 mL [ OLA XA &4 5 mL ODE [ =3,
Mn/Pb B bR 5: 1HF, #2 0. 062 5 ¢ MnCl, .
0.027 g PbCl, 1.5 mL Y OA 1 1.5 mL [ OLA
WA S 6 mL ODE () =8, Hae & i 12
5 Mn/Pb By R 20 16 O —2L,

2.2 TRHFMOHEENEFERRA

P T IR T ) 25 R Min: CsPbCL, 5 1 IE
CGEA IR IR TERE B I, il 48 T8 24 7 0%
FEa, T & AOGA IG5 RAE

AR BT RAE A & HE UV-2700 43066 BE
TR ER Ah-m] DLW i 1% . >R A HORIBA FL-3
FETEAGI AR S T A IO, B G 13K



%5 5 3

51 i 45, Mn 484% CsPhCl, F54kH & T S I & Ot IR 611

RICUEN 450 W HITRKT . A CH TG AR R I 2 )
FHRCRRE IR SR (77 ~ 500 K) #9L,
3 #RX 54444
B 1 JE7EA[E Mn/Ph & H R Mn: CsPbCl,

A R IR GBS B (a) L (b) ()
3 %F B Mn/Phb B HER 0.5:1,2:1,5: 1, F&AT]
A R OGRS AT & 2 38 40 208 Mn/Ph B
Eb AT LA Mn®* RS BASERT 1 7 P A i
N [F] Mt B B0 LR B B b 9 P2,
A BT AN R Mn®* Y BE Y Mn: CsPbCl, i F
Mo ME 1 A LLE AR Mn/Pb & Y Mn:
CsPbCl, & mi # A B A 31 Wl g, I HL B &
Mn® * Y B 38, M 1] AZ T BC Ph> | 5L
WS ) 3 4 & AR #E R, A 400 nm 5 8 1) 390
nm, 55— 71, Mn: CsPbCl, & T 55 FOCEUR 6%
HBA W 5 RO & T, — AN &AL T 400 nm Eﬁ
RHT , HARE T 10 BT O 55— 12 600
nm I8 &G Sl it E%Llﬁzﬁﬁﬁiy\
PR ST AL H] Mn® ,ﬁt@ Mn®* BT, 1 °A,
Z BRI P A AR A A RO B Mn i
FIAITEE TN, B Mn®* 51AZ ) 600 nm & 67 1 &
SRR B AR T T P kO e g o A
R LB, R CIERL N 597 nm 2L 5 612
nm, WE 1(a) fiw, 24 Mn/Pb LR 0.5: 1
A, A il W2 AT 1) 38 T WL % 4K 4 400 nm,
Mn/Ph 5 H R 2 1R R AT 38 0 A 0 0% K 1
F£%] 398 nm, WA 1 (b) Fron, Hik— 88 n
Mn/Pb [ 3 L3 S5 1R 387 Wl & AR A R
iR 3 390 nm, 40E 1 (c) fin, XFhER ]
PIf#ERE A Mn: CsPbCL i F 55 1 F Mn®* Y KB
AN SE AR K, RPN A4 T i R
PR, B R T BO T O 1 R, A
1(a) .(b) . (c) BB EIOLEFH T LIE H, Y
Mn/Pb fyHHE 0. 5: 1A 3 5: 1R 037 &

S FUR A AE WS T W52 43 51 R 408,405,402
nm w7 T RO GTE I AL 5 I W Y
BIAY A e T REFRN 5 R K8,
E2, Mn® " KOG = T IS 2085 3 Rl TR]
) Mn/Pb & Lt T, Mn®* & 606435128 597,603,
612 nm, XFPE G LR A GESEH TRHiE Mn®* 1
Kt A, 28 Mn®* 2Z 8] 04 4 BLRS & 35 0, =2 3L
Mn: CsPbCl, i F s 1) B AL R AE T s, Y

Mn®* B4 FEAR IR, ot a5 ROk U5 T 3
— Mn* R G, BEE Mn®* 4B 229k BE (88 A0, 7=
AT Mn® ' -Mn®* X R, BT RGN AL
U B SCHERIRIE Mn®* 7E ZnS il ZnSe 44K
Al A8 RGP — B AE 585 ~610 nm I, i Mn®*
1E ZnInS 51 S EEIK 4 610 ~ 630 nm'*"
XEZE R ERATE LAY Mn: CsPhCL, 3 F 45 Mn®*
RCUERIARVI & o Mn 25+ B9 A OG K Z i T3
TEEL T N TR E ) . RSB IRGK
ROCHFFE T 2B, Mn B 1Y & OGR] L apot 3 210
e FEE L FTR B R S R, AT LR
2], fKIEJ Mn/Pb it LA, e R LI 511
ff, Mn®* 8 AR B fe 2, i Mn/Pb (1 88 LL
0.5: 18, Mn** &I 55, £ Mn® " B A B9
/b, HIEARE M AR 2 8T E 1
RACHOR R, R A E A Mn/Ph 15
FEER 78 T Mn B BB 2K B R4S T B Ot
RN 62% 1) Mn: CsPhCL BT 45

—0.5:1

203
S . =
. = ]
Z ! —21 | =
. B T
2 g
g E
:E 5:1 =
\_\1 51 | &

300 400 500 700 800

A/nm

B 1 A[E Mo/Pb A9 EE(0.5:1,2:1,5: 1) A Mn: CsPhCL, &
TR AR BOR G . KO 5 BE 2 AR X 3

W KOs AT IH—1E
Fig. 1  Absorption(solid lines) and photoluminescence ( PL)
spectra ( dashed lines) of Mn: CsPhCl; QDs with vari-
ous Mn/Pb ratios of 0.5:1, 2: 1, and 5: 1 in hex-
ane. The PL intensities are normalized with respect to

that of the band edge excitons.
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Fig.2 Typical TEM images (a) and XRD (b) of the Mn**-
doped Mn: CsPbhCl; QDs prepared at 190 °C
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Fig.3 PL quantum yield (QY) of Mn: CsPbCl; QDs with
different Mn/Pb molar ratio
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