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Fluorescence properties of potassium ions doped CsPbCl;: Mn
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Abstract: Manganese (Mn°") ion-doped all-inorganicCsPbCl, perovskite quantum dots have shown great
potential for application in Mini/Micro-LED display devices due to their unique photoluminescence proper-
ties and nano-scale particle size. However, the current photoluminescence quantum yields of CsPbCl,:
Mn®" perovskite quantum dots is low and cannot meet the needs of practical applications. Herein, the po-
tassium (K") and Mn"" ions co-doped CsPbCl, perovskite quantum dots are synthesized via the hot injec-
tion method. The prepared CsPbCl,: (K™, Mn”") perovskite quantum dots present a dual-color emission,
which can be assigned to the perovskite excitons emission and Mn®" ions emission. The photolumines-
cence quantum yield of CsPbCl,: (K™, Mn®") perovskite quantum dots is improved from 16.5% of origi-

nal to 66. 2% through the optimization of K* ions doping concentration. Meanwhile, the regulation mecha-
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nism of K ions doping on the photoluminescence properties of CsPbCl,: Mn®" perovskite quantum dots are

investigated. It is shown that the incorporation of K* ions can effectively inhibit the formation of intrinsic

defect states and Mn-Mn dimers or Mn-related defects in CsPbCl,: (K™, Mn”") perovskite quantum dots,

thus enhancing the radiative recombination luminescence of carriers in perovskite quantum dots. Benefiting

from the strategy of hetero-ions doping, these doped perovskite quantum dots are expected to be applied in

Mini/Micro-LED display fields.
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Fig. 1 TEM images (a, c) as well as the statistics on
the dimensions (b, d) of CsPbCl,: Mn*" and CsP-
bClL: (K", Mn*") PQDs (Cs*/K" molar feed ra-
tio is 1/1). The inserts are the corresponding HR-
TEM images.
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Fig. 2 (a) XRD patterns and (b) the local magnified dif-
fraction peaks of CsPbCl,: (K™, Mn*" ) PQDs
with different Cs' /K" molar feed ratio. The #
represents the diffraction peak of KCs. The
PDF#18-0366 represents the XRD standard card
of CsPbCl; perovskite.
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Fig. 3 (a) EDX pattern and (b-f) element mapping images of CsPbCl,: (K™, Mn*") PQDs (Cs /K" molar feed ratio is
1/1).
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Fig. 4 XPS spectra of CsPbCl,: Mn*" and CsPbCl,: (K™, Mn*") PQDs (Cs™ /K™ molar feed ratio is 1/1) (a) as well as
the high-resolution XPS spectra corresponding to Cs 3d (b), Pb 4f (¢), Mn 2p (d), Cl 2p (e) and K 2p (f), re-

spectively.
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(a) Absorption spectra, (b) emission spectra, (¢) excitation spectra and (d) photoluminescence quantum yields

(PLQYs) of CsPbCl,: (K™, Mn*") PQDs with different Cs" /K" molar feed ratios.
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Fig. 6 Time-resolved fluorescent spectra of CsPbCl,: (K™, Mn*") PQDs with different Cs" /K" molar feed ratios, the

monitored wavelength is located at (a) 405 nm and (b) 600 nm, respectively.
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(K", Mn"") PQDs with different Cs /K" molar Y AR R R AR R B B R Mt B AR
feed ratio monitored at 405nm. P L B A AR S T 3 B X R
ToA T m T e Mt B T A R T A A AT R R

(ns) (%) (ns) (%) (ns)
1/0 0.9 77.7 4.8 22.3 4.1 2.4x10°
1/0.5 1.2 72.6 8.6 27.4 6.6 1.4X10°
1/1 1.5 64.1 11.2 35.9 9.3 1.0X10°*

fIInr LA )% fE HLA SR8 O il R bl o 24
Cs /K BE/R#EHRLM1/0,1/0.5,1/1,1/2F11/4
i} CsPbCl,: (K, Mn®") PQDs i) Mn"' & T4 ¢

1/2 1.7 59.1 12.6 40.9 10.8 0.8X10° FCFF A STH A 1.6,2.3,2.7,2. THIL. 6 ms.
1/4 0.8 780 46 220 3.8 2.6x10° 77 4 Y 48 1< R4 CsPbClL: (KT, Mn™") PQDs

H Mn-Mn — BB Mn AH GG E S BESE KB 1
B 2% W B A 19 i g8 /b, AT 4R Ry T M B T
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A& G T PQDs BARTE G F 3508 . DL 1 gh
FHK B FH5] AR LR 2 B3E CsPbCl,: Mn®™
PQDs i % Y1 BE .

FEATAE T AR A A& T
CsPbCl: (K', Mn*") PQDs, JFIE4BF5E T K 8
T4 2 0 Ho g5 4 K A et RE 2 i . B 58 & 0
K B 718 & AU E T A CsPbCly: Mn™"
PQDs 1 i A 25 16, i W] A2 #F T PQDs /Y %

Ko AR CsPbCl: (KT, Mn™") PQDs & #1
HOR A B A Mo B T I XSOBRRE . SO E T
SR B ) 18] 43 B2 i X 45 SR R B K
BT 5I AL, CsPbCL: (K™, Mn™") PQDs A fE
BB 45 DA B Mn-Min - 5 A 55 Min #H 3¢ B B 2505
23 B B, DA A 5 O A% 3 R IR Y
16.5% $Em 5 66. 220, iR 50 3R W 3d 2o 5 i
B398 22 00 3 mg ] LA 3R A8 T Mini/Micro-
LED 1 = %R 8 19 55 5k 0 B 83 98 6 7 4
ok
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