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1.1 CsPbBr, PQDs i #l &

B S T % R A T K AR L B 0.4 gCs,C O, 5 1.5 mL MR .20 mL -+ /\ i IR A 8 = SUGE I il A BB
TSRS S I 2 120 ‘CIFRp2ehiF 1 h, ZJ5 FH 2 160 °C, 4k 2E 4 $F 20 min R A5 T 1R 468 Ay 3K 1A 5 W
T K A o A o8 =2 W AR 120 °C, Z R B 0.15 g PbBr, 5 25 mL + /M TR A& 16 = P bl A &
SHEFE 30 mL, SR S5 THIE 2 120 “CHkZ43 $1 30 min, BLEHEE 1 mL i ER 5 2 mL i e VR A 78 245 5 R b o bkt 1
S RN, B 10 s 5 A5 B OA W, 2 5 R E TR % 180 °C, PR E A 2 mLL R 6 A4 HT 3K ARV W I
Wi 3 s Ji Sr BVEE RS 2 pkoK rh (il LRI RR A MR FE B 30 CLA N R AT fR sl kb 3 . ¥ E T ALt
LA 10 000r/min £§.C> 8 min, £ .0 J5 HUOUTTE 70 878 26 2 e b, FJH B8 A (0 3909 5 42 23 10, 5L 5 000 r/min &
> 8 min, B0 J5 B W W AR A o
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BH 2 22 40 8 i 00 Ji 1 2 Sy SRRl S A L o Br i P Ry 10 g B FOKE TR
R FEIA 9.05 gNaBr, AR A H:- L 500 r/min 45 4 5 min f#ff NaBr 58 4 ¥ f# il 5501 A NaBrigs . B 1 g
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B 455 1 Br B BH B 7 32 e iR 5 CsPbBr, PQDs i W% B8 1 g/20 ml A9 He 9l #4718 4, 34 500 r/min
TRFEAFE 2 h, 35 B IUE Y B BT 5 8 A o R VR A B o R SR S8 B PQDs I WRCE TR O
1,45 000 r/min B0 8 min Ji7 B3 BARAF
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i FH 14 B F 5. 33 8% (Scanning Electron Microscope , SEM ) W 2% B 25 - 22 e 4%) 5 1) 22 102 50, 4 355 5
L - i 73 8% ( Transmission Electron Microscope, TEM) W %¢ PQDs B fl R TE 3 o (i FH 28 5% 40 ' 56 B 3 I 3
PQDs 16 B % )t (Photoluminescence,, PL) Y6 , ff FH 2¢ 5% % iy M3k 28 45 I3k PQDs 1) B 1] 43 3¢ 6 2k 6
(Time Resolution Photoluminescence, TRPL )i , 8 FFa 25 0% 245 22 Y6 6315 4 A 403k PQDs 19 PLQY . fif
FH SR P8 FE A A0 e R R, 0 ] 28 A0 A0 A AU 0L 58 A O BRBR R o bR 8 S S i AW 285 A AL 5 4547 BT AT
1,

®1 XBNENESEEFTH

Table 1 Model and manufacturer of experimental instruments

Instrument Model Manufacturer
SEM TESCAN MIRA LMS Tescan

TEM TECNAI G2 F20 FEI Company

Fluorescence Spectrophotometer F-4600 SHIMADZU

Fluorescence Lifetime Testing System Tempro-01 SHIMADZU

Steady State Transient Fluorescence Spectrometer FLS-980 Edinburgh Instruments

Blast Drying Oven DHG-9055A Shanghai Huitai
Ultraviolet Analyzer ZF1-1 Shanghai Jiapeng
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(a) Oxidized state (b) Unoxidized state

BI1 o BR 4 T BR AR VR 7R
Fig.1 Cesium oleate precursor solution
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(a) Overall appearance (b) Partially enlarged image

W2 WEFREAES SEM B K

Fig. 2 SEM images of anion exchange resin
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1 S A I A IS R i ) L Aol R R A 9 1 0 B S ki TR RS R g, T LR 1 M R R BR A LA . [
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AR R AR VL B9 5€ 56 S S 6 B b B R R Bl o T B 2 B TG R i B9 et R A R AR R R AR, T A S T S e
JOE EAT AR I PQDs 1E /N T B 2R B 1 388 1 2 S e A Y R R A, Ok S BURUE PR E— 2 T R
JIr LA 30 o B A8 22 19 PQD's B 75 5 B B 1 5 H WY i 32 49 P 119 2 B3k, e ¢ 3 ORGP 0 v 119 2 L B e
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(a) Original sample (b) Modified sample

B3 AT RHEM AN E PQDs 85 % 4 5 TEM B i
Fig. 3 Physical and TEM images of PQDs before and after anion exchange resin treatment
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ioi Untreated sample ifi Untreated sample
Original sample After UV 3h Modified sample o Afer UV 3h
100% —— After 70°C 2h 100% — — - After 70°C 2h
z 80.6% =y
5 75.2% 5
= A=
450 500 550 600 450 500 550 600
Wavelength/nm Wavelength/nm
(a) Original sample (b) Modified sample

B4 HETFRERIEAERE PQDs iy 82 M X H ot
Fig.4 Comparison spectrum of stability of PQDs before and after anion exchange resin treatment
32 MMEEMRXFGSPLQYRF
I X 2 TR A0 R A 2 1 1) 808 A T b, 8 1 28 B b rh o 1 Y 0 3R 2 7 PQDs R B N — A~ AL R
5 B B4 PQDs 1 DL A 2 187 B B , DA T A 280 3t 410 4 35 T ok o o D' B0 T B4 4R, 3 — A T T LB WL
S W AE DG F A 224k b o 1515 O BB 7 A2 R iR AL BT /S PQDs #Y TRPLOGE , {5 F = B 4 £y 4 Al
X it R BEAT MG, S Bt S B 58 F i (7, BT A UL SRR 2

< Original sample
= Modified sample

Intensity/(a.u.)

0 100 200 300
Time/ns

W5 A& F #4432 3 & PQDs # TRPL 3 i

Fig.5 TRPL spectrum of PQDs before and after anion exchange resin treatment

®2 TRPLAEEMHETMESH
Table 2 Fitting parameters of TRPL spectrum

Fitting parameters Original sample Modified sample

I 6.099 12.144
A, 4470.733 1347.729
4,/ns 2.010 2.840
A, 5187.528 6 255.789
L/ns 6.286 12.161
A, 262.280 2028.117
1,/ns 33.975 34.181
R? 0.999 59 0.999 61
7,,/1s 10.4 22.2

Fitting equation

H)=Ase "+ Ase "+ Ae "1,
A A+ A
avg At + Asty,+ Asty

Calculation equation of z,,, T
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he
A IR (A) R L5 (A) 4 31 38 7% SR R X B S 8 2 i B L 150 () A0 L (A) 43 391 3 s T AR R ko
FOAE B R R R B . IR R 2 0 W B B0 PQDs YU, X L RE 2 R R B el B C R . 483
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hotons absorbed A
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Wavelength/nm Wavelength/nm
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Fig. 6 Original spectra of the measured PLQY before and after anion exchange resin treatment
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Abstract: All-inorganic perovskite quantum dots have attracted much attention because of their outstanding
photoelectric properties. However, the instability of PQDs to the environment has become a potential
threat that restricts its practical application. At present, a large number of scientific studies have been
devoted to improving the stability of PQDs. However, most of the current stability improvement schemes
are to encapsulate PQDs in hydrophobic materials to provide a physical barrier against environmental
changes, while the defects and unstable performance of materials themselves have not been effectively
improved. It is therefore of great significance to study the corresponding performance and stability
improvement schemes from the PQDs material itself. Ion exchange resin is a kind of polymer compound
with a functional group, a network structure and insolubility. As for anion exchange resin, its active group
can adsorb different types of anions to achieve ion exchange reaction, while PQDs is a kind of ionic
compound containing halogen anions, and the two have a good binding ability. In this study, the
performance and stability of CsPbBr, PQDs were improved simultaneously by introducing defect
passivation and selective removal of ion exchange resin. The product PQDs prepared by high temperature
thermal injection method was named as the original sample, and the sample treated with Br type anion
exchange resin was named as the modified sample. From direct observation of their appearance, the
original sample is yellow—brown, while the modified sample after ion exchange resin treatment is
transparent green. The resean is the large number of micropores in the ion exchange resin, which has strong
an adsorption capacity comparable to activated carbon, and can selectively adsorb and remove organic
impurities. TEM images show that the original sample has poor surface morphology. In contrast, the
modified samples treated with ion—exchange resin show clear cubic phase with almost no surface damage or
structural distortion. It is worth mentioning that continuous UV excitation and high temperature
environment will lead to partial crystal phase separation of PQDs, and the surface ligand will fall off,
resulting in grain agglomeration and decreased fluorescence intensity. The luminescence intensity of the
original sample and the modified sample decreases to 80.6% and 85.7% respectively after 3 h of UV
excitation, and to 75.2% and 99.6 % respectively after 2 hours of 70°C heating. Obviously, the fluorescence
intensity attenuation of the modified sample is relatively less, showing more excellent stability. It is worth
noting that after high temperature heating, the fluorescence intensity of the modified sample almost does
not decay, showing excellent thermal stability. Compared with the original sample, the modified sample
also had a longer average fluorescence lifetime. The third—order exponential decay model was used to fit the
fluorescence lifetime curve, and the results show that the average fluorescence lifetime of the original
sample and the modified sample was 10.4 ns and 22.2 ns, respectively. The defects in the crystal will act as
the center of non-radiation recombination to inhibit the radiation recombination process, and the increase of
the final average fluorescence life indicates that the radiation recombination is enhanced, which also reflects
the reduction of defect states from the side. The improvement of average fluorescence lifetime indicates that
the excess halogen anions released by anion exchange resin contribute largely to the passivation of surface
defects and the improvement of optical properties of PQDs. The PLQY of the original sample and the
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modified sample were 53.23% and 90.00% , respectively. Such a large increase in PLQY is not only due to
the direct band gap characteristics of the material itself, which can improve the light absorption coefficient
and speed up the radiation recombination rate, but also due to the passivation of excessive halogen anions
on the surface defects of quantum dots, thus reducing a large number of non-radiation recombination paths.
In summary, the introduction of ion exchange resin can selectively remove PQDs single crystals with poor
morphology and unstable structure without changing the inherent crystal phase of PQDs, which makes the
surface morphology and uniformity of the prepared PQDs greatly improved. And the stability of PQDs has
also been greatly improved under long—term ultraviolet light and high temperature experiments. Moreover,
before and after modification, the photoluminescence quantum yield and fluorescence lifetime of CsPbBr,
PQDs were significantly increased from 53.23% to 90.00% and from 10.4 ns to 22.2 ns, respectively. This
research provides a new idea for improving the performance and stability of PQDs. Due to the reproducible
and low—cost characteristics of ion exchange resins, it has broad application prospects in the field of
optoelectronics.

Key words: Perovskite quantum dots; lon exchange resin; Defect passivation; Selective adsorption;
Performance improvement
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