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RAIEBE ©OR# H¥E KA MEH, $F Fi, Truong Minh Anh, Richard Murdey,

£E F&1
Institute for Chemical Research, Kyoto Univ., °Ibuki Yanase,

Fuyuki Harata, Tomoya Nakamura, Minh Anh Truong, Richard Murdey!, Atsushi Wakamiya!

E-mail: wakamiya@scl.kyoto-u.ac.jp

ARNT A RBT AT A PR E SR IO 72 KB, BREEART D72 A Al

K L UGEEER STV D, MERARRa 7 A A MNEBROERIIE, FBRAEIR O’
BB A T2 Ay a— MEMAHWOLN TE 72, YHFEETIE, KEFEE L~OJSHD
AIREZRER L & L CL IR O P AR 2 R 3 200 B O B 228k A4 B LT D (K 1a) [1],
ARFIETIL, IEFIEICRRT DA T = X LDENNA XN T AT A N EEOYVEIC Kk
ETHREALNCT DL EZERNE LT, HONTBEORMFHELRE LTz, A AT 2%
A MEROERIZIT I ZEZ K OMHIOT- D12, FNFIE LT 10%ED SnF, BV B
Do PERIE L BEGEED 2 O HIETAZXNa 7 27 A FEE (EDAgoiFAossSnls, EDA:
ethylenediammonium) Z1ES L, ZHZ1UZDOW T, SnF ISIFIOF DY G % /5t L7z, SnF, %
MMAIZETIEE G LDOFES 141 eV IZFENE =7 BA LN, SnF, B2 WEE, ERIE TR
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[1] F. Harata, T.Nakamura, A. Wakamiya et al. Submitted.
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Clarification of Factors of Substituent Spacing Control of Zwitterionic Ligands on the Photostability of
CsPbBr3 Perovskite Nanocrystals
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1) S. Brinck, et. al., ACS Energy Lett., 2019, 4, 11, 2739.

2) S. Guo, et al., Langmuir 2020, 36, 24, 6775.
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Binodal decomposition of CH;NH;3Pb (Bryli..); under illumination:
Determination of thermodynamic phase diagram
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a7 AbE e 7 A S A R APbX3(A = CH3NH,, Cs; X = I,Br, Cl)i%, {ERS 2l TR S
b, TURTUT N RO Z LD IREARCEEARMELE L THERZED TV D,
X A MEE DO v 7 o2 RGTERE AT AR e T2 A NI, e S v oFE
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0 AT T A B A MEIEIRE TGN 2L D4R N B SRR AR B & D B
ENEE D[], HFHERDBHTIRS 2 T A a7 A A S OIS EORRE L 72 57
W, ZFOFEBEANRALNL TN D,

THROTBEBLRII B RN N ) = Z T SRS [2]3], Ll e bk
gh=m 7 27 A S ONFHEMEEBLR TIX, S ) — XV DI D FHEE O A
7 MVOIREZEITHR A OMDRY B ST, ZHiE, 2T E TOMEREF
X VT BEOENGE T TITOIL TV alod, BEAKDNA ) —Z IV fRBBIEIT X 72
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I BT 2 Z & T AN ) —Z N0 fRaRSIRE - R ZERT 5, 20
Lo T, NHFHEM DL FCHEE TS L E BN E LT,
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EBrEIT o, HOEEPLIREEZ TP T &, BHOE—7 XA =R HEE T
ABICIET Lz, ZHUEHERMASEERE~DEBIREZ XL TVD, SOICEELZ TS
Ll BRAE—I BNET RN T N T HIRENTFEL, THNREAKD
NA ) =B NGRICER T 5EMRETH D EE 2T, Y —7 =R F—DIRERLTF
Pz b LTI - AACIKIBR 2 1ER U 72, GBI, 572 Db sRE TOIREE - ARG
REXI AT 2 Z L2 Ko T, A =L K 2 e EMRSBEE T L D% MICHS
WM Do
[1] E. T. Hoke, et al., Chem. Sci. 6, 613 (2015). [2] Z. Chen, et al., Nat. Commun. 12, 2687 (2021).
[3] F. Brivio, et al., Phys. Chem. Lett. 7, 937 (2016).
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Perovskite quantum dot films with high luminescence intensity by adding
scattering agents
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ABX; Bl 7 A5 A N ET Rk (PeQDs) Vi, ALk COAMPFIENAEETH Y |
EWEME BN E IR (PLQY) 2 H 752 &b, BEAZIZIUD & T2 IRAHT
4 AT VA DEEWRT 4 NV ASDICHBHIRF S TS, L L7 5., PeQDs IZ1% RoHS
BOXMROBEYWE TCHDINEELE VS TENRDH Y TN FEALEFHIRET 2 KA D 1
DERoTINNS,

AR TIE, BELAIE LT TiO: 23N+ /3B S H7- PeQDs 7 1 L A Z{ERIS 5 Z & T,
PLQY Z#EFF LD D7 4 /L LAH D PeQDs YLD, 72 b T H AN F K O i
Eom EEAER LD, 5T 5,

[EEBIH]

PeQDs 1%, BN IR ILEE 2 % VT FAPObBr 2B L 72, #ELANCIT TiO, 218 E
L. 74V NTOSEMER EE2 BRI E LT, RFIFEAIEICEK Y TiO b F-REIZA Y
T UILEE (PAA) ERU AF L2 (PS) D7 1y 7 EAKEZIE ST TIO,@PAA-b-
PS ZAERLLU7-. 7 4 A LERLICIE. ML P OEEAIZRES L, B ~—BISIRIG &
PeQDs 3 HUR Z RS L C7 4 VA Z B LTz, Bf&INCIE DI 7 4 v O Re
Z b - B L 7=,

[EBRB L UEE] 350

7 4 )LD Pb ¥EE %A 500 ppm 3 XL O 1000 ppm (2 [EHE 300l |
L. TiO,@PAA-b-PS JEfE% 0, 5,10, 20 vol%IlZRRE LT oo S ffo .
L BB U A A L, GELAI % 20 voloe v 20T Po 1500 pom blank

WAL 72854, 500 ppm 7 4 L ADFKIREE T blank 7 ¢ & 200)/
=

SV BD 33 %, 1000 ppm 7 4 L AT, L8 fERIEL, W 2 5] Fh 1000 ppin biank

FLH Pb R 1500 ppm @ blank 7 ¢ /L AL ORI 2 100

ExamL7e (Fig. 1), LEXD, 74 v ANTOSEMEEY 77 Pb 500 ppm blank
] b S ELA 2 W95 Z & T PeQDs i DK & [ > Pb 1000ppm

--Pb 500ppm

n
=]

RNFEDOMH ENFRETH D Z LN RENT, B HITEHM 0§ : i s 2
FeDWILRIZEE L T HEEMICER T 5. TiO @PAA-b-PS / vol%
E=3T N Fig.1 luminous intensity

1) J. Shamsi et al., Chem. Rev. 2019, 119, 5, 3296-3348.
2) F.Zhanget al., ACS Nano. 2015, 9, 4, 4533-4542.
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Synthesis and Properties of Low-Dimensional Perovskites Based on Alkylammonium 7-
Conjugated Molecules with Imide Frameworks
WKILHH, °Woojin Cho, EA)I| R, th# Eth, Minh Anh Truong, Richard Murdey,
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3T E O ABX BB AT A RXa T 24 M LA A MY A XOKRE 7oAk
DFDOHFAEEANT DL, 2 WX 1| WTORERTERL I ILD, ZO X5 RIERIE~w 7 A
AA NOEGBANT A N AN, o D TFE2 A A M LTEATLHZ LT, otk
B OFLA) - BLAHIEIAS ATREIZ 72 B &5 2 72,

AFIETIE, 7HENAIRBROT 77X LA I RERICRSORRDITAVRALT U E=D A
FEHEAN LT —#D 345+ (PIC.NH;I 38 KUY NIC,NH3I,n=2,3...,Figure la) &/ L. T4
5% A YA MTHOTIERKIE Sn BE U Pb X0 7 AH A Mbiha R Uiz, Bk X SR s
EAToT2 L TA BFIZIR. 720 A X FFEEEROLE T, 1| kotd VLA ZXXa 729 A b
(PICoNH3)Snl; {IZEBW T, T/LF/LEHED n=2 DFAITE [Snh] O —RITEOMEH T Z LA
SRR Ay 7 L, n=3 OBEIE[SnL] DR E 1 27 v 7 FRANERT D, 8iRbH
XU UG T 2 b odz (Figure 1b), AR T, ARRICNE 7 AT A F OfE RS L
BT LR D BRI SOV CREANCHSRR T 5.

(a) (b)  n=2: (PIC,NH,)Snl, n = 3: (PIC;NHa)Snl,
(n=2,3...) A
s NH; |
( r),nNHa I (r 3
o-_N_o O._N_DO
PIC,NH;l NIC, Al

Figure 1. (a) Chemical structures of phthalimide- and naphthalimide-based ammonium salts and (b) crystal

structures of one-dimensional tin perovskites with different alkyl chain lengths (n =2 and 3).
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cesium iodide doping into the Pbl: film via a two-step deposition method
!Department of Chemical and Materials Engineering, Chang Gung University, Taoyuan, Taiwan

2Center for Sustainability and Energy Technologies, Chang Gung University Taoyuan, Taiwan

B720EAYNEFLEFTAIHRSR BRTRE (2025 RRENAZE FHF vV /IR&AVF1Y)

°Kun-Mu Lee!?, Seoungjun Ahn?, Wei-Hao Chiu?, Ming-Chung Wu??

In recent years, the perovskite solar cell has achieved over 25% of power conversion efficiency. Widely
used one-step spin coating is known to have difficulty in controlling perovskite films. To overcome this
problem, perovskite films were produced by using two-step spin coating. These effects of doping Pbl,
solutions with cesium iodide (Csl) are studied. The Cs-doped Pbl, film was rougher than the pristine Pbl,
film, which made it more absorbent to the second-step solution. Consequently, a smoother and flatter
perovskite film can be produced. So, it can improve the crystallinity, grain size, and morphology of
perovskite film when dopant Csl in Pbl2. And the photovoltaic performance of the device with Cs-dopant is
also expected to improve. Finally, the power conversion efficiency (PCE) of the solar cell by doping 0.10M

Csl in Pbl; increases from 17.45% to 20.29%, compared to the pristine device. Furthermore, the device

E-mail: kmlee@cgu.edu.tw

showed excellent stability, maintaining 80% of its initial PCE after 350 h of continuous irradiation.
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Electron microscopy of Lattice Defects in MASnIs Perovskite
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Lead (Pb)-based perovskite materials have gained significant attention in the photovoltaic field in recent
years. However, the toxicity of lead has raised widespread concerns. Tin (Sn)-based perovskites as one of
the most promising alternatives, not only address the toxicity issues associated with lead but also retain
optoelectronic properties. But the power conversion efficiency (PCE) of Sn-based perovskite solar cells has
only reached around 15% [, significantly lower than the record efficiency of 25.47% achieved by Pb-based
perovskite solar cells [, The performance of Sn-based perovskites is primarily influenced by the oxidation
of Sn** to Sn** and the formation of lattice defects, particularly those involving iodine (I) and Sn, which
critically degrade the material's optoelectronic properties and long-term stability.

To investigate the impact of crystal structure and defects in MASnls, we prepared MASnls precursor
solutions using one-step method, and fabricated thin films using spin coating followed by short-time
heating, as well as powders through drop casting followed by prolonged heating. Transmission electron
microscopy (TEM) was used to observe the lattice structure of MASnIs, and potential structural defects
were suggested based on the analysis of inverse fast
Fourier transform (IFFT) images (Fig. 1a). To further
explore the potential presence of the defects, the
image simulation of perfect structure and defect
models (Fig. 1b) in different MASnIs supercells were
conducted by TEMPAS. In the 3x3x3 supercell (Fig.
1d), the atomic brightness contrast of the simulated
TEM image at defect sites is nearly indistinguishable

from defect-free regions, whereas in the 2x2x2

supercell (Fig. 1c), defects are more apparent. This
Fig. 1 (@) The IFFT image of MASnIs with a possible
vacancy defect. (b) Crystal structures of MASnIz with |

difference may be due to defect concentration, which
is approximately 4.17% in the 2x2x2 supercell

) ) vacancy in different sizes from [111] direction. Simulated
compared to 1.23% in the 3x3x3 supercell. Higher

TEM images of MASnIs with | vacancy in (c) 2x2x2
defect concentrations seem to make defects more gypercell (Defocus: 6004, thickness: 106A) and (d) 3x3x3
readily —observable. The characteristics and supercell (Defocus: -300A, thickness: 33A). The red dashed
distribution of vacancy defects in MASnls crystals circle: I vacancy; the blue dashed circle: normal | site.

are tentatively explored through a combination of experimental observations and image simulations. These
findings may offer theoretical insights and technical guidance for improving the stability of Pb-free
perovskite solar cells.

[1] Wang L, Bi H, Liu J, et al. ACS Energy Letters, 2024, 9 (12): 6238-6244.

[2] Liu K, Hu T, Cai Z, et al. Energy & Environmental Science, 2024, 17(15): 5576-5587.
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