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Introduction

Solar cells based on hybrid organic-inorganic perovskite (HOIP) such as
methylammonium lead iodide (MAPDI;) have achieved efficiency above 22%
[1], but are prone to thermal and moisture instabilities. One strategy iIn
overcoming these instabilities is to replace the MA™* 1on with longer cation such
as butylammonium (BA™) to create 2D HOIP. Although these 2D perovskites
have shown improved stability, their photovoltaic efficiencies still fall behind
that of HOIP based solar cells [2]. Finding suitable material remains important
for improving the efficiency of 2D HOIP. Previous studies have show that the
organic cation can extend the carrier lifetime by polaron effect and improve the
photovoltaic efficiency of HOIP [3]. In this study, we investigate one- two- and
three- layer 2D hybrid organic inorganic perovskite (BA),(MA),Pb.l5 .4
(n=1,2,3) by temperature dependent PL and TRPL. The observed PL lifetime
jumps at the phase transition temperatures indicate that both the BA* and MA*
lon can Increase charge carrier lifetime by polaron effect, with the inclusion of
MA* In the two- and three- layer samples leading to a greater lifetime increase.
Our result show that the polaron effect of both the barrier organic ion the organic
lon Inside the inorganic cage should be considered in selecting suitable 2D HOIP

K for solar cell applications. /
/ 2-layer \

2D Perovskite Structure (BA),MAPb. .
3D perovskite 3 3 3 3
MAPbI, 3 3 3 3 w
PR

Temperature Dependent Photoluminescence

(A) 1-layer 2-layer ~ 3-layer
,:‘;\ 00K ; M 320K 3 W
g o\ o Sl S N ] so0
> — N A 2 T 2 RN
D 0 280K 0 ——_’-/\ 280K
: — N\ & ———& i\ =
c JLZSSE c — N\ 220K < 220K
3 JL 180K 2 N | 2 __’/\ iggi
S 160 N 180K N
- NTE A—F P~ =
< = c 120K
z JJE iggﬁ > ‘/L B0K o A/ \ 100K
Z ............... 080K Z ........... Z ........... 79K
1.9 2.0 2.1 22 23 24 25 26 2.7 1.8 1.9 20 21 22 23 24 1.8 19 20 21 22 23 24
( B ) Energy (eV) Energy (eV) Energy (eV)
___lowT ___ HighT _Low-T___Mid-T HighT =~ lowT__ Mid-T High-T,
0.14+ ! e 255 0.08| : I °® ] 2.28 ' _ ® FWHM : o | 2 07
e, n I ° . ' I :0. 12.26 0.07 L™= Peak Center ie® 17
012' L . | ° 1 . pmmmoEg # ‘I _224 9 ' g m R ‘I ‘206 —
0101 o A "Tagie 12503 006| - ° ! 1“8 o006} " i o | 12.05 3,
%_, ' | = Peak Cent ® ?. 1 = %_) I 4 : 12.22 2 %_) | I ¢ - __204 =
2 0.08} | oas 8 2 ® FWHM Lo - o090 & =005} b l [ 2
= | ! UE =004 Peak Center] | l 1“7 3 = - L e ! 12.03 g
T 0.06¢ l o I ¢ : 12.18 x I 0.04} l - - O
Z 0.04] .. | 240 % 3 ot | 2 s = } : J2.02 3
T, e e da 3 0.02¢ ey 12162 " 003} . lng 12010
0.02 . i 2 35 ! i LN 2.14 0.02 _ o ® ® 4 L 1 " 2.00
(] ) e T T Y S B — ooo——1 . . LI . I S S — 2.12 1 . 1 . 1 I . L . L. L 199
80 120 160 200 240 280 320 80 120 160 200 240 280 320 80 120 160 200 240 280 320

Temperature (K) Temperature (K) Temeperature (K)

Fig. 3 (A) Temperature dependent PL from 1-, 2-, and 3-layer 2D perovskite
(BA),(MA),,Pb.l;.,, . The main PL peak position and FWHM are shown in (B). A
shift in PL at 280K can be observed for all samples corresponding to a phase
transition that breaks the Van der Waal force between the BA* ions. For 2- and 3-
layer sample containing MA™* 1on, an additional transition occurs at 180K — 190K,
similar to the orthorhombic-tetragonal transition of MAPDI,, but is due to both the
\BA+ and the MA* ion.
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Fig. 2 (A) Structure of MAPDI, showing the possible orientations of the MA™* ion,
based on neutron diffraction experiment. In the orthorhombic phase, MA* has
fixed orientation with the lowest rotational entropy, while in the tetragonal and
cubic phase, MA* i1on has increased rotational entropy with several preferential
orientations. (B) Fitted PL lifetime of MAPDI,; as a function of temperature. When
MAPDI, change from orthorhombic to tetragonal phase, there is a factor of ~4
Increase In rotational entropy (fixed orientation -> preferential orientation) and the
PL lifetime show a jump at the transition temperature. When MAPDI, changes
from tetragonal to the cubic phase, there Is not much change in the rotational
entropy (preferential orientation -> preferential orientation) and the PL lifetime
does not show much change. (C) Schematic diagram showing the screening of
charges by rotating MA* ion.
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