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The formation of a two-dimensional (2D) / three- dimensional (3D) 
perovskite heterostructure appears to be  a promising way to improve the interface 
between the perovskite and  electron/hole transport layers in perovskite solar cells, 
consequently improving both device efficiency and stability. The paper reports on the 
formation mechanism of a 4-fluorophenethylammonium based 2D perovskite layer 
desposited on top of a 3D triple-cation  perovskite by a spin-coating deposition 
process. A  significant improvement in the device open-circuit voltage is  obtained, 
leading to an enhanced power conversion efficiency. The  formation mechanism of 
the 2D perovskite layer is studied by  optical, chemical, structural and morphological 
characterizations. Presence of bromide inside the 2D phase is revealed, demonstrating 
how the stoichiometry of the 2D perovskite is affected by the chemical composition of 
the 3D layer underneath. We conclude from this study that a concomitant formation 
mechanism exists besides the most commonly described one involving the lead iodide 
(PbI2) excess contained in the 3D bulk. This work therefore provides new insights into 
the synthesis mechanisms of 2D/3D perovskite heterostructures, opening routes to 
optimize their fabrication processes and develop new efficient and functional 2D/3D 
structures.  
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ABSTRACT: The formation of a two-dimensional (2D) three-
dimensional (3D) perovskite heterostructure has lately proved to be
a promising way to improve the interface between the perovskite and
electron/hole transport layers in perovskite solar cells, which is
crucial for better device e!ciency and stability. Herein, a spacer
cation, 4-fluorophenethylammonium iodide, in isopropyl alcohol was
used to form a thin 2D perovskite layer on top of a 3D triple-cation
perovskite by a spin-coating deposition process. Therefore, a
significant improvement in the device open-circuit voltage is
obtained, leading to an enhanced power conversion e!ciency. The
formation mechanism of the 2D perovskite layer was studied by
analyzing the structural, chemical, and optoelectronic properties of
the layer, while varying several synthesis parameters. We reveal the
presence of bromide inside the 2D phase and conclude with the existence of a concomitant formation mechanism, besides the most
commonly described one involving the lead iodide (PbI2) excess contained in the 3D bulk. Therefore, we demonstrate how the
stoichiometry of the 2D perovskite is a"ected by the chemical composition of the 3D layer underneath. This work provides new
insights into the synthesis mechanisms of 2D/3D perovskite heterostructures, which could help to optimize their fabrication
processes and develop new e!cient and functional 2D/3D structures.

■ INTRODUCTION
Perovskite solar cells (PSCs), using hybrid metal halide three-
dimensional (3D) perovskites as the active layer, have shown a
tremendous performance increase over the last decade.1,2 Their
power conversion e!ciency (PCE) has risen from 3.8% in
2009 to 25.7% nowadays as a single cell, closing the gap with
silicon technology.3−5 This rapid development arises from the
significant attention paid to 3D perovskites, justified by many
advantages, such as their excellent optoelectronic properties
making them a good candidate for silicon tandem cells, or their
low-temperature chemical solution processability.1,2,4,6−11

Many improvements were made toward the intrinsic and
extrinsic instabilities of the material when exposed to light,
temperature, oxygen, and moisture.12 However, stability is still
one of the remaining issues to solve for the commercialization
of the perovskite technology.13,14
In order to enhance the stability of perovskite-based solar

cells, numerous approaches have been used, such as tuning the
3D perovskite absorber composition or optimizing the device
architecture with the modification of electron/hole transport
layers (ETL/HTL).15−20 Particular attention has been given to

the interfaces, specifically to surface passivation, given the
crucial role of the interfaces in improving device e!ciency and
stability.17,21,22 For this purpose, combining two-dimensional
(2D) perovskites with 3D perovskites, creating a so-called 2D/
3D heterostructure on the surface of the 3D perovskite, is a
promising approach.17,23−25

2D layered Ruddlesden−Popper (RP) perovskites appear to
be an interesting alternative to 3D perovskites in PSCs, thanks
to their better stability.23,26 These perovskite materials are
obtained using a bigger organic spacer cation that organizes the
structure into a stacking of inorganic BX6

4− (usually PbI64−)
and organic spacer monolayers. The chemical formula of 2D
RP perovskites is defined as R2An−1BnX3n+1, where A, B, and X
respectively define monovalent organic cations (i.e., methyl-
ammonium MA+), divalent metal cations (i.e., lead Pb2+), and
halide anions (i.e., iodine I−).27 R is a large aromatic or
aliphatic alkylammonium spacer cation (i.e., phenylethylam-
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