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Metal halide perovskites continue to exhibit new and
exciting properties. In this Energy Spotlight, our
EAB members, Drs. Osman Bakr, Marina Leite, and

Narayan Pradhan, highlight new advances in understanding
performance decay of perovskite solar cells and chlorine
vacancy passivation in mixed halide perovskite quantum dots,
presented in three papers recently published in ACS Energy
Letters.

■ WIDENING THE 2D/3D PEROVSKITE FAMILY FOR
EFFICIENT AND THERMAL-RESISTANT SOLAR
CELLS BY THE USE OF SECONDARY AMMONIUM
CATIONS (LETTER)

Jesuś Rodriǵuez-Romero, Jesuś Sanchez-Diaz, Carlos Echever-
riá-Arrondo, Sofia Masi, Diego Esparza, Eva M. Barea, Ivań
Mora-Sero ́
ACS Energy Letters 2020, 5 (4), 1013−1021
DOI: 10.1021/acsenergylett.9b02755

Perovskite solar cell researchers are actively engaged in
improving the stability of hybrid perovskite materials. Although
perovskite solar cells have achieved impressive efficiencies,
their stability still remains a matter of wide concern. Of the
various strategies investigated to stabilize hybrid perovskites
against moisture and thermal instabilities, forming two-
dimensional (2D) and quasi-2D layered perovskites appears
to be one of the most promising schemes.
Conventional MAPbI3-type perovskites are composed of a

three-dimensional (3D) network of corner-sharing PbI6
4−

octahedra, with small cations such as methylammonium (MA
= CH3NH3

+) occupying the voids between neighboring
octahedra. On the other hand, 2D perovskites are formed by

substituting, or partially substituting, MA with organic cations
that are larger than the voids present between PbI6

4−

octahedra. This size-mismatch induces the perovskite to
adopt a layered structure of alternating 2D sheets of corner-
sharing PbI6

4− octahedra each separated by a layer of the large
cations. These large cation layers endow the perovskite with
new physical properties. For example, hydrophobic cations
improve the moisture stability of the material.
Most of the published works on 2D perovskites to date have

focused on primary ammonium cations (e.g., aryl ammoniums
and alkyl ammoniums) because of their three hydrogen
bonding sites that could potentially interact with PbI6

4−, thus
structurally stabilizing the perovskite layers. In contrast,
secondary ammonium cations, with their fewer hydrogen
bonding sites, were largely ignored as they were assumed to
induce structures that lacked stability. However, Rodriguez-
Romero, Mora-Sero,́ and co-workers demonstrate that bulky
secondary ammonium cations of small sizes can in fact form
2D and quasi-2D perovskites that are substantially more
thermally stable than 3D perovskites. The authors synthesized
and studied layered perovskite films of Dip2MAn−1PbnI3n+1,
w h e r e D i p d e n o t e s d i p r o p y l a m m o n i u m ,
(CH3CH2CH2)2NH2

+, prepared with nominal compositions
of n = 3, 5, 10, 50, or 90; and found that the materials’ and
devices’ stabilities improved markedly with the introduction of
Dip. Besides stability, the authors noted that the photo-
luminescence lifetime of the material also increased signifi-
cantly upon the inclusion of Dip, which suggests the formation
of a larger density of free charge carriers when the material is
excited by light.
The authors’ modeling indicates that the enhanced carrier

lifetimes and improved stability stem from two factors,
respectively: a reduced interlayer distance between the
perovskite layers (compared to other 2D perovskites
composed of primary ammoniums) and the large number of
van der Waals interactions between neighboring Dip cations.
This work will encourage researchers in the perovskite
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community to explore cations beyond primary ammoniums for
the development of stable perovskite devices.
Osman M. Bakr

■ FORECASTING THE DECAY OF HYBRID
PEROVSKITE PERFORMANCE USING OPTICAL
TRANSMITTANCE OR REFLECTED DARK-FIELD
IMAGING (LETTER)

Ryan J. Stoddard, Wiley A. Dunlap-Shohl, Hongbo Qiao,
Yuhuan Meng, Wylie F. Kau, Hugh W. Hillhouse
ACS Energy Letters 2020, 5 (3) 946−954
DOI: 10.1021/acsenergylett.0c00164
The implementation of hybrid perovskites for light

absorbing and emitting applications is currently hindered by
material stability. Specifically, the individual and combined
effects of heat, light, oxygen, and humidity can critically
compromise device performance. Because of the high number
of possible combinations and the complexity in analyzing the
influence of these stress factors, machine learning (ML) has
recently emerged as a tool that could enable the prediction of
halide perovskite behavior. In this letter, Hillhouse’s group at
the University of Washington reports the realization of an in
situ characterization method that combines optical (photo-
luminescence and transmittance) and electrical (photo-
conductivity) measurements for forecasting quasi-Fermi level
splitting (ΔEF) and mean carrier diffusion length (LD) in
MAPbI3 upon its exposure to 15 distinct stress conditions.
First, the authors discovered an early regime where LD, ΔEF,
and the transmittance of the films all increase. These
parameters were then used as metrics to predict the stability
of MAPI3. Second, it was found that LD consistently worsens
before ΔEF, an observation attributed to the suppression of
intergrain carrier mobility during the formation of perovskite
decomposition products. ML is used to predict the stability of
MAPI3 based on the initial values of LD, ΔEF, and the
transmittance of the films, where the latest can be directly
related to the conversion of MAPI3 into PbI2. We can
anticipate the in situ tool and analysis method introduced in
this work to be extended to other perovskites in the near
future, including the burgeoning multication family.
Marina Leite

■ CHLORINE VACANCY PASSIVATION IN MIXED
HALIDE PEROVSKITE QUANTUM DOTS BY
ORGANIC PSEUDOHALIDES ENABLES EFFICIENT
REC. 2020 BLUE LIGHT-EMITTING DIODES
(LETTER)

Xiaopeng Zheng, Shuai Yuan, Jiakai Liu, Jun Yin, Fanglong
Yuan, Wan-Shan Shen, Kexin Yao, Mingyang Wei, Chun Zhou,
Kepeng Song, Bin-Bin Zhang, Yuanbao Lin, Mohamed Nejib
Hedhili, Nimer Wehbe, Yu Han, Hong-Tao Sun, Zheng-Hong
Lu, Thomas D. Anthopoulos, Omar F. Mohammed, Edward H.
Sargent, Liang-Sheng Liao, Osman M. Bakr
ACS Energy Letters 2020, 5 (3) 793−798

DOI: 10.1021/acsenergylett.0c00057

Pseudohalide for Halide Passivation to Boost the Quantum
Ef f iciency of Blue Emitting Halide Perovskites. Chlorine
vacancies in blue-emitting inorganic cesium lead halide
(CsPbCl3 and CsPb(BrxCl1−x)3) perovskites remain as the
predominant defect species which create deeper trap states
within the bandgap and suppress the radiative recombination
of these nanocrystals. Bakr and co-workers used alkyl
pseudohalide (RSCN) to passivate the chlorine vacancy in
CsPb(BrxCl1−x)3 nanocrystals and obtained the stable blue
emission with 83% photoluminescence quantum yield. For
proper solubility and strong passivation, RSCN turned out to
be a perfect ligand cum chloride passivator for eliminating the
trap state and intensifying the excitonic emission. To support
this passivation impact, using density functional theory (DFT),
the authors observed that the Cl induced trap state obtained
∼0.2 eV below the conduction band was removed with SCN−

capping. Exploring further these pseudohalide passivated
mixed halide perovskites, they have fabricated light-emitting
devices and obtained an EQE of 6.3% for the device, which was
almost twice that of the pristine mixed halides quantum dot
LEDs.
Narayan Pradhan
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