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ABX,
A = Cs, CH;NH,;, etc.
B = Pb, Sn, etc.
X=Cl, Br, |
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e Solution Processable Semiconductors

ABX,

A = Cs, CH;NH;

— Low-cost, earth-abundant

— Facile synthesis and preparation
B = Pb, Sn, etc. — Highly tunable band gaps
X = C|, Br, | — Exceptional charge transport

— High absorption coefficients

— Narrow emissions with high color purity
 Issues and Challenges

— Low stability of materials and devices

— Eco-friendly lead-free

— Processing and patterning

ACS Energy Letters, 2018, 3, 54-62; Materials Research Letters, 2018, 6, 552-569; Materials Science & Engineering - R: Reports, 2019, 137, 38-65; Advanced Optical Materials, 2021, 9, 2001766
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Perovskite Solar Cells
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Surface Passivation:

Suppress charge recombination
at the interfaces between halide
perovskite and charge transport
layers for high device efficiency
and prevent the penetration of
degrading agents into the
perovskite layer for high device
stability. Various materials have
been employed to passivate
perovskite thin films, including
low-dimensional metal halides,
alkaline and organic halides,
polymers, inorganic compounds,
and so on.
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» Composition control, Quasi-2D, and Hollow nanostructures

Compositional Modulation Quantum Size Effects
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» Composition control, Quasi-2D, and Hollow nanostructures

—

» Perovskite LEDs via Bottom-up & Top-down approaches
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ABX,

A= CS, CH3NH3, etc.

B = Pb, Sn, etc.
X=Cl, Br, |
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By choosing appropriate organic cations and metal
halides, can the crystallographic structures of organic
metal halide hybrids be finely controlled to exhibit
different dimensionalities at the molecular level, with
the metal halide octahedra forming zero- (OD), one-
(1D), two- (2D), and three-dimensional (3D) structures?
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0D Quantum Dots 1D Nanowires 2D Nanoplatelets

» Morphological Low Dimensional Metal Halide Perovskites (Still 3D ABX;)
» Molecular Level Low Dimensional Organic Metal Halide Hybrids

Single Crystalline Bulk Assemblies of Quantum Confined Materials
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1D Organic Lead Bromide Hybrid
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In cases of strong coupling of electrons or holes to the crystal lattice, a carrier may be self-trapped as a small
polaron in its own lattice distortion field. A bound electron-hole pair involving such a carrier is generally
described as a self-trapped exciton, and it may dramatically influence luminescence, energy transport, and lattice
defect formation in the crystal. The phenomenon of exciton self-trapping is particularly common in metal halide
and rare-gas crystals, where the strong exciton-lattice coupling can usually be ascribed to the possibility of
covalent bond formation in the excited state of a crystal which does not admit such bonding in its ground state.

T v T T T N T v 1 N RT |:: 77K

E free exciton
\ /
" E self-trapped

PL Intensity (a.u.)

-W _/ .
A — : . 400 450 500 550 600 650

Deformation Coordinate (a.u.) Wavelength (nm)

Williams, R.T. et al. Journal of Physics and Chemistry of Solids, 1990, 51, 679-716 ; Dohner, E. et al. J. Am. Chem. Soc., 2014 136, 1718-1721; Hu, T. et al. J. Phys. Chem. Lett., 2016, 7 , 2258—-2263
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1D Organic Metal Halide Hybrids
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(A) Direct band formation with free excitons only resulting in narrow emission. (B) Thermally activated
equilibrium between direct band free exciton excited state and self-trapped excited state resulting in
emissions from both excited states: narrow high energy emission from free excitons and below-gap
broadband emission from self-trapped excitons. (C) Spontaneous exciton self-trapping to form localized
excitons with below-gap broadband emission.
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1D, and OD?

Quasi-2D

The isolation of the photoactive metal halide species by the
wide band gap organic ligands leads to no interaction or
electronic band formation between the metal halide species,
allowing the bulk materials to exhibit the intrinsic properties
of individual metal halide species. OD organic metal halide
hybrids can be considered as perfect host-guest systems, with
metal halide species periodically doped in the organic matrix.

1D
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Luminescent 0D Sn halide hybrids with near-unity PLQE!

Angewandte Chemie International Edition, 2017, 56, 9018-9022; Chemical Science, 2018, 9, 586-593.
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Application

II: X-Ray Scintillators
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Existing OD OMHHs
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Application llI: EIectricaIIy Driven LEDs

New OD OMHHs

(OO0

@ e_

LS
WNE

_ V.,
By

& 4

LIFA)

Zn0 (40nm)

) - —————
VK (M5am)

PEDOT: PSS (43eem)
mo

Sb,Brg* o TPPcarz’

A highly luminescent OD organic antimony bromide hybrid containing semiconducting organic cation is developed
for the first time, with which electrically driven LEDs are fabricated to exhibit an EQE of 5.12%, a peak luminance

of 5957 cd m~2, and a current efficiency of 14.2 cd A™2.

Advanced Materials, 2023, 35, 2209417
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Quasi-2D

From Molecules to Clusters and Cr
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MA: GROUP Multicomponent Systems (Il)
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Metal Halides as Regulator
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Metal Halides as Sensitizer
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* Precise synthetic control has been achieved for the preparation of 1D and 0D
organic metal halide hybrids.

* Understanding of the photoluminescence mechanisms has been achieved for
organic metal halide hybrids with different dimensionalities at the molecular level.

* Multicomponent organic metal halide hybrids have been developed via proper
crystal engineering.

* Photophysical tuning of OD organic metal halide hybrids from phosphorescence to
ultralong afterglow has been achieved by controlling the metal halides.

* Using metal halides and many other complex species as counter ions to co-
crystallize with organic ions to form ionically bonded systems has remarkable
potential to deliver new functional materials.
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Covalently Bonded Materials
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There is a vast space to explore organic-inorganic hybrids beyond perovskites,
and we expect to see a lot of new science.
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