030 ‘ NSRRC ACTIVITY REPORT . 2022 .

In addition, depth-profiling X-ray photoelectron spectroscopy (XPS) analysis at the TLS 24A1 beamline was employed to
prove whether water exists in the channels. By changing the photon energy of the incident X-ray, this XPS method can probe
the chemical compositions of the surface at different depths (Fig. 2(e)). The C 1s and O 1s spectra can be decomposed into
a C—Cbond and a C=C bond, corresponding to the hydrophobic shell and a series of peaks from C-C-0, C-C=0, O—-C=0,
and O-C=C segments, which are attributed to the hydrophilic core. Furthermore, in the O 1s spectrum, the O—H signal of
water is directly observed. The relative intensity areas corresponding to the hydrophilic cores and water increase with the
increase in the depth, while the intensity areas corresponding to the hydrophobic shell decrease. This finding demonstrated
that the hydrophilic core of the column can incorporate water molecules; hence, it may be used as artificial water channels
to transport water molecules. The artificial water channel array of AD exhibits a salt rejection ratio of > 99.9% and a water
permeability of 7.7 x 10° H,O-channel"s™', which is comparable to those of commercial thin-film composite membranes.
(Reported by Wei-Tsung Chuang)

This report features the work of Chien-Lung Wang, Kuan-Yi Wu and Wei-Tusng Chuang and their collaborators published in J.
Am. Chem. Soc. 144, 7768 (2022).
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Stabilization of Lead-Reduced Metal Halide Perovskite
Nanocrystals Through High-Entropy Alloying

A novel perovskite alloy doped with various metals is developed for environmentally friendly materials.
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2715t century, mobile devices and qu
home automation have become \
ubiquitous. Technological innovations

have enabled display technology to
evolve beyond providing only display
functions. Currently, humans can
directly issue instructions to display
systems through logic semiconductor
technology, overcoming the binary
nature of computers. Displays no
longer provide only display functions.
In addition, the production of
commercial inorganic fluorescent
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Colloidal metal halide perovskite through a collaboration between the research team of Shih and Chiu. [Reproduced from
Ref. 1]

(MHP) materials exhibit excellent optic
properties and solution processability,
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and they are regarded as promising candidates for With this advantage, only a single emission material,
application in display technology. Colloidal MHPs can which serves as a host material, is required to achieve full-
generate numerous excitons after photoexcitation or wavelength visible light display capability. However, heavy
electrical excitation, and these excitons tend to attain a metal hazards and environmental stability continue to be
stable state and recombine to generate visible light with the key challenges for the commercial development of
a specific wavelength, thereby realizing a color display MHPs.
function. In particular, colloidal MHPs can achieve light
color changes by altering the lengths of the different alkyl Chih-Jen Shih (ETH Zurich, Switzerland) and Yu-Cheng Chiu
chains of ligands to produce quantum confinement effects. (National Taiwan University of Science and Technology)
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Fig. 1: HEP NCs. (a) Visual diagram under excited ultraviolet light, (b) PL spectra with clear emission blueshift, (c) increase in the PL quantum yield with
the involvement of secondary elements, and (d) reduction in the PL lifetime upon high-entropy alloying. [Reproduced from Ref. 2]
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Fig. 2: (a) Synchrotron X-ray scattering analysis of HEP NCs. Magnified (100) plane peaks extracted from the GIWAXS patterns of bare MAPbBTr3, single-
doped perovskite NCs, and HEP NCs. (b) GIWAXS patterns of undoped MAPbBrs NCs (left) and MA(PbMgZnCd)Brs NCs. (c) Reduced lead content
in HEP NCs. Characterized Br/Pb (black dots) and Br/(Pb + M) (M = Mg?*, Zn?**, and Cd?**) ratios (red dots) obtained through energy-dispersive X-ray
spectroscopy analysis. [Reproduced from Ref. 2]
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developed high-entropy perovskite (HEP) nanocrystals
(NCs) that exhibited excellent colloidal stability with
narrowband emission and employed X-ray scattering for
crystallographic analysis at TPS 13A. Their team discovered
that the precursor metal bromides of colloidal perovskite
could be doped with several metal ions (Mg?*, Zn?*, and
Cd?*) at the B-site of the perovskite structure. Notably, when
alloying was performed, photoluminescence (PL) quantum
yield (ne) increased from 75% to up to 95%, and the

clear PL blueshifts that occurred are attributable to lattice
contraction. In addition, when the number of secondary
elements involved increased, the average PL lifetime (Tay)
decreased from 27.3 ns to as low as 4.6 ns.

To identify the factors that facilitate the enhancement of
the optical properties of HEP NCs, the aforementioned
team employed synchronized X-ray scattering at TPS 13A
to interpret the lattice of perovskite crystal structures.

The team discovered that when a higher number of
secondary elements were involved, components with a
higher degree of wavenumber shifts were obtained. For
example, for MA(PbMgZnCd)Brs HEP NCs, components
centered atq=10.10 and 11.07 nm~', which corresponded
to the d-spacings of 6.22 and 5.67 A, respectively, were
resolved, or approximately 5.0% expansion and 4.5%
contraction with multicomponent Lorentzians were
achieved by magnifying the (100) plane peaks extracted
from grazing-incidence wide-angle X-ray scattering
(GIWAXS) patterns. Furthermore, the results indicated that
high-entropy alloying reduced the lead content in the alloy

by approximately 55%, which could be an advantage for
promoting the further commercialization of MHPs.

In summary, the team of Shih and Chiu synthesized a
noteworthy class of lead-reduced perovskite NCs, namely
HEP NCs. With a lead reduction of up to 55%, the prepared
HEP NCs exhibited excellent optical properties and
colloidal stability. Crystallographic analysis revealed that
the formation of interstitial and doping phases upon high-
entropy alloying was responsible for the stabilization of the
lead-reduced perovskite lattices in the prepared HEP NCs.
(Reported by Yu-Cheng Chiu, National Taiwan University of
Science and Technology)

This report features the work of Yu-Cheng Chiu and Chih-Jen
Shih, and their co-workers published in ACS Nano 10, 9720
(2016) and J. Am. Chem. Soc. 144, 5864 (2022).
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