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Metal halide emitters and application in X-ray scintillation

Guangda Niu', Jiang Tang', Xue Zhao'
"Huazhong University of Science and Technology, Wuhan, 430074

Metal halide perovskite have attracted a lot of attentions in the field of X-ray and gamma ray detection, considering their
excellent defect tolerance and high carrier collection efficiency. However, the moisture stability and lead toxicity have
severely restricted their practical applications. Developing metal halides with high stability and non-toxic compositions
is significant for this field. This talk will introduce our work on synthesizing the new materials of copper halides and tin

halides emitters, as well as their application in X-ray scintillations.
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Controlled Anisotropic Epitaxy for CdSe@CdS Dot@Platelet Nanocrystals:

Chaodan Pu'?, Haiyan Qin', Xiaogang Peng'-*
'Department of Chemistry, Zhejiang University, Hangzhou, 310027, China.
2School of Physical Science and Technology, ShanghaiTech University, Shanghai, 201210, China

Abstract:

Nanocrystals with different dimensional confinements have shown many interesting properties.!> However, the
anisotropic growth has only been realized in limited systems and the control mechanisms are unclear’-*. Here, wurtzite
CdSe@CdS dot@platelet nanocrystals—a dot-shaped CdSe nanocrystal encased within an epitaxially-grown CdS
nanoplatelet—are controllably synthesized with nearly monodisperse size/shape distribution and outstanding
photoluminescence (PL) properties. The excellent size/shape control with their lateral to thickness dimension ratio up to
3 to 1 is achieved by systematically studying the synthetic parameters, which results in a simple, tunable yet
reproducible epitaxy scheme. This special type of core/shell nanocrystals possess two-dimensional emission dipole with
the ab plane of the wurtzite structure. While their near-unity PL quantum yield and mono-exponential PL decay
dynamics are at the same level of the-state-of-art CdSe/CdS core/shell nanocrystals in dot shape, CdSe@CdS
dot@platelet nanocrystals possess ~2 orders of magnitude lower probability for initiating PL blinking at

single-nanocrystal level than the dot-shaped counterparts do.

Dot in rod
aﬂ-\‘mﬁ
Excess Cd carboxylate, Cd carboxylate, N.o‘e ]‘
5-ODE O e SOR Wurtzite CdSe/CdS  [p01]
isotropic growth ) Anisotropic growth
Wurtzite CdSe M
_ '3’??;;-;.9
Wurtzite CdSe/CdS
Dot in platelet

Key words: Nanocrystals, Anisotropic growth, Polarization, Blinking
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Discovery of new nitride phosphors

Rong-Jun Xie*
ICollege of Materials, Xiamen University, No. 422 Siming-nan Road, Xiamen, Fujian 361005

Luminescent materials play important roles in a variety of fields, such as lighting, display, safety, anticounterfeiting,
sensing, biology and medicine. It is of great importance to develop new materials with better properties, thus enabling to
improve the properties of devices and to broaden their applications. The traditional trial and error method cannot meet
high demands for new materials as it is a time-consuming approach. In this paper, we screened and discovered new
nitride phosphors for solid state lighting by using the single-particle-diagnosis and high-throughput calculations,
respectively. The red-emitting Laze.xStxSial Ox+1Nsox:Eu?*, orange-emitting HP-CaSiN>:Ce’* and super-broad
white-emitting  SrAlSi,O6N:Eu?* were discovered, and the relationship between the crystal structure and
photoluminescence properties of these phosphors were discussed. Finally, these phosphors were evaluated by pumping
with the blue light. The proposed methods for materials discovery will accelerate the development of new types of

phosphors, and advance the lighting and display technologies.

Keywords: luminescent materials; solid state lighting; high-throughput calculations; crystal structure;

photoluminescence
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Fig. 1 Charge-carrier dynamics of lead-free halide perovskite nanocrystals
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Abstract:

Two dimensional (2D) organic-inorganic metal halide perovskites (MHPs) have been regained enormous attention in the
past decade due to their excellent moisture-stability with great potential on optical and electrical applications such as
light-emitting diodes (LEDs), photodetectors and solar cells.!? In this study, a series of 2D Cd-based and Pb-based
MHPs have been successfully synthesized.>” By introducing strong electronegative atom F, the formation of inter- and
intramolecular hydrogen bonding network can be formed, thereby varying the structure and optical properties of
inorganic layers. In addition, the broadband emission of Cd-based can be greatly boosted through band engineering. The
broadband emission is also demonstrated to origin from Br vacancy. At last, the exciton dynamics of these samples have
been thoroughly studied. These findings provides several effective approaches to tune the broadband emission of 2D

MHPs.

Excitation

Fig. 1 The mechanism of Vp,-defect related emission and exciton dynamics

Keywords: broadband emission; metal halide perovskite; exciton dynamics;
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Abstract:

In recent years, luminescent carbon dots (CDs) have attracted tremendous attentions thanks to their numerous merits (e.g.
superior optical and chemical properties, facile preparation and modification, and excellent biocompatibility),
consequently demonstrating many potential applications including sensing, theranostics, bioimaging, optoelectronic
devices, and so on. In this presentation, we will mainly focus on the long afterglow emission properties of CDs,

including strategies for achieving triple-mode emission, afterglow emission in aqueous solution, and their applications.
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Fig. 1 Luminescence Carbon nanodots : From fluorescence to phosphorescence
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Abstracts:

Although synergistic therapy for tumors has displayed significant promise for effective treatment of cancer, developing a
simple and effective strategy to build a multi-functional nanoplatform is still a huge challenge. By virtue of the
characteristics of tumor microenvironment, such as hypoxia, slight acidity and H2O, overexpression, AuPt-PEG-Ce6
nanoformulation is constructed for collaborative chemodynamic (CDT) /phototherapy of tumors (Scheme 1).
Specifically, the Au.Pt nanozymes with multiple functions are synthesized in one step at room temperature. The
photosensitizer chlorin e6 (Ce6) is covalently linked to AusPt nanozymes for photodynamic therapy. Interestingly, the
AuyPt nanozymes possess catalase- and peroxidase-like activities simultaneously, which not only can generate O for
relaxation of tumor hypoxia and enhancement of PDT efficiency but also can produce ‘OH for CDT. All in all, the
AuPt-PEG-Ce6 exhibits great potential in multimodal imaging-guided synergistic PTT/PDT/CDT with remarkably

tumor specificity and enhanced therapy.

(a)

_ ;
& (UL SH-PEG-NH,
' R
HAuCl, :
2 Hypicl, Au,Pt Au,Pt-PEG-NH, Au,Pt-PEG-Ce6
= L-proline
[}
(b) Y
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e \ =
IS —
N\
Tri-modal imagi ~ ~qp§%fsf"“ 5
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Scheme 1. Schematic illustrations for the fabrication of Au2Pt-PEG-Ce6 nanoformulation (a) and multimodal

imaging-guided synergistic PTT/PDT/CDT by employing tumor microenvironment (b).

Keywords: Au2Pt-PEG-Ce6; Nanozymes; Synergistic therapy; Tri-modal imaging
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Abstracts:

Pressure, as a physical method, can effectively shorten the interatomic distance, and alter the nature of materials
including crystal structure, electronic states, etc. Therefore, pressure as an experimental variable in a new dimension, and
can tune and even control the change of properties in materials. Furthermore, the high-pressure method is even applied
to capturing some novel phenomena that are unavailable at ambient conditions, and quenching new material under high
pressure to the atmospheric pressure is possible. Hence, high pressure as an effective tool is of scientific importance in
expanding novel materials. Our group applies high pressure in the research of inorganic functional materials. On the one
hand, high pressure can be utilized to explore the interconnection between crystal structure and optical property, which
further deepens the understanding of physical essence. On the other hand, it is expected to discover novel structure and

phenomenon in material, and quench high-pressure phase to ambient conditions.

Keywords: Metal halides, High pressure, Luminescence
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Visualizing Single-nucleotide Variations in Nuclear Genome using
Co-localization of Dual Engineered CRISPR probes

Yan Liang!, Jiali Yang', Jialing Guo', Kaixiang Zhang"*, Jinjin Shi®"
!School of Pharmaceutical Sciences, Key laboratory of Targeting Therapy and Diagnosis for Critical Diseases,

Zhengzhou University, Zhengzhou 450001, China.

*E-mail: hnly705@163.com

Abstract:

Direct visualization of single-nucleotide variation (SNV) in single cells is of great importance for understanding the
spatial organization of genomes and their relationship with cell phenotypes. Herein, we developed a new strategy for
visualizing SNVs in nuclear genome using co-localization of dual engineered CRISPR probes (CoDEC). By engineering
the structure of sgRNA, we incorporated a hairpin in the spacer domain for improving SNV recognition specificity, and a
loop in the non-functional domain for localized signal amplification. Using a guide probe-based co-localization strategy,
we can successfully distinguish on-target true positive signals from the off-target false positives with high accuracy. This
newly developed method provides a facile way for studying in situ information of SNVs in individual cells for basic

research and clinical applications with single-molecule and single-nucleotide resolutions.

dj
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Fig. 1 Co-localization of dual engineered CRISPR (CoDEC) probes for imaging of single-nucleotide variations (SNVs)
in nuclear genome. a) Structure of engineered sgRNA.

Fig. 2 Engineered sgRNAs with hairpin structure could improve the specificity of CRISPR probes for SNV
discrimination.

Fig. 3 Engineered sgRNA with loop structure could be used to trigger RCA in MDA-MB-231 cells.

Fig. 4 CoDEC for highly specific imaging of SNVs in the KRAS gene in MCF-7 and MDA-MB-231 cells.

Keywords: Co-localization, CRISPR probes, In situ single cell imaging, Rolling circle amplification,
Single nucleotide variation
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Fig. 1 In situ evolution of optical properties of layered double perovskite analogs under pressure.
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Pressure- Induced 700-Fold Emission Enhancement in Layered Halide
Perovskite Analogs
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Xiaoling Wei Street, Nanjing 210094

Abstract:

Layered double perovskites (LDPs) are getting more and more attention owing to their unique properties such as tunable
component, high exciton binding energy, environment-friendly and high stability. However, the photoluminescence (PL)
properties of LDPs are rarely discovered since the PL of LDPs is emitted from defect-mediated radiative recombination
rather than the common self-trapped excitons. In this report, a new family of organic-inorganic hybrid LDPs are reported.
The soft lattice allows large crystal distortion to modulate the electron-phonon coupling. As a result, 700-fold PL
enhancement is obtained under pressure. Furthermore, highly efficient LDPs with bright and tunable PL under normal

temperature and pressure can also be fabricated through rational design of ligand engineering.
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Abstract:

With the market success of core-shell CdSe quantum dots as down-conversion materials for LCDs, their application in
future printed displays (QLEDs) has seen a resurgence of interest within the research community.[!! In addition to
core-shell quantum dots, perovskite quantum dots also have recently attracted intense interest owing to potentially good
electro-luminescent properties.[?! The electronic properties can be easily manipulated by molecular engineering, thus
making them valuable as an additional set of materials for applications in printed displays. In this work, combining the
relationship between solvents and ligands in perovskite quantum dots (CsPbBr3) through tailored gradient evaporation
strategy, a stable ink can be formulated, which greatly improves the uniformity of printed perovskite films, and realizes

flexible printed devices for the first time.

Fig. 1 Various robust photo/electro-luminescence patterns by directly ink-jet printing the CsPbBr3 QDs.

Keywords: inkjet printing, electroluminescence, light-emitting diodes, perovskite, quantum dots
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Abstract:

Silicon-based lasers have played an important role in silicon-based optoelectronic integrated system. Recent studies
demonstrated erbium silicate was an ideal candidate material for high performance silicon-based lasers in the telecom
wavelength due to its high erbium concentrations. In previous work, erbium silicate itself cannot form a good cavity
reflection surface, and it cannot obtain a laser simply by erbium silicate, and the addition of erbium alone will also
produce serious quenching. Therefore, an auxiliary microcavity erbium-ytterbium silicate laser is proposed to
compensate for the problem of the inability to form a laser caused by the intrinsic refractive index of the silicate material
to achieve a good laser. We use traditional CVD process to obtain erbium-ytterbium silicate nanosheets with good
optical properties, and then design and fabricate DBR microcavities based on 1.5um wavelength fluorescence. Finally
realize the laser. The results show that the erbium-ytterbium silicate composite material can realize laser generation in
the communication band, and can be a potential candidate for the application of large-scale integrated silicon-based

lasers in the future.
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Broad-Band Emission in All-Inorganic Metal Halide Perovskite with Intrinsic
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Abstract:

Efficient broad-band emissions related to self-trapped excitons (STEs) in three-dimensional (3D) all-inorganic
perovskites (CsPbX3) are generally accepted as difficult to form. Here, through doping ytterbium or erbium ions in
CsPbX; crystals, we observe broadband luminescence of STEs with linewidth exceeding 200 nm and Stokes-shift of ~1
eV. Experiment-theory-combined study clarifies the Pb?*" in perovskite can be replaced by impurity ions, and the Pb*"
substitution defect and adjacent halide vacancy introduce defect states lying just below the conduction band minimum of
perovskite. The strong electron-phonon coupling between the trapped carriers and the deformation of [PbXs] cage
reduces the energy gap of perovskites. By regulating the excitation intensity and irradiation time, the relative intensity of
these STEs emissions and band-edge emissions of PVK can be tuned, and therefore produced a tunable chromaticity of
the emission spectra. This study shed new light on the permanent defects induced extrinsic STEs in 3D inorganic
perovskites and provides a clear microscopic picture of the underlying formation mechanism of STEs. In view of the

color-tunable emission properties, ions-doped PVK may find application in nanophotonic devices.

Keywords: perovskite, doping; defect, STEs, color tunable
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Enhancing quantum yield of CsPb(BrxCli-x)3 nanocrystals through
lanthanum doping for effcient blue light-emitting diodes
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Abstract:

All-inorganic perovskite quantum dots (PQDs) have attracted great attention in optoelectronic applications. However,
the poor photoluminescence quantum yield (PLQY) and terrible external quantum efficiencies (EQE) of blue-emission
PQDs light-emitting diodes (QLEDs) have limited their further development in display field. Here, a general strategy for
enhancing PLQY and EQE through lanthanum ions doping is proposed. Density functional theory (DFT) calculations
confirmed that the partial substitution of La** for Pb*" leads to a reduced defect states, meanwhile, a higher carrier
temperature and exciton binding energy are also obtained. In consequence, a maximum PLQY of 84.3% is obtained for
La**-doped CsPb(Br«Cli.x); PQDs with emissions ranging from 448 to 500 nm. In terms of devices, phase separation and
ion migration are effectively alleviated with La’* profiting from the constricted lattice and stronger interaction between
La and Cl. Resultantly, QLEDs with La**-doped PQDs show the maximum EQE of 2.17% (480 nm) and 3.25% (489

nm).

Keywords: Perovskite, Quantum dots, Lanthanum doping, Light-emitting diodes, Blue emission
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