NUS

National University
of Singapore

YK £ ¥

Tianjin University

3" NUS-TJU PhD Online Workshop
7"-8" Jan 2023

UFEEEEER
| 1
KA RRILARREEL

RBXZF-WKELKF
MBS F i




3" NUS-TJU PhD Online Workshop

The TJU-NUS Joint Institute in Fuzhou was established as a collaborative project of National University
of Singapore, Tianjin University, the People’s Government of Fuzhou City and the Education Depart-
ment of Fujian Province. Fully funded by Fuzhou and located in TJU (Fuzhou) International Campus,
the Joint Institute aims to promote research excellence and develop talents in optoelectronics, flexible
electronics, advanced chemical manufacturing, energy materials and advanced catalysis. In addition,
the Institute also aims to develop technology and support local industry growth in Fuzhou. To promote
cutting-edge and collaborative research, four research centers have been established including
Emerging Optoelectronics and Flexible Electronics Center, Advanced Manufacturing Center, Energy
Materials and Catalysis Center and Center for Frontier Fundamental Physics.

Following the signing of agreements on December 1st, 2018, the brand new campus is expected to be
fully functional for research and education in Feb 2023. Reaching steady state, the Joint Institute will
comprise >200 researchers and up to 240 doctoral students working in 30 research groups. Doctoral
students are the core of this trilateral program. By adopting a 1 year (NUS) + 2 years (Fuzhou) + 1 year
(NUS) format for their study and research activities, all students will take courses, pass all qualification
exams and obtain PhD degree from NUS. In order to encourage active interaction and promote
excellence among our students, we have decided to initiate an annual PhD symposium, with the third in
its series taking place online in January 2023. We hope that all of you will enjoy this event by sharing
your research, learning from your peers and setting a strong culture and tradition in our NUS-TJU Joint
Institute in Fuzhou.

2023 Workshop Organizing Committee (Students):
Zhang Qing, Xiong Xincheng, Song Xianneng, Lin Zhikeng, Huang Qinggin, Zeng Hao, Zhang Bihan,
Lin Hongbin, Yang Zhucheng, Wang Meng, Yang Haotian, Wang Sikai, An Hua, Xu Di

2023 Workshop Organizing Committee (Pis):
Chen Wei, Xie Jianping, Yan Ning, Zhao Yu, Li Ligiang
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Metallo-COFs based on pyridine-bis(imine)

CHEN Fang Zheng, prof. LOH Kian Ping

Email: (Fangzheng.chen@u.nus.edu)

Joint School of National University of Singapore and Tianjin University, International
Campus of Tianjin University, China

Department of Chemistry, National University of Singapore, Singapore

Abstract Text
Covalent organic frameworks (COFs) and metal-organic frameworks (MOFs) have drawn tremendous interest over the past
decade, not only because of their designable and crystalline porous architectures, but also because of the fascinating properties
that arise from the unique structures. Therefore, it is of great interest to combine the sophisticated functionalities of MOFs and
the stability of COFs by hybridizing metal ions with covalent linkages to obtain a new kind of material metallo-COFs. So far, the
development of metallo-COFs is still in its infancy, and the building blocks used to construct metallo-COFs are rare owing to the
synthetic difficulty of hybridizing metal ions and covalent linkages while maintaining crystallinity. Here, we report a new
building block for metallo-COFs, pyridine-bis(imine) (pdi). Based on pdi, a metallo-COF (pdiCOF-Zn-1) and its nonmetal

counterpart (pdiCOF-1) were synthesized.

Publication List

None
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Selective Conversion of Benzylamine Catalysed

by Defect-rich ZnIn254

Leng Xiaohui, Xu Yijun, Loh Kian Ping
Email: (e0444226@u.nus.edu)

Joint School of National University of Singapore and Tianjin University, International

Campus of Tianjin University, China

Department of Chemistry, National University of Singapore, Singapore

Abstract Text

Light induced oxidative coupling of organic compounds becomes an important synthetic route under mild conditions.
Functional groups such as amino groups in the alkane can react with the carbon radical to block the C-C bond formation due to
their high activities in a photocatalytic process. In practice, the product of selective conversion of benzylamine is usually an
imine. The photocatalytic conversion of benzylamine into its C-C product with high selectivity is still rare over Ziln,S,. Here we
demonstrate the C-C bond formation of benzylamine can be reached through defect engineering of Znin,S,. C-C selectivity of
~80% is realized under the benzylamine conversion of ~80%. Further study reveals the wavelength-depended product
conversion of benzylamine. The selective conversion of benzylamine is ascribed to the different reaction paths under different

irradiation conditions.

B

. NH; Oﬂu/\o N,
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N
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Path A: kinetically favored path.
O Path B: thermodynamically favored path.
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Publication List

None
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Promoting Dinuclear-Type Catalysis in
Cul-C3N4 Single Atom Catalyst

Song Jingting, Loh Kianping
Email: (jingtingsong@u.nus.edu)

Joint School of National University of Singapore and Tianjin University, International
Campus of Tianjin University, China
Department of Chemistry, Faculty of Science, National University of Singapore,

Singapore

Abstract Text

Reducing particle size in supported metal catalyst to single atom level isolates the active metal sites and maximizes the atomic
utilization efficiency. However, the large inter-atom distance, particularly in low-loading single atom catalyst (SAC), is not
favourable for a complex reaction where two (or more) reactants have to be activated. A key question is how to control the
inter-atom distances to promote dinuclear-type co-activation at the adjacent metal sites. Here, we report that reducing the
average inter-atom distance of Cu; SAC supported on C3N, to 0.74 + 0.13 nm allows these catalysts to exhibit dinuclear-type
catalytic mechanism in nitrile-azide cycloaddition. Operando X-ray absorption fine structure study reveals a dynamic ligand
exchange process between nitrile and azide, followed by their co-activation on dinuclear Cu SAC sites to form the tetrazole
product. This work highlights that reducing the nearest neighbour distance of SAC allows mechanistic pathway to diversify from

single site to multi-site catalysis.

Publication List

[1] Song, J.”; Chen, Z.#; Cai, X.”; Zhou, X.; Zhan, G.; Li, R.; Wei P.; Yan, N.; Xi, S.* and Loh, K. P.* Promoting Dinuclear-Type
Catalysis in Cu;—C3N, Single-Atom Catalysts. Adv. Mater. 2022, 34, 2204638.

[2] Song, J.; Liu, J.; Loh, K. P.; Chen, Z.* Ultrahigh Loading Copper Single Atom Catalyst for Palladium-free Wacker Oxidation.
Chem. Res. Chinese Universities, 2022, 38(5), 1239.

[3] Chen, 2" song, 1."; zhang, R."; Hu, Q.; Li, R.;; Wei, P; Xi, S,; Zhou, X.; Phuc, N. T. T.; Minh, D. H.; Lee, P. S.; Zhao, X.; Koo, M.
J.; Yan, N. and Loh, K. P.* Addressing the Quantitative Conversion Bottleneck in Single-Atom Catalysis. Nat. Commun. 2022,
13, 2807.

[4] Chen, Z.”; Song, J.”; Peng, X.*; Xi, S.; Liu, J.; Zhou, W.; Li, R.; Ge, R.; Liu, C.; Xu, H.; Zhao, X.; Li, H.; Zhou, X.; Wang, L.; Li, X.;
Zhong, L.; Rykov, A.; Wang, J; Koh, M. J.; Loh, K. P.* Iron Single Atom Catalyzed Quinoline Synthesis. Adv. Mater. 2021, 33,
2101382.
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Design and Function of it Electronic Covalent

organic frameworks

Zhuoer Li and Donglin Jiang*
Email: (Zhuoer_li@u.nus.edu)

Joint School of National University of Singapore and Tianjin University, International

Campus of Tianjin University, China

Department of Chemistry, National University of Singapore, Singapore

Abstract Text

Covalent organic frameworks (COFs) are a class of crystalline porous polymers that can be designed by topology diagram and
synthesized via polycondensation reactions to produce organic materials with highly ordered structures. Over the past 15 years,
advances in chemistry have shown our capability of designing organic materials with discrete architectures and pores,
establishing the basis of the field.1,2 Indeed, COFs feature a broad diversity of building blocks, wide scope of linkages, and a
variety of different topologies, rendering the frameworks and materials able to trigger distinct interplays with photons,
electrons, ions, and molecules. Owing to the pre-designability, COFs offer an irreplaceable platform for bridging the boundary
of chemistry and materials science to enable the bottom-up design of functions.

We are interested in exploring COFs to create designable architectures and unique functions. In this project, we focus on
designing the skeletons and pores of COFs to achieve predesigned m electronic structures. In this meeting, we will report on the

literature review, background, and progress of experimental studies.

Publication List

[1] Li, Z.; He, T.; Gong, Y.; Jiang, D. Covalent Organic Frameworks: Pore Design and Interface Engineering. Acc. Chem. Res.
2020, 53, 1672-1685.

[2] Liu, R.; Tan, K. T.; Gong, Y.; Chen, Y.; Li, Z.; Xie, S.; He, T.; Lu, Z.; Yang, H.; Jiang, D. Covalent organic frameworks: an ideal
platform for designing ordered materials and advanced applications. Chem. Soc. Rev. 2021. DOI: 10.1039/d0cs00620c.
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Design and Synthesis of Novel Architectures of

Covalent Organic Frameworks

Xie Shuailei, Jiang Donglin

Email: (e0444124@u.nus.edu)

Joint School of National University of Singapore and Tianjin University, International

Campus of Tianjin University, China

Department of Chemistry, Faculty of Science, National University of Singapore,

Singapore

Abstract Text

Covalent organic frameworks (COFs) represent an emerging class of crystalline porous polymer that can be constructed with
organic building blocks by topology-directed polymerization. Especially, COFs exhibit unique porous features and skeleton
characteristics that are distinct from other polymers and porous materials. Progress over the past 15 years in the design and
synthesis has greatly expanded the structural diversity and functional scope and deepened our understanding of the interplays
of COFs with ions and molecules.

We are interested in exploring COFs to design discrete structures and to develop unique functions through topology-directed
polymerization of different organic building units. In this project, we are interested in exploring COFs to construct different
topologies and lattices by merging covalent bonds with noncovalent interactions into one-pot polymerization systems. This
strategy will enable us to develop the ordered yet extended structures into all dimensions in a controlled manner. In this

meeting, we will report the literatures, research backgrounds, and progress in experiments.

Publication List

[1] Liu, R.; Tan, K. T.; Gong, Y.; Chen, Y.; Li, Z.; Xie, S.; He, T.; Lu, Z.; Yang, H.; Jiang, D. Covalent organic frameworks: an ideal
platform for designing ordered materials and advanced applications. Chem. Soc. Rev. 2021, 50, 120-242.

[2] Jin, E; Geng, K.;* Fu, S.;* Addicoat, M.; Zheng, W.; Xie, S.; Hu, Jun.; Hou,X.; Wu, X.; Jiang, Q.; Xu, Q.; Wang, H.; Jiang, D.
Module-Patterned Polymerization towards Crystalline 2D spZ—Carbon Covalent Organic Framework Semiconductors.

Angew. Chem., Int. Ed. 2021, 10.1002/ange.202115020.
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Designed Synthesis of Novel Covalent Organic

Frameworks

Yang Hao, Jiang Donglin N

Email: (e0444249@u.nus.edu)

Joint School of National University of Singapore and Tianjin University, International

Campus of Tianjin University, China

Department of Chemistry, National University of Singapore, Singapore

Abstract Text

Covalent organic frameworks (COFs) are a class of crystalline porous polymer that enables integration of organic building units
into periodic networks and order pores. Progress over the past decade in chemistry has greatly enhanced our capability of
designing COFs to achieve atomically precise organic architectures. Especially, the diversity of building blocks, the variety of
linkages, and the scope of topologies provide chemical basis of structural diversity and multifunctionality of COFs. We are
interested in exploring COFs to construct highly ordered organic structures and to develop unique functions by elucidating the

interplays of frameworks with different elementary particles including photons, electrons, holes, spins, and charges.

Since the reversible reactions have been widely employed in the synthesis of crystalline COFs, the exploration of irreversible
reaction for the synthesis of COFs with stronger bonds that endow COFs with excellent chemical and thermal stabilities further
expands the scope of polymerization reactions in COFs synthesis. The preparation of COFs linked by stronger bond has become
a long sought objective in synthetic chemistry. In this project, we focus on designing a novel class of COFs. In this meeting, we

will report the literature survey, backgrounds, and experimental progress.

Publication List:
[1] Ruoyang Liu, Ke Tian Tan, Yifan Gong, Yongzhi Chen, Zhuoer Li, Shuailei Xie, Ting He, Zhen Lu, Hao Yang, and Donglin
Jiang*. Covalent Organic Frameworks: An Ideal Platform for Designing Ordered Materials and Advanced Applications.

Chem. Soc. Rev., 2021, 50, 120-242.
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The Aromaticity of expanded radialenes and its

charged species

Xin Shan, Wu Jishan
Email: (e0444211@u.nus.edu)

Joint School of National University of Singapore and Tianjin University, International

Campus of Tianjin University, China

Department of Chemistry, Faculty of Science, National University of Singapore,

Singapore

Abstract Text

A series of aromatic negative charged extended radialenes (Y12', ¥2” and Y32—) were obtained by in situ chemical reduction of
fluorenyl-substituted extended radialene trimer Y1, tetramer Y2 and pentamer Y3. These charged species were proved stable in
glovebox and their stability could be attributed to the push-pull effect between fluorenyl units and extended radialene core,
which resulted in a positive charged macrocyclic core and corresponding fluorenyl anions. Meantime, the aromatic character of
the extended radialene core served as a major driving force of this charge separation. Aromatic character of Y1” and Y2* were
verified by (VT) NMR spectrometry. Y1” was observed with a close-shell ground state whereas ¥2” and Y3% demonstrated
open-shell diradical characters. However, the NMR spectra of Y3 was broad even through cooling down to 188 K due to its
large diradical character. The aromaticity of Y1*, Y2* and Y3 were further supported by ACID, 2D-NICS, and 3D-ICSS

calculations.

__Reduction
Oxidation

Y12, 14 n-electrons

Y1:n=1 Mes
Mes Y2: n=2 Mes Y2%, 18 n-electrons

Y3:n=3 Y32, 22 n-electrons
Publication List

[1] Shan Xin, Yi Han, Wei Fan, Xuhui Wang, Yong Ni, Jishan Wu. Enhanced Aromaticity and Open-Shell Diradical Character in
the Dianions of 9-Fluorenylidene-Substituted Expanded Radialenes. Angew. Chem. Int. Ed. 2022, 134, e202209448
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Study of Indenofluorene Macrocyclic Oligomers

Zhang Qiuyu, Wu Jishan
Email: (e0511900@u.nus.edu)

Joint School of National University of Singapore and Tianjin University, International

Campus of Tianjin University, China

Department of Chemistry, National University of Singapore, Singapore

Abstract Text

Singlet diradicaloids compound and polyradicaloids compound are found to exhibit

small singlet-triplet gap and nonlinear optical responses. The unique physical properties open the opportunities for them to
become new materials such as organic light-emitting diodes, organic field-effect transistors and Nonlinear optics. Most recent
research on polyradicaloids focuses on synthesising stable radical compounds. The study of fundamental concepts such as
aromaticity and valence tautomerisation of the polyradicaloids systems will help researchers to get a better understanding of
the electronic interaction in the system and to get more ideas to tune the properties of the polyradicaloids compound.

In this study, macrocycle based on Indeno[2,1-b]fluorene was designed. It is assumed that, the two structural isomers of the
designed macrocyclic compound may exist simultaneously. The valence tautomerisation between two resonance structures can
then be studied by VT NMR. X-ray crystallographic analysis will be conducted to confirm the structure of the macrocycle

compounds.

Publication List

None
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Facile Synthesis of a Twisted Figure-Eight

Carbon Nanobelt

Qifeng Zhou, Jishan Wu

Email: (gifeng_zhou@u.nus.edu)

Joint School of National University of Singapore and Tianjin University, International

Campus of Tianjin University, China

Department of Chemistry, National University of Singapore, Singapore

Abstract Text

Twisted carbon nanobelts are attractive molecular nanocarbons of topologically unique structures, appealing properties, and
potential applications, while their synthesis remains a big challenge. Here we report a facile synthesis of an unprecedented
figure-eight shaped carbon nanobelt 1 through Suzuki-Miyaura coupling and subsequent Bismuth(lIl)-catalyzed cyclization. The
scaffold of 1 can be visualized as the outcome of the fusion of two [5]helicene with two anthracene subunits. Its helically
twisted structure was confirmed by X-ray analysis. The overcrowded skeleton enabled the persistent shape of 1, thus making
the enantiomers of 1 can be resolved by a chiral HPLC. The photophysical properties of 1 were well investigated by UV-vis
absorption and fluorescence spectroscopic studies and density functional theory calculations. 1 shows moderate |gabs| and
relatively high |glum| values according to the circular dichroism (CD) and circularly polarized luminescence (CPL)

measurements.

Publication List

[1] Zhou, Q.; Hou, X.; Wang, J.; Ni, Y.; Fan, W.; Li, Z.; Wei, X.; Li, K.; Yuan, W.; Xu, Z.; Zhu, M.; Zhao, Y.; Sun. Z.; Wu, J. Pending
for submission, 2022.

[2] L, Z.; Hou, X.; Han, Y.; Fan, W.; Ni, Y.; Zhou, Q.; Zhu, J.; Wu, S.; Huang, K.-W.; Wu, J. Angew. Chem. Int. Ed. 2022, 61,
€202210.

[3] Fan, W.; Matsuno, T.; Han, Y.; Wang, X.; Zhou, Q.; Isobe, H.; Wu, J. J. Am. Chem. Soc. 2021, 143, 15924-15929.
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Metal Halide Perovskite/Organic

Semiconductor-based Field-Effect Transistors

_— —
— Pa 2
\ Y
Congyong Wang, Jishan Wu, Wenping Hu P A/
Email: (e0444247 @u.nus.edu) \ )

Joint School of National University of Singapore and Tianjin University, International .
Campus of Tianjin University, China
Department of Chemistry, National University of Singapore, Singapore
Abstract Text

Recently, metal halide perovskite, emerging as the next generation semiconducting materials, have attracted wide attention
due to their remarkable optoelectronic performances of strong light absorption, tailored band gap, long charge-carrier diffusion
length, as well as narrow emission width. These excellent characteristics, along with good solution processibility and convenient
synthesis, make them suitable candidates for a great variety of applications, such as laser, solar cells, X-ray detection,
light-emitting diode, and so on. However, the perovskite materials are blamed for ion migration, which greatly hindered their
application in field-effect transistors (FETs). The ions migration of metal halide perovskite will result in gate-field screening
effect, which further contributes to relatively low charge mobility under room temperature. Moreover, traditional metal lead
halide perovskite has the innate disadvantage of toxicity. To address these issues, we aim to design and construct diverse
perovskite/organic semiconductor (polymer and organic small molecule) based FETs. Benefiting from strong light absorption of
perovskite and high charge mobility of organic semiconductors, perovskite/organic semiconductor-based FETs might find their

promising applications for neuromorphic computing, photodetectors, and optical switch.

Publication List

[1] Wang, C.Y.;Sun, Q.S.; Peng, G; Yan, Y. J.; Yu, X. P,; Li, E. L.; Yu, R. J.; Gao, C. S.; Zhang, X. T.; Duan, S. M.; Chen, H. P.; Wu, J.
S.; Hu, W. P. CsPbBr; quantum dots/PDVT-10 conjugated polymer hybrid film based photonic synaptic transistors toward
high-efficiency neuromorphic computing, Sci. China Mater. 2022, 65, 3077.

[2] Wang, C.Y.; Zhang, Z. C.; Zhu, Y. T; Yang, C. H.; Wu, J. S.; Hu, W. P. Two dimensional covalent organic frameworks: From
synthetic strategies to advanced optical-electrical-magnetic functionalities, Adv. Mater. 2022, 2102290.

[3] LiJ. J.#; Wang, C.Y.“; Wang, D. J‘#; Yang, C. H.#; Cui, X. Y.; Gao, X. J.; Zhang, Z. C. Bi**-Based Ellagate MOF with Acid/Base
Resistance Boosting Carbon Dioxide Electroreduction to Formate, J. Mater. Chem. A. 2022, 10, 20018.

[4] Wang, C. Y.“; Yang, C. H.“; Zhang, Z. C. Unraveling molecular-level mechanisms of reactive facet of carbon nitride single
crystals photocatalyzing overall water splitting, Rare Metals, 2020, 39, 1353.

[5] Gao, Z. Q.#; Wang, C. Y.“; Li, J. J.; Zhu, Y. T.; Zhang, Z. C.; Hu, W. P. Conductive Metal-Organic Frameworks for
Electrocatalysis: Achievements, Challenges, and Opportunities. Acta Phys. -Chim. Sin. 2020, 37, 2010025.
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Ultralow-power Vertical Transistors for

Multilevel Decoding Modes

Joint School of National University of Singapore and Tianjin University, International
Campus of Tianjin University, China

Department of Chemistry, National University of Singapore, Singapore

Zhang Qing, Chen Wei, Hu Wenping
Email: (e0444246@u.nus.edu)

Abstract Text

Organic field-effect transistors with parallel transmission and learning functions are of interest in the development of

brain-inspired neuromorphic computing. However, the poor performance and high power consumption are the two main issues

limiting their practical applications. Herein, we demonstrate an ultralow-power vertical transistor based on MXene and organic

single crystal. The transistor exhibits a high Joy of 16.6 mA/cm2 and a high Jon/Joge ratio of 9.12 x 10° under an ultralow working

voltage of -1 mV. Furthermore, it can successfully simulate the functions of biological synapse under electrical modulation

along with consuming only 8.7 aJ of power per spike. It also permits multilevel information decoding modes with a significant

gap between the readable time of professionals and non-professionals, producing a high signal-to-noise ratio up to 114.15 dB.

This work encourages the use of vertical transistors and organic single crystal in decoding information and advances the

development of low-power neuromorphic systems.
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Abstract Text

Bidirectional optoelectronic synapses that combine excitatory and inhibitory synapses are crucial for imitating biologic
neuromorphic system, reversibly processing information and online training for artificial neuromorphic algorithms. However,
there are still huge challenges for bidirectional optoelectronic synaptic devices to obtain high responsivity and contrast ratio.
Herein, a bilayer 2D molecular crystal (2DMC) p-n heterojunction is developed to achieve bidirectional synaptic behavior. The
2DMC heterojunction organic field effect transistor (OFET) devices exhibit typical ambipolar property and remarkable
responsivity (R) of 3.58x10* A W under weak light as low as 0.008 mW cm™, Excitatory and inhibitory synaptic behaviors are
successfully realized by the same light stimuli under different gate voltage. Moreover, superior contrast ratios (CR) for both
excitatory (17) and inhibitory (1.53><103) synapses are demonstrated by the ultrathin and high-quality 2DMC heterojunction,
which transcends previous bidirectional optoelectronic synapses and are applied for the motion detection of the pendulum.
Furthermore, a motion detection network based on the device is developed for the detection and recognition of classic motion
vehicles in road traffic with the accuracy exceeding 90%. This work provides an effective strategy for developing high contrast

bidirectional optical synapses and show great potential in intelligent bionic device and future artificial vision.

Publication List

[1] Zhu, X.; Yan, Y.; Sun, L.; Ren, Y.; Zhang,Y.; Liu, Y.; Zhang, X.; Li, R.; Chen, H.; Wu, J.; Yang, F.; Hu, W. Adv. Mater. 2022, 34,
2201364.

[2] Zong, C.; Zhu, X.; Xu, H.; Zhang, L.; Xu, J.; Guo, J.; Xiang, Q.; Zeng, Z.; Hu, W.; Wu, J.; Li, R.; Sun, Z. Angew. Chem. Int. Ed.
2021, 60, 16230-16236.

18



3™ NUS-TJU PhD Online Workshop

Organic-Inorganic Hybrid Photon Upconversion
with Ultralong Kinetic Decay for Optical

Encryption

\
Guigiang Pu, Xiaogang Liu, Zhen Li
Email: (e0444231@u.nus.edu)
Joint School of National University of Singapore and Tianjin University, International A

Campus of Tianjin University, China

Department of Chemistry, National University of Singapore, Singapore

Abstract Text

Expanding the kinetic decay of upconverted luminescence (UCL) of nanocrystals doped with lanthanides (Ln3+) up to several
seconds is crucial and challenging for bioimaging and optical encryption. Here, we report an organic-inorganic hybrid approach
to achieve ultralong-lived UCL (UL-UCL) under ambient conditions. The UL-UCL lifetime of hybrid materials can reach 1.37s,
which is about 4500-fold of the intrinsic UCL lifetime of Ln>" jons. The characteristic radiation of UL-UCL is controllable by
employing specific organic ligands. Two excitons migration channels involving Ln-S-T and Ln-T are investigated. Eventually, we
provide a pulsed laser-pumped encryption system that provides a higher level of encryption than conventional UCL encryption
strategies. This work not only provides a new strategy for realizing UL-UCL, but also presents a perspective to understand the

excitonic movement between Ln3+ ions and triplet states of organic ligands.
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Abstract Text

The development of highly active and stable cheap cocatalysts is critical for photocatalytic hydrogen evolution reaction (HER).
Metal-organic frameworks have attracted much attention because of their high aspect ratio and well-defined coordination
structures, but they always are catalytically inactive due to the sluggish reaction kinetics. In this work, two Ni metal-organic
layers (MOLs), Ni-MOL-100 exposing rich (100) crystal facets and Ni-MOL-010 exposing (010) crystal facets have been
synthesized by tuning the molar ratios of metal ions and organic ligands. Compared with the bulky structure, their catalytic
activities of MOLs are activated for HER. Impressively, Ni-MOL-100 shows 12 times higher activity than that of MOL-010.
Experimental and theory calculation results show that the enhanced activity of Ni-MOL-100 is attributed to its appropriate
conduction band potential to promote the photo generating carriers transfer, and more explosion of coordination-unsaturated
Ni(ll) ions site with optimized hydrogen adsorption free energy to accelerate hydrogen evolution reaction rate. This work
demonstrates the important role of crystal surface tailoring engineering in the design of photocatalytic hydrogen evolution

cocatalysts.
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Abstract Text

Stimulus-responsive RTP is the room temperature phosphorescence (RTP) properties that can be tuned by external stimulus,
such as heating, light irradiation, water vapor, ammonia gas and so on. Achieving the organic materials with these properties is
significant and attractive. Here, three triphenylamine (TPA) derivatives with a trifluoromethyl group are designed and
synthesized. Then, these organic molecules are doped into polymer matrix of PS, PMMA, PVA and PVP. Outstanding RTP
performance (1.84 s) is observed from these phosphors doped films. Subsequent experiments show that the luminogens with
more locally excited (LE) state show a better RTP effect, while those with more charge transfer(CT) state do not. The RTP
performance of these doped films change dramatically after UV light irradiation, steam fumigation and heating, because the
interactions between phosphors and polymer matrix or other molecules are influenced by the stimulation. Finally, the materials

are successfully applied in screen printing and information encryption.
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Abstract Text

Compared with the p-type stretchable transistor, the development of n-type stretchable transistor is slow. Few n-type
stretchable transistors have been reported to date, and those that have been reported possess low mobility. Here, we use
PBTTT-based multiblock copolymer synthesized in previous work to physically blend with n-type material 1IDSiC8 with high
mobility. High mobility n-type stretchable semiconductor and n-type stretchable synaptic semiconductor can be obtained by
adjusting the blending ratio. When the blending mass ratio (multiblock copolymer : 1IDSIC8) is less than 1:1, the blending
nanofilm shows typical n-type transistor behavior. The [IDSiC8 nanofilm showed obvious bipolar behavior in the top-gate
bottom-contact device. When 5 wt% multiblock copolymer (blend ratio 20:1) was added into 1IDSiC8 matrix, a small number of
holes were captured by the discontinuous p-type multiblock copolymer. The blending nanofilms showed typical n-type transfer
behavior and the current on/off ratio was greatly increased. Considering the mobility and mechanical properties at the same
time, we finally chose the blend ratio of 3:1 with COS larger than 100% and the highest mobility of 1.71 em?V7s™. The electrical
properties are almost not reduced after 1000 times of cyclic stretching under 100% strain, proving that this is a successful
strategy for the preparation of high mobility n-type transistors. In addition, when the blending ratio is greater than 1:1, the

transistor has typical synaptic behavior, providing the potential for the preparation of stretching n-type synaptic transistors.

Publication List

None

22



3™ NUS-TJU PhD Online Workshop

Thienoisoindigo-based Quinoids: Synthesis and

Properties

He Yu, Geng Yanhou, Chi Chunyan
Email: (e0444243@u.nus.edu)

Joint School of National University of Singapore and Tianjin University, International

Campus of Tianjin University, China

Department of Chemistry, Faculty of Science, National University of Singapore, Singapore

Abstract Text

Organic field effect transistors (OFETs) have been gained much attention because of the potential applications on radio
frequency identification devices (RFID), electronic skin and kinds of sensors. With great interest on the research of organic
semiconductors (OSCs), a large number of studies on the materials design have been undergoing. Herein, m-conjugated
materials with quinoidal structure like isoindigo-based OSCs have been evaluated as a good potential semiconductor material
for OFETs. Herein, isoindigo-derivatives as the building block substituted with indadione termini will be studied and prepared

OFETs to explore the effect of alkyl chain length on charge transport properties.
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Abstract Text

Quinoidal oligothiophenes (QOTs) have been recognized as extremely promising n-type and ambipolar OSCs with exceptionally
high electron affinities and amphoteric redox behavior originating from strongly electron-withdrawing end-caping,
dicyanomethylene and indophenine. Thieno[3,4-b]thiophene (TbT) is an electron-rich m-expanded moiety, and TbT-based
organic small molecules and polymers have been investigated and displayed significant potential in OFETs and OPVs. Notably,
TbT moiety confers on quinoids with remarkable chemical stability by enhancing quinoidal resonance of aromatic conjugated
systems. we designed and synthesized a series of new quinoidal semiconductors TbTls (1TbTI, 2TbTI and 3TbTI) with low-lying
LUMO energy level and nt-expanded conjugation by the combination of the electron-withdrawing indandione and the different
number of quinoid-enhancing TbT unit. The quinoidal framework of TbTIs was verified by single crystal structure of 1TbTI.
Organic thin-film transistors (OTFTs) based on 1TbTIl, 2TbTI and 3TbTI displayed the ambipolar semiconducting property with
progressive L in an order of magnitude. As expected, 3TbTIl possessed the superior transport behaviour with the highest . of

0.164 cm’ V' s The correlation between device performance and molecular packing morphology were investigated.
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Abstract

Hybrid organic-inorganic perovskites (HOIPs) are promising stimuli-responsive materials (SPMs) owing to their molecular
softness and tailorable structural dimensionality. The design of mechanically responsive HOIPs requires an in-depth
understanding of how lattice strain induces inter-molecular rearrangement or lattice reconstruction that leads to changes in
physical properties. As opposed to achiral or racemic organic cations, chiral organic cations can potentially afford a new
dimension in strain-responsive structural change. While chirality transfer from organic cation to inorganic lattice is known to
influence chiral-optical properties, its effect on strain-induced phase conversion has not been explored. Herein, we
demonstrate that mechanical strain induces a solid phase crystal conversion in chiral halide perovskite single crystals
(R/S)-(4-Fluorophenyl)ethylamine)2CuCl4 from 0D isolated CuCl4 tetrahedral to 1D corner-sharing CuFCl5 octahedral
framework via the incorporation of Cu---F interaction and N-H--F hydrogen bonding. This is the first demonstration of a
perovskite structure with one of the X sites in BX6 octahedra occupied by fluorinated organic cation. The strain-induced
crystal-to-crystal conversion involves the connection of neighbouring OD CuCl4 tetrahedra via Cu2+-Cl--Cu2+ linkages, leading
to a reduced bandgap and paramagnetic-to-ferromagnetic conversion. To demonstrate pressure-sensing properties, the 0D
phase is dispersed in water-soluble poly(vinyl alcohol) (PVA) polymer, which can be applied to large-scale pressure-induced
array display on fibrous spandex substrates via screen-printing method. A distinct thermochromic behavior is also observed in

1D phase, which can be applied to customized thermochromic stamping using a self-inking rubber stamp.
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Abstract

Two-dimensional ferroelectric SnS demonstrates unique potential in the application of optoelectronics, sensors and memories.
Odd-even effect in SnS, where only odd-number layers are non-centrosymmetric and exhibit ferroelectricity, is broken by
discovery of ferroelectricity in both odd and even-number layers, one explanation is AA stacking instead of AB stacking is
adopted in few-layer SnS. However, the stacking order image is collected from transmission electron microscopy (TEM),
indicating that the sample possibly change during preparation process and the image is selected from localized regions. Here
we propose an alternative explanation that strain and disorder stacking break odd-even effect by scanning tunneling
microscopy (STM). The STM characterization and transfer process are non-destructive as well as molecular beam epitaxy (MBE)
growth is uniform. The lattice shows random orientation and gradually increase from 3.8 A and 3.5 A to 4.6 A and 4.4 A from
1st to 6th layer along the armchair and zigzag direction, respectively, causing ferroelectricity in even-number layers and
suggesting disorder stacking and strain-induced breaking of odd-even effect. To further confirm the existence of ferroelectricity
in different layers, STM images and KPFM were collected and quasi 1D nanoripples from 1st to 6th layer were observed,
suggesting spontaneous polarization along the armchair direction. Our work provides a new understanding of the origin of

layer-dependent ferroelectricity in SnS.
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Abstract

Two-dimensional (2D) organic inorganic hybrid perovskites (OIHPs) attract numerous attentions for their high environmental
stability owing to the inherent hydrophobic interlayer organic cations. <100>-oriented 2D OIHPs play the dominated role in
current research and mainly consist of Ruddlesden-Popper (RP) and Dion-Jacobson (DJ) phase. Due to the tight hydrogen bond
interaction between perovskite slabs, DJ phase 2D OIHPs present much stronger resistance to harsh atmosphere than their RP
counterparts, in which the interaction between perovskite slabs is weak van der Waals interaction. Moreover, the tight
interlayer interaction in DJ phase enables weak perovskite-perovskite interaction thus endowing DJ phase 2D OIHPs great
potential in highly stable photoelectronic devices. Furthermore, 2D OIHPs are regarded as promising platforms to discover the
ferroelectrics because the order and disorder alignment of interlayer organic cations can indue the ferro-paraelectric transition
of 2D OHIPs, which expands the application of 2D OIHPs in spintronic and memory devices. Here, we report a ferroelectric 2D
DJ perovskite (4AMP)PbBr4 (4AMP= 4-(aminomethyl)piperidinium) possessing the ferroelectricity induced by the order
alignment of 4AMP cations. The ferroelectric behaviors are proofed by macro polarization electric field (P-E) test and

piezoelectric force microscopy (PFM).
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Abstract

Nanographenes have confirmed to be outstanding materials for optical devises due to their tunable energy gap and optical
properties. By using varied aromatic stability, or using molecular symmetry to generate a myriad of structures with electronic
transitions that span the UV, Vis, and near IR regions, nanographene molecules could designed for precise optical application
such as laser materials and luminance materials. But developing efficient strategies to produce these nanographenes is a major
obstacle. Besides, investigate the relationship between chemical structure of nanopgraphene such as molecule size, edge
structure and their optical properties are also crucial for design nanographene with better laser performance. Herein,
bottom-up approaches were used to synthesis a new kind nanographenes. Moreover, radical-radical coupling was also
introduced to obtained target nanographnenes more effectively. This nanographene shows both low threshold and improved

photostability as NIR organic laser.
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Abstract

Zethrene can be regarded as a Z-shaped polycyclic aromatic hydrocarbon molecule composed of two phenalenyl units.
Zethrene with extension along y axis attains higher order giving heptazethene, octazethrene; zethrene with extension along x
axis can grow into dibenzozethrene, superzethrene species, and other extended zethrenes. These zethrene derivatives exhibit
unusual open-shell diradical characters and unique electronic properties which is desirable for organic electronics. We have
synthesized 2 novel zethrene-based diradicaloids with polyradical characters via nickel-catalyzed transannular cyclization,
where a series of synthetic approaches and stabilization strategies were explored owing to their intrinsic instabilities. Their
twisted structures were confirmed by X-ray crystallographic analysis, and they can be resolved by chiral high-performance
liquid chromatography. On the basis of crystal analysis, total twisted angle is more than 180° (212°). Their electronic structure,
physical properties and chemical reactivities were systematically studied by density functional theory calculations and various
experimental methods such as electron spin resonance, UV-vis absorption, cyclic voltammetry and differential pulse

voltammetry.
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Abstract

y-Graphyne is an emerging carbon allotrope and synthesis of large-size atomically
precise y-graphyne fragments would be crucial to understand its distinctive properties. Herein, a long sought-after graphyne
spoked wheel with six-fold symmetry was synthesized mainly through cobalt(0)-catalyzed cyclotrimerization of a triyne
intermediate followed by twelve-fold intramolecular Stille coupling reactions. Its structure was unambiguously confirmed by
X-crystallographic analysis, which also revealed a closely stacked dimer structure. NMR and theoretical analysis disclosed that
fusion of six antiaromatic hexadehydro[12]annulene units led to decrease of local aromaticity of all seven benzenoid rings
(particularly the central one), which is quite different from a graphene analogue, hexa-peri-hexabenzocoronene (HBC). Its
optical and electrochemical properties are also different from HBC, showing allowed HOMO—LUMO electronic transition and
facile electrochemical reduction. The study provided a new method for the synthesis of even larger y-graphyne fragments and

demonstrated the unique electronic properties of y-graphyne as compared to graphene.
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Abstract

Producing polymeric Field-effect transistors with low-cost and scalable solution fabrication methods in an ambient
environment could be considered an attractive route for the large-scale production of organic field-effect transistors (OFETs) to
achieve numerous applications.

Solution shearing is a technique that applies the shearing force caused by the single-axis movement between the substrate and
the shearing blade to guide the coating solution. During the guiding process, the shearing force produced by the relative
movement will induce the solution to form a meniscus shape. The solution evaporates on the meniscus and has the highest
evaporation rate at the tip of the meniscus. Such enhancement of evaporation at the tip could modulate the nucleation and
deposition of molecules to form a uniformly arranged film.

It is well known that the interface morphology of conjugated polymers thin film plays a dominant role in determining carrier
transportation property which is crucial to achieving high mobility. The morphology is highly dependent on the film processing
methods, but the film formation mechanism for solution methods is still unclear.

Charge modulation spectroscopy (CMS) could provide a novel perspective to reveal the carrier transportation mechanism in
different organic dielectric interface morphology. CMS is an electro-optical spectroscopic method that directly measures the
charge-induced optical transmission variation by probing the accumulated charge at the interface. It shows an advantage over

the conventional characterization methods in probing charge carriers' accumulation and transportation behavior in OFETs.
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Abstract

Nowadays, due to the recent pandemic outbreak, associated diseases such as venous thromboembolism (VTE), are usually
asymptomatic and difficult to detect, have caused many deaths worldwide. With home recovery become common setting for
such virus infections, patients may face risk of missing the critical therapeutic window for associated diseases. Thus, the
development of simple devices to reliably and rapidly perform diagnostic testing outside the laboratory has become vital for
close monitoring of disease which is helpful for early intervention and lower mortality. In this regard, lateral flow immunoassay
(LFIA) tests are one of the most promising assays for such point-of-care (POC) testing, allowing on-site monitoring of the
disease biomarkers of patients in real-time, with the advantages of affordability, rapidness, and easiness to use. Here, by using
fluorogens with aggregation-induced emission (AIE) characteristics, a highly adaptive yet sensitive fluorescent LFIA (FLFIA)
detection platform has been established, which can be used to detect VTE and other diseases. In this project, FLFIA strips
aiming for early detection of the COVID-19 that was based on the nucleic acid based LFIA. Poly(styrene-alt-maleic anhydride)
(PSMA) with better antibody interaction is selected to encapsulate the dye, and it is observed that the antibody to dye ratio at

1:10 showed the best performance with 2 ng/mL detection sensitivity of SARS-CoV-2.
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Abstract

As the third-generation emerging photovoltaics, perovskite solar cell (PSC) has achieved considerable progress with certificated
power conversion efficiency surpassing 25%, holding high potential for alternating the silicon-based solar cells. However, there
are still many challenges existing for research and industry as exhibiting limited stability, moderate efficiencies, and higher cost.
As the vertical p-i-n or n-i-p configuration of the device, interfacial loss of PSC origins from surface defect, morphology
nonuniformity, unmatched energy level leading to reduced open circuit voltage (Voc) and fill factor (FF), thus insufficient
performance and power conversion efficiency.

Interface modification through organic materials is promising for economical fabrication, solution processability, and enhanced
charge transport of perovskite solar cell. Classic organic halide ammonium molecules with aliphatic or aromatic alkyl-spacer
have achieved extensive success in 2D surface passivation, this field still lacks passivators with efficient multi-function for
improving the PSC performance. Here, we designed a small molecule organic semiconductor embedded with aliphatic
alkylammonium for interfacial engineering. Based on the interfacial modification between the perovskite surface and hole

transport layer, the designed molecule has realized defect passivation and enhanced charge extraction for PSC.
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Abstract

Reactive oxygen species (ROS), as the natural byproduct of the normal metabolism of oxygen, play important roles in biological
and chemical processes in the living organism. However, the excessive production of ROS would cause oxidative stress in the
living systems, leading to many diseases, and it is significant to develop sensitive and selective platforms for detecting ROS in
biological systems. In this regard, chemiluminescent (CL) materials are popularly considered as a novel tool for detection and
imaging applications with the advantages of long luminescence lifetime, high penetration depth, and minimal interference from
background autofluorescence as compared with fluorescence imaging. Yet, choices of chemiluminescence probes for ROS

detections currently remain very limited.

Here, we aim to develop efficient near-infrared (NIR) emissive chemiluminescent probes for different ROS. In the first work, we
developed a CL probe based on 1,2-dioxetane with the aggregation-induced emission (AIE) property through the intramolecular
energy transfer process. It was found that the through-bond energy transfer system (CL-m-CN) obtained a better CL NIR
emission than the through-space energy transfer system (CL+CN). CL-m-CN has demonstrated high selectivity towards singlet
oxygen, proving its promising ability to detect and image intracellular singlet oxygen. Next, we design two luminophores,
CL-0-BT and CL-0-CN, with the substituents at the ortho position of phenol to enhance NIR CL intensity. It was found that the CL
intensity has been improved remarkably with simple phenol substitution. With its AIE property, CL-0-CN can yield brighter NIR
CL which could last continuously last over 3000 min and can be utilized for intracellular imaging of singlet oxygen. Stable and

highly efficient NIR CL probes for ROS-involved disease imaging will be developed for future works.
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Abstract

As we all know, organic radicals, different from traditional closed-shell fluorescent molecules, can overcome spin statistics loss
of charge recombination based on the spin-allowed doublet-doublet transition. Thus far, the reported stable luminescent
organic radicals mainly have limited in TTM, PTM and BTM radicals, thus confining in orange-red, red and near-infrared OLEDs.
It is difficult to enlarge the emission wavelength because of the natural narrow bandgap of these stable organic radicals.
Therefore, this project focuses on exploring new series of stable luminescent radicals to provide a new platform to design
organic radicals with expanded emissive wavelength.

Herein, we introduce xanthene, thioxanthene and selenoxanthene to trichlorobenzene, forming 9-(2,4,6-trichlorophenyl)
-xanthene (TCP-0), 9-(2,4,6-trichlorophenyl)-9-thioxanthene (TCP-S) and 9-(2,4,6-trichlorophenyl) -selenoxanthene (TCP-Se).
These molecules have electron acceptor-trichlorobenzene group which shields the reactive radical site, and electron donor-
xanthene, thioxanthene and selenoxanthene which can enhance the delocalization of radical system, thus improving the
stability of radicals. We find that this series of radicals produce green to orange emissions (527-607 nm) when change
chalcogen atoms from oxygen to selenium, realizing a wide range of emission wavelength.

Furthermore, another advantage of organic radicals is that their optical functions can be finely regulated through chemical
design. The project also introduces strong electron donor-benzomethoxy groups to the para-positions of xanthene,
thioxanthene and selenoxanthene, forming an extended m-conjugated skeleton, to modulate energy gaps between the ground

state and the excited states.
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Abstract

Room temperature phosphorescent (RTP) compounds which can response to the external stimuli have attracted much
attention because they can make full use of excited state energy and have long luminescence lifetime. Most of these external
stimuli will lead to some dynamic processes, such as changes in the molecular structure, conformation and distance between
molecules, which result in the change of corresponding photo-physical properties. Moreover, compared to host-guest doping
system, single-component RTP materials are easier to study the internal mechanism, and have more potential in practical
applications. Among these RTP materials, phenothiazine derivatives have attracted much attention due to their unique
optoelectronic properties, which mainly include two aspects: 1. Among them, N and S heteroatoms are prone to n-mt*
transitions due to the existence of lone pairs of electrons, thereby achieving singlet to triplet state 2. Its non-planar
butterfly-like configuration can effectively inhibit the -t accumulation between molecules and reduce the energy lost by the
non-radiative transition. Here, a series of phenothiazine derivatives are designed, which aims to realize the stimulus-responsive

photo-physical properties in the single-component system.
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Abstract

Narrow bandgap organic materials are highly desirable in the fields of photovoltaics, photodetectors and field effect transistors,
since this kind of material exhibits an excellent light absorption performance. Ladder molecules are unique to construct organic
semiconductor materials because their main chain is composed of fused rings. The limitation of bond rotation greatly prevents
the rotation of conjugate skeleton, bringing interesting properties and potential applicability as functional organic materials.
For example, Indacenodithiophene (IDT) has been widely used as the central core to design high-performance
acceptor-donor-acceptor (A-D-A)-type non-fullerene acceptors (NFAs). The energy level, band gap, molecular stacking distance,
and charge transport of the target material can be directly affected by the number of fused rings, heteroatoms, spatial

configuration and side chain steric hindrance.

At present, materials with the absorption in the NIR-II, especially the absorption wavelength greater than 1000nm are scarce.
Considering the synthesis of electron-rich ladder-type aromatics is a powerful strategy to construct low bandgap materials, we
are trying to provide effective methods for the design and synthesis of novel and high-performance electron-rich ladder-type

aromatics.
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Abstract

Quinoidal compounds (QCs) are a class of conjugated molecules characterized by low reorganization energies, low bandgaps
(Eg) and deep-positioned lowest unoccupied molecular orbital (LUMO) energy levels and have found potential applications in
various optoelectronics. The common route to a QC involves the introduction of terminal units (generally electron-deficient
unit is used to stabilize the final quinoidal molecule) at the ends of aromatic core to form a precursor carrying two tertiary
carbons via 1-2 steps followed by oxidation. A convergent (outside-to-center) route was adopted to synthesize the precursors
of quinoidal compounds in high yields of 85-93%. With subsequent rearrangement/dehydroxylization and oxidation, a series of
thiophene-based quinoids with indandione or oxindole terminal groups were successfully synthesized. This strategy shows high
compatibility with versatile central and terminal units, leading to quinoidal compounds with tunable photophysical,

electrochemical and charge transport properties.
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Abstract

Over the past decade, organic semiconductor, especially the near-infrared materials, has made a breakthrough in the fields of
optoelectronics, communications, sensing, medical treatment, and imaging. Isoindigo has become a widely used
electron-deficient subunit in the donor-acceptor type semiconductor. After a fully manipulation of the original isoindigo unit in
semiconductors, researchers turned to do some modifications on the isoindigo unit to further enhance its features like core
expanded, halogenated, heterocycle-substituted and peripherally expanded. In this research, we choose the core expanded
strategy which means additional conjugated units are inserted into the exocyclic double bond at the core of the isoindigo

molecule.

The core expanded structure was first reported by Kelly’s group. Although it can be applied into the photovoltaic devices
alongside some common donors and acceptors, due to its alky chain number, the performance was not so good. We intend to
replace the N atom into O and S atom. There is one question needs to be discussed that the choice of the alkyl chain will
strongly influence the application, because the substitution number decreased, the solubility will be affected. We change the
original alkyl chain from C4C6 to C10C12 to further increase its solubility and by adding the cyanide group at the end of both
isoindigo derivatives core to identify the influence of the heteroatom. By inducing some heteroatom to lower the LUMO level
of the bisisoindigo unit to better improve its performance as an electron acceptor, we think it will red-shifted more when

applied into the DA type materials.
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Abstract
Recently, the energy crisis becomes a global issue. We are urgently seeking advanced energy

conversion technology and eco-friend energy sources. Solar-to-chemical energy conversion is a promising channel for energy
conversion and storage, and photocatalytic hydrogen evolution is the main process. However, this process is facing some
drawback: (1) low quantum efficiency; (2) scavenger reagent is needed; (3) self-decomposition of catalysts by
photodegradation.

Herein, we choose hydrogen peroxide photogeneration as the energy conversion process. The liquid product can avoid
explosion of gas, and the only reagent for the reaction is water. We construct a photocatalytic system using thiophene-basd

polymer as the photocatalyst. The suitable energy band level to the high efficiency of the catalyst.
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Ethanolammonium copper chloride (EOA2CuCl4) and BPA2CuCl4-xBrx (where BPA is 3-bromopropylammonium) perovskite
single crystals were synthesized via solvent evaporation of ethanol and methanol respectively. EOA2CuCl4 shows potential
ferroelectricity, while BPA2CuCl4-xBrx exhibits ferromagnetism at low temperature. In EOA2CuCl4, the hydroxyl group of
organic cation provides hydrogen bonding between organic layer of RP copper halide perovskites and leads to the spontaneous
polarization in EOA2CuCl4. A phase transition of EOA2CuCl4 from l4/mmm to Cc was verified by Differential Scanning
Calorimetry (DSC) and single Crystal X-ray Diffraction (SXRD), which corresponds to paraelectric-to-ferroelectric phase
transition with AIZU notation of 4/mmmFm. Besides, domain patterns of EOA2CuCl4 were visualized by Piezoresponse Force
Microscopy (PFM). As for BPA2CuCl4-xBrx, its soft magnet nature was verified by magnetization hysteresis measurement.
John-Teller (JT) distortion and superexchange accounts for the ferromagnetism in copper halide perovskites. Furthermore,
bromide doping was found to effectively reduce the bandgap of perovskites and it also influences the superexchange between
Cu2+ and improves the Curie temperature. Two-dimensional (2D) ferroelectric EOA2CuCl4 is promising for nonvolatile
memory unit to be integrated in microelectronics, while semiconducting BPA2CuCl4-xBrx ferromagnetic perovskites can be

applied in spintronics.
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Abstract

Oily water, a very common pollution all around the world, has become one of the most serious global issues. There are many
oily water resources, including petroleum refineries, mining exploration, food processing, metal/steel industries, and cosmetics
industries. Taking petroleum refineries as an example, oil leakages happen frequently during the oil exploring process. That
could result in serious wastage of the limited oil resources as well as serious environmental contamination issues. Therefore, it
is very vital to take effective measures to improve the separation efficiency and flux of oil-water mixtures.

Up to now, many kinds of materials have been used to make oil-water separation membranes, such as Graphene, SiO2, MOFs,
COFs, and so on. As a distinct type of porous crystalline polymer connected by reversible covalent bonds, COFs recently get
keen attention from scientists. The highly ordered, porous, and designable frameworks enable COFs to be used for all kinds of
applications, including energy storage, gas separation, catalysis, sensing, etc. Herein, we aim to prepare a hydrophobic
electrospun COF membrane for oil/water separation. The COF particles were mixed with PVDF/DMF solutions in a certain

proportion, and then hydrophobic composite membrane ware made by electrospinning.
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Abstract Text

Aromaticity is a key concept to understand the electronic properties of m-conjugated molecules

for the development of application of m-conjugated organic materials in optoelectronics and energy systems. Hiickel, Mobius
and Baird’s rules have been proposed to realize the aromaticity. Strictly, these rules are mainly applied for monocyclic systems
and many porphyrinoids systems, while reports on polycyclic aromatic hydrocarbons (PAHs) subjected to these rules are limited.
The aromaticity in polycyclic m-conjugated systems is more complicated, where competition between local aromaticity and
global aromaticity is considered. For example, kekulene was found that its m-electrons were localized in individual
benzene-type rings rather than delocalized within entire skeleton. Therefore, researches on polycyclic m-conjugated systems,
especially m-conjugated macrocycles, are of importance to further understand the aromaticity. Herein, all-benzenoid
n-conjugated perylene-based and naphthalene-based macrocycles were designed, with different current directions within the

inner ring and outer ring in the anisotropy of the induced current density (AICD) plot.
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Abstract Text

The aromaticity reversal in the lowest triplet excited state (so-called Baird’s rule) is conceived

much attention due to supplies important insight into photo-reactivity/stability and the application to the photoactive
materials and photosynthetic mechanism but this kind of molecule synthesis is very challenging. Herein, the synthesis of
thienopyrazine-based macrocycle is designed and described. In the macrocycle structure, the pyrazinyl group which contains
the electronegative nitrogen atom, tends to form an aromatic structure like a benzene ring and displays macrocyclic r-electron
delocalized quinones structure containing 48 m electrons. The calculated diradical characters is 19.2%. In addition, the synthetic
routes of thienopyrazine-based oligomers are also designed, they are theoretically predicted that they would show an increase
of diradical character with the extension of chain length. The calculated diradical characters of different thienopyrazine-based
oligomer with different chain length are 1.8%, 6.2%, 10.8% respectively. The macrocycle and thienopyrazine-based oligomers

are expected to be synthesized in the following work.
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Abstract

Most organic semiconductors or solar cells have closed-shell electronic structures. However, there are research showed
open-shell character emanating from design paradigms such as narrowing the bandgap and controlling the quinoidal-aromatic
resonance of the m-system. One fundamental challenge is to understand the relation between open-shell electronic structure
and the physicochemical properties or optical functionality. This work mainly focuses on synthesis Donor-Acceptor conjugated
polymers and oligomer, based on naphthothiadiazole and other building blocks. Benzothiadiazole and naphthothiadiazole are
good electron acceptor with strong diradical character. Designed building blocks and synthesized for making oligomer and
polymer. For the acceptor units are usually electron deficient that lower the band gap combine with electron donating units,
enhance the charge mobility of polymer and oligomer. Theoretically, the D-A based polymer will exhibit better photo-physical
performance than other organic solar cells. This D-A polymer may have potential of organic semiconductors or solar cells.
Various characterization methods will be used, such as Nuclear magnetic resonance, electron spin resonance, single-crystal

X-ray, computer simulation.
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Abstract

The efficient conversion of CO2 to value-added products represents one of the most attractive solutions to mitigate climate
change and tackle the associated environmental issues. In particular, electrochemical CO2 reduction into to fuels and chemicals
via renewable energy as sustainable technologies has garnered tremendous interest over the last decades. Among all these
value products, formic acid is considered one of the most economically vital CO2 reduction products, revealing the great
potential for real-life applications. P-block metals (especially Bi, Sn, In, and Pb) have been extensively researched and
recognized as the most efficient catalytic materials for the electrochemical reduction of CO2 to formate. Despite the
remarkable progress, the future implementation of this technology at the industrial-scale hinges on the ability to solve
remaining roadblocks.

In this work, we designed and synthesized a bismuth-based superlattice as a model electrocatalyst to study the
structure-performance correlation. The superlattice consists of an active layer and a conductive layer, where the active layer
provides massive active sites, while the conductive layer can speed up electron transfer. The Faradaic efficiency of formate can

be tuned by adjusting the ratio of active layer to conductive layer.

Publication List

None

46



3™ NUS-TJU PhD Online Workshop

Low temperature STM investigation of

self-assembly and reaction of C8-BTBT

Wang Liwei, Hu Wenping, Li Ligiang, Lu Jiong
Email: e0708224@u.nus.edu

Joint School of National University of Singapore and Tianjin University, International \ k
Campus of Tianjin University, China

Department of Chemistry, National University of Singapore, Singapore

Abstract Text

The self-assembly, electronic properties and possible reactions of 2,7-dioctyl benzothieno[3,2b]benzothiophene (C8-BTBT) on
Au (111), Ag (111) and Cu (111) were investigated with scanning tunneling microscope (STM).

Organic semiconductors (OSCs) have been intensively studied as promising candidates for active layers of organic field effect
transistors (OFETs) with extraordinary properties, such as economically low-cost, mechanical flexibility, and light weight. The
carrier mobility of OSCs, one of the most important parameters for applications, is relatively low compared to that of traditional
inorganic semiconductors, such as silicon. To improve the charge mobility, researchers have investigated considerable methods.
C8-BTBT has been approved to have a remarkable high carrier mobility. Au, Ag and Cu are all important electrode materials in

OFETs. It is meaningful to investigate the interactions, assembly mode, and electronic properties of C8-BTBT with these metals.
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Abstract Text

Electroluminescent devices based on organic materials have attracted extensive attention due to their many advantages, such
as low cost, easy fabrication, wider viewing angle, high resolution, better contrast ratio. The current electroluminescent devices
are mainly driven by direct current, while the alternating current as one of two mainstream power supply modes provided a
new strategy for electroluminescent devices and possess its unique advantages, such as a variety of device structures, more
driving methods, which provide a feasible solution for solving common problems in OLEDs, such as charge accumulation and
efficiency roll-off. In this work, we constructed asymmetric AC devices based on commonly used organic materials to realize
high-performance light-emitting devices. We first constructed an organic light-emitting device with commercial light-emitting
materials Alg3, demonstrated alternating current luminescence, and analyzed the factors that affect the performance of the

device to understand the mechanism behind its operation.
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Abstract

Ultralong room temperature phosphorescent (RTP) materials could continue to emit light for several seconds to hours after the
excitation light source is removed, which could effectively reduce the interference of background light and excitation light,
which can greatly improve the signal-to-noise ratio and the accuracy of bio-imaging. Two-photon absorption (TPA) molecule
can absorb two photons simultaneously during photoexcitation. Therefore, the excitation wavelength in such system could be
significantly redshifted to even the near-infrared (NIR) range, which contributes to higher spatial resolution, less phototoxicity
and deeper tissue penetration. In this project, we are trying to develop high-efficiency two-photon excited organic
phosphorescent materials that combine both the advantages of TPA and RTP. Such material may be able to achieve both
instantaneous excitation and sustained emission, which significantly reduce the damage of laser irradiation in bio-imaging. We
design several molecules in which phenothiazine 5,5-dioxide group acted as electron donor and dimethyl isophthalate
derivative acted as acceptor. Donors and accepters are linked by alkyl chain. The presence of the alkyl chain breaks the D-A
conjugation and restricts the intramolecular charge transfer. Therefore, during crystallization, donor—acceptor interactions
between molecules may be the main driving force and contribute to intermolecular charge transfer and TPA properties. Besides,

we also try to introduce difluoroboron B-diketonate group to improve the TPA and RTP properties.
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Abstract

Recently, pure organic room temperature phosphorescent (RTP) luminescent agent has attracted more and more attention due
to their wide application in various fields such as anti-counterfeiting, sensors, biological imaging, and OLED. For further
development of RTP materials, it is important to deeply understand its internal mechanism. Therefore, due to the great efforts
of scientists, a series of corresponding mechanisms have been proposed, such as H-aggregation, strong intermolecular
hydrogen bond, t-ttstacking, intermolecular n-1t electron coupling, etc.

Stimulus-response characteristic is a hot topic in the field of RTP luminescence, that is, external stimuli including water, oxygen,
and organic gases can induce, quench or change the emission behavior of RTP materials. The research of pure organic RTP
materials with stimulus-response characteristics has attracted more and more attention because of their broad application
prospects. In previous work, many stimulus-response RTP emission phenomena have been found. For example, light activation,
volatile organic compounds (VOC) activation, water vapor quenching, oxygen quenching, etc. Recently, we found an RTP
phenomenon completely opposite to water quenching, that is, the material without RTP emission can have RTP emission
through the stimulation of water. In addition, this emission can be completely quenched after heating. This reversible
stimulus-response process can be repeated more than 20 times. This phenomenon may help us better understand the emission

mechanism of RTP composites as well as be applied for programmable information storage and encryption.
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Abstract

The fundamental molecular design of organic semiconductor has attracted extensive attention recently due to the rapid
progress of organic electronics. Development of new n-conjugated building blocks plays an important role in the evolution of
novel organic/polymeric semiconducting materials. Various imide-based building blocks, such as perylene diimide (PDI) and
naphthalene diimide (NDI), have been incorporated into organic semiconductors, leading to the development of a novel class of
organic semiconductors with excellent device performance, due to their strong electron-withdrawing nature lowering LUMO
levels, facilitate electron injection, and stabilize injected electrons. In addition, since charge transport occurs in m-conjugated
system, coplanar backbone in n-type building blocks is beneficial to enhancing electron mobility. However, researches of n-type
building blocks have rarely focused on fused-ring ladder type structures. To further explore new n-type semiconducting
materials for higher electron mobility, we herein design novel electron deficient fused-imide building blocks and their
conjugated polymers and apply them in OFETs. In my recent study, a fused-imide building block, p-terphenylenediimide (PPI)

with five fused rings is synthesized.
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Abstract

Organic solar cells (OSCs) based on nonfullerene electron acceptors (NFAs) have achieved an impressive power conversion
efficiency (PCE) of 18% for single-junction devices over the past few years. However, the study on the long-term stability and
degradation mechanism of NFA-based OSCs is far behind than that of fullerene-based OSCs, which is crucial for the commercial
applications of the technology.

OSC devices are complicated multilayer structures where each component may cause degradation for different reasons. The
morphology and molecular structure of organic semiconductors can be easily altered under certain environmental stress
conditions such as oxygen and water, photon illumination, and thermal treatment. The interlayer is another crucial
consideration for the stability of NFA-based OSCs. PEDOT:PSS and ZnO are the most widely used interlayers but suffer from
high reactivity with active layers.

Our group has developed self-compensated heavily-doped polymers, which exhibit ultrahigh and ultralow work functions. With
these materials employed as HTL and ETL, ohmic hole and electron contacts can be achieved in OSCs. With this regard, we
explore the stability of NFA-based OSCs by replacing the PEDOT:PSS and ZnO with the self-compensated heavily-doped
polymers and further research the relationships of the chemical structure-physicochemical properties-morphological

metrics-device performance of OSCs when the devices are exposed under a wide range of conditions.
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Session Chair: Huang Qingqin
. Borrowing Hydrogen Reaction between Allylic
16:00-16:20 Liu Yufeng i Zhao Yu
Alcohol and Amine
Difluoromethylation of Unactivated Alkenes Using
16:20-16:40 Zhang Zhiqi Freon-22  through Tertiary = Amine-Borane Ma Jun'an & Wu Jie
Triggered Halogen Atom Transfer
. Cobalt-catalyzed Asymmetric hydrodefluorinative Ma Jun'an &
16:40-17:00 Zhai Yixuan o i
Cyclization of Fluoroalkyl-Substituted 1,6-Enynes Ge Shaozhong
) Nickel-catalyzed Enantioselective Diarylation of MaJun'an &
17:00-17:20 Luo Xiaohua
Alkenes Koh Ming Joo

54




3™ NUS-TJU PhD Online Workshop

Morning Session (Jan 8)

Presenter Title Supervisor
Session Chair: Zeng Hao
. Copper Catalyzed Atroposelective Synthesis of o
9:00-9:20 Sun Yuli Lu Yixin
Axially Chiral Styrenes
Asymmetric Oxo-Hydroarylation of Alkynes for
9:20-9:40 Zhou Xueting Efficient Synthesis of Diarylmethanes via Lu Yixin
Photo-Driven Chiral Phosphoric Acid Catalysis
. Phosphine-catalyzed ring-opening of azetidines o
9:40-10:00 Mi Fen Lu Yixin
via C-N bond activation
Photo-Induced Direct Alkylidenation of C-H Bonds .
10:00-10:20 Zeng Hao Ma Jun'an & Wu Jie
and C-C Bond
. Transition Metal  Catalyzed  Asymmetric Ma Jun'an &
10:20-10:40 Tian Yuchen i
Hydroboration of Internal Alkenes Ge Shaozhong
10:40-11:00: Break
Session Chair: Zeng Hao
Construction of P-Stereogenic Center
11:00-11:20 Liu Chi Ma Jun'an & Zhu Ye
through Long-Range Recognition
Chiral Acid-Catalyzed Atroposelective Indolization
11:20-11:40 Wang Luoyu Enables Access to 1,1’-Indole-Pyrroles and Zhao Yu
Bisindoles Bearing a Chiral N-N Axis
. Palladium-Catalyzed Cycloaddition Using
11:40-12:00 Ke Yaming Zhao Yu
8-Azahptafulvenes
Enantioselective Synthesis of 2,2-Disubstituted
12:00-12:20 Shi Lin Tetrahydrofurans and Tetrahydropyrans via Zhao Yu
Pd-catalyzed Intramolecular Allylic Substitution
Energy-Transfer-Enabled Regioconvergent
12:20-12:40 Zhu Kun Alkylation of Azlac-tones via Photocatalytic Lu Yixin
Radical-Radical Coupling

End of Center 2: Organic Chemistry Symposium
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Enantioselective Phosphine-catalyzed
v-Addition: Divergent Total Synthesis of

Aspidosperma Alkaloids

Wang Junjie, Lu Yixin*
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Department of Chemistry, National University of Singapore, Singapore

Abstract Text

Phosphine-catalyzed the asymmetric y-additions of carbazolones to allenoates to afford 3,3-disubstituted carbazolones have
been established. Different substituted carbazolones could be employed in this process, which is catalyzed by a chiral phosphine
derived from an amino acid, affording 3,3-disubstituted carbazolones in good vyield and excellent enantioselectivity. This
methodology will be applied in total synthesis of Aspidosperma alkaloid. The key synthetic features include a
reductive-amination cyclization and nucleophilic substitution cyclization to install its key carbocyclic skeleton. This strategy will

be applicable for assembling divergent Aspidosperma alkaloids possessing this key skeleton.

Publication List:
Chen, Y.; Wang, J.; Lu, Y. Decarboxylative 1,4-carbocyanation of 1,3-enynes to access tetra-substituted allenes via copper/

photoredox dual catalysis. Chem. Sci. 2021, 12, 11316.
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Asymmetric Synthesis of Indole-based Axial N-N

Chiral Compounds through Allylic Alkylation
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Abstract Text

Axial chiral compounds are a kind of privileged scaffold widespread exiting in natural products and biologically active molecules
including vancomycin, streptonigrin and michellamines. However, lots of prepared axially chiral compounds are restricted to
those having a carbon-carbon (C-C) or carbon-nitrogen (C-N) axis. On the contrary, the catalytic atroposelective synthesis of N-N
axially chiral compounds are underdeveloped even though the N-N axial chiral scaffolds also constitute the core structures of
natural products, bioactive molecules and chiral catalysts. Therefore, our group developed the synthesis of a new class of N-N
axially chiral indole scaffolds through asymmetric allylic alkylation. A new member of N-N atropisomers with potential

applications are developed with excellent enantioselectivity.

Publication List:

None
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Energy-Transfer-Enabled Regioconvergent
Alkylation of Azlac-tones via Photocatalytic

Radical-Radical Coupling

Zhu Kun, Lu Yixin*
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Abstract Text

C-4-selective functionalization of azlactones represents an important approach to access a,a disubstituted unnatural o amino
acids, which has been extensively investigated in the past decades. However, vast majority of such transformations are
two-electron transfer reactions, and examples based on radical processes are rare. Herein, leveraging on persistent radical effect
(PRE), we develop the first photocatalytic energy transfer (EnT)-enabled regioconvergent alkylation of azlactones with
redox-active esters via radical-radical couplings. This strategy is extended to the utilization of simple alkanes as the radical
precursors whereby the aryl redox-active esters exert a dual role of an oxidant and a hydrogen atom transfer (HAT) agent.
Notably, the excited-state Ir(lll) photocatalyst enables selective activation of the un-wanted imine products through triplet
energy transfer, delivering C-4-functionalized azlactones with high regioselectivity. Both experimental investigations and DFT
calculations on the reaction mechanism were performed, supporting EnT-enabled regioconvergent photocatalytic radical-radical

coupling reaction pathways.

Publication List:

Chen, Y; Zhu, K.; Huang, Q.; Lu, Y. Chem. Sci., 2021, 12, 13564-13571.
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Desymmetrisation of 5-substituted-1,3-diones

Lin Zhi-Keng, Yang Binmiao*, Zhao Yu*
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Abstract Text
Desymmetrisation of readily available meso 1,3-diones has been applied to access a variety of chiral ketones, which represents
important intermediates in the synthesis of drugs and natural products. During the past decades, intramolecular
enantioselective aldol condensation represents the most established strategy for desymmetrisation of 1,3-diones with
pre-installed functionalised side chain. Only in recent years, relatively simple transformations, including enantioselective
monoreduction and intermolecular condensation with amines or hydrazines, have been introduced. In this work, we aimed to
achieve the desymmetrisation of 1,3-diones by imine condensation in order to access chiral ketones bearing a 8-stereogenic
centre with commercially available substrates and catalysts. With amines bearing different functional groups, further

derivatisation could be conducted to broaden the synthetic diversity of this transformation.

Publication List:

None
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Enantioconvergent Amination of Alcohols via
Dynamic Kinetic Resolution: Access to Chiral C2-

and C3-Substituted Benzomorpholines

Gao Yaru, Zhao Yu*
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Abstract Text

Enantioconvergent transformations via dynamic kinetic resolution (DKR) represent a significant strategy in stereoselective synthesis,
offering the powerful capability of converting readily accessible, racemic starting materials to value-added enantioenriched
products. One particularly intriguing yet challenging class of DKR reactions entail the establishment of a single pre-existing
stereocenter in the substrate. Very few examples of this type are known in the literature, all focusing on asymmetric (transfer)
hydrogenation or reductive amination to produce simple acyclic alcohols or amines bearing B-stereogenic center. If this type of DKR
can be applied to N-heterocycle synthesis, it will be highly desired for preparing valuable enantioenriched heterocycles with
substitution patterns. Our group has a continue interest on the exploration of enantioconvergent borrowing hydrogen for
N-heterocycle synthesis, we were attracted to benzomorpholines that are widely present in bioactive compounds and drugs.
Despite extensive efforts in method development, achieving high enantiocontrol in the preparation of benzomorpholines, and

especially the C2-substituted variants with stereocenter away from the amine moiety, still represents a significant challenge.

Herein, we report an unprecedented DKR strategy for the enantioconvergent synthesis of C2-substituted benzomorpholines
from readily available amino alcohols via redox-neutral amination. The identification of effective cooperative catalysis using
iridium and iron was key for achieving this enantioselective transformation. Intriguingly, the nitro precursor to the
amino-primary alcohol substrate could also be converted to the alternative amino-secondary alcohols through a Smiles
rearrangement. The enantioconvergent amination of this alternative class of substrates was also established using commercially
available iridium catalyst to produce chiral C3-substituted benzomorpholines. Our method thus results in a divergent

enantioconvergent preparation of both C2- and C3-subsituted benzomorpholines from common precursors.

Publication List:

Gao, Y.; Wang, L.-Y.; Zhang, T.; Yang, B.-M.;* Zhao, Y.* Angew. Chem. Int. Ed. 2022, €202200371.
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Access to chiral eight-membered heterocycles
via Pd-catalyzed enantioselective (4 + 4)

cycloaddition of azadienes

Pan Jiaoting, Zhao Yu*

Email: e0444239@u.nus.edu

Joint School of National University of Singapore and Tianjin University, International

Campus of Tianjin University, China
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Abstract Text

Medium-sized rings (8 to 11-membered rings) are important scaffolds in natural products and bioactive molecules. However,
there has been a lack of general, efficient stereoselective access to these structures due to the negative entropy effect and
transannular interactions. Our group has focused on the development of enantioselective formal cycloaddition reactions to
achieve efficient syntheses of versatile medium-sized rings. In particular, we reported a series of Pd-catalyzed (4 + n)
cycloaddition of azadienes to deliver enantioenriched 9 to 10-membered N-heterocycles. Herein, we report a Pd-catalyzed
highly enantioselective (4+4) cycloaddition of azadienes and simple 1,3-dienes for eight-membered heterocycle synthesis,

through a novel Pd (0)-activation of simple dienes as a m-Lewis base.

NTs
= [Pd]

= 0 R1 R3

¢Simple 1,3-dienes as substrates
¢Pd as a n-Lewis base catalyst
¢29 examples, up to 95% ee

Publication List:
1.Yang, G.; Pan, J.; Ke, Y.-M.; Liu, Y.;* Zhao, Y.* Angew. Chem. Int. Ed. 2021, 60, 20689.
2. Jiang, Y.; Pan, J.; Yang, T,; Lim, J. J. H.; Zhao, Y.*; Koh, M. J.* Chem 2021, 7, 993.
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Enantioselective Synthesis of a-Quaternary
Amino Acid by Michael Addition and
Consequent Radical Cross-Coupling with

Sulfones
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Abstract Text

Quaternary centers are important building blocks in biological and physiological area. Among them, construction of
o-Quaternary amino acids is much attractive owing to their ability to induce helical peptide configuration and stabilize
proteases. However, the synthesis of such structures still remains challenges as it usually requires harsh conditions and tedious
steps. Considering radical cross-coupling is a useful strategy to construct new C-C bonds, introducing redox active block into
designed structure might provide a convenient pathway to desired product. Herein, | will mainly introduce a novel reaction
mode to access useful a-quaternary amino acid structure by combination of sulfone addition chemistry with radical coupling

reactions.

Publication List:

None
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Six-membered silacycles synthesis from
photo-induceded multifluorinated arenes

C(sp2)-F activation

Yuan Ye, Ma Jun-An*, Wu Jie*
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Abstract Text

C—F functionalizations that provide C—C bonds are challenging synthetic transformations, due in part to the large C—F bond
strength, short bond length, nonpolarizable nature, the production of fluoride, and the regioselectivity-in the case of
multifluorinated substrates. However, commercially available highly fluorinated arenes possess great synthetic potential
because they already possess the C—F bonds in the desired locations that would be difficult to selectively fluorinate. Silicon is
the second most abundant element in the earth crust. Compared with carbon, the silicon atom has a ’s larger covalent radius,
less electronegativity, and extra orbitals. These distinct properties make organosilicon compounds widely applicable in organic
synthesis, pharmaceuticals, agrochemistry, and material sciences. Inspired by the mode of activation of the Si—C bonds in
silicon-based cross-coupling reaction. Here we prose a project involving the two stepwise hydrogen atom transfer of silane, and
the silane radical added to the C(spz)—F bond. If successful, the reaction is expected to provide facile access to sila-multifluoro

benzo silacycles from readily available substrates.

Publication List:

None
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Copper-Catalyzed Enantioselective
Hydroboration of Difluoromethylated Internal

Alkenes

Zhao Taogian, Ma Jun-An*, Ge Shaozhong*
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Abstract Text

Catalytic asymmetric hydroboration of fluoroalkylated alkenes is a straightforward approach to access chiral small molecules
possessing both fluorine and boron atoms. However, enantioselective hydroboration of fluorinated alkenes without fluorine
elimination has been a long-standing challenge in this field. Herein, we report a copper-catalyzed hydroboration of
difluoromethylated internal alkenes with high levels of regio- and enantioselectivities. The judicious choice of native carbonyl
directing group, copper hydride system, and suitable bisphosphine ligand play in concert together to suppress the unwanted
B-fluoride elimination. This atom-economic protocol provides a practical synthetic platform to obtain a wide scope of
enantioenriched secondary boronates bearing the difluoro-carbonyl moieties under mild conditions. Synthetic applications
including functionalization of biorelevant molecules, versatile functional group interconversions, and preparation of
difluoroalkylated Naproxen and difluorinated Terfenadine are also demonstrated, which suggested this method is a powerful
strategy to introduce fluorine atom into chiral drugs. We anticipate this unprecedented strategy will find broad applications in

both synthetic chemistry and drug development.

Publication List:

None
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Nickel-Hydride-Catalyzed Diastereo- and
Enantioselective Hydroalkylation of

Cyclopropenes
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Abstract Text

Cyclopropanes are structural motifs that are widely present in natural products and bioactive molecules, and they are also
tremendously useful building blocks in synthetic organic chemistry. Asymmetric synthesis of cyclopropane derivatives has been
an intensively researched area over the years, but efficient asymmetric preparation of alkylcyclopropane scaffolds remains a
challenging topic. Herein, we report a nickel-hydride-catalyzed enantioselective and diastereoselective hydroalkylation of
cyclopropenes for facile synthesis of chiral alkylcyclopropane motifs. The reported method is efficient and versatile, taking place

under mild reaction conditions, and having broad applicability and excellent functional group tolerance.

Publication List:

Q. Huang, Y. Chen, X. Zhou, L. Dai, Y. Lu. Angew. Chem. Int. Ed. 2022, 61, €202210560
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Light-Induced Phosphine-Catalyzed
Asymmetric Functionaliza-tion of Benzylic C—-H

Bonds
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Abstract Text

Despite rapid development in the past two decades, there are however some unsolved synthetic challenges in the field of
phosphine catalysis. In this report, through photo-induced activation of ortho-alkyl aromatic ketones, we achieved highly
enantioselective functionalization of substrates bearing a benzylic C—H bond for the first time. In the presence of amino
acid-derived bifunctional phosphine catalysts, a range of benzylic allylation products were obtained in good yields and with
excellent enantioselectivities. The strategy disclosed herein offers new insight into the activation and functionalization of

pronucleophiles containing less acidic C—H bonds in the domain of phosphine catalysis and beyond.

Publication List:
Guo J., Shen Z.-A., Zhou X., Dai L.* and Lu Y*. Light-induced phosphine-catalyzed asymmetric functionalization of benzylic C-H
bonds. Sci. China Chem., 2023, 66, doi: 10.1007/s11426-022-1406-y.
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Asymmetric Hydrophosphinylation of
Maleimides: Facile Access to N-N Axially Chiral

Compounds

Sun Yuli, Lu Yixin*
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Abstract Text

Axially chiral molecules widely exist in biologically active compounds, natural products, and pharmaceuticals. They also severed
as privileged scaffolds in organocatalysts and chiral ligands. In the past few decades, the construction of C-C and C-N axially
chiral compounds have been well-studied. However, there are rare examples and methods to synthesize N-N axially chiral
compounds due to the low rotational barrier energy. Our group has intensively interests in construction of axial chirality with
the low rotational barrier energy. Herein, we disclosed a new method to access the N-N axially chiral molecules via
organocatalyzed hydrophosphinylation of maleimides. The features of our reaction: 1) containing axially and central chiralities, 2)

remote control of the N-N bond axial chirality, 3) construction of chiral C-P bonds, 4) challenging control of diastereoselectivity.

Publication List:

None
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Divergent Access to Medium-sized Heterocycles
Containing Z/E-Controllable Trisubstituted

Alkenes through Pd-catalyzed cycloaddition
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Abstract Text

Medium-sized rings and macrocycles commonly exist in natural products and bioactive molecules. The synthesis of these
medium-sized rings and macrocycles, however, still remains a great challenge for catalytic method development. Out of the
different synthetic strategies developed for medium-sized ring and macrocycles formation, intramolecular cyclization or ring
expansion is most explored. As an alternative and synthetically flexible approach, intermolecular dipolar cycloaddition provides
a significant advantage of directly coupling two building blocks (serving as dipoles and dipolarophiles) to produce medium-sized
rings and macrocycles. However, success along these lines remains limited, with cycloaddition of only a few classes of
1,4-dipolarophiles reported in the literature. Here we develop a class of novel, adjustable 1, n(,-¢.q)-dipoles, and use them in
Pd-catalyzed [4+n(,-69)] cycloaddition to deliver a series of ten to thirteen membered heterocycles containing Z/E-controllable

trisubstituted alkenes.

Publication List:

None
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Iridium-Catalyzed Enantioconvergent Borrowing
Hydrogen

Annulation of Racemic 1,4-Diols with Amines
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Abstract Text

We present an enantioconvergent access to chiral N-heterocycles directly from simple racemic diols and primary amines,
through a highly economical borrowing hydrogen annulation. The introduction of a new iridacycle catalyst was the key for
achieving high efficiency and enantioselectivity in the one-step construction of two C-N bonds. This catalytic method enabled a
rapid access to a wide range of diversely substituted enantioenriched pyrrolidines including key precursors to valuable drugs

such as Aticaprant and MSC 2530818.
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Abstract Text

Chiral amines are widely found in natural products and drugs, traditional synthetic methods for chiral amines usually produce
equivalent pollutants. Although asymmetric hydrogenation method has higher atomic economy and less pollution,
high-pressure hydrogen is flammable and potentially explosive. In comparison, borrowing hydrogen reaction has many
advantages, such as high atomic economy, no pollution with only water as side products and no need to use dangerous
hydrogen.

There have been many reports on the borrowing hydrogen reaction between alcohols and amines. However, borrowing
hydrogen reactions using allylic alcohols and amines are rarely reported. Allylic alcohol usually makes borrowing reaction more
complicated, because allylic alcohol will transfer to a, B-unsaturated ketone through dehydrogenation process, and there will be
a problem of chemo-selectivity in next step, nucleophilic attack. We tried different combinations of allylic alcohol and amine,
and obtained heterocyclic compounds with medium to good vyields. we also obtained high diastereoselectivity and

enantioselectivity. Next, we may try to synthesize various types of heterocyclic structures.

Publication List:

None
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Abstract Text

The application of abundant and inexpensive fluorine feedstock sources to synthesize fluorinated compounds is an appealing
yet underexplored strategy. Here, we report a photocatalytic radical hydrodifluoromethylation of unactivated alkenes with an
inexpensive industrial chemical, chlorodifluoromethane (CICF,H, Freon-22). This protocol is realized by merging tertiary
amine-ligated boryl radical-induced halogen atom transfer (XAT) with organophotoredox catalysis under blue-light irradiation. A
broad scope of readily accessible alkenes featuring a variety of functional groups, drug and natural product moieties, could be
selectively difluoromethylated with good efficiency in a metal-free manner. Combined experimental and computational studies
suggest that the key XAT process of CICF,H is both thermodynamically and kinetically favored over the hydrogen atom transfer
(HAT) pathway owing to the formation of a strong boron-chlorine (B—Cl) bond and the low-lying antibonding orbital of the

carbon-chlorine (C—Cl) bond.

Publication List:
Zhi-Qi Zhang,# Yue-Qian Sang,# Cheng-Qiang Wang, Peng Dai, Xiao-Song Xue, Jared L. Piper,
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Abstract Text

The introduction of fluorinated moieties into organo-compounds represents one of the most significant subjects in organic
synthesis as the methodology tremendously changes the physiochemical and pharmacological properties. The unique electronic
nature and biological affinity have allowed organofluorides to plays an active role in pharmaceutical and agricultural industries.
Among them, the gem-difluoro vinyl species have drawn enormous attention in account of their electronic resemblance with
the corresponding carbonyl isomers. The ability to maintain electronic property yet profoundly improve the bioactivity and
target specificity of the carbonyl parental molecules has been proven a powerful tool in drug discovery. Here, we present a
cobalt catalyzed asymmetric hydrodefluorinative cyclization of fluoroalkyl-substituted 1,6-enynes to access chiral
five-membered lactones with gem-difluoro vinyl functional motif. So far, the reaction can tolerate a wide range of mono- or
di-substituted 1,6-enyne with decent enantioselectivity (80%-92% ee) and good yield. Mechanism study indicated a Co-F
elimination process which constitute the desired product. The transformation and in-depth mechanism interpretation is under

progress.

Publication List:

None

72



3™ NUS-TJU PhD Online Workshop

Nickel-catalyzed Enantioselective Diarylation of

Alkenes

Luo Xiaohua, Ma Jun-An*, Koh Ming Joo*

Email: xiaohual@u.nus.edu

Joint School of National University of Singapore and Tianjin University, International

Campus of Tianjin University, China

Department of Chemistry, National University of Singapore, Singapore il | \ Y

‘ Hll'”’l 111
\H il ml‘ Hm w

Abstract Text

Dicarbofunctionalization of alkenes is one of the most important classes of chemical transformations. In this field,
metal-catalyzed enantioselective diarylation of alkenes can rapidly construct tertiary carbon centers and vicinal disubstitution
patterns, so that these reactions are often used to synthesize complex drug molecules and natural products. To date, a number
of works have been done for the asymmetric diarylation of alkenes, but there are still have some limitations of previous works.
Most developed methods employed either styrenes, N-acyl enamines or aryl-1,3-dienes as substrates and scope is relatively
limited. Furthermore, reported methods are only capable of constructing enantioenriched tertiary stereocenters. Analogous
reactions that lead to crowded tetrasubstituted carbon centers are unknown.

To solve these problem, herein, we report that a sterically encumbered chiral N-heterocyclic carbene-Ni(0) catalyst, in
conjunction with an organotriflate as electrophile and Grignard/ Zinc reagent as nucleophile , promote 1,2- diarylation of
diverse alkenes and 1,3-dienes. By using this method, products bearing aryl- and alkenylsubstituted tertiary and quaternary

centers could be isolated in up to 95% vyield, >99:1 regioisomeric ratios and up to 96% e.e.

Publication List:
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Abstract

Axial chirality represents a large family of chiral platforms that are widely found in numerous chiral ligands or catalysts, synthetic
building blocks, and pharmaceuticals. As an important precursor for construction of centrally chiral molecules and axially chiral
biaryls, atropisomeric aryl-dihydronaphthyl skeletons have been well established. In contrast, catalytic asymmetric synthesis of
axially chiral styrene with non-cyclic alkene remains underdeveloped and challenging because of the low rotational barrier and
more flexible framework. The ready availability of substrates renders alkyne hydrofunctionalization an attractive strategy to
address such synthetic challenges. Herein, we try to develop an atroposelective hydrophosphonylation reaction of internal

alkynes to access phosphine-containing axially chiral styrenes.
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Abstract

Alkynes represent a family of pivotal and sustainable feedstocks for various industries such as pharmaceuticals, agrochemicals
and materials, and they are widely used as important starting materials for the production of a broad range of chemical entities.
Nevertheless, efficient structural elaborations of alkynes in chemical synthesis, especially asymmetric functionalization of
alkynes, remain largely unexplored. It is thus imperative to develop new asymmetric synthetic approaches, making use of these
richly available chemical feedstocks, and enabling their conversion to value-added chiral molecules. Herein, we disclose our
findings on highly enantioselective oxo-hydroarylation of alkynes, by merging photocatalysis and chiral phosphoric acid catalysis.
Our reported synthetic protocol is applicable to all types of alkyne substrates, affording optically enriched diarylmethanes,

important structural scaffolds in medicinal chemistry and biological sciences.
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Abstract

Four-membered N-heterocycle azetidines are valuable building blocks in organic synthesis and are omnipresent in various
natural products such as Azelnidipine and Cobimetinib. As such, synthetic methodologies to access and functionalize these
useful scaffolds are highly desired and sought after by medicinal chemists. Despite the inherent ring strain (~ 25.4 kcal mol'l)
present in these heterocycles, the reactivity of azetidines feature a combination of unique stability and reactivity that makes
modification of this moiety a challenging task. To date, common ring-opening strategies mainly rely on activating the nitrogen
atom of the azetidine moiety via the use of Brgnsted acids or Lewis acids. Herein, we envisioned the use of a phosphine catalyst
to open azetidines via a temporarily C-N bond cleavage to form a zwitterion intermediate. Subsequently, the anionic nitrogen of
this zwitterion species can then be trapped with external electrophiles to enable larger ring formation via intermolecular

reactions (i.e., Michael addition).
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Abstract

Alkenes are a very important class of organic molecules which widely exist in natural products, bioactive molecules, and organic
synthetic intermediates. Many methods for preparation of alkenes have been developed, including stoichiometric reactions of
carbonyl compounds, such as the Julia-Kocienski reaction, Wittig reaction, and transition-metal-catalyzed reactions, such as
Lindlar reduction, Heck reactions and olefin metathesis. In the former, equivalent sulfone compounds or phosphorus
compounds are required, generating stoichiometric amounts of waste. In the latter, precious metal catalysts are required, and
the substrate is limited to unsaturated compounds. Therefore, it will be revolutional to develop efficient and green catalytic
methods for the direct synthesis of olefins from native substrates, such as simple alkanes and carboxylic acids.

Herein, we describe a photo-induced direct alkylidenation that uses vinyl ketone as a general alkylidenation reagent to access
alkenes from abundant molecules that contain C-H bonds and carboxylic acids. The transformation reported here proceeds
under milder conditions, tolerates a wide range of functional groups. Key to the success of this formal method is a C-C bond

formation via radical addition process, followed by C-C bond cleavage via Norrish-type Il fragmentation.
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Abstract

Chiral organoborates are a very important class of compounds. For example, chiral boron-containing compounds are the
building blocks of some drug molecules and bioactive molecules, and some chiral borides are efficient chiral catalysts.
Metal-catalyzed asymmetric borohydration of olefins is one of the most effective methods for constructing chiral borates, which
has attracted extensive attention from chemists because of its simple and easy availability of raw materials, high atomic
economy, and diverse boronization product structures. Compared with terminal olefins like styrene, there are relatively few
studies on borohydrogenation of endoolefins, especially inactivated endoolefins. This is due to the large steric hindrance of
endoolefins and the difficulty of controlling the regional selectivity on both sides of the olefin. Therefore, the asymmetric
borohydration of endoolefins, especially non-activated endoolefins, is quite challenging. Herein, | will introduce a series of
transition metal catalyzed enantioselective hydroboration of internal alkenes including strained internal alkene, B-substituted
styrenes and internal alkenes bearing a coordinating group. Additionally, we are looking for a trisubstituted or tetrasubstituted

olefin to achieve asymmetric borohydration of endoolefins.
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Abstract

Remote asymmetric induction is one of the most challenging problems for enantioselective catalysis as the interaction between
substrate and catalyst would become weaker with longer distances.” Most of the work on remote asymmetric induction are
concentrated on forming stereogenic centers which are usually four bonds away from the site of bond formation on the
meta-position of the aryl ring.z’4 To the best of our knowledge, only an example of a specific substrate backbone using peptides
catalyst for long-range recognition in the construction of stereogenic center that is located remotely to the reaction site (> 5
bonds apart) has been reported.5 Herein, we report the construction of P- stereogenic center through long-range recognition of

the para-position.
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up to 92% yield, up to 94% ee

¢ Atroposelective indolization to access novel biheteroaryls with a chiral N-N Axis
¢ Cooperative catalysis of chiral phosphoric acid and InBr; for efficient catalysis

We present a highly atroposelective indolization for the efficient synthesis of 1,1’-biheteroaryls bearing a chiral N-N axis. Under
the cooperative catalysis of chiral phosphoric acid and InBr3, the reactions between 2,3-diketoesters and 1,3-dione-derived
enamines resulted in a highly enantioselective construction of 1,1’-pyrrole-indoles with up to 92% yield, 94% ee or bisindoles in
up to 92% ee. Derivatizations of these compounds to diverse functionalized N-N linked axially chiral biheteroaryls have also

been demonstrated.
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Abstract

As an important class of non-benzenoid aromatic compound, tropone is found to be the common structural motif in a large
family of natural products possessing a highly varied biological activity, including antitumor, antibiotic, antibacterial and
inhibitory activity. Considering the abundant pharmacological relevance of tropone and its derivatives, efficient and economical
transformations of tropone analogous have been extensively

studied in the field of organic and medicinal chemistry. Palladium-catalyzed formal cycloaddition provides a simple
methodology for the modification of tropone skeletons. Herein, 8-azaheptafulvenes was used to react with
y-methylidene-6-valerolactones under palladium catalytic system. The bicyclo[5.5.0]dodecatrienes was formed by an

unprecedented [8+4] higher-order cycloaddition.
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Abstract

The construction of chiral 2,2-disubstituted tetrahydrofurans and tetrahydropyrans is attractive as they are widely existed in
bioactive materials. Successful protocols mainly involve [3+2] and [4+1] intermolecular cyclization, and intramolecular
cyclization of olefins. Here, we report a Pd-catalyzed asymmetric allylic intramolecular cyclization of tetra-substituted terminal
allylic alcohols to afford 2,2-disubstituted tetrahydrofurans and tetrahydropyrans. The reaction condition is moderate and

energy-saving. Besides, the terminal allylic group of the product is easy to derivate. The highest ee so far is 95 %.
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Abstract

Fresh water shortage is a global problem. Desalination is a sustainable strategy as seawater accounts for 96% of water resource
globally. Compared to traditional thermal desalination, membrane technology is more energy efficient. Covalent organic
frameworks (COFs) have emerged in recent years as promising materials for fast and well regulated transport, typically with
COF nanosheets being the essential building blocks for their rich surface functionalities and membrane-forming ability.
Achieving precise construction and regulation of the morphological structure of the COF nanosheets for effective membrane

desalination process is highly desired.

In this work, inspired by the "biomineralization", we used branched polyethylenimine (PEI) to induce the formation of ultra-thin
and large-size COF nanosheets, investigated the influence of PEI with different molecular weights on the morphological
structure of the nanosheets, and then appliede the vacuum-assisted self-assembly method to fabricate membranes. First, we
showed that PEIl can induce the formation of nanosheets, and further we analyzed the role of PEI during the formation progress.
Next, we changed the molecular weight of PEI and revealed its role in modulating the size and thickness of COF nanosheets,
and explored the optimal COF nanosheet structure for membrane formation. Finally, we introduced one-dimensional
sulfonated nanocrystal intercalation to construct hierarchical structure and assist the membrane formation process. The
resulting heterogeneous COF films were tested in model seawater (3.5 wt% NaCl aqueous solution) to reveal the

structure-to-performance relationship and demonstrate the potential for seawater desalination.
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Abstract

Attributing to the high economic value and increasing demand for lithium (Li) resources, extracting Li from salt lake brine has
attracted widespread attention, the key of which is the efficient separation of Li+/Mg2+. With its green, energy-saving and
high-efficiency advantages, nanofiltration (NF) is regarded as an important technology for the Li"/Mg2+ separation. Covalent
organic frameworks (COFs) with designable physicochemical structures and continuously distributed functional groups, are
emerged as a flourishing type of nanomaterials and hold great application potential in NF. Herein, we fabricated positively
charged NF membranes by embedding cationic covalent organic framework with abundant quaternary ammonium groups
(COFs-DQA) into polyurea matrix to construct a selective layer for Li)'/Mgz)r separation. The introduction of COFs-DQA increased
the membrane surface charge density to +4.13 mC m_z, contributing to a stronger Donnan exclusion for Mg2+, which endowed

the membranes a high MgCl, rejection of 99.6% and a high Li+/Mg2+ separation factor of up to 78.8.
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Abstract

Visualization of vascular networks plays an important role in understanding the pathologies of lung vascular dependent
diseases. Compared to conventional vascular network visualization method, fluorescence imaging shows higher resolution,
better sensitivity and offers multi-color detection capability. However, visualization and quantification of vascular system in
whole organs with subcellular level resolution is limited due to poor light penetration in thick tissues. With the help of the
developed optical clearing technique, the whole tissues could be imaged. To ensure high quality imaging, bright fluorophores
resistant to the clearing process are highly desirable.

Herein, we developed a series of AlEgens as fluorophores for transparent lung imaging, aiming at addressing the problem of
fluorophores retention in different optical clearing medium. We firstly proposed a strategy to adjust the emission of AlEgens,
using different “Donor and Acceptor” units, and then AlEgens form nanoparticles with amino group on the surface by
self-assemble, named TSNs. Next, we combined AlEgens with tissue optical clearing technique, using TSNs-NH2 and
polyacrylamide to form compact cross-linking hydrogels by covalent bonding, ensuring the stable and long-term fluorescence
after continuous clearing procedures. Further, we achieved the high-resolution imaging of vascular fine structure in intact
capillary-rich lung tissue by solvent-based optical clearing technique. The fluorescence of AlEgens is not quenched after

continuous clearing procedures and continuous imaging acquisition for 20 min.
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Abstract

CusS has attracted considerable attention in tumor treatment due to its excellent photothermal performance. However, how to
differentiate the tumor cells and cancer cells when applying photodynamic therapy is still a challenge. Some impressive works
have been explored in the past years. For example, researchers deliver Cu,0 into tumor sites instead of CuS. The overexpressed
H,S of tumor cells can react with Cu,0 to form CuS, while the lower level of H,S in normal cells cannot. However, this method is
only feasible in colorectal cancer where the H,S concentration is higher than other tumors.

In this work, we expect to develop an activable system that is applicable in all tumors. We first prepared Cu,0 coated gold
nanogap. The gold nanogap can enhance the photothermal performance of CuS by virtue of LSPR effect. Then, we found a H,S
donor called diallyl trisulfide, which can generate H,S after reacting with GSH. Afterwards, we integrate these two components
into liposome. Diallyl trisulfide can be loaded into the double layer of the liposome, while Au@Cu,0 can be encapsulated in the
hydrophilic core. After internalization into tumor cells, diallyl trisulfide will react with GSH to produce H,S, which subsequently
react with Au@Cu,0 to generate Au@CuS. The formed Au@CusS can be used as PTT and CDT agent under NIR light irradiation.
Besides, due to the fact that the GSH level in normal cells is lower than that in tumor cells, this strategy can help to differentiate

normal cells and tumor cells and selectively kill tumor cells.
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Abstract

Metal nanoclusters (NCs) with the core size smaller than 2 nm regard as the transition between single atom and nanocrystals,
which show attractive molecular-like properties, such as photoluminescent, chirality. Alloying has been widely applied to
custom the properties of metal NCs in term of stability, optical properties, and catalytic properties. In the alloy reaction, metal
NCs with nonhollow icosahedral kernel (e.g., Au,s(SR),s, Ags(SR)1s, Ausg(SR),4) are widely served as the templates for the
hetero metal doping. If we could realize the originating the hollow icosahedral kernel NCs from nonhollow one through metal
exchange alloy reaction, it provides a new opportunity to enrich the hollow icosahedral metal NCs family. Here, we report the
generation of hollow icosahedral kernel (AuAg).4(SR)30 NCs based on the alloy reaction of nonhollow icosahedral Au,,(SR),¢ NCs.
The step-by-step reaction was conducted to identify the key intermediates in the alloy reaction process and map out the
structure evolution process. Specifically, the surface attached Cl atoms play important roles in stabilizing the structures of
intermediates NCs. Moreover, as the number of Ag atoms increase, the structure of [Au44_xAgx(SR)26]2' (x=15-19) change to
[Au43_xAgx(SR)27]Z' (x=21-26) and finally to the hollow icosahedral kernel [Au44_xAgx(SR)30]4' (x=32-36). The deep understanding of
the transformation process from [Au44(SR)26]2' to [Au44_xAgX(SR)30]4' provide a good example to generate hollow icosahedral

kernel metal NCs from the broad nonhollow icosahedral kernel metal NCs library.
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Abstract

The ligand effects of atomically precise metal nanoclusters (NCs) on electrocatalysis kinetics have been rarely revealed. Herein,
we employ atomically precise Au,s NCs with different ligands (i.e., para-mercaptobenzoic acid (pMBA), 6-mercaptohexanoic
acid (MHA), and homocysteine (HCys)) as paradigm electrocatalysts to demonstrate oxygen evolution reaction (OER)
rate-determining step (RDS) switching through ligand engineering. [Au,s(pMBA).g]” NCs exhibit a better performance with
nearly 4 times higher than that of Au,s NCs capped by other two ligands. We deduce that pMBA with a stronger
electron-withdrawing ability establishes more partial positive charges on Au(l) (i.e., active sites) for facilitating nucleophilic
adsorption of OH  in alkaline media. X-ray photo-electron spectroscopy (XPS) spectra and theoretical study indicate a profound
electron transfer from Au(l) to pMBA in [Au,5(SR);5]” NCs. The Tafel slope and the in-situ Raman spectroscopy suggest different
ligands trigger different RDS for these Au,s NCs. The mechanistic insights reported here can add to the acceptance of atomically

precise metal NCs as effective electrocatalysts for OER.
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Abstract

Gold nanoclusters (Au NCs) is the small counterpart of gold nanoparticles (Au NPs) with diameter less than 2 nm. The
ultra-small size of Au NC endows them distinct molecular like properties, such as discrete electronic structures, enhanced
photoluminescence and discrete redox behaviors. The ultra-small size also makes the surface of Au NCs an significant role in
determining the synthesis, properties, and applications of Au NCs. The minor change of the microenvironment on the surface of
Au NCs can be enlarged and reflected through the properties of Au NCs, for example, the optical properties or the catalytic
reactivities of Au NCs, which is absent in its larger counterpart, Au NPs. Thus, it’s rational to expect the Au NCs as promising
probes to give an insight into the surface interactions between nanomaterials and exterior environment (i.e., molecules, cells,
proteins, and gas.). In this work, we used the optical properties Au,s NCs to unveil the mechanism of the interactions between
proteins and nanomaterials as the protein interactions is always a hot issue for designing nanomaterials in bio-applications. We
found that the ligands on the surface of Au NCs determines the interactions with protein. The ligands with higher affinity with

protein can provide stronger binding interactions and electron transfer process.
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Abstract

Self-assembly of nanocrystals into superlattices is a fascinating process that not only changes geometric morphology, but also
creates unique properties that considerably enrich the materials toolbox and give rise to new application platforms. Numerous
studies have driven the blossoming of superlattices from various aspects. These include precise size and morphology control,
property improvement, function exploitation, and material integration into miniature devices. The effective synthesis of
metal—halide perovskite nanocrystals has boosted research on self-assembly of building blocks into micrometer-sized
superlattices. More importantly, these materials exhibit abundant optical fingerprints, such as highly coherent
superfluorescence, amplified spontaneous laser emission, and adjustable spectral redshift, facilitating basic research and
state-of-the-art applications. This presentation summarizes recent advances in the field of metal—halide perovskite
superlattices. We begin with basic packing models and introduce various stacking configurations of superlattices that form the
theoretical basis for self-assembled metal—halide perovskite superlattices. We also discuss the potential of multiple capping
ligands and highlight their crucial role in superlattice growth, followed by detailed reviews of synthesis and characterization
methods. We then consider how these optical fingerprints can be distinguished and present contemporary applications. We
conclude this presentation with a list of unanswered questions and an outlook on their potential use in quantum computing

and gquantum communications to stimulate further research in this area.
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Flexible direct X-ray detectors based on perovskites show great potential for X-ray imaging due to their high sensitivity, low
detection limit, low-cost and large-area fabrication. However, these detectors are still quite weak at X-ray-to-current
conversion because of insufficient functional layer thickness and charge-carrier recombination. Here, we report the fabrication
of a CsPbBr; quantum dot scintillators-based integrated self-powered X-ray detector comprising perylene diimide molecules
embedded in the MAPbI; photoelectric conversion layer. These perylene diimide molecules can optimize crystal domain
formation and carrier extraction process and two-fold increase electron mobility of MAPbI; films, thereby significantly
improving X-ray detection performance. The perovskite-based integrated X-ray detector exhibits a high sensitivity of 143,169
+848 uC Gyair'l cm™ and a detection limit of 30.77 nGy s™'. Furthermore, the flexible device demonstrated stable output against
30 severe bending cycles which can be attributed to the defect passivation and charge collection effect of the perylene diimide
molecule at the grain boundary of MAPbI;. These results suggest that the perylene diimide-modified integrated detector has
the good potential for X-ray imaging of 3D objects with curved surface and this hybrid molecular approach provides insight into

a general method to modify device performance.
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Abstract

Hexagonal boron nitride (h-BN) with exceptional chemical and thermal stability, excellent electrical insulation properties, and
high mechanical strength is promising to be used as catalyst support, interfacial protection layer toward Li metal, and enhanced
additives for polymer-based electrolytes. However, powdery h-BN materials are usually fabricated in zero-, one-, and
two-dimensional nanostructures based on high temperature and complex methods, which display limitations in large-scale
commercial applications. Here, a novel powdery honeycomb-like h-BN with a micro-sized continuous three-dimensional (3D)
structure is first established by a facile salt-glucose assist strategy at a relatively low temperature (750 °C). Meanwhile, the
possible formation mechanisms of 3D structure as well as the growth approach of h-BN are put forward. As a result of
structural advantages, 5 wt% 3D h-BN addition effectively improves the ionic conductivity and mechanical strength of the
polyethylene oxide-based solid-state electrolyte (SSE). Therefore, this composite SSE displays enhanced electrochemical
stability, realizing 126 stable cycles in the lithium symmetric cell (0.4 mA cm’z) and 89 % remaining of discharge capacity (138.9
mAh g'l) after 100 cycles at 1 C in the LFP//Li full cell.
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Alkali metal halides have recently received great attention as additives in the chemical vapor deposition (CVD) process to
promote the growth of transition metal dichalcogenides (TMDs). However, the multi-faceted role of these halide salts in
modulating the properties and quality of the TMD monolayers remains mechanistically unclear. In this work, by introducing
excessive gaseous NaCl into the CVD system, we demonstrate that preferential NaCl deposition along the monolayer edges
causes large in situ strain that can invoke localized domains of high defect density and 2H to 1T phase transformation. HR-STEM,
Raman mapping and molecular dynamic simulations revealed that higher NaCl concentrations can promote the coalescence of
independent local strain domains, further increasing the 1T/2H phase ratio and defect density. Furthermore, excessive NaCl
was also proven by DFT calculations to convert thermodynamic growth to kinetic growth, accounting for the unique cloud
shape MoS2 crystals acquired. Compared with post-growth strain processing methods, this one-step approach for phase and
defect engineering not only represents a deeper understanding of the role that NaCl plays in the CVD process, but also provides
the convenient means to controllably synthesize conductive/defect-rich materials for further electrocatalysis and

optoelectronic applications.
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Abstract

High-performance electrocatalysts are key in many energy conversion systems. Presently used catalysts typically require noble
metal compounds, which are costly. Furthermore, large overpotentials to drive the reaction decrease the efficiency and hinder
the practical application of devices.

MOFs are formed by coordination bonds between organic ligands and metal atom nodes with periodic structural units. Due to
their structural characteristics, MOFs can provide the inherent advantages of both homogeneous and heterogeneous catalysts.
Analogously to molecular catalysts, nano-dimensional porous MOFs possess well-defined chemical structures and readily
accessible active sites. Also, MOFs are highly crystalline solid materials, which are conveniently recyclable and robust under
both chemical and physical attack.

Here, we report 2DMOF and their derivatives as electrocatalysts for OER, HER, ORR and CO,RR. Our catalysts show good
electrocatalytic performances in their overpotentials, tafel slopes, electron transfer numbers, H,0, yields, current densities and

faradaic efficiencies. These catalytic characteristics can be utilized in the overall water splitting and zinc-air battery.
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Designing polymeric membranes with high solute-solute selectivity and permeance is important but technically challenging.
Existing industrial interfacial polymerization (IP) process to fabricate polyamide-based polymeric membranes is largely
empirical, which requires enormous trial-and-error experimentations to identify optimal fabrication conditions from a wide
candidate space for separating a given solute pair. Herein, we developed a novel multi-task machine learning (ML) model based
on an artificial neural network (ANN) with skip connections and selectivity regularization to guide the design of polyamide
membranes. We used limited sets of lab-collected data to obtain satisfactory model performance over four iterations by
introducing human expert experience in the online learning process. Four membranes under fabrication conditions guided by
the model exceeded the present upper bound for mono/divalent ion selectivity and permeance of the polymeric membranes.
Moreover, we obtained new mechanistic insights into the membrane design through feature analysis of the model. Our work

demonstrates ML approach represents a paradigm shift for high-performance polymeric membranes design.
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In this study, molecular simulation is utilized to explore the charge effect in COF membranes on separation performance. Three
types of COF membranes with different functional groups (Tp-Tta-COOH, Tp-Tta-COO and Tp-Tta-NHs") and thus different
charges are designed. It is found that the positively charged membrane (Tp-Tta-NH;") shows higher ion selectivity in mixed
Li+/Mg2+ jon solution, compared with the negatively charged and neutral membranes. In Tp-Tta-NH,", the effective pore size is
reduced by the secondary confinement effect of ClI ions. The orderly arranged anions (Cl ) reduce the actual pore size and
generate the secondary confinement effect, which fortifies the pore-entrance sieving effect, and due to the large difference in
hydration energies of Li* and Mg2+ ions, the former is easier to dehydrate and enter the pore. The charge effect in Li"/Mg2+
separation uncovered by molecular simulation is microscopically insightful toward the design of COF membranes and other

organic framework membranes for high-performance ion separation.
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Natural enzymes have attracted great attention in synthetic chemistry due to their superior catalytic activity and selectivity.
However, the fragile nature of natural enzymes poses a grand challenge for their broad applications in the synthesis of drugs
and valuable chemicals. Therefore, there is a pressing need to explore suitable nanomaterials with robust stability as enzyme
mimics. Gold nanoclusters (Au NCs) possess precise molecular formulae, tailorable functions, and well-defined inorganic-organic
hybrid structures similar to natural enzymes, making them promising nanomaterials as enzyme mimics.

To verify the feasibility of gold nanoclusters (Au NCs) as enzyme mimics, atomically precise Au;s5(SR);3 NCs (SR =
N-acetyl-L-cysteine (NAC), 3-mercaptopropionic acid (MPA), or 3-mercapto-2-methylpropanoic acid (MMPA)) are selected as the
model catalysts to mimic peroxidases. Our data show that Au;5(NAC)3 has a superior affinity for H,0, molecules (K., = 3.17),
which is comparable to that of the natural enzymes. Au,5(NAC)43 also exhibits high catalytic activity (V.= 0.037 uM/s), which is
about 5 times higher than that of Au;5(MMPA),3. On the other hand, Au;5(MPA),3 cannot be used as a peroxidase mimic due to
its poor oxidation resistance. In addition, the intramolecular hydrogen-bonded peptide bond (-NH-CO-) formed by NAC endows
Au;5(NAC),3 with remarkable pH stability and thermal resistance. This work demonstrates the feasibility of atomically precise Au
NCs as enzyme mimics and the important roles of the protecting ligands in modulating the catalytic ability and stability of Au
NCs, which may provide atomic-level insights for artificial enzyme design. Based on the findings of this project, more Au NCs will

be designed to reveal the rules and principles for engineering enzyme mimics with high catalytic activity and selectivity.
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Carbon monoxide (CO) therapy has exhibited distinguished ability in various disease treatments. However, free diffusion of CO
caused by inhalation leads to the risk of cytotoxicity. How to realize the controllable and on-demand release of CO gas in
targeted regions remains challenging. Herein, we propose to develop photo-responsive functional nanocomposites to achieve
localized CO delivery and controllable antibacterial treatment by taking advantage of oxygen-independent type-I
photosensitizers. Herein, we screen out a kind of suitable type-I photosensitizers as stimulus based on the above calculations to
construct a controllable CO-releasing system, which have the potential to achieve the antibacterial activity and

anti-inflammation therapy.
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Cancer is a serious threat to human health and life due to its high morbidity and mortality. For anticancer therapy, targeting
and manipulating molecules that aid tumor development and growth in the tumor microenvironment can control tumor and
achieve positive therapeutic results. There are many kinds of nanomaterials for tumor microenvironment response, such as
liposomes, polymers, inorganic materials, and metal-organic frameworks (MOFs). Among them, MOFs are considered as a
promising platform due to their porous structure and modifiability which suitable for drug carriers and reach multi-functions
tailed for a specified application. Herein, we aim to develop different MOF-based nanoplatforms for anticancer therapy. For the
first work, a new strategy is reported to achieve selective in-situ synthesis of polymer PSs inside cancer cells using MOF-199 as
the nanocarrier for precise delivery of two monomers and a Cu(l) catalyst source for in-situ click reaction to form polymers. The
in-situ intracellularly synthesized polymer PS, as an efficient image-guided photodynamic agent, can kill cancer cells on site
under light irradiation, diminishing normal cell phototoxicity. Concomitantly, it showed much higher photosensitization
efficiency in singlet oxygen (102) production than their monomers or oligomer counterparts due to polymerization-enhanced

photosensitization.
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Non-invasive and real-time imaging of cells, tissues and living bodies with high temporal and spatial resolution, has shown
increasing potential in biological research and clinical application. To obtain satisfactory imaging results, the emitting materials
should have suitable absorption and emission wavelengths, high brightness, good photostability and biocompatibility. Based on
these requirements, we chose to use tri-thiophene-based core to construct various materials with different functions. In the
first work, we introduced the amine groups as recognizing units in tri-thiophene core to construct a nitric oxide probe with
excellent selectivity. After reacting with nitric oxide at the site of inflammation, the probe exhibited turn-on red fluorescence
immediately. The probe structure was further optimized to realize a high fluorescence turn-on ratio. In the second work, we
introduced a strong electron-withdrawing unit, 1H,3H-thieno[3,4-c][1,2,5]thiadiazole, in tri-thiophene core to construct
bio-imaging material with emission in the second near infrared region to detect and image tumors. In the future work, we will
focus on the optimization of tri-thiophene-based imaging molecules for tumor diagnosis and ther