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Computational design of functional nanostructures
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The discovery of graphene opened a door for manufacturing and investigating two-dimensional (2D)
materials. After more than ten years of development, 2D materials have become one of the most important topics
in materials research, with dozens of new materials having been synthesized experimentally and even more
predicted theoretically. In this talk, I will talk about the design of 2D materials using density functional theory
(DFT) based first principle calculations. Motivated by the experimental fabrication of a single atomic layer
transition metal monochalcogenide (CuSe) with an intrinsic pattern of nanoscale triangular holes, the hole-free
CuSe with honeycomb lattice is predicted to be endowed with the Dirac nodal line fermion (DNLF). This very
rare DNLF state is evidenced by topologically nontrivial edge states situated inside the spin-orbit coupling gaps.
Moreover, we found that the CuX (X=S, Se and Te) monolayers with honeycomb lattices are a group of highly
p-doped semiconductor with a large bandgap above Fermi level. Remarkably, based on first-principles
calculations, we successfully convert the semiconducting monolayer CuS and CuTe into topological insulators
(TIs) by simply adsorbing Na and K respectively, and CuSe into a TI by adsorbing a mixture of Na and K. The
transformation of a semiconductor to a TI is underlined by an orbital design principle that involves introducing
an extrinsic s-orbital state into the intrinsic sp-bands of a 2D semiconductor, so as to induce s-p band inversion
for a TI phase, as demonstrated by tight-binding model analyses. This approach can be applied to other 2D
semiconductors. Our findings open a new door to the discovery of Tls by a predictive materials design, beyond
finding a preexisting 2D TIL.

I’d like to thank the Lei Gao, Jiatao Sun, H.-J. Gao in IoP, Yuyang Zhang at UCAS, Feng Liu at U of Utah.
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f%: Although the richness of spatial symmetries has led to a rapidly expanding inventory of
possible topological crystalline (TC) phases of electrons, physical realizations have been slow to
materialize due to the practical difficulty to ascertaining band topology in realistic calculations.
Here, we integrate the recently established theory of symmetry indicators of band topology into
first-principle band-structure calculations and apply it to all non-magnetic compounds in the 230
space groups. An exhaustive database search reveals thousands of TM candidates. Of these, we
highlight the excellent TMs, the 258 topological insulators and 165 topological crystalline
insulators which have either noticeable full band gap or a considerable direct gap together with
small trivial Fermi pockets. We also give a list of 489 topological semimetals with the band
crossing points located near the Fermi level. All predictions obtained through standard generalized
gradient approximation (GGA) calculations were cross-checked with the modified Becke-Johnson
(MBJ) potential calculations, appropriate for narrow gap materials. With the electronic and optical
behavior around the Fermi level dominated by the topologically non-trivial bands, these newly
found TMs candidates open wide possibilities for realizing the promise of TMs in next-generation
electronic devices.
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New materials and new states under extreme conditions
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ABSTRACT

High pressure is an important method to modify the free energy surface of materials and
overcome the barriers for synthesizing new functional materials. On the other hand, crystal
structure search based on ab initio calculations has been successfully used to prediction new
materials. In this talk, I will introduce some of our recent work on theoretical prediction on high
pressure phase transitions, functional materials with interesting properties, and new states of matter
under extreme conditions, such as superionic states.
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Computational design of near room-temperature superconducting materials under
pressure via CALYPSO code

Hanyu Liu
Innovation Center for Computational Physics Methods and Software, College of Physics, Jilin

University

There is growing experimental evidence for novel electronic properties of dense hydrogen-rich
materials under pressure. However, it is still highly required to search for superconducting
materials with near or even above room temperature. We here explored several candidate structures
for hydrides [1-3] under pressure using CALYPSO code [4, 5]. Electron-phonon coupling
calculations predict the existence of new superconducting phases, some exhibiting
superconductivity in the range of room temperature. Further analysis shows that the hydrogen-
hydrogen bonding in superhydrides played a critical role in determining electron-phonon coupling
parameters. Moreover, the calculated stabilities indicate the materials could be synthesized at
pressures that are currently accessible in the laboratory. The results open the prospect for the design,
synthesis, and recovery of new high temperature superconductors with potential practical
applications.
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Thermoelectric Transports in the Materials with Chemical Bond Hierarchy
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Searching for high-performance thermoelectric (TE) materials, after a very long-time struggle
with the traditional crystalline semiconductors of narrow gap, seems to be halted in recent years.
Even thermodynamics says no up limit on the TE figure of merit z7, reliable performance of
practical materials always show limited z 7, still far away from the requirements of mess industrial
applications. We recently proposed that complex materials with chemical bond hierarchy could be
candidates of good thermoelectric materials. Our work showed that this types of materials exhibit
specific part-crystalline part-liquid (PCPL) or part-crystalline part-amorphous (PCPA) structure,
containing at least two different types of sublattices, one relatively rigid crystalline and another
one strongly disordered. The former leads to interesting electrical transport, implying existence of
an inherent electron conduction network, and the latter one results in extremely low lattice thermal
conductivity, but different from the traditionally recognized minimum lattice thermal conductivity.
This talk presents our work on surveying the general characteristics of transports in materials with
chemical bond hierarchy.

M-006

Half-Heusler # &} RVERFE D IR B =ik

TR K
AL Iz A Re A T A IR B AR IR AT BT, Sl A e B L X B Lk 350 5

Email: yshzhang@theory.issp.ac.cn

M

Z5K4 1) half-Heusler (HH)APRHA LA R FYERT . IA1A R VE S DS ARRR S s A2 2 F AR 45
2B 2 R0, (HARE R AR MR 7 AR R — PRI X TS BRI A p Y
FeNbSb #1KL, VM Ti B0 T E MPEREA B AR . Oy T RSk T GREMRE Bk
KaorAitsol, JAIEEE 7 HERIT SR RIET5 5. AR, EIRIER T FeNbi<VSb il [ T4 7>
2, {EfE FeNb«TixSb A 1AM R T M MREE AR . AR HRE =GR, <l


mailto:yshzhang@theory.issp.ac.cn

[ A RIAR 5 B A7, PT LA 20 0 2 e 7 1, b— D AR A 3 % FIFR 1 FeNbSb HeAt kL
# e PERE. 340, FRATTH FeTiSb(17 HLF#&R R)MI NiTiSb (19 HLFAR) BATLRHIN 18 TR,
AR 18 HL 7 CoTiSb, MM T4 HAA AR TR AFES . R T A Fer.Ni TiSb #i[a T plits g
IS, R R RE R 450, A FeNixTiaSbs & EH 18 TSRl #t—D it
SR IFAR TR FeaNiaTiaSba 7K Fo& — il RAFHIFEATEL CMEEA IR R AR RE, T HAER 5
WAL o FATEE— @0 70 KA 2288 E HH BB B A A PR BEEAT TR T, M bt
22 FhOET R n-A p-BY A S A HH AR

M-007
TS M
Detfect Control for Solar Cell Absorbers via First-Principles Calculations

F &
FIMKFERRF, BRREMARIFHTE, 70 215000

Email: wjyin@suda.edu.cn

Defect properties are of crucial importance for solar energy materials. Shallow defects/impurities may act as
carrier generators for n- or p-type semiconductors therefore facilitate carrier separation. However, deep ones
may act as non-radiative recombination centers. In this talk, I will present our understandings on defects,
including point defects and grain boundaries, in prevalent solar cell absorbers including GaAs[1], CdTe[2],
CulnSe2[3,4], Cu2ZnSnSe4[5,6] and perovskite CH3NH3PbI3[7-9]. General trends have been observed through
first-principles calculations: (i) the dominating defects in more covalent systems usually have higher formation
energies but electronically deeper; (ii) antibonding coupling at valence band maximum i.e. pd coupling in
CulnSe2 and sp coupling in CH3NH3PbI3, is able to result in defect tolerance. The trends explained diverse
defect properties and defect engineering strategies among aforementioned solar cell absorbers and provided
guidance for searching promising solar cell absorbers in future.

XK1 : Defect; Semiconductor; First-Principles
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For a long time, the intrinsic nature of glass states or glass transitions is a mystery. Recently, more and more
studies tend to show that, a glass processes a relatively flat potential energy landscape. Undoubtedly, this
conclusion is extremely important, however it only indicates that, the flat potential energy landscape is a
necessary condition for forming glass states or occurring glass transitions. Is the flat potential energy landscape
a sufficient condition for glass formation or glass transition? Here we prove for the first time that, a flat potential
energy landscape is not only a necessary but also a sufficient condition for the formation of glasses. By adjusting
the flatness of potential energy landscape, we have demonstrated that: (1) no matter how symmetrical the
structure is, as long as the system is in a region of potential energy landscape deepen enough, it will undergo a
first-order solid-liquid phase transition; and (2) as long as the system is in a region of potential energy surface
flat enough, it will undergo glass transition, which is independent on its structural symmetry. For the first time,
our molecular dynamics simulations uncover the direct transfer from one potential energy minimum to another
below the glass transition temperature, which is the flat feature of potential energy landscapes. This kind of
transfer is accomplished by a cooperative diffusion, which is a direct reflection of assumption for motions in

metabasin and for chain-like motions of the Adam-Gibbs’s entropy theory.

Key words: glass and glass transition, potential energy landscape, molecular dynamics simulation
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Stability of asymmetric polar or semipolar surfaces and edges
Junyi Zhu
Chinese University of Hong Kong

Stability estimation of asymmetric polar or semipolar surfaces or edges is the most challenging problem in
surface and low dimensional systems. With the recent development, we report highly accurate
computational approaches that reduce the error from above 10 percent to less than one percent. Various
systems such as I11-V, 11-VI, and two dimensional semiconductors are investigated. Combining with edge
passivation and thermodynamic analysis, equilibrium shapes of BN are constructed and agree with
experimental observation excellently.

The research is supported by GRF HKRGC with the project number of 14319416 and project humber
14307018.
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The defect-induced non-radiative recombination is a serious limit to the minority carrier lifetime
and the photovoltaic performance of the light-absorber semiconductors in solar cells. The accurate
determination of the carrier-capture cross sections of defects and the corresponding carrier
recombination rate is challenging for both the experimental measurement and theoretical
calculation. Experimentally, there is no efficient and direct method for measuring the carrier-
capture cross sections or non-radiative recombination rate induced by different point defects.



Usually the carrier lifetime was measured, but it is difficult to identify which defect dominates the
non-radiative recombination process, especially for the multinary and low-symmetry which may
have various point defects in the lattice. Through systematical defect search, we identified a series
of possible recombination-center defects in three novel photovoltaic semiconductors, the quasi-
one-dimensional Sb2Se; and quaternary Cu2ZnSnS4. By combining the electron-phonon coupling
effect and the static-coupling formalism, we calculated the carrier-capture cross sections of the
possible non-radiative recombination-center defects in these semiconductors. These values are
currently unavailable but critical for understanding the limiting factors of the minority carrier
lifetime and simulating the photovoltaic devices. A simple empirical criterion was proposed for
the quick identification of effective non-radiative recombination-center defects based on the
calculated results, i.e., the deep-level defects may have large carrier-capture cross sections if they
are surrounded by strong bonds and undergo considerable structural relaxations after capturing a
carrier.

*The work is finished in close collaboration with Menglin Huang, Jiqiang Li, Zhenkun Yuan,
Prof. Xingao Gong and Prof. Su-Huai Wei.
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Photoinduced Vacancy Ordering and Phase Transition in MoTe2
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Republic of Korea

Email: sichen@buaa.edu.cn

Abstract: We show that non-equilibrium dynamics plays a central role in the photoinduced 2H-to-1T" phase
transition of MoTe,. The phase transition is initiated by a local ordering of Te vacancies, followed by a 1T
structural change in the original 2H lattice. The local 1T' region serves as a seed to gather more vacancies into
ordering and subsequently induces a further growth of the 1T' phase. Remarkably, this process is controlled by
photogenerated excited carriers as they enhance vacancy diffusion, increase the speed of vacancy ordering, and
are hence vital to the 1T' phase transition. This mechanism can be contrasted to the current model requiring a
collective sliding of a whole Te atomic layer, which is thermodynamically highly unlikely. By uncovering the
key roles of photoexcitations, our results may have important implications for finely controlling phase transitions

in transition metal dichalcogenides.
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Figurel Schematics for laser-induced phase transition in MoTe;

Keywords: Non-equilibrium, excited state, vacancy ordering, phase transition, nucleation and growth
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Manipulating quantum states by photoexcitation

Sheng Meng
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Photoexcitation is a powerful means in manipulating the states of matter, especially in complex
quantum systems. As well-known charge density wave (CDW) materials, TaS; and TiSez have been
widely studied experimentally thanks to their intriguing photoexcited responses. However, the
microscopic atomic dynamics and underlying mechanism are still under debate. Here we
demonstrate photoexcitation induced ultrafast dynamics using time-dependent density functional
theory molecular dynamics. We discover a novel collective mode induced by photodoping, which
is significantly different from thermally-induced phonon mode. We also discuss photoinduced
electronic phases in other two-dimensional materials such as phase inversion of CDW and Dirac
state transition from type-I to type II. Our results provide a deep insight on coherent electron and
lattice quantum dynamics during the formation and excitation of quantum electronic states.
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Quantum Monte Carlo Study of the Intermediate Phase in an Interacting Honeycomb
Lattice with Staggered Potential

Tianxing Ma
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By using the determinant quantum Monte Carlo method, we investigate the phase transitions in
the ionic Hubbard model on the honeycomb lattice, varying the interaction strength and the
difference in chemical potential on the two sublattices. Our exact numerical results reveal an
interesting phase diagram where the electronic correlation may drive a band insulator metallic, and
at a larger interaction, there is a second transition from metal to Mott insulator. It is also shown
that the Mott insulating phase has antiferromagnetic long-range order at stronger interaction
strength. A complete phase diagram is further achieved by studying the phase transition at large
enough stagger potential and interaction strength, which shows that the intermediate state is more
robust and occupies a large part of the phase diagram and that it should be more feasible to be
detected experimentally.
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% Semiconductor materials are widely used in many optoelectronic applications such as solar
cell, photo-detector, light-emitting diode, photocatalysis, etc. Discovery of new optoelectronic
semiconductors via rational design is of crucial importance for making breakthrough enhancement
of materials performance in applications. With dramatically increasing computing capability of
supercomputers and continuously developed computational algorithms, people can resort to
materials simulation to explore the properties of thousands of potentially useful materials in a
fraction of time that the real experiments might take. This makes theoretical design of functional
materials with desired properties in computers come true. In this talk depending on time I will
present our development on open-source Python framework designed for large-scale high-
throughput energetic and property calculations, the Jilin University Materials-design Python
Package (Jump?) and our recent work on design of functional semiconductors by knowledge-based

materials screening.
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Recent studies of van der Waals heterostructures involving transition metal dichalcogenide (TMD)
overlayers have revealed the formation of highly ordered mirror twin boundaries (MTBs) dividing domains in
single 2H phase. Here, using a multi-scale modeling approach we identify that the MTB network formation
results from a delicate interplay between strain accumulation in the heterostructure and single crystal preference
of the growing overlayer. We determine the energy costs for the creation of the MTB by first-principles
calculations, from which we show that even the presence of a perceived-to-be negligible strain is able to induce
the formation of the MTB networks as an effective strain relief mechanism of the growing TMD monolayers, as
observed experimentally. This counterintuitive finding demonstrates the importance of collective effects in

weakly-interacting systems, i.e., in van der Waals epitaxy.
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Bilayer heterostructures have received tremendous attentions in recent years. It is usually believed that
electronic structures of stacked van der Waals (vdW) bilayers are simply superposition of their monolayer
electronic structures. Here, we show that significant interlayer electronic hybridization occurs even for the
most weak-interlayer coupled MoS,/WSe: bilayer among MoS>/WSe: [1], MoSe»/PtSe; [2] and PtS,/PtSe [1]
bilayers. Several interface states originating from the interlayer S-Se or Se-Se hybridization (illustrated in Fig.
1) are explicitly identified by our density functional theory calculations of up to 4000 atoms and confirmed by
electrostatic force microscopy (EFM) imaging. In addition, our results also explained the found emerging
states within the bandgap of the MoS,/WSe; bilayer.
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Fig. 1 Band alignment and Spatial structures of wavefunctions for PtSe2 (1T)/MoSe2 (1H) vertical heterostructures
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Anomalous Dirac Plasmons in 1D Electrides
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Plasmon opens up the possibility to efficiently couple light and matter at sub-wavelength scales. In
general, the plasmon frequency is dependent of carrier density. This dependency, however, renders
fundamentally a weak plasmon intensity at low frequency, especially for Dirac plasmon (DP) widely
studied in graphene. Here we demonstrate a new type of DP, excited by a Dirac nodal-surface state,
which exhibits an anomalously density-independent frequency. Remarkably, we predict realization of
anomalous DP (ADP) in 1D electrides, such as Ba3CrN3 and Sr3CrN3, by first-principles calculations.
The ADPs in both systems have a density-independent frequency and high intensity, and their frequency
can be tuned from terahertz to mid-infrared by changing the excitation direction. Furthermore, the
intrinsic weak electron-phonon coupling of anionic electrons in electrides affords an added advantage of
ultra-low phonon-assisted damping and hence a long lifetime of the ADPs.
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Multiferroic materials with coupled magnetism and ferroelectricity, even though scarcely exist in nature, are
highly desirable for efficient “electric writing + magnetic reading”. For most current traditional multiferroics
with strong magnetoelectric coupling, their practical applications are hindered by their weak polarizations and
magnetizations. Here we show first-principles evidences that strong magnetoelectrics can be realized in a series
of 2D multiferroics: in some bilayer systems, their “mobile” magnetism can be controlled by ferroelectric
switching upon external electric field, exhibiting either “on” state with spin-selective and highly p-doped

channels, or “off” state insulating for both spin and electron transport, which renders efficient electrical writing
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and magnetic reading; vertical polarization can be maintained against depolarizing field, rendering high-density
data storage possible; moreover, all those functions can be directly integrated into a 2D wafer, like n/p channels

by doping in a silicon wafer. In some 2D systems, the magnetization can be switched by 90 or even 180 degree
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Fig.1 Several types of multiferroic coupling in 2D
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Abstract: In this talk, I will present our theoretical investigation on excitonic properties of group-
IV monochalcogenides (MX, M = Ge or Sn; X =S or Se). First, monolayer B-phase MX are shown
to possess saddle-points in both the bottom conduction and top valence bands, and the positions
of both saddle-points are close to their relative band edges. Due to the saddle-point exciton
absorptions, a remarkable absorption peak within the fundamental gap is observed in these



materials. Importantly, the strong optical absorbance induced by saddle-point exciton absorptions
and the appropriate band gap make monolayer B-GeSe and B-SnSe promising for solar cell
applications with power conversion efficiencies as large as 1.11%.[1] Second, a new stable y-phase
MX is discovered and shown to have Camel’s back band structure, and their influences on
excitonic properties are discussed.[2]
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ABSTRACT: Exploration of the interactions between the adsorbed species and reactive sites in heterogeneous
catalysis is crucial in understanding the microscopic mechanism of the catalytic reactions. Here, using first-
principles calculations within density functional theory, we predict that the two-dimensional ferromagnetic metal
organic framework of MnoCisH > can serve as a highly efficient catalytic platform for CO oxidation via a delicate
synergetic effect of the charge transfer, provided by the hosting Mn atom, and spin selection preserved by its
nearest neighboring Mn atoms. For the crucial step of the O, activation, the nearest neighboring Mn atoms are
found to possess small charge transfer but significant magnetic moment changes, which ensures the spin-
selection rule, thereby facilitating the adsorption of the spin-triplet O,. For the reaction of CO with the activated

0., we show that the reaction cycle can readily proceed via the L-H mechanism in the rate-limiting step with a
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relatively low reaction barrier, which can be further lowered by the adsorption of additional Oz on the nearest
neighboring Mn atoms. Furthermore, we examine the O, adsorption on Mn,CigH2 (X represents 3d transition
metal elements) derivative family, and identify that such an elegant synergetic phenomenon is also valid for the
cases of X=Mn, Fe, Co, and Ni. Our findings may offer an avenue towards design of highly efficient magnetic

catalysts for various important oxidation reactions wherein spin selection may be dominated.

Key words: Single atom catalyst; Charge transfer, Spin Selection, Synergetic Effect.
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5§ #: Charge separation at donor/acceptor (D/A) interfaces plays a crucial role in the operation of photovoltaic
polymer solar cells (PSCs), but the underlying mechanism still remains debated. Here, we present a model study
to demonstrate how charge separation is achieved from a “cold” charge-transfer (CT) state in the presence of a
nonuniform electric field or a nonuniform molecular-packing-configuration field. For the former case, we find
that a “cold” CT state experiences two kinds of evolution paths, which are determined by the field strength of
positions where the “cold” CT state is initially generated. In strong-field positions, the “cold” CT state is directly
dissociated into free charges, while in weak-field positions, before the desired charge separation, the “cold” CT
state experiences an ultrafast migration process along the D/A interface. As for the migration mechanism of the
“cold” CT state, we attribute it to a driving force as a result of the different strength of electric fields felt by the
negative charges and positive charges in the “cold” CT state. For the latter case, we find that the molecular-
packing-configuration near the transition region from “D/A intermixed domain” to “D or A pure domain” can

also provide a driving force to separate the “cold” CT state into free charges. In both cases, charge separation
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takes place in a timescale less than 300 fs, which might contribute to the ultrafast charge separation reported
experimentally in high-performance PSCs. Our results also indicate that ultrafast and high-efficient charge

separation in PSCs can be further promoted by optimizing the aggregation or crystallinity of acceptor molecules.
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Abstract:

Designing of high efficient catalyst with non-noble metal is urgent and challenge. In this talk, I
will discuss two types of designed catalysts that recently have realized in experiment. The first
type of catalyst is single metal oxide WO3, which is initially proposed in theory by filtering of
hydrogen bond between crown molecule and WOs3, and then realized in experiment, showing high
performance in degradation of organism. The second type of catalyst is Ag loaded WO3 amorphous,


https://doi.org/10.1039/2050-7496/2013
https://doi.org/10.1039/2050-7496/2013

which shows excellent performance in oxygen reduced reaction (ORR). The underling mechanism
could be attributed to the cooperative d-d coupling mechanism in amorphous effect. Specifically,
the d state of Ag shift up ward, while the one of W state shift down ward, resulting to the oxygen
reduced potential residing in the cooperative d states. The other case of amorphous catalyst is MO3,
where the second localized Anderson state of amorphous MO3 resonates strongly with the N
molecule, giving rise to high performance of Nitrogen reduced reaction (NRR). Our proposed two
types of non-noble metal oxides here might help to realize truly stable, high efficiency and
economic catalyst.
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Direct-gap materials hold promises for excitonic insulators which possess a many-body ground state
characterized by the spontaneously formed exciton condensate. In contrast to indirect-gap materials, here
the difficulty to distinguish from a Peierls charge density wave is circumvented. However, direct-gap
materials still suffer from a divergence of polarizability when the band gap approaches zero, leading to a
diminishing exciton binding energy. We propose that one can decouple the exciton binding energy from
the bandgap in materials where band-edge states have the same parity. First-principles calculations of two-
dimensional GaAs and experimentally mechanically exfoliated single-layer TiS; and 1T-MX, (M = Co, Ni
and X = Cl, Br) lend solid support to this principle. Our study also provides new physical insights exploiting
the multifaceted nature of charge gap, magnetism, and spontaneously-formed exciton condensate.
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Abstract:

Two-dimensional materials have attracted many attentions due to their unique physical and chemical
properties since the discovery of graphene in 2004. Both experimental and theoretical studies suggest these 2D
nanosheets are promising candidates for various applications, such as energy storage, catalysis, and medicine.
To fully realize their potential in practical applications, high-quality large-area samples are required in a simple
and low-cost way. As an atomically thin two-dimensional (2D) boron layer, borophene was recently synthesized
on metal substrates and attracted a lot of attention due to its great potential for future applications. In this talk,
we will report our recent findings on the structure, stability, and nucleation mechanism of boron clusters By (N
< 98) and sheets on weakly interacting substrates using first-principles calculations and ab initio molecular
dynamics simulations. We identified that by using a simple effective potential well, borophene can be grown on
various weakly interacting substrates, including graphene, BN, BCN, and Bi,Tes. Our findings not only pave the
way for the experimental growth of borophene but also provide a general methodology of investigation of the
structure and stability of 2D elemental monolayers on chemically inert substrates.
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Abstract: Based on density functional theory, this paper studies the adsorption and the subsurface phase
occupation by H on LaFeQO3 (010) surface and their corresponding transition states. As shown from the results,
the best storage position of hydrogen are on the O top position of the LaFeO3 (010) surface and the interstice



near the oxygen of the bulk phase. In addition, the position of surface Fe atom can also store hydrogen, but H
atom prefers to adsorb on O atom first. Whether the H atom is adsorbed on O or Fe atom, it is easy diffuse to the
nearby more stable O atom. However, the diffusion between the Fe atoms is difficult to occur. The main diffusion
path of the H atom from the surface to the bulk is the process of inward layer by layer around the O atom. With
the fracture of the old H-O bond and the formation of the new H-O bond, the H is around O atom to constantly
repeat the process of a hopping - rotational diffusion. H diffuses through the nearest neighbor position, which is
more favorable than the direct diffusion.

Keywords: density functional theory; LaFeOs; surface adsorption; bulk phase occupy; transition state
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Effect of toxic ligands on O2 binding to heme andtheir toxicity mechanism
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Yang Chen,a Yagiang Ma*a and Yanan Tang *b

Heme, as the cofactor and active site of Hb, enables Hb to carry out the necessary function required for 02
management for life, that is, reversible O2 binding for transport. In this paper, the microscopic mechanism of
heme-associated poisoning has been elucidated from the perspective of electronic interaction by performing
first-principles calculations. The results show that the functional groups (-CHO, —-COOH, -NO2, -NH2) and
CN exhibit a stronger affinity for heme than O2 and are more likely to occupy the O2 binding site, which results
in the loss of the ability of heme to carry O2. Moreover, the addition of functional groups, CO and CN to heme
at the side site can cause a pronounced enhancement toward the O2 binding characteristics of heme, which
prevents heme from releasing O2 to oxygen-consuming tissues as the blood circulates. The reversible O2 binding
function of heme is disrupted by the presence of these toxic ligands in the heme binding pocket, which greatly
affects O2 transport in the blood. The inability of tissues to obtain O2 leads to tissue hypoxia, which is the main
cause of poisoning. Based on the energy, geometry and electronic properties, the hypoxia mechanism proposed
by us coincides well with experiment, and the research has the potential to provide a theoreticalreference for the



relevant areas of bioscience.
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The fast development of two-dimensional transition-metal phosphides(TMPs) have received extensive
interest due to their brilliant electrides and catalytic applications. Using first-principles calculation, we predict a
new family of 2D tetragonal transition-metal phosphide (M2P, M=Fe, Co, Ni, Ru, Pd). We found all stable M2P
are metallic with excellent extensibilities which display in low in-plane Young’s modulus (89~167 N/M) and
high ultimate tensile strength point (30%~45%). Interestingly, antiferromagnetic Fe2P and ferromagnetic Co2P
with high Curie temperature (580K) exhibit novel magnetic properties. Furthermore, Ni2P display the best
catalytic performance for its low overpotential which is benefit for multifunctional application in hydrogen

evolution reaction(HER). Our work provides a new avenue in flexible eletride and electrocatalysis design.
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Abstract: In this paper, a new ground state (Pca21-PO) of surface-oxidized phosphorene is identified from a

series of possible crystalline configurations. The crystalline structure of Pca21-PO is based on the previously
proposed 6-P with further distortion. It is predicted to be more favorable than the previously proposed Pmn21-
PO and confirmed to be dynamically stable. The calculated band structures show that Pca21-PO is an indirect
band gap semiconductor with a gap of 0.607 eV and 1.396 eV based on DFT-PBE and HSEO06 methods,
respectively. It is a potential piezoelectric material with coefficients of —9.38 pm V1, 50.32 pm V1, 0.83 pm
V~1and -0.09 pm V1 for di1, di2, da1 and dzz, respectively. These coefficients are comparable to those of group-
IV monochalcogenides and more remarkable than that of the experimental MoS,. In particular, Pca21-PO
possesses piezoelectric effect in arbitrary direction in view of the absence of both inverse and mirror symmetries,
which can be considered as a potential material for applications in nano-scale devices, such as sensors, actuators,
electric field generators and any other applications requiring electrical and mechanical energy conversion.

(@) 6-P (b)  Pcca-PO (c) Pca21-PO

without distortion with distortion

Figure 1. The crystalline structures of 6-P (a), Pcca-PO (b) and Pca21-PO (c).

Keywords: crystalline structure, surface-oxidized, piezoelectricity
[1] Jiabin Li et al., First-principles prediction of a new ground state for surface-oxidized phosphorene with remarkable
piezoelectricity, J. Phys. D: Appl. Phys. 2019, 52, 295301.
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Negative thermal expansion of Prussian blue analogues ScCo(CN)s
and TiCo(CN)e : First-principles study
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Prussian blue Analogues (PBASs) have been found to have many exotic properties[1].
However, the research on negative thermal expansion (NTE) of the compounds is
rare and just beginning after the discovery of pronounced NTE in cubic ZrW,Og by
Slight's group[2]. In this poster, we present NTE of PBAs ScCo(CN)s and
TiCo(CN)s , which are calculated and analyzed using first principles density
functional theory calculations combined with quasi-harmonic approximation. It is
found that the two systems exhibit NTE caused by the low-frequency vibration
modes. The modes mainly involve the vibrations of CN cyanide ligands, namely the
lateral vibrations of the ligands. The low-frequency vibration modes have large
values of negative grineisen parameters. The calculated coefficients of thermal
expansion are -29.4x<10°K* at 144K for ScCo(CN)s, and -13.9x10°K* at 96K for

TiCo(CN)s.
[1] Q. L. Gao et al, Inorg. Chem. Front., 5(2018) 438

[2] T. A. Mary, et al., Science,. 272(1996) 90
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The structural and electronic properties of the WSe,/1T-FeCl, heterostructure have been investigated by
density functional theory and Berry curvature calculations. The heterostructure is a magnetic semiconductor
with type-11 band alignment (0.35 eV band gap) and a magnetic moment of 3.872 pg per unit cell, and it has a
high Curie temperature of 816 K by calculating the different magnetic configurations. In addition, the two layers
of the heterostructure couple with each other by van der Waals force based on the Bader charge analysis. Biaxial
strain causes a transition of the band alignment from type-II to type-I, and it also leads to a significant change in
the work function. Under compression strain of -2% to -8%, the electronic band of the heterostructure shows
valley-contrasting character and valley-spin coupling, like monolayer WSe,. The Berry curvature and spin
splitting are opposite at the K and K’ valleys, so the valleys and spins are simultaneously locked and polarized,

and the valley Hall effect and spin Hall effect simultaneously occur.
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Fig.1 (a) Variation of the work function as a function of biaxial strain. (b) Band structure calculated by the MLWFs,
(c) contour map of the Berry curvature in the 2D Brillouin zone, and (d) Berry curvature of the WSe,/FeCl;
heterostructure at compression strain of —6%.
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Abstract: Zn,GeO4 was reported to exhibit negative thermal expansion (NTE) below room temperature in
experiment. However, the underlying mechanism of NTE has not been reported. In this work, we investigate the
NTE in rhombohedral Zn,GeO. using first-principles methods combined with quasi-harmonic approximation.
Calculations show that the system exhibits NTE below ~ 200 K and the calculated coefficients of NTE is in
reasonable agreement with experiment. Detailed analysis of the phonon modes reveals that the low-frequency
acoustic modes near the center (I" point) and boundary of the first Brillouin zone, dominated by the collective
movement of the Zn and Ge atoms along with their neighboring oxygens, mainly contribute to the NTE of the
Zn,GeO0g, which is in contrast to the conventional NTE mechanisms for the open-framework structures of oxides,
where the phonon modes, such as transverse vibration and libration of bridge oxygens and rotations of the rigid-
unit modes, play key roles in the NTE of the materials. Our results give a new understanding of NTE mechanisms
for the more flexible framework oxide materials.

Keywords: first-principles calculations, Zn,GeO4, NTE mechanisms, acoustic modes
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Quantum information and spintronics devices, based on searching and manipulating magnetism, open up
new questions in the studies of two dimensional materials. Using first-principle calculations, here we design a
novel type of 2D metal organic frameworks (MOFs), which is composed of (1, 3, 5)-benzenetricarbonitrile (TCB)
molecules linked with 5d transition metals (i.e., Hf, Ta, W, Re, Os, Ir), namely TCB-TM. Owing to their low



coordinated, half-filled 5d electronic configuration, and suitable crystal field, robust ferromagnetism
semiconductor with 63 meV bandgap, large magnetic anisotropy energy (19 meV/atom) and room temperature
Curie temperatures (613 K) are found in TCB-Re monolayers. Remarkably, with the help of biaxial strain, a
reversible magnetic transitions between ferromagnetic and antiferromagnetic have been found and the magnetic
anisotropy energy is even increased up to 120 meV/atom. Meanwhile, large magnetic moment and room Curie
temperature have been well preserved. To provide more insights into generally spin control mechanism, strain
induced energy level regulating, bond reduction, orbital hybridization, magnetic interaction, and exchange
coupling parameter have also been discussed. Our theoretical results point out that strain engineering is an
effective method to manipulating spin and enhance the magnetic anisotropy energy to TCB-TM monolayer,
which pave the way for experimental design of spin and magnetic storage devices.

Keywords: 5d transition metal; magnetic transition; magnetic anisotropy; strain
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Abstract: The solar cell which uses the photovoltaic effect to convert solar energy into electricity directly has
aroused widespread attention. Compared with traditional bulk materials, two-dimensional (2D) materials can
exhibit exotic optoelectronic properties and especially provide large photoreactive contact areas, making them
more attractive for designing novel optoelectronic devices. In this work, we use the first-principles methods
based on density functional theory to study the electronic and optical properties of few-layer B-SnSe. It is found
that the one-layer, two-layer and three-layer -SnSe are semiconducting with direct band gaps of 1.38 eV, 1.20
eV and 1.05 eV, respectively, which fall within the optimum band gap for solar cells. The optical absorbance
and upper limit of the energy conversion efficiency can reache values as high as 56% and 15.4%, respectively,
for three-layer B-SnSe, which is comparable to the current efficiency records. Furthermore, the few-layer -SnSe
has very high carrier mobility, reaching 10" cm?V-1s? for the three-layer B-SnSe . The strong visible light
absorption and high carrier mobility of few-layer B-SnSe provide promising opportunities for applications in
solar cells.

keywords: few-layer, strong visible light absorbance, ultrahigh carrier mobility, solar cells
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Fig. 1 Crystal structures of bulk (a) a-SnSe of the Pnma space group (#62) and (b) B-SnSe of the Cmcm space
group (#63), with the top and side views of one-layer (c) a.-SnSe and (d) B-SnSe. The cuboid frames show the

orthorhombic unit cells. Gray and green balls represent Sn and Se atoms, respectively.
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Intrinsic Half-Metallicity in 2D Ternary Chalcogenides with High
Critical Temperature and Controllable Magnetization Direction
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Searching for 2D ferromagnetic materials with a high critical temperature, large spin polarization, and
controllable magnetization direction is a key challenge for their broad applications in spintronics. Here,
through a systematic study on a series of 2D ternary chalcogenides with first-principles calculations, it is
demonstrated that a family of 2D CoGaxXs (X = S, Se, or Te) are half-metallic ferromagnets, and they
exhibit high critical temperature, fully polarized spin state, and strain-dependent magnetization direction
simultaneously. Following the Goodenough—Kanamori rules, the half-metallic ferromagnetism of CoGa, X4
family is caused by superexchange interaction mediated by Co—X—Co bonds. The half-metal gaps are large
enough (>0.5 eV) to ensure that the half-metallicity is stable against the spin flipping at room temperature.
Magnetocrystalline anisotropy energy calculations indicate that CoGa, X4 favor easy plane magnetization.
Under achievable biaxial tensile strain (2-6%), the magnetization directions of CoGazX4 can change from
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in-plane to out-of-plane, providing a route to control the efficiency of spin injection/detection. Further, the
critical temperatures Tc of ferromagnetic phase transition for CoGa.X, are close to room temperature.
Belonging to the big family of layered AB2X4 compounds, the proposed CoGazX4 systems will enrich the
available 2D candidates and their heterojunctions for various applications.

E

+

Fig. 1 The schematic diagrams of structure, band structure, strain tunable magnetism in CoGaxXs

Keywords: half-metallicity, ternary chalcogenides, spintronics, first-principles calculations
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Abstract



In two-dimensional (2D) materials, saddle-points in the electronic structure give rise to diverging density of
states, which leads to intriguing physical phenomena useful for applications, including magnetism,
superconductivity, charge density wave, as well as enhanced optical absorption. Using first-principles
calculations, we show monolayer B-phase of group-IVV monochalcogenides (MX, M = Ge or Sn; X = S or Se)
are a new class of 2D materials that possess saddle-points in both the lowest conduction band and the highest
valence band as well as in the joint density of states. Due to the existence of saddle-points, a remarkable
absorption peak within the fundamental gap is found in these materials when the light polarization is along the
armchair (y) direction. The properties of saddle-point excitons can be effectively tuned by both the strain and
thickness of these materials. Importantly, the strong optical absorbance induced by saddle-point exciton
absorptions and the appropriate band gap give ideal power conversion efficiencies as large as 1.11% for
monolayer B-SnSe, significantly higher than reported high-performance ultrathin solar cells using transition
metal dichalcogenides. These results not only open new avenues for exploring novel many-body physics, but
also suggest B-phase MXs could be promising candidates for future optoelectronic devices.

Keywords: two-dimensional materials, group-1V monochalcogenides, saddle-point excitons, solar

cells, first-principles calculations
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Abstract: Motivated by the successful synthesis of Janus monolayer MoSSe 12, we systematically study armchair
MoSSe nanoribbons (A-MoSSe NRs), WSSe nanoribbons (A-WSSe NRs) and MoSSe/WSSe superlattice
nanoribbons (A-SLNRs) and investigate the electronic properties modulated by the strain and external electric
field using the first-principles calculations. The pristine A3-MSSe NR (M=Mo, W) and As-SLNR are
nonmagnetic semiconductor with indirect and direct bandgap, respectively. In the strain range of -10% to 10%,
their bandgap can be gradually reduced from about 1.34 to 0.78 eV, and the bandgap is more sensitive to tensile
strain than compressive strain. Moreover, the band structure of As-MoSSe NR and Az-WSSe NR change from
indirect character to direct at I' point under the tensile strain of 2% and 6% due to the shift of the energy states
near the Fermi level, respectively. The As-SLNR maintains its direct bandgap under strain. Under an external

electric field, their bandgap decreases a little at first within 0.4 V/A and then decrease a lot with the increase of
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external electric field, until it becomes metallic at 0.6 \V/A. Our calculations show that the electronic properties
of As-MSSe NR (M=Mo, W) and Asz-SLNR can be controlled by applying strain and external electric field,

indicating their potential applications to nanodevices.

1 1
:A1 :Az Ay A | As 1 Ag
I - - =

Figure 1 Side and top view of the structure of the MoSSe/WSSe superlattice nanoribbon composed by MoSSe
and WSSe in a direction, defining the ribbon width along b direction (A1, Az ...). The Mo, W and S, Se at the
edge are saturated with O and H atoms, respectively.
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Kinetic pathways towards mass production of singlecrystalline

stanene on topological insulator substrates
Liying Zhang,2Wei Qin,°Leigiang Li,*Shunfang Li,*Ping Cui,** Yu Jia? and Zhenyu Zhang®

Abstract:As a highly appealing new member of the two-dimensional (2D) materials family, stanene was first
epitaxially grown on a three-dimensional topological insulator of Bi2Te3; yet, to date, a standing challenge is to
drastically improve the overall quality of such stanene overlayers for a wide range of potential applications in

next-generation quantum devices. Here we use state-of-the-art first-principles approaches to explore the
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atomistic growth mechanisms of stanene on different Bi2Te3(111)-based substrates, with intriguing discoveries.
We first show that, when grown on experimentally studied Te-terminated Bi2Te3, stanene would follow an
unusual partial-layer-by-partial-layer growth mode, characterized by short-range repulsive pairwise interactions
of the Sn adatoms; the resultant stanene overlayer is destined to contain undesirable grain boundaries. More
importantly, we find that stanene growth on Bi2Te3(111) pre-covered with a Bi bilayer follows a highly desirable
nucleation-and-growth mechanism, strongly favoring single crystalline stanene. We further show that both
systems exhibit pronounced Rashba spin—orbit couplings, while the latter system also provides new opportunities
for the potential realization of topological superconductivity in 2D heterostructures. The novel kinetic pathways
revealed here will be instrumental in achieving the mass production of high-quality stanene with emergent
physical properties of technological significance.
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E: RG2 is a high-efficient code, based on Random strategy combined with space Group and Graph
theory, to generate crystalline structures with well-defined structural features [PRB, 97, 014104 (2018)].This
poster shows two new stories about applying RG2 to search novel carbon allotropes. The first one is about a
novel 3D cubic carbon allotrope (1-43d) in sp3 hybridization with large-size (188 atom per cubic cell) and low-
energy [112 meV/atom higher than that of cubic diamond]. It is a super-hard insulator with an indirect band gap
of 7.25 eV, which is the largest band gap in present carbon family [PRL, 121, 175701 (2018)]. The second one
is about the discovery of 33 new 2D carbon allotropes including a novel Stone-Wales graphene with intriguing
structure (well-arranged Stone-Wales defects) and remarkable stability exceeding than all the previously
proposed 2D carbons. It can be constructed through a 900 bond rotation ina  8>8 supercell of graphene, which
is a “magic size” showing better stability than those based on 9>9, 1212 and 13x13 supercells. Such a “magic

size” can be simply understood through a “energy splitting and inversion” model. The calculated vibrational



properties and molecular dynamics of SW-graphene confirm that it is dynamically stable. The electronic
structure shows SW-graphene is a semimetal with distorted, strongly anisotropic Dirac cones [PRB, 99, 041405

(R), 2019].

813 Crystal structure searching; Carbon allotropes; RG2.
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Low Frequency Acoustic Phonon Ehenced Negative Thermal
Expansion in M";[M'"Y(CN)s](M"=Ni, Co, Fe, Mn; M'Y =Mo, W)

from Ab Initio Calculations

Chunyan Wang'2, Dahu Chang?, Qilong Gao', Qiang Sun', Xiaowei Huang?, Yu Jia>!

International Laboratory for Quantum Functional Materials of Henan, and School of Physics, Zhengzhou
University, Zhengzhou 450001, China
Abstracts : Ni2W(CN)8 is the first reported experimentally solid material showing negative thermal
expansion(NTE) recently. Here, by using first-principles calculations within density functional theory (DFT)
combined with the quasi-harmonic approximation (QHA) theory, we investigated systematically the NTE



properties for MII2[MIV(CN)8](MII=Ni, Co, Fe, Mn; MIV =Mo, W) family. We show that the coefficients of
negative thermal expansion (CNTE) of MII2[MIV(CN)8] can reach up to ~ -10 x 10-6 K-1, i.e., Ni2W(CN)8,
Ni2Mo(CN)8 and Mn2W(CN)8 are -9.14 10-6 K-1, -8.61 x 10-6 K-1 and -14.77 x 10-6 K-1 respectively.
Analysis of the derived Grineisen parameters reveal that, like most Prussian blue analogues, the optical modes
make a contribution to the NTE, which involve the localized rotational motion of the WC8 units and the
transverse vibration of CN in an approximately two-dimensional plane. Moreover, we also find that the low
frequency acoustic modes from T'(0 0 0) to X(0.5 0 0) make a significant contribution to the NTE of
MII2[MIV(CN)8] family. The eigenvectors for these modes reveal an almost rigid transverse motion of both
NiN4 and WC8 unit, and the whole transverse vibration induces a slight ripple to reduce the volume, similarly
as membrane effect in graphene. Our results present a clarity picture for the driving mechanism of NTE in
Ni2[MIV(CN)8], and provide a guide to adjust the CTEs by element substitution in experiment further.

Key words: negative thermal expansion octacyanido-based cyanide Ab Initio Calculations
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Thermal Tuning of Acoustic Manipulation by a Ferroelectric
Phononic Crystal Plate
Chaowei Xu and Honggiang Ll

School of Physical Science and Engineering, Tongji University, Shanghai 200092, China

E-mail: hglee@tongji.edu.cn

Abstrct: We investigated a tunable PCP made of BaoSrosTiOs (BST) ceramics, wherein a 20-K
temperature change near room temperature results in a 20% frequency shift in the transmission spectra induced
by a ferroelectric phase transition.! Though PCP made of Bao 7SrosTiOs (BST) were studied as thermal tunable
PCP by some researchers, most of the researches focus on the intrinsic properties. It is meaningful to discover
more manipulation capability of the tunable PCP which is potential in many applications such as biomedicine,
chemosynthesis and sensor. In this article, we report a thermal tuning of acoustic manipulation by a
subwavelength-scale (relative to the wavelength of ultrasound in water) ferroelectric PCP. The longitudinal
velocity and transverse velocity of BST increase nonlinearly and progressively from 293 K to 313 K, because
the tetragonal-cubic phase transition occurs across the Curie temperature (298 K). We studied numerically the
ARF on a cylindrical brass particle near the surface of a periodically structured BST plate and investigated the
capability of acoustic trapping versus two different temperatures (293 K and 313 K). It is demonstrated that this
system traps (negative acoustic radiation force) a particle well around the surface at 293 K, whereas pushes
(positive acoustic radiation force) the particle away from the surface at 313 K. The mechanism is revealed that
the gradient vortex velocity field at 293 K turns to be a uniform periodic velocity field at 313 K by analyzing
the band structures and field distributions. The thermal tuning acoustic manipulation is a novel tool of micro-
scale particle manipulation, which contributes to more smart devices and inspires more researches of unused
tunable acoustic manipulation.
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FIG. 1. Schematic representation for thermal tuning of acoustic radiation force by a Bag7Sro3TiO3 phononic
crystal plate.

FIG. 2 (a) Transmission coefficient versus frequency in 293 K (black solid line) and 313 K (red dash line). (b)
Acoustic radiation force on particle versus frequency in 293 K (black solid line) and 313 K (red dash line).
FIG. 3. Band structure of Bao.7Sro3TiOs phononic crystal plate in 293 K (black solid line) and 313 K (red dash
line). The inset is schematic diagram of the single unit for intrinsic band structure calculation by finite element

method.
1. Chaowei Xu, Feiyan Cai, Shuhong Xie, Fei Li, Rong Sun, Xianzhu Fu, Rengen Xiong, Yi Zhang, Hairong Zheng, and Jiangyu

Li, Physical Review Applied 4 (3), 034009 (2015).
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Pentazolate Salts
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Abstract: Polynitrogen compounds especially pentazolate anion complexes recently have attracted substantial
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attention due to their promising potential as high-energy-density materials. Here, using a machine-learning-
accelerated crystal structure search method and first-principles calculations, we predict a new hybrid compound
by inserting a large fraction of nitrogen into alkaline-earth metals. It is a new stoichiometric type MN1o (M = Be,
Mg), which possesses a metal-centering octahedral pentazolate framework with the space group Fdd2. This type
of ionic-like molecular crystal is found to be energetically more favorable than the mixtures of MsN2 or MN4
compounds and pure nitrogen and is possibly synthesized at relatively low pressures (around 12 GPa for MgN1o).
The ab initio molecular dynamics simulations show that they are metastable and can be quenched to ambient
conditions once synthesized at high pressure. Moreover, decomposition of this polymeric MNjo structure can
release a large amount of energy and shows high performance in detonation. The detonation velocity and

pressure of BeNjg are about twice and 4 times that of trinitrotoluene, respectively.

Key words: Crystal structure searching, High pressure, High energy density, Pentazolate

Reference:  [1] K. Xiaet al., Pressure-Stabilized High-Energy-Density Alkaline-Earth-Metal Pentazolate Salts, J. Phys.
Chem. C 2019,123 (16), 10205.
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Multiple superionic states in helium-water compounds

Cong Liul, Hao Gaol, Yong Wangl, Chris J. Pickard2, 3, RichardJ. Needs4, Jian Sunl, *, Hui-
Tian Wangl, §, and Dingyu Xing1

ABSTRACT :Superionic states are phases of matter that can simultaneously exhibit some of the properties of
a liquid and of a solid. For example, in superionic ice, hydrogen atoms can move freely while oxygen atoms are
fixed in their sublattice. “Superionicity” has attracted much attention both in fundamental science and
applications. Helium is the most inert element in nature and it is generally considered to be unreactive. Here we
use ab initio calculations to show that He and H20 can form stable compounds within a large pressure range
which can exist even close to ambient pressure. Surprisingly, we found that they can form two previously



unknown types of superionic states. In the first of these phases the helium atoms exhibit liquid behavior within
a fixed ice-lattice framework. In the second of these phases, both helium and hydrogen atoms move in a liquid-
like fashion within a fixed oxygen sublattice. Because the He-O interaction is weaker than the H-O interaction,
the helium atoms in these superionic states have larger discussion coefficients and lower “melting” temperatures
than that of hydrogen, although helium is heavier than hydrogen. The insertion of helium atoms substantially
decreases the pressure at which superionic states may be formed, compared to those in pure ice.
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Ground States of Au2Pb and Pressure Enhanced

Superconductivity

Juefei Wul, Zili Feng®#, Jinghui Wang!, Qun Chen?, Chi Ding!, Tong Chen!, Zhaopeng Guo?,
Jingshen Wen?, Youguo Shi*#, Dingyu Xing!, Jian Sun®*

ABSTRACT: AuzPb was suggested to be a natural topological superconductor and has attracted much
attention. Combining ab initio calculations with machine-learning accelerated crystal structure searches,
we find two new ground states: Pca21 phase at ambient pressure and 1-42d phase at high pressure. The
Pca21 phase is energetically more favorable than the Pbcn structure previously suggested, and in better
agreement with the experimental XRD pattern. Our calculations suggest that the high-pressure 1-42d is a
phonon-mediated BCS superconductor. By the high pressure electric resistance measurements, we
observe a strong enhancement of Tc at a factor of more than three times than in the low-pressure case. Tc
reaches a maximum value of around 4 K at 5 GPa and then decreases with further compression. The
superconductivity can remain unchanged after the pressure is released, in consistence with our theoretical
predictions. These results show that Au2Pb exhibits abundant behaviors under pressure and temperature,
which can help to understand how to adjust its electronic properties by pressure.
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optimizing descriptors
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0093,China

ABSTRACT:We have implemented Behler-Parrinellodescriptors in a differentiable way and fitted force fields
of Aluminum by Gaussian approximation potential (GAP) . Our method can effectively improve the performance
of ML interatomic potentials in different systems such as bulk and grain boundaries.
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ABSTRACT: TiO;is an intensively studied photocatalytic material owing to its low cost and high activity. The
anatase/rutile (A/R) mixed-phase TiO; is recognized as an effective strategy to achieve high photocatalytic
efficiency by the type-1l band alignment favorable to spatial charge separation. However, the atomic structure,
as well as the exact band alignment of the A/R mixed-phase TiO, is very difficult to identify either in
experimental measurements or theoretical simulations. Moreover, the time-dependent photogenerated carrier
dynamics, which can determine the photocatalytic efficiency, has not been studied at the atomic scale. In this
report, we use adaptive genetic algorithm to search the stable interface structures. We find that the band
alignment is determined by the interfacial atomic structures. Especially, with oxygen vacancy (Ov) at the
interface, band alignment can be reversed as compared to that of the stoichiometric interface. Then, we select
one stoichiometric and one defective structure to study the photogenerated carrier dynamics using the time-
dependent ab initio nonadiabatic molecule dynamics. We find that in the stoichiometric system, for both the
electron and the hole, the charge transfer happens within 400 fs, which is much shorter than the electron-hole
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recombination timescale at ns to us magnitude, which suggests that the charge transfer can occur efficiently at
the interface before they recombine. For the defective A/R system with Oy, we find that the electron will be
trapped by the defect state within 1 ps, while the hole dynamics is not affected. Our study provides atomic
insights into the understanding of the band alignment and photogenerated carrier dynamics at the mixed A/R
TiO; interface, which provides valuable guidance for functional material design for solar energy conversion.

KEYWORDS: band alignment , photogenerated carrier dynamics, electron-hole recombination
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CuzxTe is one of the commonly used as conductive back contacting materials for CdTe solar cells due to the
formation of p+ interface with CdTe absorber. Because of the unavoidable Cu deficiencies, complex structures
relating closely with Cu contents have been reported for Cuz.xTe till now, which limited the study on its broad
application. Here, combining X-ray diffraction (XRD) measurement with extensive swarm structure search, we
proved P-3m1 phase as the ambient structure of CuygzsTe and it will transform to a new defective 14/mmm phase
at 2.9 GPa. Enthalpy calculation supports that stoichiometric Cu,Te is expected to be synthesized under high
pressure above 5.3 GPa. The analysis of mechanical and dynamical stability implies that the high-pressure
14/mmm Cu,Te has potential to be stabilized to ambient conditions as a metastable material. Our results represent
a significant step in understanding the crystal information of Cu,.xTe and extending its applications.

Keywords: phase transition; crystal structure prediction; high-pressure experiment; copper deficiencies
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Superconducting circuits have a wide variety of applications, e.g., photon detectors used in astrophysics,
bolometers involved in dark matter searches, nanomechanical motion sensors, cavity quantum electrodynamics,
and quantum limited parametric amplifiers. However, their performance continues to be impaired by noise and
dielectric loss produced by microscopic defects. Of particular interest as a qubit is the superconducting quantum
interference device (SQUID) where a major problem is low-frequency 1/f flux noise generated by fluctuating
spins residing on the surface. These surface spins comes from a variety of microscopic sources. Recent
experiments indicated that hydrogen (H) atoms may be one of those sources, even though hydrogen is rarely
associated with magnetism.

In this work, we used density functional theory (DFT) to investigate H atoms as a source of flux noise on
a-Al>03(0001), which is the insulating parts of Al based SQUID. We found that H atoms either embedded in, or
adsorbed on, an a—Al203(0001) surface have sizable spin moments ranging from 0.81 to 0.87uB with energy
barriers for spin reorientation as low as ~10mK. Furthermore, H adatoms on the surface attract gas molecules
such as Oy, producing new spin sources. We propose coating the surface with graphene to eliminate H-induced

surface spins and to protect the surface from other adsorbates.
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ABSTRACT: Graphene is a massless Dirac fermions system where electrons move at 106m/s. At the hexagonal
Brillouin zone corners, that is, near the Dirac point, the band structure of graphene represents linear dispersion
relationship. For this reason, the nonlinear properties of graphene plays an essential role due to its linear
dispersion. It has been discussed and investigated theoretically and experimentally that graphene has stronger
nonlinearity than what in dielectric medium or traditional semiconductor. In recently years, nonlinear response
enhancement of graphene under elliptical electric field has been observed and investigated. Third or fifth order
response of graphene monotonically decrease with increasing of ellipticity from 0 to 1 while seventh order
response reaches a peak at special ellipticity of 0.32. In this work, we consider graphene is radiated by a two
color lights with two different frequency ®0 and 20, sum frequency and slip frequency of third order response
will generate 300 harmonic with two different contribution.This difference from one light radiation leads

tounique phenomenon in dependence of intensityl(3m0) on ellipticity.
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Abstract: Bulk 2H-TaSe; is a model charge density wave (CDW) metal with superconductivity emerging at
extremely low temperature (T = 0.1 K). Here, by first-principles calculations including the explicit calculation
of the screened Coulomb interaction, we demonstrate enhanced superconductivity in the CDW state of
monolayer 1H-TaSe, observed in recent experiments. Its ground-state 3 < 3 CDW phase features triangular
clustering of Ta atoms and possesses a large electron—phonon coupling of A = 0.74, yielding an order of
magnitude higher superconducting T. compared to the bulk. Upon lowering the thickness from bulk to
monolayer TaSep, the CDW intensifies with slightly decreased Fermi-level density of states, while
superconductivity gets boosted via a largely increased intrinsic electron—phonon coupling strength, which
overcomes both the CDW effect and naturally reinforced Coulomb repulsion. These results uncover the
simultaneously enhanced CDW and superconducting orders in the two-dimensional limit for the first time and

have key implications for other CDW metals like 2H-TaS.

<15 TaSe,, charge-density wave, superconductivity, transition-metal dichalcogenide
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Abstract: C,N with uniform honeycomb holes and nitrogen lattice, whose vacant sites are partially filled by Ce
hexagons, have great potential for editable properties. Here, by using the first-principles calculations, C.N/a-Te
van der Waals (vdW) heterojunction and its electronic properties modulated by vertical strain and external
electric field have been systematically investigated. The results show that the CoN/a-Te vdW heterojunction has
a unique type-11 band alignment, whose indirect band gap value is 0.47/1.01 eV in DFT/HSEOQ6. The band gap
can be tuned by external electric field and vertical strain from 0.49 eV to 1.16 eV in HSEO06. A type-II to type-I
transition occurs under external electric field of in 0.4 V/A. Interestingly, C:N/o-Te vdW heterojunction
possesses high optical absorption strength and broad spectrum width (ultraviolet to near-infrared). These results

indicate that the CoN/a-Te heterojunction will have promising applications in photoelectron and photovoltaic

applications.
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Fig. 1 (a) The band alignment of the CoN/a-Te heterojunction. (b) 2D charge density
distribution of C,N/a-Te heterojunction at CoN surface. (¢) The band edge as a function of the
external electric field in the CoN/a-Te heterojunctions.
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ABSTRACT: Developing highly efficient single-atom catalyst (SAC) is of great scientific and technical
importance due to the high efficiency and specificity for many chemical reactions. Using first-principle
calculation within density theory, we investigate a powerful strategy for decreasing the instability of SACs by
tuning the electronic interactions of metal and sub substrate. It is identified that, the Pd2 dimer is prone to
dissociate with a single-layer MoS2 adsorbed on Au(111), Ag(111) two representation transition metal substrate
having 5.18% (mismatch) tensile strain with the MoS2 overlayer. The straining provide by metal substrate
induces a semiconductive-to-metallic phase transition of the MoS2 overlayer substrate. Moreover, elements as
Pd Cu, and Mn , can also be stabilized into high performance SACs for CO oxidation with tunable reaction
barriers. The present findings may prove to be instrumental in development of highly cost-efficient and high

loading density of SACs stability on MoS2 overlayer substrate.

Key words: Single atom catalyst, Charge transfer, defect-free 2H-Mo0S2, strain engineering, electronic metal-
substrate interactions, CO oxidation, dnesity functional theory.
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Abstract

Atomically thin 2D material absorbed with a single magnetic atom hold out the promise to overcome the
difficulties of bit miniaturization for data storage. One key issue is to find out an appropriate material system
with high structural stability and large magnetic anisotropic energy. In this letter, we perform density functional
calculations and demonstrate perpendicular magnetic anisotropy energy up 30 meV/atom (above room
temperature) in rhenium atom adsorbed on monolayer tungsten disulfide, which makes this system a promising
candidate for achieving the single ad-atomic systems for applications of magnetic data storage.

Furthermore, the local magnetic moments are introduced into the system via rhenium adsorption, which leads to
Zeeman Effect, and can further lift the valley degeneracy. The large valley splitting energy generated by

transition metal atom adsorption offers a novel paradigm for the development of valleytronic devices.

Keywords: information storage; transition metal ad-atom; magnetic anisotropy energy; valley splitting
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Abstract:  Since the discovery of graphene, the study of atomically thin two-dimensional (2D) nano materials
has become one of the most rapidly developing areas of condensed matter physics for pursuing the novel
properties, rich low-dimensional physics and the abundant applications. 2D materials are considered as the
promising candidates for the innovation of integrated circuits due to the availability of their versatile electrical
properties, spanning from insulator, semiconductor to metal and superconductor, a broad range of material
parameter space. Hexagonal boron nitride (h-BN) monolayer has honeycomb lattice structure, sharing the similar
planar hexagonal structure to graphene. Whereas the former possesses a wide bandgap of about 4.5 eV.

Line defects which commonly present in two-dimensional materials can play a fundamentally important role
in spintronic applications for generating and transporting spin current. Electrical controllability and room-
temperature magnetism are two important ingredients for spintronics device applications. By combining density
functional theory with the nonequilibrium Green’s function method, we investigate theoretically the electronic
and magnetic properties of n-type doped monolayers of boron nitride (h-BN) with 4|8 line defects. We show that
the line defects create two deep flat bands in the large band gap of the h-BN sheet, inducing van Hove
singularities in the density of states. It is well known that a sharp van Hove singularity (VHS) on the DOS can
appear at the band edge in a 1D dispersive band. Interestingly, at certain concentration of electrons introduced
by n-type doping a tantalizing spontaneous one-dimensional ferromagnetic ordering along with such line defects
in the h-BN sheet emerges. The net magnetic moment of the system emerge sharply at the critical doping level

around 7.08>10"2 cm (near 0.5 electrons per unit cell), and remarkably, it saturates (1 1 per electron) very

quickly. This magnetic ordering originated from the partially occupied dispersionless conduction band (upper
defect band) results in spin-polarized current. Moreover, the electron doping can be realized by replacing the B
atoms with the C atoms. And the value of spin polarization efficiency (SFE) is about 90% within the bias range
of 0.0-0.4 V at room temperature. This exhibits high spin polarization and the attractive spin-polarized transport
behavior appears. Our findings not only reveal the possibility of doping-induced tunable magnetism in 2D
semiconductors but also provide an opportunity to realize spintronics at the atomically thin single-layer level, in
which controlled spin moment and transport may be achieved by electrostatic gating, which is possible to be
realized experimentally.
Keywords: 2D materials, line defects, ferromagnetism, spin-polarized transport
References:
[1] O. Cretu, Y.C. Lin, K. Suenaga, Evidence for active atomic defects in monolayer hexagonal boron nitride: a new
mechanism of plasticity in two-dimensional materials, Nano letters, 2014,14,1064-1068.
[2] S.H. Ke, H.U. Baranger, W. Yang, Electron transport through molecules: Gate-induced polarization and potential
shift, Physical Review B, 2015,71,113401.
Fund: National Natural Science Foundation of China (Grant N0:11574118 and 21473102)


mailto:liuds@sdu.edu.cn

M-P053

THERS: M
Data-driven descriptor for high-throughput screening of topological
insulators
Guohua Cao?3, Runhai Ouyang?, Luca M. Ghiringhelli?, Matthias Scheffler?,

Huijun Liu'”, Christian Carbogno®”, Zhenyu Zhang®”

1Key Laboratory of Artificial Micro- and Nano-Structures of Ministry of Education and School
of Physics and Technology, Wuhan University, Wuhan 430072, China

*E-mail: phlhj@whu.edu.cn; carbogno@fhi-berlin.mpg.de; zhangzy@ustc.edu.cn

Due to their salient properties, topological insulators (TIs) have immense application potential in spintronics,
catalysis, and quantum computing. Such high technological expectation propels the field to actively search for
new TIs. Earlier search efforts for potential Tls have been performed on a case-by-case basis. More recently,
significant advances have been made in predicting new topological materials using empirical descriptors or
symmetry-based indicators'® that allow scanning the materials space in a high-throughput fashion. These
approaches are, however, only applicable to systems with well-defined symmetries, e.g., those stored in materials
databases. Hence, such approaches leave a much larger space of materials unexplored, for instance those
compounds obtainable via compositional alloying. In the present work, we overcome this hurdle and show how
to use artificial intelligence (Al) to uncover a novel two-dimensional descriptor for the fast and reliable
identification of the topological characters of complex systems without apriori knowledge about their
symmetries. Here, we use tetradymites as a prototypical example class of materials. The descriptor is obtained
via a recently developed data-analytics approach named SISSO (Sure Independence Screening and Sparsifying
Operator)’® that is applied to a training set obtained via high-level electronic structure calculations. The
identified descriptor is defined by only two elemental properties of the constituent species (the atomic number
and the electronegativity), hence allowing us to readily scan over four million alloyed compounds in the
tetradymite family. By these means, nearly two million hitherto unknown Tls are identified, thus drastically
expanding the territory of the topological materials world. Moreover, these predictions are additionally verified
by first-principles calculations for several representative alloyed materials, as well as by the experimental data
available to date. The strong predictive power of the descriptor beyond the initial scope of the training data also
attests the increasing importance of such Al-based approaches in modern materials discovery.

Keywords: topological insulators, data-driven, high-throughput screening, descriptor
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Recently, lanthanum intermetallic compounds have attracted many attentions due to their automobile and
aerospace applications. It is necessary to investigate their properties under extreme conditions, such as high
pressures, to further explore their potential applications. Here, we extensively examine the high-pressure
properties of a series of lanthanum intermetallic compounds (MyLay, M = Be, Mg, Al, Ga, In, Tl, Pb, and Bi) by
using the in-house developed swarm-intelligence based CALYPSO method, which can be used to predict
structures depending on the given chemical composition by merging ab-initio total-energy calculations.
Although plenty of unreported high-pressure phase transitions have been identified, we find a counterintuitive
phenomenon that all of these compounds will decompose into individual elements at certain pressures, which
will certainly affect their applications at high pressure. In order to understand the underlying mechanisms of the
decomposition, we further analyze the evolution of the internal energy and the pressure-volume term (PV term)
as a function of pressure. Our results shed lights on the high-pressure behaviors of La-based intermetallic
compounds and provide important guidance for other La-like intermetallic compounds.

Keywords: pressure-induced decomposition; lanthanum intermetallic compounds; crystal structure prediction
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. We propose a simple strategy to find possible linear double Weyl semimetals (WSMs) among
nonmagnetic materials. This strategy can reproduce several known robust WSM candidates, covering
orthorhombic, tetragonal, and cubic lattice systems. This kind of WSM hosts Weyl points (WPs) carrying double
chiral charges when spin degeneracy is considered while spin-orbit coupling (SOC) is switched off, and
dispersions along all three directions are linear, distinct from the parabolic double WPs proposed in HgCr.Sea.
When SOC is included, these double-charge WPs split into two single spin-1/2 WPs with equal chirality.
Following this strategy and combining with ab initio structural prediction techniques, we propose a candidate
for such kind of WSMs, rooted in a high-pressure phase of TiS; with space group P-62m. In this system, all the
WPs are pinned at the same energy due to crystal symmetry. In addition, the minimum spacing between opposite-
chirality WPs is ~0.23A1, which makes it a promising robust WSM candidate.

x¢#i5: Topological Weyl semimetal, high pressure, Titanium disulfide.

52 Xk

[1] P. C. Lu et al., Robust double Weyl semimetal phase in a nonmagnetic hexagonal lattice system, Phys. Rev. B 2018, 99,
165119.

E4LWH: The MOST of China (Grants NO. 2016YFA0300404 and No.2015CB921202), National

Natural Science Foundation of China (Grants No. 11574133 and No. 11834006), the NSF

Jiangsu province in China (Grant No. BK20150012), the Science Challenge Project (Grant

No. T72016001), and the

Fundamental Research Funds for the Central Universities and Special Program for Applied

Research on Super Computation of the NSFC-Guangdong Joint Fund (the second phase) (

Grant No. U1501501).


mailto:jiansun@nju.edu.cn

M-PO57
A% AL Rs B /(R SR R YIC L M RSB — M [RIBH5T

Bz, EEME, LMBAR, I A
M KFHEFR, AhbE T TFTHRMABERESERT, #I 450001

Email: why81@zzu.edu.cn

ABSTRACT: The impact of the number of thiophenes (Th) unit on the photoelectric properties of the
polydiketopyrrolopyrrole-oligo-thiophene (PDPP-NT, N = 1 - 8) was investigated with the Density functional
theory (DFT). The results present that the variation of Th unit has a significant effect on electronic structure and
absorption spectra. Firstly, the band gap of the PDPP-NT increases with N increase, the long wave and short
wave absorption peak shows blue-shifted and red-shifted respectively, the half-height width of the absorption
peak become narrow; Then, when N = 2, 3, the energy band curvature is higher than others, the corresponding
effective mass is lower so that the mobility of carriers is larger; Once more, when N = 2, 3, 4 and 6, the dihedral
angle are smaller than others. This indicates that the planarities of the molecular structure of the PDPP-NT (N =
2, 3, 4, 6) are better; Finally, the charge transfer between D and A units of the copolymer was analyzed with the
Bader charge analysis tool. The results indicate that the gains and losses of electrons occur at the C-C vicinity
between Th and DPP. The lactam groups (C=0) in PDPP-NT possess the obvious ability of obtaining electronic.
In a word, the less the charge transfer amount, the smaller the dihedral angle, the better the planarity.

KEYWORDS: D/A copolymer, first-principles, optical absorption, effective mass, Bader charge analysis
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ABSTRACT: Friction is present in almost all moving parts of mechanical systems, and it is often the main
cause of energy loss, mechanical failure and inefficiency. In the nanoscale, the friction behavior is usually
significantly different from that in the macroscopic regime. Numerous studies have shown that the friction
coefficients between two sliding bodies are usually strongly sensitive to a variety of factors, such as external
loads, contact areas, temperature, velocity, thickness, and surface topography. However, establishing applicable
method in dramatically lowering the friction coefficient in nanoscale is of great challenge. Here, based on first-
principles calculations within density functional theory, we explored the effect of ferroelectricity on the friction
of the interface of two layers of 2D In,Ses, which exhibits room-temperature ferroelectricity with spontaneous
electric polarization in both out-of-plane and in-plane orientations. During the sliding process, we investigate
the behavior of the friction under different polarization magnitude realized by loading different pressure on the
surface of the In,Ses in consideration of two situations, i.e., with the two layers of In,Ses coupled with each other
in the same polarization direction (type-1) and opposite polarization directions (type-Il), respectively. We find
that the band structure of the former exhibits metallic and the latter semi-conductive, respectively. Importantly,

we were surprised to find that negative friction occurs in type-11 structure, i.e., at the load below 2.75 GPa.

Key words: ferroelectricity, tribology, negative friction.
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Abstract:The naturally hyperbolic materials that conquer the limitations of artificially structured hyperbolic
metamaterials are promising candidates for the emerging devices based on light. However, the variety of
naturally hyperbolic materials and their hyperbolic frequency regime reported presently are very limited. Here,
on the basis of first-principles calculations, we demonstrated a family of naturally hyperbolic materials, graphite-

like metal diborides, with a broadband hyperbolic region from near-1R (~2.5um) to the ultraviolet regime (~248



nm). The operating hyperbolic window and negative refraction can be effectively modulated by extracting

electrons from the materials, offering a promising strategy for regulating the optical properties.
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ABSTRACT: The unique magnetic properties of two-dimensional ferromagnetic materials have important
applications in new magneto-optical and magnetoelectric devices such as magnetoresistive memories and spin
field effect transistors. Recent studies have shown that the non-van der Waals material Ferrite, which has been



stripped from a-Fe20s, is ferromagnetic ordering at room temperature, however its specific atomic structure has
not yet been unambiguously determined. In this work, the CALYPSO structure prediction method combined
with the first-principles calculations based on density functional theory have been used to establish the geometric
structure. It is found that the 1T phase is the ground state of ferromagnetic two-dimensional FeO; in
consideration of the on-site Coulomb interactions. The Monte Carlo calculation of the Heisenberg model by
fitting the parameters shows that the phase transition temperature of 1T-FeO- is higher than room temperature.
Therefore it may be the most possible stable structure of Hematene. The band structure calculations also show
that the 1T-FeO: is highly spin-polarized, exhibiting half-metal feature.

Key words: Two-dimensional ferromagnetic, Curie temperature, Hematene.
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Abstract: The identification of stable bifunctional electrocatalysts for the oxygen reduction and evolution
reaction (ORR/OER) is fatal for electrocatalytic water cycle. To our knowledge, the application of nanowires to
bifunctional catalyst has been rarely explored. On the basis of first-principles calculations, we systemically
investigate Y6X6 (X=S,Se, Te; and Y=Cr,Mo,W)nanowires. Our calculations showed that Cr6Te6 nanowires
can serve as efficient OER/ORR electrocatalysts with the overpotentials even lower than the precious-metal-
group catalysts. The catalysts ability of nanowires is visibly superior to their corresponding 2D materials, which
shows the unique structure of nanowire is beneficial to their catalysts application. To well describe the
electrocatalytic performance of candidates, we established a scaling relationship between the adsorption free
energies of adsorbates and its overpotential. Our findings offer the promising alternative with the feature of
stable, low-cost, and efficient for commercial precious catalysts.
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BE. EEFMLENA2GMK (cCGNR) HRNMISHERGHBE, TELEEBIFESINEHK
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R hRFZERERARENKERFHMIE. £ 4% E IERAT, Fe-cGNR MERREZSH R
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#Z: Alpha-tellurene (a-Te), a recently theoretically and experimentally accessible Group-V1 two-dimensional

(2D) material, has attracted considerable attention. Owing to its unique structure being similar to that of 2D

transition metal dichalcogenides (TMDs), the studies of 2D van der Waals heterostructures (vdWHSs) based on

a-Te/TMDs will be very interesting. In this work, we designed the bilayer a-Te/MoS, vdWH, trilayer WS,/a-

Te/MoS; and a-Te/WS»/MoS; vdWHSs, and investigated the electronic properties by using the first-principles

method. Our results have suggested that these vdWHSs possess an obvious type-1 band alignment with an indirect

band gap value, which is similar to the monolayer a-Te. Moreover, we have also found that an intriguing type-I

to type-ll or indirect to direct transition can be induced by increasing the interlayer coupling of the

heterostructure or applying the biaxial strain and external electric field. Overall, these findings provide a

promising route to tune the electronic properties and design new a-Te-based vdWHSs for applications in electronic

and optoelectronic devices.
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Fig. 1 Schematic diagram of the band edge positions and gap values as a function of external electric field
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FIG.1 The spin-induced ferroelectric polarization at the magnetic domain walls is dependent on the A-site ionic

radius of AFeOs.
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Chirality dependent dielectricity in Moiré antiferromagnet

Yu-Hao Shen, Wen-Yi Tong, He Hu, Jun-Ding Zheng, Chun-Gang Duan

Twistronics rooted in the twisted bilayer van der Waals crystals has attracted immense
attention. It demonstrates the interlayer twist giving rise to patterned interlayer coupling which
significantly modulates the correlated electronic behaviors. Of particular interest is the 30 <twist
in the honeycomb bilayer system, which possesses an incommensurate Moiré pattern. A tiny
rotation will result in a commensurate superlattice, indicating the system is extremely sensitive to
further twist and many intriguing phenomena will occur.

For transition-metal dichalcogenides (TMD) bilayers, there generates two different stackings
(H-type like and R-type like) for the case of relative left or right twist from 30< It is found that a
giant dielectric difference of these two stacking cases appears with an interlayer bias applied. In
this Letter, we report an exotic dielectric difference in twisted magnetic TMD bilayer systems by
ab-initio calculations. It would be exciting to realize that chirality dependent twist shows amplified
or suppressed dielectric response. Using a two-band model Hamiltonian with both a
pseudomagnetic field and vertical electric field considered, the physical mechanism is illuminated.
Here, we show a distinct magnetoelectric effect, responsible for the none dipole induced in the
right twisted case, where there only induces the spirally redistribution of the planar charge, and a
negative dipole induced in the left twisted case, where the system exhibits strong resistance to the
vertical electric field. It is demonstrated this unique dielectricity belongs to the Moire
antiferromagnet, which possess intralayer ferromagnetic coupling and interlayer antiferromagnetic
coupling.



Practically, we point out that by means of the selective circularly polarized optical absorption,
the two chirality dependent Moiré patterns can be distinguished. Our findings enrich our
understanding of electron correlation behaviors with the introduction of magnetic ordering to the
twisted bilayers and open an appealing route toward functional 2D materials design for electronic
and optical devices.

M-P0O75

TERE: M
BB SERFAIEI S BIAR BN A & FSEB IR IE
KELL AL F? FRT

LA ks, BEAMAHEREEERE, F@ 250100

WA RFREAFEIAFE, F5 266237
Email: zmmdel63@163.com

EL: AT LG, WO (e ROREs 1) et F et R 20 E 2. XA TIEE,

R R IAE S R N T AR A, BATAFE B3R 1 — 7 ) SRS R A2 il P XU 71
SER MRS . FFalE, BATKIIE T 152 75 17 5 . AL B A s
W AT N R BO M RT3 B) Fy . BT IXERIL, RATLAENLA N, wit 7 — D aEHL
FOCAFROC RS 5, B AR P ] e A e R SEELCT BN LR JE 7 [ PR )
Aivo e, BATHE— BT T o S AR [0 3B R Y B R R R R SE B P R

(a) . (b)

||_

g/

n

Organic Luminescent Layer 4 Organic Luminescent Layer

L BRYPBT (M1 (0) iz J7 TR R A HLAOE R 7 g . AR S g i AR
HAEAYUAICR LA A IR . RO 2RI A RSB AR S I Ao

KEgi: APLEAE, SCHIER], BT X, € s, AR5


mailto:zmmde163@163.com

EEPUN

[1] Meng, R.; Li, Y.; Li, C.; Gao, K.; Yin, S.; Wang, L. Exciton Transport in 77 -Conjugated Polymers with Conjugation Defects.
Phys. Chem. Chem. Phys. 2017, 19, 24971-24978.

[2] Meng, R.; Li, Y.; Gao, K.; Qin, W.; Wang, L. Ultrafast Exciton Migration and Dissociation in 7 -Conjugated Polymers Driven
by Local Nonuniform Electric Fields. J. Phys. Chem. C. 2017, 121, 20546-20552.

[3]Jin, X.; Price, M. B.; Finnegan, J. R.; Boott, C. E.; Richter, J. M.; Rao, A.; Menke, S. M.; Friend, R. H.; Whittell, G. R.; Manners,
I. Long-Range Exciton Transport in Conjugated Polymer Nanofibers Prepared by Seeded Growth. Science. 2018, 360, 897-900.

ERBERMERESE (Nos. 11674195, 61874068)

M-P0O76
RS M
Mg $3Z% LiBH4 5 LioBoHp S RERIE — 4 [R IR 3R

% 1

JERFHHEMAFEILEARRER, T HECRFRBMAEEERTEF AN, &T 530004
Email: wgjiang@gxu.edu.cn
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fEE: HAl, P IRE MR R BN 22, IXRIPERT e M B ()2 2, TR
FOBMITFEHERE . FATTBTH T —NE Heusler & &8 RATE I H BEM AL BRIL AR BRI TAR R, 2 TR
Vi 1 2SR BE M 0 2% (DNN) ASE 2R 2 #5117, NI A 5 OB 2L 1)~ 2 2 R 2 (MAED 2497 0.10A,
TERAENT MAE 2979 92 meV/atom, Tl E el b R AR ¢ AR 80 1 0.91. UL TARRAA BT,
FATH 10557 FORFIRFELI Heusler & <5tk H AL, TERCREAN B ML R BEAT T T, HR4E 2% 10k
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( a ) ~65000 Heusler compounds
in OQMD

C) 10577 Heusler compounds

Training the first model to
predicts lattice constant

192 Heuslers with
P>0.85

158 Heuslers with
E < 80meV

Training the second model to predict
formation energy

( b) ~3500 Heusler compounds by
DFT
Training the third model to predict
spinpolarization 5 Half-metal unreported

B 1 BRI R R IR IR (a) F1 (), M RHE R (o).
KA. Hlas¥ ], mERR, Bii4)8, Heusler alloys
S CHR
[1] Stefano Sanvito et al., Accelerated discovery of new magnets in the heusler alloy family, Science Advances,
2017, 3(4), 1602241.
[2] Kirklin, S. etal., The Open Quantum Materials Database (OQMD): assessing the accuracy of DFT
formation energies, Npj Computational Materials, 2015, 1, 15010.
[3] LeCun,Y., Y. Bengio and G. Hinton, Deep learning, Nature, 2015, 521, 436.
[4] Lindmaa, A. etal., Machine Learning Energies of 2 Million Elpasolite ABC2D6 Crystals, Physical Review
Letters, 2016, 117(13), 135502.
[5] Graf, T., C. Felser and S.S.P. Parkin, Simple rules for the understanding of Heusler compounds, Progress in
Solid State Chemistry, 2011, 39(1), 1 - 50.
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Unconventional Deformation Potential and Half-Metallicity in
Zigzag Nanoribbons of 2D-Xenes and Group-IV Binary Compounds

Jin-Lei Shi, Xing-Ju Zhao, Gotthard Seifert, Su-Huai Wei, and Dong-Bo Zhang

Beijing Computational Science Research Center, Beijing 100193, P.R. China
Email: jlshi@csrc.ac.cn

ABSTRACT: Realization of half-metallicity (HM) in low dimensional materials is a fundamental challenge
for nano spintronics, which is a critical component for developing alternative generations of information
technology. Using first-principles and SCC-DFTB calculations, we reveal unconventional deformation potential
for zigzag 2D-Xenes and group-IV binary compounds nanoribbons (NRs). Both the conduction band minimum
(CBM) and valence band maximum (VBM) of the edge states are of negative deformation potentials. This unique
property, combined with the spin-polarization, and localization of the edge states, enable a strain way to induce
spin-splitting and further the HM by inhomogeneous strain pattern, such as a simple in-plane bending. Indeed,
our calculation using the generalized Bloch theorem reveals the predicted spin-splitting in bent zigzag 2D-Xenes
and group-IV binary compounds NRs. As such, the HM can be achieved by hole or electron doping. Furthermore,
the magnetic stability of the long range magnetic order for the spin-polarized edge states is maintained well
against the bending deformation. These aspects indicate that it is promising to realize the HM in low dimensions

with the zigzag 2D-Xenes and group-IV binary compounds NRs.
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[1] X. Xu et al, Two-Dimensional Ferroelastic Semiconductors in Single-Layer Indium Oxygen Halide InOY (Y =
CI/Br), Phys. Chem. Chem. Phys. 2019, 21 (14), 7440-7446.

[2] T. Zhang et a/, Two-Dimensional Nb.ATes (A = Si, Ge) Ferroelastic Semiconductor: Excellent Stability, Electronic
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RE: BESRTRERMASKERY, FIRENUBLEBENMRNMALEFTEERN. [1]

MAZE—FEITEIRKEENTBKNEE, RINEEWRTEDS FOIME (MPP) (M=Mg. Ba. Sc.
Ti. V. Cr. Mn, Fe. Co. Ni, Cu#lZn) XKD E, HEXEERFP, TPPARRERMEFEERE
BMEK D FoBELT, Tan B> FHHNRNEET. TIPP MR THEETFER T EERENGE
) OTiPP, MNMAZD> FREME FHEEINTHAGEE, {FHAKMEEKRMAREEZ. H.O+OTiPP 881 6.76 eV
BL2FWEF. OTIPP ABRME TG, RBEMMMELKDI FEESHRIEENSRET. ESFIENE
UBBEIEEE— IR, REMERIEES. SFETHREMERE E—1EF 0726V B2HK
#UdFE, H.O+OTiPP ARG 0] UIRA SR E B FERAVIRZS OTiPP, B HARH B 28BN AI1E
B, OTIiPP TJ B AK RH S A T BT, HIGRIBIIR, H 7 BIE T URIFEIAMEL
WS, INKEASREWIAGEE, XMEEREINKHEEFRSE. EEFHRBANE, &
R OTIPP R %, IURE OTiPP ARGt L KM E NI RS, AFE/KF TIPP, AT E XA H 4R

RAFYRE H M 0 FItL, XHHART BMEMSRERIEE THH, XEEMEAFE, FHH OTPPIK
AR E R FERAVRT, XEKRET O IXFFERERF A, XMARER TR E LTIk
KEEMEI D F, WZEUHEN_EHE. B TEMELITBIRE. ZRFEEATE, FRUZTE
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The bifunctional catalysts for both oxygen reduction reaction (ORR) and oxygen evolution reaction (OER)
are of importance to the development of electrochemical energy systems such as reversible fuel cells, metal-air
batteries, and water electrolyzers. Here, using the first-principles methods based on density functional theory
(DFT), the Co and N codoped graphene systems (CoNx-gra, x = 1 - 4) with high ORR activity were further
suggested as efficient OER catalysts. It was found that the activity on Co site of CoNx-gra towards ORR and
OER would be affected by both the N-dopant concentration and configuration. The extrapolated overpotential
of 0.37 V for either ORR or OER on CoNx-gra systems is comparable to those of noble metal benchmark
catalysts. The origin of the activity stems from moderate hybridization between Co 3d orbital and p-orbital from
O species, governed by the neighboring N coordination environment. Our results highlight the potential
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application of transition metal and non-metal codoped graphene as efficient non-precious bifunctional catalysts.
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Fig. 1 The scaling relationship between AGOOH=* and AGOHx* (a), AGO* and (AGO* — AGOH?+) (b), and the reverse
volcano plot of nOER vs (AGOOH* — AGO+*) on CoNx-gra (c).
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Funding: This work is supported by National Key Research and Development Program (Grant
No.2016YFB0901600) and National Natural Science Foundation of China (11874141, U1804130,
11474086, 21573117). X. Zhang acknowledges also the Doctoral Scientific Research Foundation
of Henan Normal University (Grant Nos. qd18121)

References

[1]zhang X, Yang Z, Lu Z, et al. Bifunctional CoNx embedded graphene electrocatalysts for OER and ORR: a theoretical
evaluation[J]. Carbon, 2018, 130: 112-119.

[2] Zhang X, Yang Z, Yang X, et al. Engineering the activity of CoNx-graphene for hydrogen evolution[J]. International Journal of
Hydrogen Energy, 2018, 43(45): 20573-20579.

M-P097
THERS M
A first-principles study on the unrevealed electronic and optical

properties of the LaAgOS-type copper oxychalcogenides

Mi Zhong. Qi-Jun Liu

School of Physical Science and Technology, Southwest Jiaotong University, Chengdu 610031
Email: Joomy 8@163.com

Abstract: Transparent conducting oxides (TCOs) are well known for the outstanding performance in the field of
optoelectronics. With large enough band gaps and p-type conductivity, LaAgOS-type oxychalcogenides have
received extensive attention. Their exclusive properties, for instance, transparency, mobility, high dopability are
intrinsically determined by the fundamental electronic properties. Herein, we studied the band structures,
effective masses, and optical properties of a series of LaAgOS-type copper oxychalcogenides. The obtained
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results show that the band gaps within HSEQ6 are expectedly in good agreement with the experimental data [1].
LaCuOCh (Ch =S, Se, Te) system possesses the band gap of 2.99 eV, 2.89 eV, and 1.77 eV, respectively. The
band gap of LaAgOS (2.55 eV) is smaller than that of LaCuOS. Particularly, the band gap of LaCuSTe is
predicted to be 0.48 eV, rather smaller than that of LaCuOTe (1.77 eV). It can be seen that atoms in the chemical
elements of the same clan with larger atomic number decrease the band gaps of LaAgOS-type copper
oxychalcogenides. A similar behavior was observed in the effective masses. LaCuSTe including S and Te atoms
possesses the effective mass of 0.37 mg which is the slightest among LaAgOS-type systems. Thus we conclude
that the atoms with larger atomic number prefer to the slighter effective masses, namely contributing the high
mobility of the semiconductors. For p-type TCOs, holes transitions from the lower states to the unoccupied
valence bands are called “second gap” [2]. In this study, we discussed the influences of this second gap on
transparency of the LaAgOS-type copper oxychalcogenides. The calculated absorption coefficient (Figure 1)
indicates that partial absorption appears in the visible range for LaAgOS, LaCuOS, LaCuOSe, and LaCuOTe.
Among which, the LaCuOSe shows relatively good transparency. While the absorption coefficient of LaCuSTe
is great even under visible light, which is corresponding to its small band gap (0.48 eV). Second gaps of
LaAgOS-type copper oxychalcogenides follow the order: LaAgOS < LaCuOS < LaCuOSe < LaCuOTe <.
LaCuSTe, which is roughly in accordance with the transparency of these materials. Namely, second gap may
lead to degradation of the transparency for p-type semiconductors. It can be seen that LaCuOSe possesses the
lower absorption coefficient in the visible range than the other copper oxychalcogenides, which combines with
the predicted light effective masses, indicating the promising performances of the semiconductor LaCuOSe.
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Figure 1 The second gaps of oxychalcogenides LaAgOS, LaCuOCh (Ch = S, Se, Te), LaCuSTe,
La3Cu02S3 and La5Cu604S7.
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Strain effect on magnetic transition and magnetic anisotropy energy
in 2D two coordinated 5d transition metal
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Quantum information and spintronics devices, based on searching and manipulating magnetism, open up
new questions in the studies of two dimensional materials. Using first-principle calculations, here we design a
novel type of 2D metal organic frameworks (MOFs), which is composed of (1, 3, 5)-benzenetricarbonitrile (TCB)
molecules linked with 5d transition metals (i.e., Hf, Ta, W, Re, Os, Ir), namely TCB-TM. Owing to their low
coordinated, half-filled 5d electronic configuration, and suitable crystal field, robust ferromagnetism
semiconductor with 63 meV bandgap, large magnetic anisotropy energy (19 meV/atom) and room temperature
Curie temperatures (613 K) are found in TCB-Re monolayers. Remarkably, with the help of biaxial strain, a
reversible magnetic transitions between ferromagnetic and antiferromagnetic have been found and the magnetic
anisotropy energy is even increased up to 120 meV/atom. Meanwhile, large magnetic moment and room Curie
temperature have been well preserved. To provide more insights into generally spin control mechanism, strain
induced energy level regulating, bond reduction, orbital hybridization, magnetic interaction, and exchange
coupling parameter have also been discussed. Our theoretical results point out that strain engineering is an
effective method to manipulating spin and enhance the magnetic anisotropy energy to TCB-TM monolayer,
which pave the way for experimental design of spin and magnetic storage devices.

Keywords: 5d transition metal; magnetic transition; magnetic anisotropy; strain

M-P101



THERS: M
EIRIMNE Z 51t & A& TH IR BB A 5E BV BUE =T
W oL, AT

Rk kEAE S, TR Tk Kk EHITEE, JLT 100124

Email: liujingyil107@emails.bjut.edu.cn, yanghongwei@bjut.edu.cn

BE: ZHMEEATENAEGSERFM#EME FFEEXRTHE FSZBFEREIY, $£18
ZHRMMEDENEERE TEIRMNHEB S MMBHESLFRNY A, BEEERREBTNTkE
B SRBUBRENY NRHABAE S MAN S HUEM L LU RBEE TRNUEBENN. B2, B
BEEUMMRNEEREN SEREAMHIE SRMEE . HEARNERL. WK EHH KRN,
R, BRFMF)FRERR. AXXKAERETIE MNERIMESHUEESERE2-2 1), HEEH
NFEERAEMIER, DT IMIRRE . BREMF. RERSEBULNRBEEAAL TN EEEE
BB RBFM. E5EM Comsol BRRITHR M PDE R HE L HME SMRIETHINTE,
BHBEZHMEEMRNI —E—#BEE&MANTESANE PDE #HiR, XNHBLHMESHME
PZT(FE)/CFO(FM)BIE#ITIHTE DT . IRFN, BDRZFMNNE. REEMSLEAINERRHRKRE
AR AN E A IR IR S HE ZUH MR M BN HER S R AGBEIRFERETTE, T
BIERIH EERIL BiFeO: SRRECEIRMENZSROBITA . THERIMNNBEZIME NIRRT 1A BRBOR B4 MY
BRI . ERERHE, BEEREEENEN, EETHERERSEITELNETRERE T BEER
1€,

KRR ZWHER BHBET BRETE RETERN
Z25 3k
(1]  #%EX SHMMETIRERRKRTED]. hEMZREARE, 2015(4):339-357,

[2] A Agbebele,D Sando,C Toulouse et al. Advanced Materials, 2017, 29(9):02327.
[3] Alzate-Cardona ] D, Restrepo-Parra E, Acosta-Medina C D. Monte Carlo study of ternary alloy magnetic

nanoparticle in presence of time dependent magnetic field[J]. Materials Chemistry & Physics, 2018, 213.

BEWH: ExXESHAITR (NO. 2018YFB0703500)


mailto:liujingyi1107@emails.bjut.edu.cn
mailto:yanghongwei@bjut.edu.cn

M-P102
THERS: M
ETE—MERETHENREaMBAREENERE TSRS LS

7 5 I

koA

TRITERFWIEFIZ, #% 453007

Email: xxfroad@163.com

WE: RERF TR 2 SAET IARUERKEILIINEE, 4 Lugue F Martl 32 A9H
B (1B) #%l, KTHREEMNE FRITE FEwIHEEHEHREE SH, ARMRA T RBEE,
B AT RHE IR S B R R ARIA R 63.2%, STAR T Shockley-Queisser BRI (HRBRZTE A 31%) -
BRABSE M REHR Ag BIBMBRRERE, L Sis HEARITE 2x2x2, 2x2x3,2x3x3, 3x3x3
FEMBENMET R EIMNEREFEY (9B HR) —BIREN(Agw), NAFEE(AGY), MERLE
H(Agr), FFILEMI(Ager), BEHLEMEE DOS R Agsw BEFE B KRERTLR FiaT . B IRIONE T
RAREUSHIIE IR, BENRFIEBEA, HEMEEX ARMETHIBE, MAEREY R
BRLIOMERIBCR ISR, A7 #— SR T EREME T EREE TR, BIWE T RERENSE
BREER (Agn, Agn, Age) BIREME!, 5BRFHRBREMICRBGERL X EREME B TREX

T GEYE

00 05 10 15 20 25 30 35 dfo
= 0r 3x3x3 Ag, -Ag,
g 200

E wof

250
200{]9 U"f 10 15 20 25 30 35 40
[ |

3x343 Ag,-Ag,.

R
T

.8 3 % 8o &
: T

b |

150
o[ |

50 [ J\

0 05 10 1;;;,635 30 35 40
1. (a)3x3x3 BEEMREMEETE (b) REIEE R MMRFEREMICRITE ; (o) BB 5 [k

SR AME

KE: PETE, BIENSE, TESEA. BTEM, AFEMR

B2eWR: ERBARZEES (NO. 11804083)


mailto:xxfroad@163.com

M-P103
THERS: M
ZnO Mt &£ B FEMMANFEERIBILHR

ZAE. BIEE REE TR

ALK FMAAE S T SR, #AIA X, 430062

*Email: mkli@hubu.edu.cn  **Email: yphe@hubu.edu.cn

WE: ZnO RET I-VI EESEMRIHTREFAMEMELE. 8. A8 REFESTRE
ZNAN-VI EMBFBEAMNTZIN0 5 ¥ SENTFALEKTANLERHEFTEEEENEX,
X FERERHAERNREEE, BATRSERY . BHREELET L. ANFREESF DA
MERGBEAMF—IHR. AXXAETHREZRIER (OFT) NE—MREITE, REMHRTE
NBARAE 7B Zn0 MTE% BeZnOnS, . MgZni0w,S,”. CdiZn:0w,S, il BeMgZnO &8 F 4%
W5EE ., HRFAKRA, MgZnOS 7K Mg FUE S UK E Mg s S BB T A AAAEHT 5, i
Fig. 1@ EXEHANETEM, &5 Mg FIE S XEINRAFTHE MgS inxHIEHTHN
MgZnOS., # S &4 0.05, Mg &4 0.75 B A=HNBELE . ZERN TR LS MgZnOs
FSUEMRFEFEATNESRASRANSENENERIESEX. BN, AFSHTHBIINE
ZHOREM, FB7%E Zn0 UG£ AhRHARERRE/)N, EFHMESME EEVEEEG&EFME.

tboh, FIF HSE Z:kiZ &0 Asol FT7ATTHE T BeMgZnO MITBE4M 46, 40 Fig. 1(b)Fi7r. @it I
E0AM, Be. Mg, Zn EZMTESARTNHRAZWEETSNELEREER BRNTEN
FEEFBENZ0 S, SMBEMETHEMN Zn0 B HAETARREERNNERIAE, TEH
T ZnO N MSTHEN, HEHB TSR,

7nS Mgs

Bandgap (¢V)
(a) 10 e
08|

wurlzite
06+

w

04+

02F  znchlende

rocksalt
0.0 I L L
0.0 02 0.4 0.6 0.8 1.0 000 02s 050
200 Mg MgO Be content

&1 (a) MgZnOSIH T &£ 48El; (b) rocksaltiiBeMgZnOM TEEHBR S TESEN <R,

X#E: ZnOBENxad F—MERETE HE
EEWB: ERERABEESIE (NO. 51572073, 11574074, 11774082, 61874040) %

I


mailto:luyingjie@zzu.edu.cn
mailto:luyingjie@zzu.edu.cn

M-P104
TARS: M
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Based on nonequilibrium Green’s function method in combination with density functional
theory, we study the electronic transport properties of dipyrimidinyl-diphenyl molecules
embedded in a carbon atomic chain sandwiched between zigzag graphene nanoribbon and different
edge geometries C2N-h2D electrodes. Compared with the graphene electrodes, the C2N-h2D
electrode can cause rectifying and negative differential resistance effects. For C2N-h2D with
zigzag edges, a more remarkable negative differential resistance phenomenon appears, whereas
armchair-edged C2N-h2D can give rise to much better rectifying behavior. These results suggest
that this system can be potentially useful for designs of logic and memory devices.

Key words: Rectifying Effects ; Nonequilibrium Green’s function; Electronic transport.
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Abstract: Among the recently widely studied van der Waals layered magnets CrXz (X=Cl,

Br, 1), CrCls monolayer (ML) is particularly puzzling as it is solely shown by experiments to
have an in-plane magnetic easy axis and, furthermore, all of previous first-principles calculation
results contradict this. Through systematical first-principles calculations, we unveil that its in-
plane shape anisotropy that dominates over its weak perpendicular magnetocrystalline anisotropy
is responsible for the in-plane magnetic easy axis of CrClz ML. To tune the in-plane
ferromagnetism of CrClz ML into the desirable perpendicular one, we propose substituting Cr
with isovalent tungsten (W). We find that CrWCle has a strong perpendicular magnetic
anisotropy and a high Curie temperature up to 76 K. Our work not only gives insight into
understanding the two-dimensional ferromagnetism of van der Waals MLs but also sheds new
light on engineering their performances for nano devices.

KEYWORDS: CrCl; monolayer, two-dimensional magnetism, van der Waals Magnet,

perpendicular ferromagnetism
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ABSTRACT: Gadolinium hexaboride (GdBg) is a well known field emitter material that has been investigated

for more than three decades. We perform a systematical density-functional theory (DFT) study of GdBs by using
the generalized-gradient approximation and considering the electron interaction parameter U. The basic
structural and electronic properties are carefully revised, as well as a strong U-value dependence in determining
the antiferromagnetic (AFM) magnetic structures of Gd 4f electronic states. We found a small U (0~3eV)
showing the most consistent experimental ground-state properties, which gives rise to a magnetic structure with
a ground state of C-AFM and a second stable E-AFM. Moreover, we find the distortion modes of boron
octahedron play an important role in the interaction between spin and lattice structures in this system. These
results will deepen our understanding of the boron-based correlated rare earth compounds

Key Word: Gadolinium hexaboride; density-functional theory; antiferromagnetic (AFM) magnetic structures;
spin and lattice interaction
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ABSTRACT: The ferroelectric properties of the bilayer 1T’-WTe2 have been studied by the
first-principles calculations. we have discovered that the polarization stems from uncompensated
out-of-plane interlayer charge transfer, which can be switched upon interlayer sliding of an in-
plane translation. The ferroelectric polarization directions further control the spin texture of
bilayer WTe2, which may have important application in spintronics. Therefore, we propose a
spin field effect transistor

(spin-FET) design that may effectively improve the spin-polarized injection rate. In addition, the
lattice strain has been found to have an important influence on the ferroelectric properties of the
bilayer WTe2.

Keywords: two-dimensional, WTe2, vertical ferroelectric, interlayer sliding, phase transition
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The electronic, magnetic, transport and magneto-optical properties of the D03 and amorphous FesSi are
investigated by using the first-principles calculations. Pair correlation function analyses for the amorphous FesSi
obtained by initio molecular dynamics (AIMD) simulations showed that Si atoms prefer to bond with Fe atoms
in the amorphous structure. The increase of Si neighbors purges the magnetization of Fe, while a small number
of Si neighbors is beneficial for the enhancement of spin polarization at the Fermi level because of Si—>Fe charge
transfer. The structural disordering significantly alters magneto-optical Kerr effect, but not as strong on the
anomalous Hall effect. The intrinsic anomalous Hall conductivity (AHC) of D0s-FesSi is 237 (Q cm)™ at room
temperature and can be tuned to a high value of 1127 (Q ¢cm)* when the Fermi energy is lowered by -0.28 eV.
In contrast, the AHC of amorphous FesSi varies slowly with the shift of the Fermi level, indicating that it is
insensitive to doping or gating. The Kerr rotation angle shows two main peaks in the energy range of 0~4 eV for
the DOs-FesSi, whereas the first peak disappears when the structure becomes disordered. Our studies provide
comprehensive data for FeSi alloys around this concentration ratio and the overall physical insights should be
useful for the design of amorphous spintronic materials.

Key words: FesSi, Anomalous, Hall effect, Kerr rotation, First principles calculation
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BE: SRFSEISXNBRETFRNY AR FREEMNARB FNRAIENYRRE. 2T ERE%
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{189 Te T IAM B R RIS MIEN B AETRMIKS, HF CrSe.f CriTe. BEH Tc ] 73 314 370 K 0
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Sizable magnetocrystalline anisotropy
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Two-dimensional half-metallic ferromagnets: FeCl; and MnSe;

JunYu Tang, Ping Cui, Xiaoguang Li, Zhenyu Zhang
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Abstract:  Two-dimensional (2D) half metal materials have received more and more attentions due to their
unique electronic properties, which make them perfect candidates for spintronic device. Herein, we
systematically investigate two kinds of 2D half-metallic transition-metal dichalcogenides (TMDs): 1T-phase
monolayer (ML) MnSe;and FeCl, . Our first-principles calculations show that both 1T-ML-MnSe; and FeCl,
favor ferromagnetic ground states and possess a respective 6.39 eV direct band gap and 1.29 eV indirect band
gap for one of the spin channels. The other properties including structure stability, magnetocrystalline
anisotropy energy (MAE), interlayer van der Waals (vdW) coupling, and Curie temperature (T¢) are also



studied. Finally, we found that FeCl. bilayer, MnSe; bilayer and their vertical heterostructure all favor an
interlayer antiferromagnetic (AFM) coupling; however, only the vertical heterostructure preserves a half-
metallic feature in ground state,
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