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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 TIs by a predictive materials design, beyond 

finding a preexisting 2D TI. 

Iôd like to thank the Lei Gao, Jiatao Sun, H.-J. Gao in IoP, Yuyang Zhang at UCAS, Feng Liu at U of Utah. 

 

῏ ̔CuSe, Topological insulator, 2D semiconductor, DFT, Computational design  

 

mailto:sxdu@iphy.ac.cn


̔ 

ȍ1ȎX. Lin, et al., Intrinsically patterned two-dimensional materials for selective adsorption of molecules and nanoclusters, 

Nature Materials, 2018, 16, 717. 

ȍ2ȎL. Gao, et al., Epitaxial Growth of Honeycomb Monolayer CuSe with Dirac Nodal Line Fermions, Advanced Materials, 

2018, 30, 1707055. 

ȍ3ȎL. Gao et al., Orbital design of topological insulators from two-dimensional semiconductors, arXiv: 1809.07151. 

 

̔  (No 61888102)̆  (Nos: 2016YFA0202300, 2017YFA0302900) 

Ҭ  (XDB30000000) Ȃ 

 

 

 

 

M-002 

M 

ԍ  

҆  

֤  

̔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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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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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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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 zT, reliable performance of 

practical materials always show limited zTs, 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.  
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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], 

CuInSe2[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 

CuInSe2 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. 
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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-Gibbsôs 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 
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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 III-V, II -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 number 

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 Sb2Se3 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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Abstract: We show that non-equilibrium dynamics plays a central role in the photoinduced 2H-to-1T' phase 

transition of MoTe2. 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. 

 

       Figure1  Schematics for laser-induced phase transition in MoTe2  

Keywords̔Non-equilibrium, excited state, vacancy ordering, phase transition, nucleation and growth  
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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, TaS2 and TiSe2 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  

 

 Department of Physics, Beijing Normal University, 100875 China 

 

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 (Jump2) 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 MoS2/WSe2 bilayer among MoS2/WSe2 [1], MoSe2/PtSe2 [2] and PtS2/PtSe2 [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 MoS2/WSe2 bilayer.    

 

Fig. 1 Band alignment and Spatial structures of wavefunctions for PtSe2 (1T)/MoSe2 (1H) vertical heterostructures 

Keywords̔ hetero-bilayer̕ interlayer coupling̕ gap state 
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Anomalous Dirac Plasmons in 1D Electrides 

  

 

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 ñelectric writing + magnetic readingò. 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 ñmobileò magnetism can be controlled by ferroelectric 

switching upon external electric field, exhibiting either ñonò state with spin-selective and highly p-doped 

channels, or ñoffò state insulating for both spin and electron transport, which renders efficient electrical writing 

mailto:wmh1987@hust.edu.cn


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 

upon ferroelectric switching. 

 

 

 

 

 

 

 

 

Fig.1 Several types of multiferroic coupling in 2D 

Keywords̔2D multiferroics̕magnetoelectric coupling; first-principles calculations 
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1s-1 InO ̃̆ ׆ ᶏ ֓ᵞ ҹ Ṝ Ȃ ֓ԋ

₮ ̆ ҹ> 105 cm ï 1Ȃ 

ѿ ԅ ҈ ҹ̆

҈ ₮ᴨ ̆ № ΐ

ל ̆ῒṿҹ 3.02~3.20 eV̕ ӊҊ̆ S Se ҈

̆ № ֽ 0.26~0.36 eV ל Ȃ ̆ ѿҩ

№ ᾟ⌠ ҈ ᵝҬ̆ Ḡץ ᵣ ð

₃Ӎ ̆ ⌠Ҭ Ȃ 

׆ ҉ ԅ ֒ ѿҩ Cu2S̆ ҹŭ-Cu2S̆ ΐ

ᴨ Ȃҍ ɓ-Cu2S ̆ ŭ-Cu2Sΐ ᵞ ̆ŭ-

Cu2S ԍɓ-Cu2S ŭ-Cu2S ΐ Ȃṿ

̆ŭ-Cu2S ₮ᴨ ̆ ҹŭ-Cu2S҉ O2 ΐ 1.98 eV

ל Ȃ ̆ŭ-Cu2S ѿ ΐ Ҭ ̂1.26 eṼ
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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 ɔ-phase 

MX is discovered and shown to have Camelôs back band structure, and their influences on 

excitonic properties are discussed.[2]  

 

Reference: 

[1] N. Luo, C. Wang, Z. Jiang, Y. Xu, X. Zou, W. Duan, Adv. Funct. Mater., 28, 1804581 (2018) 
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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 Mn2C18H12 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 O2 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 O2. For the reaction of CO with the activated 

O2, we show that the reaction cycle can readily proceed via the L-H mechanism in the rate-limiting step with a 

mailto:sflizzu@zzu.edu.cn


relatively low reaction barrier, which can be further lowered by the adsorption of additional O2 on the nearest 

neighboring Mn atoms. Furthermore, we examine the O2 adsorption on Mn2C18H12 (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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̔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 ñcoldò 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 ñcoldò CT state experiences two kinds of evolution paths, which are determined by the field strength of 

positions where the ñcoldò CT state is initially generated. In strong-field positions, the ñcoldò CT state is directly 

dissociated into free charges, while in weak-field positions, before the desired charge separation, the ñcoldò CT 

state experiences an ultrafast migration process along the D/A interface. As for the migration mechanism of the 

ñcoldò 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 ñcoldò CT state. For the latter case, we find that the molecular-

packing-configuration near the transition region from ñD/A intermixed domainò to ñD or A pure domainò can 

also provide a driving force to separate the ñcoldò CT state into free charges. In both cases, charge separation 

mailto:gk@sdu.edu.cn


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.  

     

῏ ̔ ᵣ ᾣᴟ     
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10, 3103. 

ȍ2Ȏ Duan et al, Au/Ni12P5 core/shell nanocrystals from bimetallic heterostructures: in situ synthesis, evolution and 

supercapacitor properties. NPG Asia Materials 2014, 6, e122. 
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ʇ1ʈ S. Zhang et al., MoSSe nanotube: a promising photocatalyst with an extremely long carrier lifetime, J. Mater. 

Chem. A, 2019, 7(13), 7885 
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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 WO3, 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 N2 

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 TiS3 and 1T-MX2 (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 BN (N 

Ů 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 Bi2Te3. 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 LaFeO3 (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; LaFeO3; surface adsorption; bulk phase occupy; transition state 
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Heme, as the cofactor and active site of Hb, enables Hb to carry out the necessary function required for O2 

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 (ïCHO, ïCOOH, ïNO2, ïNH2) 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 Youngôs 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 ɗ-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 HSE06 methods, 

respectively. It is a potential piezoelectric material with coefficients of ī9.38 pm Vī1, 50.32 pm Vī1, 0.83 pm 

Vī1 and ï0.09 pm Vī1 for d11, d12, d21 and d22, respectively. These coefficients are comparable to those of group-

IV monochalcogenides and more remarkable than that of the experimental MoS2. 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. 

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

Keywords: crystalline structure, surface-oxidized, piezoelectricity  

ʇ1ʈ 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.  

NOs. 11704319, 11647063, 11274262  
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Prussian blue Analogues (PBAs) 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 ZrW2O8 by 

Slight's group[2]. In this poster, we present NTE of PBAs ScCo(CN)6 and 

TiCo(CN)6 , 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 grüneisen parameters. The calculated coefficients of thermal 

expansion are -29.4×10-6K-1 at 144K for ScCo(CN)6, and -13.9×10-6K-1 at 96K for 

TiCo(CN)6.  

[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 WSe2/1T-FeCl2 heterostructure have been investigated by 

density functional theory and Berry curvature calculations. The heterostructure is a magnetic semiconductor 

with type-II band alignment (0.35 eV band gap) and a magnetic moment of 3.872 ɛB 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 WSe2. The Berry curvature and spin 

splitting are opposite at the K and Kǋ valleys, so the valleys and spins are simultaneously locked and polarized, 

and the valley Hall effect and spin Hall effect simultaneously occur. 

 
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 WSe2/FeCl2 

heterostructure at compression strain of ī6%. 

Keywords: Heterostructure, Valley, Band alignment, Berry curvature 
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Abstract: Zn2GeO4 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 Zn2GeO4 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 (G 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 

Zn2GeO4, 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, Zn2GeO4, 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 b-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 b-SnSe 

has very high carrier mobility, reaching 107 cm2V-1s-1 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 



 

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. 

ʇ1ʈ G.S. Shi et al.,  Anisotropic Spin Transport and Strong Visible - Light Absorbance in  Few- Layer 

SnSe and GeSe, Nano Lett.2015,15(10),  6926 
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Intrinsic Half -Metallicity in 2D Ternary Chalcogenides with High 

Critical Temperature and Controllable Magnetization Direction 
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2 
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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 CoGa2X4 (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 GoodenoughïKanamori rules, the half-metallic ferromagnetism of CoGa2X4 

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 þipping at room temperature. 

Magnetocrystalline anisotropy energy calculations indicate that CoGa2X4 favor easy plane magnetization. 

Under achievable biaxial tensile strain (2ï6%), the magnetization directions of CoGa2X4 can change from 

mailto:xlzou@sz.tsinghua.edu.cn


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 CoGa2X4 are close to room temperature. 

Belonging to the big family of layered AB2X4 compounds, the proposed CoGa2X4 systems will enrich the 

available 2D candidates and their heterojunctions for various applications. 

 
Fig. 1 The schematic diagrams of structure, band structure, strain tunable magnetism in CoGa2X4 

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-IV 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-IV monochalcogenides, saddle-point excitons, solar 

cells, first-principles calculations 
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Abstract: Motivated by the successful synthesis of Janus monolayer MoSSe 1-2, 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 A3-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 A3-MoSSe NR and A3-WSSe NR change from 

indirect character to direct at ũ point under the tensile strain of 2% and 6% due to the shift of the energy states 

near the Fermi level, respectively. The A3-SLNR maintains its direct bandgap under strain. Under an external 

electric field, their bandgap decreases a little at first within 0.4 V/Å and then decrease a lot with the increase of 

file:///C:/Users/dell/Desktop/晓燕师姐/yexiang@shnu.edu.cn


external electric field, until it becomes metallic at 0.6 V/Å. Our calculations show that the electronic properties 

of A3-MSSe NR (M=Mo, W) and A3-SLNR can be controlled by applying strain and external electric field, 

indicating their potential applications to nanodevices. 

 
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, A2 é). The Mo, W and S, Se at the 

edge are saturated with O and H atoms, respectively. 

Key Words: Transition metal dichalcogenide, Strain, Electric field, Electronic properties, Superlattice 
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Kinetic pathways towards mass production of singlecrystalline 

stanene on topological insulator substrates 

Liying Zhang,abWei Qin,bLeiqiang Li,bShunfang Li,*aPing Cui,*bc Yu Jiaa and Zhenyu Zhangb 

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 spinïorbit 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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: 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 (I-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 90o bond rotation in a 8×8 supercell of graphene, which 

is a ñmagic sizeò showing better stability than those based on 9×9, 12×12 and 13Ĭ13 supercells. Such a ñmagic 

sizeò can be simply understood through a ñenergy splitting and inversionò 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]. 

 

Crystal structure searching; Carbon allotropes; RG2. 
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Zn Al/T1 ᵝ ץ ᾝ T1 ₮ Ȃ ̆ ⱳ₱ ҍ

῏̆Li ԍῒ ̆ Li ⱳ₱ ᴪ ᵞ̆ ᵞԅ Ȃ

ⱬ ᴆҊ T1 ҍ ≢̆ Һ ҹ T1 ԍ҈ᾝ ̆ Ҍ

ᵣ Ȃ ғ T1 ѿ ̆ ԍ Ẓ ̆ғ Agҍ Al ̆ ᵝ

ᵞ̆ Ag Ḇ T1 ץ̆ ᵞ Ȃ 

 

῏ ̔Al-Cu-Li ̕T1 ̕ ⱳ₱  

[1] S. Wang, Y. Huang, L. Zhao, 2018, Chinese Journal of Aeronautics, DOI. 

[2] M.G. Brik, C.-G. Ma, V. Krasnenko, 2013, Surface Science, 608. 

[3] F. Cao, J. Zheng, Y. Jiang, B. Chen, Y. Wang, T. Hu, 2019, Acta Materialia, 164. 

No. 2014GXNSFFA118004 

 

 

 

M-P037 

M 

Low Frequency Acoustic Phonon Ehenced Negative Thermal 

Expansion in MII2[MIV(CN)8](MII=Ni, Co, Fe, Mn; MIV =Mo, W) 

from Ab Initio  Calculations 

Chunyan Wang1,2, Dahu Chang3, Qilong Gao1, Qiang Sun1, Xiaowei Huang2, Yu Jia2,1 

International Laboratory for Quantum Functional Materials of Henan, and School of Physics, Zhengzhou 

University, Zhengzhou 450001, China  

AbstractsЕNi2W(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=N i, 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 ~ -10ũ10-6 K-1, i.e., Ni2W(CN)8, 

Ni2Mo(CN)8 and Mn2W(CN)8 are -9.14 10-6 K-1, -8.61ũ10-6 K-1 and -14.77ũ10-6 K-1 respectively. 

Analysis of the derived Grüneisen 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 ũ(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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Abstrct: We investigated a tunable PCP made of Ba0.7Sr0.3TiO3 (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.1 Though PCP made of Ba0.7Sr0.3TiO3 (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 Ba0.7Sr0.3TiO3 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 Ba0.7Sr0.3TiO3 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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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 MN10 (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 M3N2 or MN4 

compounds and pure nitrogen and is possibly synthesized at relatively low pressures (around 12 GPa for MgN10). 

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 MN10 structure can 

release a large amount of energy and shows high performance in detonation. The detonation velocity and 

pressure of BeN10 are about twice and 4 times that of trinitrotoluene, respectively.  

      

Key words: Crystal structure searching, High pressure, High energy density, Pentazolate 
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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. ñSuperionicityò 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 H2O 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 ñmeltingò 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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ABSTRACT:  Au2Pb 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 I-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 I-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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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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ABSTRACT̔TiO2 is an intensively studied photocatalytic material owing to its low cost and high activity. The 

anatase/rutile (A/R) mixed-phase TiO2 is recognized as an effective strategy to achieve high photocatalytic 

efficiency by the type-II band alignment favorable to spatial charge separation. However, the atomic structure, 

as well as the exact band alignment of the A/R mixed-phase TiO2, 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 

mailto:ynwang@iphy.ac.cn


recombination timescale at ns to ɛs magnitude, which suggests that the charge transfer can occur efficiently at 

the interface before they recombine. For the defective A/R system with OV, 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 

TiO2 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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  Cu2-xTe 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 Cu2-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 Cu1.875Te and it will transform to a new defective I4/mmm phase 

at 2.9 GPa. Enthalpy calculation supports that stoichiometric Cu2Te is expected to be synthesized under high 

pressure above 5.3 GPa. The analysis of mechanical and dynamical stability implies that the high-pressure 

I4/mmm Cu2Te has potential to be stabilized to ambient conditions as a metastable material. Our results represent 

a significant step in understanding the crystal information of Cu2-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 

Ŭ-Al2O3(0001), which is the insulating parts of Al based SQUID. We found that H atoms either embedded in, or 

adsorbed on, an ŬīAl2O3(0001) surface have sizable spin moments ranging from 0.81 to 0.87ɛB with energy 

barriers for spin reorientation as low as Ḑ10mK. Furthermore, H adatoms on the surface attract gas molecules 

such as O2, 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 ɤ0 and 2ɤ0, sum frequency and slip frequency of third order response 

will generate 3ɤ0 harmonic with two different contribution.This difference from one light radiation leads 

tounique phenomenon in dependence of intensityI(3ɤ0) on ellipticity. 
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Abstract: Bulk 2H-TaSe2 is a model charge density wave (CDW) metal with superconductivity emerging at 

extremely low temperature (Tc = 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-TaSe2 observed in recent experiments. Its ground-state 3 × 3 CDW phase features triangular 

clustering of Ta atoms and possesses a large electronīphonon coupling of ɚ = 0.74, yielding an order of 

magnitude higher superconducting Tc compared to the bulk. Upon lowering the thickness from bulk to 

monolayer TaSe2, the CDW intensifies with slightly decreased Fermi-level density of states, while 

superconductivity gets boosted via a largely increased intrinsic electronīphonon 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-TaS2. 

TaSe2, charge-density wave, superconductivity, transition-metal dichalcogenide 
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Abstract C2N with uniform honeycomb holes and nitrogen lattice, whose vacant sites are partially filled by C6 

hexagons, have great potential for editable properties. Here, by using the first-principles calculations, C2N/Ŭ-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 C2N/Ŭ-Te vdW heterojunction has 

a unique type-II band alignment, whose indirect band gap value is 0.47/1.01 eV in DFT/HSE06. The band gap 

can be tuned by external electric field and vertical strain from 0.49 eV to 1.16 eV in HSE06. A type-II to type-I 

transition occurs under external electric field of in 0.4 V/Å. Interestingly, C2N/Ŭ-Te vdW heterojunction 

possesses high optical absorption strength and broad spectrum width (ultraviolet to near-infrared). These results 

indicate that the C2N/Ŭ-Te heterojunction will have promising applications in photoelectron and photovoltaic 

applications. 

 

 

 

 

 

 

Fig. 1 (a) The band alignment of the C2N/Ŭ-Te heterojunction. (b) 2D charge density 

distribution of C2N/Ŭ-Te heterojunction at C2N surface. (c) The band edge as a function of the 

external electric field in the C2N/Ŭ-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-MoS2, 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. 
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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 Greenôs 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 7.08×1013 cm-2 (near 0.5 electrons per unit cell), and remarkably, it saturates (1 B
m  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  
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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 TIs 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 indicators1-6 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 (AI)  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)7,8 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 TIs 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 AI-based approaches in modern materials discovery. 
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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 (MxLay, 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 HgCr2Se4. 

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 TiS2 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 Ḑ0.23Åī1, which makes it a promising robust WSM candidate. 

Topological Weyl semimetal, high pressure, Titanium disulfide.   

 

ʇ1ʈ   P. C. Lu et al., Robust double Weyl semimetal phase in a nonmagnetic hexagonal lattice system, Phys. Rev. B 2018, 99, 
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ABSTRACT̔The 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=O) 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 In2Se3, 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 In2Se3 in consideration of two situations, i.e., with the two layers of In2Se3 coupled with each other 

in the same polarization direction (type-I) and opposite polarization directions (type-II ), 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-II structure, i.e., at the load below 2.75 GPa. 

 

Key words: ferroelectricity̆ tribology̆ 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-IR (~2.5 m) 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.  

 

     

 

 

 

 

 

 

 

 

 

 

 

Key hyperbolic materials; hyperbolic dispersion;all angle refraction effect  
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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 Ŭ-Fe2O3, 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 FeO2 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-FeO2 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-FeO2 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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Alpha-tellurene (Ŭ-Te), a recently theoretically and experimentally accessible Group-VI 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 (vdWHs) based on 

a-Te/TMDs will be very interesting. In this work, we designed the bilayer a-Te/MoS2 vdWH, trilayer WS2/a-

Te/MoS2 and a-Te/WS2/MoS2 vdWHs, and investigated the electronic properties by using the first-principles 

method. Our results have suggested that these vdWHs possess an obvious type-I 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-II 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 vdWHs for applications in electronic 

and optoelectronic devices. 

 

Fig. 1 Schematic diagram of the band edge positions and gap values as a function of external electric field 

a-tellurene  heterostructure  electronic properties 
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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 AFeO3.      
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Letters, 2017, 119(10):107001. 
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Chirality dependent dielectricity in Moir ® 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 Moir® 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.  
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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 

ABSTRACTR̔ealization 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. 

 



Key words̔half-metallicity,zigzag Nanoribbons,unconventional deformation potential 
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Trifunctional CoNx embedded graphene electrocatalysts for 

OER, HER and ORR 

 Zhang Xilin 1ЇWang Weichao 2ЇYang Zongxian1,* 
1 
College of Physics and Materials Science, Henan Normal University, Xinxiang 453007, China 

*Email: yzx@henannu.edu.cn  

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 

http://wulixb.iphy.ac.cn/CN/abstract/abstract72294.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract72294.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract72294.shtml


application of transition metal and non-metal codoped graphene as efficient non-precious bifunctional catalysts.  

 
Fig. 1 The scaling relationship between ɍGOOH* and ɍGOH* (a), ɍGO* and (ɍGO*  ɍGOH*) (b), and the reverse 

volcano plot of OER vs (ɍGOOH*  ɍGO*) on CoNx- gra (c). 

Keywords Multifunctional, codoped graphene, doping concentration, ligands effect 
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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 

mailto:Joomy_8@163.com


results show that the band gaps within HSE06 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 m0 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 ñsecond gapò [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.  

  

 

 

 

 

 

 

 

 

 

 

Figure 1 The second gaps of oxychalcogenides LaAgOS, LaCuOCh (Ch = S, Se, Te), LaCuSTe, 

La3CuO2S3 and La5Cu6O4S7. 

Key words: TCOs; Effective mass; Second gap; Transparency; First-principles 
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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 
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Effect of  C2N-Ὤ2D  Electrodes on the  Rectifying Effects of 

Diblock Co- Oligomer Molecule Devices  
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Based on nonequilibrium Greenôs 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-Ὤ2D electrodes. Compared with the graphene electrodes, the C2N-Ὤ2D 

electrode can cause rectifying and negative differential resistance effects. For C2N-Ὤ2D with 

zigzag edges, a more remarkable negative differential resistance phenomenon appears, whereas 

armchair-edged C2N-Ὤ2D 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 Greenôs function; Electronic transport. 
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Abstract̔Among the recently widely studied van der Waals layered magnets CrX3 (X=Cl, 

Br, I), CrCl3 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 CrCl3 ML. To tune the in-plane 

ferromagnetism of CrCl3 ML into the desirable perpendicular one, we propose substituting Cr 

with isovalent tungsten (W). We find that CrWCl6 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: CrCl3 monolayer, two- dimensional magnetism, van der Waals Magnet, 

perpendicular ferromagnetism 
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ABSTRACT: Gadolinium hexaboride (GdB6) 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 GdB6 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 1Tô-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 Fe3Si are 

investigated by using the first-principles calculations. Pair correlation function analyses for the amorphous Fe3Si 

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 SiĄFe 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 D03-Fe3Si is 237 (ɋ cm)-1 at room 

temperature and can be tuned to a high value of 1127 (ɋ cm)-1 when the Fermi energy is lowered by -0.28 eV. 

In contrast, the AHC of amorphous Fe3Si 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 D03-Fe3Si, 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: Fe3Si, Anomalous, Hall effect, Kerr rotation, First principles calculation 
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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) MnSe2 and FeCl2 . Our first-principles calculations show that both 1T-ML-MnSe2 and FeCl2  

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 (Tc) are also 



studied. Finally, we found that FeCl2 bilayer, MnSe2 bilayer and their vertical heterostructure all favor an 

interlayer antiferromagnetic (AFM) coupling; however, only the vertical heterostructure preserves a half-

metallic feature in ground stateɺ 
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