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The discovery of graphene opened a-ddomemnmsfonalma

materials. After more than ten years of develpdmgmen
in materials research, with dozens of new materi a
predicted theoretically. I'n this talk, I owi || tal k

(DFT) based cfailcautl apronsi pIMoti vated by the experim
transition metal monochal cogenide (CuSe) wi-tthean i
CuSe with honeycomb | atti ceDiirsacprreadalt eldi nneo fbeer neinod
rare DNLF state is evidenced by topol-orghictaldo/u mloinrt
Moreover, we found that the CuX (X=§5, Se d&ndi Ge)l ym
pdoped semiconductor with a |l arge bandgqapi abiople:
calculations, we successfully convert the semicond
(Tl's) by simply adstarvbeilnyg MaadanCd Sk riendgm a TI by ac
transformation of a semiconductor to a TI is under
an extorimistiacl sstatebantds bheaicBDrsesioceasgandi hduee
for a TI phase, absi ndde mmogn sntordaetl e da nbayl ytsiegsht Thi s appr
semiconductors. Our findings open a new door to th
finding a preexisting 2D TI.
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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 diffity to ascertaining band topology in realistic calculations.
Here, we integrate the recently established theory of symmetry indicators of band topology into
first-principle banestructure calculations and apply it to all Amgnetic 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 considetiabie 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) calculams were crosshecked with the modified Becklshnson

(MBJ) potential calculations, appropriate for narrow gap materials. With the electronic and optical
behavior around the Fermi level dominated by the topologicallytmaal bands, these newly
foundTMs candidates open wide possibilities for realizing the promise of TMs irgeeeration
electronic devices.

[1] Efficient Topological Materials Discovery Using Symmetry Indicators. Feng Tang, Hoi Chun
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ABSTRACT

High pressure is an important method to modify the free energy surface of materials and

overcone 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, | willntroducesome of our recent work on theoretical prediction on high
pressure phase transitiohsnctional materials with interestiropertiesand new states of matter

under extreme conditions, such as superionic states
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pressure via CALYPSO code
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Uni versity

There is growing experimental evidencei €thbr
materials under pressur e. Hewaveh, fDt BEpea
materials with near or even above room tempe
for hyd3y]i desderl pressure wusing -gAbYB8SEOcoaoagpeé

cal cul ati ons predict egrhceoneéucsitegcephasesneyv
superconductivity in the range of room-temp
hydrogen bonding in superhydri de s hplhnaoyne & oau pd
parameters. Marl @ad vear ,sttalbe | ¢c&ali es i ndicate
pressures that are currently accessible i
synt hesi s, and recovery of new high itcearper
applications.
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cont maagtn | east two diff erreenltattiyweelsy orfiagsiod hcarty:
one stdicmwmgdkee efdoesandnt eresting el ectrical tra
an inherent electron condutcst iionn enxettrweonmekl,y alnodv
conductivity, but different from the tradit.
This taloluwrpmwesu&kivieghe gener al chamsiamaeei sal € sv
chemical rbbyd hier a

M-006
M
HadHe us | eX 4 §)
X 0 i M 350
Emays$hzhang@t heory.issp.ac. cn
haHéusl er (iHH) a z aE v
(] T 3 Laj W 1A 6 0 p
FeNbSb V Ti G b Au = p I ~
Ne '~ 1 _ = \ A 0 ° v WNFehNMSbv 6 Ne

P FeNOSSHOI = ’ N w ¢ A L T wE


mailto:yshzhang@theory.issp.ac.cn

~

r Ne R W i FeNbSb

As > v FeTiSb(+17 NiTise , ~ 18  ~
0918 CoTi &b i v Av WO FeNiTi b 6
v 1T FeNpTiSh 1 18 o A W
0 F eN BT iS br W " be TF
3 vCA 10w 70 z HH T
¥ - p- HH A

M-007
M

Defect Control for SBitiamciCpl és AGa

Qe

_ba
| F / | 215000
Emawj] yaosmdeadu. cn

Defect properties are of cruci al i mportance for s
carrier gepetppersembconductors themef ddroewefvaai, | idtee
may actr adsi andorve recombination centers. I n this t.
including point defects and grain boundari es, i n
CulnSe2[Z3nANSeddus2, 6] and peFlovs&daner &£IH3tNrH8rPdbd 3H arv e
fi-pstnciples calculations: (i) the dominating defe
energies but el ectroni cpalilnyg daete pwal; e n(ciei )b aanndt i rhaxidr
CulnsSe2 and sp coupling in CH3NH3PbI 3, is able to
defect properties and defect engineering rsdviaded i
guidance for searching promising solar cell absorb

‘Defect; Semi-Bondoaicplbes First
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For a |l ong ti me, the intrinsic nature of glass st
studies tend to showelk atditvyelay gfllasts potoeretsisals e@aner
conclusion is extremely important, however it onl
necessary condition for forming gadtaspotsemattieasl oeneerc

a sufficient condition for glass formation or gl as

energy |l andscape is not only a necessary hdjuatsaog
the flatness of potenti al energy |l andscape, we ha
structure is, as |l ong as the system is in a region

fi-osderl ispuaisde pthr ansi ti on; and (2) as long as the ¢
fl at enough, it will wundergo glass transition, whi
our mol ecular dynamicgctsitmuwinatfieand rwmc owner ptoht e nd ii re
bel ow the glass transition temperature, which is
transfer is accomplished by a coopeunaptiivoeen dfidrf umad tc

met abasin -ankle f mot ic & &G rbobfs 6tsh ee nAdraonpy t heory.
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Stability of asymmetric polar or semipolar surfaces and edges
Junyi Zhu
Chinese University of Hong Kong

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

The research is supported by GRF HKRGC with the project number of 14319416 and project number
14307018.
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cal cul ation. Experi mentally, there is RO ef
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Usually the carrier | ifetime was measur ed, b
nomadi ative recombination procesganmedgpye avha lclr
haveari ous point defects in the |l attice. Thro
of possi bl eceagrtcombdafae¢ctonn in three novel p hc
onei mensipeaald Hoatn a3 By Caomd | enligmmd meom coupl
effect amdutphe ngt dtoireanal i sm,-c avet wrad carl @as £ ds &
possi brlaedimdn ve -cectwoenbi dateohs in these semi
currently wunavar!|l amderbtuandirngi cak fimiting
l i feti me and simulating the photovoltaic de\
the quick identif-i @cditatinv e f-c eccfifeetcit d as/fele onhosn b
cadlcat edi reshkhted@ép def ect s nraayp thuarvee clraorsgse sceac
are surrounded by strong bonds and undergo ¢
carrier.
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Photoinduced Vacancy Ordering and Phase Transition in MoTe
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Abstract: We-e s thiolwi btrhiaum ndoynnami cs pl ays2H A4deé ntprhals er
transitionThé MbaAsee transition is initiated by a
structural change in the original 2H | attice. The

orderi bgeguendsly induces a further growth of the 1

photogenerated excited carriers as they enhance va

are hence vital to MmMeehani smhase beracgointirast edhi®
collective sliding of a whole Te atomic | ayer, whi
key roles of photoexcitations, ourcornetsruolltlsi nnga yp hhaasve
in transition metal dichalcogeni des.

Laser irradiation
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By using the determinant quantum Monte Carlo method, we investigate the phase transitions in
the ionic Hubbard model on the honeycomb lattice, varying the interaction strength and the
difference in chemical potential on the two sublattices. Our exact reahegsults 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 phasea$ antiferromagnetic loaginge 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 mor

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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Semi conductor materials are widely used i

cel | ,-deptheocttee mj t t i gt di ode, phot oc atpd loyediex,t r e
semiconductors via rational design is of <cru
of materials performance in applications. Wi

supercomputers and contiiomwmdusalygodeuvelmspedpea
materials simulation to explore the propert
fraction of time that the real experiments n
mat er i al sd wiirtohp edretsiierse i n computers come true
present our deso®ludcogmenftytdhmnopgermmewoake dbs g
t hroughput energetic and propertywesalgoulPattif
Pakage?(Jnmdp our recent work on designbafed un

materials screening.
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Strain in van der Waals epitaxy

macroscopic effecpeontuanbatgbhnog
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Recent studies of van dert rWamdist i loent emeotsalr udit ©ln i
overlayers have revealed the formation of highly o

single 2H phasescldéree modeil nggaamplrbiach we identif

resfulom a delicate interplay between strain accumu
of the growing overlayer. We determine tphrd nemeil @y
calculations, fromhehpcbhbswacseho® Bbgtrgebhuetdstrain

the formation of the MTB networks as an effective
observed experimentally. This coumdcderoht ciolt il eet f vi

weadlny eracting systems, i.e., in van der Waals epi
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Bil ayer heter osttrruecnieunrdeosu sh aavtet ernetciecinvsedi n r ecent
el ectronic structures of stacked van der Waals (vd
electronic structures. Here, we ghowonhhatcsirgneliea
mo st -iwetaekr | ay e r/ W®lipllaeyde rModSWsfey | Mo BP 5&] ah®@b[Pr]S
bilayers. Several interfaceestoc8§esSeybridimatiaog {rb
1) atecekpy identified by our density functional t
electrostatic force microscopy (EFM) imaging. | n a

states within

of the MoS
: 44(:::' o L 7~

E-Evac(eV)

el -4.56 eV
MoSez/PtSez | 0.94 eV MoSez | 1.51eV e Liiaaions
548eV ks A . it
590 eV
e f g

F i gBand®lignment and Spatial structures of wavefunctions for PtSg1T)/MoSe: (1H) vertical heterostructures

Keywords heterabilayet interlayer coupling gap state

Fun &EiNmg i onal Natur al Science Foblnda#ildnd)of (
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Anomalous Dirac Plasmons in 1D Electrides

Plasmon opens up the possibility to efficiently couple light and matter atawddength scales. In
general, thglasmon 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, excitedrag adialsurface state,

which exhibits an anomalously densibydependent frequency. Remarkably, we predict realization of
anomalous DP (ADP) in 1D electrides, such as Ba3CrN3 and Sr3CrN3, kprifirsiples calculations.

The ADPs in both systems havdensityindependent frequency and high intensity, and their frequency
can be tuned from terahertz to miidrared by changing the excitation direction. Furthermore, the
intrinsic weak electrophonon coupling of anionic electrons in electrides affordsdaled advantage of
ultrarlow phononassisted damping and hence a long lifetime of the ADPs.
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Mul tiferroic materials with coupled magneti sm and
highly desirable for efficient HAelnecttrriacdivriiotniang m
with strong magnetoelectric coupling, their practi
magneti zati ons::prHeirced pwee ss heovw dfeinrcsets t hat strong macg
of2D multiferroics: in some bilayer systems, their
switching upon external el ectri cs eflieectdi,v ee-dabnpds dh ii @

channels, or fAoffépshawnaedi esecatrongtfanspotrth, whic
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and magnetic reading; vertical pol ari zat i ediencsaint yb e
data storage possible; moreovegraakd it hboseafa@adcivad
by doping in a silicon wafer. In some 2D systems,
upon ferroelectric switching.
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Fig.1l1 Several types of multiferroic
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Theoretical studies on excitonic properties of 2D growbVv

monochalcogenides
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Abstrlanctt:hi s talk, | will present our theoret
I V monochal cogenides (MX, M = GgphaWkXe Qr;e X how

to posseos nsgadddine both the bottom conducti on
of botiposatdl are close to their +poli atti veex ch :
absorptions, a r emar k abfluen deabmemrt mtl i ogna pp eiask o



materi al s. |l mportantly, the spoiongg eptitcah a
and the appropriate B&ende Ilgsmpd emagkreo nmosnionlgayfea
applications wn tehf fpiooMean cioemsy eadssiloar g edxpahsasle. 11
MX is discovered and shown to have Camel 0s
excitonic properties are discussed. [ 2]
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ABSTRAEXpl oration of the interactions between the
catalysis is crucial in understanding the mi-crosc:/
principles calcul atli otntee awri yt,h iwe dgernese mtsyit of tuanecttfieohneao tna
organi c fr aGndiwaoarnk scefr vn as a highly efficient catal
synergetic effect of the chargeantd asnpsifrers,el ept © wind
nearest neighboring Mn ataansi.v atoiron,h et hcer urce aarl e sstt emp
found to possess smal/l charge transfer but signif
seloenc triul e, thereby faci lirtiaptliegrQ hdeadearcpti oonodf ¢

0O, we show that the reacti edn meyxdlaa i sam et d dnigl ys aperpo
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relatively |l owicdactainomebdmuritdhrer WwWowerxdh by et me aa
neighboring Mn at oms. FRadst be pmoe@ Hi,(o¥w er Mapxickensi annes istt hi3eo |
met al el ements) derivative family, and identify th
cases of X= Mn, Fe, Co, and Ni. Our findings may o

catalystd mpomrtwarti @wxs dati on reactions. wherein spin

Key worSlisngl e atom catalyst; Charge transfer, Spin
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‘"Charge separation at donor/ acceptor (D/A) inter
pol ymer solar cells (PSCs), but the underlying mec

to demonstrate howaachiagwed sfeppamaasm@olid&&Tohatqe e i
nonuni form el ectric f ipaalckciamgf iag mroatuineod offime Imb.l eEawd a
that a fAcoldo CT state exper i eencdeest etrwmo nkeidn dosy otfh ee v
positions where the fAcol do -fCiTelsd ap@siitsi oms$ t iaahdé yn g
di ssociated into ffrieel &€ hmpo gietsi, o wdh,i | eefi ot vetafkeotd d i
state experiences an ultrafast migration process a
Afcoldo CT state, we attribute it to a driving forec
negadharges and positive charges in the fAcoldo CT
packcionngf i guration near the transition region from

al so provide a drividg €orstate separfhteetbkhrafiges.
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takes place in a timescale | ess than 300 f s, whi c |
experi ment-mdr fyorima ntcieg hPSCs . Our rets ubndf fail gibe nitn dd h

separation in PSCs can be further promoted by opti
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0 10 P. B. Deotareet al, Nanoscale Transport @hargeTransfer States in Organic DorAcceptor BlendsNat. Mater.2015,
14,11301134.
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M-035
M
( MoSSe P QY 44
| & gl &l gl gl !
1 x | 0 | M 250100
2 FQ | 518000
Email: zshuai@mail.sdu.edu.cn
1972 ]
]
] ]
]
]
]
MoSSe
] 1


http://www.baidu.com/link?url=_p69vgvxkr8kV-XaweJZ-nJdPEdY6bIxZt_iyFwXj6QdYVer-fdyJNvgJKsnfxhbZAfWwLa8KUeJKVh-_eGo2q
mailto:zshuai@mail.sdu.edu.cn

33 ns TiO2 ]

] MoSSe

\

) €-mmmmmm e e ({8

/

1 MoSSe

11t S. Zhang et al., MoSSe nanotube: a promising photocatalyst with an extremely long carrierdifigtirae,
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Abstract

Designing of high enfofbilcei emmett aclatiasl yusrtg ewitt ha nndc
wi | lusdi stcwo types of designed catalysts that
type of catalyst 4 s whirmdl e smethnalti axil ge pWOpo
hydrogen bond betweest anadwmn hmod eereianheenzta, ol dsi WAOve
performance in degradation of organamorpfidbes.
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whi ch shows excell ent performance i n oxygen
could be attribudedmltiond hmeclhampiesmtiiveamdor ph
the d state of Ag shift wup ward, while the o

reduced potential residing in the coopesatiyv
wher the second | ocalized Andsosanhestsateomdgl
mol ecul e, giving rise to high performance of
types -noofbl reonmet al oxi des here migihhteflielcp eho

economic catalyst.

IS W o 15 W
IS Agd
/ i N Sasagd N\ >
Al isAg
a-WoH ,0 Ag@WOH ,0 Ag@aWOH ,0

ow o0 oH OAg

References:

[ 1] Yumei Redn metmsabnal Teamor phousWOkétoe r-chs tgrhu
efficiency photocatal y-Envxi pemfo2manc@48AdP1l9
[2] Wei Liu et al., AndersonLocalization in 2D Amorphous Mo£} Monolayers for
Electrochemical Ammonia Synthesis, Submitted

[ 3] Chong Li et al., Submitted

M-037



M-038

Excitonic Insulators in Direct-Gap Solids

Zeyu Jiang, Yuanchang L3, Shengbai ZharigWenhui Duah*

! State Key Laboratory of Lowdimensional Quantum Physics and Collaborative Innovation Center of
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100081, China,
8 Department of Physics, Applied Physics and Astronomy, Rensselaer Polytechnic Institute, Troy, NY,
12180, USA
4nstitute for Advance&tudy, Tsinghua University, Beijing 100084, China

Direct-gap materials hold promises for excitonic insulators which possess abmdyyground state
characterized by the spontaneously formed exciton condensate. In contrast to-gaglimreaterials, here
the difficulty to distinguish from a Peierls charge density wave is circumvented. However;gdipect
materials still suffer from a divergence of polarizability when the band gap approaches zero, leading to a
diminishing exciton binding emgy. We propose that one can decouple the exciton binding energy from
the bandgap in materials where bate states have the same parity. frstciples calculations of two
dimensional GaAs and experimentally mechanically exfoliated slagé TiS and IT-MX, (M = Co, Ni
andX = Cl, Br) lend solid support to this principle. Our study also provides new physical insights exploiting
the multifaceted nature of charge gap, magnetism, and spontan&wustyl exciton condensate.
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Computational Crystal Growth of Borophene

Yu Xie
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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 varapplications, such as energy storage, catalysis, and medicine.
To fully realize their potential in practical applications, higlality largearea samples are required in a simple
and lowcost way As an atomically thin twalimensional (2D) boron laydoprophene was recently synthesized
on metal substrates and attracted a lot of attention due to its great potential for future applicaticmgalk,
we will report our recent findings on the structure, stability, and nucleation mechanism of botens BuéN
U 98) and sheets on weakly interacting substrates usingfirstiples calculations anab initio molecular
dynamics simulations. Widentifiedthatby using a simple effective potential well, borophene can be grown on
various weakly interaatg substrates, including graphene, BN, BCN, andiddi 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 chédlgioart substrates.
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First-principles study on themechanism of hydrogen adsorption
and diffusion in LaFeQOs

Changchang Pan'® Yuhong Chen'2*

1 School of Science, Lanzhou University of Technology, Lanzhou 730050, China;
2 State Key Laboratories of Advanced Processing and RecycliNgreferrous Metals, Lanzhou
University of Technology, Lanzhou 730050, China
3 Schoolsof Physics, Southeast University, Nanjing 211189, China
*Correspondence: chenyh@Iut.cn; Tel.: -83-297-3780
Abstract: Based on density functional theory, this papedists the adsorption and the subsurface phase
occupation by H on LaFe010) 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 4 @A€Psurface and thaterstice



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 &om. 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 ¥D bond and the formatiasf the new HO bond the H is around O atom to constantly

repeat the process of a hoppi#mgtational diffusion. H diffuses through the nearest neighbor position, which is
more favorable than the direct diffusion.

Keywords: density functional theory; LaFe(surface adsorption; bulk phase occupy; transition state
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Effect of toxic |igands on O2 binding

Renyi Li, a Xiangi Dai,*a Zhen Feng,a Yi Li,a Mingyu Zhao,a Jing Liu, a Huiting Li,a

Yang Chen,a Yagiang Ma*a and Yanan Tang *b

Heme, as the cofactor and active site of Hb, endblkeso carry out the necessary function required@@r
management for life, that is, reversible O2 binding for transport. In this paper, the microsechanism of
hemeassociated poisoning has been elucidated from the perspectlectbnicinteraction by performing
first-principles calculations. The results show that the functional gr@s0, i COOH, 1 NO2, 7 NH2) and

CN exhibit a stronger affinity for heme than O2 and are more lthebgcupy the O2 binding site, which results

in the loss of the ability of heme to carry O2. Moreothex,addition of functional groups, CO and CN to heme
at the side site can cause a pronourethncement toward the O2 binding characteristics of heme, which
prevents heme from releasing O2xygerrconsuming tissues as the blood circulates. The reversible O2 binding
function of heme iglisrupted by the presence of these toxic ligands in the heme binding pocket, which greatly
affects OZransport in the blood. The inability of tissues to obtain @@deo tissue hypoxia, which is the main
cause of poisoning. Based on the energy, geometry and electronic properties, the hypoxia mpahzossih

by us coincides well with experiment, and the research has the potential to provide a theoreticalfeféhence

t

C



relevant areas of bioscience.
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Novel me,lc hmaangincet i ¢ and catalytic pmetpaelrti es

phosphides

Qinxi Liu, Zhou JiangXue Jiangand Jijun Zhao
Key laboratory of Material Modification by Lasdon and Electron Beams (Dalian

University of Technology), Ministry of Education, Dalian, 116024, China

*Email: liuginxi @dlut.edu.cn

The fast development of twadimensional transitiometal phosphides(TMPs) have received extensive
interest due to thebrrilliant electridesand catalytic applicationslsing firstprinciples calculation, we predict a
new family of 2D tetragonal transitiemetal phosphide (M2P, M=Fe, Co, Ni, Ru, R found all stable M2P
are metallic with excellent extensibiliti@ghich display inlow in-p| ane Youngés modul us (
high ultimate tensile strength point (30%~45%j)erestingly, antiferromagnetFe2P and ferromagnet@o2P
with high Curie temperature (580K) exhibit nowvehgnetic propertieszurthermore, 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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First-principlesprediction of a new ground state for surfacedized
phosphorene with remarkable piezoelectricity

Jiabin Li, Chaoyu He, Kaiwang Zhang and Jianxin Zhong

School of Physics and Optoelectronics, Xiangtan University, Xiangtan 411105
Hunan KeyLaboratory for MicreNano Energy Materials and Devices, Xiangtan University,
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Abstract In this paper, a new ground state (Pc&2Z1) of surfaceoxidized phosphorene is identified from a

seres of possible crystalline configurations. The crystalline structure of FR@2% based on the previously
proposedf-P with further distortion. It is predicted to be more favorable than the previously proposed Pmn21
PO and confirmed to be dynamicallyldta The calculated band structures show that PP&21s an indirect

band gap semiconductor with a gap of 0.607 eV and 1.396 eV based eRBE-&nd HSE06 methods,
respectively. It is a potential piezoelectric material with coefficienis9dd8 pm V1, 50.32 pm V?, 0.83 pm
V'tandi0.09 pm V1 for diy, dhz, tbiand do, respectively. These coefficients are comparable to those of-group
IV monochalcogenides and more remarkable than that of the experimental IMgsrticular, Pca2PO
possesses piezoetac 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 irsnal@devices, such as sensors, actuators,
electric field generators and any otherlagghions requiring electrical and mechanical energy conversion.

(@) g-P (b) PccaPO (c) Pca2iPO
without distortion with distortion

Figure 1. The crystalline structures dfP (a), Pcc&?O (b) and Pca2rO (c).

Keywords: crystalline structure, surfacridized, piezoelectricity
1 1t JiabinLi et al, Firstprinciples prediction of a new ground state for surfaxeizedphosphorene with remarkable
piezoelectricity J. Phys. D: Appl. Phy2019, 52, 295301
NOs.117043191164706311274262
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Negativethermal expansion of Prussian blueanaloguesScCo(CN}
and TiCo(CN)e : First-principle s study
Yuan Li, Pengju Sun, Meng LQilong GaoQiang Suh
International Laboratory for Quantum Functional Materials of Henan, School of
Physics and Engineeringhengzhou University, Zhengzhou 450001

Prussian blue Analogues (PBA®svebeen found to have many exotic properties|[1].
However, the research on negative thermal expansion (NiTthe compounds
rareand just beginning aftehe discovery opronouncedNTE in cubic Zr\WOs by
Slight's group[2] In this poster we present NTEof PBAs ScCo(CNj and
TiCo(CN) , which arecalculated and analyzed using first principles density
functional theory calculations combined with gulagrmonic approximation. It is
found that the two systems exhifNTE caused by the lovrequency vibration
modes The modesnainlyinvolvethe vibratons of CN cyanide ligands, namely the
lateral vibratiols of the ligands.The low-frequency vibration modekave large
values of negativgrineisen parametsr The @lculaed coefficients of thermal
expansion are29.4x10°K* at 144Kfor ScCo(CN}, and-13.9x10°K* at 96K for
TiCo(CN.
[1] Q.L. Gaoet al, Inorg.Chem.Front, 5(2018)438

[2] T. A. Mary, et al., Science,272(1996) 90
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Biaxial strain induced band transitiand valley spin coupling in the

ferromagneticemiconducting WSELT-FeCh heterostructure

Xiujuan Mad ), Jia Li( 1 )**, Congcong L§ ), Ze LiW[l )
ISchool of Science, Hebei University of Techn
Emajilali @hebut.edu. cn

The structural and electronic properties of the WiSeFeCh heterostructure have been investigated by
density functional theory and Berry curvature calculations. The heterostructure is a magnetic semiconductor
with typell band alignment (0.35 eV band gap) and a magnetic moment of &8% unit cell, and it hma
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 transitiof the band alignment from typeto type-l, and it also leads to a significant change in
the work function. Under compression strain2 to-8%, the electronic band of the heterostructure shows
valley-contrasting character and vallegin coupling,like monolayer WSg The Berry curvature and spin
splitting are opposite at the K andNfalleys, so the valleys and spins are simultaneously locked and polarized,
and the valley Hall effect and spin Hall effect simultaneously occur.
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Fig.1 (a) Variation of the work function as a function of biaxial strain. (b) Band structure calculated by the MLWFs,
(c) contour map of the Berry curvature in the BBllouin zone,and (d) Berry curvature of the W#eeCb
heterostructurat compression strain 06%.
Keywords HeterostructuregValley, Band alignmentBerry curvature
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L ong wavelength acoustic modes driven negative thermal expansion
in rhombohedral Zn-GeQx: A first-principles investigation
Jiagi Wang & % 4t), Huanli Yuan g2 )% ), Qilong Gao & 3 #£), Qiang Suin

(¥15%), Erjun Liang (&= %)

School of Physics and Engineering, Zhengzhou University, Zhengzhou 450001
Email: ejliang@zzu.edu.crgsun@zzu.edu.cn

Abstract: ZnGeQ: 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 ZseQ; using firstprinciples methods conmeed with quasharmonic approximation.
Calculations show that the system exhibits NTE belol®00 K and the calculated coefficients of NTE is in
reasonable agreement with experiment. Detailed analysis of the phonon modes reveals thdtdéhadaaoy

acoustic modes near the cent& goint) and boundary of the first Brillouin zone, dominated by the collective
movement of the Zn and Ge atoms along with their neighboring oxygens, mainly contribute to the NTE of the
Zn,GeQy, which is in contrast to the conw@mal NTE mechanisms for the opamework 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 amuerstanding of NTE mechanisms

for the more flexible framework oxide materials.

Keywords: firstprinciples calculations, 26eQ,, NTE mechanisms, acoustic modes
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Strain effect on magnetic transit

i n 2D two coordinated 5d ¢t
Jianpeli Rengl, WAZhgu!, JKaet§Ji adinjgutn™ Zhao

IKey Laborat oMydioffi dMattieon aby Laser, l on and
Education), Dalian University of Techr
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Quantum information and spintronics devices, based on searching and manipulating magpetisump, o
new questions in the studies of two dimensional materials. Usingfingiple calculations, here we design a
novel type of 2D metal organic frameworks (MOFs), which is composed of (2b8nZgnetricarbonitrile (TCB)
molecules linked with 5d @ansition metals (i.e., Hf, Ta, W, Re, Os, Ir), namely T8. Owing to their low



coordinated, haffilled 5d electronic configuration, and suitable crystal field, robust ferromagnetism
semiconductor with 63 meV bandgap, large magnetic anisotropy enermei@/8tom) and room temperature

Curie temperatures (613 K) are found in @B monolayers. Remarkably, with the help of biaxial strain, a
reversible magnetic transitions between ferromagnetic and antiferromagnetic have been found and the magnetic
anisotroly 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 reductionjtarthybridization, 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-iMTiG&nolayer,

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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Fewlayerb-SnSe with Strong Visibleight Absorbance and Ultrahigh
Carrier Mobility

Zhenqing Li Jin Li,Chaoyu He and Jianxin Zhong

School of Physics and Optoelectronics, Xiangtan University, Xiangtan 41115
Email: zhengingli@smail.xtu.edu.cn

Abstract The solar cell which uses the photovoltaic effect to convert solar energy into electricity directly has
aroused widespread attention. Compared with traditional bulk materialglinveasional (2D) materials can
exhibit exotic optoelectronic properties aggpecially provide large photoreactive contact areas, making them
more attractive for designing novel optoelectronic devices. In this work, we use thmificgbles methods
based on density functional theory to study the electronic and optical prepéfierlayerb-SnSe. It is found

that the ondayer, twelayer and thredayerb-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 asd85.4%, respectively,

for threelayerb-SnSe, which is comparable to the current efficiency records. Furthermore, dagdéela+SnSe

has very high carrier mobility, reaching’2€V-1s? for the thredayer b-SnSe . The strong visible light
absorpibn and high carrier mobility of fewayer 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 (@}SnSeof the Pnma spaagoup (#62) and ()-SnSe of the Cmcm space
group (#63), withthe top and side views of off@yer (c)a-SnSe and (d-SnSe. The cuboid frames show the

orthorhombic unit cells. Gray and green balls represent Sn and Se atoms, respectively
1 1t G.S. Shietal,, Anisotropic Spin Transport and Strong Visible -Light Absorbance in FewLayer
SnSe and GeSeNano Lett.2015,15(10), 6926
NO.11704319, NO.11647063, NO. A040204, NO11474244
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11t Bevin Huanget al, Layerdependent ferromagnetism in a van der Wegjstal down to the monolayer limiature
2017, 546, 27@73.

1 2 Cheng Gonget al, Discovery of intrinsic ferromagnetism in tvéimensional van der Waals crystdigture2017, 546,
265-2609.

1 3t Nicoals Mounetet al, Two-dimensional materials from highroughpt computational exfoliation of experimentally
known compoundd\at. Nanotech2018,13, 246.

1 4 M. H. Zhuet al, Magnetic borophenes from evolutionary seaRfiys. Rev. R019 99, 205412.
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Intrinsic Half-Metallicity in 2D Ternary Chalcogenides with High
Critical Temperature and Controllable Magnetization Direction

Shuging Zhandl Runzhang XUl Wenhui Duar?, Xiaolong Zou'"

'Tsinghua Berkeley Shenzhen Institute (TBST)singhua UniversityShenzhen 518055, P. R. China
?Department of Physics and State Key Laboratory of LeWimensionalQuantum Physics Tsinghua
University, Beijing 100084, P. R. China

*Email:xlzou@sz.tsinglua.edu.cn

Searching for 2D ferromagnetic materials with a high critical temperature slairgpolarization, and
controllable magnetization direction is a key challefagetheir broad applications in spintronics. Here,
through a systematic study a seies of 2D ternary chalcogenides with fiinciples calculationst is
demonstrated that a family of 2D CoBa (X = S, Se, or Te) are hathetallic ferromagnets, and they
exhibit high criticaltemperature, fully polarized spin state, aticindependent magnetization direction
simultaneously. Following the Goodenoiiglanamori rulesthe halfmetallic ferromagnetism of Co@é
family is caused by superexchange interaction mediated b}-@0o bonds. The halihetal gaps ararge
enough (> eV) to ensure that the haifetallicity is stable againsth e s pin pi pping at
Magnetocrystalline anisotromnergy calculations indicate that Co&afavor easy plane magnetization.
Under achievable biaxial tensile strairi §26), the mgnetization directionsf CoGaXs can change from


mailto:xlzou@sz.tsinghua.edu.cn

in-plane to oubf-plane, providing a rout control the efficiency of spin injection/detection. Further, the
critical temperatures Tc of ferromagnetic phase transition for @0Gare close taoom tempeature.
Belonging to the big family of layered AB. compoundsthe proposed CoG44 systems will enrich the
available 2D candidates attteir heterojunctions for various applications.

E

O T OmEsT
PP ©

Fig. 1 The schematic diagrams of structure, band structurestrain tunable magnetism in CoGax,

Keywords half-metallicity, ternary chalcogenides, spintronics, fpshciples calculations
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Saddlepoint Excitons and Their Extraordinary Light Absorption in
Two-Dimensionalb-phase GrouplV Monochalcogenides
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Wenhui Duah?3-
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SRIKEN Centerfor Emergent Matter Science (CEMS), Wako, SaitamaQ

B

B, Japan
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Abstract



In two-dimensional (2D) materials, sadgieints in the electronic structure give rise to diverging density of
states, whih leads to intriguing physical phenomena useful for applications, including magnetism,
superconductivity, charge density wave, as well as enhanced optical absorption. Usipgnéiges
calculations, we show monolayleiphase of growpV monochalcogeides (MX, M = Ge or Sn; X = S or Se)

are a new class of 2D materials that possess spditits in both the lowest conduction band and the highest
valence band as well as in the joint density of states. Due to the existence ofpsaudiea 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 sadptént excitons can be effectively tuned by both the strain and
thickness of these materials. lorfantly, the strong optical absorbance induced by sgmuig exciton
absorptions and the appropriate band gap give ideal power conversion efficiencies as large as 1.11% for
monolayerb-SnSe, significantly higher than reported hggrformance ultrathirsolar cells using transition

metal dichalcogenides. These results not only open new avenues for exploring novebohaphysics, but

also suggedi-phase MXs could be promising candidates for future optoelectronic devices.

Keywords two-dimensional matéails, grouplV monochalcogenides, saddgbeint excitons, solar

cells, firstprinciples calculations
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Tuning the electronic properties by strain and external electric field
in armchair Janus MSSe (M=Mo, W) and MoSSe/WSSe superlattice
nanoribbon: A First-Principles Study
Lingling Yu, Xiang Ye*

Department of Physics, Shanghai Normal University, Shanghai 200234CRira.
Email: yexiang@shnu.edu.cn

Abstract: Motivated by the successful synthesis of Janus monolayer Mg 3&esystematically study armchair

MoSSe nanoribbons ¢MoSSe NRs), WSS nanoribbons (AWSSe NRs) and MoSSe/WSSe superlattice
nanoribbons (ASLNRs) and investigate the electronic properties modulated by the strain and external electric
field using the firsprinciples calculations. The pristines-MSSe NR (M=Mo, W) and ASLNR are
nonmagnetic semiconductor with indirect and direct bandgap, respectively. In the strain rd086 twf 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 dtraMoreover, the band structure of-MoSSe NR and AWSSe NR change from
indirect character to direct at GG point wunder the
near the Fermi level, respectively. The3LNR maintains its déct bandgap under strain. Under an external

electric field, their bandgap decreases a little at first within 0.4 V/A and then decrease a lot with the increase of
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external electric field, until it becomes metallic at 0.6 V/A. Our calculations show theleitteonic properties
of As-MSSe NR (M=Mo, W) and &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 supenatticgbbon composed by MoSSe

and WSSe in a direction, defining the ribbon width along b directiognA#¢ ) . The Mo, W and ¢
edge are saturated with O and H atoms, respectively.

Key Words: Transition metal dichalcogenide, Strain, Electrid figlectronic properties, Superlattice
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Kinetic pathways towards mass production of singlecrystalline

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

AbstractAs a highly appealing new membertbe twadimensional (2D) materials family, stanene was first
epitaxially grown on a thredimensional topological insulator of Bi2Te3; yet, to date, a standing challenge is to
drastically improve the overall quality of such stanene overlayers for a wide od potential applications in

nextgeneration quantum devices. Here we use -sfatiee-art firstprinciples approaches to explore the
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atomistic growth mechanisms of stanene on different Bi2Te3{4d49d substrates, with intriguing discoveries.

We firg show that, when grown on experimentally studieetéFeninated Bi2Te3, stanene would follow an
unusual partialayerby-partiatlayer growth mode, characterized by skrarige repulsive pairwise interactions

of the Sn adatoms; the resultant stanene oxanrls destined to contain undesirable grain boundaries. More
importantly, we find that stanene growth on Bi2Te3(111)qaneered with a Bi bilayer follows a highly desirable
nucleatiorandgrowth mechanism, strongly favoring single crystalline stanenefufteer show that both
systems exhibit pronounced Rashba’ispihit couplings, while the latter system also provides new opportunities
for the potential realization of topological superconductivity in 2D heterostructures. The novel kinetic pathways
reveaéd here will be instrumental in achieving the mass production otduglity stanene with emergent
physical properties of technological significance.
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New carbon allotropes identified in stochastic group and
graph constrained searches by RG2 code

e . i A, Chris J. Pickard, ,
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: RG2 is a higkefficient code, based on Random strategy combined with space Group and Graph
theory, to generate crystalline structures with sdelined structural features [PRB, 97, 014104 (2018)].This
poster shows two new stories about applying RG2#&wch novel carbon allotropes. The first one is about a
novel 3D cubic carbon allotrope4Bd) in sp3 hybridization with larggize (188 atom per cubic cell) and low
energy [112 meV/atom higher than that of cubic diamond]. It is a-$awdrinsulator wh 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\®8ales graphene with intriguing
structure (weklarranged Ston®ales defects) and remarkable stability exceeding than all the previously
proposed 2D carbons. It can be constructed through a 900 bond rotatio8® supercell of graphene, which
is a fAimagic sizeod showsedaodhx2andl 39 t1la8bisluiptey cteh drs .t If

sized can be simply wunderstood through a fAenergy



properties and molecular dynamics of SWéphene confirm that it is dynamically stable. Thectbnic
structure shows SWraphene is a semimetal with distorted, strongly anisotropic Dirac cones [PRB, 99, 041405

(R), 2019].

Crystal structure searching; Carbon allotropes; RG2

1 1t ShiXizhi, He Chaoyy J. PickardChris TangChaoandZhongJianxin."Stochastic generation of complex crystal
structures combining group and graph theory with application to carBbys Rev. B (2018)97.014104
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from Ab Initio Calculations
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AbstractE Ni2W(CN)8 is the first reported experimeity solid material showing negative thermal
expansion(NTEYecently Here,by using firstprinciples calculationsvithin dersity functional theory (DFT)
combined with the quasiarmonic approximation (QHA) theagrye investigatedsystematically the NTE



properties foMII2[MIV(CN)8](MII=N i, Co, Fe, Mn; MIV =Mo, W)family. We show that the coefficients of
negativethermal expansin (CNTE)of MII2[MIV(CN)8] can reach up to ~100 10-6 K-1, i.e., N2W(CN)8,
Ni2Mo(CN)8 and Mn2W(CN)8 are9.14 106 K-1, -8.610 106 K-1 and-14.77 106 K-1 respectively.
Analysisof the derived Grineisen parameters reveal that, like most Prussian blagussa 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 #himensional plane. Moreover, we also find that the low
frequency acoustic ndgs fromd ( 0 O 0) to X(0.5 0 0) make a sign
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 sligi 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 C3By element substitution in experimdutther.

Keywords: negative thermal expansion octacyatidsed cyanide Ab Initi@alculations
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Thermal Tuning of Acoustic Manipulation by a Ferroelectric
Phononic Crystal Plate
Chaowei Xu and Honggiang Li
School of Physical Science akdgineering, Tongji University, Shanghai 200092, China

E-mail: hglee@tongji.edu.cn

Abstrct: We investigated a tunable PCP made of BasliOs (BST) ceramics, wherein a 20
temperature change near room tempeeatesults in a 20% frequency shift in the transmission spectra induced
by a ferroelectric phase transitibthough PCP made of B#&rn sTiOs (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 hiemedici
chemosynthesis and sensor. In this article, we report a thermal tuning of acoustic manipulation by a
subwavelengtiscale (relative to the wavelength of ultrasound in water) ferroelectric PCP. The longitudinal
velocity and transverse velocity of BST iease nonlinearly and progressively from 293 K to 313 K, because
the tetragonatubic 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 stru@&8eglate 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 thilsutions. 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 representationr fthermal tuning of acoustic radiation force by a B .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 frequemc®d3 K (black solid line) and 313 K (red dash line).
FIG. 3. Band structure of BaSi 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 structuwagatcby 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 kégiergydensity materials. Hereising a machirdearning
accelerated crystal structure search method anepfirstiples calculations, we predict a new hybrid compound

by inserting a large fraction of nitrogen into alkalgerth metals. It is a new stoichiometric type MW = Be,

Mg), which possesses a metaintering octahedral pentazolate framework with the space gdolZp This type

of ionic-like molecular crystal is found to be energetically more favorable than the mixtureNeHOMMN4
compounds and pure nitrogen and is pdgsinthesized at relatively low pressures (around 12 GPa fondyigN

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 oflfmenioMN;g structure can

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

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

Key words: Crystal structure sehieg, High pressure, High energy density, Pentazolate
Reference: 1 1f K. Xia et al, Pressuretabilized HighEnergyDensity AlkalineEarthMetal Pentazolate Salt3, Phys.

Chem. C2019,123 (16), 10205.
Funds: MOST of China (Grant Nos. 2016YFA0300404 and 2015CB921202), National Natural
Science Foundation of China (Grant Nos. 11574133 and 11834006), Science Challenge Project
(No. TZ2016001), the NSF of Jiangsu Province (Grant No. BK20150012), the Fundamental
Research Funds for the Central ~ Universities, and Special Program for Applied Research on
Super Computation of the NSFC- Guangdong Joint Fund (the second phase).

M-PM41

Multiple superionic states in heliumwater compounds

Cong Liul, Hao Gaol, Yong Wangl, Chri®ikard2, 3, RichardJ. Needs4, Jian Sunl, *; Hui
Tian Wangl, A, and Dingyu Xingl

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, hydrogensatan move freely while oxygen atoms are
fixed in theirtr subl attice. ASuperionicityodo has a
applications. Helium is the most inert element in nature and it is generally considered to be unreaetive. Her

use ab initio calculations to show that He and H20O 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 statesthie first of these phases the helium atoms exhibit liquid behavior within

a fixed icelattice framework. In the second of these phases, both helium and hydrogen atoms move in a liquid
like fashion within a fixed oxygen sublattice. Because théHeteracion is weaker than the-B interaction,

the helium atoms in these superionic states have |
than that of hydrogen, although helium is heavier than hydrogen. The insertion of helium atomsiallybstant
decreases the pressure at which superionic states may be formed, compared to those in pure ice.
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Ground States of Au 2Pb and Pressure Enhanced
Superconductivity

Juefei W4, Zili Feng®4, Jinghui Wang Qun Cheh Chi Ding!, TongChert, Zhaopeng Gug
Jingshen Weh Youguo Shi4, Dingyu Xing, Jian Suh”

ABSTRACT: Au2Pb was suggested to be a natural topological superconductor and has attracted much
attention. Combining ab initio calculations witfachinelearning accelerated crystal structure searches,

we find two new ground states: Pca21 phase at ambient pressuré2zzhgHase at high pressure. The

Pca2l phase is energetically more favorable than the Pbcn structure previously suggestedttand in b
agreement with the experimental XRD pattern. Our calculations suggest that tHpedsgivre-42d is a
phononmediated BCS superconductor. By the high pressure electric resistance measurements, we
observe a strong enhancement of Tc at a factor of than three times than in the lgressure 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 | Belhdémenmtieed!| | odescriptors in a diffe

of Al uminum by Gaussian approximation potential (G,
of ML interatomic potentials boudd&afeeent systems
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ABSTRACT" TiOzis an intensively studigghotocatalytic material owing to its low cost and high activity. The
anatase/rutile (A/R) mixepdhase TiQ is recognized as an effective strategyatdieve high photocatalytic
efficiency by the typdl band alignment favorable to spatial chasgparation. However, the atonsitucture,

as well as the exact band alignment of the A/R miedse TiQ, is very difficult to identify either in
experimental measurements or theoretical simulations. Moreover, thedpeadent photogenerated carrier
dynamics, which can determine the photocatalytic efficiency, has not been sttithedatomic 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 interf@catomic structures. Especially, with oxygen vacancy) (& 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 photogenerateddyaramics using the time
dependentb 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 théelectron
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recombindion timescale at ns s magnitude, which suggests that the charge transfer can occur efficiently at
the interface before they recombine. For the defective A/R system wijtivéfind that the electron will be
trapped by the defect state within 1 ps, lertthe 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 desigolémremergy conversion.

KEYWORDS: band alignment , photogenerated carrier dyngmelectronhole recombination
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High- pressure study of the structural phase transition in

CussTe

Liang MaJinqun Cai, Yingying Wang, Mi Zhou, Guangtao Liu* and Hongbo Wang*

State Key Laboratory of Superhaxthterials, Jilin University
Changchun 130012, China;
Email: maliang9533@163.com

Cuw.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 dfitiagoidable Cu deficiencies, complex structures
relating closely with Cu contents have been reported fexTautill now, which limited the study on its broad
application. Here, combining-kay diffraction (XRD) measurement with extensive swarm strucesech, we
provedP-3ml phase as the ambient structure of &4I'e and it will transform to a new defectiddmmmphase
at 2.9 GPa. Enthalpy calculation supports that stoichiometri€eCig expected to be synthesized under high
pressure above 5.3 GPa. The analysis of mechanical and dynamical stability implies that-preskigie
[4/mmmCuwTe has potential to béabilized to ambient conditions as a metastable material. Our results represent
a significant step in understanding the crystal information efGaiand extending its applications.

Keywords:phase transition; crystal structure prediction; Fgbessurexperiment; copper deficiencies
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Hydrogen as a source of flux noise in SQUIDs

Zhe Wang, Hui Wand, Clare C. Y4, and R. Q. Wt

IState Key aboratory of Surface Physics, Key Laboratory of Computational Physical Sciences,
and Department of Physics, Fudan University, Shanghai 200433, China
2Department of Physics and Astronomy, University of California, Irvine, California 92697, USA

Email: wangzl4@fudan.edu.cn

Superconducting circuits have a wide variety of applications, e.g., photon detectors used in astrophysics,
bolometers involved in dark matter searches, nanomechanical motion sensorsjuzatiiyn 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
interferance device (SQUID) where a major problem is{oequency 1/ flux noise generated by fluctuating
spins residing on the surfac&hesesurface spincomesfrom a variety of microscopic sources. Recent
experiments indicated that hydrogen (H) atoms may leeobthose sourcesven 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
U-Al,03(0001) which is the insulating parts of Al based SQUIDe fdundthat H atoms either embedded in, or
adsorbed 040080)UBsAFface have sizable spin moment :
barriers for spin reorientation as lowR$0mK. Furthermore, H adatoms on the surface attract gas molecules
such as Q, producing new spin sources. We propose coating the surface with graphene to elirmuiateed

surface spins and to protect the surface from other adsorbates.
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Key words: Superconducting qubit, flflux noise,Density functional theory
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ABSTRACT: Gr aphemas dlsesas Dirac fermions system where el

Brillouin zone corners, that is, near the Dirac po
relationship. For this raeapheme Phaysomini reesasrenpi ap
di spersi on. I't has been discussed and investigatec
nonlinearity than what in dielectric mddinemrorm etsmpa
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Order in theTwo-Dimensional Limit of TaSge
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Abstract:Bulk 2H-TaSe is a model charge density wave (CDW) metal with superconductivity emerging at
extremely low temperature {£ 0.1 K). Here, by firsprinciples calculations including the explicit calculation

of the screened Coulomb interaction, we demonstrate enhanced superconductivityCbWhetate of
monolayer 1HTaSe observed in recent experiments. Its grostate 3 x3 CDW phase features triangular
clustering of Ta atoms and possesses a | arge el ec
magnitude higher superconducting dompared to the bulk. Upon lowering the thickness from bulk to
monolayer TaSe the CDW intensifies with slightly decreased Fe#anel density of states, while
superconductivity gets boosted via a largely increased intrindice ct r onT phonon coupl in
overcomes both the CDW effect and naturally reinforced Coulomb repulBi@se results uncover the
simultaneously enhanced CDW and superconducting orders in thdirveasional limit for the first time and

have key implications for other CDW metals like-ZHS.

TaSe, chargedensity wave, superconductivity, transitioretal dichalcogenide
51788104, 11674188, 11874079, and 11847116
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A type-ll CoN / -Tk van der Waals heterojunction with improved optical

properties by external perturbation
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Abstract CoN with uniform honeycomb holes and nitrogen lattice, whose vacant sites are partially filled by C
hexagons, have great potential for editable properties. Here, by using tpericgiles calculations, 4l / -Tk

van der Waals (vdW) heterojunction and its electronic properties modulated by vertical strain and external
electric field have been systerigally investigated. The results show that thdl C-Tk vdW heterojunction has

a unique typdl band alignment, whose indirect band gap value is 0.47/1.01 eV in DFT/HSEO06. The band gap
can be tuned by external electric field and vertical strain from /46 &.16 eV in HSE06. A typé to typel
transition occurs under external electric field of in 0.4 V/A. InterestingbN .GTe vdW heterojunction
possesses high optical absorption streagthbroad spectrum width (ultraviolet to né#rared). Theseesults

indicate that the g\ / -Tk heterojunction will have promising applications in photoelecammhphotovoltaic

applications.
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Fig. 1 (a) The band alignment of theNC/ -Tk heterojunction. (b) 2D charge density
distribution of GN / -Tk heterojunction at gN surface. (c) The band edge as a function of the
external electridield in the GN / -Tk heterojunctions.
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Monolayer MoS; Adsorbed on Transition Metal substrate for Highly

Efficient Single-Atom Catalysis of CO Oxidation design
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Engineering, Zhengzhou University, Zhengzhou, Henan 450001, China.

Email: suzx@gs.zzuedu.cn

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 reactiondJsing firstprinciple
calculation within density theory, we investigate a powerful strategy for decreasing the instability of SACs by
tuning the electronic interactions of metal and substrate. It is identified that, the Pd2 dimer is prone to
dissociate with a singllayer MoS2 adsorbed on Au(111), Ag(111) two representation transition metal substrate
having 5.18% (mismatch) tensile strain with the MoS2 overlayer. The straining phovidestal substrate
induces a semiconductite-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 preseffindings may prove to be instrumental in development of highly-effisient and high

loading density of SACs stability on MoS2 overlayer substrate.

Key words: Single atom catalyst, Charge transtifectfree 2HMo0S2, strain engineering, electronic alet
substrate interactions, CO oxidation, dnesity functional theory.
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Abstract

Atomically thin 2D materialabsorbedwith a sngle magnetic atonmold out the promiséo overcome the
difficulties of bit miniaturization for data storag®nekey issue is to find out an appropriate matesigtem
with high structural stability and large magnetic anisotropic energy. Ifettes, we perform density functional
calculations and demonstrate perpendicutagetic anisotropy eneygup 30 meV/atom (above room
temperature) imheniumatom adsorbed amonolayer tungstedisulfide, which makes this system a promising
candidate for achieving the singld-atomicsystemdor applications of magnetic data storage
Furthermore,tie local magnetic moments are introduced into the sydgerhenium adsorption, which leads to
ZeemankEffect and can furthelift the valley degeneracyThe large valley splitting energy generated by

transition metal atom adsorptioffers a novel paradigm for tlikevelopment of valleytronic devices

Keywords: information storage; transition metal-atbm; nagneticanisotropyenergy, valley splitting
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Spin-polarized current in wide bandgap hexagonal boron nitrides

containing 4|8 line defects

Xinxin Jiang Bin Cui*, Desheng Liu*
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Email: liuds@sdu.edu.greuibin@sdu.edu.cn

Abstract:  Since the discovery of graphene, the study of atomically thirdimensional (2D) nano materials
has become one of the most rapidigveloping areas of condensed matter physics for pursuing the novel
properties, rich lowdimensional physics and the abundant applications. 2D materials are considered as the
promising candidates for the innovation of integrated ciralitsto the availality of their versatile electrical
properties,spaming from insulator, semiconductor to metal and superconductor, a broad range of material
parameter space. Hexagonal boron nitddBN) 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 tdimmensional materials can play a fundamentally important role
in spintronic applications for generating and tramspg spin current. Electrical controllability and roem
temperature magnetism are two important ingredients for spintronics device applications. By combining density
functional theory with the nonequi l i baallythereleGronice n 6 s
and magnetic properties otype doped monolayers of boron nitrideBN) with 4|8 line defects. We show that
the line defects create two deep flat bands in the large band gap ofBtdesheet, inducing van Hove
singularities in thaelensity 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 ntype doping a tantalizing spontaneous-dimaersional ferromagnetic ordering along with such line defects
in the kBN sheet emerges. The net magnetic moment of the system emerge sharply at the critical doping level

around 7.08x1&° cm1? (near 0.5 electrons per unit cell), and remarkably, it saturhte®}( per electron) very

quickly. This magnetic ordering originated from the partially occupied dispersionless conduction band (upper
defect band) results in sppolarized current. Moreover, the electron doping can be realizeglagireg the B
atoms with theC atoms. And the value of spin polarization efficiency (SFE) is abdétithin the bias range
of 0.0:0.4 V at room temperature. This exhibits high spin polarization and the attractiy@otguized transport
behavior appears. Our findings not only reveal the possibility of depdwred tunable magnetism &D
semiconducta but also provide ampportunity to realize spintronics at the atomically ginglelayer level, in
which controlled spin moment anidinsport may be achieved by electrostatic gating, which is possible to be
realized experimentally.
Keywords 2D matrials, line defects, ferromagnetismirspolarized transport
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Data-driven descriptor for high-throughput screening of topological
insulators
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*E-mail: phlhj@whu.edu.cncarbogno@fhberlin.mpg.dezhangzy@ustc.edu.cn

Due to their salient properties, topological insulators (TIs) have immense application potential in spintronics,
catdysis, and quantum computing. Such high technological expectation propels the field to actively search for
new TIs.Earlier search effortor potential TIs have been performed on a dasease basidviore recently,
significant advancesave been made impredictingnew topologicalmaterials usingempirical descriptaror
symmetrybased indicatot$ that allow scaning the materials spacii a high-throughputfashion. These
approaches areptveveronly applicable to systems with welefined symmetries, e.g., those storemhaierials
database Hence, such approachésave a much larger space of materialeexplored,for instancethose
compounds obtainabléa compositional alloyingn the presenivork, we overcome this hurdle arsthow how
to use artificial intelligencéAl) to uncovera novel twedimensional descriptor for thiast and reliable
identification of the topological characters of complesystemswithout apriori knowledge about their
symmetriesHere, we uséetradymites asa prototypical example class of materialie descriptolis obtained
via arecently developedataanalytics approachamedSISSO EurelndependencBcreening andparsifying
Operatory-® that is applied to draining set obtainedvia high-level electronic structuresalculations The
identified descriptor is defineoly only two elementaproperties of the constituespecies (the atomic number
and the electronegativity), hence allowing tosreadily san over four million alloyed compound in the
tetradymite family. By these meansarly twomillion hitherto unknow Tls areidentified, thus drastically
expanding theerritory of the topological materials worltMoreover these predictionare additionallyerified
by first-principles calculationfor severakepresentative alloyeahaterials as well as by the experimental data
available to dateThe strong predictive power tfe descriptor beyond the initial scope of the training data also
attests the increasing importance of suckbAsed approaches in modern materials discovery.

Keywords: topological insulators, datdiven, highthroughput screening, descriptor
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intermetallic compounds
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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 poigngpplications. Here, we extensively examine the dpigissure
properties of serieof lanthanum intermetallic compounds,{My, M = Be, Mg, Al, Ga, In, Tl, Pb, and Bi) by
using the irhouse developed swasimtelligence based CALYPSO method, whichn be used to predict
structuresdepending on the given chemical composition merging aknitio totalenergy calculations.
Although plenty of unreported higressure phase transitions have been identified, wefodnterintuitive
phenomenonhat all of these compounds will decompose into individual elements at certain presbicks
will certainly affect their applications at high pressuimeorderto understand the underlying mechanisms of the
decompositionye further analyze the evolan of the internal energy and the presstskimeterm(PV term)
as a function of pressure. Orgsultsshed lights on théigh-pressurebehavios of La-based intermetallic
compoundsndprovide important guidance for other-like intermetallic compounds
Keywords:pressurénduced decompositigitanthanum intermetallic compounds; crystal structure prediction

Refences
[4]. Wang, Y. C.; Lv, J.; Zhu, L. and Ma Y. M., Partidevarm structure prediction on clustePéiys. Rev. B201Q 82, 094116

[5]. Wang, Y. C.; Lv, J.; Zhu, L.; Lu, S. H.; Yin, K. T.; Li, Q.; Wang, H.; Zhang, L. J. and Ma Y. M., Materials discovery via
CALYPSO mehodology.J. Phys.: Condens. Matte2015 27, 203203

[6]. Wang, Y. C. and Ma, Y. M., Perspective: Crystal structure prediction at high pressures. J. Cher20PHyil0, 040901

" No0.11534003, Nal1874175



M-POB5

M
X r N "k
1
X ® | 230031
Email: grzheng@theory.issp.ac.cn
' T CFETER A W
G M 1T i p I T W G
* oz - - 0 W i
Y W A
LA H" |M3D~ & ~ DFT MD” b :
" OKMC MMonC4 CD IRadMaf "~ @ 0 W i i CD-SC
Cluster DynamicsSpace Correlatiois AT r  ~ @ T [ A B A ~ PKA
Ne ~ [ IM3D T [ Ne "y bu = p” 2%
MMonCa "4y CD L ¥ %o A Ne '’ - IRadMat
h L & “z . A Ty wT 7
T H A
107 } n-DEMO W, 300 K
| DLs:10” m?
é 102} GBs: 10 um
E
c 1023 |
o 10
=)
© 107"+ CcD —a— Mono- & di-vacancies
c —e— SIA objects
8 19 CD-SC —— Mono- & di-vacancies
810 - —o— SIA objects
(&)
1017 L
1015 PR PP PRI EPEPIPTTTY PRI TrrY B |
10' 10° 10° 10* 10° 10°
Time (s)
1T 1~ DEMOWT (.
5 t T 5 a Z
P

1 3t Y.G. Li, IM3D: A parallel Monte Carlo code for efficient simulations of primary radiadieplacements and damage in
3D geometry, Sci. Rep. 2015, 5 (18130)

1 4 I. Martin. Bragado,. MMonCa: An Object Kinetic Monte Carlo simulator for damage irradiation evolution and defect
diffusion, Comput. Phys. Commup013, 184 (2703).

NO 11775254


mailto:qrzheng@theory.issp.ac.cn

M-P(66
M
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system
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We propose a simple strategy todimpossible linear double Weyl semimetals (WSMs) among
nonmagneticmaterials. This strategy can reproduce several known robust WSM candidates, covering
orthorhombic, tetragonal, and cubic lattice systems. This kind of WSM hosts Weyl points (WPs) catrylag do
chiral charges when spin degeneracy is considered whileoggincoupling (SOC) is switched off, and
dispersions along all threfrections are linear, distinct from the parabolic double WPs proposed in$tgCr
When SOC is includedhesedoublecharge WPs split into two single spgi?2 WPs with equal chirality.
Following this strategy andombining with ab initio structural prediction techniques, we propose a candidate
for such kind of WSMsiooted in a higtpressure phase of Ti#ith spae groupP-62m. In this system, all the
WPs are pinned #te same energy due to crystal symmetry. In addition, the minimum spacing between-opposite
chirality WPs isD0.23A'1, which makes it a promising robust WSM candidate.

Topological Weyl semimetahigh pressure, Titanium disulfide

11t P.C. Lu et al, Robust double Weyl semimetal phase in a nonmagnetic hexagonal lattice, stenRev. B018, 99,
165119.
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ABSTRACT® The impact of the number of thiophenes (Th) unit on the photoelectric properties of the
polydiketopyrrolopyrroleoligo-thiophene (PDPINT, 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 RNPRhcreases with N increase, the long wave and short
wave absorption peak shows bisigfted and reghifted respectively, the hdifeight 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 largece@nore, when N = 2, 3, 4 and 6, the dihedral
angle are smaller than others. This indicates that the planarities of the molecular structure of {Ng PREP

2, 3, 4, 6) are better; Finally, the charge transfer between D and A units of the copolyraealyzesd with the

Bader charge analysis tool. The results indicate that the gains and losses of electrons occuC ati¢ivetyC
between Th and DPP. The lactam groups (C=0) in PBPPossess the obvious ability of obtaining electronic.

In a word, thdess the charge transfer amount, the smaller the dihedral angle, the better the planarity.

KEYWORDS: D/A copolymer, firstprinciples, 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 macroséiopegime. 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 r Hesteleshing 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 tha frictio

of the interface of two layers of 2D2Be;, which exhibits roomtemperature ferroelectricity with spontaneous
electric polarization in both outf-plane and irplane orientationsDuring the sliding process, we investigate

the behavior of the frictionnder different polarization magnitude realized by loading different pressure on the
surface of the Se; in consideration of two situations, i.e., with the two layers g8éscoupled with each other

in the same polarization direction (tyheand oppoge polarization directions (typk), respectivelyWe find

that the band structure of the former exhibits metallic and the latterceamiictive, respectivelymportantly,

we were surprised to find that negative friction occurs in-tyg&ucture, i.e at the load below 2.75 GPa.

Key words: ferroelectricity tribology negative friction.
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ABSTRACT:
)

:Sc,Ti,V,Cr,Mn,Fe,Co,Ni,Cu,Zn /AI(111)
]
Fe /AI(111) ]
CO Fe Eley Rideal (ER) and Langmuir Hinshelwood (LH)
0.62eV 0.7eV | Fe
Cco ] l J

Key words: Single atom catalyst; Charge transfer, CO oxidation,-piiatiples calculation.

M-P060
M
M4 4 Mo$S )
1 ’ 1
N |
730000
Email: sims@lzu.edu.cn
]
1 ]
] MoS | MoS, 1H 1T
1T 1Td 1T 1T 1
HHG MoS, ] MoS; HHG
)| ] 1H-Mo0S;
3n#l 1T-MoS; 1H-MoS,
1T-MoS; 1T-MoS, ]

] Berry
2)


mailto:sims@lzu.edu.cn

~

Logarithmic signal (arb.u.) Q

~
wv

~
[Ed

& o
; !

n =}
!

=
(=}

T
[
o

T

Logarithmic signal (arb.u.) O

| PO PO P P O A PO P N
13 5 7 911 11517192123
T 3 L S A R A B

1T-MoS, |

=
v
T
'
Ju
w1

e
uw) o
4

o (%]
~~

)

A

o w

-10 -10

Logarithmic signal (arb.
Logarithmic signal (arb.u.

-15 ~15

1357 911131517192123 1357 911131517192123
Harmonic order Harmonic order

1 ]
MoS;

[1] X.Qian, J. Liu, L.Fu, and J. Li. Quantum spin Hall effect in-gwmensional transition metal dichalcogenides. Science 2014,
346 1344.
[2] H. Liu, Y. Li, Y. S. You, S. Ghimire, T. F. Heinz, and D. A. Reis. Higdrmonic generation from an atomically thin
semiconductorNat. Phys. 20113, 262.

11874189 11774139.

M-P061
M

Tunable Broadband Hyperbolic Light Dispersion in Metal Diborides
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Abstract: The naturally hyperbolic materials that conquelirthitations 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 vedy Hueit,
on the basis of firgprinciples calculations, we demonstrated a family of naturally hyperbolic materials, graphite

like metal diborides, with a broadband hyperbolic region from-iR#+2.5 m) to the ultraviolet regime (~248



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

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



st ri pp eF&Osfisrfasromadghetic ordering at room temperature, however its specific atomic structure has
not yet been unambiguously determined. In this work, the CALYPSO structure prediction meathizded

with the firstprinciples 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 ferromagnetdimemsional Fe® in
consideration of the esite Coulomb interactions. The Monte Carlo calculation of the Heisenberg model by
fitting the parameters shows that the phase transition temperaturd=ef} 15 higher than room temperature.
Therefore it may be the most possible stable structure of Hem@teméand structure calculations also show

that the 1TFeQ is highly spinpolarized, exhibiting halinetal feature.

Key words: Two-dimensional ferromagnetic, Curie temperature, Hematene.
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Molybdenum selenide type nanowires as efficient catalyst
for bi -functional oxygen evolution/reduction reactions

Wenging Zhang Junru Wang Siyun Qi, Mingwen Zhao*
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University, Jinan, Shandong, China
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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 offfinstiples 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 tieepotentials even lower than the precioostat
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. Tdea&libe 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, lowcost, andefficient for commercial precious catalysts.




Energy(eV)

Key nanowire; bifunctional electrocatalysts ; figinciples calculations
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Alphat e | | u-Teg arecenlylheoretically and experimentally accessible Gbuwo-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 (bd¥eédn

aTe/TMDs will be veryinteresting. In this work, we designéte bilayera-Te/MoS, vdWH, trilayer WS/a-

Te/MoS andaTe/WS/MoS; vdWHS, and investigatethe electronic properties by using the figgtinciples

method. Our results hageiggested thahesevdWHs possess an obvious typband alignment with ammdirect

band gapralue, which is similar to the monolayeiTe. Moreover, we have also found that an intriguing tiype

to typell or indirect to direct transition can be induced by increasing the intarlageipling of the

heterostructure or applyinthe biaxial strain anexternal electric field. Overall, these findings provide a

promising route téune the electronic properties and design ndw-dased vdWHSs for applications in electronic

and optoelectnoic devices
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Chirality dependent dielectricity in Moir ®antiferromagnet
Yu Hao Shen, Wen Yi Tong, He Hu, JunDing Zheng, Chunr 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 cowplcig
significanty modulates theorrelatedelectronicbehaviors Of particular interest is the 30°twist
in the honeycombbilayer system, which possesses an incommensurate®Rldaitern. A tiny
rotation will result in &commensuratsupetlattice indicating the system extremely sensitive to
further twist and many intriguing phenomena will occur.

For transitioametal dichalcogenides (TMD) bilayetkere generates two different stackings
(H-typelike andR-typelike) for the case ofelativeleft or right twist from 301t is found that a
giant dielectric difference of these two stacking cases appathrsn interlayerbiasapplied. In
this Letter,we report an exotic dielectric differenaetwistedmagneticTMD bilayer systemsy
ab-initio calculationslt would be exciting to realize thehirality dependentwist shovs amplified
or suppressed dielectric response. Usiagtwo-band model Hamiltonian with both a
pseudomagnetiteld andverticalelectricfield consideredthe physical mechanisimilluminated.
Here,we showa distinct magnetoelectrieffect responsibldor the nonedipole inducedin the
right twistedcase where there only induces the spiralgdistributionof the planarcharge anda
negativedipoleinducedin the left twisted case, where the syseethibitsstrongresistanceo the
vertical electric field. It is demonstratedthis unique dielectricity belongs to the Moire
antiferromagnetwhich possessitralayerferromagneticouplingandinterlayerantiferromagnetic
coupling



Practically, we point out thaby meanf theselective circularly polarized optical absorption,
the two chirality dependentMoiré patternscan bedistinguished Our findings enrich our
understanding of electron correlation beiors with the introduction ahagnett ordering to the

twisted bilayers and open an appealing route toward functional 2D materials design for electronic
and optical devices.
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Trifunctional CoNx embedded graphene electrocatalysts for
OER, HER and ORR

Zhang Xilin'T Wang Weichao’l Yang Zongxian®’

' 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 celis, metal
batteries, and water electrolyzers. Hearsing the firsprinciples methods based on density functional theory
(DFT), the Co and N codoped graphene systems (&pbixx = 1- 4) with high ORR activity were further
suggested as efficient OER catalysts. It was found that the activity on C6 Givdlr-gra towards ORR and
OER would be affected by both theddpant concentration and configuration. The extrapolated overpotential
of 0.37 V for either ORR or OER on CoMpa systems is comparable to those of noble metal benchmark
catalysts. The origiof the activity stems from moderate hybridization between Co 3d orbital-artdtpl from
O species, governed by the neighboring N coordination environment. Our results highlight the potential
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application of transition metal and nometal codoped grapheas efficient nofprecious bifunctional catalysts.
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properties of the LaAgO§/pe copper oxychalcogenides

Mi Zhongy Qi-Jun Liu

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

Abstract: Transparent conducting oxides (TCOs) are well known for the outstanding performance in the field of
optoelectronics. With large enough band gaps atyp@ conductivity, LaAgOSype oxychalcognides 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, armaptical properties of a series of LaAg@He copper oxychalcogenides. The obtained
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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 e¥/2289 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 atomsictile che
elements of the same clan with larger atomic number decrease the band gaps of -bygkgO&pper
oxychalcogenides. A similar behavior was observed in the effective masses. LaCuSTe including S and Te atoms
possesses the effective mass of @ri@Whichis the slightest among LaAg@gpe 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. Fortppe TCOs, holes transitions from the lowtatss to the unoccupied

val ence bands are called Asecond gapo [ 2]. I n thi
transparency of the LaAgGi$pe copper oxychalcogenides. The calculated absorption coefficient (Figure 1)
indicates that péiel absorption appears in the visible range for LaAgOS, LaCuOS, LaCuOSe, and LaCuQTe.
Among which, the LaCuOSe shows relatively good transparency. While the absorption coefficient of LaCuSTe
is great even under visible light, which is corresponding t@ntall band gap (0.48 eV). Second gaps of
LaAgOStype 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 degradin of the transparency fortgpe 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, indicatingdtamising performances of the semiconductor LaCuOSe.
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Figure 1 The second gaps of oxychalcogenides LaAgOS, LaCuOCh (Ch = S, Se, Te), LaCuSTe,
La3Cu02S3 and La5Cu604S7.
Key words: TCOs; Effective mass; Second gap; Transpar€&irsyprinciples
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Strain effect on magnetic transit
i n 2D two coordinated 5d tr

Jianpeli Rengl WAZAhgu!, JXKaet§Ji ainjgutn™ Zhao
IKey Laboratory of Mater i &llsecMadinf iBeeaatniso n( Mi

Education), Dalian University of Techr
*Email: jianpeixing@mail .dlut.edu. cl

Quantum information and spintronics devices, based on searching and manipulating magnetism, open up
new questions in thstudies of two dimensional materials. Using fanciple calculations, here we design a
novel type of 2D metal organic frameworks (MOFs), which is composed of (tb8n3gnetricarbonitrile (TCB)
molecules linked with 5d transition metals (i.e., H&, W, Re, Os, Ir), namely TCBM. Owing to their low
coordinated, haffilled 5d electronic configuration, and suitable crystal field, robust ferromagnetism
semiconductor with 63 meV bandgap, large magnetic anisotropy energy (19 meV/atom) and roomutemperat
Curie temperatures (613 K) are found in 8B 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 increas@dta 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, magntgraction, 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-idTi@8nolayer,
which pave the wafor experimental design of spin and magnetic storage devices.

Keywords: 5d transition metal; magnetic transition; magnetic anisotropy; strain
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Effect of C2N-"@D Electrodes on the Rectifying Effects of
Diblock Co- Oligomer Molecule Devices

Catjuan Xia, Bequn Zhang, Meng Ye, Xiaejie Tang, Zheng yang Hu

Email:caijuanxia@xpu.edu.cn

Based on nonequi | methoduinmcontbmatiennviahsdenkity furectionab
theory, we study the electronic transport properties of dipyrimidiipienyl molecules
embedded in a carbon atomic chain sandwiched between zigzag graphene nanoribbon and different
edge geometries C2KD dectrodes. Compared with the graphene electrodes, the @PN
electrode can cause rectifying and negative differential resistance effects. FO202Nith
zigzag edges, a more remarkable negative differential resistance phenomenon appears, whereas
armchai-edged C2NQ®D 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.

KeywordsRect i fying Effects ; Nonequilibrium Gre
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Designing Perpendicular Two - dimensional Ferromagnetism in van der

Waals Magnet CrCl; Monolayer

Feng Xue, Yusheng Hod, Zhe Wand, Rugian Wd*’
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Abstract’ Among the recently widely studied van der Waals layered magnets(<rK|,

Br, 1), CrCk monolayer (ML) is particularly puzzling as it is solely shown by experiments to

have an ifplane magnetic easy axis and, furthermore, all of previouspfirstiples calculation

results contradict this. Through systematical fimshciples calculations, we unveil that its in

plane shape anisotropy that dominates over its weak perpendicular magnetocrystalline anisotropy
is responsible for the iplane magnetic easy axis of C§GAL. To tune the irplane

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

with isovalent tungsten (W). We find that CrW@hks a strong perpendicular magnetic

anisotropy and a high Curie temperature up to 76 K. Our work not only gives insight into
understanding the twdimensional ferromagnetism of van der Waals MLs but also sheds new

light on engineering their performances for nano devices.

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

perpendicular ferromagnetism
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The interplay of electronic, magnetic and structural properties
of GdBs from first principles

Shaowen Xy Fanhao Jia, Yali Yang, Lei Qiao, Shunbo Hu, David J. Singh and

Wei Ren
Physics Department, International Centre of Quantum and Molecular Structures, and State

Key Laboratory of Advanced Special Steel, Shanghair University, Shang2@)444 China

Email:renwei@shu.edu.cn

ABSTRACTGadolnium hexaboride (Gd§ is a well known field emitter material that has been investigated

for more than three decades. We perform a systematical danmsitjonal theory (DFT) study of GdBy using

the generalizegradient approximation and consideririge telectron interaction parameter The basic
structural and electronic properties are carefully revised, as well as aldti@hge dependence in determining

the antiferromagnetic (AFM) magnetic structures of Gakléctronic states. We found a smdll(0~3eV)

showing the most consistent experimental grestiate properties, which gives rise to a magnetic structure with

a ground state of ®FM and a second stable-AFM. Moreover, we find the distortion modes of boro
octahedron play an important role in the interaction between spin and lattice structures in this system. These
results will deepen our understanding of the bdrased correlated rare earth compounds

Key Word: Gadolinium hexaboride; densftynctionaltheory; antiferromagnetic (AFM) magnetic structures;
spin and lattice interaction
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ABSTRACT: The ferroelectric properties of the bilaye IWITé2 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 ferelectric 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

(spinFET) design that may effectively improve t@npolarized injection rate. In addition, the
lattice strain has been found to have an important influence on the ferroelectric properties of the

bilayer WTe2.

Keywords: twedimensional, WTe2, vertical ferroelectric, interlayer sliding, phase transition

M-P109

/] [0) =

1 N 1 1
i | 065000
]
Ve
2
-
Y«
fminunc
1 1
]
0.05%

Email:xuzhitao@enn.cn

EFIT
11t )

Y Vi

10°

MATLAB

10dl



11 Yoshinaga T, Uchida M, Tanaka H, et al. A current profile model for magnetic analysis of the stap phase of

toroidal plasmas driven by electron cyclotron heating and current drive[J]. Nuclear Fusion, 2007, 47(3): 210.

1 2t Grover FW.Inductance calculations: working formulas and tables[M]. Courier Corporation, 2004.

M-P110

RAC

) RAC
5-20MeV

0.35-56 MeV

(2019 08- 23)

pp

0-180

RAC

0.35-56 MeV

pp
10%  0.35-0.66MeV

PP

RAC

20MeV

RAC



L | T T T T T rrry T T LI L L L |

"*\A_‘ Trojan horse method | 77777 NN(EDA)

| \\\I\ + PP(RAC)
Cugnon, et al.
10k Alv‘*\!h.
] “ull

WTK\‘ —— A. Tumino, et al.[]

1k %o

Cross section (mb)

100 7 A. Tumino, et al., Physical Review C 78, 064001 (2008).

Cugnon, et al., Nucl Instr and Meth.B111: 215(1996).

&, EEL I A % ¢ S e
0.1 1 10

Elab (MeV)

1 - ] RAC

M-P111

Effect of Structural Disordering on Magnetic and Magneto -

optical Properties of Fe ;Si

B.H. Zhang' Z. Wang! Y. N. Zhang? R. Q. W&

IState Key Laboratory of Surface Physics, Key Laboratory of Computational Physical Sciences,
and Department of Physics, Fudamiversity, Shanghai 200433, China
2Institute of Fundamental and Frontier Sciences, University of Electronic Science and
Technology of China, Chengdu 611731, China
3Department of Physics and Astronomy, University of California, Irvine, California 9269Y, US

Email: 17210190011 @fudan.edu.cn



The electronic, magnetic, transport and magiogtical properties of the RG&nd amorphous E8i are
investigated by using the firgrinciples calculations. Pair correlation function analyses for the amorphs&is Fe
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 thaleancement of spin polarization at the Fermi level becaus@ di&Stharge
transfer. The structural disordering significantly alters magoptical Kerr effect, but not as strong on the
anomalous Hall effect. The intrinsic anomalous Hall conductivity (ABID0:-FesS i i s 2%8afroofng ¢ m)
temperature and can be t ulwhenhthée Fermaenengy iglbwerediiy28eV. of 11
In contrast, the AHC of amorphoussBevaries slowly with the shift of the Fermi level, indicating thasit i
insensitive to doping or gating. The Kerr rotation angle shows two main peaks in the energy range of 0~4 eV for
the DQ-FesSi, whereas the first peak disappears when the structure becomes disordered. Our studies provide
comprehensive data for FeSi alleyound this concentration ratio and the overall physical insights should be
useful for the design of amorphous spintronic materials.

Key words: FesSi, Anomalous, Hall effect, Kerr rotation, First principles calculation
Fund program: B.H.Z. and Z.W.were supported by the Basic Research Program of China under Grant No.

2015CB921400. Y.N. Zhang was supported by National Science Foundation of China (No. 11874005). R.Q.W.
acknowledges support from DEEES (Grant No. DBEFG0205ER46237).
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Two-dimensional halmetallic ferromgnets: FeGland MnSe

JunYuTang Ping Cui,Xiaoguang LiZhenyu Zhang
International Center for Quantum Design of
Functional Materials, University of Science and Technology of China

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 hailétallic transitiormetal dichalcogenides (TMDs): idhase
monolayer (ML) MnSgand FeCl. Our firstprinciples calculations show that both-ML -MnSe and FeCGl

favor ferromagnetic ground states and possess a respective &lB8a\Wand 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 tempefajuaee(also



studied. Finally, we found that Fe®ilayer, MnSe bilayer and their vertical heterostruauall favor an

interlayer antiferromagnetic (AFM) coupling; however, only the vertical heterostructure preserves a half
metallic feature in ground stdte
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