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With the development of relativity and quantum mechanics, the fundamental theoretical
foundation of chemical science has been well founded. The emergence of computation science and
technology has brought chemistry into a new era where experiment and theory can work together.
Computational chemistry has now become an essential part of modern chemistry, and chemistry is
thereby no longer a purely experimental science. In this talk, we will provide an overview on the
importance of close interplay of experiment, theory and computation. Successful examples will be
presented involving the findings of actinide-noble-gas bonding,['! Auyy nanocluster,?! borophene
(Bss, B3s)P*! and borospherene (B4o),!* and single atom catalysts.[’! A perspective will be given to
the future development of achieving atomically precise heterogeneous catalysis with close
collaboration between experiment and theory.
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[1] J. Li, B. E. Bursten, B.-Y. Liang, L. Andrews, "Noble Gas-Actinide Compounds:
Complexation of the CUO Molecule by Ar, Kr, and Xe Atoms in Noble Gas Matrices", Science,
2002, 295, 2242 — 2245,

[2] J. Li, X. Li, H.-J. Zhai, L.-S. Wang, "Aux: A Tetrahedral Cluster", Science, 2003, 299,
864-867.

[3] Z. A. Piazza, H.-S. Hu, W.-L. Li, Y.-F. Zhao, J. Li, L.-S. Wang, "Planar Hexagonal Bss as a
Potential Basis for Extended Single-Atom Layer Boron Sheets", Nature Commun., 2014, 5,
3113.

[4] H.-J. Zhai, Y.-F. Zhao, W.-L. Li, Q. Chen, H. Bai, H.-S. Hu, Z. A. Piazza, W.-J. Tian, H.-G. Lu,
Y.-B. Wu, Y.-W. Mu, G.-F. Wei, Z.-P. Liu, J. Li, S.-D. Li, L.-S. Wang, "Observation of an
All-Boron Fullerene", Nature Chem., 2014, 6, 727-731.

[5] B. Qiao, A. Wang, X. F. Yang, L. F. Allard, Z. Jiang, Y. Cui, J. Liu, J. Li, T. Zhang,
"Single-Atom Catalysis of CO Oxidation Using Pti/FeOx", Nature Chem. 2011, 3, 634.
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First-principles study of semiconductor materials plays an important role in developing clean
energy and information technologies because it can provide useful physical insights, fresh
perspective and new design principles for developing innovative semiconductor materials with
high performance. One of the most important issues in studying semiconductor material is to
accurately calculate its band structure, predict its defect properties, and continuously tune its
material properties through band structure engineering and defect control. In this talk, I will
discuss how the development of theoretical first-principles calculation methods can be used to

better understand and improve the performance of energy and optoelectronic devices.
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8 B . The past decade has witnessed a surge of interest in exploring emergent
particles in condensed matter systems. Novel particles, emerged as excitations around
exotic band degeneracy points, continue to be reported in real materials and
artificially engineered systems, but so far, we do not have a complete picture on all
possible types of particles that can be achieved. Here, via systematic symmetry
analysis and modeling, we accomplish a complete list of all possible particles in
time-reversal-invariant systems. This includes both spinful particles such as electron
quasiparticles in solids, and spinless particles such as phonons or even excitations in
electric-circuit and mechanical networks. We establish detailed correspondence
between the particle, the symmetry condition, the effective model, and the topological
character. This obtained encyclopedia concludes the search for novel emergent
particles and provides concrete guidance to achieve them in physical systems.
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Based on extensive computational simulations, we proposed penta-graphene (PG), a new 2D
carbon allotrope composed of only pentagons. Because of its unique geometrical configuration,
penta-graphene exhibits a number of intriguing properties. It is semiconducting and possesses
negative Poisson’s ratio, ultrahigh ideal strength and tunable lattice thermal conductivity. It can
form semiconducting 1D penta-tube when rolled up and transparent 3D semiconducting structures
when stacked. Penta-graphene not only realizes the mathematical models that tile the Euclidean
plane by using only identical copies of same shape pentagons leaving no gaps and with no
overlaps in materials science, but also leads to a paradigm shift in designing 2D materials. Based
on the atomic configuration of PG, many other pure pentagon-based 2D materials have been
predicted, some of them, like penta-silicene nanoribbons, penta-PdSe>, have been synthesized.
These materials exhibit interesting properties, and have broad applications. In this talk, we briefly
discuss the research advances in this field, providing a bird’s eye view on how the structural unit
changes the properties and functionalities as pentagons instead of hexagons form the building

blocks of 2D materials.
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[1] Lin-Ding Yuan, Hui-Xiong Deng, Shu-Shen Li, Su-Huai Wei*, and Jun-Wei Luo*, Unified theory of direct or

indirect band-gap nature of conventional semiconductors, Phys. Rev. B 98, 245203 (2018).
[2] Jun-Wei Luo, S.S. Li, I. Sychugov, F. Pevere, J. Linnros, and A. Zunger*, “Absence of red-shift in the direct

band gap of silicon nanocrystals with reduced size”, Nature Nanotechnology 12, 930 (2017).
[3] Mayeul dAvezac, Jun-Wei Luo, T. Chanier, and Alex Zunger, “Genetic engineering of a direct-gap and

optically-allowed superstructure from indirect-gap Si and Ge materials, Phys. Rev. Lett. 108, 027401 (2012).

[4] L. Zhang, M. dAvezac, Jun-Wei Luo, A. Zunger “Genomic design of strong direct-gap optical transition in
Si/Ge core/multishell nanowires”, Nano letters 12, 984 (2012).
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In this talk, I will introduce our recent works on theoretical design of nanomaterials with the
aid of multi-scale computations using density functional theory (DFT) calculations, molecular
dynamics (MD) simulations, and machine learning methods. Some material candidates were

fabricated in experiments under the guidance of theoretical predictions.

A NFAr

hidf, 1992 H1 1995 455375 3K B 5 3 LR AR BRI L5267, 1998
FEAE T R A AL L B3R I L 22 A7 . 1998-2000 AEAE A H A FAR IR M
2z (JSPS) H BT 78 RAE H AOB B R 22 BEAT 1 £ J5 5 78 . 2000-2005 4EAT:
PR R, 2005 4F 7 A, MR KFEUFEN LER . Y3k
HEFARRFEEBRNEFEES. HFW LA TR, ERx
REF RN ER D SRR U m T EFELRPER, PR FENER. Hh

O E R AR, LR T iE & D bR fe 48 5% 2% . #H4F Journal of Chemical Theory and

Computation. Molecular Physics Fl (L7540 T2 B P2 BIe 7 2R ol o

TR hEAES LR T EER R SR N,

10



B+ =E i EAORP A S HRIEM A BT & K008

WEEH: BETFREEATNERRT S8R
WmEN: EHILR
IERMTKE caodp@mail.buct.edu.cn

PHE.

9T IR BRI Sk T PR TS e, KT B A0 70 P T 7 R U 2 o S
EEAHIED) TR YIIES . AREME T 100 2 R T4k (SACs) BERY, W
5 T X ERIR (L) ORR/OER/HER (I3 YE, 7% T SRR RIFR B0 SACs ) N 7E RS
Hil, HESLT SACs M G5 H Bk RE @ BT JE,  JF DD % 2t R 1 B Pk AE SACs. Ay
Tl % BRI SACs, HRH T RIEHEFIAHBIN SACs @A MITEE, Hil%& &7
H 428 SACs LA, Hort Ll SAC-Fe % ORR i {4 771 41255 0 R 1 o 7 TSR e o e 0 L
SAC-Co 8 XU HE {71 i 45 (% 2% HEL b Y4 22 B 1YW A6 ) 2 FF T 5t th ¥ K387 7 SAC-Fe
R 70 75 A 5 P 2 DR DA R, SAC-Cou {8 790355 1 57 P L SR AL L

NP

AN, T, ML, 2002 AL S T AR
Koo Joim fE B K2 B MR 7 DL 6B K2
Riverside WIFRVBI T.{k. 2005 5 (EAC T T A% 205 S, BT [0
AT BSR E EAT. 2016 FRMEAMTELS . Ak §
Sl B A 2k (FRSC). JFE M ATEN, b T2

2NN T RS2 R EFRT] Engineered Science 1) 324

Scientific Reports %5 % MHTI 142 . 7E Nature Catal., PNAS, JACS, Angew. Chem.%5 T

R SCT B 300 A&k, #% SCI 45| 14000 £3K.

11



B+ =E YRR A SHRIEM A BT & K009

WEBE: RATELENKERTT I

iGN HH
BI1RK2 gfu@xmu.edu.cn
THE.

AR S B R R, 2 FRUR T /KT L5t F S kA7 S HE . S Ess
BEATE L, HARASZ 5y FAEMEAL IR LA AR (BRRCAR) 5 TR it 22 A0 T L IR AR FLAE
Flo Bk, FAHEIXIRMSER . R DL 5 080 J1 R E o] B R A A i A A2
(IG5 . FRATTN % B 7 s R AL, K E IR L EE MR A E SRR D
MoVTeNbO, HH G e @il 2) Pd. Pt E 5@ @Al CO FALHLEEEA; 3) ddk CL XN
B AR LRI, AT 2 U145 A ER R SE S, T4 K L e B 55 B [0 1
FHE A
EEPEN

[1] Fu, G.; Xu, X.; Sautet, P., Angew. Chem. Int. Ed. 2012, 51 (51), 12854-12858.

[2] Chen, G.; Zhao, Y.; Fu, G.; Duchesne, P. N.; Gu, L.; Zheng, Y.; Weng, X.; Chen, M.; Zhang, P.;
Pao, C.-W.; Lee, J.-F.; Zheng, N., Science 2014, 344 (6183), 495-499.

[3] Zhao, Y.; Chen, G.; Zheng, N.; Fu, G., Faraday Discuss. 2014, 176, 381-392.

[4] Zhang, H.; Wang, C.; Sun, H.-L.; Fu, G.; Chen, S.; Zhang, Y.-J.; Chen, B.-H.; Anema, J. R.;
Yang, Z.-L.; Li, J.-F.; Tian, Z.-Q., Nature Commun. 2017, 8. 15447(1-8)
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Z.; Tian, Z., J. Am. Chem. Soc. 2020, 142 (33), 14134-14141.
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WAEAFAEIL A U p . FAVIETHSERE S 7 8 (111 & (1100 R E AL EFEL CO B
JOERFE NO 88 I NS 8, 55T RIMEJFURA X Hsm, KILNO 7£ & sl (110)
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[1] Wu, X.P.; Gong, X.Q. J. Am. Chem. Soc. 2015, 137: 13228.

[2] Huang, C.; Wang, Z.Q.; Gong, X.Q. Chin. J. Catal. 2018, 39, 1520.

[3] Zhong, S.Y.; Gong, X.Q. Appl. Surf. Sci. 2019, 496, 143712.
[4] Wang, Z.Q.; Wang, D.; Gong, X.Q. ACS Catal. 2020, 10, 586.
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AIEENVE . THIEL SCE0 SRR 45 G S AR ORI R IZ AR B N TS TN, SIEBR SR (R R I R
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2D Materials
for
Energy Convarslon!{

COmput.aiions &
- / (‘electrocatalysts

AARE RN TT LS TS ST AR YR RL IS S, AR AR AR R S5 A
LAaEE. Taik. ARURE. BT ER. LRI, IEa TR S SIS
BT EPHAE L AR A TE R RO SR AR, AR RN B R L fE 2. Tioh, BN E T
FIFRFT . BIRTHE S SLIG 45 ST 7T — 4E DL O K2 R &, B H Ry i 2 £k
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[1] X. Zhang, A. Chen, L.T. Chen, Z. Zhou, Two-Dimensional Materials Bridging Experiments
and Computations for Electro/Photocatalysis, 4dv. Energy Mater. 2021, 11, 2003841.
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P Z2¥ VQE HikSET T EEF (QSE) HiEda, i 5| N R 25 [A] R 5 & ok
HONRE ARG . XA INEMU AR BIRSRERE, ERERAHRSRE.
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AR —WOR S PBRE N5 BLHE ] 4 2 25 HH LA AR SR A e o2 1 T R R 45 R ABEAT 1 X b 45

RS IR R AR SRR, RZEHEENA VOB SUERIC T 2-4 MEH. XI5
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[1] Liu, J.; Wan, L.; Li, Z.; Yang, J. J. Chem. Theory Comput. 2020, 16, 6904.

[2] Liu, J.; Li, Z.; Yang, J. J. Chem. Phys. 2021, doi: 10.1063/5.0054822

[3] Fan, Y.; Liu, J.; Li, Z.; Yang, J., in preparation.
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5T EH: Theoretical Design of Two-Dimensional Dirac

Materials: Models, Materials and Applications
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WHE.

Motivated by the great successes of graphene, two-dimensional (2D) Dirac cone materials
that process the linear energy-momentum dispersion relation in the electronic band structures are
drawing increasing interest. A larger number of lattice models and the relevant materials have been
proposed and some of them have been achieved in experiments. The relations between the lattice
symmetry and the occurrence of Dirac cones, e.g. the minimum symmetry of 2D Dirac materials,
are quite crucial for material design. Additionally, engineering the Dirac cones to achieving new
physical phenomena beyond those in graphene will generate novel concepts for electronic devices.

In general, an ideal isotropic Dirac cone is protected by time reversal symmetry and inversion,
so that its robustness against lattice distortion is not only of fundamental interest but also crucial to
practical applications. Here we investigate systematically the robustness of Dirac cone in a Ruby
lattice against four typical lattice distortions that break the inversion and/or mirror symmetry in
the transition from Ruby to Star. Using a tight-binding (TB) approach, we show that the isotropic
Dirac cones and their related topological features remain intact in the rotationally distorted lattices
that preserve the inversion symmetry (i-Ruby lattice) or the in-plane mirror symmetry (m-Ruby
lattice). On the other hand, the Dirac cones are gapped in the a- and b-Ruby lattices that break
both these lattice symmetries or inversion. Furthermore, a rotational unitary matrix is identified to
transform the original into the distorted lattice. The robust Dirac cones revealed in the non-mirror
symmetric i-Ruby and non-centrosymmetrical m-Ruby lattices provide a general guidance for the
design of 2D Dirac materials.

We demonstrated that a // -conjugated 2D Cairo lattice of double-degenerate d, and p.
orbitals can host multiple Dirac cones (type-I/III/II) in specific parameter regions, enabling the
Lifshitz transition between these Dirac cones. Using first-principles calculations, we proposed a
candidate material, penta-NiSb, monolayer, to realize these multiple Dirac cones. Unstrained
penta-NiSb, monolayer has a type-IlI Dirac cone with the Fermi velocities ranging from zero to
105 m/s. The Lifshitz transition between the three types of Dirac cones can be induced by external
biaxial strain. The coexistence of the three types of Dirac cones in the spatially inhomogeneous
2D Cairo lattice renders a promising fermionic analogue of Hawking radiation with the Hawking
temperature of about 4.6 K.

A
RIS, AR KB bR, WA AR SR,

TEARYEM R BT S5 R RN SR G RN S T H T 2 AN, 1535z
SIS, FRSCIL T BRAEN . 2014-2020 SE3ESE 7 48 Nk [H m a5 2
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AR AR — 2552,
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W& H: Determining and improving the kinetic stability of
energy-rich molecules
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BM K2 yhdd@jlu.edu.cn
.

A so-called high-energy and high-density material (HEDM) highly appeals for the good
balance between the “detonation and stability” properties, though in most cases the two properties
are quite contradictive. Nowadays, numerous attempts have been devoted to the search of
low-lying structures. Yet, determining the intrinsic kinetic stability of a molecule against
isomerization or decomposition continue to pose greater challenges than simply finding the
lower-energy isomers. Here we describe our attempts to apply computation-aided strategies in
tackling the kinetic stability of various kinds of energy-rich molecules with the eventual aim to
find the “thermodynamically unstable but kinetically stable” species. Besides, suitable
stabilization methods are considered to make kinetically less stable or unstable structures “more
stable”. The molecular tuning on the kinetic stability of a molecule can provide a useful way for

design and synthesis of novel HEDMs.
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5 H: Towards computational design of chemical reactions

with reaction phase diagram
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WE:

As the advancement of general concepts in heterogeneous catalysis, theoretical study of
chemical reactions based on DFT calculations has become more and more feasible, which
provides a guideline for the rational design of novel catalysts towards higher reaction activity and
specific selectivity. Here, we present an innovate scheme, namely reaction phase diagram (RPD),
which can offer not only an in-depth understanding of reaction mechanisms, but also the
prediction of catalytic activity and selectivity trend over a collection of catalysts. The RPD
analysis was successfully applied to understand the activity variation of CO; electroreduction to
CO and formic acid, as well as thermochemical hydrogenation and dehydrogenation. Meanwhile,
the RPD analysis also exhibits a success of studying the product selectivity in syngas conversion
to methane, ethanol, and methanol with complicated reaction pathways. At the end, we will
present a successful case of catalyst rational design with a target of NO selective electroreduction

to ammonia.
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Two-dimensional (2D) materials is a kind of rising materials with unique atomic structure
and exotic physical and chemical properties. With the discovery of graphene, and the development
of various experimental synthesis methods and characterization techniques, novel 2D materials
continue to emerge. This lecture will introduce some new two-dimensional materials that we have
recently designed and predicted, and on this basis, we have expanded to the application of
electrocatalysis. Aiming at the design of efficient electrocatalyst materials and the exploration of
micro-reaction mechanism, we have developed a hierarchical high-throughput screening method,
which can not only greatly reduce the amount of calculation, but also does not lose important

results.
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Hanse-Wissenschafts-Kolleg(HWK), Institute for Advanced Study, Jacobs University Bremen,
Humboldt-Universitit zu Berlin). Then he joined Huazhong University of Science and Technology
in the early of 2016 as a Professor of Chemistry. His research and teaching focus on the areas of
electrocatalysis (NRR, CRR, OER, ORR, HER) and two-dimensional materials via data-driven

high-throughput computational screening and machine learning algorithm.
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As one of the greatest inventions in the history of electrochemistry, the lithium-ion battery
(LIB) has radically transformed human being’s daily life by powering portable electronics and
electric vehicles. When looking back on the long and arduous effort devoted to the development of
the LIB technology, it is found that the birth of LIB could be even earlier if reversible cycling of
the graphite electrode had been realized in propylene carbonate (PC) electrolyte, one of the few
dominating electrolytes extensively used in nonaqueous electrochemistry long before the concept
of LIB. In this work, a functional electrolyte additive, i.e., ethyl isothiocyanate (EITC), has been
identified to enable the reversible Li* ion intercalation/de-intercalation into/out of the graphite
electrode in PC electrolyte by forming a high-quality solid electrolyte interphase (SEI) on the
graphite electrode. A wide range of advanced in-situ and ex-situ spectroscopic characterization
techniques coupled with theoretical calculations have been employed to understand the SEI
formation mechanism. The results reported here rejuvenate the promise of PC as the primary

electrolyte solvent for LIB by artificially rectifying the interfacial electrochemical processes.
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The activities of inorganic nanomaterials (NMs) in catalytically tuning reactive oxygen
species (ROS) underlie many biological effects of the materials, which are therefore of great
importance in both basic chemistry and therapeutic applications of the materials. However,
although many NMs have been experimentally demonstrated to catalyze the chemical conversion
of ROS such as HxO,, Oz, and O™, the principles governing the activities remain elusive,
hindering the in-depth understanding of the biological effects of the NMs and the rational design
of the NMs for bio-applications. The complexity of these catalytic systems has added to the
difficulties in developing the principles. In the past several years, we have studied the mechanisms
for inorganic NMs to catalyze the dismutation of H2O; and O and the oxidation of organic
molecules by H>O, and 0.['21 On the basis of the microscopic thermodynamics and kinetics of
these catalytic processes, we have developed the prediction model for the activity of NMs in
catalyzing the reactions between H>O, and organic molecules.®! In this presentation, these
progresses made in our group will be reviewed. Particularly, our recent progress on the principles
governing the activity of NMs in catalytically scavenging O will be discussed. Through this talk,
the power of computation in exploring the mechanisms and structure-activity relationship for
chemical interactions at the nano-bio interfaces will be highlighted with example studies.[* Its
potential in the rational design and high-through screening of NMs toward catalytically tuning
ROS in the biosystems will also be prospected.!]
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[1] Shen, X.; Liu, W.; Gao X. J.; Lu, X.; Wu, X.;* Gao X.*, J. Am. Chem. Soc. 2015, 137,
15882-15891.

[2] Gao, M.;* Wang, Z.;* Zheng, H.; Wang, L.; Xu, S.; Liu, X.; Li, W.; Pan, Y.; Wang, W.; Cai, X_;
Wu, R.; Gao, X.;* Li, R.", Angew. Chem. Int. Ed. 2020, 59, 3618-3623.

[3] Shen, X.; Wang, Z.; Gao, X.;" Zhao, Y., ACS Catal. 2020, 10, 12657-12665.

[4] Wu, J.;¥ Wang, Z.;* Jin, X.; Zhang, S.; Li, T.; Zhang, Yi.; Xing, H.; Yu, Y.; Zhang, H.; Gao, X.;"
Wei, H.", Adv. Mater., 2021, 33, 2005024.

[5] Liu, J.;* Wang, L.;* Shen, X_; Gao, X.;* Chen, Y.; Liu, H.;" Liu, Y.; Yin, D.; Liu, Y.; Xu, W.; Cai,
R.; You, M.; Guo, M.; Wang, Y.; Lia, J.; Li, Y.; Chen, C.", Nano Today, 2020, 34, 100907.
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For two-dimensional (2D) semiconductors using in electronic/optoelectronic devices, it is
inevitable to connect them to external circuitry with metallic leads. One of the bottleneck
problems of 2D semiconductors’ device application is the high contact resistance. There are two
main reasons for the high contact resistance: interface scattering and Fermi-level pinning between
metal and 2D semiconductors (even for the ideal interface). The former can be neglected for a
high-quality interface, while the latter is related to the intrinsic characteristics of (the ideal)
interface. Metal-semiconductor junctions (MSJ) with monolayer 2D semiconductors have been
well understood, but MSJ with multilayered 2D semiconductors is not well understood. Here we
report our works of MSJ with multilayered MoS, based on first-principles density-functional
theory calculations. We find that, although strong Fermi-level pinning exists right at the
metal/1st-layer MoS; interface, there is a depinning effect between MoS; layers away from the
metal electrode surface. Base on the above finding, we propose an extended Fermi-level pinning
theory and probe its possible application in optoelectronic devises. We then reveal the mechanism
of charge redistribution at the different interfaces of metal-MoS, and MoS>-MoS; in
metal-multilayered MoS; junctions, and extend our study to the junctions of metal electrode with
2D polar semiconductors that have an intrinsic electric-dipole.
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(2020).
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FER B JE BLRLRE L SR BEE . KWE S 1) e P AR 1 — 4R N E AR I e A TR e
ARG, RS HA RN e s R KR T — R A T A R O BT
2 VO A AR R AR ¥ DX R FH 75 SR AT AR DG IO R 22 S U5, JRAN G & 3 Bz sk 3R . 4y
TENS% . FRE RIS, AP AR R BT L, R T Sd SR =1L
Y1 TMI(TM = 5d) 5 J2 M RFIO S5 0 Ra e Pk . BEPE AN s FHERTS, BE3t 7 = W19A 45 1 i
Ag|Gr2ML-Crl3|Gr|Ag 1 Cu|LiosCrls|Si/Ge|LiosCrls|Cu YufE4 5 i 5, WL 1 e AT i i
JRAN A et . WS R A (DTMI3 HZ S5 B R e Hi A7 rE, Kok R B INL
PR SARVER, G B A& ) 1t Be, Forh Taly/Osls/Ptls B 750K/220K/200K 1 &
B (2)Ag|Gr2ML-Crls|GrlAg 5 i 45 il 47 2x10%% i) TMR B A1 100% [ Jig 1o 8 %00 ;
(3)CulLiosCrl3[Si/Ge|LiosCrls|Cu & R E A =ik 2x10°% TMR {H. 100% H JiE ik 318 208
11-18 meV HIRE %10 S RE . 130 K 19JE LR o FATE T H X S RH A 00 5 1) RS
PERIE BESOE MR, EATT A TE F R . WEARSIE 2555 1 e s 2 a0 B
BEHR:
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[2] Gong C.; Zhang X., Science 2019, 363: 706.

[3] Song, T.; Cai, X.; et al., Science 2018, 360: 1214.

[4] Kim, H. H.; Yang, B.; et al., Nano Lett. 2018, 18: 4885.
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e 5 S e AT 2 Ta) )R B A FH 82 35 3 A0 DA SRDRE B B 5T o 7E 20 1 ROBEA BL 5 2344
PR EAR T, WA S NN Z JF R - B AT He-BUE . B ie-A
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7,21976(2019); Phys. Rev. Applied 13, 014064 (2020); JMCC 8,3758 (2020) ]; K IiEit
W A e S & TP U8 AT S Al B e AR E[IMCA 7, 19037(2019)] fERGYE T 45
SEHL T — AN A ISR [ it E 25 [Adv. Elect. Mater. 2000689 (2020); 5526 &4F, KM 1
w0 B T IR IR AN R PE[TA CS 138, 11140 (2016) 1A 5 (1) 6 sk 23 HL B AR P [JA CS 140,
570 (2018)]; SIS VEWFIE T 4ERPRI R R ML, Gl B THE ISR T 4EA R R
A S [Nat. Commun. 11, 1151 (2020)]. (=) FEGYK R g Pz L T 7 — &
H|#R Z[Adv. Funct. Mater. 30, 1903829 (2020); Acs Appl. Mater. & Inter. 12, 15517 (2020);
PRB (In Press, 2021) ]; &I 1 P FhE Z [ HVEE AL EE—75 7 3£ [APL 105, 203111 (2014]
7S JR I IER[APL 2018, 113: 121906]; 1@ 3K H HARIB A48 & AL T 138 07 VLS 1 Xt
SRR A 0> T 45 PVF 104 R0k #2[Sci. China-Phys. Mech. Astron. 63, 276811 (2020)]. (=) &4t
R T H I RE 7 7 2% 4 #4 B0 7% 3 /L ) 5 34 #8 1: BE R 4% [Adv. Funct. Mater. 30, 1903873
(20200 1 I E EFEG 70745 5 N3 B AT SRR ST RN,
B8 0] 73 1 a4 10 4 L 8 30 47 BE RS 1 110 1 45 [JMCA 8, 11884 (2020); APL 118, 183103
(2021)].
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WE:

Magnetic topological states open up exciting opportunities for exploring fundamental
topological quantum physics and innovative design of topological spintronics devices. A famous
example is the AFM topological insulator (TI) state, which, however, was still not observed in two
dimensions. Using a tight-binding model and first-principles calculations, we show that, in
contrast to previously observed AFM topological insulators in three dimensions, an AFM TI can
emerge in two dimensions as a result of a nonsymmorphic symmetry that combines the twofold
rotation symmetry and half-lattice translation["-?], In addition, we demonstrate that a highly robust
magnetic topological insulator phase, which remains intact under both ferromagnetic and
antiferromagnetic configurations, can emerge in two dimensions as well [l The nontrivial
topologies of the proposed magnetic insulating states are confirmed by the direct calculation of the
spin Chern number, Wannier charge centers, and the nontrivial topological edge states. Our results
improve the understanding of the relationship between band topology and magnetic structure in

two-dimensional materials.
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(2020).
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[3] H. Wang, N. Mao, X. Hu, Y. Dai, B. Huang, and C. Niu, Mater. Horiz. 8, 956 (2021).
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22 AR AR s AR A KR AT B R AN B U0 AR T B BN . AR B — 4
PESH B KL 156, 525 AR B i 25 I A2 2 800 JR MO /N YEAR B s ), 255 0
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TEHAFHVE G FETURGE IR . JATR A TEH T ARG € [ AR ] A1
THEMTER, R T 2 FIE R M ETY) 3 i m A . ARG T BCUL NI
(31 3 Y R <5 e A P - e I < R AR VA SR A A R S AR IR T A S5 4
B AGENE . IR ORI - P A ELAE T AE BV S B AT NI S, B T RHE R 2%
RSN B AT AR L N v AR AR SR AR IR, B R R I S R T R, A AR T
T RSEILIN AR A 2 DR E (NS SE R PR . A TR T AR RPEALE S RAESE), DU
RUSRILAN PRI S50 TT PEREOLAL AN T RERF VRS R, DA K e s S5 ) B FAX A8 S 44t 1
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LA SnSe AL 2K BBESS AT RL A AL N RS T 25 & ) L s vhge, A
T HAGO R R i Re . ARG A i 45 K 5 SR 99 BT IR s AR PRI 77 SRR A Fa
PSS SRS . RATEE TR EZ MBI BURZ BMis TR SRR B L, Wit T
THE RGP R BB A M R I B BB R, IR T R R SSAH A R IR B EHES B
Wit T 4R A A B, ESE T 4R FHES PRI P A R B S5 L fanis M RE AT
PERE I REEIEA . teAh, BATEAR T V-V R ot — R EA R A L

T4k SnTe B AR BBE MR N, HHERIIZMEI B F3. Seebeck AU ZE M)
FEIMRGE R, FEAE 2 nm BLERIRGEL L . AT TOR B AL I AR T B
R PE R BT R SR A R AR P24, N SRIRAT IR A T — 7 R BRI 4R

TR R S R P J2 18] 55 RH TELAE FH AR T g 2 S o 5 1 5 e e PR B S O 4 S THDX
AR RIS PERE R REIE , ) SRR b LG ROSOR ) SR A SR — e R AR . FRATT R
GiWtFt 7 WUZ SnSe-SnS 5 51 45 4514 (W IS VERE, IFHE R 1 BT 45 A A E A S a2 TR 4R
PR SR o o7 45 T ) J2 (AR A T S B0 T B AR AR A, AN AL 1) 5 3 1~ 2R Y i
PEAER & 5o JorhAE p B4 armchair 77 ), FRATTACIL 5 01 45 G54 BoAT B2 A0 T R] o 45 K 1 1)
ERH T

BeAh, ST, AT V-V ZoniaE R AR T, R TT T oot ax
V R RL S5 Seebeck REEH LS HI 0 o
A NFAr

A, WIRFAR e, B, BRI BRYITTEESN m 2 IR
ANA (B 2. 2013 3545 H FERF 2735 AR K 57 -2 W0 T RS B 5 U 22 A6
2008 FAFHENY T 1L AR S BERE 5 AR S B SR M BIE o T 78 A0 o 2 T
55— 1 E B RSE R VA BLA T S YRR TS AR, DtED KRR A Al
B SEER T . EFRFEF BRRI RS T ARE BRRIFEES . Wi u
Ui NA B ST H 5 AT T H o PASE —1E 38 BUE R E 78 Adv. Funct. Mater. (IF>15)4% [
PrREn2 TR R FTIR 00 30 5, BHIF SR, Materials views China &, HiELH] 3 I,
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BiEERE. W, RSB SR AR B AN PSS FRATXS
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[4] Xia, Mingyue, Gao, Junfeng*, Zhao, Jijun*, unpublished.
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[1] C. Zhu, H. Lv, X. Qu, M. Zhang, J. Wang, S. Wen, Q. Li, Y. Geng, Z. Su, X. Wu, J. Mater.
Chem. C 2019, 7, 6406-6413.

[2] C. Zhu, X. Qu, M. Zhang, J. Wang, Q. Li, Y. Geng, Y. Ma, Z. Su, J. Mater. Chem. 4 2019, 7,
13356-13363.

[3] C. Zhu, S. Lin, M. Zhang, Q. Li, Z. Su, Z. Chen, J. Mater. Chem. A 2020, 8, 10301-10309.
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10855-10868.
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REH: Charge doping induced two-step reversible structural

phase transitions and electromechanical actuation in
two-dimensional 1T°-Mo$S;

WEN: SR
HZABKE junkai.deng@mail xjtu.edu.cn
WE.

The 1T’ phase of transition metal dichalcogenides (TMDs) is a low symmetry charge density
wave (CDW) phase, which can be regarded as a periodically distorted structure (Peierls distortion)
of the high symmetry 1T phase. Here, using density functional theory (DFT) calculations, we
report that the positive charge (hole) injection is an effective method to modulate the Peierls
distortion of MoS: 1T’ for new CDW phase and superior electromechanical properties. A new
stable CDW phase is discovered at hole doping level of ~ 0.10h*/atom, named as 1T;’. The hole
charging and discharging can induce a reversible phase transition of MoS, among the three phases,
IT, 1T’ and 1T¢. Such reversible phase transition leads to superior electromechanical properties
including a strain output as high as -5.8% with a small hysteresis loop, multi-step super-elasticity,
and multi-shape memory effect, which are valuable in active electromechanical device designs at
nanoscale. In-depth analysis on the change of electronic structure under hole doping was
performed to understand the new CDW phase and the observed phase transition. Using charge
doping to modulate the Peierls distortion in two-dimensional materials can serve as a general

concept for nano-active material designs.
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%8 H : Engineering the anion ordering and ferroelectricity in
heteroanionic perovskite for photocatalytic and photovoltaic
applications
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WE.

Heteroanionic perovskite materials are burgeoning area of inorganic materials research,
owing to their abilities to achieve desirable functional properties through accommodating anions
of different size, charge, and electronegativity. Especially, as B-site cations are bonded with
multiple anions, bonding asymmetry inside each octahedron can produce local structural polarity
within heteroanionic perovskite, and after aligning the local dipoles of each acentric unit,
long-range ferroelectric ordering can arise. Emergence of spontaneous ferroelectricity in
heteroanionc perovskite can lead to important applications, including visible-light-active
photocatalysis and bulk photovoltaic effect. In this talk, I will present our recent work on
heteroanionc perovskite, including Ruddlesden—Popper oxynitride CasNb,N,Osl!! and Perovskite
sulfur diiodide MASbSI:2l. The complex configuration space of heteroanionc perovskite will be
explored by comprehensive first-principles calculations and further rationalized by bond-strength
sum analysis derived from crystal chemistry principles. Special focus will be paid to understand
the interplay between anion ordering and spontaneous ferroelectricty. In the end,
visible-light-active photocatalysis of Ca3NbN2Os and bulk photovoltaic effect in MASbSD
associated with the spontaneous ferroelectricty will also be simulated.

S35 CHR:

[1] Gaoyang Gou*, Min Zhao, Jing Shi, Jaye K. Harada and James M. Rondinelli*, Chem. Mater. 32, 28152823
(2020).
[2] Min Zhao, Hua Wang, Gaoyang Gou*, Xiangdong Ding* and Jun Sun, Mater. Today Phys. (2021), accepted.
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Perovskite-type oxide ABO; catalysts can be used to prepare inexpensive, efficient, durable,
and environmentally friendly electrochemical energy conversion devices. The numerous
combinatorial site substitutions of perovskite oxides provide rich choices of candidates but pose a
great challenge to examine all possibilities computationally. The data-driven approach provides an
efficient and predictable tool to accelerate the computational materials search based on the
machine learning (ML) of the complex composition/structure-property relationships. Inspired by
the data-driven materials design approach, we proposed a surface center-environment (SCE)
feature model and developed FP based ML methods to predict the adsorption free energies of
intermediate species (HO*, O*, and HOO*) on the surfaces of perovskite oxides and their
overpotentials, critical to evaluating the catalytic performance of oxygen evolution reaction (OER).
The SCE feature models contain the elementary properties of substitution elements and the
structure information of the perovskite surfaces, demonstrated as an effective description of
catalytic reactions on surface in ML models. The ML models predicted that the perovskite oxides
adsorb the intermediate species most easily when B = Nb, Mo, Ta, W, and Os, and their
overpotentials are low when B = Mn, Fe, Co, Ru, Rh, and Ir. This work demonstrated that the ML
methods based on SCE features can be applied to describe surface chemical reactions and
accelerate the screening for potential catalysts with target properties.
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Technology between 2012-2015 before he moved to Materials Genome Institute and Department
of Physics at Shanghai University (2015-present). His current research interests focus on the
materials design for high-performance alloys, combustion, nanomaterials, and catalyst by
combining computation (density functional theory and molecular dynamics simulations), machine
learning, and high-throughput experiment approaches based on materials genome concept.
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— M JEPE L. WIFEAEAR, 2016. 65(09): p. 280-287.

[2] H.-H. Zhang, Y.-P. Xie*, M.-Y. Yao, J.-X. Xu, J.-L. Zhang, L.-J. Hu, Effects of oxygen
chemical potential on the anisotropy of the adsorption properties of Zr surfaces. Physical
Chemistry Chemical Physics, 2018. 20(21): p. 14410-14419.

[3] R. Yuan, Y.-P. Xie*, T. Li, C.-H. Xu, M.-Y. Yao, J.-X. Xu, H.-B. Guo, B.-X. Zhou, 4n origin of
corrosion resistance changes of Zr alloys: effects of Sn and Nb on grain boundary strength of

surface oxide. Acta Materialia, 2021. 209.116804.
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We show first-principles evidence that Sn.S; monolayer with degenerate mixed-valence
bi-states possesses a room-temperature robust vertical polarization higher than 10 pC/m, which
can be switched via interchange of oxidation states between two layers either by applying an
electric field or mechanical bending. If such Sn>S; monolayer is utilized as a nanogenerator, an
unprecedented alternating voltage of ~130V can be generated by applying an oscillating driving
force that repeatedly reverses its polarization. Moreover, it possesses multiple metastable phases
with distinct electronic properties. Due to the small energy difference between polar and nonpolar
states with distinct thicknesses, akin to morphotoropic phases, an unprecedented piezoelectric
coefficient (>2700 pm/V) can be obtained in the phase transformation under pressure, which can
be further greatly enhanced via critical doping. We also propose another new approach to obtain
ultra-high piezoelectric coefficients in many hydrogen-bonded ferroelectrics (e.g., organic
PhMDA). Owing to the specific features of hydrogen bonding, their proton hopping barrier will
drastically increase with prolonged proton transfer distance, while their hydrogen-bonded network
can be easily compressed or stretched due to softness of hydrogen bonds. Their barriers as well as
the Curie temperature can be approximately doubled upon a tensile strain as low as 2 %. Their
Curie temperature can be tuned exactly to room-temperature by fixing a strain in one direction,

and in another direction, an ultra-high piezoelectric coefficient of 2058 pC/N can be obtained.
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Topological materials highlight the novel phase of matter, in which interplay between
symmetry and topology leads to new understanding in condensed matter physics. Here, by a
combination of first-principles calculations and symmetry arguments, we share our recent typical
results on two-dimensional topological materials, such as valley Dirac phonons,!! 2 quantum
anomalous Hall effects induced by proximity?] and Coulomb correlations.! In addition, the
interplay between external fields and matter attracts tremendous interest for exploring novel
topological quantum states. Therefore, we will further share some results on external

fields-induced valley quantum anomalous Hall states.

S CHR:

1] Phys. Rev. Lett. 124, 105303 (2020)

2] Nano Lett. 2018, 18, 7755-7760 (2018)
3] Phys. Rev. B 98, 245127 (2018)

4] Phys. Rev. B 101, 161108 (2020) (Rapid)

[
[
[
[
NP

T8, HEERKAYH AR, LA, 2003 4£3 2012 4£1E
BRRKEES], 2t . W20, 2012 FEil 4 B B RAE
2, AR, BIZER. 2% 2017-2018 4F 1 77 BHE RSB 2237 1)
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#®%5 B H: Tunable bending modulus of graphene oxide
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Graphene is highly flexible and widely used in flexible devices. However, is graphene oxide
more flexible than graphene? This is a long still under-debate question between simulations and
experiments. Employing density functional theory calculations, we show that the bending modulus
of graphene oxide is quite tunable by changing the type and coverage of the functional groups, as
well as the bending direction. The hydroxyl increases the bending modulus of graphene, but
epoxide can degrade the bending modulus in armchair bending direction, making the graphene
oxide more flexible than graphene. On the other hand, the bending modulus of graphene oxide can
be further degraded by tensile strain. Generally, our results demonstrate the tunable flexibility of

graphene oxide, which should be helpful to design the graphene-based flexible devices.
S ER

[1] L. Liu et al., Nanoscale, 2020, 12, 1623.
[2] A. Incze et al., Phys. Rev. B, 2004, 70, 212103.

[3] P. Poulin et al., Proc. Natl. Acad. Sci. U. S. A4.,2016, 113, 11088-11093.
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H.-M., Li, Y., Chen, X.-Q., Intercalated architecture of MAsZs family layered van der Waals
materials with emerging topological, magnetic and superconducting properties. Nat Commun 12,
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author).
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WREBH: Metal synergistic effects on CO; reduction over
bimetallic electrocatalysts

wmEN: BB

LE TP Zlzhao@imu.edu.cn
WE.

The electrochemical reduction of CO» into chemicals and fuels using intermittent renewable
sources such as wind, hydro, and solar represents one of the most attractive means to achieve a
zero-carbon footprint and the storage of these renewable sources. Metal electrocatalysts based on
Cu, Ag, Au, and Pd have been widely explored and proved valuable for CO> reduction. However,
most of them suffer from sluggish kinetics, poor product selectivity, and competitive hydrogen
evolution. In this report, I will introduce our recent works on the designing of near-surface alloys,
two-dimensional bimetallenes, and metal monolayer electrocatalysts for CO; reduction from
density functional theory calculations.'*! We proposed several highly active and selective
catalysts which are promising for formic acid, carbon monoxide, methanol, and ethylene
production, while simultaneously suppressing the competing hydrogen evolution reaction. We
found that the scaling relations of the binding energy of intermediates can be decoupled due to the
synergistic effects between the host and solute in different configurations, thus opens a new
dimension for catalyst design and demonstrate the great potential of metal catalysts by modulating
their near-surface properties.
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[1] Zhao, Z.; Lu G. Computational Screening of Near-Surface Alloys for CO; Electroreduction.

ACS Catal. 2018, 8, 3885-3894.

[2] Luo, M.; Zhao, Z.; Zhang Y.; Sun Y. et al. PdAMo Bimetallene for Oxygen Reduction Catalysis.

Nature 2019, 574, 81-85.

[3] Zhao, Z.; Lu G. Bimetallenes for Selective Electrocatalytic Conversion of COz: A

First-Principles Study, J. Mater. Chem. A 2020,8, 12457-12462.
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Heptazine-Based Carbon Nitrides
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The heptazine ring is an ideal building block for the construction of porous materials, which
has attractive application prospects in the fields of photocatalysis and electrode materials. A series
of carbon nitrides were designed by introducing the connected bridges of azo, benzene, biphenyl
and C—C, C—C=C—C, C3Nj3 units. These carbon nitrides as photocatalysts for CO, reduction were
investigated by density functional theory calculations. Compared to g-CsNy, the band gaps of
designed carbon nitrides decrease and the highest occupied molecular orbitals (HOMOs) and
lowest unoccupied molecular orbitals (LUMOs) show significant delocalization which are helpful
to facilitate the enhancement of carrier mobility. The designed carbon nitrides can evidently
extend the optical absorption of g-C3N4 and enhance the photocatalytic efficiency. Among them,
the nitrogen-rich carbon nitride that the Ce¢N7 units is bridged by azo linkage catalyzes CO-
reduction to CHs with a low limiting potential of 0.54 V and to CH3CH>OH with a low limiting
potential of 0.61 V, which all drive by solar energy. It is expected that the present work would
motivate further experimental and theoretical studies focusing on the development of
photocatalysts.
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The development of advanced electrocatalysts for ambient NH3; production is increasingly
attractive but severely plagued by low activity and poor selectivity. Firstly, we reported
first-principles results to explore the potential of transition metal (Sc~Cu, Mo, Ru, Rh, Pd, Re, Ir
and Pt) atoms embedded in monolayer g-C3N4 as efficient single-atom electrocatalysts for NH3
production. We found that embedding single Pt atoms in g-C3N4 enables robust stability and good
electrical conductivity and particularly results in excellent activity. Furthermore, we have
explicitly disclosed the nature of active centers in recently reported metal-free N2 reduction
catalysts containing sp>- or sp3-hybridized B sites. It is found that sp?-hybridized B is the optimal
species for providing high activity for N, reduction and particularly outstanding capability to
suppress the competing hydrogen evolution reaction. Specifically, the system with B substituting
an edge N atom in the cavity of C;N is proposed to be highly promising for N2 reduction under

mild conditions.
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5B H: The hydrogen evolution reaction of D-MXenes: Ab
initio calculations

s N 26
RN T K% lineng@whut.edu.cn
WHE.

Electrochemical water splitting through hydrogen evolution reaction (HER) associated with
catalysis is an attractive method for hydrogen production, but it is still challenging due to the lack
of effective and economical HER catalyst. In this work, we studied the HER activity of all 64
O-terminated double transition metal carbonitrides D-MXeneS (M'>M"CNO>-MXenes) through
well-defined density functional theory (DFT) calculations, which revealed that the outermost
transition metals M’ have a greater impact on the HER activity. The outermost transition metal M’
is Ti, most of M'’>M"CNO>-MXenes exhibit desired HER activity on the C-side , while the
outermost transition metal M' is Ta, the HER catalytic activity is better on the N side. In addition,
the HER performance of the C-side or N-side for 11 M'>"M"CNO>-MXenes candidates is even
better than that of Pt. Among them, TizNbCNO; and Ti,ZrCNO; have more active sites than other
M'>M"CNO>-MXenes candidates, which makes them have better HER performance. Moreover,
TioNbCNO2, Mo, TiCNO, and Ti,VCNO: are stable HER catalysts proven by examining the
thermodynamic and dynamic stability of the candidates. Especially, Ti2NbCNO: with a small AGy
value of 0.02 eV, more catalytic sites on the C-side and better stability can be regarded as the most
ideal HER catalyst. Our work pave the way on designing excellent HER catalyst candidates based
on M2 M"CNO,-MXene.
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&M H: Single-atom electrocatalysts for energy and
environmental materials
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Solid-state batteries have been recently attracted much attention due to their potential
excellent performance for energy storage.['! In such device, one of the most important component
is the fast Li-ion conductor with its ionic conductivity (crr) higher than 10* S/cm at room
temperature. However, it is still a challenge task to find an highly effective and accurate method to
explore the fast Li-ion conductors. In this work, the high throughput screening model has been
constructed to predict the promising candidates as the fast Li-ion conductors. Only two easily
obtained features are needed during the screening steps, i.e., diameter of Li-ions diffusion path
(Dpath) and the dimension of Li-ions network (Dvi). For the training process, our screening model
could almost perfectly distinguish the fast and slow Li-ion conductors in 110 experimentally
available materials containing Li and various types of Anions. Most importantly, the high
efficiency and accuracy of such screening model were further confirmed in the final testing
process, in which the orr values of all the 16 newly predicted fast Li-ion conductors (screening out
from 18580 materials) with three or two-dimensional frameworks were verified to be higher than
10 S/cm via the expensive molecular dynamics simulations. Our work not only provides a highly
effective and accurate high throughput screening model for exploring fast Li-ion conductors, but
also could motivate the future studies on other fast metal-ion conductors, such as Na, K, Mg, Al
and so on.
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Lithium bonds are analogous to hydrogen bonds and are therefore expected to exhibit similar
characteristics and functions. Additionally, the metallic nature and large atomic radius of Li
bestow the Li bond with special features. As one of the most important applications of the element,
Li batteries afford emerging opportunities for the exploration of Li bond chemistry.

In this work, we have briefly summarized the historical development of the Li bond.
Especially, the similarities and differences between the Li and H bonds were discussed.
Subsequently, the Li bond was described in the context of Li batteries, including discussions of
sulfur cathodes, liquid electrolytes, and Li metal anodes. Specifically, lithium polysulfides are
anchored in the cathode through the lithium bonds, which can resist the shuttle effects. Li ions are
solvated in electrolytes by solvents and anions, which is described by ion—solvent complexes and
lithium bond chemistry. The formation cation—solvent complexes can decrease the lowest
unoccupied molecular orbital (LUMO) energy level, facilitating the electrolyte decomposition and
gas evolution. Based on the ion—solvent chemistry, several strategies were proposed to build stable
electrolytes for lithium metal anodes, including additive design and regulating anions in
electrolyte solvation shell. Besides, the reduction of lithium ions on anode frameworks is
regulated by the as-formed lithium bonds, from which the lithiophilicity chemistry of anode
framework is well established. The electronegativity, local dipole, and charge transfer are
proposed to as key descriptors reveal the lithiophilicity. The O-doped and O/B—co-doped carbons
exhibit the best Li affinity among single- and co-doped carbons, respectively. The excellent
lithiophilicity achieved by O-doping carbon is further validated by Li nucleation overpotential
measurement.

The discourse on the chemistry of the Li bond can provide fruitful insight into the
fundamental interactions within Li batteries and thus deliver a deeper understanding of their
working mechanism. In this way, a comprehensive understanding of the Li bond in Li batteries

and an outlook on its future developments is presented.
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catalysts for the oxygen reduction reaction: a mechanistic study
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In metal-free carbon-fullerene-based or defective graphene-based electrocatalysts, pentagon
rings are known to play a key role in boosting catalytic activities for the oxygen reduction reaction
(ORR). However, the fundamental chemical mechanism underlying the remarkable catalytic effect
of the pentagon rings towards the ORR is still not fully understood. Herein, we perform a
comprehensive computational study of the catalytic activities of various carbon fullerenes and
fullerene fragment species, all containing pentagon rings, by using the density functional theory
(DFT) and computational hydrogen electrode (CHE) methods. We find that more active sites on
carbon are associated with more neighbouring pentagon rings and stronger adsorption of the key
intermediates of O*, OH* and OOH* for the ORR. Importantly, two Ceo-based fragments, namely,
Ceo-fragl and Ceo-frag2l, show a very high activity towards the ORR, as both yield overpotentials
as low as 0.389 and 0.407 V, and entail suitable adsorption free energy of OH* and OOH* species.
These desirable chemical properties of fullerene fragments can be attributed to the high-energy
HOMO orbitals, induced by the low-symmetry fullerene-fragment structures. Both the number of
neighbouring pentagon rings and the degree of overall symmetry of the fragment appear to be the
two important factors that can be adjusted for the design of optimal metal-free carbon
electrocatalysts towards high ORR activities.
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The rising of topological materials MnBi,Tes/(Bi2Tes), with built-in magnetization provides a
great platform for the realization of both Chern-insulator and axion-insulator phases, manifesting
integer and half-integer quantum anomalous Hall (QAH) effects, respectively.'*] Using both
model Hamiltonian and first-principles calculations, we demonstrate that rich 2D and 3D
topological phase diagrams can be established with the mapping of MnBi>Tes/(Bi>Tes3), systems.
For the 2D topological phases, we provide design principles to trigger integer QAH states by
tuning experimentally accessible knobs, such as slab thickness and magnetization. [*! For the 3D
topological phases, we find that the surface anomalous Hall conductivity in the axion-insulator
phase is a well-localized hanging around e%2h, depending on the magnetic homogeneity. ] We
then discuss the potential experimental signatures of the surface anomalous Hall effect in
MnBi,Tes/(Bi2Tes),. 4]
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Single atom catalysts (SACs) have emerged as a new frontier in heterogeneous catalysis.!'-?]
The lack of an effective strategy to control the polarization electric field of SACs limits their
activity and selectivity. Herein, using first-principles calculations, we proposed several novel ways
to tune the polarization field of SACs by combining hexagonal boron nitride (h-BN) and graphene
sheets. First, we will talk about the importance of optimizing the polarization field strength of
SACs for efficient nitrogen fixation. Second, we will report that a single transition metal (TM)
atom sandwiched between h-BN and graphene sheets can realize stable and tunable interfacial
polarization fields, promoting N> adsorption, activation, and reduction.’! Finally, we focus on
SACs supported on defective boron carbide nitride (BCN) materials, including BCN sheets*! and
nanotube.l®! The calculated results suggest that synergistic effect of BN and carbon domains comes
up with the modifications of the charge polarization of single-TM-atom active site and the
electronic properties of material, which has been proven to be the essential key to facilitate
nitrogen reduction process.
SR
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Chem.. ACS NanoFAEMZ [ R AR M TR K SCIE L2085 . KR WG H3500R%K,

HX 74930, TR NILESIF# 5], BORBEE E L b 2 Viewpoints e si fiH -
114




BT 2RI ERRB S F IR E R & 1095

w5 H: Natural layered materials as ideal optical hyperbolic
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Optical hyperbolic media have special hyperbolic type light dispersion, which can produce
extraordinary optical properties, like all-angle negative refraction, subwavelength imaging, and
strongly enhanced spontaneous emission. The idea was initially explored in artificially engineered
metamaterials. However, those structures typically have large energy dissipation/absorption, and
the working frequency range is usually limited to microwave or far infrared, which poses severe
challenge for applications. In this talk, I will discuss the exploration of hyperbolic medium in
natural layered materials. It is found that layered materials with special electronic structures, such
as 2D electrides and MoOCI2, can behave as ideal hyperbolic media with ultralow dissipation and
wide working frequency range extending to the visible light. In addition, we show that small
applied strain can tune the optical characters between hyperbolic and elliptic type.

SR
[1] Jianzhou Zhao, Weikang Wu, Jiaojiao Zhu, Yunhao Lu, Bin Xiang, and S. A. Yang, “Highly
anisotropic two-dimensional metal in monolayer MoOCI2,” Phys. Rev. B 102, 245419 (2020).

[2] Shan Guan, Shao Ying Huang, Yugui Yao, and S. A. Yang, “Tunable hyperbolic dispersion

and negative refraction in natural electride materials,” Phys. Rev. B 95, 165436 (2017).
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[1]N. Han, H. Liu, J. Zhang, J. Gao*, J. Zhao*, Atomistic understanding of the lateral growth of
graphene from the edge of an 2-BN. Nanoscale, 2017, 9, 9453.

[2] N. Han, D. Yang, C. Zhang, X. Zhang, J. Shao, Y. Cheng*, W. Huang*, Role of Buffer Layer
and Building Unit in the Monolayer Crl; Growth: A First-Principles Perspective. J. Phys.
Chem. Lett. 2020, 11, 9453.
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TEACFRI BT ER AL 1B K .
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[1] Akbashev, AR* Zhang L#, Mefford JC, Park J, Butz B, Luftman H, Chueh WC*, Vojvodic A",
Activation of SrTiOz with Subsurface SrRuO3 for Oxygen Evolution Reaction, Energy Environ.
Sci. 2018, 11, 1762-1769.

[2] Zhang L, Raman AS, Vojvodic A", Reviving Inert Oxides for Electrochemical Water Splitting
by Subsurface Engineering. Chem. Mater., 2020, 32 (13), 5569-5578

[3] Zhang, L.; Henkelman, G., ACS Catal., 2015, 5, 655-660.

[4] Zhang, L. and Henkelman, G., ACS Nano, 2013, 7, 9168-9172.
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Water is ubiquitous on Earth and dominates chemical and biological processes in daily life.
The study of hydrogen bond properties of confined water is closely related to seawater
desalination and even water transport of cell membrane channels. Since the discovery of water
flux in thin carbon nanotubes in 2001, extensive studies have been devoted to extraordinary water
behaviors in confined spaces for their potential applications in the artificial water channel and
desalination. In this talk, we report the latest developments in confined water research. Our work
proposed a step-by-step flipping model of confined water chains, which resulted in the ability of a
single-file water chain to retain its original orientation for a long time in short CNTs. Using the
CNT as the model system, we demonstrated that water molecules rotate easily within the
ultraconfined space (smaller than the scope of the van der Waals radius) using quantum simulation,
which currently cannot be observed using classical simulations. Pauli repulsion plays an important
role in enhancing the rotation process. Based on high-precision ab initio calculations of
first-principles, we found the uncooperative effect of hydrogen bond on water dimer. This work
highlights the uncooperative effect of hydrogen bond attributed to exchange repulsion of electrons
as the mechanism for stabilizing water dimer in vapor phase, and open a new perspective for
studies of hydrogen-bonded systems. In addition, through atomic-level researches, we discovered
a short-range 5775 defect on the bilayer ice with Au (111) surface support. The defect formation
does not alter the overall four-coordinated H-bond network. It is hoped that the results and
processing methods of these works in understanding the fundamental problems in the relevant

areas at the atomic level and promoting their role in applications in materials, biology, etc.
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[1] Wang, X.; Li, X.; Zhang, L.; Yoon, Y.; Weber, P. K.; Wang, H.; Guo, J.; Dai, H. Science 2009,
324:768-771.

[2] Rao, C.N.R.; Gopalakrishnan K.; Govindaraj, A. Nano Today 2014, 9: 324-343.

[3] S. Bu,* N. Yao,” M. A. Hunter, D. J. Searles,” Q. Yuan,” “Design of Two-dimensional
Carbon-Nitride Structures by Tuning the Nitrogen Concentration” NPJ Comput. Mater., 6, 128,
2020.

[4] W. Wei, S. Yang, G. Wang, T. Zhang, W. Pan, Z. Cai, Y. Yang, L. Zheng, P. He, L. Wang, A.
Baktash, Q. Zhang, L. Liu, Y. Wang, G. Ding, Z. Kang, B. I Yakobson, D. J. Searles, Q. Yuan,

“Stacking-Induced Bandgap Engineering of 2D-Bilayer C3N”, Nat. Electron. 2021,
https://doi.org/10.1038/s41928-021-00602-z.
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Electrocatalysis has provided a promising way for energy conversion,chemical production,
pollutant degradation, etc. Elucidating the underlying mechanisms of related reactions could make
significant contributions to more reasonable and goal-oriented design of better catalysts, in which
density functional theory (DFT) calculations could provide some atomical and quantum
mechanical insights considering the difficulties of characterizing intermediates in
experiment.However, the environment simulated in traditional DFT calculations is usually
established in vacuum and constant-charge conditions, which is far away from real
electrochemical conditions, including effects of solvents, electric double layer, applied potential,
etc. These distinctions could generate significant inconsistencies in conclusions compared with
experimental results sometimes, for which how to involve these environmental factors has been a
rising issue in electrochemical calculations. Here, we utilized the constant potential methods and
solvation models developed in recent years to evaluate the performances of different N-sites in
graphene and adsorption problems on single-atom catalysts (CoPc) and provide distinct insights
into these processes in contrast with traditional calculations. Our results confirmed the
nonnegligible effects of electrochemical environment factors for more accurate and reasonable
explanations for electrocatalysis.
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Realizing and controlling topological spin textures are widely attractive for their promising
applications in information and communications technology.!! Recently, the research of the
magnetism is extended to two-dimensional (2D) realm, which can provide unprecedented
opportunities to study the topological magnetic properties in the 2D limit.[>31 Using first-principles
calculations and micromagnetic simulations, we propose a stable magnetic Janus monolayer
MnBix(Se, Te)s with inherent Dzyaloshinskii-Moriya interaction to stabilize a variety of
topological magnetic structures under external applied fields. Furthermore, sub-10 nm skyrmion
can spontaneously form in the absence of magnetic field in MnBiz(Se, Te)s by using van der Waals
heterostructure engineering. Our results provide a promising route for controlling topological spin
textures in 2D spintronic devices.
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#H®E5 B H: Machine learning and Simple descriptors for high
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Electroreduction CO; can convert CO: into value-added chemicals, which provides an
attractive solution for carbon neutralization. The key factor is how to find the ideal catalysts. In
this work, via density functional theory (DFT) computations and machine learning (ML), we
studied CO2RR catalyzed by dual-metal-site in four N-doped graphene. The results show that the
reduction products are highly related to the types of N-doped graphene. By establishing linear
relationships, we found that the adsorption free energies of various intermediates can be estimated
by two key parameters, AGucoox and AGcoon+, thereby helping us to identify the
potential-determining step and overpotential. We also proposed efficient descriptor to quickly
obtain the values of AGucoo+ and AGcoon*, which greatly improves the calculation efficiency. This
work provides guidance for the exploration of promising electrocatalysts for CO2RR. Machine
learning combined with simple descriptors also provides a reference for the search of
electrocatalysts in other fields.
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5T E: Anti-MXenes from Non-van der Waals Bulks for
Electrochemical Applications: The Merit of Metallicity and
Active Basal Plane
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# B . Two-dimensional transition-metal compounds (2DTMCs) are promising materials for
electrochemical applications, but 2DTMCs with metallicity and active basal planes are rare. In this
work, we proposed a simple and effective strategy to extract 2DTMCs from non-van der Waals
bulk materials and established a material library of 79 2DTMCs, which we named as anti-MXenes
or XMenes (pronounced as “cross-meens”), since they are composed of one M atomic layer
sandwiched by two X atomic layers. Out of the 79 anti-MXenes, we have computationally
identified 24 structures which have good thermodynamic, dynamic, mechanical, and thermal
stabilities. Their intrinsic metallicity and active basal plane endow them with advantages for
electrochemical applications in addition to opportunities for unconventional superconductivity.
The metallicity and active basal plane endow these anti-MXenes with potential as excellent
electrode materials, for example, as electrocatalysts for hydrogen evolution reactions (HER).
Among the noble-metal free anti-MXenes with favorable H-binding, CuS can boost HER at the
whole range of H coverages, while CoSi, FeB, CoB, and CoP show promise for HER at some
specific H coverages. The active sites are the tetra-coordinating nonmetal atoms at the basal planes,
thus rendering a very high density of active sites for these materials. CoB is also a promising
anode material for lithium-ion batteries, showing low Li diffusion energy barriers, a very high
capacity, and a suitable open circuit voltage. This work promotes the “computational exfoliation”
of 2D materials from non-van der Waals bulks and exemplifies the applications of anti-MXenes in
various electrochemical processes.
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&5 E: Doped carbon materials for oxygen electro-catalysis
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The bifunctional catalysts for both oxygen reduction reaction (ORR) and oxygen evolution
reaction (OER) are of importance to the development of electrochemical energy systems such as
reversible fuel cells, metal-air batteries, and water electrolyzers. Here, using the first-principles
methods based on density functional theory (DFT), the Co and N codoped graphene systems
(CoNx-gra, x = 1 - 4) with high ORR activity were further suggested as efficient OER catalysts. It
was found that the activity on Co site of CoNx-gra towards ORR and OER would be affected by
both the N-dopant concentration and configuration. The extrapolated overpotential of 0.37 V for
either ORR or OER on CoNx-gra systems is comparable to those of noble metal benchmark
catalysts. The origin of the activity stems from moderate hybridization between Co 3d orbital and
p-orbital from O species, governed by the neighboring N coordination environment. Our results
highlight the potential application of transition metal and non-metal codoped graphene as efficient
non-precious bifunctional catalysts.
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Fig. 1 The scaling relationship between AGOOH* and AGOH* (a), AGO* and (AGO* — AGOH*) (b), and
the reverse volcano plot of NOER vs (AGOOH* — AGO¥*) on CoNx-gra (¢).
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H M Z YA BRI, 2 R BN 3 AE LS AR 2 18] A7 £ AR & AR 42w B AT
ALK B bRo i, Crls IR RS, 4k Crl fE5256 g sl 4 ok, BALE
S PEIEEETESE, RN T 4R Ol PR RO BR SR B BREAR=BRIEINE, DLRBRIEZ
IR B . Horh, BA IR 35 22 0Bk SRS T Jahn-Teller R0 8k A4 AT LI R 3
— P44 Jahn-Teller 28 B ATAS JER R F T 28 ML SEEIL, AN [ 8k L 25 AT LG I IR 54 22 0 R 5 R e A
Gt [, 4 Crlo BA A2 QUM 75 18] [FIRE AT DO S BR R e Ul e, IXRREk
BRML kARSIl T ARG, AT e AR By R BE LA 2 1 T IR R RO B e R T A O T
AEo LA LIBIL 45 Jahn-Teller M Z 18] 5 [0 0N SEEL 2 BRAE AL TT LAHES ™ 2] — R5IH &
FBL AR 0 —4ERRL, 0 CuClay WTep BAJILA: Janus 52 FKL
SR
[1] Yang L, Wu M, Yao K. Transition-metal-doped group-IV monochalcogenides: a combination

of two-dimensional triferroics and diluted magnetic semiconductors. Nanotechnology,2018,
29(21):215703.
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&M H: Excitonic Instability and Electronic Property of
Two-dimensional materials
V=% — H
wEN: B FonE
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WE.

First-principles density functional theory plus Bethe-Salpeter equation calculations are
employed to investigate the electronic and excitonic properties of two-dimension materials. It is

found that the band gap and exciton binding energy of monolayer titanium trichalcogenide alloys
TiS3-xSex (x = 1 and 2) display asymmetric dependence on the substitution of Se for S. While the
band gap can be significantly decreased as compared to that of pristine TiSs, the exciton binding
energy varies slightly, regardless of the position and concentration of the Se substitution. A
negative exciton formation energy is found when the central S atoms are replaced by Se atoms,
suggesting a many-body ground state with spontaneous exciton condensation.

Motivated by the recent synthesis of two-dimensional monolayer AlISb, we theoretically
investigate its ground state and electronic properties. An excitonic instability is revealed as a result
of larger exciton binding energy than the corresponding one-electron energy gap by -0.1 eV. At
room temperature, the two-dimensional monolayer AISb is a direct gap semiconductor with
phonon-limited electron and hole mobilities both around 1700 cm?/V-s. These results show that
monolayer AISb may provide a promising platform for realization of the excitonic insulator and
for applications in the next-generation electronic devices. Our work offers insight for engineering
an excitonic insulator.

BEHR:
[1] Dong S, Li Y. Transition from band insulator to excitonic insulator via alloying Se into monolayer TiSs: A

computational study[J]. Physical Review B, 2020, 102(15): 155119.

[2] Dong S, Li Y. Excitonic Instability and Electronic Property of Two-dimensional AISb Limit[J]. arXiv preprint
arXiv:2102.07375, 2021

[3] Jiang Z, Liu Z, Li Y, et al. Scaling universality between band gap and exciton binding energy of
two-dimensional semiconductors[J]. Physical review letters, 2017, 118(26): 266401.
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5T H: Electric field control of molecular magnetic state by

two-dimensional ferroelectric heterostructure engineering
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WE:

Two-dimensional multiferroics have attracted tremendous attention due to their intriguing
physics and promising applications. However, it has been a major challenge to discover and
design two-dimensional multiferroic materials with large electric polarization and strong
magnetoelectric coupling. In this work, we propose a strategy to design a two-dimensional van der
Waals heterostructure with strong magnetoelectric coupling by stacking a transition metal
phthalocyanine (TMPc) molecule with ferroelectric monolayer In.Ses. By first-principles
electronic structure calculations, we predict that the magnetic states of the TMPc molecule can be
controlled by electrically switching the polarization direction of In,Ses; using an external electric
field. This strong magnetoelectric coupling effect originates from the interfacial charge transfer
and orbital splitting, resulting in the different magnetic states of TMPc/In>Ses heterostructures in
two opposite ferroelectric phases. Based on the TMPc/In2Ses heterostructure, a high-density
magnetic memory device is proposed for pure electric writing and magnetic reading. Our
predictions may open avenues for finding and designing multiferroic heterostructures by using
two-dimensional ferroelectric materials and zero-dimensional magnetic molecules with a strong

proximity effect.

PNV

SEIC, TLIRITNE R AL 7 TRE B s

WHFLIT I KB T B S MR AR 2 B S W AR A N
RICH TR L RN FREEARL: B SR

153



BT ENRB 2 S RRIEMEE T & S009

w5 H: Ideal topological semimetal in bulk boron allotropes

AN FEm XE&
W K% srhanimu@]l63.com
HE:

Ideal topological semimetals, which are composed of non-toxic lightweight elements and
host clean Dirac/Weyl fermions near the Fermi energy without contamination from other
quasiparticles, are highly desirable for experimental detection and practical application. In this
report, using first-principles calculations, we first introduce a new structure, termed 3D borophene,
which can be obtained by stacking synthesized 2D triangular borophene along the perpendicular
direction. It has two Weyl nodal lines running across the Brillouin zone in the &, = 0 plane and the
nodal lines are composed of type-II Weyl points. Based on it, we next propose a new stable boron
allotrope, ort-Bs2, and demonstrate it harbors the needed clean Weyl fermions in a sizable energy
window under modest tensile strain. Owing to the protection of mirror symmetry, the Weyl points
form two pairs of parallel arc-like nodal lines, running across the whole Brillouin zone in the k. =
0 plane. Remarkably, our examination of slope index reveals that the type-I, type-II and type-III
Weyl states can be found in different moment directions with the value of Fermi velocities ranging
from 0 to 1.15 x 10° m/s. Our results not only establish two striking new boron allotropes, but also

highlight the method for realizing ideal Weyl semimetal.

BEHR:

[1]L. Y. Cui, T. L. Song, J. T. Cai, X. Cui, Z. F. Liu*, J. J. Zhao*, Three-dimensional borophene:
A light-element topological nodal-line semimetal with direction-dependent type-II Weyl
fermions, Physical Review B, 102 (2020) 155133.

[2] S. R. Han, C. Y. Li, L. Y. Cui, X. Cui, T. L. Song, Z. F. Liu*, Strain Induced Ideal Topological
Semimetal in Ort-B3, Holding Parallel Arc-Like Nodal Lines and Anisotropic Multiple Weyl
Fermions, (submitted to Physica Status Solidi-Rapid Research Letters).
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TE 4 J) 45 1 14 2 R0 85 T 02 oR BEAR TH SR B Al B 0S), BfE 1 AL 48 (2D) CuaN Al
CuNy: SRt 2 BA s RasE it . Sha R M AL A e v LU & R IT, AT 40t T 1R
UF) FLAE rAL A B HR SRR R A BRI AT R BRATTAITHE R B, CuN HERA#E], CuN
BT I O S AL TE Y, JFL 0.33 VB MEPRFLALAT 0.41 eV IR RE 0L
CO; LA CoHe*le 5—7J71H, CuNy HZEFHE 0.27eV A fg/“4 HCOOHT, [A i,
AT, CuxNy FEAIFRE T — KB RIREREAG =S80 CO, Bl C2 F=RiAE
AU SRR, T HIEA 2D TMN MRS T — 2835 i 57
SRR

[1]Y. Wang, J. Lv, L. Zhu and Y. Ma, Comput. Phys. Commun.2012, 183, 2063-2070.

[2] G. Kresse and J. Hafner, Phys. Rev. B: Condens. Matter Mater.Phys., 1993, 47, 558-561.

[3] G. Kresse and J. Furthmuller, Phys. Rev. B: Condens. MatterMater. Phys., 1996, 54,
11169-11186.

[4] C. Wang, W. Lu, Q. Lai, P. Xu, H. Zhang, X. Li, Adv. Mater. 2019,31,1904690.

[5] Z.-Q. Liang, T.-T. Zhuang, A. Seifitokaldani, J. Li, C.-W. Huang, C.-S. Tan, Y. Li, P. De Luna,
C.T. Dinh, Y. Hu, Q. Xiao, P.-L. Hsieh, Y. Wang, F. Li, R. Quintero-Bermudez, Y. Zhou, P.
Chen, Y. Pang, S.-C. Lo, L.-J. Chen, H. Tan, Z. Xu, S. Zhao, D.Sinton, E.H. Sargent, Nat.
Commun. 2018, 9, 3828.

[6] B. Liu, B. He, H.Q. Peng, Y.F. Zhao, J.Y. Cheng, J. Xia, J.H. Shen, T.W. Ng, X.M.Meng, C.S.
Lee, W.J. Zhang, Adv. Sci. 2018,5, 1800406.

[7]1Y. Chen, Z. Fan, Z. Zhang, W. Niu, C. Li, N. Yang, B. Chen, H. Zhang, Chem. Rev. 2018, 118,
6409-6455.
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T I A ) BT AL ) (SAC) HOTCAL PR 58 R A 48 . v 45 W) PE dpe il A IE Y 2 it — 25
3R e AR B v A 2 5 7 (A PR B I — RO 2 A B SR SR . 7E0E, O T bR iR
(DFT) 1H5E, T Fe-N-C MEALFIIBCAL G5 M0 AR BOE I RS (NRR) T PERI M o
AT S REY], b Fe R B NRR WEPERT DUBE 56 (B) 52550 B ALK
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[1] A. Liu, Y. Yang, X. Ren, Q. Zhao, M. Gao, W. Guan, F. Meng, L. Gao, Q. Yang, X. Liang and T. Ma,
ChemSusChem, 2020, 13, 3766-3788.

[2]J. Wang, S. Chen, Z. Li, G. Li and X. Liu, ChemElectroChem, 2020, 7, 1067-1079.
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[4] X.-F. Li, Q.-K. Li, J. Cheng, L. Liu, Q. Yan, Y. Wu, X.-H. Zhang, Z.-Y. Wang, Q. Qiu and Y. Luo, J. Am. Chem.
Soc., 2016, 138, 8706-8709.

[5] X. Guo, J. Gu, X. Hu, S. Zhang, Z. Chen and S. Huang, Catal. Today, 2020, 350, 91-99.
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PtE CeOx I T 11 i A1 G S22 T b T B S e M e B 3. BRI
KB, B E AT A 0L T, P S T (SR 5 SRR T 152 9 b (5 R @R T
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Bae, S. Y.; Sohn, S. D.; Park, N.; Oh, J. H.; Shin, H. J.; Baek, J. B. Nat. Commun. 2015, 6,
6486.
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Arbiol, J. Adv. Energy Mater. 2020, 11, 2003507.
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the fused ring electron acceptor with decacyclic core
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Understanding photovoltaic properties is fundamental basis for developing novel electron donor and acceptor
materials of organic photovoltaics (OPVs). Up to now, non-fullerene acceptors become very promising because of
many merits, such as the enhancements of intramolecular charge transfer (CT) and intermolecular interactions by
expanding the m-conjugation of backbone with fused ring. Extending m-conjugated space of the fused ring
backbone in non-fullerene acceptors is a common way to broaden absorption spectrum. The smaller bandgap and
higher charge mobility of active layer materials enhance the CT rate of OPVs. Recently, the non-fullerene acceptor
fusing naphtho[1,2-b:5,6-b']dithiophene with two thieno[3,2-b]thiophene (IDCIC) and the polymer donor
fluorobenzotriazole (FTAZ) were synthesized, and the fabricated OPV reached the PCE of 13.58%. In this work, to
understand photovoltaic properties, we studied the electronic structures and related properties of IDCIC, FATZ,
and FTAZ/IDCIC complex that is the interface model for heterojunction. The calculated results indicated that they
have small optical bandgap of 1.50 eV, agreeing well with that of experiments (1.45 eV). The absorption spectra of
IDCIC and FTAZ revealed that their absorption ranges are complementary. The complexes have good absorption
properties in both the visible and near-infrared regions, which are favorable for effectively collecting sunlight and
contributing to a high short-circuit current density. The CT and exciton dissociation (ED) rates were calculated
using Marcus theory. According to the electrostatic potential, the remarkable difference of electrostatic potential
between the molecular surfaces of the donor and acceptor are favorable to the CT and ED processes.

SR

[1] Dan He, Fu-Wen Zhao, Jing-Ming Xin, et al. Adv. Energy Mater, 2019, 8 (30), 1802050.

2] Rui-Rong Bai, Cai-Rong Zhang, You-Zhi Wu, et al. J. Phys. Chem. A, 2019, 123 (18), 4034-4047.
3] Rui-Rong Bai, Cai-Rong Zhang, You-Zhi Wu, et al. Int. J. Quantum Chem, 2020, 120 (4), €26103.
4] Rui-Rong Bai, Cai-Rong Zhang, You-Zhi Wu, et al. New J. Chem, 2020, 44 (14), 5224-5234.
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THE:

We propose four novel holey carbon nitride monolayer C7N3, CioN3, Ci3N3, and Ci9N3
stoichiometries intriguingly behaving as ideal two-dimensional (2D) Dirac semimetals whose
Dirac cones are rightly located at the Fermi level. Moreover, the results of Gibbs free energies,
phonon dispersions, ab initio molecular dynamics, and linear elastic constants indicate that their
stabilities are comparable with the already-synthesized 2D carbon nitride materials. The Dirac
cones of the systems originate from the hopping between all p, orbitals of the C and N atoms. The
theory of elementary band representation indicates that the Dirac cones of the systems come from
the time-reversal forced twofold degeneracy at K and K’ points. Furthermore, we find that the
Dirac cones of the systems are robust against the spin—orbit coupling and external strain.
Considering their excellent conductivity as Dirac semimetals, the four holey carbon nitride
monolayers are potential candidates for the applications in future high-performance electronic

devices.
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BRI H : The Defect Chemistry of Carbon Frameworks for
Regulating the Lithium Nucleation and Growth Behaviors in
Lithium Metal Anodes
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Carbon materials have been widely considered as the frameworks in lithium (Li)
metal anodes due to their lightweight, high electrical conductivity, and large specific
surface area. Various heteroatom-doping strategies have been developed to enhance
the lithiophilicity of carbon frameworks, thus rendering a uniform Li nucleation in
working Li metal batteries. However, various defects are inevitably introduced into
carbon materials during synthesis and their critical role in regulating Li nucleation and
growth behaviors is less understood. In this contribution, the defect chemistry of
carbon materials in Li metal anodes is investigated through first-principles
calculations. The Li atom binding energy and the critical current density are two key
descriptors to reveal the defect chemistry of carbon materials. Consequently, the
Stone—Wales defect is predicted to possess the best performance for delivering a
uniform Li deposition. This work uncovers the defect chemistry of carbon
frameworks and affords fruitful insights into defect engineering for achieving

dendrite-free Li metal anodes.

(a) iy (b) °

r
1

i) Large binding energy

ii) Low diffusion barrier

K 1. Schematic of Li nucleation and growth on carbon frameworks. a) The deposition of Li ions

on pristine graphene (PG) and graphene with various defects. b) Modeling of defective graphene.
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KR H : Theoretical investigations on two-dimensional
carbon-based materials as cathode catalysts in lithium oxygen
batteries
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The development of high-performance cathode catalysts are vital for practical applications of
nonaqueous lithium-oxygen (Li-O2) batteries. During the past years, we have performed
theoretical investigations on the two-dimensional (2D) carbon-based materials as cathode catalysts
in Li-O> batteries, such as SL-SiC, g-GeC, BC;3, single-sided fluoride graphene (SSF-Gr), etc. The
2D carbon-based materials shows four-electron pathway during the discharge process, with the
catalytic activity relies on the binding of Li or LiO. Due to the low discharge/charge overpotential

calculated, they have exhibited great potential for practical applications in Li-O> batteries.
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BT H: Theoretical design of nitrogen-doped graphene
supported Platinum single-atom for full ammonia borane
hydrolysis
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The hydrolysis of ammonia borane (NH3BH3; or AB) at room temperature is a promising
method for hydrogen production. Density functional theory (DFT) calculations were carried out to
simulate the reaction mechanism of full hydrolysis of ammonia borane, which catalyzed by single
Pt atom supported on nitrogen-doped graphene (Pti-CxNy, x, y is the number of carbon atom and
nitrogen atom that coordinated with platinum atom). Firstly, this work manifest the possible
reaction pathways of NH3;BH3 hydroxylating to NH3B(OH)s on Pt;-CoN; as a consultation.
Mechanism searching indicates there are two possible pathways on Pt;-C2Nj, both of which
indicate the rate-limiting step is the first H atom dissociating from -BH3 side of NH3BH;3 with an
energy barrier of 0.68 eV. Moreover, through three screening procedures, this study presents that
Pt;-CiN> shows better performance in catalyzing the full hydrolysis of AB. On Pt;-CiN> which H
atoms tend to pre-cover on, the rate-limiting step is introducing the second H.O molecule. More
importantly, the energy barrier of rate-limiting step on HPt;-CiNz is 0.60 eV, which is 0.08 eV
lower than that on Pt;-C2Nj. The great performance of Pt;-CiN2z and Pt;-C2Nj in the hydrolysis of

ammonia borane at room temperature show a bright future in the application of hydrogen.
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BRI H: Quantum Anomalous Hall Effect of Dirac Half-metal

Monolayer TiCl; with High Chern Number
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Based on the first-principles calculations, the monolayer TiCl; is predicted to a 100%
spin-polarized Dirac half-metal with ferromagnetic Curie temperature Tc of 63 K as predicted by
using Monte Carlo simulations. Given the spin-orbit coupling, the electronic structure of the
monolayer TiCI3 opens a ~3 meV band gap. Result from the calculation of the anomalous Hall
conductivity shows the Chern number C=3, indicating that three corresponding gapless chiral edge
states have emerged inside the bulk gap. The density functional theory (DFT) +U calculations
reveal that the monolayer TiCl; undergoes a transition from the topological non-trivial phase to the
trivial Mott insulator with the increasing on-site Hubbard Coulomb interaction U from 0 eV to 0.6
eV. Our findings suggest a feasible new member of the quantum anomalous Hall insulator family

with promising applications in spintronic devices without dissipation edge states.
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BEHR R H : Strain and electric field tuned electronic and
photoelectricproperties of SeWS/h-BP van der Waals
heterostructures
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Van der Waals (vdW) heterostructures have attracted attention for their ability to integrate the
excellent properties of laminated materials. We discovered theoretically that the SeWS/h-BP
hetero-structure has a typical type I band alignment, the interlayer electron-hole complex can be
super-fast, thus enabling the design of highly efficient light-emitting devices. The SWSe/h-BP
hetero-structure is a typical type II band alignment, which is conducive to further reduce the
electron-hole complexation and increasing the exciton lifetime. Importantly, its energy conversion
efficiency can reach 20.68%, making it a candidate material for 2D exciton solar cells. They
exhibit high optical absorption coefficients (~10'), broad absorption spectra, and good carrier
mobility (~10* cm? V-!s). Both electric field and biaxial strain are able to tune the values of
bandgap, band alignment and optical properties. Exploring the transfer function of the
heterostructure reveals that when the bias voltage is greater than the threshold voltage, the current
tends to increase with the voltage and the current magnitude can reach the level of uA. The
SWSe/h-BP heterostructure presents a significant negative differential resistance (NDR) with a
peak-to-valley ratio of 1.12 (1.18). These results indicate that our theoretical research provides

good candidates for the next generation of optoelectronic products, nanodevices and solar cells.
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of Criegee Intermediate-Alcohol Chemistry in the Gas Phase

and Aqueous Surface Environments
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Criegee intermediates and alcohols are important species in atmosphere. In this study, we use
quantum chemistry and Born-Oppenheimer molecular dynamics (BOMD) simulations to
investigate the reaction between methanol/ethanol and Criegee intermediates (anti- or
syn-CH3CHOO) in the gas phase and at the air-water interface. Reactions at the interface are
found to be much faster than those in the gas phase. When water molecules are available, loop
structures can be formed to facilitate the reaction. In addition, non-loop reaction pathways
characterized by the formation of hydrated proton, although with a low possibility, are also
identified at the air-water interface. Implications of our results on the fate of Criegee intermediates
in atmosphere are discussed, which deepen our understanding of Criegee intermediate-alcohol

chemistry in humid environments.
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KR H: Efficient Direct Band Gap Photovoltaic Material
Predicted Via
Doping Double Perovskites Cs:AgBiXs (X = Cl, Br)
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Double perovskites are proposed as a Pb-free substitution of toxic lead-halide perovskite
photovoltaic materials. Unfortunately, they are usually either unstable or with an undesirable
electronic structure. In this study, we start from a stable double perovskite, Cs:AgBiXs (X = Cl,
Br), which has a large and indirect band gap. Based on first-principle calculations, we find that a
transition from indirect to direct band gap can be realized via doping Sn?* (Ge**) with occupied 5s
(4s) orbitals. At the same time, the band gap decreases to a value suitable for photovoltaic
applications. The optical absorption is largely enhanced and the exciton binding energy is also
significantly reduced upon doping. These effects lead to high power conversion efficiencies. For
example, the efficiency of Ge-Te codoped Cs2AgBiCls is 31.4%, which is the highest among all
known nontoxic stable halide perovskite materials. Results presented here open a new avenue for

photovoltaic material design.
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Supported metal nanoclusters consisting of several dozen atoms are highly attractive for
heterogeneous catalysis with unique catalytic properties. However, the metal nanocluster catalysts
face the challenges of thermal sintering and consequent deactivation owing to their
thermodynamic instability particularly for high-temperature reactions. Here, we report that
sulfur—a documented poison reagent for metal catalysts—when doped in carbon matrix can
stabilize ~1 nm metal nanoclusters (Pt, Ru, Rh, Os, and Ir) at high temperatures up to 700 °C in a
reducing atmosphere. We find that the enhanced adhesion strength between the metal nanoclusters
and the sulfur-doped carbon supports, which arises from the interfacial metal-sulfur bonding,
greatly retards both the metal atom diffusion and the nanocluster coalescence. The resulting Pt
nanocluster catalyst exhibit outstanding selectivity of ~ 98% to propylene as well as long

durability for 1800 min in the high-temperature propane dehydrogenation at 550 °C.
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BEHR B H : Gas Detection for NO; and SO; Based on Tape- Heme

Monolayer
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HE.

First principles calculations based on spin-polarized density functional theory (DFT) has
been used here to investigate the structural, electronic and magnetic properties of tape-heme
monolayer (THM) with gas molecules (H>0, N>, HCN, NH3, NO; and SO») adsorption. Our results
suggest that H,0 and NHj3 are physisorbed on THM while N2, HCN, NO> and SO; are adsorbed on
THM by chemisorption. The toxic HCN, NH3, NO; and SO can be effectively captured by THM
according to their adsorption energy (> 0.50eV). The adsorption of NO> (or SOy) can partly (or
completely) decrease the spin moment of THM and induce the transition from metallic property
into half-metallic (or semiconductor) behavior. Our findings reveal that THM could effectively
detect toxic:NO; and SO; in environment with high sensitivity and selectivity and reactivity,

indicating that it possesses a potential application in the field of heme-based gas sensors.
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2D BAs
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Cubic boron arsenide has ultra-high thermal conductivity at room temperature, which is
expected to be a candidate for a new generation of microelectronic devices, so it has attracted
wide attention from researchers. The overall thermal conductivity of two-dimensional (2D)
hexagonal boron arsenide is slightly lower than that of cubic boron arsenide, but it is still a
material with great potential for thermal management. 2D BAs has been synthesized
experimentally synthesized by molecular beam extension (MBE), some defects are inevitable
during growth, which may have different effects on the properties of the material. Therefore,
systematic study of 2D Bas in the seven inherent defects on the material electronic structure,
magnetic properties and thermoelectric properties of the impact by means of density function
theory (DFT) calculations. Theoretical calculations show that the defects all convert the system
from semiconductor to metallicity, both vacancy defect and antisite defect make the system
introduce magnetism, the novelty is that, the B s defect significantly improves the thermoelectric
performance of the system. The theoretical results provide the basis for the application of 2D BAs

in magnetic materials, microelectronic devices and thermoelectric materials.
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Heterostructures for electronic properties and photocatalytic

& JRIEHE WIEk

TR IMTE K2 qingqing123abc2021@163.com
HE:

The van der Waals hetrostructures (vdWHs) have received considerable attention because of
exhibit outstanding properties can be applied in nano-devices. Using first principle calculations
were performed to research the geometrical, electronic, and optical properties of the GaN/WSe;
vdWHs. The different stacking configurations of the GaN and WSe, monolayers affect the band
structures of the heterostructure. We chose three relative stability hetrostructures as study target,
which are labled as AA, AB, and AC. AA is mainly used for compared. The three structures
including type-I and Type-II heterostructures, all of them bandgap values are larger thanl.23eV
and meet the conduction of photocatalytic water splitting. Their structural and electronic
properties can be modulated under biaxial and external electric field (Efield). The change trends of
their bandgaps are similar under biaxial strain. The interlayer van der Waals (vdW) interaction
arousing the charge transfer, which is in favor of photocatalysis process. The result show that AC
has better light absorption than AA and AB patterns. The three configurations have good light
absorption in UV and visible-light regions, are fine candidate materials for photoelectronic

applications.
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B H: Bi-Atom Active Sites Embedded in A
Two-Dimensional CovalentOrganic Framework for Efficient

Nitrogen Reduction Reaction
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An economical and environment-friendly approach for N, reduction reaction (NRR) under
mild conditions is currently urgent. The synergetic reaction centers in bi-atom catalysts (BACs)
are proposed to further boost reaction activity. On the basis of a newly-synthesized
two-dimensional (2D) binuclear Cu-salphen covalent organic framework (COF), we predict four
promising BACs for NRR with transition metal (TM) atoms (TM = Fe, Co, Mo, W and Ru)
embedded in this COF. The low limiting potentials (-0.29 ~-0.57 V) and high theoretical Faradaic
efficiency (FE) (76 ~ 100%) of these BACs can be correlated to the asymmetrical charge depletion
of metal dimers and the synergistic effect between the metal atoms and the 2D COF. The thermal
stability and realistic feasibility of MiM2-COFs were also assessed. Our work offers a group of
promising candidates of ultra-efficient COF-based NRR BACs, as well as a rational guidance for

catalyst design.
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Interactions between SR[Au(SR)]x(x = 0,1,2,3,...)Protection

Motifs and Gold Cores in Thiolate-Protected Gold Nanoclusters
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The structures of strong gold-sulfur(Au-S) covalent bond resulted thiolate-protected Au
nanoclusters have received widespread attention in the past fifteen years. However unrevealing the
structural insights into the interaction between SR[Au(SR)]x (x =0, 1, 2, 3, ...) protection motifs
and gold cores in thiolate-protected gold nanoclusters remains a great challenge. In this
communication, we identified a ring model by through the crystallized structural analyses on all
the predicted thiolate-protected and gold nanoclusters, which could be decomposed into several
[Aum(SR)a] (m =4-8, 10, 12, and 0 < n< m) rings fusing or interlocking together These [Aum(SR)x]
rings resulted aurophilic interactions play important role in stabilities of the thiolate-protected gold

nanoclusters.
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First, six new atomic structures of thiolate-protected gold nanoclusters, ie.
Auz2(SR)20, Auso(SR)26, Ausg(SR)z0, two Auss(SR)z4, and Aueo(SR)z6, are predicted.
Then, considering these six newly predicted structures and six previously predicted or
crystallized structures altogether a two-dimensional (2D) growth mode of
Augan(SR)20+20 (n = 0 - 8) nanoclusters are completely presented to compare with
their one-dimensional (1D) growth mode.

The growth of the gold cores is via sequentially fusing one tetrahedral Aus unit by
sharing one gold atom. And these six newly predicted gold nanoclusters following 2D
growth mode have very close relative energies with their isomeric structures
following 1D growth mode.

The complete presentation of the 2D growth mode of the Au2s+4(SR)20+20 (n =0 -
8) is not only beneficial for better understanding the structural growth of gold
nanoclusters, but also a theoretical guidance on the prediction of new stable structures

for experimental confirmations.
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Recently, two-dimensional (2D) magnetic van der Waals materials have drawn great attention
as they are remarkably promising in numerous vital areas, such as data storage and information
processing. Theoretically, bilayer (BL) 2H-VSe, has been predicted to be an A-type 2D
antiferromagnetic van der Waals crystal (intralayer ferromagnetism and interlayer
antiferromagnetism) and to have electrically-induced half-metallicity. Herein, by using ab initio
quantum transport simulations, we design BL 2H-VSe; spin devices and investigate the
spinresolved transport properties for the first time. The spin-filter efficiency of the dual-gated BL
2H-VSe; spin filter reaches up to 99%, and the conductance on-off ratio of this device is up to 10°.
Also, the conductance on-off ratio of the quadruple-gated BL 2H-VSe: spin field effect transistor
can reach 4 x 103 after reversing the spin direction. Our work shows the high performance of the
BL 2H-VSe: in spintronic devices and will motivate further studies of the spin devices based on

this kind of material.
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Rulr Surface for the Hydrogen Evolution Reaction: A

First-Principles Study
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Electrochemical water splitting to produce hydrogen is an effective strategy to solve the
energy shortage. Since hydrogen is easier to produce under acidic conditions, the development of
electrocatalysts with high activity and stability is particularly important in acidic electrolytes.
Based on this, we systematically studied the active sites of transition metal atoms doped Rulr(111)
surface (TM-Rulr(111), TM= Fe, Co, Ni, Cu, Zn) for hydrogen evolution reaction (HER) through
first-principles calculations. We find Zn-Rulr(111) has the best performance for HER and the
Gibbs free energy change of the adsorbed H atom (/A Gu+ )and exchange current reach -0.03 eV
and 1.68 A-cm?, which is superior than Pt(111). Crystal Orbital Hamilton Population (COHP)
analysis shows the A Gpu+ of adsorption surface with the same configuration is negatively
correlated with calculated bond energy. Further Bader charge analysis reveals the doping transition
metal changes the electronic properties of Ru atom and Ir atom near the doping site, thereby
activating the Ru adjacent to the doped site so that the best active site migrates from Ir to Ru atom.
The synergistic effect of Ru and Ir atoms promotes the HER activity on the surface. Our work help
to understand the internal mechanism regulating HER activity on the Rulr surface and guide the

design and synthesis of high-activity TM-Rulr catalysts.
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B2 5 H : Can ultra-thin Si FinFETs work well at the sub-10 nm
gate-length region?
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Fin field-effect transistors (FinFETs) dominate the present Si FETs. However,
when the gate length is scaled down to the sub-10 nm region, the experimental Si
FinFETs suffer from poor performance due to a large fin width (the minimum value is
3 nm). In this paper, the ultra-thin Si FInFET with a width of 0.8 nm is investigated
for the first time by utilizing ab initio quantum transport simulations. Remarkably,
even the gate length down to 5 nm, the on-state current, delay time, power dissipation,
and energy-delay product of the optimized perfect ultra-thin Si FinFET still meet the
high-performance applications’ requirements of the International Technology
Roadmap for Semiconductors in the next decade. The overall performance of the
simulated ultra-thin Si FinFET is even comparable with that of the typical
two-dimensional FETs. Such a good performance can be significantly degraded by the
defect. Hence, the Si FinFETs have the potential to be scaled down to the sub-10 nm

gate length as long as the width is scaled down while keeping a perfect structure.
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Metal doped black phosphorene (BP) has been proven to have many unique properties and
bright prospects in many applications, such as sensing and catalysis. However, there are few
studies on metal doped BP with two P atoms substituted by one metal atom (M-2P). In this work,
we investigated the stability of both M-1P and M-2P configurations (M=Au, Ag, Cu, Pt, Pd, Ni, Ir,
Rh and Co). Our key finding is that for Au, Ag and Pt, the M-2P configurations are more stable
than corresponding M-1P ones. Based on this, our simulation further reveals that Au-2P and Ag-2P
are promising materials for NO sensing and catalysis for hydrogen evolution reactions (HER). Our

work provides insightful guidance for the sensing and catalysis applications of metal doped BP.
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Two-dimensional MA»Z4 (M = Mo, W, V, Nb, Ta, Ti, Zr, Hf, or Cr; A=Si or Ge; Z=N, P, or
As) is a new lead in the 2D family, because it exhibits versatile properties by tuning the
components M, A and Z. However, the theoretical studies on MA>Zs4 are quite limited, and
electronic properties are mainly studied by standard DFT levels, which seriously underestimates
the band gap. Here, we systematically investigated the electronic properties and nonlinear optical
response of MAxZ4 using a hybrid HSE06 functional. It was found that replacing component Z
changes the lattice constant most, while the lattice influence by component M substitution is only
slight. We showed that the gap difference between PBE and HSEOQ6 is generally about 30% but
can be up to 101%. (MY = Hf, Ti, Zr)SizN4 possesses multi-valley characteristics. Furthermore,
the second-harmonic generation (SHG) response of various MA»Zs composites were also
calculated. Three non-zero elements of second order non-linear susceptibilities are revealed for
MA,Z4 with the relation: die=d21=d>, indicating that MA,Zs belongs to the Dsu! space group.
HfSi2N4 possesses a multi-valley characteristic, and exhibits the largest susceptibility under broad
wavelengths and the value of da1 reaches 3697.04 pm V-!' at band gap resonance energy.
Intriguingly, the non-linear coefficients of MoSi>P4 and MoSi>As; in the IR region are two orders
of magnitude larger than those of other well-known non-linear crystals, such as LiGaS; and
BaAlsS7. We further explored the anisotropic SHG response by the polar plot of intensity under
different incident light into MA2Zs. Our work provides theoretical guidelines for further
experimental explorations of MA2Z4 and paves the way for its utilizations in non-linear optic

devices.
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We propose a new approach to obtain ultra-high piezoelectric coefficients that can be
infinitely large theoretically, where ferroelectrics with strain-sensitive Curie temperature are
necessary. We show the first-principles plus Monte Carlo simulation evidence that many
hydrogen-bonded ferroelectrics (e.g. organic PhMDA) can be ideal candidates, which are also
flexible and lead-free. Owing to the specific features of hydrogen bonding, their proton hopping
barrier will drastically increase with prolonged proton transfer distance, while their
hydrogen-bonded network can be easily compressed or stretched due to softness of hydrogen
bonds. Their barriers as well as the Curie temperature can be approximately doubled upon a
tensile strain as low as 2%. Their Curie temperature can be tuned exactly to room temperature by
fixing a strain in one direction, and in another direction, an unprecedented ultra-high piezoelectric
coefficient of 2058 pC/N can be obtained. This value is even underestimated and can be greatly
enhanced when applying a smaller strain. Aside from sensors, they can also be utilized for
converting either mechanical or thermal energies into electrical energies due to high pyroelectric

coefficients.
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Carbon materials such as graphene are of potential use in the development of electronic
devices because of properties such as high mechanical strength and electrical and thermal
conductivity. However, technical challenges, including difficulties in generating and modulating
bandgaps, have limited the application of such materials. Here, we show that the bandgaps of
bilayers of two-dimensional C3N can be engineered by controlling the stacking order or applying
an electric field. AA' stacked C3N bilayers are found to have a smaller bandgap (0.30 eV) than AB'
stacked bilayers (0.89 eV), and both bandgaps are lower than that of monolayer C3N (1.23 eV).
The larger bandgap reduction observed in AA’ stacked bilayers, compared with AB’ stacked
bilayers, is attributed to the greater pz -orbitals overlap. By applying an electric field of ~1.4 V
nm-1, a bandgap modulation of around 0.6 eV can be achieved in the AB’ structure. We also show
that the C3N bilayers can offer controllable on/off ratios, high carrier mobilities and photoelectric

detection capabilities.
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Ionic crystals composed of elemental ions such as NaCl are non-polar due to directionless
ionic bonding interactions. Here, we show that these can develop polarity by changing their
building blocks from elemental ions to superalkali and superhalogen cluster-ions, which mimic the
chemistry of alkali and halogen atoms, respectively. Due to the non-spherical geometries of these
cluster ions, corresponding supersalts form anisotropic polar structures with ionic bonding, yet
covalent-like directionality, akin to sp’® hybridized systems. Using density functional theory and
extensive structure searches, we predict a series of stable ferroelectric/ferroelastic supersalts,
PnHsMX4 (Pn = N, P; M= B, Al, Fe; X= Cl, Br) composed of superalkali PnH4 and superhalogen
MXj4 ions. Unlike traditional ferroelectric/ferroelastic materials, the cluster-ion based supersalts
possess ultra-low switching barrier and an endure large ion displacements and reversible strain. In
particular, PH4FeBrs exhibits riferroic coupling of ferroelectricity, ferroelasticity, and
antiferromagnetism with controllable pin directions via either ferroelastic or 90-degree

ferroelectric switching.
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As a new class of single-molecule magnets, two-coordinate complexes of open-shell
transition metals are comparatively rare and have attracted interest due to their high degree of
coordinative unsaturation. However, the dynamic distortion associated with the low coordination
number of the metal center hinders the applications of high-density information storage, quantum
computing and spintronics. Here, we propose a series of stable 2D metal organic frameworks
(MOFs) constructed by ideal (1, 3, 5)-benzenetricarbonitrile (TCB) molecules and 5d transition
metals (Hf, Ta, W, Re, Os, and Ir) with highly symmetrical ligand field and rigid - conjugated
framework. Among them, TCB-Re exhibits intrinsic ferromagnetic ordering with considerably
large magnetic anisotropic energy (MAE) of 19 meV/atom and high Curie temperature (TC) of
613 K. Under biaxial strain, diverse magnetic states (such as ferromagnetic, paramagnetic, and
antiferromagnetic state) can be achieved in TCB-Re by the complicated competition between the
in-plane d-px/y-d and out-of-plane d-pz-d superexchange interactions. At a small compressive
strain of 0.5%, the MAE for perpendicular magnetization increases substantially to 120 meV/atom,
meanwhile the magnetization and TC above room temperature are well retained. Our results not
only extend two-coordinate transition metal complexes to continuous 2D organic magnets, but
also demonstrate an effective method of strain engineering for manipulating the spin state and

MAE.
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Two-dimensional (2D) ferromagnets with high Curie temperature (TC) are highly desirable
due to their potential applications in spintronic devices. However, they are rarely obtained in
experiments mainly due to the challenge of synthesizing high-quality 2D crystals, and their TC
values are below the room temperature. By first-principles calculations, herein we design a family
of stable 2D Fe,GeTe; (4<n<7) ultrathin films that are similar to the reported Fe;GeTez, which
exhibit coexistence of itinerant and localized magnetism. The coexistence of itinerant and
localized magnetism could distinguished by their al and el/e2 electrons. Among them, 2D
Fe;GeTe; and FesGeTe, are ferromagnetic metals with TC of 138 K and 68 K, respectively; 2D
FesGeTe,, FesGeTe, and Fe;GeTe; ultrathin films are Néel’s P-types, R-type, R-type ferrimagnetic
metals with TC of 320 K, 450 K and 570 K, respectively. The thickness induced magnetic phase
transition is mainly originated from the competition between itinerant and localized states, which
correlate well with the content of Fe** and Fe?* ions. We further propose a mechanism that
combined localized magnetic exchange in al spins and itinerant electrons coupling in el/e2 states
to clarify such interesting thickness effect. Our results not only propose a universal mechanism to
understand the magnetic coupling in Fe.GeTe, systems with the coexistence of localized and
itinerant magnetism, but also endow 2D ultrathin films as promising candidates for spintronics at

room temperature.
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Lithium metal anodes are one of the most promising anodes in ‘“next-generation”
rechargeable batteries. However, continuous dendrite growth and interface instability of the anode
have prevented practical applications. Constructing an artifcial solid electrolyte interphase (SEI) is
an effective way to solve these issues. Herein, an artificial organic/inorganic SEI layer (denoted as
N-organic/Li3N) is designed, consisting of Li2CN> and LisN phases, to achieve stable cycling of Li
metal electrodes. Density functional theory (DFT) results reveal that the N-organic/LisN layer
with a high Li ionic conductivity can effectively facilitate the transport of Li ions across the
electrode surface and lead to uniform Li ionic flux on Li electrodes via strong interactions
between Li ions and N-organic groups, resulting in dendrite-free Li stripping/plating. The
N-organic/LisN-coated Li (denoted as N-organic/LisN@Li) anode delivers stable long-term
cycling performance over 1100 h with a fixed areal capacity of 2 mAh cm-2 under 1 mA cm?2. A
full battery assembled with a LiNigsC002Mno202 (NCM622) cathode displays better long-term
cycle performance when the N-organic/LiN@Li composite anode is applied. The advantages of
the organic/inorganic artifcial SEI provide important insights into the design principles of SEI for

lithium metal anodes.
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e . PhER Bilgg
FHERH KZ 770194575@qq.com
HE.

Achieving multiferroic two-dimensional (2D) materials with electric field control of
magnetism is highly pursuit in nanospintronics but rare, as the mutual exclusive origins of
magnetism and ferroelectricity. Based on first-principles calculations, a multiferroic metal
monohalide FeCl monolayer is identified with Fe atoms patterned in a rectangular lattice. The
strong direct exchange coupling renders a high Curie temperature of 1130 K and large MAE of
1.95 meV per Fe atom, remarkably higher than those of Crlz monolayer. Particularly, the parallel
alignment of spin order and electric polarization vector render the tunable magnetic anisotropy via
ferroelectricity, leading to intrinsic magnetoelectric coupling. Based on the results of phonon
spectrum and Born-Oppenheimer molecular dynamic simulation, the stability of FeCl monolayer
is confirmed. Our results should shed light on a new branch of 2D materials in the pursuit of

magnetoelectric multiferroic for applications in nanospintronics.
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N-heterocycle carbene (NHCs), a class of organic compounds of enormous practical
significance, possesses high reactivity originated from the incomplete electron octet and
coordinative unsaturation and is easy to dimerize to olefins. Therefore, tremendous efforts have
always been devoted to find effective means to stabilize NHC. In this work, considering that
aromaticity can improve the stability of NHC, we propose for the first time that low-dimensional
carbon materials could act as ideal platforms to stabilize NHC. By constructing five-membered
ring NHCs in the structures of zero-dimensional (0D) fullerene, one-dimensional (1D) carbon
nanotube and two-dimensional (2D) graphene, a series of low-dimensional NHC carbon nitrides
are obtained. First-principles calculations show that these NHC carbon nitrides are both thermally
and dynamically stable, and they exhibit various electronic properties ranging from metallic to
semiconducting, with some of them possessing Dirac cones in their band structures. Furthermore,
the characteristics of NHC are well preserved. After adsorbing Fe atoms, one 2D NHC carbon
nitride exhibits excellent performance of catalyzing the reduction of nitrogen. Thus, we expect that
our findings will trigger a new wave of researches and applications of both NHC and

low-dimensional carbon materials.
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A grand challenge for proton exchange membrane electrolyzers is the rational design of
oxygen evolution reaction electrocatalysts to balance activity and stability. Here, we report a
support-stabilized catalyst, the activated ~200 nm-depth IrW nanochannel that achieves the
current density of 2 A cm™? at an overpotential of only ~497 mV and maintains ultrastable gas
evolution at 100 mA c¢cm™2 at least 800 h with a negligible degradation rate of ~4 pV h™!. Structure
analyses combined with theoretical calculations indicate that the IrW support alters the charge
distribution of surface (IrO2). clusters and effectively confines the cluster size within 4 (n<4).
Such support-stabilizing effect prevents the surface Ir from agglomeration and retains a thin layer
of electrocatalytically active IrO> clusters on surface, realizing a win-win strategy for ultrahigh
OER activity and stability. This work would open up an opportunity for engineering suitable

catalysts for robust proton exchange membrane-based electrolyzers.

216



B+ =R ERB = EH IR R H AT & Po4s

¥+ H: Expanded Porphyrin Nanosheet for Metal-free

Photocatalytic Water Splitting Using Visible Light

e . ZEFHH
ERIFEKE: xlli@njnu.edu.cn
THE:

Photocatalytic water splitting to generate hydrogen gas is an ideal solution for environmental
pollution and unsustainable energy issues. In the past few decades, many efforts have been made
to increase the efficiency of hydrogen production. One of the most important ways is to achieve
light absorption in the visible range to improve the conversion efficiency of solar energy into
chemical energy, but it still presents great challenges. We here predicted a novel organic film,
which can be obtained by polymerizing HTAP molecules, as an ideal material for photocatalytic
water splitting. Basing on first-principles calculations and Born-Oppenheimer quantum molecular
dynamic simulations, the metal-free two-dimensional nanomaterial has proven to be structurally
stable, with a direct band gap of 2.12 eV, which satisfies the requirement of light absorption in the
visible range. More importantly, the conduction bands and valence bands completely engulf the
redox potentials of water, making the such film a promising photocatalyst for water splitting. This
construction method through the topological periodicity of organic molecules provides a design

scheme for the photocatalyst for water splitting.
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Fig. 1 The photoactivation mechanism of Cu/TiO; single atom catalyst. In the initial state, Cu/TiOz is inactive
because of the detrimental shallow trap in the spin-down channel; after light irradiation, electron transfer and
protonation, the shallow trap is eliminated and the local distortion around the Cu atom stabilizes the deep trap state
on the Cu atom, giving rise to high HER activity. We also propose that the water splitting performance can be

enhanced by spin selection.
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Quadrupole phase, as a novel high-order topological phase, exhibits nontrivial gapless states
at the boundary whose dimension is lower than bulk by two. However, this phase has not been
observed in two-dimensional (2D) materials up to now. In this work, based on first-principles
calculations and tight-binding (TB) method, we propose that the experimentally synthesized CoN
is a 2D quadrupole topological insulator with one dimensional gapped edge states and zero
dimensional gapless corner states. CoN is found to have a large bulk gap of 2.45 eV and an edge
gap of 0.32 eV, making it an excellent candidate to evidently present the nontrivial corner states in
experiments. The robustness of the corner states against the edge disorders has been explicitly
identified. Moreover, another three C:N-like materials are also found to host the nontrivial
quadrupole phase, which include an experimentally synthesized material aza-fused microporous
polymers (CMP). Our results provide four material candidates to study the 2D quadrupole

topological phase in future experiments.
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KR H : The effect of axial O atom on the catalytic mechanism
of NilNy single-atom catalysts in CO2RR: An ab initio molecular
dynamics study
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Electrochemical CO> reduction reaction (CO2RR) is a very important approach to realize
sustainable development. Single-atom catalysts have the advantages of both homogeneous and
heterogeneous catalysts, and considerable progress has been made in optimizing the performance
of catalysts by controlling the local coordination environment, especially through out-of-plane
methods. In this paper, we used an explicit solvent model combined with the “slow-growth”
method and thermodynamic integration to investigate the influence of axial oxygen atom on the
graphene-supported NiN4 moiety catalysts within CO2RR. We found that the axial oxygen can
promote the activation step of CO: significantly. Our results will provide a new perspective for

CO2RR catalyzed by single-atom catalysts in the realistic electrochemical environment.
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KH@E: Crown ethers in hydrogenated graphene
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Crown ethers could serve as hosts to selectively incorporate various guest atoms or molecules
within the macrocycles. However, the high flexibility of crown ether molecules limits their
applications in areas requiring higher binding strength and selectivity. As an important graphene
derivate, graphane, which is composed of entirely sp? hybridized carbon atoms and possesses the
characteristic of non-wrinkle in contrast to graphene, provides an ideal two-dimensional platform
to rigidify crown ether molecules. In this work, using first principles calculations, we demonstrate
that the embedment of various crown ethers with different cavity sizes in the graphane lattice are
thermodynamically and kinetically stable. Compared with the corresponding crown ether
molecules and crown ether embedded graphenes, the binding affinity and selectivity for alkali
metal cations are greatly improved, which may provide a good means in the field of alkali metal
cations separation. Therefore, considering the easy synthesis and tunable crystal structures of
graphane, we expect that our findings will trigger a new wave of researches and applications of

both crown ethers and graphane.
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KR H : Electronic and photocatalytic performance of boron

phosphide-blue phosphorene vdW heterostructures
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Hydrogen generation via photocatalytic water splitting is considered as a source of clean
energy and an alternative approach to deal with the energy crises and environmental problems. By
using first-principles computations, we determine that boron phosphide-blue phosphorene
heterostructure is a potential candidates for overall water splitting at low pH values (0~3). It is a
semiconductor with a direct band gap of 1.47 eV and possesses type-II band alignment. More
importantly, this heterostructure contents the water reduction and oxidation levels for water
splitting, with enhanced optical properties in infrared, visible and ultraviolet zones. Particularly,
tensile strain can enhance the optical absorption in the visible range and increase the solar energy
conversion efficiency. Our study widens the application of boron phosphide-blue phosphorene

vdW heterostructures, and could help design more heterostructured photocatalysts.
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B4R H : Magnetic field modulated photoelectric devices in
ferromagnetic semiconductor CrXh (X = S/Se, h = CI/Br/I) van

der Waals heterojunctions
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The interactive control between electron charge and spin is essential to spintronics.
Two-dimensional (2D) ferromagnetic semiconductors (FMSs) is a kind of unique candidate
materials that could lead to flexible magnetoelectric and magneto-optic applications. In this letter,
we construct a series of van der Waals heterostructures by 2D magnetic CrXh (X = S/Se, h =
CI/Br/lI) monolayers. Based on first-principles calculations, both monolayers and heterostructures
have been demonstrated as intrinsic FMS with large magnetic moments, suitable bandgaps, good
carrier mobility and high Curie temperatures. Taking advantage of the heterojunction effect, one
can precisely control the charge transport behavior by forming three types of band alignments.
Under external alternating magnetic field, CrSeBr/CrSeCl and CrSBr/CrSI heterostructures can
reversibly reconfigure between type-II and type-I band alignments upon switching of the spin
direction. Combining the robust magnetic ordering and distinctive spin-polarized band alignment,
our designed CrXh based magnetic heterostructures are ideal candidates for innovative
magnetic-field-modulated photoelectric devices for realizing ultrarapid and reversible “write-read”

processes.
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Lately, a novel two-dimensional (2D) MoSixN4 has been successfully synthesized and is
featured by high carrier mobility, moderate bandgap, and outstanding ambient stability (Science
369, 670, 2020). Through ab initio quantum transport simulation, we investigated the performance
limits of the monolayer (ML) MoSi;N4 metal-oxide-semiconductor field-effect transistors
(MOSFET). We find that the optimized »n and p-type ML MoSi:N4 transistors can well satisfy the
key criteria of the International Technology Roadmap for Semiconductors (ITRS) for the high
performance (HP) application at the 3-nm gate length, while the p-type devices can also fulfill the
requirement of low power (LP) application at the 5-nm gate length. By taking advantage of the
negative capacitance (NC) effect, both the n- and p-type MOSFETs can achieve the ITRS LP goal
when the gate length is decreased to 3 nm. The ML MoSi>:N4s MOSFETs generally outperform their
MoS: counterparts. Hence, MoSi2Ny is a potential alternative to MoS» material to expand Moore’s

law beyond the sub-5 nm scale.
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As a potential photocatalytic material, f-Fe;O3 is rarely studied for its potential internal
properties. This study explored the electronic structure and effective mass of pure bulk S-Fe2Os3
through density functional theory, and tried to improve its photocatalytic performance by doping
Zr, Sn, Ti in B-Fe20s, which design it to be more efficient photocatalytic materials. The results are
calculated by the GGA+U method showed that, its regular octahedral distortion makes the
photo-excited electron-hole pairs easier to separate after doping Zr, Sn, Ti in S-Fe2Os, thereby
improving the photocatalytic performance of f-Fe:0Os, and increase the probability of electronic
transition. At the same time, the close-packed crystal orientation [1 1 1] of pure bulk S-Fe>Os has
the smallest absolute value of effective mass; after f-Fe,Os3 is doped with Zr, Sn, Ti, the absolute
value of the effective mass of the close-packed crystal orientation [1 1 1] of f-Fe2Os is effectively
reduced which improves the carrier mobility of the close-packed crystal orientation [1 1 1] of
[-Fe20s, and it is an effective method for designing high-efficiency photocatalytic material

p-Fex0s.
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In this work, we have systematically studied the stability, electronic structure and magnetic
properties of the pristine, four defect states case of blue phosphorene and the six heteroatoms
doping in blue phosphorene by first-principles calculations. In our findings, both defects and
heteroatoms doping can regulate the band gap of blue phosphorene and the transition from indirect
to direct band gap can be dramatically tuned by DV1BP, DV2BP and Al, Si atoms substitutional
doping in blue phosphorene. The presence of defects and heteroatoms doping effectively
modulates the electronic properties of blue phosphorene, rendering the defect-containing
phosphorene semiconducting with a tunable band gap. Spin—orbit coupling can be induced by
introducing SV-, DV- defects in blue phosphorene. The results provide theoretical guidance for
future bandgap regulation and magnetism, defective and substitutional doping blue phosphorene

may have potential electro-optical and electromagnetic applications.
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Exploring two-dimensional (2D) ferromagnetic materials with intrinsic Dirac half-metallicity
is crucial for the development of next-generation spintronic devices. Based on first-principles
calculations, here we propose a simple valence electron-counting rule to design such materials and
endow them with good stability and desirable magnetic properties. Taking honeycomb borophene
as a prototype, we demonstrate that embedding open-shell transition metal (like Cr) atoms in the
hexagonal ring of boron atoms can provide two valence electrons to fully occupy the in-plane o
and out-of-plane  bands of B atoms. The remaining four valence electrons reside in d orbitals that
split under Ce, symmetry, yielding a magnetic moment of ~2 mg per Cr atom. The resulting CrB;
monolayer exhibits a Dirac half-metal band structure, a high Curie temperature of 175 K, and a
large out-of-plane magnetic anisotropy energy of 4 meV/Cr simultaneously. Our work establishes
a feasible route for the experimental realization of ferromagnetic Dirac half-metallicity in 2D

materials and provides new opportunity to realize high-speed devices with low consumption.
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With the rapid development of two-dimensional (2D) materials, 2D planar hypercoordination
materials with unusual chemical bonding have attracted extensive attention. Exploring the 2D
magnetic hypercoordination materials with room temperature ferromagnetism and large magnetic
anisotropy is the key to develop high-performance spintronic devices. Here, based on
first-principles calculations, we predict a stable FeSi» metallic monolayer with a planar
hexacoordinate Fe atom. FeSi> monolayer has anisotropic mechanical properties,
room-temperature ferromagnetism and excellent thermal and kinetic stability which mainly
contributed by abundant multicenter bonds. Moreover, we have predicted the synthesis possibility
of the FeSi> monolayer by direct growth on Si (110) substrate. Further studies have shown that the
FeSi> monolayer synthesized in this way can not only maintain its electronic and magnetic
properties, but also be compatible with silicon semiconductor technology, so it can be better

applied in spintronic devices.
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Monolayer VSe;
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The magnetic moments of reported monolayer (ML) 1T-VSe> on experimental measurement
and theoretical prediction are quite different. Herein, based on density function theory (DFT), we
investigate the effect of vacancy defects on magnetism in the VSe; monolayer. Totally 45 kinds of
vacancies are considered, including single vacancy (S), double vacancies (D) and multi-vacancies.
We find the formation energy of the structure with Se vacancy is quite lower than that with V
vacancy, consistent with the experimental reports that Se vacancy is easy to form during the
preparation process. Moreover, single vacancy and most double vacancies decrease the magnetic
moment of per atom by 0.08-0.49up, while most of multi-vacancies, including triple (T) and
quadruple (Q) vacancies enhance the magnetism by 0.04-0.40us. We conclude that ferromagnetic
is the basic state of ML VSe; and vacancy defect is one reason of the discrepant magnetism
between theory and experiment, providing a sort of possibility to explain the controversy, which

has guiding significance for the preparation of ML VSe; in experiment.
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KR H: Pykp: A toolkit to construct the k-p model at a high

symmetry point
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The kp model (kp) is a semi-empirical method to analyze the electronic structure around the
high symmetry points of materials. However, a universal software package to build it is not
available. Here, we develop a Python toolkit Pykp to obtain the kp Hamiltonians for any point
group. The irreducible representations of all 32 point groups are included in our code. As a result,
the only required input information is the label of corresponding irreducible representations. In
addition, Pykp can fit the parameters of the Hamiltonian matrix by genetic algorithm. Our paper
shows the applications of Pykp in constructing the kp model in three-dimensional topological
insulator BixSes, Dirac semimetal NasBi and graphene, and two-dimensional semiconductor MoS»
monolayer. We anticipate that the Pykp will be an effective tool to analyze the characteristics of

electronic, phononic or photonic bands.
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Experimental synthesis of nitrogen-doped carbon materials has a low nitrogen concentration
and different types of nitrogen defects, which makes the improvement of the material mobility
limited. In order to further prepare 2D nitrogen-doped carbon materials with high mobility, it is
necessary to understand the theoretical mechanism of nitrogen concentration promotion in
nitrogen-doped carbon materials. Therefore, this topic explores mechanism of nitrogen doping
concentration promotion on Nitrogen-Doped carbon materials. Firstly, six different types of
nitrogen-doped carbon materials structures were constructed under the condition of low
concentration, and the relationship between their formation energy and nitrogen-doped
concentration was calculated. It is found that at low concentration, the co-doped graphitic-N and
pyridine-N triangular hole structure are more stable than other structures. Then, the contribution of
nitrogen doping types to the formation energy of small triangular pores was quantitatively studied
in a larger concentration range including high concentration. Finally, we obtain a
concentration-dependent energy calculation formula for the co-doping of small triangular holes: E
=Yn*E;, [ =0, ..., 8, 1 represents element type. This is helpful to provide theoretical guidance for

the synthesis of high concentration Nitrogen-Doped carbon materials.
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In order to explore BSe-based electrocatalysts, it is an effective step to use doping to break its
surface inertness to regulate surface activity. Therefore, the design of efficient, stable and
inexpensive metal-free electrocatalysts for the hydrogen evolution reaction (HER) could have an
important impact on renewable energy technologies. Here we employ low-cost non-metal atoms
systematically doped on the BSe monolayer to address the configuration, electronic structure and
electrocatalytic properties by means of density functional theory (DFT) calculations. Our work
provides insight into the important role of NM atoms in HER catalytic reactions and can provides

evidence for the design of new NM atoms electrocatalyst with superior catalytic activity.
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Halide solid-state electrolytes (SSEs) with high ionic conductivity, wider electrochemical
window and better compatibility with electrodes have achieved great progress and attracted more
interests in their use in all-solid-state lithium batteries (ASSLBs). LizInCls is one of the reported
halide solid electrolytes with higher ionic conductivity. Isovalent substitution is an effective way
to find potential candidates. In this work, we use the Alloy-Theoretic Automated Toolkit (ATAT)
to identify phases of the lowest total energy at each composition. We found the lowest energy
phases with Sc3* partially occupying In3* sites. The ionic conductivities of LizInixScxCls at 300 K
to 900 K are calculated from AIMD simulations. To analysis the lattice structure and the diffusion
trajectories of Li* ions, we could conclude the reason for the change in ion conductivity after
substitution. The results help us understand the transport mechanism of Li* ions and give us ideas

for designing new halide SSEs.
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4. 1 Time-dependent energy change of electron and hole carriers in Mo-BiOCl and Mo-BiOCI/BiOBr during

relaxation and recombination from NAMD simulations, and photocatalytic nitrogen fixation mechanism
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It is of paramount importance to explore novel two-dimensional (2D) materials with unique
structuxral and physical properties that arepromising to be applied in specific field, In this work,
we studied 11 monolayers with novel square lattie, includling S-SeN,, S-TeN,, S-SP,, S-SeP»,
S-TeP2, S-SAs», S-SeAs), S-TeAss, S-SSby, S-SeSby,, and S-TeSb,, via first-principles calcilations
and eventally only the S-SeN; is stable. The S-SeN> monolayer, where each Se atoms is
tetracoordlinated with four N atoms, and each N atoms bridges two atoms, thus forming a
tri-suiblayer structure with square lattie, was verified asal stable 2D crystal, since it has high
cohesive energy, all positive modes in phonon spectrum, and structural survived throungh
themolecular cynamics simulation up to 500 K. It is an indirect-bandgap semiccnductor with high
hole mobility, and the direct-bandgap feature can be ensily obtained undler external uniaxial

compressions or biaxial tensions, which can be applied in electrorics, photoelectronics, etc.
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Based on the density functional theory (DFT) computations, we constructed 68
two-dimensional (2D) disulfide monolayers with square lattice and examined their
thermodynamical, dynamical, mechanical and thermal stabilities. We found ten stable structures,
denoted as S-XS» (X = Si, Ge, Sn, Ti, V, Mn, Zr, Mo, Re and Os) monolayers. All the ten stable
monolayers have low in-plane Young’s modula (28.55~96.37 Nm™!), among which three §-XS; (X
= Si, Ge and Sn) monolayers possess negative Poisson ratios (NPRs). The S-MoS,, S-ReS, and
S$-0sS; monolayers are nonmagnetic and metallic, the S-MnS: monolayer is antiferromagnetic and
metallic, the S-SiS,, S-GeSz, S-SnS,, S-ZrS»,, and S-TiS; are nonmagnetic and semiconducting
(bandgaps in the range of 2.15~2.79 eV), and the S-VS; is a ferromagnetic semiconductor with a
direct (indirect) bandgap of 1.24 (2.67) eV in spin-up (spin-down) channel. Among these
semiconductors, the carrier mobilities are ranging from 1.74 to 17068.47 cm?V~!s™!, of which the
S-ZrS3, S-TiS2 and S-VS: monolayers have heavy and light holes, the hole mobility can be
modulated by applying uniaxial strain. As for photocatalytic performance, two S-XS, (X = Si and
Ge) structures can be promising candidates for photocatalyzing water splitting. In addition, among
the metallic monolayers, two S-XS, (X = Re, Os) monolayers can boost hydrogen evolution
reaction (HER) at specific H coverage condition. Our work not only adds new members to the
family of 2D materials, but also provides theoretical guidance for further explorations for both

experimental and theoretical communities.
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During the last few years, double-atom catalysts (DACs) embedded in graphene have been
extensively studied in oxygen reduction reactions (ORR). In our study, ten DACs catalysts
CoM-N-C(OH) (M = Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn) were selected and their ORR catalytic
activity was found to be different when magnetic variation was considered and not considered by
density functional theory (DFT) calculations. We found that the three catalysts CoNi-N-C(OH),
CoCu-N-C(OH) and CoZn-N-C(OH) exhibited good ORR catalytic performance when magnetic
variations were considered, with their limiting potentials of 0.90 V, 0.89 V and 1.00 V, respectively.
We also proposed the theoretical hypothesis that magnetic changes can promote ORR reaction
efficiency, and verified our theory by analyzing the electronic structure of the catalyst when
magnetic coupling are considered and not considered. And we found that the d-band center and
new descriptor P are good descriptor for the catalytic activity of the ORR. We hope that our
proposed magnetic variation can enhance the ORR catalytic activity theory will be useful for
future development of new ORR catalysts or improvement of the efficiency of existing ORR

catalysts.
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Although extensive developments have been made in limited-reactions of industrial processes
on the single-atom catalyst (SAC), the nature of the dynamic sites, the source of the superb
catalytic execution, and the reaction mechanisms are still the topic of discussion. Here, by means
of first principles calculations, we propose a new strategy using a transition metal single-atoms
catalyst anchored on a polyoxometalate (POM) cluster as a heterogeneous catalyst for the water
splitting (HER/OER) and oxygen reduction reaction (ORR). It has been found that the catalytic
activity of SACs is determined by the fourfold hollow (4H) site on the POM cluster. Owing to
their higher stability and outstanding electronic conductivity, fast electron transfer kinetics is
permissible during catalysis. Specifically, Pti/PMA, Rui/PMA, Vi/PMA, and Tii/PMA possess
decent catalytic performance towards HER owing to nearly ideal (AGu+ = 0) AGux values through
the Volmer-Heyrovsky mechanism. The Coi/PMA (0.45 V) and Pti//PMA (0.49 V) can be active
catalysts for OER with their overpotentials comparable to MoC,, IrO2, and RuO,. Among the
considered candidates, Fei/PMA SAC is a promising electrocatalyst for ORR with an
overpotential of 0.42 V, which is lower than the most favorable Pt (0.45 V) catalyst. Furthermore,
Pti-PMA is a promising multifunctional electrocatalyst for overall water splitting (-0.02 V for
HER and 0.49 V for OER) and metal-air battery (0.79 V for ORR) catalyst. The present study is
further extended to calculate the kinetic potential energy barrier for the excellent catalytic
performance of Co; for OER and Fe; for ORR. These results provide the innovative valuable
guidance to produce HER, OER and ORR by single atom electrocatalyst under ambient

temperature with high reactivity and low cost.
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In recent years, two dimensional transition metal dichalcogenides have attracted some
attention in many fields due to their unique properties and their potential applications in
(opto-)electronics Many of their physical processes are related to emerging applications such as
the dynamics of carriers and excitons, the attenuation of valley polarization, and the relaxation of
spins, all of which depend critically on phonons For example, the direct band gap of two
dimensional transition metal dichalcogenides has high performance in optoelectronic applications,
such as the reported ultra high on/off ratio of MoS; transistors at room temperature It is based on
this view that people very much hope to obtain relevant research on the phonon dispersion
relationship of two dimensional transition metal dichalcogenides.

In this paper, we use the Slater Koster parametrization to construct a tight binding models to
describe the phonon of MoX> Based on this model, we found that the approximate shape of the
phonon band can be fitted by only considering the fourth nearest force constants By fitting the first
principle phonon dispersion, we find that the model can describe all the symmetries and
semimetallic states of MoX> well with the appropriate force constant coefficient Then we use
tensor representation theory to explain the irreducible representations at high symmetry points T,
M and K According to the irreducible compatibility relationship between the high symmetry point
and the high symmetry line, we find that the semimetal state of MoXo is protected by horizontal or
vertical mirror symmetry In view of the fact that many interesting physical properties are related
to phonons, two dimensional transition metal dichalcogenides will be ideal examples to illustrate
the basic physical phenomena related to topological phonons besides graphene, which may
include heat conduction, resistance and phonon waveguides, as well as the electron phonon

coupling effect of superconductivity.
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In recent years, research progresses on photoluminescence of perovskite have come a long
way since the improvement of experimental conditions and development of high-throughput
computing methods. The perovskite with excellent photoluminescence properties has potential
applications in display and lighting. Although the luminescence of some perovskites are weak or
even absent, doping and substitution are important means to improve their luminescence. For
example, the phenomenon of non-luminescence has been observed in pure Cs2SnClg, but the Sb-,
Bi-, and Te-doped Cs>SnCls can exhibit broadband orange-red (602 nm), blue (455 nm), and
yellow-green (580 nm) luminescence with the photoluminescence quantum yield of 37% (0.59%
Sb), 78.9% (2.75% Bi), and 95.4% (11% Te), respectively. In addition, materials such as Cs;HfCls
and Cs2ZrCls have also received attention as promising materials. Unfortunately, the origin of
luminescence is still controversial, and more researches are required to find more materials with
good luminescence.

Herein we performed 25% single substitution of X atom with Y atom based on these wide
band-gap semiconductors in chemical formulae of CsxXCls (X=Sn, Ti, Zr, Hf), and explored the
effects of the introduced ingap bands (IGBs) on transitions and luminescence using the
first-principles calculations and transition dipole moment (TDM) associated with inversion
symmetry-induced parity-forbidden transitions. We find that single or even multiple sets of IGBs
(SIGBs) are introduced into the energy bands, and the two SIGBs with opposite parities play an
important role in the electronic transitions and optical absorptions, which indicates that its good
luminescence should be present if there is no accident. In addition, these IGBs introduced by Y
atom are the main targets affected by spin-orbit coupling (SOC), and the larger splitting may
further reduce the bandgap and increase the pathways of electronic transitions. Moreover, the SOC

may not change the conclusion on the nature of parity.
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Noble-metal-free electrocatalysts for highly-efficient hydrogen evolution reaction (HER),
oxygen evolution reaction (OER) and oxygen reduction reaction (ORR) are highly demanded in
energy conversion and storage techniques. Single-atomic catalytic (SAC) technique emerged as a
promising strategy to reach this goal but is currently facing obstacles such as migration and
aggregation of active atoms and low metal loading. We demonstrated from first-principles that the
two-dimensional (2D) covalent organic frameworks (COFs) of phthalocyanines and pyrazine
linkages can firmly anchor transition metal (TM) atoms. The resulted TM-embedded COFs
(TM-COFs) exhibit multifunctional electrocatalytic activity for HER, OER and ORR, which can
be attributed to the synergistic effect of the anchored TM atoms and COFs. Specifically, Mn- and
Cr-COFs are predicted to have extremely low overpotentials of -0.014/0.44/0.31 and
-0.239/0.35/0.29 V for HER/OER/ORR, which are comparable or even superior to those of the
well-developed noble catalysts. We also proposed the electron transfer A6 from TM atom to the
framework and p band center ¢, of carbon atoms as descriptors for the adsorption strength of
intermediates on the TM-COF monolayers. In view of the recent experimental progresses on the
synthesis of the TM-COFs, these computational results offer not only economical alternatives of

noble catalysts but also a promising strategy for the design of multifunctional electrocatalysts.
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The electronic structure and photocatalytic properties of Ca(OH)./GeC van der Waals
heterostructure (vdWH) have been investigated through first principles calculation based on
density functional theory. The calculation results show that among GeC monolayer, Ca(OH)2
monolayer and Ca(OH)»/GeC vdWH, the Ca(OH)2/GeC vdWH has the smallest band gap. The
charge is transferred from the Ca(OH). layer to the GeC layer when the heterojunction is
synthesized. And the vdWH improves the absorption in the visible light range (1.6 eV<E<3.1 eV)
compared with that of GeC. The VBM potential of Ca(OH)./GeC is higher than that of the GeC
monolayer, so the oxidation ability of holes of Ca(OH)2/GeC vdWH is stronger than that of GeC
monolayer. And the Ca(OH)./GeC vdWH also satisfies the requirement for photocatalytic overall
water splitting. These characteristics of the Ca(OH)2/GeC show great application potential in the

field of optoelectronic devices and photocatalysis.
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I 1. (a) The side and top views of three stacking patterns of the Ca(OH)2/GeC vdWHs. Green, red,
pink, brown, black balls represent Ca, O, H, Ge and C atoms, respectively. (b) Band alignment of the

GeC monolayer, Ca(OH); monolayer, and Ca(OH),/GeC vdWH.
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Topological semimetal states in solid systems provide excellent platforms to study the
fermions beyond the elementary particles in high energy physics. Among them, nodal rings have
attracted much attention because they can form many fascinating topological configurations, such
as nodal chains, nodal links, nodal knots. A nodal chain is composed of a series of tangent nodal
rings and have been proposed in low-energy electronic states of several materials. However, the
nodal chains of electrons are generally fragile to the spin-orbit coupling (SOC), for example, the
nodal chain in HfC will be transformed into Weyl semimetal after considering SOC. Therefore,
nodal chains were only observed in the electronic states of TiB> with negligible SOC and photonic
crystal or phononic crystal. So far, nodal chains haven’t been reported in the phonon system of
atomic crystals yet.

In this paper, we first predict the existence of nearly ideal phonon nodal chain in the cubic
K>0 material class. It is worth to emphasize that most of these materials have been synthesized in
experiments, which means that these materials are excellent candidates to study nontrivial phonon
nodal chains. Our calculation result shows that, the nodal chain exhibits very small frequency
dispersion in reciprocal space. Different from all previous cases, the connection points of the
nodal chain in K>O are located at the high symmetry points W and the positions are limited by the
symmetries. The nodal rings that forming the nodal chain are symmetrically equivalent and
protected by the mirror symmetries. A general discussion about all symmorphic space groups
reveals that, if no more than two inequivalent mirrors exist, Fm-3m (No. 225) is a unique space
group for the appearance of the nodal chain connected at the high symmetry points. Our studies
demonstrate that K,O materials class is a wonderful implementable platform to study the

nontrivial topological nodal chains in phonon systems.
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Two-dimensional carbon-nitrogen materials have attracted great interest owing to their
excellent performance and potential applications. However, most of these materials exhibit
metallic and semiconductor properties. Based on the first-principles calculations and the RG2
search method, we proposed a novel two-dimensional carbon-nitrogen semimetal CsNa, with
Dirac cones are rightly located at the Fermi level. The Dirac point of the system is mainly
contributed by the pz orbitals of C and N atoms. According to band representation theory the
topological properties of the system is protected by mirror symmetry. And we find that based on
HSEO06 hybrid functional calculation, when the strain reached 6 %, the Dirac point of the system
still existed, indicating that the Dirac point robust against external strain. Moreover, the results of
phonon dispersions, ab initio molecular dynamics, and linear elastic constants show that its
stability is correspond to the already-synthesized 2D carbon nitride materials. This study will
provide a theoretical basis for the experimental study of CsNs monolayer materials and provide

topological semimetal candidate materials for high performance electronic devices.
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More recently, the concept of Nodal-chain fermions have been proposed and widely
discussed, which is expected to be a good platform for further studies into topological electronics.
Based on first-principles calculations and symmetry analysis, a half metallic nodal chain spinel,
V2Zn40sg, with 100% spin-polarized electronic state near the Fermi level was demonstrated. In
V2Zn40s spinel, it’s ferromagnetic ground state presents half metallic band structure and the nodal
rings only appear in one spin channel near the Fermi level. The nodal rings arise from band
inversion, and on the basis of two kinds of mirror symmetry protections, the rings are accordingly
divided into two type. Importantly, we find that the rings connect with each other and compose a
chainlike electric structure. Further more, surface state also testify the nodal chain. The fully
spin-polarized bulk nodal-chain and nontrivial surface state prove the great application of V2Zn4Os

spinel in topological spintronics devices.
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The various properties of MXenes can be further adjusted by controlling their surface
composition. Exploring the geometric and electronic structures of MXenes with different
functional groups is a key step to develop high-performance 2D materials. In this work, depending
on the position of groups, we consider three major structural phases. In the I-configuration, the
functional group is adsorbed on the top of the C atom on both sides of MXenes. However, on one
side of MXenes, the functional groups are adsorbed on hollow site of the lower Nb(2) atom, on the
other side of MXenes, the functional groups can be either adsorbed on the top of C
(IT-configuration) or on hollow site of the lower Nb(2) atom(Ill-configuration). We have
systematically studied the relationship between electronic structure and relative position by first
principles in the framework of density functional theory. The result shows that three different
configurations lead to different stabilities. For O and Te, the functional groups tend to be adsorbed
on hollow site of the lower Nb(2) atom, the third configuration is the most stable, while for S and
Se, the stable phase is II, we find that the stability of structure originates from the enhancement of
Nb-C interactions and therefore their semiconducting band gaps critically depend upon the
transition metal Nb. For O and Te terminal groups, the three different structures have metallicity.
By adjusting the position of S and Se, the band gap of Nb2CS; and Nb,CSe; can be adjusted to
open the band gap and make them become semiconductor materials. In addition, with the decrease
of the electronegativity of functional groups(O > S > Se >Te), the strength of the chemical bond of
Nb-Tx weakens, and the surface bonding is weakened. Covalent functionalization of MXenes

surfaces is expected to uncover new directions for rational engineering of 2D functional materials.
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Heterostructure composed of two-dimensional (2D) transition metal dichalcogenides
(TMDCs) are highly anticipated in ultrafast charge transfer, interlayer energy transfer and
valleytronic applications, resulting from this family of materials have spatially separated
electron-hole pairs, what is referred to as interlayer excitons (IX). Different from traditional
TMDCs 2D materials, the 2D Janus material composed of TMDCs has some unusual properties in
the part of its absorption spectrum controlled by indirect excitons due to the out-of-plane inherent
dipole moment and the broken mirror symmetry produced by the different chemical components
on both sides which has inspired many people to explore methods for synthesizing its single-layer
and multi-layer structure.

To explore the indirect exciton (e.g. interlayer or momentum indirect excitons) properties of
the MoSSe/WSSe heterostructure stacked by Janus monolayer we apply the GoWo approximation
and the BSE equation to investigate the light absorption and exciton distribution of three different
stacking configurations under incident light in the in-plane and out-of-plane directions. Meanwhile,
we considered the momentum-dependent absorption spectra and exciton band structure at 0 GPa, 2

GPa and 4 GPa.
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Molecular engineering plays a critical role in the development electron donor and acceptor
materials with suitable physical properties for organic photovoltaics (OPVs). The halogenated
acceptor materials in OPVs have shown high power conversion efficiency. Here, based on the
density functional theory calculations considered the optimally tuned screened range-separated
hybrid functional and the solid polarization effects, the halogenation effects of acceptors IT-2X
(X=H, F, Cl ,Br) and PBDB-T:IT-2X (X=H, F, Cl, Br) complexes on their geometries, electronic
structures, excitation properties, electrostatic potentials, and the Marcus theory calculated rate
constants of the photo-induced direct charge transfer (CT), exciton dissociation (ED), and charge
recombination (CR) processes at the heterojunction interface. The results indicated that IT-2Br
backbone has the best planarity which can promote electron delocalization and enhance
intra-molecular CT characters. Meanwhile, chlorination and bromination of electron acceptors
induce similar absorption spectra properties. Also, halogenation decrease the highest occupied
molecular orbital and lowest unoccupied molecular orbital energies, which can affect the energy
level arrangement at the OPV heterojunction interface, but also increase the average ESP
difference on the electron donor and acceptor molecular surfaces, which is conducive to the
formation of stronger intermolecular electric field and promotes the ED at the D/A interface.
Halogenation increases the binding energy of the PBDB-T:IT-2X (X=F, Br) complexes which is
favorable to improve the morphology regioregularity. Fluorination increases the CT excitation
energy of the PBDB-T:IT-2F complex, which is beneficial to improve the open circuit voltage.
Furthermore, acceptor halogenations affect the performances of the OPV devices by impacting on
the CT, ED, CR rates. This work provides a theoretical understanding of the halogenation end
groups for A-D-A-type non-fullerene acceptor for OPV.

R=2-ethylhexyl
PBDB-T ITIC IT-2F IT-2Cl IT-2Br
B X=H X=F X=Cl X=Br
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B4R H : Exciton states in Chiral Graphene Nanoribbons
fe#&: £ EFKR*

WERH K jingwangchn@l63.com
HE.

Graphene nanostructures have characteristics related to width and edge structure. According
to the edge structure, they can be divided into armchair, zigzag, and chiral graphene nanoribbons.
Previous studies have shown the close relationship between the armchair band gap and its width,
and the zigzag graphene nanoribbons have also proved their attractive properties related to the
edge structure. Regarding chiral graphene nanoribbons, Mainly characterized by the translation
vector (m,n) (3,1)-CGNRs, (4,1)-CGNRs and obo-droped (4,1)-CGNRs have been successfully
synthesized experimentally. First-principles methods are used to study the influence of different
lattice translation vectors on the band gap, optical absorption and exciton effect of chiral graphene

nanoribbons.
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¥ H: Fully Boron-Sheet-Based Field Effect Transistors
from First- Principles: Inverse Design of Semiconducting Boron

Sheets
fEE: KK EHFH*

HH K% zhangyilin@fudan.edu.cn
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High-performance two-dimensional (2D) field effect transistors (FETs) have a broad
application prospect in future electronic devices. The lack of an ideal material system, however,
hinders the breakthrough of 2D FETs. Recently, phase engineering offers a promising solution, but
it requires both semiconducting and metallic phases of materials. Here we suggest borophenes as
ideal systems for 2D FETs by theoretically searching semiconducting phases. Using
multiobjective differential optimization algorithms implemented in the IM2ODE package and the
first-principles calculations, we have successfully identified 16 new semiconducting borophenes.
Among them, the B12-1 borophene is the most stable semiconducting phase, whose total energy is
lower than any other known semiconducting borophenes. By considering not only the band
alignments but also the lattice matches between semiconducting and metallic borophenes, we then
have theoretically proposed several device models of fully boron-sheet-based 2D FETs. Our work

provides beneficial ideas and attempts for discovering novel borophene-based 2D FETs.
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KR E: First-Principles Study on The Electron-Phonon
Interaction And Transport Properties in Two-Dimensional
BeP»C
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In the photoelectric conversion process, some losses will occur such as the thermal
phenomenon.This article predicts that the thermal phenomenon may reduce the photoelectric
conversion efficiency, which means that part of the energy cannot be used effectively.Aiming at
the thermal phenomenon, this paper studies a two-dimensional single-layer BeP,C material, which
is characterized by a relatively long hot carrier relaxation time.This feature may increase the
photoelectric conversion efficiency, thereby reducing the thermal phenomenon.The paper also
predicts that extracting hot carriers can effectively reduce the loss of the energy.Studies have
shown that the total electron-phonon scattering rate at the edge of the band gap is almost zero.
After leaving the band gap, the total electron-phonon scattering rate begins to increase, reaching a
maximum value at 3.0 eV. This is the opposite trend to the total hot carrier relaxation time. The
total hot carrier relaxation time reaches a maximum value on the band gap side which is about
1500 fs. Studies have shown that the hot carrier extraction range at a temperature of 0 K is less
than 465 nm.the hot carrier extraction range at temperatures of 300 K is shortened to within 300

nm.
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KR H : The structural, mechanical and optical properties of
ternary mixed crystals In.Ga;—xAs with zinc-blende structure by
first-principle calculations

fE&: BF REE*
WK% 00220304@163.com
WE.

The III-V group semiconductor materials have attracted considerable attention due to its
potential applications and manufacture of photonic, electronic and optoelectronic devices. As
typical III-V semiconductors, GaAs, InAs and their ternary mixed crystals In,Gai<As, which are
widely used in diode lasers, thin films solar cells, blue and green light-emitting diode and
high-electron-mobility-transistor. The structural, elastic and optical properties of the ternary mixed
crystals (TMCs) zinc-blende In,Ga;.xAs for the In-composition varying from 0.0 to 1.0 by step of
0.125 are calculated by first-principle. We have adopted supercell structures of the InxGaiAs in
this work, and the results for the equilibrium lattice constants, the elastic constants and the optical
properties such as real and imaginary parts of the dielectric function, absorption coefficient,
reflectivity, refractive index, extinction coefficient, energy loss function and real component of
optical conductivity are presented and discussed in detail. The results show that the lattice
constants vary with the composition almost linearly following the Vegard's law. Elastic properties
such as bulk modulus B, shear modulus G and Young's modulus £ decreases monotonically and
non-linearly with increasing the alloy composition x. TMCs In,GaiAs are anisotropic and
mechanically stable. And GaAs may be a less compressible alloy. The static dielectric constant,
the static reflectivity and the static refractive index of optical parameters increases with increasing
of indium composition. The incorporation of indium composition of absorption spectra leads to
the redshifts phenomenon of optical absorption edge and a strong absorption is appeared from near
visible to UV range. For x=0.125, the energy loss function occurs a maximum value so-called
plasmon frequency at 15.4 eV and there is intense optical conductivity at lower photon energy

range.

281



B+ =R ENRB S F IR E T & P110

¥4 B H: The electron-phonon interaction of Cs-based

inorganic halide perovskites (CsSnBr3;, CsSnCls)
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Halide perovskites (HPs) has excellent properties such as high charge mobility balance, high
absorption coefficient of electron and hole transport, directly adjustable band gap and long carrier
diffusion length, which are also considered as a potential low-cost alternative to silicon-based
photovoltaic power generation materials. Through density functional perturbation theory and
maximally localized Wannier functions interpolation method, we investigated the electron-phonon
(e-ph) scattering of Cs-based inorganic halide perovskites (CsSnBr3;, CsSnClz). We have discussed
the e-ph scattering rate, hot carrier relaxation time and the mean free path. We found that the
scattering rate are much smaller from the band edge than that at the valance band maximum and
conduction band minimum. And the largest relaxation time of CsSnBr3 is 7.3 fs at -0.6 eV. But
about the other CsSnCls inorganic halide perovskite, its largest relaxation time is only 4.1 fs at -0.4

eV.
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Two-dimensional materials have attracted much attention because of their stable structure
and excellent electronic properties. The electron-phonon scattering is an important factor affecting
the intrinsic transport. The electron-phonon scattering rate of two-dimensional LiAlTe; is studied
by first principles calculations and Wannier function interpolation method. The Boltzmann
transport equation is used to compute the phonon limited carrier scattering rate at differernt
temperatures. It is found that the scattering rates of optical and acoustic phonons increase with the
increase of temperature. And the main scattering rate comes from the scattering of acoustic
phonons. At the valence band maximum (VBM), the longitudinal acoustic phonon (LA) plays a
major role in the scattering rate. Meanwhiile, at the conduction band minimum (CBM), the
scattering rates are dominated by the transverse acoustic phonon (ZA). At 150 K, the maximum
relaxation time of hot holes is 72 fs and that of hot electrons is 230 fs. With the increase of
temperature to 400 K, the relaxation time of hot carriers decreases to 16 fs and 43 fs, which is due
to the increase of phonon occupation number and the increase of electron phonon scattering rate.
At 150 K, We observe that the maximum of mean free path for hot holes reach up to 5 nm at -0.73
eV. However, the maximum of mean free path for hot electrons reach up to 32 nm at 0.3 eV. That
is the best range to extract the hot holes and electrons. When the temperature rises to 400 K, the

range is shortened by nearly
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1%+ f% H : Machine Learning Force Field Simulations of Carbon

Systems Based on First-principle Calculations
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Based on the first-principle calculations of the machine learning force field (ML-FF), we
have developed a simulation method that can analyze and predict energies and forces from DFT
calculations. Therefore, molecular dynamics (MD) simulations use highly disordered and ordered
carbon precursors (bulk, clusters, graphene, and graphenylene respectively) to train thousands of
data sets. Assembling these structures together has become very challenging. In this work, we
used three different methods, namely linear regression (LR), neural network (NN) and VYV, to fit
the MD results corresponding to DFT, and analyze the corresponding energies and forces. It is
concluded that the use of NN models is better than other models. As a result, the main results
provide certain theoretical guidance for the selection of machine learning models for different

systems.
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¥ H: Machine learning force field simulations of sulfur

systems based on first-principles calculations
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Recently, it was demonstrated that machine learning (ML) algorithms displays accuracies
close to the trained ab-Initio calculations, but are much faster to compute. Therefore, it has
ever-increasing focus as a tool to generate force fields. Various methods have been used to
implement ML simulations with a high order of accuracy of ab initio density functional theory in
molecular dynamics by effectively simulating the energy or atomic forces of the system with
structural information. In this work, we use a machine learning approach to extract the energy
decomposition of atomic energy from DFT calculations. Taking sulfur atoms as an example,
selects appropriate input features representation to represent the environment around each sulfur
atom, and adopts linear regression and neural network machine learning model. The two models
are trained to predict the difference in the resultant forces obtained by the DFT and the classical
force field. For the simulated sulfur system, linear fitting potential is better than the neural
network potential, and they are both in perfect agreement with the potential curve of DFT. The
force fields of these two models will be used for molecular dynamics simulations of different

system sizes and time scales.
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Heterojunction Interface on Transport Properties
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THE:

Using first-principles calculations, the influence of different interface on transport properties
of graphene-MoS: in-plane heterojunction is systematically studied. After fully relaxed, eight
stable heterostructures were obtained. The stable heterostructures can be divided into two
categories: strain applied to graphene and strain applied to MoS,. All the stable in-plane
heterostructures are n-type Schottky contacts. We find that the graphene-MoS; in-plane
heterojunction device has good rectification performance. The maximum rectification ratio can
reach 10°. We also find that the device with strain applied to graphene has better performance than
the device with strain applied to MoS». The device performance of graphene with S atomic layer

contact is better than that of graphene with Mo atomic layer contact.
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KW H : Intrinsic Spin Hall Conductivity Platform in Triply

Degenerate Semimetal
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HE:

It is generally believed that conductivity platform can only exist in insulator with
topological nontrivial bulk occupied states. Such rule exhibits in two dimensional
quantum (anomalous) Hall effect, quantum spin Hall effect, and three dimensional
topological insulator. In this work, we propose a spin Hall conductivity (SHC)
platform in a kind of three dimensional metallic materials with triply degenerate

points around the Fermi level. With the help of a four bands k-p model, we prove that

SHC platform can form between |3/2,(13/2)and [1/2,011/2) states of metallic system.

Our further ab initio calculations predict that a nearly ideal SHC platform exhibits in
an experimentally synthesized TaN. The width of the SHC platform reaches up to 0.55
eV, hoping to work under high temperature. The electrical conductivity tensor of TaN
indicates that its spin

Hall angle reaches -0.62, which is larger than many previous reported materials and

make it an excellent candidate for producing stable spin current.
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KR H: Valley polarization properties in two-dimensional

H-T1,0O/CrI; heterostructure

fE&: FHEH TR
IWHRMYE K2 1151826369@qq.com
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Valley polarization (VP) has been predicted in two-dimensional (2D) hexagonal structure
with magnetic proximity. The H-T1,O/Crl; van der Waals (vdW) heterostructure is theoretically
proposed as a promising valleytronic material with the valuable VP and valley spin splitting (VSS).
It displays the VP in both the conduction (14.95 meV) and valence band at two valleys, Especially,
the VP can be reached to 14.95 meV at the conduction band. Moreover, a large VSS of 0.57 (0.58)
eV at the K (K'") points are shown in the conduction band. With the manipulation of the interlayer
spacing and the in-plane biaxial strain, both the VP and the VSS for the H-T,O/Crlz
heterostructure follow the short-range effects of interfacial orbital hybridization, thus perform a
nearly linear relationship. The H-T1,O/Crls heterostructure provides the application prospects of

nanodevices and theoretical effective support for further development of valleytronics.
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Fig.1. The structure of H-T1,O/Crl3 heterostructure, and the spin-projected band structure without SOC
and with SOC of H-T12O/Crl3 heterostructure.
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KR E: A comparative study of machine learning of force

fields between neural network and linear regression models
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THE:

Machine learning force field (ML-FF) based one first principle calculations has a great
potential to replace first principle calculations to study problems orders of magnitudes larger in
both spatial and temporal scales. There are however different ML models, from the simple linear
regression (LR) to more advanced neural network (NN). Obviously, the training time for LR is
significantly faster than NN, so is the inferring time when these models are used for molecular
dynamics (MD) simulations. It is thus interesting to know what are the benefits of NN over LR for
different systems. To answer this question, we have carried out a systematic study, using Cu
systems as examples. We found that, for systems close to equilibrium, e.g., the bulk Cu, the LR
and NN almost give similar results, both are rather accurate. However, for far from equilibrium
systems, the NN is more accurate than the LR model. Our comparison provide a guidance for what

model one can use for different simulations.
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KR E: Strain Induced Ideal Topological Semimetal in
Ort-Bs; with Parallel Arc-Like Nodal Lines and Anisotropic
Multiple Weyl Fermions
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Ideal topological semimetals, which are composed of non-toxic lightweight elements and
host clean Dirac/Weyl fermions near the Fermi energy without contamination from other
quasiparticles, are highly desirable for experimental detection and practical application. Herein,
using first-principles calculations, we demonstrate that a new stable boron allotrope, termed
ort-B3z, can harbor the needed clean Weyl fermions in a sizable energy window under modest
tensile strain. Owing to the protection of mirror symmetry, the Weyl points form two pair arc-like
nodal lines, running across the whole Brillouin zone in the &, = 0 plane. The topological features
of these nodal lines can be characterized by the drumhead-like surface state and nonzero
topological invariant. Remarkably, the examination of slope index reveals that the type-I, type-II
and type-III Weyl states can be found in different moment directions with the value of Fermi
velocities ranging from 0 to 11.5 x 10° m/s.  These results establish a striking new boron

allotrope, and highlight the mechanically induced method for obtaining ideal Weyl semimetal.
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KR H: Non-equilibrium Green’s function formalism for
magnon-phonon scattering in three-dimensional nanostructure
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Spin-phonon interaction has attracted to more attention due to the rapid progress in the field
of spin caloritronics. The phonon-dragged magnon transport is one of the most critical mechanism
of the long-range nature in spin seebeck effect. Here, we present the NEGF formalism for
magnon-phonon coupled transport in three-dimensional ferromagnetic insulator and evaluate the
phonon dragged effect in the monolayer Crl3; under the tunling of temperature and external

magnetic feild, which paves the way to the study of spin caloritronics nanodevice.
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Frist-principle theoretical study was performed to investigate the detailed
reaction mechanism of methane conversion on 27 transition metals (M = Sc, Ti ...)
from [ B to group VIIB and 3 main group metals (M = Al, Ga, Bi) diatomic on
phthalocyanine surfaces catalysts (M2-Pc). We have clarified the pathways of methane

C-H bond activation assisted by surface oxygen and hydroxyl species ( *O- and
*OH-): CH,*OL *CH,*OH , CH,*OHL *CH,['H,O , obtained by the
decomposition of hydrogen peroxide: H,0, [1 *O[ H,0 ,H,0, ] 2*OH , We show

that *O- species has a promoting effect on the activation of the first C-H bond of CHa,
and this promotion is related to the metal elements anchored on the Pc surface, while

the *OH- species has little effect. We also investigated the direct non-oxidative

conversion of CH4 on catalysts surfaces: CH, [1*[] *CH,[1*H . It is found that CH4

on the surface of Tax-Pc will be cleaved spontaneously, which can then convert CHa

directly and non-oxidatively.
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4% B8 H : First-principles study on the optoelectronic properties

of Ga vacancy correlation point defects in GaN

fE¥F:. ETHW B
N K ndgong@imu.edu.cn
THE:

Point defects play an important role in the photoelectrical properties of semiconductor
materials, and they can be luminescence centers. However, the relationships among the observed
luminescence wavelengths, and the microscopic processes are in most cases unknown, or depend
heavily on parameter fitting. In this work, the light-emitting quantum efficiencies for point defects
using ab initio density functional theory are calculated. Based on first principles, HSE hybrid
functional theory calculations, the defect transition energy levels and photoabsorption (PA) and
photoluminescence (PL), a zero phonon line (ZPL) calculations of the related optical transition
processes, we believe that the transition from (Vga-nVn)* to (Vee-nVn)? (n=1,2,3) may be the
cause of the experimental yellow light band. We calculated the phonon state density of the system,
and found that the defects caused some new local phonon modes, and further simulated the local
phonon vibration mode of the impurity peak. The impurity peak in the Vga-3H structure band gap
mainly comes from the vibration of the neighboring nitrogen atom around the defect, while the
high energy part mainly comes from the vibration of the H atom around the defect.The three
impurity peaks in the Vg,-Vn structure band gap are mainly caused by the vibration of
neighboring N atoms around the defect. We also calculated the non-radiative recombination rate
and the hole capture cross section of the related process, and found that the capture cross section at
300K was in good agreement with the experimental results, which further proved that the defect of

Vea-nVnN was the reason for the yellow luminescence band in the experiment.
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¥4 H: Tunning the transport properties of a-GeTe by

uniaxial strain engineering

fE¥ . Xhntk B
WERE K  ndgong@imu.edu.cn
THE:

Based on first-principle calculations, the electronic properties and device performance of
two-dimensional monolayer o-GeTe are systemically investigated.It is demonstrated that
monolayer a-GeTe owns an indirect band structure with the gap value of 1.75 eV,and monolayers
a-GeTe has a high electron mobilities, the electron mobilities are 674 cm?>V~!''s™! and 902.3
cm?V~!'s7! along x and y direction,respectively. Furthermore,the results of performance of the
monolayer a-GeTe Metal-Oxide-Semiconductor Field-Effect transistors with an 5 nm scaling
channel length show that the on-state currents are 2216.1mA/mm and 799.7mA/mm along x and y
direction, respectively. In addition, we also calculate the performance of o-GeTe
Metal-Oxide-Semiconductor Field-Effect effect transistors under the strain.
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K 1. (a) Schematic view of the double-gate n-type MOSFETS, (b) The I-V curves of monolayers a-GeTe for

uniaxial armchair strain and (c) uniaxial armchair strain.
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