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Fig. 1. Schematic of the two types of organic topological insulators: (a) Hexagonal metal-organic lattice; (b) Kagome

metal-organic lattice.
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Fig. 2. Atomic structure and electronic properties of monolayer Pb(CgHs )3 in a hexagonal metal-organic lattice (221,
(a) Top and side views of the 2D metal-organic superlattice; (b), (f) band structures of metal-organic lattice without
and with spin-orbit coupling (SOC), respectively, the dashed line indicates the Fermi level. The inset shows the first
Brillouin zone, and I', K, M and K’ are the high symmetric k-points; (c), (g) zoom-in band structures around the
Dirac point without and with SOC, respectively, the red dots are the fitted bands using the effective Hamiltonian,
and black lines are the first-principles band structures; (d) band structures calculated by first-principles and Wannier
functions around the Dirac-cone; (e) energy and momentum-dependent local density of state of the zigzag edge of

the semi-infinite lattice, L is the unit cell length along the edge.
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Fig. 3. Atomic structure and electronic properties of monolayer NizC12S12 in a Kagome metal-organic lattice (23], (a) A

top view of the atomic structure, the solid and dashed lines show the unit cell and the Kagome lattice, respectively; (b)

semi-infinite edge states (both spin up and spin down components) within the SOC gaps; (c) band structure along the

high symmetric directions; (d) zoom-in Kagome bands around two SOC gaps; (e) comparison between first-principles
and single-orbital tight-binding (TB) band structures for the flat and Dirac bands (A; and Ag).
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Fig. 4. Atomic structure and electronic properties of 2D Cu-DCA: (a) Top view of the atomic structure, the inset shows the

(a) =4t Cu-DCA S I THAL I, 72 F A B & DCA 7 T 45 #7R

configuration of DCA molecule, the red dashed, blue dashed, and black lines outline the honeycomb lattice of the Cu atoms,
the Kagome lattice of the DCA molecules, and the unit cell, respectively (551, (b) STM image of self-assembled structure of
DCA on Cu(111) after deposition at room temperature, the white arrows mark a domain boundary, inset is high resolution
STM image measured with a DCA modified tip [°7); (c) STM topography image of Coz(DCA)3 on Gr/Ir(111) surface [°5];
(d) band structures and PDOS, where the top right inset indicates the charge distribution around the Fermi level, and the
bottom two insets show the zoom-in bands without and with SOC, respectively [°9]; (e) band structures around two SOC

gaps (A1 and Aj) calculated by the first-principles and single-orbital TB calculations (551, (f) semi-infinite Dirac edge states

within the SOC gaps 9],
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Fig. 5. Schematic of the orbital hybridization of Cu-DCA lattice and electronic properties of Au-DCA lattice %)
(a) Orbital hybridization between Cu atoms and the lone pairs from the CN groups of DCA molecule, each arrow

denotes one electron with an up or down spin, while each black dot denotes two spin-degenerate electrons; (b) band

structure with SOC and (c) the semi-infinite edge states within the SOC gaps of Au-DCA.

UM BT Z 5P RN, Bk E Culif (Cu
AR T SR A d s FuE RS 54410), 12
AN K EDCA 77 FREI 7. Bk, ¢ flty
RE o4 i dlE, AN TSR TR e b TR RO Ak
P3R4y, (E 15 2K RE ZORE i A7 T 28
EN B FEi S AT N R e = B B
GG

T ok T S B Ak A B, BT AT
HA R4 85 F N AL 18 UEE ¥ 1) — 4e 5 WA
B E N Z R AR PN A, X Bl 4 R -
P EERITE S SR A NUHESE TR 2 A7 7E. SR80 B 2R
WG R E R SR S FE A EALER, #in
P N = AL Cu—NC gt [56,57,61,62] - = 5 fil
B2 ) Au—NC g 03] = 5 1 Y & fL A7 () Co—NC
e 147.64] 8 & I A7 1 Fe— NC FI Ni— NC g 7] 2%
R H W2 5 Cu-DCA & K FBL ) 45 44 7T DLE
LRSI FBOEAT O . H AuJi T # Cu-DCA
) Cu R TR R T Au-DCA g #%. 7EE 5 (b) Al
5 (c) IR T B H R UE R A 1 RE T DL AR
FRERIAR IO AR, Au-DCA 1 Cu-DCA S 4% )
ety 5 A AR MM A AR AR AL, I B Au-DCA
1% B B K e UIE R A B

RESRE

HArE S L g mil 7 — R0 —4eH L
FNBZAR, (HAZ — B AEA NI KA e A
J& L, T ERAYLERS &R AT A AR
5, MRS AIME IR 2 g IR e, DY iR 95 )R
AP 5 R AT R 2 8] B A AR H 2Oy AR R

5

R I AZ O ). AR AR T AT 5 — AN Bk R 2 B
BT A B 4 S SR A NIRRT RN, —BRAEgK
REE, @ A F SR & S AR s i . (15
SR (1 /2 2017 4F 11 A Liljeroth B BA B8 78 41 % 44
BT AR T Co 5 ML FRALIE BT 4
JEAHLEEH, HIS5 T & @A X # kN SR M
i, A ARG P I RS T — BTN iR AR
M 2013 4E e HLIn I AR R I E A, X KM
LR AL FBF T IR B, E— 25 IR NI 78 5K
B b B A LI AN 2R DA R = 4 L
N AR PR AE T BT ) S B

RS IR S [ M Ath K % Feng Liu #04%, & b [E R} 2
e BRI FC BT PR 7 10 1 L S A SR BN S S AR AL

SE

[1] Bernevig B A, Hughes T L, Zhang S C 2006 Science 314
1757

Yennie D R 1987 Rev. Mod. Phys. 59 781

Huckestein B 1995 Rev. Mod. Phys. 67 357

Hasan M Z, Kane C L 2010 Rev. Mod. Phys. 82 3045
Qi X L, Zhang S C 2011 Rev. Mod. Phys. 83 1057
Kane C L, Mele E J 2005 Phys. Rev. Lett. 95 226801
Ren Y F, Qiao Z H, Niu Q 2016 Rep. Prog. Phys. 79
066501

Konig M, Wiedmann S, Brune C, Roth A, Buhmann H,
Molenkamp L W, Qi X L, Zhang S C 2007 Science 318
766

Knez I, Du R R, Sullivan G 2011 Phys. Rev. Lett. 107
136603

Murakami S 2006 Phys. Rev. Lett. 97 236805

Hirahara T, Bihlmayer G, Sakamoto Y, Yamada M,
Miyazaki H, Kimura S, Blugel S, Hasegawa S 2011 Phys.
Rev. Lett. 107 166801

238101-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1126/science.1133734
http://dx.doi.org/10.1126/science.1133734
http://dx.doi.org/10.1103/RevModPhys.59.781
http://dx.doi.org/10.1103/RevModPhys.67.357
http://dx.doi.org/10.1103/RevModPhys.82.3045
http://dx.doi.org/10.1103/RevModPhys.83.1057
http://dx.doi.org/10.1103/PhysRevLett.95.226801
http://dx.doi.org/10.1088/0034-4885/79/6/066501
http://dx.doi.org/10.1088/0034-4885/79/6/066501
http://dx.doi.org/10.1126/science.1148047
http://dx.doi.org/10.1126/science.1148047
http://dx.doi.org/10.1103/PhysRevLett.107.136603
http://dx.doi.org/10.1103/PhysRevLett.107.136603
http://dx.doi.org/10.1103/PhysRevLett.97.236805
http://dx.doi.org/10.1103/PhysRevLett.107.166801
http://dx.doi.org/10.1103/PhysRevLett.107.166801

¥ 12 Z R Acta Phys. Sin.

Vol. 67,

No. 23 (2018) 238101

(12]

[13]

Liu Z, Liu C X, Wu Y S, Duan W H, Liu F, Wu J 2011
Phys. Rev. Lett. 107 136805

Yang F, Miao L, Wang Z F, Yao M Y, Zhu F F, Song
Y R, Wang M X, Xu J P, Fedorov A V, Sun Z, Zhang
G B, Liu C H, Liu F, Qian D, Gao C L, Jia J F 2012
Phys. Rev. Lett. 109 016801

Wang Z F, Yao M Y, Ming W M, Miao L, Zhu F F,
Liu C H, Gao C L, Qian D, Jia J F, Liu F 2013 Nat.
Commun. 4 2387

Zhang X, Zhang H J, Wang J, Felser C, Zhang S C 2012
Science 335 1464

Zhou M, Ming W M, Liu Z, Wang Z F, Li P, Liu F 2014
Proc. Natl. Acad. Sci. USA 111 14378

Hsu C H, Huang Z Q, Chuang F C, Kuo C C, Liu Y T,
Lin H, Bansil A 2015 New J. Phys. 17 025005

Reis F, Li G, Dudy L, Bauernfeind M, Glass S, Hanke
W, Thomale R, Schafer J, Claessen R 2017 Science 357
287

Jerome D, Mazaud A, Ribault M, Bechgaard K 1980 J.
Phys. Lett. 41 L95

Tang C W, Vanslyke S A 1987 Appl. Phys. Lett. 51 913
Koezuka H, Tsumura A, Ando T 1987 Synthetic Met.
18 699

Wang Z F, Liu Z, Liu F 2013 Nat. Commun. 4 2451
Wang Z F, Liu Z, Liu F 2013 Phys. Rev. Lett. 110 196801
Liu Z, Wang Z F, Mei J W, Wu Y S, Liu F 2013 Phys.
Rev. Lett. 110 106804

Wang Z F, Su N H, Liu F 2013 Nano Lett. 13 2842
Zhou Q H, Wang J L, Chwee T S, Wu G, Wang X B, Ye
Q, Xu J W, Yang S W 2015 Nanoscale 7 727

Zhao B, Zhang J Y, Feng W X, Yao Y G, Yang Z Q
2014 Phys. Rev. B 90 201403

Zhang X M, Zhao M W 2015 RSC Adv. 5 9875

Ma Y D, Dai Y, Li X R, Sun Q L, Huang B B A 2014
Carbon 73 382

Zhang X M, Wang Z H, Zhao M W, Liu F 2016 Phys.
Rev. B 93 165401

Zhang X M, Zhao M W 2015 Sci. Rep. 5 14098

Wei L, Zhang X M, Zhao M W 2016 Phys. Chem. Chem.
Phys. 18 8059

Kim H J, Li C, Feng J, Cho J H, Zhang Z Y 2016 Phys.
Rev. B 93 041404

Dong L, Kim Y, Er D, Rappe A M, Shenoy V B 2016
Phys. Rev. Lett. 116 096601

Kambe T, Sakamoto R, Hoshiko K, Takada K, Miyachi
M, Ryu J H, Sasaki S, Kim J, Nakazato K, Takata M,
Nishihara H 2013 J. Am. Chem. Soc. 135 2462
Sheberla D, Sun L, Blood-Forsythe M A, Er S, Wade C
R, Brozek C K, Aspuru-Guzik A, Dinca M 2014 J. Am.
Chem. Soc. 136 8859

Cui J S, Xu Z T 2014 Chem. Commun. 50 3986
Campbell M G, Sheberla D, Liu S F, Swager T M, Dinca
M 2015 Angew. Chem. Int. Edit. 54 4349

Mostofi A A, Yates J R, Lee Y S, Souza I, Vanderbilt D,
Marzari N 2008 Comput. Phys. Commun. 178 685
Sancho M P L, Sancho J M L, Rubio J 1985 J. Phys. F:
Met. Phys. 15 851

[46]

(47]

238101-8

Liu C C, Jiang H, Yao Y G 2011 Phys. Rev. B 84 195430
Sakamoto J, van Heijst J, Lukin O, Schluter A D 2009
Angew. Chem. Int. Edit. 48 1030

Grill L, Dyer M, Lafferentz L, Persson M, Peters M V,
Hecht S 2007 Nat. Nanotechnol. 2 687

Cote A P, Benin A I, Ockwig N W, O’Keeffe M, Matzger
A J, Yaghi O M 2005 Science 310 1166

Colson J W, Woll A R, Mukherjee A, Levendorf M P,
Spitler E L, Shields V B, Spencer M G, Park J, Dichtel
W R 2011 Science 332 228

Shi Z L, Liu J, Lin T, Xia F, Liu P N, Lin N 2011 J.
Am. Chem. Soc. 133 6150

Schlickum U, Decker R, Klappenberger F, Zoppellaro
G, Klyatskaya S, Ruben M, Silanes I, Arnau A, Kern K,
Brune H, Barth J V 2007 Nano Lett. 7 3813

Yan L H, Xia B W, Zhang Q S, Kuang G W, Xu H, Liu
J, Liu P N, Lin N 2018 Angew. Chem. Int. Edit. 57 4617
Tang E, Mei J W, Wen X G 2011 Phys. Rev. Lett. 106
236802

Yao Y G, Kleinman L, MacDonald A H, Sinova J, Jung-
wirth T, Wang D S, Wang E G, Niu Q 2004 Phys. Rev.
Lett. 92 037204

Yao Y G, Fang Z 2005 Phys. Rev. Lett. 95 156601
Xiong Z H, Wu D, Vardeny Z V, Shi J 2004 Nature 427
821

Liu Z, Zou X L, Mei J W, Liu F 2015 Phys. Rev. B 92
220102

Kambe T, Sakamoto R, Kusamoto T, Pal T, Fukui
N, Hoshiko K, Shimojima T, Wang Z F, Hirahara T,
Ishizaka K, Hasegawa S, Liu F, Nishihara H 2014 J.
Am. Chem. Soc. 136 14357

Zhang L Z, Wang Z F, Huang B, Cui B, Wang Z M, Du
S X, Gao H J, Liu F 2016 Nano Lett. 16 2072

Pawin G, Wong K L, Kim D, Sun D Z, Bartels L, Hong
S, Rahman T S, Carp R, Marsella M 2008 Angew. Chem.
Int. Edit. 47 8442

Zhang J, Shchyrba A, Nowakowska S, Meyer E, Jung T
A, Muntwiler M 2014 Chem. Commun. 50 12289
Kumar A, Banerjee K, Foster A S, Liljeroth P 2017 arXiv
Preprint arXiv:1711.01128

Liljeroth P, Swart I, Paavilainen S, Repp J, Meyer G
2010 Nano Lett. 10 2475

Zhou M, Liu Z, Ming W M, Wang Z F, Liu F 2014 Phys.
Rev. Lett. 113 236802

Pivetta M, Pacchioni G E, Schlickum U, Barth J V,
Brune H 2013 Phys. Rev. Lett. 110 086102

Pacchioni G E, Pivetta M, Brune H 2015 J. Phys. Chem.
C 119 25442

Meyer J, Nickel A, Ohmann R, Lokamani, Toher C, Ryn-
dyk D A, Garmshausen Y, Hecht S, Moresco F, Cunib-
erti G 2015 Chem. Commun. 51 12621

Stepanow S, Lin N, Payer D, Schlickum U, Klappen-
berger F, Zoppellaro G, Ruben M, Brune H, Barth J V,
Kern K 2007 Angew. Chem. Int. Edit. 46 710


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1103/PhysRevLett.107.136805
http://dx.doi.org/10.1103/PhysRevLett.107.136805
http://dx.doi.org/10.1103/PhysRevLett.109.016801
http://dx.doi.org/10.1103/PhysRevLett.109.016801
http://dx.doi.org/10.1038/ncomms3387
http://dx.doi.org/10.1038/ncomms3387
http://dx.doi.org/10.1126/science.1216184
http://dx.doi.org/10.1126/science.1216184
http://dx.doi.org/10.1073/pnas.1409701111
http://dx.doi.org/10.1073/pnas.1409701111
http://dx.doi.org/10.1088/1367-2630/17/2/025005
http://dx.doi.org/10.1126/science.aai8142
http://dx.doi.org/10.1126/science.aai8142
http://dx.doi.org/10.1051/jphyslet:0198000410409500
http://dx.doi.org/10.1051/jphyslet:0198000410409500
http://dx.doi.org/10.1063/1.98799
http://dx.doi.org/10.1016/0379-6779(87) 90964-7
http://dx.doi.org/10.1016/0379-6779(87) 90964-7
http://dx.doi.org/10.1038/ncomms3451
http://dx.doi.org/10.1103/PhysRevLett.110.196801
http://dx.doi.org/10.1103/PhysRevLett.110.106804
http://dx.doi.org/10.1103/PhysRevLett.110.106804
http://dx.doi.org/10.1021/nl401147u
http://dx.doi.org/10.1039/C4NR05247A
http://dx.doi.org/10.1103/PhysRevB.90.201403
http://dx.doi.org/10.1039/C4RA15861J
http://dx.doi.org/10.1016/j.carbon.2014.02.080
http://dx.doi.org/10.1016/j.carbon.2014.02.080
http://dx.doi.org/10.1103/PhysRevB.93.165401
http://dx.doi.org/10.1103/PhysRevB.93.165401
http://dx.doi.org/10.1038/srep14098
http://dx.doi.org/10.1039/C6CP00368K
http://dx.doi.org/10.1039/C6CP00368K
http://dx.doi.org/10.1103/PhysRevB.93.041404
http://dx.doi.org/10.1103/PhysRevB.93.041404
http://dx.doi.org/10.1103/PhysRevLett.116.096601
http://dx.doi.org/10.1103/PhysRevLett.116.096601
http://dx.doi.org/10.1021/ja312380b
http://dx.doi.org/10.1021/ja502765n
http://dx.doi.org/10.1021/ja502765n
http://dx.doi.org/10.1039/C4CC00408F
http://dx.doi.org/10.1002/anie.201411854
http://dx.doi.org/10.1016/j.cpc.2007.11.016
http://dx.doi.org/10.1088/0305-4608/15/4/009
http://dx.doi.org/10.1088/0305-4608/15/4/009
http://dx.doi.org/10.1103/PhysRevB.84.195430
http://dx.doi.org/10.1002/anie.v48 :6
http://dx.doi.org/10.1002/anie.v48 :6
http://dx.doi.org/10.1038/nnano.2007.346
http://dx.doi.org/10.1126/science.1120411
http://dx.doi.org/10.1126/science.1202747
http://dx.doi.org/10.1021/ja2010434
http://dx.doi.org/10.1021/ja2010434
http://dx.doi.org/10.1021/nl072466m
http://dx.doi.org/10.1002/anie.201800906
http://dx.doi.org/10.1103/PhysRevLett.106.236802
http://dx.doi.org/10.1103/PhysRevLett.106.236802
http://dx.doi.org/10.1103/PhysRevLett.92.037204
http://dx.doi.org/10.1103/PhysRevLett.92.037204
http://dx.doi.org/10.1103/PhysRevLett.95.156601
http://dx.doi.org/10.1038/nature02325
http://dx.doi.org/10.1038/nature02325
http://dx.doi.org/10.1103/PhysRevB.92.220102
http://dx.doi.org/10.1103/PhysRevB.92.220102
http://dx.doi.org/10.1021/ja507619d
http://dx.doi.org/10.1021/ja507619d
http://dx.doi.org/10.1021/acs.nanolett.6b00110
http://dx.doi.org/10.1002/anie.v47 :44
http://dx.doi.org/10.1002/anie.v47 :44
http://dx.doi.org/10.1039/C4CC03941F
http://dx.doi.org/10.1021/nl100834v
http://dx.doi.org/10.1103/PhysRevLett.113.236802
http://dx.doi.org/10.1103/PhysRevLett.113.236802
http://dx.doi.org/10.1103/PhysRevLett.110.086102
http://dx.doi.org/10.1021/acs.jpcc.5b08644
http://dx.doi.org/10.1021/acs.jpcc.5b08644
http://dx.doi.org/10.1039/C5CC02723C
http://dx.doi.org/10.1002/(ISSN) 1521-3773

) I8 % 48 Acta Phys. Sin. Vol. 67, No. 23 (2018) 238101

INVITED REVIEW

Research progress of two-dimensional organic
topological insulators®

Gao Yi-XuanV® Zhang Li-Zhi" Zhang Yu-Yang"?? Du Shi-Xuan"??3)f

1) (Nanoscale Physics and Devices Laboratory, Institute of Physics, Chinese Academy of Sciences, Beijing 100190, China)
2) (Songshan Lake Materials Laboratory, Institute of Physics, Chinese Academy of Sciences, Dongguan 523808, China)
3) (Key Laboratory of Vacuum Physics, Center for Excellence in Topological Quantum Computation, University of Chinese
Academy of Sciences, Beijing 100049, China)

( Received 14 September 2018; revised manuscript received 16 October 2018 )

Abstract

The discovery of new materials promotes the progress in science and technique. Among these new materials,
topological materials have received much attention in recent years. Topological phases represent the advances both in
the fundamental understanding of materials and in the broad applications in spintronics and quantum computing. The
two-dimensional (2D) topological insulator (TT), also called quantum spin Hall insulator, is a promising material which
has potential applications in future electronic devices with low energy consumption. The 2D TI has a bulk energy
gap and a pair of gapless metallic edge states that are protected by the time reversal symmetry. To date, most of
topological insulators are inorganic materials. Organic materials have potential advantages of low cost, easy fabrications,
and mechanical flexibility. Historically, inorganic materials and devices have always found their organic counterparts,
such as organic superconductors, organic light emitting diodes and organic spintronics. Recently, it has been predicted
that some metal-organic lattices belong in an interesting class of 2D organic topological insulator (OTI). In this review,
we present the progress of OTIs mainly in two typical types of them. In the first group, metal atoms bond with three
neighboring molecules to form a hexagonal lattice, while they bond with two neighboring molecules to form a Kagome
lattice. The electronic properties show that the Dirac band around Fermi level mainly comes from the hexagonal sites,
and the flat band around Fermi level mainly is from Kagome lattice. It has been found that some of the materials from
the first group could be intrinsic OTIs. However, none of the 2D OTIs predicted in the second group with a Kagome
lattice is intrinsic. To obtain intrinsic OTIs from those non-intrinsic ones, in the heavy doping of material (one or two
electrons per unit cell) it is required to move the Fermi level inside the gap opened by spin-orbit coupling, which is hard
to realize in experiment. Therefore, many efforts have been made to search for intrinsic OTIs. It has been reported
that the first group of 2D OTIs with a hexagonal lattice is found to be more possible to be intrinsic. By performing an
electron counting and analyzing the orbital hybridization, an existing experimentally synthesized Cu-dicyanoanthracene
(DCA) metal-organic framework is predicted to be an intrinsic OTI. Furthermore, like Cu-DCA, the structures consisting
of molecules with cyanogen groups and noble metal atoms could be intrinsic OTIs. Finally, we discuss briefly possible
future research directions in experimental synthesis and computational design of topological materials. We envision that
OTIs will greatly broaden the scientific and technological influence of topological insulators and become a hot research

topic in condensed matter physics.
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