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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.
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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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