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Two-Dimensional Polymers: Playing with Structural Topology
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Introduction

In two-dimensional (2D) world, beside graphene’s honeycomb structure, there are a large amount of mathematically possible 2D lattices, e.g., square (sgl), kagome (kgm) and
hexagonal (hxl) lattice. These lattices might be difficult to synthesize as Haeckelites like graphene, but there are possibilities to realize them as conjugated 2D polymers. The
electronic properties of these conjugated polymers are determined by structural topology and chemical composition. It has been shown that if 2D polymers can be designed
within certain structural topology, similar characteristic bands could be obtained 1. Hence, it's possible to efficiently look over lattices with different structural topology with
tight-binding (TB) model, and then implement them in hypothetical 2D polymers with different fragments and linkers.

Results: fes lattice as an example

Our TB model Hamiltonian: b) 12 Figure 3: (a) fes lattice
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or in Kane-Mele model form as, /k | A j . —/\ Interactions are added, I.e.,
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Figure 4: Band structures and corresponding Chern numbers for each band of
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Figure 5. (a) Atomistic structure of a hypothetical 2D polymer with the

Figure 1: Some of electronic structures for possible method in reality | = underlying fes net topology and one connecting C, unit (blue circle) between
different lattices. triangulene units (red circle). (b-e) Band structures of the hypothetical 2D
. = > By On-site energy ¢ —» Replacing Carbons with | polymers with different number of C, units as linkers connecting the squares.

< Borons or Nitrides — : - S -
TP | ~or (b), the electronic effective mass I1s m, = 0.01 (blue band, I'-point) and for
2 0rT0 SIS _ > By Hoppingt —— Different linkers noles is m;, = 0.05 (purple band, M-point) e

Conclusion
» TB model can be used to explore 2D lattices and serves as guidance on building conjugated polymers with same structural topology.

» Example: fes lattice - hypothetical 2D polymers

» Proposed 2D polymers as representative example for implementation — possiblility to explore properties via structural modifications (e.g. changing linkers)

» In this example, SOC-induced band gaps are too small for practical use but low effective masses can be found.
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