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Topological Phases in Graphene Nanoribbons

7/9-AGNR heterojunctions
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5-Armchair GNRs: topological end states

Lawrence et al., ACS Nano 14, 4499 (2020)



5-Armchair Graphene Nanoribbons

Magnetic topological end states

Lawrence et al., ACS Nano 14, 4499 (2020)
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5-Armchair Graphene Nanoribbons

Lawrence et al., ACS Nano 14, 4499 (2020)
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Su‐Schrieffer‐Heeger (SSH) model and topology
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Electronic gap in 5‐aGNRs ?

 X

En
er
gy

(e
V)

‐4

‐5

‐6

‐3

DFT‐GGA

Eg~400meV

… …
Metallic

tpar

tperp

tpar > tperp



5 7 5

Haiku graphene nanoribbons



Changes in topology : bands & wavefunctions
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Heterojunction: 5AGNR and Haiku-AGNR

Z2 = 1 Z2 = 0

Topological end state

Topological interface state

Can we tune the topological end/interface states?

Probability density



Hybrid GNRs: theoretical experiment

Hybrid GNRs

Precursor for 
5-AGNR

Precursor for 
Haiku-AGNR



Tunable topology in hybrid-GNRs

Haiku-GNR
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Tunable topology in hybrid-GNRs

Haiku-GNR
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Tight-binding for Haiku GNRs
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Lawrence et al., ACS Nano 14, 4499 (2020)

TB DFT
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vZ = t = 2.7 eV



Generalized SSH model for Haiku GNRs



Generalized SSH model for Haiku GNRs

generalized Su-Schrieffer-Heeger model

Frontier
bands



Normal SSH model for 5-aGNR valence band

… … 5‐aGNR

A BC D



Normal SSH model for 5-aGNR valence band

… … 5‐aGNR

A BC D



Generalized SSH model for Haiku GNRs

Tends to change topology



Topological phase transition with g-SSH model



Topological phase transition with g-SSH model
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Tuning topological states in hybrid Haiku GNRs

R. Menchón et al. (in preparation)
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Tuning topological states in hybrid Haiku GNRs
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Larger systems with the g‐SSH model: topological transition 
and the appearance of in gap interfacial states 



Tunable topology in hybrid-GNRs

Haiku-GNR
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5‐AGNR gap

Gap between
“7”‐defect‐states
in 5‐AGNR



“7”‐defect‐states in the very dilute limit

ax 00 unit cells 426 



2B‐575‐AGNR

N. Friedrich,  R. E. Menchón, I. Pozo, J. Hieulle, A. Vegliante, J. Li, D. Sánchez‐Portal, 
D. Peña, A. Garcia‐Lekue, and J. I. Pascual, ACS Nano 2022, 16, 14819−14826 
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Summary & perspectives

MAT2016-78293-C6
PID2019-107338RB

• Haiku-GNRs 7-(5-AGNR)n suffer a topological transition as the
concentration of “7” widenings is varied as demonstrated by DFT
and simple TB calculations

FET-Open project 
SPRING Grant. No. 863098

• The results can be understood with a simple model (g-SSH) that 
allows computing much larger systems and, eventually, explore 
different possible devices and disordered systems 
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• Haiku-GNRs 7-(5-AGNR)n suffer a topological transition as the
concentration of “7” widenings is varied as demonstrated by DFT
and simple TB calculations

FET-Open project 
SPRING Grant. No. 863098

• While the interfacial states that appears in Haiku/5-aGNR
combinations develop spin polarization, chemical substitution
with B drives the system metallic and creates localized
magnetic moments as shown in both exp. and calculations.

• The results can be understood with a simple model (g-SSH) that 
allows computing much larger systems and, eventually, explore 
different possible devices and disordered systems 
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Topological Phases in Graphene 
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2B‐575‐AGNR
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A simple SSH model is enough to understand ….
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A modified SSH model is enough to understand ….
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Generalized‐SSH model for 575‐aGNR valence band
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Band structure 5‐aGNR vs. 575‐aGNR: reversed topology



Interface states at the 5‐aGNR/575‐aGNR boundary



Topological End‐states in 5‐AGNRs
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Ch. C. Leon, D. Sánchez‐Portal and D. G. de Oteyza, ACS Nano 2020, 14, 4499−4508
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 Experimental Motivation I: 2B-575-AGNRs
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Experimental Motivation II: 5-AGNRs



Topology of GNRs band structure

 Global invariants of GNR bands from integrating Zak phases 
 Unit Cell determined by boundary/termination
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Finite size effects

Excellent agreement between 
experiment and theory simulations Hardly perturbed orbitals on Au(111)  

Stacked dI/dV point spectra 
along 12‐UC 5‐AGNR

Contant height dI/dV 
maps with Cl tip

Simulated STM images at 
4 Å above C backbone

Calculated wavefunctions 
of low‐energy orbitals



Synthesis of 5‐aGNRs

1.0nm 1.0nm

T ≥ 200 ºC

CH5Br

Riley et al., J. Mol. 
Model. 2011, 17, 3309

Halogen
bonding driven
self‐assembly



Band structure 5‐aGNR vs. 575‐aGNR: reversed topology


