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Bottom-up fabrication of graphene nanostructures




Bottom-up fabrication of graphene nanostructures



Topological Phases in Graphene Nanoribbons
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Topological Phases in Graphene Nanoribbons

Topologically protected
0D interface state

Z, =0, trivial /;\ Z, = 1, non-trivial

aGNR type 1 aGNR type 2
3D topological insulators 2D topological insulators
b E
. ‘—Q—j ——— S, k
Surface state (2D) Edge state (1D)

Kong et al., Nature Chem.3, 845 (2011)



5-Armchair GNRs: 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) H (E B.r »&—« %




5-Armchair Graphene Nanoribbons
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Su-Schrieffer-Heeger (SSH) model and topology
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Su-Schrieffer-Heeger (SSH) model and topology
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Haiku graphene nanoribbons
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Changes in topology : bands & wavefunctions
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Heterojunction: 5SAGNR and Haiku-AGNR
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Hybrid GNRs: theoretical experiment
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Tunable topology in hybrid-GNRs

Haiku-GNR
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Tunable topology in hybrid-GNRs

AEpand gapleV]

0.5 r
oa
0.3
02
o1

0.0 !

1720

1/10

0.1

715

0.2
7-AGNR-unit density

1/4

Haiku-GNR

0.3



Tunable topology in hybrid-GNRs
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Tight-binding for Haiku GNRs

Anisotropic TB model
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Generalized SSH model for Haiku GNRSs
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Normal SSH model for 5-aGNR valence band

- OHO-OCO)- e
QQQQQQ 5-aGNR

A BCD




Normal SSH model for 5-aGNR valence band
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Generalized SSH model for Haiku GNRSs
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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

5-AGNR Hybrid GNRs
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Tuning topological states in hybrid Haiku GNRs
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Tuning topological states in hybrid Haiku GNRs

5-AGNR Hybrid GNRs
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Tuning topological states in hybrid Haiku GNRs

5-AGNR Hybrid GNRs
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Tuning topological states in hybrid Haiku GNRs

5-AGNR Hybrid GNRs
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Larger systems with the g-SSH model: topological transition
and the appearance of in gap interfacial states
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Tunable topology in hybrid-GNRs
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“7”-defect-states in the very dilute limit
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2B-575-AGNR
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2B-575-AGNR
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Summary & perspectives

* Haiku-GNRs 7-(5-AGNR), suffer a topological transition as the
concentration of “7” widenings is varied as demonstrated by DFT
and simple TB 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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Summary & perspectives

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

* 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.
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Topological Phases in Graphene

Topological band engineering of graphene
nanoribbons
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“Topological” phase diagram of 5-aGNRs
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“Topological” phase diagram of 5-aGNRs
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2B-575-AGNR
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A simple SSH model is enough to understand ....

34 34 34 34

81:281:81__28 7t .... 5-aGNR valence band
f— tpar

Ribbon axis




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

-2.0

-2.5 /K
.f"f-_—.----__ | |
3.0t : . .

T T -3.5 m
A m
ol |
: —-4.0r 1€
ve it %
— o)
: ve.4.5 =<

-5.0f

o/

r X




Interface states at the 5-aGNR/575-aGNR boundary
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Topological End-states in 5-AGNRs

30 unit cells (UC) / 15 precursor units (PU) on Au(111)

J. Lawrence, P. Brandimarte, A. Berdonces-Layunta, M. S. G. Mohammed, A. Grewal,
Ch. C. Leon, D. Sanchez-Portal and D. G. de Oteyza, ACS Nano 2020, 14, 4499-4508
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Experimental Motivation |: 2B-575-AGNRs



2B-575-AGNR

Brgf;g{g}g;;&
luc
acaseaatess

N. Friedrich, R. E. Menchon, I. Pozo, J. Hieulle, A. Vegliante, J. Li, D. Sanchez-Portal,
D. Pefia, A. Garcia-Lekue, and J. I. Pascual, ACS Nano 2022, 16, 14819-14826
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2B-575-AGNR
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2B-575-AGNR
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Experimental Motivation Ill: 5-AGNRs



Topology of GNRs band structure
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Synthesis of 5-aGNRs
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Band structure 5-aGNR vs. 575-aGNR: reversed topology
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