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Graphene Nanoribbons (GNRS)
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Bottom-up fabrication of graphene nanostructures



On-surface
synthesis

Armchair graphene nanoribbons (AGNR) Zigzag graphene nanoribbons (ZGNR)
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Edge state

Zigzag graphene nanoribbons (ZGNR)
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Chemical doping

Atomically precise graphene nanoarchitectures




Chemical substitution in GNRs
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Synthesis of borylated 7/AGNRS
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Experimental characterization of 2B-7AGNRS

Kondo resonance
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Experimental characterization of 2B-7AGNRS
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Periodically borylated 7TAGNRs
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Halku graphene nanoribbons
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An old, ancient pond.
Suddendly a frog jumps in.
Sound of watersplash.
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Halku graphene nanoribbons
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Halku graphene nanoribbons
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2B-Halku GNRs: on-surface synthesis




2B-Halku GNRs: STM characterization
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2B-Halku GNRs: STM characterization

N. Friedrich, AGL et al.
ACS Nano 16, 14819 (2022)
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Chemical substitution in GNRs
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2B-units in the backbone of 7-armchair GNRs (BN-7AGNR)



Chemical substitution in GNRs
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BN-units in the backbone of 7-armchair GNRs (2B-7AGNR)
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Chemical substitution in GNRS
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Chemical substitution in GNRs
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Chemical doping

_ Topological properties

Atomically precise graphene nanoarchitectures




Halku graphene nanoribbons
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Hybrid Halku GNRs: theoretical experiment
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Tunable topology in hybrid Hailku-GNRs

Haiku-AGNR
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Tunable topology in hybrid Hailku-GNRs
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Tunable topology in hybrid Hailku-GNRs
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Topology of functionalized 5AGNR

GAP vs Lattice parameter
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Chemical doping

_ Topological properties

Hybrid
nanoarchitectures
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Computational design of hybrid GNRs

Porphyrin-GNR hybrids
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Electronic properties of hybrid GNRSs

Non-metalized por-GNR Fe-por-GNR
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Spin transport in hybrid GNRs
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Spin cross-over in por-GNR hybrids

Effect of strain ( S=1 =% S=2)
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Solution-synthesis of porphyrin-fused GNRs
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On-surface synthesis of hybrid GNRs

b Porphyrin-peri-Fused Zigzag GNR (this work)
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On-surface synthesis of hybrid GNRs

Molecular precursor: D.
Pena (CIQUS)

I,
ROS®

Zn-Por chiral GNRSs



On-surface synthesis of hybrid GNRs

OSS + STM experiments:

Molecular precursor: D. D.G. de Oteyza (CINN) M. Corso (CFM)
Pena (CIQUS) . - g ,
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A Preferential formation of dimers

A Long annealing@350°C leads to lateral fusion:
formation of 3ZnPor-and 4ZnPor-chGNRs




Chiral GNRs
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zigzag
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Molecular precursor: D.

Pefia (CIQUS) OSS + STM experiments: J.l. Pascual (Nanogune)
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J. Li, AGL et al., Nat. Commun. 12, 5538 (2021)



ZnPor-chiralGNRs

(3,1,4) chGNRs Zn-Por chiral GNRs
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Changingthe metalicc ent er é

Fe-Por chiral GNRs Zn-Por chiral GNRs
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Chemical doping

_ Topological properties

Hybrid
nanoarchitectures
. ° From 1D to 2D

Electronic properties explored by SIESTA simulations




From 1D to 2D

1D nanostructures with specific coupling bridges

7aGNRs with additional phenyls



From 1D to 2D

1D nanostructures with specific coupling bridges

/AGNRs with additional phenyls

N
From 1D to 2D nanoarchitectures



Nanoporous Graphene: on-surface synthesis

Br 7-C
13-C #—
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Monomer

C. Moreno, AGL et al.,
Science 360, 199 (2018)

Precursors: D. Pefa (CIQUS) / OSS and STM experiments: A. Mugarza, ICN2
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NPG: anisotropic electronic properties

Electronic Band Structure
(DFT / SIESTA) Pore states
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NPG: anisotropic electronic properties

Electronic Band Structure
(DFT / SIESTA)

Transversal band
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NPG: longitudinal bands

Graphene nanoribbon NPG

Lateral fusion

Interribon
coupling
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Multiscale method based on DFT+TB+NEGF

Full DFT simulation for NPG in
contact with a metallic tip

DFT + NEGF ~ 1500 atoms

Details of the method: Calogero et al., Nanoscale 11, 6153 (2019)



Multiscale method based on DFT+TB+NEGF

Details of the method: Calogero et al., Nanoscale 11, 6153 (2019)



Multiscale method based on DFT+TB+NEGF

Full DFT simulation for NPG in
contact with a metallic tip

DFT + NEGF ~ 1500 atoms

4

Link the perturbed contact
region described by DFTé

Details of the method: Calogero et al., Nanoscale 11, 6153 (2019)



Multiscale method based on DFT+TB+NEGF

Full DFT simulation for NPG in
contact with a metallic tip

DFT + NEGF ~ 1500 atoms

\ ¢

Link the perturbed contact
region described by DFTé

¥

éwith an unpescaeur
region described by tight-binding

TB + NEGF ~ 360000 atoms

Details of the method: Calogero et al., Nanoscale 11, 6153 (2019)



Multiscale method based on DFT+TB+NEGF

Electronic Talbot effect
G. Calogero, AGL et al., Nano Lett. 19, 576 (2019)
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GO tip-STM

Monomers by D.Peia (CIQUS), STM by A. Mugarza (ICN2)




OSS of phenylated-NPG

Meta-meta Para-meta




Electron transport simulations in ph-NPG

Tight -binding Hamiltonians ( Fruned DF T:0 )
obtained by projecting unit-cell DFT Hamiltonians on a reduced subset
of atomic orbitals using SISL [ sisl.Hamiltonian.sub() ]

para-para para-meta meta-meta

— DFT i — DFT _ — DFT

_0.3 4
--- TB --—- TB

=N TN
N TN TN

E-Er (eV)

X r Y X r Y X r Y
S+ pPx* pytp:z Pz + Pdxz + Pdy;

Excellent agreement with full DFT for longitudinal bands within| E T EF | =«



Electron transport simulations in ph-NPG

Ph-NPG flakes: 43 nm x 65 nm
(D 70.200 atoms).

Approximate metallic tip via an on-
site imaginary self-energy il in the
contact atom, where U represents
the decay rate into the tip.

TranSIESTA simulations: pruned DFT + NEGF

Complex adsorbing potential
(CAP) to avoid backscattering
off the device edges



