How to fabricate graphene ?
a) Exfoliation of graphite  b) Chemical Vapor Deposition
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b. CVD Growth of Graphene

Chemical vapor deposition (CVD)
to grow high-quality graphene
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Conductive formulations and inks
B Printable electronics, E-textiles, coatings

Composite materials
B Antistatics, mechanical reinforcement

Energy storage materials
B Batteries, capacitors

Catalysis
B Support materials, photocatalysis

Transparent electrodes
B Photovoltaics, displays

Carbon semiconductors
B Transistors, spintronics .
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2. Nanographenes
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the case of double[7]carbohelicene
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Molecular lego with benzene
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* GNRs with necklace periphery
* optical bandgap ~ 1.4 eV
Chem. Asian J. 2015, 10, 2134

15 % of fuel are lost to friction P
within the engine and gearbox

Carbon nanoparticles improve lubrication with oil, but
their aggregation increases friction and wear
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and soluble graphene nanoribbons

Molecular model of
partially stacked GNR
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Straight graphene . _
nanoribbons with atomic precision:7-AGNR 9-Atom wide armchair-6NR (9-AGNR)

Length >70 nm (X = I)

a. constant current STM
topography image (1-PP1)

b,c. STM images (9-AGNR)

d,e. Nc-AFM images (9-AGNR)

€
* Band gap = 1.4 eV (STS)

Nature 2010, 466, 470 ACS Nano 2017, 11, 1380

a. From colorants to GNRs
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4. Synthetic Opportunities
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Rainbow of rylene colorants

Nature 2010, 446, 905 (v. Hulst)  Nature Photonics 2009,3, 654 (Moerner
Nature Nanotechnology 2014, 9, 131 (Hofkens); ibid. 9, 183 (Basche)
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b. Porphyrin-Nanographene c. OBO-Doped Periacenes
Conjugates
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7 Designing the monomers Perfect GNRs with
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5. Future
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Molecular
spintronics

Electronics in the
21st century

quantum computing  spintronics artificial neural networks

DNA computing single-molecule electronics
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Zigzag-Extended 7-AGNRs with ———d
Low Bandgap: toward topological insulators -

(1,3)zz-TAGNR

Nature 2018, 560, 209.



Dendritic structures

6. Carbon Nanomaterials in 3D

5 Why so perfect ?
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Passing the blood brain barrier
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Enhancing
adenovirus-
mediated
gene delivery
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