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Size-uniform nanographenes prepared by oxidative decomposition were functionalized
through chemical modification at their edges, which resulted in edge-functionalized
nanographenes that are soluble in various organic solvents. Introducing various substituents
at the edges modulated the electronic structures both at the ground state and at the excited
state, as it turned out, the white color emission was established. The self-assembly of the
nanographenes was achieved by supramolecular technique. Hydrogen-bonding functional
groups (Up) were located at the edge, resulted in the nanographene monomers that self-
assembled to form supramolecular graphene networks. The supramolecular nanographene
networks gelled various solvents and showed thermoreversible sol-gel transition.
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Scheme 1. Preparation of edge functionalized graphene quantum dots via Huisgen reaction. Reproduced
with permission from Sekiya, R.; Uemura, Y.; Naito, H.; Naka, K.; Haino, T. Chem. Eur. ].
2016, 22, 8198-8206. Copyright 2016 Wiley-VCH.
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Fig.1 Topographic AFM images (a, b) of GQD-1 (0.9 yum x 0.9 um) and GQD-2 (0.9 yum x 0.9 um)
on mica disks. c-f, Height profiles (c, e) of the cross sections of the white lines in a and b, and
magnified images (d, f) of GQD-1 and GQD-2. Reproduced with permission from Sekiya, R.;
Uemura, Y.; Murakami, H.; Haino, T. Angew. Chem. Int. Ed. 2014, 53, 5619-5623 . Copyright 2014
Wiley-VCH.
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Fig. 2 Cyclic voltammograms of a) GQD-1, b) GQD-2, ¢) GQD-3 and d) GQD-4 in chlorobenzene/
acetonitrile (1:1, v/v) at 293 K. Conditions: supporting electrolyte n-Bus NPFs 100 mm; scan rate:
0.05 Vs~1. All starting potentials were 0.0 V relative to the Ag/AgCl reference electrode. €e)
Proposed reduction process on GQD-1-4. Reproduced with permission from Sekiya, R.; Uemura,
Y.; Naito, H.; Naka, K.; Haino, T. Chem. Eur. J]. 2016, 22, 8198—-8206. Copyright 2016 Wiley-VCH.

Table 1. The first (E eqonse) and second (E2reqonset) cathodic peak potentials of GQDs-1-4 and the
potential energy differences (A E» reqonset), LUMO level (Erumo), HOMO level (Exomo), HOMO-
LUMO band gap (E,), and optical band gap (E.*"). Reproduced with permission from Sekiya,
R.; Uemura, Y.; Naito, H.; Naka, K.; Haino, T. Chem. Eur. J. 2016, 22, 8198-8206. Copyright

2016 Wiley-VCH.
Sample Eiredonset/V E2reqonset/V AE2rea/V® Erumo /eVe Exomo /eV4 Eg /eViel Eort /eV Tl
GQD-1 -0.74 -1.32 0.30 -3.91 -6.01 2.10 2.00
GQD-2 -0.60 —1.55 0.07 -4.05 -6.04 1.99 2.07
GQD-3 -0.74 -1.36 0.26 -3.91 -5.95 2.04 2.10
GQD-4 -0.75 -1.33 0.29 -3.90 -5.97 2.07 2.00

[a] 0.6 mg mL-! of the organic solution was used in each analysis. The measurements were performed under an N,
atmosphere. During the CV measurements, no precipitation occurred. [b] AE req = E2 redonset (GQD-X) — E'1 redonset (9), X =
1-4. [c] LUMO level vs. electrons at rest in a vacuum (0 eV). Calculated by Erumo = —-€(4.80 + E1 rea (vs. Fc+/Fc)). [d]
Determined using PYSA. [e] Calculated from E; = Eruymo—Enomo. [f] Calculated from the intersection of the tangent on the
low energetic edge of the absorption spectrum with the baseline.
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Fig.3 Photo luminescence of . _ g E/”Wg”f;f"

GQD-3 (a) and GQD-4
(b) in dichloromethane.  Scheme 2. Preparation of hydrogen-bonding graphene quantum dot 13.
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(o) IR

Fig.4 AFM images (a,b) of GQD-13, and digital images of GQD-13 in (i) benzyl alcohol, (ii)
benzonitrile, (iii) benzyl amine, (iv) acetophenone, and (v) #-decanol. (d) Sol-gel transition of
GQD-13 and benzyl alcohol. Reproduced with permission from Uemura, Y.; Yamato, K.; Sekiya,
R.; Haino, T. Angew. Chem. Int. Ed. 2018, 57, 4960-4964 . Copyright 2016 Wiley-VCH.
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