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Abstract: As a class of conjugated nanocarbon materials with atomically precise structures , chiral nanographenes in-
tegrate the excellent optoelectronic properties of graphene and the unique circularly polarized optical characteristics of
chiral molecules, thus holding great application potential in cutting-edge fields such as circularly polarized lumines-
cence (CPL) devices, chiral sensing, biological imaging and quantum information. Benefiting from the inherent heli-
cal conjugated framework and chiral features, helicenes have served as the core building blocks for constructing high-
performance chiral nanographenes, effectively overcoming the bottlenecks of traditional planar nanographenes including
intrinsic achirality, poor stability of chiral doping systems and low luminescence dissymmetry factors. This paper sys-
tematically reviews the latest research advances in helicene-based chiral nanographenes. It mainly elaborates on the
structural construction strategies and CPL modulation mechanisms of helicene-based chiral nanographenes, and summa-
rizes how diverse helicene topologies and conjugated extension degrees affect the CPL dissymmetry factor and fluores-
cence quantum yield of chiral nanographenes. Furthermore, the current application status of such materials in chiral op-
toelectronic devices is summarized. Several critical challenges are also discussed, including high cost of chiral resolu-
tion, solid-state aggregation-caused quenching, and the difficulty in synergistically optimizing multiple CPL perfor-

mances. Finally, the future development prospects of chiral nanographene research are outlooked.
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Fig. 1 (a) Helicene-based chiral nanographene NG1 and the UV-vis absorption spectrum, fluorescence spectrum, CD spectra

and CPL spectra (¢ =5 x 10° M, CH2Cls, A,

=490 nm). (b) Structures of NG2 based on [ 5] helicene, NG3 based on

[7 Jhelicene and NG4 based on [ 9 Jhelicene, and the corresponding CPL spectra (¢=1x10°M, THF, A, =380 nm).

(¢) Perylene-embedded chiral nanographenes NG5 and NG6, and the corresponding CPL spectra (¢ =2 X 10° M, tolu-

ene, A= 561 nm).
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Fig. 2 Perylene diimide-embedded chiral nanographene NG7 and the CD spectra and CPL spectra (¢ = 1 x 10° M, CHCl;,

Awe = 360 nm) , (top) ; Naphthalimide embedded chiral nanographene NG8 and the CPL spectra (¢ = 1 x 10° M,

CHCI;, A, =581 nm), (bottom).
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(a) Perylene-cored extended chiral nanographenes and the fluorescence spectra, CPL spectra (¢ =5 x 10° M, CH,Cl,).

(b) Perylene-cored NG17 based on [6]helicene, and the frontier molecular orbital (FMO) distribution and the CPL

spectra (¢ =1 X 10° M, toluene) , and perylene-cored double [ 5 helicenes NG18.
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Fig. 6 (a) The "8"-shaped macrocycle based on [5]helicenes (NG21) and the optical properties (¢ = 1 x 10° M, CH,Cl,,
Aee = 312 nm). (b) [5]helicenes-embedded chiral macrocycle NG22 and the CPL spectra (¢ = 1 x 10° M, CH,Cl,,
Aee =500 nm).
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Tab. 1 The CPL properties of multiple helicenes-embedded
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NG19 643 3x107  0.276 \
NG20 680 3x10°° 0.43 90.5
NG21 504 1.15x107° 1 33
NG22 587 28.5x10°  0.79 1514
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A (nm) [Gruml O] B (M7 cm™)
NG23 575 3.6x10° 0.22 80
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Fig. 7 (a) [9]helicene-embedded bilayer chiral nanographenes NG23, [10]helicene-embedded bilayer chiral nanographenes

NG24 and [ 11]helicene-embedded bilayer chiral nanographenes NG25. (b) Comparison of circularly polarized lumines-
cence properties of NG23, NG24 and NG25 (¢ =1 x 10° M, THF).
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Fig. 8 (a) [7]helicene-embedded bilayer nanographene NG26, the 2" generation trilayer nanographene NG27, and the 3"

1

generation tetralayer nanographene NG28, and their UV-vis absorption spectra and fluorescence spectra (in CH,Cl,).
(b) Helical nanographene with double [ 7 Jhelicenes fused at meta-position NG29 and helical nanographene with double
[ 7] helicenes fused at para-position NG30, and the UV-vis absorption spectra and fluorescence spectra. (¢) [ 8] heli-
cenes-embedded helical trilayer nanographene NG31, oxa[8]helicenes-embedded helical trilayer nanographene NG32,
and flag- hinge-like chiral nanographene NG33.
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Fig. 9 (a) Corannulene-based helical nanographene NG34 and the CPL spectra (¢ = 1 x 10° M, CHCI;). (b) Heptagon-em-

bedded helical nanographenes NG35, NG36 and NG37.
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Fig. 10 Negatively-curved saddle-shaped nanographenes NG38 and NG39 (top), and electric (1) and magnetic (m) transition

dipole moments for the SO — S1 transitions of them (bottom).
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Fig. 11 (a) Nitrogen and boron-doped double [ 6]helicenes NG40 and the optical properties (¢ = 2 x 10° M, CH,Cl,, A

exc

365 nm) ; Nitrogen and boron-doped double [7 Jhelicenes NG41 and the CPL spectrum (¢ =1 % 10°M, CH,CL). (b)

Helical nanographenes with N-doped on non-benzenoid rings. (¢) 0/S-doped helical chiral nanographenes.
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Tab. 2 The CPL properties of heteroatom-doped chiral

nanographenes.
Nnm) g [0} By (M em™)
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