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Fig. 1. Three important directions for studying graphene quantum magnetism. 1) Precise chemical synthesis: preparation of atomic-

ally precise nanographenes with different structures. 2) Low-dimensional quantum magnetism: construction of low-dimensional

quantum spin system based on n-magnetic nanographene. 3) Proximity effect of superconductivity: combination of T-magnetic nano-

graphene with superconductivity.
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Fig. 2. Calculation of magnetism in triangulenel®)!
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Fig. 3. Clar sextets-induced m-magnetism: (a) Structure of Clar sextets; (b), (c) magnetic transition in acenes and super-zethrenes,
respectively; (d) molecular structure, the distribution of energy level and single-occupied electrons spin density of n = 5 super-
zethrenes, where magnetic ground state is close shell®; (e) molecular structure, the distribution of energy level and single-occupied
electrons spin density of n = 7 super-zethrenes, where magnetic ground state is open shell® ((d), (e) reproduced with permission
from Ref. [33, 50]).
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Fig. 4. Topological defect-induced m-magnetism: (a) Magnetic ground states of nanographenes with double carbon-five-rings in the

different configurations®”; (b) design of high spins structures based on carbon-five-rings/™.
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Fig. 5. On-surface synthesis of magnetic nano graphenes: (a) Schematic illustration of on-surface synthesis; (b)—(s) experimental

synthesis results of nanographenes with different magnetic ground statesl30—3234-40.42.44.45.47-51]
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Fig. 6. STM tip-driven on surface reactions: (a) Ullmann reaction!"'!l; (b) Glaser coupling and intermediates!''?; (c) schematic illus-

tration of tip-driven on surface dehydrogenation®); (d)—(g) tip-driven dehydrogenation in nanographenes and high spins states in

the same nanographene are available step by step 23373 ((a), (b), (d), (e) reproduced with permission from Ref. [111, 112, 29, 39]).
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Fig. 7. Kondo effect of $ = 1/2 nanographenes: (a) Schematic illustration of Kondo resonance spectroscopy of S = 1/2; (b) spatial
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effect of various S = 1/2 nanographenes?>% 404141 ((h)—(i) reproduced with permission from Ref. [36, 32, 35, 40, 41, 49]).
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Fig. 8. Kondo effect of high spins nanographenes: (a) Schematic illustration of Kondo resonance spectroscopy of S = 1; (b), (¢) Kon-

do effect of $=1/2 and S = 1 in the same nanographenel”** ((b), (c) reproduced with permission from Ref. [37, 39]).
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Fig. 9. Spin exchange interaction of nanographenes with singlet ground state: (a) Schematic illustration of spin-flip spectroscopy of
S = 0 singlet state; (b)—(h) spin exchange interaction J of different nanographenes with singlet ground state [#-36:38424750 ((b) (c),

(f)—(h) reproduced with permission from Ref. [38, 50, 35, 47]).
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Fig. 10. Controlling magnetic exchange direction: (a), (b) Change of magnetic ground states by different connecting configurations/*3%;

(c)—(e) change of magnetic ground states by direct connecting two C atoms in AB sublattice respectively*? ((a)—(e) reproduced with

permission from Ref. [38, 39, 42]).
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Fig. 11. Building 1D quantum spin chains with magnetic nanographenes: (a) S = 1/2 ferromagnetic spin chain!*; (b) § = 1/2 anti-
ferromagnetic spin chain'3; (c) § = 1 antiferromagnetic quantum spin chain build with trianguleneP!; (d) S = 1 antiferromagnetic

quantum spin chain build with porphyrins-based magnetic nanographenes*J; (e) Haldane quantum spin chain**! ((c), (d) repro-

duced with permission from Ref. [51, 48]).
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Abstract

Delocalized p-shell electron magnetism emerging in a low-dimensional graphene system due to quantum
effect is distinct from the localized d/f-shell electron’s. The delocalization effect allows the precise engineering of
the magnetic ground state and magnetic exchange interactions in nanographenes, thus implementing the
accurate construction of high-quality graphene-based magnetic quantum materials. In recent years, with the
development of surface chemistry and surface physics, it has become feasible to study the magnetism of
nanographenes with single-atom precision, thus opening a new research direction for studying purely organic
quantum magnetism. This review starts from the summarizing of the research background of nanographene
magnetism. Then, the physics nature behind the nanographene magnetism and recent experimental researches
are discussed. Finally, the challenges and opportunities for further studying low-dimensional magnetic graphenes

are briefly discussed.
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