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Fig. 1. (a) and (b) Graphene and biphenene networks and the adsorption sites of Fe atoms; (c¢) and (f), (d) and (g), (e) and (h) are

top and side views of Fe atoms on the top of 4-, 6-, and 8-membered ring (H sites) of biphenene networks, respectively.
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Table 1.  Adsorption energy of Fe atom adsorbed

on each point of graphene and biphenene.
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Fig. 2. (a), (b) and (c) Time evolution curves of the energy of Fe atoms adsorbed on the 4-, 6- and 8membered rings of the
biphenene network at 1000 K, respectively; (d) motion of iron atom absorbed on hollow site of 8-membered ring at 1000 K.
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Fig. 3. (a), (b); (c), (d); (e), (f) are top and side views of differential charge when Fe atoms are adsorbed on top of 4-, 6- and 8-

membered ring (H sites) of biphenene networks, respectively.
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Fig. 4. Energy band and density of states of (a) graphene and (b) biphenene network. The Fermi energy is set to zero.
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Fig. 5. Projected density of states of Fe atoms adsorbed on the top of 4-membered ring of biphenene network: (a) and (¢) GGA cal-

culations; (b) and (d) GGA + U calculations. The Fermi energy is set to zero.
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Table 2.  Energies of Fe atom adsorbed biphenene

layer in various magnetic orders.
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Fig. 6. Sketches of several magnetic orders in Fe-adsorbed
biphenene monolayer: (a) Ferromagnetic order; (b) collin-
ear anti-ferromagnetic order I; (c) collinear anti-ferromag-

netic order II; (d) Neel antiferromagnetic order.
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Fig. 7. Response of d electron number of Fe atom adsorbed
on biphenene network to Hubbard U in self-consistent and

non-self-consistent calculations.
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Abstract

Biphenylene monolayer is composed of four-, six- and eight-membered carbon rings and has a monatomic
layer structure similar to graphene. It was synthesized in experiment recently and reported in Science in May
2021, which has attracted considerable attention in the research field of two-dimensional materials. By the
density functional method of the first principle, we study the adsorption configuration of Fe atoms on
biphenylene monolayer and analyze its electronic structure. The calculation of structural optimization,
adsorption energy and molecular dynamics show that the biphenylene monolayer is a good matrix of Fe atoms.
For Fe atoms, the hollow site in the four-membered ring of the biphenylene monolayer is the most stable
adsorption site, and the adsorption energy can reach 1.56 eV. The calculation of charge transfer and density of
states show that a stable bond can be formed between biphenylene monolayer and Fe atoms, and 0.73 electron
is transferred from Fe atom to the neighbored carbon atom. After Fe atom being absorbed, biphenylene
monolayer is magnetic, and the magnetic moment of Fe atom is about 1.81 wug and points out of the plane.
Compared with graphene, biphenylene monolayer adsorbs Fe atoms more stably, which provides a new platform

for studying the electromagnetic, transport and catalytic properties of two-dimensional materials with adatoms.

Keywords: biphenylene, adsorption, electronic structure, first-principles calculation
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