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Fig. 1. (a) The relationship between the superconducting transition temperature 7, and the number of benzene rings in organic mo-

lecules in aromatic molecular crystals?”; (b) the variation of the electron-phonon coupling constant with the number of carbon atoms

in organic molecules!'?; (c) the electron-phonon interaction varies with the number of carbon atoms in organic molecules, and the

inset shows a linear relationship between the electron-phonon interaction and the reciprocal of carbon atoms!'.

237403-2



http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 72, No. 23 (2023)

237403

2 LT B IR E M, iAFE A 2 TR 2R AR
FER, e 3 BT (AL T) BRI
SEAN. RV T 557 A i S S W B 77—
AME T, BT, MAERBEAZR Tl LI E 24
AR Z —.

50

M This work
B K, phenanthrene
A Sm, phenanthrene
A Sm, chrysene
K, picene
Sm, picene
30| ® K, coronene
B K,[6] phenacene
» K, dibenzopentacene

Snaxes
K,[7] phenacene

@ o
y K]
| O Previous calculation Y @@)@
OA

40

T./K

2

O

10 i

Kl 2 HMEESFIETE S BB AYE W SRR EE

Rl IR n 178 AL 1)) IR B X B R T 5—7 K E’Jﬁ%ﬁx

{EVLIEJ S0 A1 68 5 Y R R M A D Y T 45 5 T
250 410 )7 B 3R 7 Casula 55 M4 TN 245 5 | Al 55040 ok

Q;&L

Fig. 2. The superconducting transition temperature T, of
aromatic molecular cry@tal% dopcd by metal varies with the

number of benzene rings n [l. The gray area indicates a su-

perconducting transition temperature region of 5—7 K. The
solid red squares represent the prediction results of Lin et al.'!],
while the hollow red squares represent the prediction results

of Casula et al.l'¥
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Fig. 3. In aromatic molecular crystals, the ratio of effective
on-site Coulombic energy to bandwidth (Uy/W) varies
with the dielectric constant. The superscript I of organic
molecules refers to the zigzag arrangement of the benzene
rings in the molecule, while II refers to the configuration of
organic molecules similar to 1, 2:8, 9-dibenzopentacene 1],
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Table 1. The band gap (E,) of aromatic organic molecular crystals predicted by standard density functional theory (DFT)

method is smaller than the experimental values. v is the adopted precise exchange interaction parameters when obtaining the

E, which is consistent with experimental values. The superscript I of organic molecules refers to the zigzag arrangement of

the benzene rings in the molecule, while II refers to the configuration of organic molecules similar to 1, 2:8, 9-dibenzopenta-

cene (1],
Cratyy! CysHy,' M CopHy ! CopHy " Costy" Cogl" Cyollyg' CyoHys"
B, (expt.)/eV 3.16 3.3 3.3 3.3 3.15 3.2 3.2 3.2
E, (DFT)/eV 2.80 2.40 2.31 2.20 2.07 1.82 2.04 1.03
v 0.10 0.26 0.30 0.40 0.36 0.55 0.37 0.91
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Abstract

Aromatic superconductors are a new type of high-temperature superconductor discovered in recent years.
The superconducting transition temperature (7T,) increases with the size of aromatic molecule increasing, which
has attracted widespread attention of experimental and theoretical researchers. The driving mechanism for such
a superconductivity, whether it is dominated by electron-phonon coupling or electronic correlation effects, has
aroused great interest of many research groups. This paper briefly introduces the rich superconducting
phenomena of metal doped aromatic compounds. From the perspectives of electron-phonon coupling or
electronic correlations, the superconductivity of aromatic compounds is discussed, which is helpful in exploring
aromatic superconductors with higher T.. The challenges currently faced in the field are also introduced.

The rest of this paper is organized as follows. We first introduce the existence of abundant superconducting
phases in the experiment of metal doped aromatic compounds. Different doping concentrations of metal cause
superconducting phases with different 7, values, especially the highest T, value of the superconducting phase
increases with the size of aromatic molecule increasing. Theoretical prediction shows that all aromatic
hydrocarbon superconductors have a low-T, superconducting phase in a range of 5-7 K, which is a common
feature. For systems with few benzene rings (such as benzene, naphthalene, and phenanthrene crystals), only
low- T, phase of 5-7 K exists, while in systems with multiple benzene rings (such as picene, dibenzopentacene,
and others with the number of benzene rings more than 5), there are multiple superconducting phases; the
highest T, in long-benzene-ring system depends not only on the number of benzene rings, but also on the chain
size of organic molecule. Further research indicates that low-7, phase is induced by doping about 2 electrons
and has good stability, while high- T\, phase results from doping 3 electrons and has slightly poorer stability.

Then, the electron-phonon coupling characteristics and electron-electron exchange correlation effects in
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aromatic compound superconductors are discussed. For low-T, phases, the values of electronic density of states
at the Fermi level are comparable to each other and relatively low, resulting in weak electron-phonon
interactions. However, the T, value predicted by this electron-phonon coupling mechanism is in good agreement
with experimental value, indicating that the electron-phonon coupling is sufficient to describe the
superconductivity of low-T, phases. For high-T, phases, the big values of electron density of states at the Fermi
level imply strong electron-phonon interactions, and this electron-phonon coupling increases with the size of
organic molecule increasing. However, the T, value predicted only by the electron-phonon mechanism is lower
than the experimental value. The study of electron-electron exchange correlation effect of aromatic compounds
shows that the electronic correlation effect increases with the size of aromatic molecule increasing, which is
consistent with the increase of T, maximum value with the size of aromatic molecule increasing in a long-
benzene-ring system. This indicates that the superconductivity of high-T. phase is driven by both the electron-
phonon mechanism and the electronic correlation effect. This understanding of superconductivity is significant
for exploring and discovering aromatic superconductors with higher transition temperatures.

Finally, comprehensive physical models and methods are required in this paper in order to gain a thorough

understanding of the superconductivity of aromatic compound.
Keywords: aromatic superconductor, superconductivity, electron-phonon coupling, electronic correlations
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