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Abstract

This paper employs first-principles calculations based on the density functional theory to investi-
gate the crystal and electronic structures of barium-doped phenanthrene (PHN) and anthracene
(AN) from the perspective of surface doping, aiming to elucidate the experimentally observed su-
perconducting phenomena. The computational results reveal that two barium-doped PHN configu-
rations along the c-axis and a-axis directions exhibit nonmagnetic metallic states, with density of
states at the Fermi level being 5.69 states/eV/unit and 9.31 states/eV/unit, respectively. Two bar-
ium-doped AN configurations along the a-axis and b-axis directions also demonstrate nonmagnetic
metallic characteristics, showing density of states of 11.02 states/eV/unit and 23.47 states/eV/unit
at the Fermi level. The projected density of states indicates that the electronic states near the Fermi
level primarily originate from the C-2p orbitals, with negligible contributions from the C-2s and Ba-
6s orbitals. These findings provide a reasonable explanation for the multiple superconducting phases
observed in barium-doped PHN and AN materials. This research demonstrates that surface doping
of aromatic hydrocarbon molecular crystals is more effective than bulk doping in achieving super-
conductivity, thereby laying an important theoretical foundation for the design and synthesis of
novel organic high-temperature superconducting materials.
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Table 1. The lattice constants of phenanthrene (PHN) and anthracene (AN) crystals
F 1. E(PHN). B(AN)RIFH@IEEH

a b c a p y
PHN 8.441 A 6.140 A 9.438 A 90° 97.96° 90°
AN 9.268 A 5.955 A 8.410 A 90° 102.47° 90°
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Figure 1. Crystal structures of Ba-surface-doped PHN along the c-axis and Ba-surface-doped AN along the a-axis. (a)
Ba:PHN-c configuration, (b) BaiAN-a configuration
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Figure 2. Crystal structures of Ba-surface-doped PHN along the a and b axes. (a) BaosPHN-b config-
uration, (b) Bao.sPHN-a configuration, (c) BaiPHN-b configuration, (d) Ba:PHN-a configuration

2. 5& a. b MPREIBZFFEMRALEM . (a)9 BaosPHN-b #8, (b)A BaosPHN-a #3Y,
(c)73 Bai:PHN-b S fA453Y, (d) BaiPHN-a #5E!
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Figure 3. Crystal structures of Ba-surface-doped AN along the b and ¢ axes. (a) BaosAN-b config-
uration, (b) BaosAN-c configuration, (c) BaiAN-b configuration, (d) BaiAN-c configuration
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Table 2. The energies of three magnetic configurations for four doped structures
7 2. FME I =it il S

BIRGER AR WeSihE eV
NM —328.1881
BaiPHN-c FM -328.1803
AFM —328.1808
NM -658.3231
Ba:PHN-a FM —658.0070
AFM —658.0201
NM —327.8499
BaiAN-a FM —327.8514
AFM —327.8515
NM —658.9709
BaiAN-b FM —658.4860
AFM —658.4472
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Figure 4. Energy band diagrams of four configurations with metallic state. (a) BaiPHN-c config-
uration, (b) Ba:PHN-a configuration, (c) BaiAN-a configuration, (d) BaiAN-b configuration
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Figure 5. Density of states (DOS) and projected density of states (PDOS). (a) DOS for BaiPHN-c, (b)
PDOS for BaiPHN-c, (c) DOS for BaiPHN-a, (d) PDOS for Ba:PHN-a
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Figure 6. Density of states (DOS) and projected density of states (PDOS). (a) DOS for BaiAN-a,

(b) PDOS for BaiAN-a, (c) DOS for BaiAN-b, (d) PDOS for BaiAN-b
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Table 3. Formation energy of Ba-surface-doped PHN along different directions
3. IBEAEGEMA EIMRES A EERN AR

7 ey BARE PBE Z iR I TE il Rk leV
¢ Hhy 1A Ba:PHN-c 0.321
. BaiPHN-a 0.352
a Fl 77 1)
BaosPHN-a 0.341
: BaiPHN-b 0.162
b 77 7]
BaosPHN-b 0.154
Table 4. Formation energy of Ba-surface-doped AN along different directions
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BaosAN-c 0.120
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