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Abstract

This article successfully synthesized potassium-doped 2-phenylanthracene molecular crystals through
a high vacuum annealing process. DC magnetic measurements revealed that the synthesized sam-
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ples exhibit paramagnetic-like behavior within the temperature range of 1.8-300 K. By fitting and
analyzing the DC magnetization curves using the Curie-Weiss formula, Heisenberg spin chain model,
and mean-field approximation, it was found that the synthesized samples possess the magnetic cha-
racteristics of a one-dimensional Heisenberg antiferromagnetic chain, with |J|/KB approximately
equal to 15 K. Combined with X-ray diffraction and first principle calculations, it was discovered
that potassium atoms and 2-phenylanthracene molecules form a new crystal structure in a 1:1 ra-
tio under the P1 space group. Electronic structure calculations and Raman spectroscopy studies in-
dicate that the magnetic moments are formed by the transfer of K-4s electrons to the m-molecular
orbitals of 2-phenylanthracene. The magnetic calculation results demonstrate that there is a
strong antiferromagnetic interaction between the interlayer molecular magnetic moments along
the c-axis, while the magnetic interaction between the intralayer molecular magnetic moments is
weak. This is the reason for the formation of one-dimensional antiferromagnetic properties.
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Figure 1. Molecular structure of 2-PAN
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Figure 2. Magnetic measurements of sample K;2-PAN-A: (a) The ZFC and FC magnetization curves measured at 1.0 kOe
applied magnetic field. The bright green and blue solid lines in the inset are the curves obtained by fitting the experimental
data through the Curie-Weiss formula and the Heisenberg spin chain model, while the black curve is obtained by superim-
posing both green and blue signals. (b) M-H curves measured at 2.0 K and 300 K.
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Figure 3. T Magnetic measurements of sample K;2-PAN-B: (a) The ZFC and FC magnetization curves measured at 1.0 kOe
applied magnetic field. The bright green and blue solid lines in the inset are the curves obtained by fitting the experimental
data through the Curie-Weiss formula and the Heisenberg spin chain model, while the black curve is obtained by superim-
posing both green and blue signals. (b) M-H curves measured at 2.0 K.
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Figure 4. XRD patterns of pristine and potassium-doped 2-PAN measured at room temperature. The symbol ¢ represents the
peak position of KH and the black curve represents the calculated XRD pattern of optimized structure in Figure 5
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Figure 5. Crystal structure of 2-PAN doped with potassium
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Figure 6. Spin density maps of four magnetic configurations of potassium-doped 2-PAN
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Table 1. Energy difference between the optimized structures in the four typical magnetic configurations with respect to the
magnetic ground state

F 1 MHEMENFARREAR THRESHEN THESHREEE

v api) sk e s=leV E-Enrvz (MeV)
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AFM1 -932.6020 +8.7
AFM2 -932.6107 0
AFM3 —932.6095 +1.2
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Figure 7. Density of States of potassium-doped 2-PAN based on the AFM2 ground state. (a) Total density of states (DOS).
(b) Orbital-resolved partial density of states (PDOS).
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Figure 8. The band structure of potassium-doped 2-PAN based on the AFM2 ground state
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Figure 9. Raman scattering spectra of pristine and potassium-doped 2-PAN collected at room temperature
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Table 2. Raman modes of pristine and potassium-doped 2-PAN and doping-induced shifts

3% 2. 4k 2-PAN 5583532 2-PAN fEER SE A RENREZE

Assignments 2-PAN Ki2-PAN-A K:2-PAN-B
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c-C 1406 1357 (—49) 1355 (-51)
c-C 1594 1547 (—47) 1545 (—49)
c-C 1627 ~1579 (-48) 1578 (—49)
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