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Abstract

In this paper, potassium-doped 2-phenylquinoline molecular crystals were successfully synthe-
sized by a two-step synthesis method involving constant temperature heating with ultrasound and
low-temperature high vacuum annealing. The DC and AC magnetic measurements showed that the
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doped crystals have weak ferromagnetic properties with a Curie temperature of about 50.0 K.
Combined with XRD testing and first-principles calculations, it was discovered that the doped crystals
belong to the P1 spatial symmetry group, with a molar ratio of potassium atoms to 2-phenylquinoline
molecules being 1:1. Electronic structure calculations and Raman spectroscopy showed that K-4s
electrons were transferred to the C-2p orbitals and formed local magnetic moments. There exists a
noncollinear antiferromagnetic arrangement between adjacent molecular magnetic moments in the
ab plane of the crystal cell, the c-axis direction prefers a ferromagnetic arrangement, and each cell
has a net magnetic moment of 0.004 pg, leading to the formation of weak ferromagnetism. Our
finding provides an important clue for the development and design of high-temperature organic
molecular magnets based on aromatic hydrocarbons.
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Figure 1. Molecular structure of 2-PQL
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Figure 2. Magnetic susceptibility of pristine 2-PQLas a function of temperature at an external magnetic field of 100 Oe
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Figure 3. Magnetic results of doped sample: (a) x-T curves with external fields H = 200 Oe, 500 Oe and 1000 Oe, tempera-
ture range: 1.8-100 K; the solid red line in the inset shows the Curie-Weiss fitting to the ZFC curve at H = 200 Oe, (b) }T-T
curves with H = 200 Oe, 500 Oe and 1000 Oe, temperature range: 1.8~100 K, (c) M-H curves measured at T = 1.8 K, 20 K,
35 K and 60 K, (d) Plot of the real part of the ac magnetic susceptibility with alternating magnetic field frequencies f = 1034,
1534, 2534 Hz
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Figure 4. Potassium-doped 2-phenylquinoline “Calculated” at room temperature for 2-PQL, K;2-PQL and theoretical calcu-
lations. XRD patterns of the potassium-doped 2-phenylquinoline
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Figure 5. Theoretical results of potassium-doped 2-PQL. (a) Optimal crystal structure, (b) Energy band structure, (c) Orbital
resolved partial density of states (PDOS), (d) Total density of states (DOS)
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Figure 6. Four magnetic configurations of potassium-doped 2-PQL. Ferromagnetic configuration, (b), (c) and (d) stand for
three different antiferromagnetic configurations, respectively
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Table 1. The calculated energies of four magnetic configurations

1 HESANNMHaEEE

gt AEE(eV)
AFM1 —740.8214
AFM2 —740.8228
AFM3 ~740.8146

FM ~740.8044

Table 2. Two magnetic configurations and their energies obtained from AFM2
= 2. IRIE AFM2 i BT EISRIM A MR R B S

ey 2 A (eV)
AFM2-A ~1481.6473
AFM2-B ~1481.6422

Figure 7. Expanded cell diagram of the most probable antiferromagnetic configuration (AFM2) of potassium-doped 2-PQL
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DOI: 10.12677/cmp.2023.123007 61 RSV R


https://doi.org/10.12677/cmp.2023.123007

GHEIE

MR F R EL C-C Fi il C-H 25 A ¢, 1371 om A 2 5kt C-N hifig 5, 1444, 1487 Al
1501 cm A 32 B k) C-C H B Al C-H 25 fh G <.

T Ll T T
skeletal

distortion

T T
CH
bending

T T T
CcC
stretching

[
1
Lattice 1
1

Intensity (a.u.)

K,2-PQL

200 400 600 800 1000 1200 1400 1600 1800 2000
Raman shift(cm™)
Figure 8. Raman spectra of 2-PQL and K;2-PQL measured at room temperature
[ 8. ERTMSHI 2-PQL F1 K,2-PQL # kY Raman i

Table 3. The peak positions of Raman modes of pure 2-PQL and potassium-doped 2-PQL
T 3. 4f 2-FEIEMRANSRIS At 2- R EEE A hL SR FNIE (L

wolem 1(2-PQL) [22] olem ™ (2-PQL) wlem ™ (K12-QPL) Assignments
525 520 539 (+19) ring deformation
769 768 828 (+60) C-H wagging
998 996 981 (—15) ring breathing
- 1266 1271 (+5) inter-ring C-C stretching
1310 1314 1309 (—43) C-C stretching (phenyl)
- 1371 1354 (-17) C-N stretching (QL)
1422 1420 1393 (-27) C-H bending, C-C stretching (phenyl)
1445 1444 1428 (-16) C-H bending, C-N stretching (QL)
1462 1462 1460 (-2) C-H bending, C-C stretching (phenyl)
1490 1487 1524 (+37) C-H bending, C-C stretching (QL)
- 1501 1524 (+23) C-C stretching (QL)
1596 1592 1573 (—68) C-C stretching (phenyl)

BRI, TG B SRS X R S AR 2 B T R E A, SRR C-H RRAEA %
ff) 520 cm 1 #1 768 cm 1 B FLE) T +19 cm L AI+60 cmt, SIRIFILA K1) 996 em K FE) T-15cm L,
R 5 25 2 [] ) C-C RiAdA 5511 1226 cm B3 T+5 em™, 52E3E C-C KAl C-H &5 il 5% 1)
1314, 1420. 1462 fi1 1592 cm ™ HAMER IR 5) 743, —27. —2 F1-68 cm ™, 5Nk C-N i fifi G 551
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