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Abstract

Potassium-doped 9-methylanthracene is successfully synthesized by using a two-step synthesis
method—ultrasound treatment and low temperature annealing. The dc magnetic measurements
reveal that the synthesized materials exhibit a Curie-Weiss behavior in the temperature range of
1.8~300 K. The combination of measured XRD pattern and first-principle calculations identifies
that the doped materials have a P2, space group and a mole ratio of 1:1 between potassium and
9-methylanthracene. Both the calculated electronic structure and the measured Raman spectrum
indicate that the formation of local moment is due to the transfer of K-4s electron to C-2p orbital.
This study is useful for the synthesis of alkali-metal-doped organic molecular crystals and for un-
derstanding their physical properties.
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AR, T4 BB 4405 & 1 NI R SRS Y B 22 A LR A0 1) — A 2L 705 . 2010 4,
Kubozono #f 7 4 [1] E IXRAEI 4 B (K. Rb)IBZR TG R I 1 AR N 7 K A 18 K (i F i, BEJS, Sk
5 1 ARGk A L T B2 FE[2)80 1,2:8,9- R R [B1EE Sk, WA eSS, Wi t4)E(Sr. Ba)
s L4 JE(Lay Sm)#BZRFE[4] [5]. JE (615 A NI SRR IE, Hrh D5 1,2:8,9- 2R3 FORI
FRARR P e (Te = 33 K), HULTFR 1S4 EA S m e AR TR AU SRR R . ol JLEK,
ZARBH XA AR 0 5 FE AT TS RSB AR, WS R R[7]. X =B2K[8] [9] [10]-
SFPUBEAR[9] [11] 2,2-BRAHE I [12] A1 =55 R4 A5 [13] [14] [15], Herh 45 ok = I 2 A0k DU Bk 2K 15 2% 1 1
120 K DL M8 I e . B T S ksh, RO SR A A R BT B U S I R AR X AR
R, 0 Phan 25 N\ [16] RAHIE T T AR5 4425, B FFPURMIA M RL, RBURES T ERINE
RGP B R R SR A A, IR RS RE S ik . Takabayashi 25 A [171F]F R ~F 5 KB 48 Cs
BRAE, RIS BB ET BRBEIARIT N, WEEIB R & RS T R 5 1 BT 45
MAEERENBR: N TEBERAEM BT, SR ELS T RIS w12 SR Er E
SEK, AR RE AT AR B B  SOBRRE . DA B SR s LR DA T 23 ) (1) A8 3 AH ELAE FH o

JE S EOHRGE [ AR BB 0 B IR AR R A E U F A AR S, H AT R UK
REYR, BARRBUA: 1) PR ES MR Z. 1 Goto B 7T 41 [18]1E B & #1145 44 Tt 1) SL 38 AL
RILT R B A R RGN, T Tanigaki A1 Onji #F 7T 4H[19] [2017E 4145 44 bt b 30 R B 1 35043 #F b B A Bk
Wk, 2) BRI EZ, HTFEME S KH Rl P55 2 A0, AR MEIRAS 5 o & 1) 5
FAATRE, (7595 2R SR SE M X AT E - 3) ERTHE R IO 4@ 45 24 M R A7 70 A 22 R B AR B2l
IR FIEARAS, XX E B ARG SRS MR 7 BRI R ME . DR, AR A i 12 A0 1) K Jig
PR L TR SRR RHIE N 53 T A e B ) o R
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Figure 1. Molecular structure of 9-MAN
B 1 9-REEM S FHEME

'
i wELE | Bk

w
130°C, 3d

80°C, 10h

Figure 2. Appearance of samples before and after the experimental processing
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AR ZAE 1.8~300 K AR XA L8 e B, AR s ATy BLSE i 2 #h G 31) ZFC i FC
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AR IR A8 P PG 5 B ERVEAT . 2 L2 H T K9-MAN-A H1 K;9-MAN-B i i J& B -
AL E SR Al 9-HI K B R HUREYE . RS SR I, T4 B 44 4% S 1 BEREAE T i 0.33 pe-mol
XEHBARIERINBUE AR GE . RN LA S, K9-MAN-A Al K;9-MAN-B i H1 & B - 4hr 2 500

ERENN 6 EHALIRZEL N 0.012 K)AVN T, X RYIMELEA 85 1) AR HefE -

15— T T T 25 T T T
(a) K9-MAN-A . (b) kymanB

~ 1210 ¢ zFcC ::n ! - 20 !
) i o rc 8 ‘o "5
'.0 1 Fitting curve = g 15F 4
S o9r E H =200 L) 5 i g
= e - = E “ U
E | s E 2
3 4 o @ 1.0f =
o 2
= < 71050 100 150 200 250 304 = o5} £ 30 60 90

03l Temperature (K) Temperature (K)

0.0
0 50 100 150 200 250 300 0 50 100 150 200 250

Temperature (K)

Temperature (K)

300

Figure 3. The dc magnetization measurements in synthesized samples: (a) Temperature dependence of dc magnetic suscep-
tibility for K,9-MAN-A in the applied magnetic field of 20 Oe with field cooling (FC) and zero-field cooling (ZFC). The in-
set figure shows the difference between ZFC and FC curves; (b) Temperature dependence of dc magnetic susceptibility for
K,9-MAN-B in the applied magnetic field of 20 Oe. The inset figure shows the difference between ZFC and FC curves. The
green curves represent the Curie-Weiss fitting of the ZFC data
3. BEAMBWERMAEMRER: (2) K:9-MAN-A 7£ 20 Oe SMF IR A FC #1 ZFC #HiL R, NIERIER
HIR ZFC 5 FC BiZkMZE(E; (b) K9-MAN-B #MR7E 20 Oe #MATMIXAY FC A1 ZFC HitkZEphzk, NHEERHNZ
ZFC 5 FC Hh&HIE(E. (FMOb)THFREHERREE - IMIISGER
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Table 1. Curie-Weiss fitting parameters and effective moment for doped samples
%=1 BEAMHGNER - INTIES BB FerE

FE 5 20 (emu-K-Oet-g™) 0 (K) C (emu-K-Oet-g™) M (pg-mol™)
K;9-MAN-A 0.26 x10°° -0.98 258 x10°° 0.21
K,9-MAN-B 0.10x10°® -1.29 5.82x10°° 0.33

3.2. #8% o-REERNMFEHIE T4

4 R4 9- LRI 24 I A 1) XRD MR . MEIFR AT AR 2, 46 9- F R U sl HH L7 10.1°,
FHEC T PDF By R ARAER, R LI S (1) 9- FH S B 32 BT [100] 7 Al Bl ARG . #5328 5 i XRD i 5 4l
AHIIERKIOARR, LSS 50% )5, 40 9-FIBATHIE LTl R T, HAFERE 10.6° /T
HRLEL T — ASERIAT SR, RN FE 21.3°, 29.8°, 32.2°, 36.8°f1 39.2°4E AN B I T 58 AT S
BTV R KDL, B2 R I T SR AT S, R EI R x7 FRid, RETE AR PR RE 5T
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Figure 4. XRD patterns of pristine and potassium-doped
9-MAN measured at room temperature. The * symbol
represents the peak position of K, and the black curve
represents the calculated XRD pattern of optimized struc-
ture in Figure 5

4. EiRTEE O-FEFAMIZ R 0-FEER) XRD ik
HR, *SHE K HELR, BEp%AE 5 hays
¥+ B XRD Elig

AR R SRR R BL[21], 2l 9-F R BUEAG At P2y/c ERIEE, MR AS 44 O-FERES T,
ZHH: a=8.920A, b=14.641A, c=8.078 A, V =1048.3 A%, 1y 7 R HIE45 44 O- H L B4 [ Ak 25 441,
BAERAE 75 9-F LB T IR LY 11 AT 2:0, B4 R 73l A\ B 9-FF L 180 (1 i fk sk, I
MR FALERAT T ooy, g REW: (et o 101 BB P2, 451 5 SEie & 45 1w
ERE, HAR ) XRD B 4 i “Calculated” Fom. XA ARG, SAHHAE 2 4 o-
R T80 2 MR, S SE0N: a=8983A, b=7.932A, c=8520A, 0=90", B=97.795, y
=907 $% 8 P2, Z= [A]FEXT 5236 I & (1) XRD 45 FAUA 13 H ) fb ks 2 40h: a = 8.995 A, b = 8.082 A, ¢ = 8.487
A, 0=90°, p=98.317°, y=90", EHHLIIHMEKMEN 1.8%. FATHARIES B SRR, 25
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Figure 5. Crystal structure and spin density distribution: (a) Spin density dis-
tribution in the ferromagnetic configuration; (b) Spin density distribution in
the antiferromagnetic configuration. The green, red, and white balls represent
potassium, carbon, and hydrogen atoms. The yellow and blue regions
represent spin-up and spin-down electron clouds
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Figure 6. PDOS diagram: (a) PDOS diagram of ferromagnetic configuration; (b)
PDOS diagram of antiferromagnetic configuration
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3.3. 4 o-FEFEMPIBH o-REFERIR S LE

N TS0 riBAm 5 B T4 AR L, FRATTHR T4l o-F B A5 % o- L BT T R Fi 2
HeREMNR AT, S5 B 7 Fros. 4l 9-F LI AE 100~1800 em AR I Fl A 1R 2 AR SR RAK AT 23 A -
fRIRSN. C-C-C & . C-H &l C-C U X3k [22] [23]. Frf, 393 em™ i T U 225 T,
644 cm Xt T C(H3£)-C-C 25, 688 cm ™ X B T B MEIRIRS, 1 =4 ) 1409 cm ' f1 1561 cm™
FEHREN) C-CM4aiRaA . BAJEREM IR 20N 54 0-H I RA & B, HlinsikE LT
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Figure 7. Raman scattering spectra of pristine and potas-
sium-doped 9-MAN collected at room temperature
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