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Fig. 1. The molecular structure of DPF.
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Fig. 2. Appearance of experimental samples at each stage.
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Fig. 3. ZFC and FC DC susceptibility curves of pure DPF
under an external magnetic field of 20 Oe.
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Fig. 4. The PPMS magnetic results of the doped sample KsDPF-A: (a) The ZFC and FC DC susceptibility curves of KsDPF-A un-
der an external magnetic field of 20 Oe. The inset is the M-H curve. (b) ZFC curves of K3sDPF-A under different magnetic fields.
(c) The real part and (d) the imaginary part of AC magnetic susceptibility for KsDPF-A.
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Fig. 9. Raman spectra of the pristine DPF (upper) and po-
tassium-doped samples (bottom) collected at room temper-

ature.
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Table 1.  Comparison of Raman modes of pure DPF and potassium-doped tris(diphenacyl)iron.
number Assignment  w/cm~1(DPF) w/em™! (KyDPF)  w/em™! (Cu-DBM)  w/em™! (CAC)  w/em~1(KCAC)

1 v Fe(—0), 561.0 522.1 567.0

2 v C—C—C 1000.6 1000.4 1002.0 996.4 987.2
3 v C—C—C 1299.5 1275.7 1290.0 1295.1 1289.6
4 v C—C—C 1320.9 1309.2 1317.0 1328.9 1322.0
5 v C—C—C 1491.6 1488.1 1492.0 1491.7 1483.1
6 v C =0 1599.5 1592.8 1596.0 1606.1 1588.1

KA. 7246 DPF M2k AR 7S
M2 561.0 cm (v Fe(—0),), 1000.6 cm !
(v C —C —C), 12995 cm™ (v, C —C —C),
1320.9 cm ™! (v C—C-—C), 1491.6 cm ™ (v, C—
C—C) 1 1599.5 cm ! (v C=0) LABHJ5 1 /245
g3 T 522.1, 1000.4, 1275.7, 1309.2, 1488.1,
1592.8 e, 43 IZLA T 38.5, 0.2, 23.8, 11.7, 3.5,
6.7 cm L. X YR F AR R T8 2% 3] DPF 3K
4 s PRI L, S2CTH 2B K
AU . FEAT 5 2% HA TLR 5 75 Sk vt [ A R
FEB T XA, B0, TEFR B 2% 9- A Jk g [10)
B TR T ORISR ARGS9 1a)
ORI T LB T 2408, B X 9-
REEITF EAFIRSE LA E, S30T 8
ZRIGTE O-RILE S+ B RSB 2
AFERREMABRE. 55—, XS
FEAE 9- AR B ST F WA EE N 0 LR A 5
AR HESN Y SR G AR, (2 9- R
PORHE B A BEUR ) S5 R L, FEEP B 2
DPF 43, 2L 47 2 485 2 0 SR Ak 500 1 B
1) 4 s T IEEH 2] T DPF 0¥ b, B T
Jri SR

R T 20 UE S R A3 ) Y R T e
PEHE 5 DPF thAHE /N A5 3208 1Y A R i 53
+ (CAC) #H47 T HBI L. 32 1550 B4
T Sl R AR 5 2 A R (KCAC) LM
fEWef &, AT AR B, 4idr RENFE 1606.1, 1491.7,
1328.9, 1295.1, 1 996.4 cm ! [N Lt B ARG
LR T 18.0, 8.6, 6.9, 5.5, F1 9.2 cm L, Hifr e
LIRS IRHIE SR 5 H1487% DPF 20 79 U AHZE
L. FEFIZXT L5, ol ABIAS: 4 s B FEERS
B T HYEFAER =AY N B A, 2% DPF
(ARG P B SKe 5 P AT 1T, VR D7 22 () B
B0y T )R g 2 (R P REAH B . 5 A

4l DPF Y ARG5S Bl i) R 5L T 2 (6] Y B
B2 9.89 A, DRI IZE I 188 Bk I =2 [E] AR EJE A
WEAH AR, 3 IE 240 DPF 3R 4l i1 8 BLAD
WrAT B R LR DA i A ) (AR
A R AFAE, AT LASEIN R S50 =2 [ A i e A A A
N, T EATTZ IR SR ME LIE iU AR EAE . i —
A2 B RIRINZ A BRI RS, ] DL SRR T
G B T 0 Ry B A 22 Te] R A EL AR .

4 % i

AR SCR ] e s R A 1 U B T T B A
DPF #HRL. HR AR B, BAAHELEATA
) T2 HLY G =P AT S g A AR i ik
SERHERR T SOk WEE, IT 456 Vogel-Fulcher law,
Néel-Brown law # critical slowing down model
XAE il ARG A RAEEA T T 0028, WIFTE R B, REGL Y
T 2 R PR A5 DAL T00) I AH A P ) ORGP, i
55 T 3 T A A I ) R A A S Y 25
XRD [E35R W], FATAT 145Gt R s e
DPF 7r7-fifh, 1 &35 L B Y 213 BLARIE
LE LB AR T DPF [ iR 25, I8 4 s
R T4 %] DPF 701 b, JE R T R .
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Superparamagnetism of potassium-doped tris(diphenacyl) iron®

Zhu Hong-Gang!  Fu Ming-An"  Ren Chuang!
Gao Yun?' Huang Zhong-Bing V*

1) (Faculty of Physics and Electronic Technology, Hubei University, Wuhan 430062, China)
2) (Faculty of Materials Science and Engineering, Hubei University, Wuhan 430062, China)

( Received 18 November 2021; revised manuscript received 20 December 2021 )

Abstract

Synthesis and exploration of intriguing physical properties of alkali-metal-doped aromatic hydrocarbons
have been the important research topics in the fields of physics, chemistry and materials science. In this work, a
powder sample of potassium-doped tris(diphenacyl) iron molecular crystal is prepared by the high-vacuum
annealing method. The X-ray diffraction results show that the crystal structure of the synthesized sample is
different from that of pristine tris(diphenacyl)iron. The direct current (DC) magnetic susceptibilitiy shows a
pronounced hump structure near 8.0 K, which is distinct from the paramagnetism of pristine material in the
whole temperature range of 1.8-300 K. The alternating current (AC) magnetic susceptibility shows that the
hump has a significant frequency dependence, which can safely rule out the possibility of antiferromagnetism.
The combination of the Vogel-Fulcher law, the Néel-Brown model and the critical slowing down model reveals
that the hump originates from superparamagnetism with a blocking temperature (7Tj) of about 8.0 K. According
to the results of Raman spectroscopy, it can be confirmed that the 4s electrons of potassium in the doped
material are transferred to the benzene ring of tris(diphenacyl)iron, causing the characteristic Raman modes to
be red-shifted and the local magnetic moment to form. Our work is of great significance in exploring alkali-

metal-doped aromatic hydrocarbons, and provides a new route for searching organic magnetic materials.

Keywords: tris(diphenacyl) iron, potassium doped, high vacuum annealing method, superparamagnetism
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