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Abstract

In this work, potassium-doped 4-Benzylbiphenyl molecular crystal is successfully synthesized by
using a two-step synthesis method—ultrasound treatment and low temperature annealing, then
the magnetic properties of synthesized materials are studied. The magnetic measurements reveal
that the synthesized materials exhibit a ferromagnetism at temperatures below 200 K. The com-
bination of magnetic susceptibility and XRD measurements identifies that the doped samples con-
sist of magnetic nanoparticles with a size about 25 nm. The redshift in the measured Raman spec-
trum indicates the transfer of K-4s electron to 4-Benzylbiphenyl molecule, which also plays a ma-
jor role in the formation of local magnetic moment. This study is useful for the synthesis of alka-
li-metal-doped organic molecular crystals and for understanding their magnetic properties.
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AR, W& BB RN &R A B . A5 DL R U AR T — R A
FIRE R . B 2010 4 HAS X 1 k22 Kubozono [L]AF 7820 2 IR FER &2 8 15 4 05 & 1 b R I 5 AR L S
N7 KA 18 K B FHMELSK, —RIAIMAN S EREFEERE, QFEABRET=5K) [2], HE
7% 1,2:8,9- K I TR (Te= 33 K) [BIMFHB A I AR (Te= 45 K) [4]5. RN, BRI BB RIES
95 95 B Je o R A BOMEE it Takabayashi [5]45 N R ILAE 145 2% 35 HAFAE B JiE S = 1/2 R 1 H IgiAR
HAZ, Stefancic [6]5 NHIE T /M5 = WA PR TRAMEARAS, CARIRAAF AR IS 2% -2 3k
B AEAER 5.2 K LT 598k BETE 7] -

BIEJUE, 2 ARAT R AR R AN TR ST, FEEN KR T UG T 50k
2017 4%, FRATHEIC/NEFD B i IR e g R AR S A O R De 52 0T T2 A VR R I T AE B8 2 X = B 2K [8]
o B B R A 123 K (R S, BIR T, B S RS 5K A ) PR [ 7T 4L E il 4% 1 845
Fexf ZIRIRRE L, HRAE 125 K DL R ZFC Ml FC BEAL 3R i R A7 A — N ARIR BRIE,  383F T S A
e, N T R T IR, 2N FUH AR 7 oTiR, £04E Dessau [10]AF 58 4048 H i 7 0l
Tk R IR B0 = IORFE M AE 120 K BT AAESS I RERR 451, Mazziotti [11155 A4t T R T
PERIER ALK X LETIAN) TAERBUE R T & BB AR R T RAE R 1. WS, BRI
HIRIE 7B R (Te= 7.2 K) [12], #B AR (Te= 6.1 K, 7.2 K f1 120 K) [13]F18f5 4% LIk
K (Te=T7.3 K) [14] XK T RE G TG 1R G540 70 F A A 2 ARAE T, AHAT R IR B - B sl bz,
AR FARYE RGP SR T - A EAE AT - AP AEERRE T — N E. 28K
PIRFFRIA T, W& RB 407 &R0 T &5 20 d R T B A Y BRI 5 e M TS VI oG XF
TEBRHER T 450, G s amin T 2 SR, T T2 SARER 250, A a1
ArRe RO BRI RERHE LA S S R VERFAE o
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Figure 1. Molecular structure of 4-BBP
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Figure 2. Appearance of experimental samples at each stage
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SEM) XRD ZHFEM &, XRD SAREENNATE =5 Pk 7, SRR 18 E A & 5 (Bruker) A 7] 4 77 ) D8
Advance, LA Cu-Ko NFESFEIR, PK A 1.5406 A, B #iE 3N 5°/min. 7 Raman Ml Ao #E
HFEYEF, RAMZEE HORIBA 2 4] LabRAM HR Evolution #ot S fd Sk, 18 T
PN 633 nm FIBCR IR, BOEThREE N 5%. BETEIRK F H2 25 E Quantum Design /A ] A4 P51
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Y % e/ ME(-2000 Oe), 5 i A7 e/ IMEL I 43 28 e KA B — 2R 58 21 M-H 26
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Figure 3. The magnetic field dependence of magnetization for
pristine 4-BBP at room temperature

3. AFHA-FTERREEE THBMENRER: M-H
A%k

Baje, FRADOERS A 4- R EEPOREAT TR 4, 14 4 AE 5 SR PRAMRRMERE & 1 i 1%
MAREEH . [ 4(a) & FF i Kp4-BBP-A [¥] ZFC Al FC AL R M2k, 4Min#iss 20 Oe. MEHATLLE H,
i Ko4-BBP-A 7E 200~300 K {5 E T N, ZFC fil FC iZR3E AR E 4, iR T 43 200 K i ZFC il
LR FC ML TT IR0 5, BEE M — DK, ZFC it R BUE e 18 kN, SRIG7E 25~50 K iR E e
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FEL A R a3 B 3 I, S0 H BH SR “ JEE” 254, WG JS ZFC AN AR E(E Tt A IR 0% 4 2 IR AR T 3
1M FC WiAk28 M AR AN MR XA, 0 A 20 50 A Xl B ) AR T 3 o, Rt A L - A M
(AT A, Kl 4(b)%h HFE K4-BBP-A ] M-H ffiZk, sy 1.8 KIRE NI M-H Hizk, RIMHE
(R (B RFAIE, 1 7) He = 50 Oe, 12 AR 3 I th il A M7 4 5 e T MR I R . 2168552808 300 K
TR M-H HiZk, RICWELHERR, HAZNIE, XTHRT % 300 K B R I 5 2 S DU o

Ze 0 5 SCRRAT LA BT, FRATTR BFE & Kp4-BBP-A 1) ZFC I FC i ZBHFAE -5 T LN 9K B A ot F i
R 2l AR SCHR[L5] [16] [17] [18]H HI4RIE, KBRS T B B EE Te LU NIBAE—A
FH ZE3E % Tg (Blocking Temperature), iX /& B T KB AL RE I R0RL ST B0DN , FLi o BE F AR R 3w 5
WA TE A FE S RE LR PR R A S R B Bk RRAE . 9 T 38X — S5 48, MR SCHR[17] (18] 14 H
IR RN EE R R AT Ke'V = 25 kT, FATTHT LA SAS B0RE & (0 B R i RS, o Ke (R 11
SERE S R RE R AL, VO R YUKRAE BRI, k RBREE R, Te RIHIERE . R
BATHIIRSE R T £ 50 K, SCHA 25 H I K FIFEEIZ 1.35~1.4 x 10* UK, FRATAT AL 515 2R 5
{14 B UL ) RS VG L 29 13~14 nm, IXFF A GPRBEVEM B RIAZRTE L, VLIRSS 2% 4-"F FRIBORAE T 2
— ol ELAT R ) K R AR

NT BT AR REAT e, FRATRE 1.8~5 K I5LJE VG N 1 ZFC Rifb R M4 34T T 5 B- 4
WG, HH)7RER RIS S RS S, XG5 TR T 4 b BREYE A T, anlEl 4(a) 4R
FERFTR . 3 B AN B 40 ik 5Tk (1) ZFC Al FC Rifb R ili2k, 230 #riX 5 Chen [19]% AXt
[CogoFexo(tn)/Al,03(3 nm)Juo KR RIHIIIF 745 R —5. @i M-H #Z a4, FA1EE— DI E T
2 FE O — A R IO 9 K R PR SIORE ()55 A8, PRS2 B S R Bk m i, Bl 5 i B T v 31 300
K 2R A R o

S5p r . 5.0 '
(a)K,4-BBP-A * (b) K,4-BBP-A
'TA4 Lt = FC ) —-—FC || _T’“\
—IOD —— 7ZFC | e ;D 2.5F—300K
3Sst T oo £ —18K
= \T o
g ot B S 0.0+ !
o5l 0 50 100 150 200 250 300 = 4.0 05 00 05 10
© =i
S 2 !
=1} é-z.s .
T, N
Ok : 2 3 i i F -5.0 . i "
0 50 100 150 200 250 300 -2 -1 0 1 2
Temperature(K) Magnetic Field(kOe)

Figure 4. The SQUID magnetization measurements in synthesized sample: (a) The temperature dependence of dc magnetic
susceptibility y for K,4-BBP-A in the applied magnetic field of 20 Oe with field-cooling (FC) and zero-field-cooling (ZFC).
The green plot line indicates the Curie-Weiss’s fitting curve of zero-field-cooling (ZFC) from 1.8~5 K. The inset figure
shows the x-T curve from K,4-BBP-A after subtracting the Curie paramagnetic part; (b) The magnetic field dependence of
magnetization for K,4-BBP-A at 1.8 K and 300 K. The inset figure is an enlarged diagram

B 4. $BZ2#E 5 K4-BBP-A B SQUID MM ZE R (a) Ky4-BBP-A 7E4Mi#1Z 20 Oe TBY ZFC #1 FC E RN
iKEhek, BEALEX ZFC BZKERER - SMARPIG L, BEEXEEE 1.8~5 K. WIEEAINRERIRMEIRS
TIMAEHY ZFC F1 FC BhiZk; (b) K,4-BBP-A 752 1.8 K #1300 K THY M-H #hzk, EhRFEEIEK AR M-H Y5 E

N T BAUERE SRR I R NE, FRATAE A R A ) 2 2 P15 2B A M i Ko4-BBP-B,  JEXT AT
1 PPMS WEMEN . #Fdh Ko4-BBP-A IIRAPENNRES SRR WIS AP REE — R A BRI PE R KB, A
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Figure 5. The PPMS magnetization measurements in synthesized sample: (a) The magnetic field dependence of magnetiza-
tion for K,4-BBP-B at 20 K; (b) The magnetic field dependence of magnetization for K,4-BBP-B at 50 K; (c) The magnetic

field dependence of magnetization for K,4-BBP-B at 150 K; (d) The magnetic field dependence of magnetization for
K,4-BBP-B at 200 K (Purple Line) and at 300 K (Red Line)

[E] 5. #2445 K,4-BBP-B B PPMS #A MR 4E R : (a) K4-BBP-B fE:EE 20 K A9 M-H fliZk; (b) K,4-BBP-B 7R E

50 K B9 M-H Bh%%; (c) K,4-BBP-B 752 150 K B M-H Bh%%; (d) K,4-BBP-B 7Ei2E 200 K #1300 K &9 M-H #hk,
PRERLBLEMIBLERR

3.2. $HIBA AFEBER X-SERITH A

K 6 A LA A-RIRIBCR RS A% 4-"RILIBAR A X AT I (XRD) . W] DAFE H W S 2

A-EFER AR LU bR E PDF K211, HT5F 04 AL B R RAR—F, 18 B S i -4- % FE IR A T ks 4%
INFIREAIRSS . B2 5, PR T /D B4 GIniET 19.3°81 20.0°4k, 4G WA 8.3°,
12.7°, 21.6°F1 25.8° AT HTIEI SE W Ok o N B 440 L #lAE 10.5°, 17.8°F1 30.3 AL B L T 2 /M
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P ) XRD HEIAEARBRI KH AT510E, X [RSHE 200 =R IR DU L, JRERIE T30 I I R o,
W F WAL T B ER TR E .

Fi4b e ARG R A D = K-MB-cosd T & FE S Sk R, Horb D B RRL RS KOy
R E R MO X EATHBC . B Oy X O ERATH IR I 90 1 . BATILE S 20 = 10.5°IIRTHTIEAANTH 5
BEPFEIERLR ST D 49759 25 nm, X HLR KT RS ARYE Ke-V = 25 ke Tg 24 30THHAS 21 1 SLEBE R ) R
) 13~14 nm, PN TSR B kDR ST AR (0 5 R T BRATISR F BA A2 STHR m 28 L PR 8 2% 170 e 1
RERL WA Kefl, 18 5B 4R IRIBCR 1 L PR Bl T EAF A2 — € I ZE 52
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Figure 6. Comparison of XRD patterns of potassium-doped and
pristine 4-BBP at room temperature. The symbol * stands for
the XRD peaks of KH. The patterns of 4-BBP, K and KH from
PDF card are shown in the bottom for comparison

6. EiR THIHIES 4-FTEBEEMAEF/NY 4-FTEBEX
B XRD MiRZER, HP*REFT KHIERN. BN TES
RILHT 4-5HEFEE . K F1 KH #9 PDF ¥rER¥ R XRD
i

3.3. ISR ANEREHNBNIE

BT FRATTB 35 28 i B 2 RUBUBE, E A e 2 B A2 P AT TR SR R AL, I FRAT 1A A LabRAM
HR Evolution 't R4 2 6 A [FIB HEAT 625 B g DA R ARSI /B o 1 8 FH B 40 R o
IRAT RS, RIS G BB e (5 5 RS AL, BUE TR 2SR, 7F 25 BB T,
FRATTRLI FRE S AN FBORDIR o G 4 o BBk, fE /A Bkl BB A D B A A, IX
TR AT A RN AE I S . 2 JE FRAT T FH 50 £ 2% AR e 1o J8 A UKL 43 EAT K, SRASEH 45 2%
A-SRIER ) 2O

FlR N AL AR RRBOR RS A 4R IRBOR R 2 B A R 7 B . BRI R A, a6
FIHE €5 (1) T 28 20 AR Al 4-"F JE R DA S HR45 2= il Kp4-BBP-A il Kp4-BBP-B [HJF7 2 il . R4 4-F
FEBRIR A T RO G A o5, FRATT S SRR AP R 1 R 2R [22) RN BER [ 23] (i B 6 i AT T VRIS LE, A H T
S-SR IR R A, 09 1 PR ATLAMEH, 4- LB I0H 2 IR 314 613.8 cm™, 799.3 cm Y,
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1285.4 cm ™ 1 1513.5 cm ™ 5 H 2§ ()4 2 HR 5 605 cm™®, 790 cm™t, 1287 cm Al 1510 cm & A4,
M 999.1cm™, 1184.4cm™, 1193.4 cm Al 1609.6 cm A7 B [y 5 B4 47 B R 5h1¢ 1002 cm™, 1153
cml, 1176 cm 1 1604 cm AT . 7E 50~2000 cm VG R N, 4 4RI B2 R AR AT B
X934 A% IR B (Lattice) . FR IR (Ring deformation). C-H %5 i (C-C bending) Al C-C #i#(C-C stretching)
PO X 35

C-C stretching

T T T T T T

Lattice '  Ring ! Ring breathing
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1 out-of-plane in-plane

pristine 4-BBP

1285.4 =
1609.6

Relative Intensity

200 400 600 800 1000 1200 1400 1600 1800
Raman Shift(cm™ 1 )

Figure 7. Raman spectra of the pristine 4-BBP (upper) and po-
tassium-doped (bottom) exited by a laser wavelength of 532 nm
and collected at room temperature

B 7. #1524 AR EBRMNLG - FEBRRNE RN SEET
i, BMABLREK 532 nm

BAJGE 4RI e kR TRk, E C-H 25l (C-C bending) i FEl P4 /) 999.1 cm ™ #R 3
B 20 # T 10 ANBEL, 5 SR AP RIS AR5 24 = BESK 8134, UG A7 iy 995 em ™t ) A i K ks Bl 7
ANPE XRHTHM 4 s HTHRBRSFREY, 51T C-CHIIEEmIR/N, Ml T8 TRz
FIREAR, ENH 2RI BAL RN . 7E C-C $if#(C-C stretching)ya FBl A (R 505 1595.4 cm™ Al 1609.6
cm MEAR B AR S TA IO — NS 1589.8 cm Y, X 5 41B A n SIS MIER 15 A B AR [ 12] T 4
2Bl X =BEXTN 1595 cm™ Al 1606 cm ' FANHIIL (I Hr S IE E AN IB 28 IR A T & R — ML
1588 cm™; ARG, 1595 em ™ BRI K A B B I FE BB % 5 A I I — AN 1586 cm .
U7, BB 4 REROR I 2 IR AFAE S 5 e = IOR BB I R 2 i A R BB L. G
FEIRIEI (Ring deformation) Vi Bl A, #1135 48 45 R 4-"FFE AR (R 504 613.8 cm * #£3h F 607.4 cm ™ &b,
285 5 NEL, XX SR, PREIE 617 em M EETIB AR R L8] . 7E C-C $i{fi(C-C stretching)
TR, JRA-EEBORMIRENIE 1285.4 cm ™ Sl B A E BN E] 12825 om Ak, 408 3 sk, Xt
TR =, RENIE 1222 cm  EEB AR IRFEANAR[8]; MEAIBIR T, JRIRENIE 1265 cm  EB AR K
AR, RIRSIE 1325 cm A1 1360 cm ™t [12]. IXSEAN[EIE I TAE 4R FRIB IR T, BRI AN A o A5
I FERA B, WA RERIREIRCE T F I T, RECT RN AR B 2 N IR,
BFAE.

HRYE SCHR[ 7170 X 8145 44 - 2K L BN RIE : O- KRB TR B IRE, M1 4s BT RN 5 3 &
ST UAKIRIE b, i R BN F T AR B TR B T R, T SRS 4 - R
PSS ERMAE . [FIBE, X T 4-"FEECOR, #B BN 4s PRI R TR 7 LA RRHE |, 3
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R AR ECR H 7 E BRI R T R, X0 LS R B 2 AR R R BRI BRI T —2
B IRONBF AL I AR R B AR S 0 45 A8 SR KA thT 52 4 R BEBORIO ik, AR SR
WS 4e 0 Ry I AR 2 TR (OB AR ELAE P, AT DA U DX O IR AR AR 4 H 5 4 1) e

Table 1. Comparison of Raman vibrational modes, frequencies and peaks of pristine and potassium-doped 4-BBP. The Ra-
man vibrational mode assignments of pristine 4-BBP comes from the comparative analysis of Toluene and Biphenyl

T L4 ATEBKEMFBA A TERRENANN SIRMNENR . SARURIERIITEE, Hpdf 4-FRERKRRN SRR
B K B R ARRELARRIXT L 534

Assignment o/cm™ (4-BBP) o/cm™ (K24-BBP) o/cm™ (Toluene) o/cm™ (Biphenyl)
®C-C 415.6 — — 406
®C-C 465.6 — — 467
Ring
Deformation aC-C-C 536.8 - - 524
aC-C-C 613.8 607.4 (-5) 605 620
aC-C-C 637.2 636.1 (—1) — —
yC-H 751.2 — 743 734
C-H Bending yC-H 799.3 791.9 (-7) 790 784
Out-of-plane vC-H 851.2 o o o
yC-H 993.0 976.7 (-16) — 983
Ring breathing 999.1 988.9 (-10) 990 1002
BC-H 1026.6 1004.2 (-22) 1033 —
C-H Bending BC-H 1184.4 11725 (-12) 1150 1153
in-plane
BC-H 1193.4 1191.4 (-2) — 1176
v (C-C) 1285.4 1282.5 (-2) 1287 —
v (C-C) 1513.5 1510.7 (-2) 1510 —
C-C stretching
v (C-C) 1595.4 1589.8 (-6) 1586 1584
v (C-C) 1609.6 — 1595 1604
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