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Fig. 1. (a) Molecular structure of FePc and the directions of molecular principal susceptibilities, x| and X5

(b) two phases’ stacking along the b-axis.

%1 HyPc, NiPc, ZnPc, CuPc Al FePc IR 2R &[]
Stk (B2 1076 em3-mol 1)

Table 1. Magnetic susceptibility anisotropies (in
1076 cm®-mol~1) of HyPc, NiPc, ZnPc, CuPc and
FePc.

Ax —X|| X1 ik
HyPc 610 751 141 [19]
NiPc 505 565 60 19]
ZnPc 647 851 204 [19]
CuPc 644 No data No data [20]

FePc 1294 —5443 —6737 [18]

KL AFePe MR R4y 1, WEFUAE Rk 8.5 T
HEH A I L 3R 88 R DO R v I 1 AR
g 1 B 2 d 3 (52 e, A8 X0 26 AT 5 (X-
ray diffraction, XRD). 112 X 5 £ W IS K 40 45 14
(near-edge X-ray absorption fine structure, NEX-
AFS). #i 261 (Raman spectroscopy)~ Ji ¥ 77
AT (atomic force microscopy, AFM) &4 AR X%}

FePe LR 5 4 T IR (OB ALSEIE AT T A

FePc 43 M Tokyo Kasei Kogyo CO., LTD
A E AT, FePe M54 A L2 T R YT 7 ik
il £, SEE B A RO AP B (3B B) Si(111) &
(110 Q-cm) ¥ FEJ0.5 mm JF 1 & fr (7 mm
X 7 mm), Si 5 FFH AR AT 2> s A R A
BRI 30 s I FH N LB 1E4T 8 755 % 10 min,

B 5 A ST, EZE R 400 °CL MIFI 28R &
212 x 10~® mbar [ E 5T, A5 5 7R JE4X
M1 FePc 7 F LA 0.1 A/s. ARSCPFE
i B AE v R 2 B A 3 0 i R S R S R
W45 B a1, A U AR R LA 100 mm,
WA 10 T, Wi 5 3R B, 3% 03550 B AE il
2k FIES 5 em Yo A F 10%. 256 AT FH /N A
SR B0 TR A E R R 58 (HX-S/MCS) £ AR
PR O B RE AR 3E BORST, RIEBHAER R}
BB R AT AHIE. 4R E TN S 75
B A R RVEHOR 4 A R 2 5 A2 7= 1) FJ-110,
IR ER S S EIEFIZ 5 x 107° Pa. WK 2 FR,
FePc ¥y AR FE i B T 28 R U5 A 00 2000 00 1T 358 K 355,
H SRR AR EE B 248 100 mm. A K fe bt
JES I PR R SR, A i 2R B A R 1 W3 5 N
8.5 T, A KIIFEFIRIFETEL 5 x 1074 Pa, 4K
) L 2495 60 .

XRD Wl & 75 H A3 2% B AL 7 42 7= ) TTR-
T BYAT A BT, S S0 Cu Ka, 40 kV,
200 mA, 5°—25°, FH#i25 K 0.02°.

NEXAFS FRAE 2 /A5 [F 2P A i 2 B b 7
RETE VEHEAT 0. DB T RETE B R R BE R VU A
10—1000 eV, J&iEE KT 1 x 1019 photons/s, FEE
IrHEAR AL 1500, YeBE SN2 x 0.8 mm?. C-
K () % 7 R V0 L 281310 V. fmdk N
0.8 I 2 Al HR K X 5 1 it 2 T 7 A 2 4 il 2 30°
FT90°. % KR 5 R H 4 HL 1 AL (total electron
yield, TEY) #i5, e &5 K 0.1 eV, REH T T
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Fig. 2. (color online) Schematic of the experimental
setup for the growth of organic semiconductor films

under high magnetic field.
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Fig. 3. (color online) X-ray diffraction spectra of FePc
thin films grown without (a) and in (b) magnetic field.

4 (MTIEM) FePc M AFM B1&  (a) TH:%;
(b) BHlH
Fig. 4. (color online) AFM images of FePc thin films

grown without (a) and in magnetic field (b).
TATFI I AFM Wl 2 T FePc {8 5 ¥ K TH T3,
HB 4 (a) AT 4 (b). BT LA 2, 8 R 2K 1 H 57 R
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VB () R P B0 259 50, HEF L R — 2 [ 4 (b)]. Hu
2221 Szybowicz Al Makowiecki 2% 43 513 iz 4 in
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FePc 73 1£ Si(111) 4 Ji& 2 11 A B [l 45 5. R
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ik [24].
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RN R, o A ANEORBIER, n AR
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I B 1P T AR o 4 o U RO, &
F 292 eV [HE TE W 514, SRS C 1s L7 5 o
HUBMERIE, X o YUl AT T4 7P . R4
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WSk F 2838 L C RV, A WESR LIS 3R B C JR
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) i C IR PO B B P 4 FePe il S74E
o JEE RTINS R WA e 7 P2 7 i BN 5 I
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T BT, C 1s T2 mo* POl 0 BROE N i

K T o FLPR U 5 FEE SN ST B ok, B S (a)
S (b) /T, B 0, HH 30° 38 K 3 90°, w* 24k
W WS Ve i B o B 5. T o VIR M UAE B FEE T N A O
1) F FEE ARSI T 5 0P A s, i P I A A 4 K T
B XSS SRR A FRA T A K FePe 751 #
Fe M ST AR AT SRR T, X AFAT A XRD 3 15 3 (1 45
R XF Sif K L H FePe 4> FHUA), Ahlund
25 27 % BLTARAE Si(100) i ) FePe 43 1 th 2
DA 37 f 7 R ), S RN ERATT AR % SR — 0.
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S
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= By,
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Fig. 5. (color online) C K-edge NEXAFS spectra for

the FePc films grown in (a) and without (b) magnetic

field. The insets indicate the experimental geometry.
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Fd 37 %o PURR I B2 o 1) FePe 4 1 B RS2 . 4R
5 NEXAFS 43 75U a it 7 P4 762 BN
(0; = 90°) i} 4y ¥ BT T Bk 37 (BP 4y 7P 1 5
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I TV T 5 A R K e AR, o IR I AT e 5 P
A o IR IR ST U 55 32 1) A28 A0 T 5 T N S IF R 15
SLRE . ATRLE R, K6 (a)—(c) H, ARG
ELNGT, 570 T AR R L, Wi T A
K FePe ) o SEARME IR B SRR 58 E, T
2 6; = 30° I o IR0 55 P U R EL HE AR e )
AL [ 6 (d)—(F)]. PRIBEmT AHEWT, i3 F AR
FePc 731 170 11 11 5 7 JE ) 5% i1 BEOK, Wk 1
YRR 7Pl 2E T A

>
L
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0; = 30° |
(d) B=85T
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(f) Difference

m g
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JFRER eV
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B 00k 3 0 TE W A 10 1% (a) A (b) BL K Y # 2E
[I(0 T)-1(8.5 T)] (c); 8; = 30° i Ntk AL WL M
% (d) # (e) LM ZE ki [1(0 T)-1(8.5 T)] (f)

Fig. 6. (color online) Comparison of C K-edge NEX-
AFS spectra of FePc thin films, from top to bottom:
the spectra of films grown in magnetic field (a), with-
out magnetic field (b) and difference between them
[I(0 T)—I(8.5T)] (c) at 6; = 90°; the spectra of films
grown in magnetic field (d), without magnetic field (e)
and difference between them [I(0 T)—1I(8.5 T)] (f) at
0, = 30°.
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FA T 58 MEHL A BT AR S D R 7. FePe 7 FRe BB
Dyp, mUFEXSRRE -1 B 5> 7, LR FHREN Do
AT LLA (2) ik o

Ly = 14414 + 1345, + 14By, + 148y,
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+ 7Bay + 28EL, 2)
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Fig. 7. (color online) Nonpolarized Raman spectra of
different FePc thin films (0 T and 8.5 T).
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Fig. 8. (color online) Polarized Raman spectra of FePc

thin films grown without (a) and in magnetic field (b).

#2 FePc HBEIH 26 P Arg, Big IRENE
1 Iyv /Ivu FIHEAR R0 53515 4 IR 2 A

Table 2. Measured Iyy/Iyu ratios for Ajg and Big
modes in the spectra of FePc films and calculated an-

gles between the molecule plane and substrate.

T A AR WA /em—! Iyv/Iva FE/(°)

FePc(0 T) Atg 593 0.547 62.39
Alg 833 0.438 64.92

Big 681 0.545 62.43

Big 1536 0.450 64.62

SEME 63.59

FePc(8.5 T)  Aig 593 0.302 68.75
Alg 833 0.379 66.48

Big 681 0.365 66.86

Big 1536 0.381 66.43

PHIME 67.13
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Fig. 9. The models of the molecular alignments: (a) the molecules grown without magnetic field; (b) the

rotation of the molecular plane in magnetic field; (c¢) the molecules grown in magnetic field.
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Abstract

Molecular orientation and stacking mode are commonly considered to have vital influence on the optoelectronic
performances of organic semiconductor devices via changing the dynamics of charge carriers transferring among the
molecules. Highly ordered and homogeneous stacking would allow a fast band transfer mechanism in the phase domain.
Therefore the controls of the molecular orientation and the stacking behavior are of great significance for optimizing
the device natures. In this work, the modification and control of iron phthalocyanine (FePc) molecular orientation on
Si(111) are accomplished with the aid of high steady magnetic field at room temperature. The FePc films are grown in
situ by organic molecular beam deposition on the Si(111) substrates under a high magnetic field strength of 8.5 T. The
Si(111) substrates are preserved at room temperature and are kept perpendicular to the magnetic field. The influences of
magnetic field on the molecular orientations and the morphologies of FePc thin films are investigated by X-ray diffraction,
angle dependent near edge X-ray absorption fine structure (NEXAFS), Raman spectroscopy and atomic force microscopy
(AFM). In the presence of the external magnetic field, the deposited FePc films each show a higher crystallinity and
slightly closer packing in (002) plane than those without magnetic field. The AFM images verifies more ordered and
uniform morphologies of the FePc films grown in the magnetic field. NEXAFS and Raman results both reveale a standing-
up configuration of FePc molecules on the Si(111) substrate surface. The average tilting angle of the molecules changes
from 63.6° to 67.1° when 8.5 T magnetic field is employed. The results demonstrate that the external high magnetic field
distinctly enhances the orientation order of FePc molecules on Si(111) surface due to the magnetic-magnetic interactions
between the magnetic field and the molecular magnetic moment. This work also demonstrates that external magnetic
field is an efficient means to regulate the orientation and stacking behavior of magnetic molecules, which may open a

new way to optimize the performances of the organic semiconductor devices.

Keywords: organic semiconductor, molecular orientation, organic molecular beam deposition, near-edge

X-ray absorption fine structure
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