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Abstract Donor-acceptor (D-A) conjugated polymers show great promise in organic field-effect transistors and
organic solar cells due to their intramolecular charge transfer, yet achieving large-area, precisely controlled
molecular orientation remains challenging. Here, we employed an epitaxial crystallization strategy on oriented
polyethylene (PE) substrates to fabricate highly oriented thin films of two D-A polymers, BDTI-2F2T and
IIDSIC,. Angle-resolved polarized UV-Vis absorption and Raman spectroscopy revealed significant optical
anisotropy and uniaxial molecular alignment in both films, while transmission electron microscopy and two-
dimensional grazing-incidence X-ray diffraction confirmed uniform, dense morphologies with good crystallinity.
Both polymers adopted an edge-on configuration with backbones parallel to the PE chain direction, establishing a
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clear epitaxial lattice relationship. Spin-coating from o-dichlorobenzene (5 mg/mL, 2000 r/min, 180 s) yielded
dichroic ratios of 1.46 (686 nm) and 1.05 (696 nm) from polarized UV-Vis absorption, and four-lobed Raman
patterns for C=C stretching (1441 and 1435 cm™) confirmed uniaxial order, with energy-dispersive X-ray

spectroscopy showing homogeneous sulfur distribution. Lattice mismatches between the polymer (010) and PE
(110) planes were only 5% for BDTI-2F2T and 3% for IIDSiC,,, while IIDSiC,, exhibited denser z-z stacking (¢,.,
=0.153 nm™") than BDTI-2F2T (0.156 nm™"), favoring charge transport.
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Fig. 1 Chemical structures of BDTI-2F2T (a) and IIDSiC,, (b); (c) Scheme of the preparation process of conjugated polymer

crystallized epitaxially on an oriented polyethylene (PE) substrate.



4 Acta Polymerica Sinica

T S Bl R AE TR I AR |, IF FH B i 35 50 |
e, RREFVIRIE R G, FHNUIR: 20 a1 B E AR
FRAEVEIRIRE, F AR PR, (]
3 BEL ) JREA VI K B AL 1Y) PE RS 18
R AE O R B R b, RIAT A 2 ) A
J&E . K BDTI-2F2T FIIIDSIC,, PA 5 mg/mL 3 %5 F-41
TEORT, VAR FE DDA 100 °CHRFLESE 90 min,
TRV, ER3] T R AW
1.3 D-ABHEFEREYWSE G PEE SEMNTIE
WA 1(c) i, BL60 pL Y 5 mg/mL ) BDTI-
2F2T AIDSIC, W, T I1AE ST AL vy T i % 1) Y
] PERSR b, VAR KGR R EY S PEE A
JEE . A S 06 3% B KW-4B B [ S e L, %% 3l % 7
2000 r/min, JEFEHS ]34 180 s.
1.4 HUE PEEKF D-A UL B S YIRS 45 RATE
43 K A 6 S SUBE (POM) (i 3R 25 b -7 KL
W WO 18 (UV-Vis)s 5 77 2 5 8 (AFM) #1 2D-
GIXRD X il % 1 2 G AT 5/ 3R AE . 74k, ¥
— o> A W R B35 ) F T BB (TEM) A I L
-+ TEM i, K JEOL JEM-2100 TEM 1X 2§ ,
Hr A HLE 2 200 kV.

2 #FHR5iTE

2.1 EXEMERAE

N T M5 FAE 2 Bl D-A T AL HE R A ) BDTI-
2F2T 5 1IDSIC,, 7E BU[A] PE 345 141 B ) 4k
BT T IR E e 2= RAE . K 2(2) A1 2(d) 2 51 N
BDTI-2F2T/PE 1 IIDSiC,,/PE & & ¥ i ) POM &
. B bR R s e A8 DGR T 1), B
SKHTHE 7 IS PE 73 78 H SEBRHES ) 7 — 2. 4
POM [Pl Fr 77 1) 5 5 & B (1) R A 7y ) 2 4509
AR, BEA R B IR S R A
J7 6] 5 R A 75 1)~ AT (0°) B, I B 3 R AT
93X — LAY )l R AR G 7 e SRRAE P IE S
T 2RI HI R AW LE LR PE LR TR S T R AT
1€ FHER, o5 B S BT A AR KRV PE 47
TEEJT ML

7 Fe 3 28 A0 =] DR WSO 5 i — 20 &
17 2 Fh L B0 R A W AE L) PE 25 E 1 )6 5% %% )
S K 2(b) R T BDTI-2F2T/PE & 4 HIEEA A
MR A FE R BRSO T L 1% 5% 5 F) e R T AL s s
T 686 nm, 5 SCHRFRIE K 681 nm FEA—F167), ALl

686

(b)

Absorbance

C
0° © D=146

30°
60°
90°

120° 0.20 ¢

Absorption (a.u.)

150°
686 nm

180°

300 600

900 0 30 60 90 120 150 180

Wavelength (nm) 0(°)

696

©

Absorbance

0° ® D=1.05
032}

30° So /60
60°
90°
120°
150°
180°

031} <
/

Absorption (a.u.)
A

0 696 nm

400

600 800 0

30 60 90 120 150 180

Wavelength (nm) )

Fig. 2 Polarized optical micrographs of BDTI-2F2T (a) and IIDSiC,, (d) on oriented PE substrate. The right half of the two
micrographs were acquired from the identical sample region as left but rotated 45° clockwise about the light beam. The cross and

single arrows indicate the directions of polarizers and PE chains, respectively. Polarized UV-Vis absorption spectra of highly oriented
BDTI-2F2T (b) and IIDSiC,, (e) thin films; The angle indicates the electronic vector aligned with the direction of the PE molecular
chain. Dichroic ratios of absorption intensity of BDTI-2F2T/PE (c) and IIDSiC,,/PE (f) films, defined as D = 4/4 .
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Fig. 3 Representative Raman spectra of BDTI-2F2T/PE (a, b) and IIDSiC,,/PE (c, d) recorded under parallel (||) and vertical (L)
polarization configurations, with the incident polarization angle increasing sequentially from top to bottom. Polar (e, f) plots of Raman
intensity at 1441 cm™" versus polarization angle under parallel and vertical configurations for BDTI-2F2T/PE, and polar (g, h) plots for
IIDSiC,,/PE. The periodically distributed experimental data showing a four-lobed profile were fitted by the function a(J) = a,sin*(2d + ¢).
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Fig. 4 Bright-field (BF) transmission electron microscopy (TEM) and energy-dispersive spectroscopy (EDS) elemental mapping
images of oriented BDTI-2F2T/PE (a, b) and IIDSiC,,/PE (c, d) thin films.
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Fig. 5 Two-dimensional grazing incidence X-ray diffraction (2D-GIXRD) maps and corresponding 1D profiles of BDTI-2F2T/PE

(a—d) and IIDSIiC,,/PE (e-h) films measured with incident X-ray beams perpendicular (L) and parallel (||) to the PE chain direction.

Schematic diagram of edge-on stacking of BDTI-2F2T and IIDSiC,, and their respective epitaxial relationship with PE (i, j).
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