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combined with solvent vapor evaporation. 1,2-DCB was used as the good solvent and acetonitrile as the antisolvent. Acetonitrile was added to induce
localized supersaturation and precipitation of cocrystals at the interface of good solvent and antisolvent. (B) Photograph of the as-grown CTCCs. (C) XRD
spectrum of CTCCs. (D) TEM image and SAED pattern of the CTCC. (E) Segregated stacking pattern of the CTCCs. (F) Schematic structural schemes of the CTCC.
Blue denotes the polythiophene backbones and side chains, yellow denotes the S atoms on the backbone of polythiophene, and cyan-green denotes
the Cqq clusters.

acceptor has a face-centered cubic (fcc) structure with a lattice con-
stant of 1.415 nm (29). The selected-area electron diffraction (SAED)
pattern from transmission electron microscopy (TEM) confirms the
coexistence of monoclinic polythiophene and fcc-Cgp structures
(Fig. 1D) with two sets of diffractions, consisting of (001)-monoclin-
ic polythiophene crystal and (111)-fcc-Cg crystal, respectively. Within
the segregated-stack CTCC superstructures, complicated intermo-
lecular interactions, including nt-n stacking, CT, and van der Waals
forces, contribute to the stacking and ordering of the polythiophene
donor and Cg acceptor along the n-n stacking axis of polythiophene
(Fig. 1, E and F) (27, 30). Polythiophene chains self-organize through
n-1 conjugated interactions along the b axis (25, 27) and are stacked in
planar structures, with the long-chain axis (c axis) nearly perpendicular
to the substrate (Fig. 1F).
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Focusing on the segregated stacking of CTCC superstructures, we
have investigated the structural and chemical aspects of the as-grown
cocrystals. Figure 2A shows a typical side-view scanning electron mi-
croscopy (SEM) image of the CTCCs, where the inset is the carbon and
sulfur chemical analysis and mapping by energy-dispersive x-ray
spectroscopy. The sulfur content is higher in the center of the CTCCs
than in the edge, confirming the phase segregation between the poly-
thiophene donor and the Cq acceptor (also shown in the dark-field
optical microscopy image; fig. S3, B and C). The TEM and high-
resolution TEM images of the CTCCs (shown in Fig. 2B and fig. $4, A
to D) confirm the phase intermixing and the segregated stacking of
cocrystals with an average domain size of ~20 nm. The polythiophene
fibers are crystallized with Cgo-rich domains. The three-dimensional
atomic force microscopy (AFM) image (fig. S4, E and F, taken near the
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Fig. 2. Morphology, phase separation, and polythiophene/Cq, interface configuration of the CTCCs. (A) Typical side-view SEM image of the CTCCs.
The inset is the carbon and sulfur chemical analysis mapping from energy-dispersive x-ray spectroscopy. (B) TEM image of the center region in the CTCCs.
The inset is the high-resolution TEM image. (C) Current (top) and topography (bottom) images from the conducting AFM (c-AFM) of the CTCCs. (D to G)
Polythiophene/Cqq interface configurations obtained by classical MD simulation for configuration 1 with rough surface att=0and 1 ns, respectively
(D and E), and configuration 2 with flat surface at t = 0 and 1 ns, respectively (F and G). (H and I) Highest occupied molecular orbital of polythiophene
molecules at each layer of configuration 1 (H) and configuration 2 (I).
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