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Organic ambipolar emitting materials hold immense potential for application in integrated optoelectri-
cal devices yet challenging to design and synthesize. Cocrystals exhibit significant superiority in design-
ing such materials because the properties of emission and transport can be flexibly tailored through
the strategic pairing of donor and acceptor units. In this study, we report a new cocrystal system,
DPA-5FDPA, derived from two high-mobility emissive molecules, 2,6-diphenylanthracene (DPA) and 2,6-
diperfluorophenyl anthracene (5FDPA). This cocrystal system exhibits outstanding emission and ambipolar
semiconducting properties. Notably, the single-crystal field-effect transistor devices based on DPA-5FDPA
achieve maximum hole and electron mobilities of 0.298cm? V-'s! and 0.009cm? V-'s, respectively.
In comparison, the reference compound of 2-perfluorophenyl-6-phenylanthracene (5FBA) exhibits unipo-
lar p-type transport with the hole mobility of 0.008 cm? V-'s™!. In addition, DPA-5FDPA exhibits excel-
lent optical waveguide behavior with a small optical loss coefficient of 0.079 dB/um at 508 nm, which is
lower than most reported cocrystal systems. These results underscore the promise of co-crystallization
as a versatile strategy for developing advanced ambipolar emissive semiconductors and provide deeper
insights into the relationships among molecular structures, packing modes, intermolecular interactions,

and charge-transport properties.
© 2025 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia
Medica, Chinese Academy of Medical Sciences.
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Organic emissive semiconducting materials integrating lumines-
cent and carrier-transporting properties have garnered significant
attention for their potential applications in multifunctional opto-
electronic devices and integrated circuit fabrication, particularly for
ambipolar emissive semiconductors [1-5]. So far, the majority of
the reported organic optoelectrical materials only exhibit unipo-
lar transporting behaviors mainly due to the unbalanced electronic
coupling of the frontier molecular orbitals (FMO) [6,7], and only a
few are ambipolar [8-10]. Several strategies have been explored to
achieve ambipolar transport, such as donor (D)/acceptor (A) blends
or bilayers [11-13]. However, these systems suffer from low car-
rier mobility and fluorescence quenching because of the phase sep-
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aration or mismatched FMO energy levels, which restricts their
practical applicability in high-performance optoelectronic devices
[14,15].

Co-crystallization of the appropriate D and A molecules to form
a charge-transfer (CT) D-A complex has been demonstrated as a
valid approach to improve various functions, including lumines-
cence [16-21], and ferroelectricity and multiferroics [22-24], op-
tical waveguiding [25-27], nonlinear optical [28,29] and stimuli-
responsiveness [30,31] as well as ambipolar charge transport
[32-35]. Generally, cocrystals not only retain the intrinsic physi-
cal and chemical features of individual components, but may also
show new properties induced by the cooperative effect of indi-
vidual constituents through noncovalent intermolecular interaction
[36,37], such as CT interaction, hydrogen bond, halogen bond, and
-7 interaction [38-48]. Consequently, co-crystallization has been
considered to be a promising way to design and synthesize am-
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bipolar semiconducting materials with strongly emissive proper-
ties [49,50]. However, most reported cocrystal materials with am-
bipolar transport exhibit weak or even negligible emission, which
is attributed to the strong CT interaction between D and A units.
For example, TTF-TCNQ-based cocrystals are typical ambipolar CT
complexes, but these cocrystals are non-emissive [12,51,52]. Sim-
ilarly, Hu et al. reported a series of cocrystal systems with TCNQ
or perylene diimide as acceptors and polycyclic aromatic hydrocar-
bons (fluorene, anthracene, pyrene and perylene, etc.) as donors.
These systems exhibit ambipolar or n-type charge transport behav-
ior, but they are poorly emissive with extremely low photolumi-
nescent quantum yield (PLQY) [32,53,54]. On the other hand, co-
crystallization of aromatic fluorophores with molecular barrier can
reduce aggregation-caused quenching (ACQ) effect, thus greatly en-
hancing the PLQY [21]. For example, Zhang et al. selected octafluo-
ronaphthalene (OFN) as a molecular barrier to impede intermolec-
ular interaction and electron exchange among fluorophores (an-
thracene, perylene or coronene), which blocks the single-triplet
pathway, resulting in nearly 100% PLQY [20]. Yet, cocrystals that
integrate fluorescence and ambipolar charge-transport properties
are rarely reported. In 2013, Park et al. first reported a D-A cocrys-
tal system containing distyrylbenzene (4M-DSB)- and dicyanodis-
tyrylbenzene (CN-TFPA)-based molecules, which shows an efficient
red emission with PLQY of 31% and ambipolar transport with hole
mobility (uy,) and electron mobility (ue) of 6.7 x 10-3 cm? V151
and 6.7 x 1002cm? V151 [55], respectively. Subsequently, they se-
lected dicyanodistyrylbenzene (2MDSC) as the donor and CN-TFPA
as the acceptor to form a new cocrystal (CT3), achieving a higher
PLQY of 60% and balanced ambipolar transport (u;, and pe of ca.
10~4cm?2 V-1s1). Besides, CT3-based organic light-emitting transis-
tor (OLET) devices exhibited external quantum efficiency (EQE) up
to 1.5% [56]. However, the carrier mobilities of these cocrystal sys-
tems are far lower than their individual components and the ad-
vantages of cocrystals for optoelectronic materials have not been
fully demonstrated in other cocrystal systems.

Herein, we report a new cocrystal system (DPA-5FDPA), based
on 2,6-diphenylanthracene (DPA) and 2,6-diperfluorophenyl an-
thracene (5FDPA), as an emissive ambipolar semiconductor. The
rationale behind the molecular design is as follows: (i) DPA has
been established as a high-mobility emissive semiconductor, with
a PLQY of 41.2% and a p of 34cm? V-1s1 [57], making it a
promising donor constituent for cocrystal. Similarly, 5FDPA ex-
hibits n-channel charge transport behavior with an impressive
e of 2.65cm? V-1s! and a PLQY of 52% [10], positioning it as
an ideal acceptor component. (ii) The molecular sizes and pack-
ing modes of DPA and 5FDPA are highly compatible, owing to
the similar atomic radius of hydrogen and fluorine. This struc-
tural similarity facilitates efficient packing and intermolecular in-
teractions. (iii) Strong intermolecular hydrogen bonding occurs be-
tween the hydrogen atoms of DPA and the fluorine atoms of
5FDPA, enhancing the stability of the cocrystal. The cocrystal of
DPA-5FDPA was successfully prepared via direct sublimation of a
1:1 mixture of DPA and 5FDPA. The resulting cocrystal exhibits
a unique 1:1 mixed stacking pattern, which is conducive to am-
bipolar charge transport. Single-crystal field-effect transistors (FET)
devices, which were fabricated with DPA-5FDPA cocrystal, demon-
strated ambipolar charge transport properties, with the maximum
wy of 0.298cm? V-1s! and pe of 0.009cm? V-1s1, Additionally,
DPA-5FDPA displayed a red-shifted emission compared to its con-
stituents of DPA and 5FDPA, with a PLQY of 16.8%. In compari-
son, 2-perfluorophenyl-6-phenylanthracene (5FBA), exhibited only
p-channel charge transport property, highlighting the superiority
of the cocrystal system in ambipolar transporting. These findings
deepen our understanding of the interplay among molecular struc-
tures, intermolecular interactions, and charge transport properties.
They also provide valuable guidance for designing more advanced
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Fig. 1. The schematic diagram of the preparation of DPA-5FDPA cocrystal by vapor-
phase method.

ambipolar emissive cocrystal systems for organic optoelectronic
applications.

DPA and 5FDPA were synthesized according to the literature
and subsequently purified via physical vapor transport (PVT), af-
fording high-quality single crystals of both compounds [10,57]. As
illustrated in Fig. 1, the cocrystal synthesis began with thoroughly
mixing DPA and 5FDPA in a 1:1 molar ratio by grinding the pow-
ders for several minutes. The mixture was then placed in the high-
temperature zone of the sublimation setup. Upon heating at 200 °C
under a vacuum of 10! Pa, the green-emissive cocrystal of DPA-
5FDPA was successfully deposited in the low-temperature zone.
Compared to traditional solution evaporation or diffusion methods,
the PVT method we employed offers significant advantages in the
preparation of large quantities of cocrystalline materials [14,49].
Remarkably, the PVT approach used in this study enabled the pro-
duction of the DPA-5FDPA cocrystal on a gram scale. This achieve-
ment is attributed to the highly similar chemical structures of DPA
and 5FDPA, which facilitate efficient and scalable cocrystal for-
mation, making this cocrystal system of DPA-5FDPA possible as a
promising organic optoelectronic material. For comparison, the ref-
erence compound 5FBA was also prepared, with the detailed syn-
thetic route provided in Supporting information. Thermogravimet-
ric analysis (TGA) shows the onset decomposition temperature of
DPA, 5FDPA, DPA-5FDPA and 5FBA are 276, 246, 262 and 241°C,
respectively (Fig. S1 in Supporting information), indicating these
materials are stable enough upon heating at 200°C.

The packing mode and intermolecular interactions of DPA,
5FDPA, DPA-5FDPA as well as the reference compound 5FBA were
unveiled through single-crystal X-ray diffraction analysis. As shown
in Fig. 2b, molecules of DPA and 5FDPA in the cocrystal exhibit
twist configurations with the dihedrals between the anthracene
and phenyl or perfluorophenyl groups of 41.34° and 48.24°, re-
spectively. The dihedral angle between the anthracene and phenyl
groups in DPA is found to be 19.97° (Fig. S2 in Supporting in-
formation), which is smaller than that observed in DPA-5FDPA.
Conversely, the dihedral angle in 5FDPA was measured at 54.48°
(Fig. S3 in Supporting information), larger than that in DPA-5FDPA.
These findings suggest that the structural differences between DPA
and 5FDPA are minimized through co-crystallization. To elucidate
the convergency trend of the dihedral angles of the DPA and 5FDPA
in the cocrystal, we first analyze the molecular packing and inter-
action of the cocrystal. Fig. 2a shows the packing mode and in-
termolecular interactions within the DPA-5FDPA cocrystal, which
markedly differ from those of the individual DPA and 5FDPA crys-
tals (Figs. S2 and S3). In the cocrystal, molecules of DPA and
5FDPA are alternatingly arranged to form molecular columns, in-
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Fig. 2. The intermolecular interactions and packing modes of (a) DPA-5FDPA and (c) 5FBA. The dihedral angles between anthracene and phenyl or perfluorophenyl groups

in (b) DPA-5FDPA and (d) 5FBA.

terconnected by C-H.--F interactions with distances of 2.653 and
2.378 A. Furthermore, intermolecular 7 -7 stacking interactions are
observed between the anthracene units of neighboring DPA and
5FDPA molecules, with distances of 3.387 and 3.382 A, respectively.
In contrast, the single crystals of DPA and 5FDPA adopt a herring-
bone packing mode without -7 interactions. The primary inter-
molecular interactions in DPA involve multiple C-H...7r interactions
with distances of 2.849, 2.873, and 2.860A, as shown in Fig. S2.
Meanwhile, the 5FDPA crystal features multiple C-H---7w (2.796 A
and 2.774A), C-F-mr (3.090A), and C-H--F (2.596 and 2.572A)
interactions (Fig. S3). The stronger intermolecular interaction in
the cocrystal contributed to more tightly intermolecular packing,
which is conducive to the convergence of dihedral angles of the
individual components. To further illustrate this phenomenon, we
conducted a relaxed potential energy scan to explore how the elec-
tronic energies of DPA and 5FDPA change as their dihedral an-
gles vary from 0° to 90°. As shown in Fig. S4 (Supporting infor-
mation), both molecules reach their minimum energy at dihedral
angles near 40°, which is close to the conformations observed in
the cocrystal (DPA: 41.33°, 5FDPA: 48.24°). These results indicate
that increasing the dihedral angle of DPA while decreasing that of
5FDPA can effectively lower the energy of the cocrystal system. As
shown in Fig. 2c, molecules of 5FBA in the crystal are arranged in a
head-to-tail one-dimensional columnar packing manner. The dihe-
dral angles between the anthracene and the substituted phenyl or
perfluorophenyl groups are 41.30° and 48.93° (Fig. 2d), respectively,
which is nearly identical to those observed in DPA-5FDPA (Figs. 2b
and d). The main intermolecular interactions in 5FBA are also the
same as DPA-5FDPA, including multiple C-H.--F (2.643 and 2.382 A)
and -7 (3.385 and 3.393A) interactions (Fig. 2c). These results
underscore the significant impact of D-A interactions on molecular
packing and intermolecular interactions.

Powder X-ray diffraction (PXRD) measurements were performed
to further confirm the structural consistency of the obtained
cocrystal. As shown in Fig. 3a, the PXRD pattern of DPA-5FDPA
displays strong and sharp diffraction peaks that are significantly
different from those of the individual components, indicating that
DPA-5FDPA is not a physical mixture of DPA and 5FDPA. Addition-
ally, the PXRD patterns of DPA-5FDPA align well with the sim-
ulated diffraction data derived from the cocrystal, demonstrating
that the DPA-5FDPA cocrystal powders are ultrapure and consist of
a single crystalline phase.

As shown in Fig. 3b, the solid-state absorption spectrum of
the cocrystal DPA-5FDPA exhibited a notable redshift in compari-
son with that of 5FDPA, but a slight blue-shift by comparing with
that of DPA. 5FBA exhibited solid-state absorption spectra similar
to those of DPA-5FDPA, indicating analogous electronic transition
characteristics between the two crystalline systems, as will be dis-
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Fig. 3. (a) PXRD patterns of DPA, 5FDPA and DPA-5FDPA. The (b) solid-state absorp-
tion and (c) fluorescent emission spectra of DPA, 5FDPA, DPA-5FDPA and 5FBA. (d)
Fluorescence microscope images of DPA-5FDPA.

cussed in detail below. Fig. 3c shows the emissive properties of
DPA-5FDPA, DPA and 5FDPA. By comparing with DPA and 5FDPA,
the emission spectrum of DPA-5FDPA was significantly red-shifted,
while 5FBA displays an even further red shift. The DPA crystals
with microplate shape exhibit cyan emission with a PLQY of 41%,
featuring distinct vibronic bands at 449, 476, 504 and 556 nm
[57]. Similarly, the microplates of 5FDPA display emissions at 415,
436, 460, and 493nm with a high PLQY of 52% [10]. After co-
crystallization, DPA-5FDPA forms microrod-shaped crystals exhibit-
ing green emission, with the PLQY decreasing to 17 % (Fig. 3d). For
5FBA, its PLQY also decreased to 16 %. The red-shifted emission and
the decrease in PLQY for DPA-5FDPA may be attributed to strong
intermolecular charge transfer, while for 5FBA, it is caused by the
combined effect of intermolecular and intramolecular charge trans-
fer. Additionally, the average fluorescence lifetimes of DPA, 5FDPA,
DPA-5FDPA as well as 5FBA were determined to be 4.83, 11.11,
23.95, 14.94ns, respectively (Fig. S7 in Supporting information).
Based on PLQY and lifetime results, DPA-5FDPA exhibits the small-
est radiative rate of 7.01 x 106s™! in comparison with that of DPA
(8.49 x 107 s'1) and 5FDPA (4.68 x 107 s71) (Table S1 in Supporting
information), further demonstrating strong charge transfer interac-
tions between DPA and 5FDPA in the cocrystal.

Interestingly, DPA-5FDPA exhibits mechanical responsiveness.
Upon grinding the green-emission cocrystal powder, which initially
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has a CIE coordinate of (0.23, 0.50), the emission peak undergoes
a substantial redshift to 538 nm, with a corresponding CIE coordi-
nate change to (0.35, 0.52) (Fig. S8 in Supporting information). This
fluorescence responsiveness is likely due to a transition from the
crystalline to an amorphous state, as supported by the PXRD pat-
terns shown in Fig. S19 (Supporting information). To exclude the
effect of physical blend on the fluorescent responsive property, we
have compared the fluorescent spectra of DPA-5FDPA cocrystal and
the physical blend of DPA and 5FDPA with a molar ratio of 1:1. As
shown in Fig. S10 (Supporting information), the emission spectrum
of the blend is completely different from that of the ground cocrys-
tal, demonstrating the mechanochromic response does not arise
from simple physical mixing. In addition, the PXRD pattern of the
mixture shows sharp diffraction peaks including the peaks of DPA
and 5FDPA, as shown in Fig. S21 (Supporting information), suggest-
ing the crystallinity of DPA and 5FDPA is less affected by physical
blending. In contrast, the peak intensity of the cocrystal decreases
significantly or even disappears after grinding, which further ex-
cludes the contribution of physical mixing to the mechanochromic
responsive property.

Similarly, the individual component of DPA and 5FDPA also ex-
hibits mechanical responsiveness. As shown in Fig. S11 (Support-
ing information), the crystalline DPA solid exhibits distinct vibronic
bands at 449, 476, 504 and 556 nm. After grinding, the wavelength
of the emission peaks showed almost no changes, while the rel-
ative intensity of the respective peaks changed a lot. The long-
wavelength emission intensity increased and broadened as shown
in Fig. S11a (Supporting information). The corresponding CIE co-
ordinate of DPA changes from (0.332, 0.411) to (0.233, 0.407) as
shown in Fig. S11b (Supporting information). 5FDPA also exhibits
mechanical responsiveness, which has been investigated in detail
in our previous work [10]. In contrast, 5FBA shows no distinct
change before and after grinding, indicating this molecule exhibits
no responsiveness to external forces.

The CT interactions and photophysical properties of cocrystals
have been thoroughly elucidated through density functional the-
ory (DFT) calculations. Fig. S16 (Supporting information) depicts
that the cocrystal system of DPA-5FDPA displays a significant static
dipole moment (SDM) of 1.049 D oriented from 5FDPA towards the
DPA molecule, confirming the presence of CT interactions in the
ground state. Non-covalent interaction (NCI) analysis and the cal-
culated HOMO and LUMO distributions further support this con-
clusion. The NCI analysis shows a large green pattern between
DPA and 5FDPA segments of the cocrystal system (Fig. S17 in Sup-
porting information), suggesting the CT interactions exist in DPA-
5FDPA. As shown in Fig. S18 (Supporting information), the HOMO
and LUMO orbitals of respective molecules of DPA and 5FDPA are
uniformly distributed on the anthracene skeletons, whereas the
HOMO and LUMO orbitals of DPA-5FDPA are localized on DPA
and 5FDPA units, respectively. In addition, the absorption spec-
trum, as well as corresponding electronic transitions of the cocrys-
tal of DPA-5FDPA are also calculated based on TD-DFT calculations.
Fig. 4a shows the two main absorption peaks of DPA-5FDPA. The
long-wavelength absorption at 398.87 nm (3.1084 eV) is assigned to
So — S3 transition from HOMO-1 — LUMO excitation with the os-
cillator strength (f) of 0.1199 (Fig. 4c). Similarly, another observed
absorption of 279.99nm (3.80eV) is attributed to the S; — Sig
transition, which is mainly from the HOMO-1 — LUMO+2 and
HOMO-2 — LUMO+1 excitations with a high f of 2.4166 (Fig. 4c).
Notably, the band gap of DPA-5FDPA is calculated to be 3.18 eV, sig-
nificantly smaller than the respective components, 3.45eV for DPA
and 3.46 eV for 5FDPA, illustrating the CT interaction between DPA
and 5FDPA molecules (Fig. S18 in Supporting information). These
results agree well with our experimental conclusion.

Furthermore, the photophysical properties and electronic tran-
sition process of 5FBA have also been calculated by TD-DFT as
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shown in Fig. 4d. The HOMO orbital of 5FBA is mainly located at
the phenyl group and anthracene unit, while LUMO is localized
on the perfluorophenyl group and anthracene, indicating the in-
tramolecular charge transfer exists in the 5FBA molecule. These in-
tramolecular CT interactions also manifested in the red shift of the
emission spectrum as discussed above. As shown in Figs. 4b and
d, the absorption peak of 395.21 nm (3.1372eV) is attributed to Sy
— S4 (HOMO — LUMO) transition with an oscillator strength of
0.1258. The continuous transition processes of Sy — S3, Sg — S4
and Sy — Ss contribute significantly to the short-wavelength ab-
sorption peak of 285 nm. As a consequence, the calculated absorp-
tion is in accordance with the measured absorption spectrum as
shown in Fig. 3b.

To investigate the charge-transport property of DPA-5FDPA, FET
devices were fabricated based on the microrods of DPA-5FDPA and
the device fabrication processes were provided in supporting infor-
mation in detail. Unlike DPA, which exhibits p-channel transport,
and 5FDPA, which shows n-channel transport, DPA-5FDPA demon-
strates ambipolar semiconducting properties based on the trans-
fer and output curves (Figs. 5a-d). The devices exhibited maxi-
mum gy, and pe of 0.298cm? V-1 s=1 and 0.009cm? V-1 s—1,
respectively (Table S5 in Supporting information). Analysis of X-ray
diffraction (XRD) of cocrystal on the substrate and selective area
electron diffraction (SAED) data (Figs. 5e and f) reveals that the
charge-transporting direction in DPA-5FDPA aligns with the [100]
crystallographic plane.

According to previous investigations [53,58], the hole trans-
porting of the cocrystals is facilitated through super-exchange in-
teractions of DPA molecules through molecules of 5FDPA, while
the electron transporting is through super-exchange interactions of
molecules of 5FDPA through molecules of DPA. This agrees well
with the relatively large super-exchange integrals for the hole than
electron transporting, which were calculated to be 103 and 35.7
meV, respectively (Fig. S23 in Supporting information).
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The semiconducting property of 5FBA was also investigated
based on the film bottom-gate bottom-contact (BGTC) FET devices.
Unlike DPA-5FDPA, which exhibits ambipolar transport, 5FBA ex-
hibited unipolar p-channel transport with the hole mobility of
0.008cm? V-1 s~1 and no n-channel transport behavior was ob-
served according to the transfer curve (Fig. S24 in Supporting infor-
mation). The distinct transport behaviors between 5FBA and DPA-
5FDPA may be due to the existing superexchange interaction in the
cocrystal system despite the similar intermolecular packing and in-
teractions for 5FBA and DPA-5FDPA. This suggests that the elec-
tronic properties and charge-transport mechanisms are strongly in-
fluenced by the specific molecular arrangements and interactions
within cocrystals. These findings highlight the advantages of the
cocrystal strategy in the design of ambipolar emissive semicon-
ducting materials, offering a promising pathway to achieve tai-
lored charge-transport and optical properties that are unattainable
in single-component systems.

Moreover, we have noticed that bright green-luminescent spots
were observed at the ends of microrod crystals of DPA-5FDPA as
shown in Fig. 3d, while emissions in the middle of the cocrys-
tal were relatively weak, indicating microrods of DPA-5FDPA ex-
hibit typical optical waveguiding behavior. To further explore this
phenomenon, the optical waveguiding properties within the micro-
rods were investigated, and spatially resolved photoluminescence
(PL) spectra were measured. Fig. 6b shows the microarea PL spec-
tra recorded at the ends of the microrod under excitation with a
405 nm laser beam at different positions (labeled as 1, 2, 3, 4, and
5, Fig. 6a). The emission peak was located at 508 nm, which agrees
well with the steady PL spectra, indicating that the self-absorption
is minimal. When the laser was focused on the cocrystal, the emit-
ted photons were confined within the microrod and propagated
along the direction of crystal growth, identified as the [100] di-

Chinese Chemical Letters 37 (2026) 111613

@) ®) 5900 fx
_ 2
e 1500 3
©
20 pm = 4
— Z1000] 5
 —4
s
=
5004
04

400 450 500 550 600 650

(c) Wavelength (nm)
05 \
\\ a =0.079 dB/um
o4 \
o
=
N
~
03 .
0.2

5 10 15 20 25 30 35 40
Waveguiding distance (um)

Fig. 6. (a) The photoluminescence images of the microrods of DPA-5FDPA. (b)
The corresponding spatially resolved photoluminescence spectra of the out-coupled
light at the end of the microrods of DPA-5FDPA. (c) Ratio of photoluminescence
intensity at 508 nm of Iwg/lgx, against the propagation distance for microrods of
DPA-5FDPA.

rection. In addition, the emission intensity collected from the tip
of the cocrystal decreases continuously with the increase of prop-
agation distance, while the emission intensities at the excitation
points are almost the same along the microrods (Figs. 6a and b)
This behavior was quantified through a single-exponential decay
curve (Fig. 6¢), which relates the intensity ratio of the incident
(Igx) and outcoupled (lyg) light to the propagation distance. This
curve was fitted according to the function of Iyg/lgx = Aexp(-RD),
where A and D are constants [59,60]. Thus, the resulting optical
loss coefficient for the microrod of DPA-5FDPA was calculated to be
0.079 dB/um at 508 nm, which is one of the best optical waveguide
performances in cocrystal systems according to our best knowl-
edge (Table S2 in Supporting information). The exceptional optical
waveguiding performance and low optical loss coefficient are at-
tributed to the negligible self-absorption in DPA-5FDPA. This arises
from the minimal overlap between the absorption and fluorescence
spectra of DPA-5FDPA in the crystalline state (Fig. S9 in Supporting
information), ensuring efficient light propagation with minimal en-
ergy loss.

In summary, we have successfully designed a new cocrys-
tal system, DPA-5FDPA, derived from two structurally similar
molecules, DPA and 5FDPA. Impressively, DPA-5FDPA exhibited 1:1
mixed stacking with an alternating arrangement to form molec-
ular columns, distinctly different from the herringbone packing
observed in the individual DPA and 5FDPA crystals. Besides, the
fluorescent emission peak of DPA-5FDPA is red-shifted to 506 nm
with a PLQY of 16.8%, which is attributed to the intermolecular
m-m and CT interactions between DPA and 5FDPA. This cocrystal
shows ambipolar charge-transporting characteristics in the single-
crystal FET devices, achieving maximum hole and electron mobili-
ties of 0.298 cm? V-1 s=1 and 0.009cm? V-1 s—1, respectively. In
contrast, the asymmetrically substituted compounds of 5FBA only
show unipolar p-channel transport even though the packing modes
and intermolecular interaction are the same with DPA-5FDPA, in-
dicating the superexchange interaction in cocrystal of DPA-5FDPA
plays an important role in ambipolar transport. Additionally, DPA-
5FDPA demonstrates good optical waveguide behavior with a small
optical loss coefficient of 0.079dB/um at 508 nm, which is one of
the best-reported values for cocrystal systems. These results reveal
that DPA-5FDPA is a promising ambipolar emissive organic mate-
rial for integrated multifunctional optoelectrical devices. This study
not only provides a new strategy for designing ambipolar emissive
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materials, but also deepens our understanding of the relationship
among molecular structures, packing modes, intermolecular inter-
action and charge transport properties.
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