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Abstract   The formation of cocrystallization in two various conjugated components may endow the newly formed conjugated cocrystals with

multiple  functionalities  and improved charge transport  properties.  However,  compared to  conjugated small  molecules,  this  strategy is  rather

limitedly  realized  in  conjugated  polymers.  Herein,  a  simple  meniscus-assisted  solution  printing  (MASP)  strategy  is  utilized  to  achieve  the

cocrystallization  in  the  blends  of  two  conjugated  polymers, i.e.,  poly(3-hexylthiophene)  (P3HT)  and  poly(3-octylthiophene)  (P3OT),  and  the

cocrystalline structures are correlated closely to their charge mobilities. The P3HT/P3OT blends phase separate and crystallize individually in their

drop-cast thin films. When subjecting the P3HT/P3OT blended solution to MASP, the confined solvent evaporation between two nearly parallel

plates triggers them to cocrystallize progressively when accelerating the moving lower plate. The cocrystallization kinetics and the changes in

P3HT/P3OT molecular structures are elucidated. Finally, these different crystalline structures of P3HT/P3OT blends are applied in organic field-

effect transistors, imparting the cocrystallization-enhanced charge transport than respective P3HT and P3OT crystal domains. Such MASP method

can be extended to craft cocrystals of other conjugated polymer blends for their diverse optoelectronic applications.
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INTRODUCTION

Conjugated  polymers  have  been  largely  adopted  in  organic
electronics  due  to  their  fascinating  optical  and  electrical
properties.[1−3] The key concept for conjugated polymers is their
structure-property correlation. The charge transport property of
conjugated  polymers  is  primarily  affected  by  their  chemical
structures  with π-electrons  delocalized  along  backbones.
Basically,  the  more  planar  backbone,  increased  conjugation
length, and narrower π-π stacking distance are favorable for the
charge  transport.[4,5] As  a  result,  a  number  of  conjugated
polymers with new chemical  structures have been synthesized
to meet these criteria.[6−12] Likewise, the molecular packing and
crystalline structures of these conjugated polymers in their solid
state  play  a  vital  role  in  the  charge  transport,  which  can  be
controlled  at  different  stages  of  crystallization  (i.e.,  solution-
state,[13,14] film-deposition  process,[15−17] and  post-
processing[18−20]).  For  example,  remarkably  enhanced  charge
mobilities  are  achieved  in  some  conjugated  polymers  with
various  molecular  and  electronic  structures  by  controlling  the
growth of nanofibrils and aligning backbones via natural brush-
printing.[21] The  design  of  new  chemical  structures  and

processing  in  their  various  states  can  be  either  solely,  or
collectively  utilized  to  enhance  the  charge  transport  of
conjugated polymers.

Usually,  the  semiconducting  layer  in  most  organic  field-
effect  transistors  (OFETs)  contains  only  single  material.  Re-
cently,  a  promising  cocrystallization  method  has  been  util-
ized in OFETs by involving two or more materials into cocrys-
tals,  exhibiting synergistic  and collective  properties  of  differ-
ent  materials.[22−25] These  organic  cocrystals  are  mostly  fo-
cused on conjugated small molecules produced through non-
covalent  interactions.[22,23] Nonetheless,  very  few  work  have
been  reported  based  on  conjugated  polymer  cocrystals  due
to  the  difficulty  in  obtaining  their  cocrystals  as  three  pre-
requisites  should  be  met  simultaneously  including  similar
structures,  close  crystalline  kinetics,  and  comparable  poten-
tial  energies.[24−28] Moreover,  the  investigation  into  con-
trolling the cocrystallization kinetics is rather limited.[29]

Herein, we utilize a simple meniscus-assisted solution print-
ing  (MASP)  method  to  efficiently  achieve  cocrystallization  in
two poly(3-alkylthiophene)s (P3HT and P3OT) , elucidate their
cocrystallization  kinetics  and  charge  transport  properties.
During the MASP, the P3HT/P3OT blended solution was injec-
ted  into  two-nearly-parallel  plates[29−33] with  the  movable
lower  plate  controlled  by  a  computer  against  the  upper  sta-
tionary  plate.  The  confined  solvent  evaporation  yielded  a
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meniscus at the edge of the two plates, carried the P3HT and
P3OT  to  the  solution  edge,  and  assisted  the  film  formation
after  drying.  Intriguingly,  the  P3HT/P3OT  blends  self-as-
sembled  into  cocrystals  progressively  when  accelerating  the
moving lower plate.  This  yielded an improved charge mobil-
ity  (μ)  for  the cocrystal  film of  P3HT/P3OT compared to their
respective components and drop-cast phase-separated struc-
tures,  demonstrating  the  cocrystal  film  is  favorable  for  the
charge transport. This MASP strategy is extremely simple and
efficient,  and  can  be  easily  applied  to  other  conjugated
blends for the production of cocrystallization.

EXPERIMENTAL

Materials
Five monomers,  2-bromo-5-iodo-3-butylthiophene,  2-bromo-5-
iodo-3-hexylthiophene,  2-bromo-5-iodo-3-octylthiophene,  2-
bromo-5-iodo-3-decylthiophene  and  2-bromo-5-iodo-3-
dodecylthiophene  were  synthesized  based  on  the  reported
approach.[34] Isopropylmagnesium chloride (i-PrMgCl, 2.0 mol/L
in  tetrahydrofuran)  and  [1,3-bis(diphenylphosphino)propane]-
dichloronickel(II)  (Ni(dppp)Cl2)  were  brought  from  Sigma-
Aldrich. Poly(3-hexylthiophene) (P3HT, Mn=14.3K, PDI=1.09) and
poly(3-octylthiophene)  (P3OT, Mn=12.8K,  PDI=1.10)  were
synthesized via Kumada catalyst-transfer polymerization (KCTP)
(Figs.  S1  and  S2  and  Table  S1  in  the  electronic  supplementary
information,  ESI).[35,36] For  comparison,  poly(3-butylthiophene)
(P3BT, Mn=12.5K,  PDI=1.12),  poly(3-decylthiophene)  (P3DT,
Mn=12.4K,  PDI=1.11),  and  poly(3-dodecylthiophene)  (P3DDT,
Mn=11.6K,  PDI=1.10)  were  synthesized  as  well  (Figs.  S1  and  S2
and Table S1 in ESI).

Formation of P3HT/P3OT Blended Films via Meniscus-
assisted Solution Printing (MASP)
The  P3HT/P3OT  blended  solution  (10  mg/mL,  ~20  μL)  was
loaded  within  two  plates[29−33] at  an  angle  of  ~10°  and  a
separation  distance  (H)  of  ~150  μm.  The  lower  plate  (Si
substrate) was mounted on a motorized movable stage with the
moving  speeds  in  the  range  of  5−80  μm/s  controlled  by  a
computer,  while  the  upper  plate  (glass  slide)  was  fixed  (Parker
Hannifin  Corp).  During  the  MASP  process,  the  evaporating
solvents  transported  the  chains  of  polymer  blends  to  the
menicus  edge,  triggered  them  to  dry  and  deposit  into  a
continuous film over a large area.

Fabrication Procedures for Organic Field-Effect
Transistors (OFETs)
Top-contact,  bottom-gate  OFETs  were  prepared  on  highly  n-
doped silicon wafers with a layer of SiO2 (~300 nm). After drop-
casting  or  MASP  process  to  obtain  the  blended  films,  a  gold
layer (thickness: ~30 nm) was evaporated onto the blended film
as the source/drain electrodes (channel length: 30 μm, channel
width: 300 μm).

Characterization
1H-NMR  were  performed  on  a  DMX  500  MHz  spectrometer
using tetramethylsilane (TMS) as the internal standard in CDCl3.
Gel permeation chromatography (GPC) was carried out on an
Agilent 1260 system (eluent:  THF).  Two-dimensional grazing-
incidence  wide  angle  X-ray  scattering  (2D-GIWAXS)
experiments  were  performed  at  the  Shanghai  Synchrotron

Radiation Facility (SSRF) (beamline: BL14B1, wavelength: 1.24
Å).  X-ray  diffraction  (XRD)  spectra  were  obtained  on  a
PANalytical  X’Pert  PRO  X-ray  diffractometer  using  Cu  Kα
radiation (wavelength:  1.541 Å) operating at  40 kV and 40 mA.
Differential  scanning calorimetry  (DSC)  was carried out  using a
Q2000  calorimeter  (TA  Instruments).  UV-Vis  absorption  spectra
were  collected  on  a  PerkinElmer  Lambda  750  UV-Vis
spectrophotometer. Atomic force microscopy (AFM) was carried
out  on  the  Bruker  Fast  Scan  system.  The  OFET  characteristics
were  obtained with  a  Keithley  4200-SCS parameter  analyzer  in
an argon-filled glovebox.

RESULTS AND DISCUSSION

Fig.  1(a)  schematically  shows  the  setup  for  MASP,  with  the
confinement  of  the  P3HT/P3OT  blended  toluene  solution.  The
bottom  plate  could  be  moved  by  controlling  a  computer
against the upper stationary plate. During MASP, the P3HT and
P3OT  chains  can  be  continuously  transported  to  the  meniscus
edge and deposit into a complete film over a large scale. A side-
view  of  MASP  is  given  in  the  inset  of Fig.  1(a),  depicting  the
constrained  P3HT/P3OT  blended  solution  within  the  two  close
plates with a concave meniscus.

To explore the changes in the molecular packing and crys-
talline  structures  of  P3HT/P3OT  blended  films  upon  MASP,
2D-GIWAXS was  performed,  with  the  schematic  described in
Fig. 1(b). For a thorough comparison, the drop-cast P3HT and
P3OT homopolymers were also investigated. P3HT and P3OT
exhibit  their  respective  (100)  diffractions  in  the  out-of-plane
direction at qz=4.00 and 3.25 nm−1, corresponding to the d100

values of 1.57 and 1.93 nm, respectively (Fig. S3 in ESI).  Their
(010)  diffractions  are  at qx,y=16.6  nm−1 (d010=0.38  nm)  in  the
in-plane direction. It indicated the two polymers packed into
an edge-on orientation in which the alkyl side chain direction
and π-π stacking direction are oriented normal and parallel to
the  substrate,  respectively.  For  a  more  detail  analysis,  the
(100) diffraction peak of P3OT has a narrower full width at half
maximum  (FWHM100=0.52  nm−1)  than  that  of  P3HT
(FWHM100=0.59  nm−1),  implying  a  higher  crystal  ordering  in
the former.

For the P3HT/P3OT blended film without MASP, it displays
two  (100)  peaks  at qz of  3.86  (d100=1.63  nm)  and  3.34  nm−1

(d100=1.88 nm)  for  the  drop-cast  film,  attributed to  the  P3HT
and  P3OT  crystal  domains,  respectively  (Figs.  1c and 1e).  It
evidenced  that  the  phase  separation  occurred  in  the  drop-
cast  P3HT/P3OT  blends.  In  contrast,  the  P3HT/P3OT  blended
solution during MASP at the moving speed (v) of 20 μm/s dis-
plays  single  (100)  diffraction  peak  (qz=3.52  nm−1, d100=1.78
nm)  (Figs.  1d and 1e).  The d100 spacing  is  between  that  of
P3HT and P3OT homopolymers, indicative of the formation of
cocrystallization in the edge-on manner. The FWHM100 of the
P3HT/P3OT cocrystal is 0.92 nm−1, which is broader than that
of respective homopolymer, indicating a less ordered crystal-
line  structure  in  the  cocrystals.  The  P3HT/P3OT  blended
samples  before  (i.e.,  their  drop-cast  film)  and  after  MASP
(v=20 μm/s) were further characterized by DSC. The drop-cast
P3HT/P3OT  blends  exhibit  two  peaks  at  188  and  230  °C,
which  attribute  to  the  melting  point  of  P3OT  and  P3HT,  re-
spectively (Fig.  S4 in ESI).  While the P3HT/P3OT blends upon
MASP  at v=20  μm/s  only  show  one  single  peak  at  207  °C,
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ascribed  to  the  melting  point  of  their  cocrystals  (Fig.  S4  in
ESI). These DSC results agreed well with the GIWAXS data, fur-
ther  proving  the  phase  separation  and  separated  crystalliza-
tion  in  drop-cast  P3HT/P3OT  blends  while  the  formation  of
cocrystals after MASP.

In  what  follows,  the  cocrystallization  kinetics  of  the
P3HT/P3OT  blended  solution  during  MASP  were  elucidated.
To  track  the  cocrystallization  kinetics  more  clearly,  a  mixed
solvent  of  chloroform/dichlorobenzene  (CHCl3/ODCB,  7/3,
V/V)  was  used,  which  could  slow  down  the  solvent  evapora-
tion  greatly  but  did  not  change  their  phase-separated  struc-
ture in the initial drop-cast film (Fig. 2a). At a low v of 5 μm/s,
P3HT/P3OT  blended  sample  displays  two  distinct  (100)  dif-
fraction  peaks,  not  much  different  from  their  drop-cast
sample (Fig. 2b). By increasing v from 10 μm/s, 20 μm/s to 50
μm/s,  the  arcs  of  the  two  (100)  diffractions  still  exist  (Figs.
2c−2e).  However,  their  1D-GIWAXS patterns clearly show the
two (100) peaks gradually approached to each other (Fig. 2g),
implying the ongoing cocrystallization process between P3HT
and  P3OT.  Finally,  these  two  (100)  peaks  merge  into  one
single (100) peak at v=80 μm/s, as observed from both 2D and
1D-GIWAXS  patterns  (Figs.  2f and  2g),  indicating  the  forma-
tion  of  cocrystals  between  P3HT  and  P3OT  chains  at  this
speed.  When  the  solvent  was  changed  from  toluene  to  mix-
ture  of  CHCl3/ODCB,  the  mixed  solvents  evaporated  much
slower  than  toluene.  Therefore,  the  P3HT/P3OT  blends
needed stronger driving force to render them to cocrystallize.
As a result, a higher v (i.e., 80 μm/s) was needed to obtain the
P3HT/P3OT cocrystals. The changes of the d100 values of P3HT
and  P3OT  and  their d100 difference  (Δd100)  during  MASP  are
depicted in Fig. 2(h). Clearly, the d100 of P3HT and P3OT in the
blends  gradually  got  closer  with  the  increased v,  and  finally
achieved  to  their  difference  of  0  (Δd100=0)  in  the  cocrystal
film.

Subsequently,  the  microstructure  and  quality  of  the
P3HT/P3OT  blended  films  prepared  during  MASP  were  im-

aged by AFM (Fig. 3). All the P3HT/P3OT films show no appar-
ent  topographical  features,  and  the  blended  films  displayed
smaller microdomains with the increased v. During the MASP
to  form  the  P3HT/P3OT  film,  the  homopolymer  with  lower
surface energy is more energetically favorable to enrich at the
polymer-air  interface.  Due  to  the  lower  surface  energy  of
P3OT than P3HT, most P3OT may locate at the polymer-air in-
terface and thus display featureless topography although the
P3HT/P3OT  structures  changed  from  phase  separation  to
cocrystals.  The  blended  films  displayed  a  decreased  root-
mean-square (RMS) roughness from drop-cast 19.7 nm to 4.52
nm  (v=80  μm/s).  It  indicated  the  P3HT/P3OT  cocrystal  film
had  a  smoother  surface  than  its  phase-separated  film.  With
the increased MASP speed, the speeded-up solvent evapora-
tion produced more crystal nucleus with smaller size, leading
to the decreased RMS roughness.

From the above results, it is clear that the MASP efficiently
transformed  the  phase-separated  P3HT/P3OT  blends  in  their
drop-cast state into cocrystals. Although P3HT and P3OT have
similar  chemical  structures,  their  different  side-chain  lengths
endow  them  with  different  crystallization  rates.[37] Before
MASP,  the  natural  solvent  evaporation  rendered  P3HT  and
P3OT enough time to phase separate and thus crystallize sep-
arately. When subjecting the P3HT/P3OT blended solution to
MASP,  the  solvent  evaporation  is  speeded  up  with  the  in-
creased  moving  speed  of  the  lower  plate.  As  a  result,  P3HT
and P3OT gradually have no enough time to phase separate,
leading to their  cocrystallization.  A schematic  representation
of  the  cocrystallization  in  P3HT/P3OT  blends  during  MASP  is
depicted in Fig.  4.  From the viewpoint  of  molecular  packing,
both P3HT and P3OT chains were coil-like in the solution. The
solvent  evaporation  enabled  by  MASP  gradually  changed
their  conformation  from  coil-like  to  rod-like.  Subsequently,
these rod-like P3HT and P3OT chains interact with each other
to π-π stack  into  cocrystals  in  the  film  state  with  their  hexyl
and octyl side chains packed into end-to-end mode, yielding

 

 
Fig. 1    (a) Schematic representation of the production of P3HT/P3OT cocrystals via meniscus-assisted solution printing (MASP). The P3HT/P3OT
blended  solution  is  constrained  within  two  close  plates.  The  lower  plate  can  be  dragged  while  keeping  the  upper  plate  fixed,  yielding  the
formation of P3HT/P3OT cocrystal film over a large scale after the complete solvent evaporation. The inset is the device side-view photograph. (b)
Schematic representation of the synchrotron 2D-GIWAXS experiment on the P3HT/P3OT blends. (c, d) 2D-GIWAXS and (e) the corresponding 1D-
GIWAXS patterns of (c) P3HT/P3OT blended film drop-cast from toluene and (d) P3HT/P3OT blended film after MASP at v=20 μm/s.
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Fig. 2    (a−f) 2D-GIWAXS and (g) the corresponding 1D-GIWAXS patterns of P3HT/P3OT blended films (a) when drop-casting from CHCl3/ODCB
mixed solvents and (b−f) after MASP at v of (b) 5, (c) 10, (d) 20, (e) 50, and (f) 80 μm/s, respectively. (h) The histograms summarizing the changes
of the interlayer spacing (d100) of P3HT and P3OT and their interlayer spacing difference (Δd100) during MASP.

 

 
Fig.  3    (a−f)  AFM  height  images  of  (a)  P3HT/P3OT  blended  film  drop-cast  from  CHCl3/ODCB  mixed  solvents  and  (b−f)  P3HT/P3OT
blended films after MASP at v of (b) 5, (c) 10, (d) 20, (e) 50, and (f) 80 μm/s, respectively.
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a balanced d100-spacing.
We note that the key to the success in the cocrystallization

of P3HT/P3OT blends is their suitable difference between two
alkyl  side  chains.  For  comparison,  poly(3-alkylthiophene)/
poly(3-alkylthiophene)  (P3AT/P3AT)  blends  with  larger  side
chain  differences  were  subjected  to  MASP  as  well,  including
P3BT/P3OT,  P3HT/P3DT,  P3BT/P3DT,  P3HT/PDDT,  and
P3BT/P3DDT  with  their  side  chain  differences  of  four  (i.e.,
P3BT/P3OT  and  P3HT/P3DT),  six  (i.e.,  P3BT/P3DT  and
P3HT/PDDT), and eight (P3BT/P3DDT) carbon atoms. As char-
acterized  by  XRD,  in  all  five  pairs  of  P3AT/P3AT  blends,  they
exhibited  respective  (100)  diffraction  peaks  in  the  drop-cast
state (Fig.  S5a in ESI).  After subjecting their  blended solution
to  MASP  at v of  20  and  80  μm/s,  all  of  them  remained  indi-
vidual  crystal  domains  instead  of  cocrystallization  (Figs.  S5b
and S5c in ESI). Since the differences in the side chain length
of  five  P3AT/P3AT  blends  are  larger  than  that  of  P3HT/P3OT
blends,  their  crystallization  kinetics  are  more  different  than
that  of  P3HT/P3OT.  Therefore,  these  five  P3AT/P3AT  blends
have  stronger  tendency  to  crystallize  individually  than
P3HT/P3OT.  This  yielded their  phase-separated structures  in-
stead  of  cocrystals  upon  MASP.  Interestingly,  a  recent  work
demonstrated  that  the  cocrystals  could  be  realized  in  the
poly(2,5-bis(3-hexylthiophen-2-yl)thieno[3,2-b]thiophene)
(PBTTT-C6)  and  poly(2,5-bis(3-decylthiophen-2-yl)thieno[3,2-
b]thiophene) (PBTTT-C10) blends upon MASP.[29] These PBTTT
blends had similar hair-rod configuration to P3ATs but larger
side chain difference (i.e., four carbon atoms). It suggests that
it  may  be  easier  to  achieve  cocrystallization  in  PBTTT  blends
than in P3AT blends.

To  explore  the  optical  properties  of  various  P3HT/P3OT
samples, their UV-Vis measurements were performed (Fig. 5).
The  drop-cast  P3HT/P3OT  blended  film  shows  three  absorp-
tion peaks at 520, 550 and 600 nm. The peaks at 520 and 550
nm are ascribed to the π to π* transition of polythiophene in-
trachain.[38] The  absorption  vibronic  peak  at  600  nm  is
ascribed  to  the  interchain π-π interaction.  Upon  MASP  with
the increased v,  it  can be seen that the peak around 520 nm
gradually  decreased,  implying progressively  weakened intra-
chain  interaction.  In  contrast,  the  vibronic  peak  at  600  nm
gradually  increased,  among  which  the  P3HT/P3OT  blended

sample at v=80 μm/s displayed the strongest vibronic peak. It
implied that the interchain π-π interaction in P3HT/P3OT sys-
tems  was  strengthened  with  the  increased v.  In  conjunction
with  the  GIWAXS  results  that  the  cocrystals  between  P3HT
and P3OT chains were rendered at v=80 μm/s, it indicated the
P3HT/P3OT cocrystals had the strongest π-π interaction.

To investigate the device performance of the phase-separ-
ated and cocrystalline structures in P3HT/P3OT blends, OFETs
in bottom-gate, top-contact structure were crafted (Fig. 6, Fig
S6  in  ESI  and Table  1).  The  drop-cast  P3HT/P3OT  films  show
an average μ of 1.61×10−4 cm2·V−1·s−1. After MASP with the in-
creased v (5−80 μm/s), the P3HT/P3OT blends display gradu-
ally  increased  average μ from  1.07×10−3 cm2·V−1·s−1 to
4.69×10−3 cm2·V−1·s−1.  The  P3HT/P3OT  blended  film  at v=80
μm/s  showed  the  highest μ of  4.97×10−3 cm2·V−1·s−1.  Since
the  GIWAXS  results  revealed  the  tendency  to  cocrystallize  in
P3HT/P3OT blends during MASP and they reached the cocrys-
tallization  at v=80  μm/s,  it  signified  that  the  P3HT/P3OT
cocrystal  films  were  more  favorable  to  the  charge  transport
than  their  respective  crystal  domains.  It  is  reasonable  that
charges transport faster in a uniform crystal domain than dif-
ferent crystal domains due to the crystalline boundary in the
latter.  For  comparison,  respective  P3HT  and  P3OT  solutions
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Fig. 4    Schematic illustration of the cocrystallization in P3HT/P3OT blends during MASP. During the solvent evaporation enabled by MASP, both
chains of  P3HT and P3OT occurred coil-to-rod changes,  followed by the π-π stacking mutually  to cocrystallize.  The side hexyl  and octyl  chains
interdigitated  along  the  (100)  direction  to  produce  a  balanced d100-spacing. a-  and c-axes  represent  the  alkyl  packing  (100)  direction  and
thiophene backbone (001) direction, respectively.

 

 
Fig.  5    Normalized  UV-Vis  absorption  spectra  of  the  P3HT/P3OT
blended  films  drop-cast  from  CHCl3/ODCB  mixed  solvents  and  after
MASP at various v.
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were  also  subjected  to  MASP  at v=80  μm/s.  Their  films
showed  the  average  charge  mobilities  of  1.44×10−3

cm2·V−1·s−1 for P3HT and 6.66×10−4 cm2·V−1·s−1 for P3OT (Fig.
S7  in  ESI),  respectively,  which  were  lower  than  that  of  the
P3HT/P3OT at v=80 μm/s.  This  result  further  underpined the
cocrystal-facilitated charge transport since P3HT with shorter
side  chains  can  improve  the  film  crystallinity  and  P3OT  with
longer side chains can improve the solubility in the solution.

CONCLUSIONS

In  summary,  we  attained  the  cocrystallization  over  respective
crystallization in P3HT/P3OT conjugated polymer blends via an
efficient MASP strategy and connected their different crystalline

structures to charge transport properties. Specifically, the drop-
cast P3HT/P3OT blends phase-separated and formed individual
P3HT and P3OT crystal domains. Upon MASP with the increased
speed,  the  P3HT/P3OT  blends  gradually  transformed  into
cocrystallization with two various alkyl chains packed in an end-
to-end  mode  along  the  mutual  alkyl  stacking  direction.  The
MASP  accelerated  the  solvent  evaporation  and  thus  rendered
the cocrystallization of P3HT and P3OT since they did not have
enough  time  to  phase  separate  from  each  other.  Importantly,
the  P3HT/P3OT  cocrystals  exhibited  a  higher  average μ than
their phase-separated films and respective homopolymer films.
It indicated a superior charge transport in P3HT/P3OT cocrystal
film. Overall, this work demonstrated the robustness of MASP in
the production of polythiophene-based cocrystals and provided

 

Table 1    Summary of OFET performance of P3HT/P3OT blended films under various conditions.

Samples μmax a (cm2·V−1·s−1) μavg b (cm2·V−1·s−1) Ion/Ioff 
c Vth d (V)

Drop-casting 2.81×10−4 1.61×10−4 5−10 >60
5 μm/s 1.30×10−3 1.07×10−3 102−104 14−20

10 μm/s 1.95×10−3 1.73×10−3 102−104 6−10
20 μm/s 2.35×10−3 2.12×10−3 103−106 12−15
50 μm/s 2.48×10−3 2.18×10−3 103−105 6−14
80 μm/s 4.97×10−3 4.69×10−3 103−106 4−16

a Maximum charge mobility; b Average charge mobility; c Current on/off ratio; d Threshold voltage.

 

 
Fig.  6    (a)  OFET  transfer  and  (b)  output  characteristics  of  the  P3HT/P3OT  cocrystalline  film  achieved  after  MASP  at v=80  μm/s, VDS=−60  V;
(c)  Summary  of  OFET  results  of  the  P3HT/P3OT  blended  films  drop-cast  from  CHCl3/ODCB  mixed  solvents  (i.e., v=0  μm/s)  and  after  MASP  at
various v. The schematic of the OFET device is described in the inset of (c).
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insights  into  the  solution  processing-cocrystallization-charge
transport  property  correlation,  which  may  underpin  their
application in various optoelectronic devices.
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