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Molecular stacking structure and field-effect
transistor characteristics of crystalline poly-
(3-hexylthiophene)-block-syndiotactic
polypropylene through solvent selectivity†

Chen-Tsyr Lo,a Chih-Jung Lin,a Jing-Yu Lee,b Shih-Huang Tung,c Jing-Cherng Tsai*b

and Wen-Chang Chen*a

We investigate the molecular packing structures, morphologies and field-effect characteristics of the

crystalline–crystalline poly(3-hexylthiophene)-block-syndiotactic polypropylene block copolymers

(P3HT-b-sPP) using different solvent mixtures of chloroform–cyclohexane (CF–CH). For the P3HT-

b-sPP with a shorter sPP segment length, the increase of CH solvent content led to the P3HT domain

with highly crystalline nanofibrillar networks and thus improved the charge transporting characteristics.

For the P3HT-b-sPPs with a longer sPP segment length, well-defined microstructure and device

characteristics were only observed at the 70 vol% CF content. Furthermore, the self-encapsulation of the

insulating sPP blocks effectively improved the air stability of the P3HT-b-sPP field transistor devices. This

work highlights the significance of solvent selectivity and rod/coil block ratios on the molecular packing

and the organic field-effect transistor performances.
1. Introduction

Conjugated rod-coil block copolymers have received extensive
research interest because they offer a systematic route towards
materials with novel architectures, functions and physical
properties.1–6 With the additional structural control parameters
provided by the conjugated rod, the block copolymer can
generate multiple nanoscale morphologies and molecular
organization, resulting in well-dened electronic and opto-
electronic properties.

Regioregular P3HT is one of the most explored solution-
processable conjugated polymers for electronic and optoelec-
tronic applications due to the excellent charge-transporting
properties. By incorporating a non-conjugated coil block into
P3HT, the formation of ordered nanostructures from the block
copolymer could further improve the electrical properties of
organic eld effect transistor (OFET) devices.7–19 In addition,
these P3HT-coil block copolymers feature one economical
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solution as well as prominent mechanical properties and envi-
ronmental stability that are prerequisites for device applica-
tions.5,7,20 On the other hand, crystalline–crystalline block
copolymers provide an additional pathway to tune the molec-
ular self-organization,14,15,17,19–29 which were resulted from the
interplay between crystallization and microphase-separation. It
has been shown that the well-oriented crystalline structures of
block copolymers may be obtained from the lattice matching
effect near the interface of two structural similar crystals.27–31

The morphological transformation in thin lms of conjugated
rod-coil block copolymers were governed by several driving
forces, such as the rod/coil ratio and mixed solvent composi-
tion.1,2,5 We reported crystalline–crystalline poly(3-hexylth-
iophene)-block-syndiotactic polypropylene (P3HT-b-sPP) and
correlated the rod/coil ratios with eld-effect characteristics.19

The sPP block with an adequate length signicantly enhanced
the molecular packing of P3HT domain and further improved
the FET mobility. However, the solvent selectivity effect on the
molecular stacking structures and FET characteristics of crys-
talline block copolymers have not been fully explored yet.

In this study, the effect of solvent selectivity on the thin lm
morphology and resulted electronic properties of P3HT-b-sPP
was studied using the solvent mixtures of chloroform–cyclo-
hexane (CF–CH). The chemical structures of the two studied
block copolymers, P3HT16K-b-sPP3K (P1) and P3HT16K-b-sPP14K
(P2), are shown in Fig. 1. The CF is a good solvent for P3HT but a
marginal solvent for sPP; in contrast, CH is a marginal solvent
for P3HT but a good solvent for sPP. The morphology was
This journal is © The Royal Society of Chemistry 2014
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Fig. 1 Chemical structures of the studied P3HT-b-sPP, P1 and P2.
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characterized using grazing incidence wide angle X-ray scat-
tering (GIWAXS), atomic force microscopy (AFM), transmission
electron microscopy (TEM). The photophysical properties were
investigated using UV-Vis absorption spectra. OFET devices
were fabricated from P3HT-b-sPP using the bottom-gate top-
contact conguration. The experimental results suggested that
both the CF–CH solvent composition and the rod/coil block
ratio could effectively control the molecular packing of P3HT-
b-sPP and the resulted FET characteristics.
2. Experimental section
2.1. Materials

Synthesis and characterization of P3HT-b-sPP diblock copoly-
mers were reported previously.19 The P3HT-b-sPPs were
prepared with different sPP segment lengths, i.e. P3HT16K-
b-sPP3K (P1) and P3HT16K-b-sPP14K (P2), which had the regior-
egularity of the P3HT block of 97.5% (Fig. S1, ESI†) and 97.7%
(Fig. S2, ESI†), respectively. P3HT homopolymer (Mw � 28 000 g
mol�1, regioregularity: 95%) was supplied by Rieke Metals Inc.,
USA. Common organic solvents for rinsing wafers, such as
toluene, acetone, and isopropyl alcohol (IPA), were purchased
from TEDIA, USA. Ultra-anhydrous solvents for device applica-
tions, such as chloroform (CF, $99%) and cyclohexane (CH,
99.5%), were obtained from Sigma-Aldrich, USA.
2.2. Thin-lm preparation and characterization

The block copolymer solution with the concentration of 3 mg
mL�1 was prepared using the chloroform(CF)–cyclohexane(CH)
solvent mixtures with the compositions of 100, 90, 70, 50, and
30 vol% of CF, respectively. In order to make sure that the
polymers were completely dissolved, all solutions were rst
heated to 40 �C for 1 h and then cooled at room temperature.
Polymer thin lms were spin-coated at 600 rpm for 60 s onto
substrates in a N2-lled glove box and vacuum-dried for 8 h.
Thin lms were thus prepared on glass slides for UV-Vis
measurement and on bare SiO2/Si substrates for the charac-
terization of GIWAXS, AFM, and OFET. Prior to spin-coating, the
substrates were rinsed with toluene, acetone, and IPA in
sequence.

UV-Vis absorption spectra were measured with Hitachi
U4100 spectrophotometer. GIWAXS patterns were recorded
from Rigaku Nano Viewer. The incident angle and scan range of
GIWAXS measurement were 0.23� and 2–30�, respectively. The
surface structures of thin lms were studied using Digital
This journal is © The Royal Society of Chemistry 2014
Instruments AFM with a Nanoscope 3D Controller operated in
the tapping mode at room temperature. TEM images were
obtained using JOEL JEM-1230, operated at 100 kV, equipped
with a Gatan DualVision CCD. Samples for the TEM character-
ization were prepared by spin-coating at 600 rpm for 60 s onto
carbon-coated copper grids.
2.3. Device fabrication and measurement

OFET devices were fabricated in a bottom-gate top-contact
conguration using the heavily doped (n++) silicon (100) wafer
as the substrate and a thermally grown 300 nm SiO2 layer as the
gate insulator. 100 nm thick Au source and drain electrodes
were deposited through a regular shadow mask, with the
channel length (L) and width (W) were 50 and 1000 mm,
respectively. Electronic characterization of the OFET device was
studied using a Keithley 4200 semiconductor parametric
analyzer. Device fabrication and all electrical measurements
were performed in a N2 atmosphere; otherwise, the devices were
stored in air (humidity level: 50–60%). Field-effect mobilities (m)
were extracted from the saturated transfer characteristics
employing the relation: Ids ¼ m(WC/2L)(Vgs � Vt)

2, where Ids is
the source–drain current, Vgs and Vt gate and threshold voltage,
respectively, C the capacitance of gate insulator, W and L the
channel width and length.
3. Results and discussions
3.1. Optical properties

Fig. 2 shows the UV-Vis absorption spectra of the P3HT-b-sPP
and P3HT thin lms, prepared from different solvent mixtures
of CF–CH. The absorption bands with the maximum absorption
wavelengths at 525 (shoulder), 555 (lmax), and 605 (shoulder)
nm are clearly observed in all the spectra, which are typical
characteristic bands of highly ordered P3HT chains.32,33 As
shown in the spectra, P1 (Fig. 2a) with the shorter sPP block
length, exhibits a similar trend with P3HT (Fig. 2c). Reducing
the CF solvent content apparently red-shis the position of the
maximum adsorption wavelength from 555 to 565 nm.
In addition, the shoulder in the lower energy region (lp–p, l ¼
605 nm) exhibits a fairly stronger intensity as the CF content is
decreased, which is attributed to the interchain exciton delo-
calization across the ordered P3HT p–p stacking chains.32,33 It
suggests that the marginal solvent CH could improve the
molecular stacking of the P3HT chain in the P3HT-b-sPP.32,33

However, the development of P3HT p–p stacking may be
restrained by an excessively longer sPP segment and thus
results in reduced absorption coefficients in the spectra. For the
case of P2 (Fig. 2b) with the longer sPP segment, the absorption
coefficient initially increases but reduces as the CF content is
lower than 70 vol%. CH is known as amarginal solvent for P3HT
but a good solvent for sPP. Thus, the long sPP segment could
hinder the P3HT stacking under the CH-rich conditions (i.e. CF
content is 50 and 30 vol%) and it explains the trend on the P2
absorption spectra in different solvent mixtures.

Fig. 3 shows the absorption spectra of P3HT and P3HT-b-sPP
thin lms prepared from three different solvent compositions.
RSC Adv., 2014, 4, 23002–23009 | 23003
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Fig. 2 Absorption spectra of (a) P1, (b) P2, and (c) P3HT thin films
prepared from polymer solutions with different CF content (vol%).

Fig. 3 Absorption spectra of P3HT-b-sPP thin films prepared from
polymer solutions with different CF content (vol%): (a) 100, (b) 70, and
(c) 30.
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With the 100 vol% CF solvent (Fig. 3a), the P1 spectrum shows
higher adsorption coefficients than that of P3HT lm, indi-
cating the enhanced P3HT chain stacking aer incorporating
the sPP block. However, the absorption coefficient reduces in
the spectra of P2 with a longer sPP block length, attributed to
the hindrance of P3HT chain packing. In the 70 vol% CF solvent
mixture (Fig. 3b), both P1 and P2 spectra exhibit higher
adsorption coefficients than that of the P3HT lm, suggesting
the formation of ordered P3HT packing structure.33 However,
the trend on the absorption spectra using the 30 vol% CF
solvent mixture (Fig. 3c) is similar to that with 100 vol% CF. One
interesting feature is that, though the P2 spectra show sup-
pressed adsorption coefficients in 100 or 30 vol% CF solvent, a
relatively large adsorption coefficient is observed for the P2
spectrum with the 70 vol% CF solvent mixture. The above result
23004 | RSC Adv., 2014, 4, 23002–23009
suggests that both the CF–CH solvent composition and the sPP
segment length signicantly affect the interchain interaction
and effective conjugation length of the P3HT-b-sPP lms, which
will correlate with the morphology and eld-effect characteris-
tics as follows.
3.2. Molecular stacking structure

GIWAXS was used to investigate the molecular organization of
P3HT-b-sPP via varying the CF/CH ratio. Fig. 4 shows the
GIWAXS patterns of the P1 and P2 thin lms prepared from
three different CF/CH solvent compositions, i.e. 100/0, 70/30,
and 30/70 (vol%), while those of P3HT are shown in Fig. S3
(ESI†). Evident P3HT out-of-plane lamellar-layer structure, i.e.
This journal is © The Royal Society of Chemistry 2014
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Fig. 4 Two-dimensional GIWAXS patterns of P3HT-b-sPP thin films
prepared from polymer solutions with different CF content (vol%): (a)
P1, (b) P2.
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(100) and (200) along the qz direction and p–p interchain
stacking (010) along the qxy direction, is observed in all the
GIWAXS patterns, with a spacing of 16.20 Å for P3HT lamella
and 3.82 Å for p–p stacking.34–38 For the case of P1 with the
shorter sPP segment (Fig. 4a), it exhibits a signicantly
improved ordering on P3HT lamellar stacking, i.e. (100), (200),
and (300) diffractions can be clearly seen, when compared to
that of P3HT (Fig. S3, ESI†). With the decreased CF solvent
content, the P1 lm shows narrower diffraction arcs, particu-
larly for the case of 30 vol% CF (Fig. 4a(iii)), which implies a
more oriented P3HT lamellae stacking lying on the substrate. In
contrast, the diffraction of the sPP crystalline domains in P1 is
weak because of the low sPP fraction and also, the aggregation
of the long P3HT chain may constrain the short sPP chain from
a regular arrangement. The diffraction arcs of sPP (020) is
vaguely seen, with a d-spacing�5.61 Å identical to that reported
by Lotz and Lovinger.39

The GIWAXS patterns of P2 with the longer sPP block are
shown in Fig. 4b. The diffraction arcs of the sPP crystalline
domains are more pronounced compared to those of P1. In
addition to the (020) plane, the diffraction of the sPP (200) plane
with a d-spacing of 7.23 Å can be clearly seen and appear domi-
nantly at the qxy axis. The diffraction arcs of the sPP (220) plane
are also observed at azimuthal angles between qxy and qz axes.39

Such diffraction patters suggest that sPP chain axis tends to be
parallel to the substrate and form an edge-on alignment of the
sPP crystalline lamellae relative to the substrate. Compared to
P1, the P2 with the longer sPP chain apparentlymakes a negative
impact on the packing of P3HT. Although the strong diffraction
of P3HT at the qz axis is still observed, the higher order peaks are
This journal is © The Royal Society of Chemistry 2014
diminished. It indicates that the stacking of P3HT lamellae on
the substrate is not as regular as that of P1. Furthermore, the
diffraction on the p–p interchain stacking (010) is nearly unde-
tectable for P2. The lateral packing of P3HT chains is deterio-
rated by the long sPP chain as well. For the case of 70 vol% CF
(Fig. 4b(ii)), the diffractions of sPP are relatively sharp and the
intensity of (200) ismuch stronger than that of (020) along the qxy
axis. It suggests a more regular and oriented packing of the sPP
chains with the a-axis direction of the sPP crystalline lamella
parallel to the substrate. The diffraction of the P3HT block in P2
is also shaper than that of others, implying amore orientedP3HT
lamella lying on the substrate for 70 vol% CF.
3.3. Morphology

The Flory–Huggins interaction parameter, c, is generally
employed topredict the compatibility inpolymer solutions.41The
cpolymer-solvent values listed in Table S2 (ESI†) are the interaction
parameter between the assigned polymer block and the solvent.
The csPP-solvent values of the CF-rich solvent conditions (0.394 for
100 vol% and 0.356 for 90 vol%) are much higher than the cor-
responding cP3HT-solvent values (0.031 for 100 vol% and 0.048 for
90 vol%). This suggests that sPP block has a higher incompati-
bility with the solvents and tend to aggregate in the solution,
resulting in a higher crystallization driving force of sPP when
compared toP3HTduring thinlmcastingprocess. Theaddition
of the sPP-selective CH in the solvent can tune the crystallization
rate and the microphase-separation behavior of the two blocks,
which affects the molecular packing of P3HT-b-sPP.

The AFM and TEM images of the P1 and P2 thin lms
prepared with different CF/CH ratios are shown in Fig. 5, where
the dark regions in the TEM images can be directly related to
the P3HT domain due to its higher electron density. For the P1
with the shorter sPP segment length, a well-dened P3HT
nanobrillar structure is observed in thin lms prepared from
pure CF ((i)–(iv) in Fig. 5. It suggests that the pre-formed crystals
of the shorter sPP blocks would not hinder the packing of the
P3HT blocks. Instead, the microphase separation provides a
distinct P3HT–sPP interface along which P3HT blocks can pack
more regularly to form nanobers with signicantly improved
ordering as evidenced in the GIWAXS pattern (Fig. 4a). As the CF
solvent content is gradually decreased, the P3HT blocks tend to
aggregate and the driving force for the P3HT crystallization
becomes stronger. Therefore, well packed P3HT chains form
thicker and continuous structures as shown in (ii) and (iii) of
Fig. 5a and (v) and (vi) of Fig. 5a, which could facilitate the
transport of charge carriers.

The effect of the solvent selectivity on the morphology of the
P2 with the longer sPP segment is different from that of P1. As
shown in (i)–(iv) of Fig. 5b, the structures are dominated by the
large crystals of sPP blocks, where only a small amount of P3HT
crystals is observed. Due to the high crystallization driving
forces of the long sPP chains in CF, the pre-formed sPP crystals
suppress the mobility of polymer chains toward microphase
separation so that P3HT chains are unable to pack in a regular
manner.40 It is interesting that uniform P3HT nanobers are
observed when the CF content in solvent reduces to 70 vol%, as
RSC Adv., 2014, 4, 23002–23009 | 23005
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Fig. 5 AFM and TEM images of (a) P1 (b) P2 thin films prepared from different CF solvent mixtures: (i)–(iii) AFM and (iv)–(vi) TEM.
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shown in (ii)–(v) of Fig. 5b. At this solvent composition, the
difference between the csPP-solvent and cP3HT-solvent values is
reduced, indicating the difference in crystallization driving
force between sPP and P3HT is not as high as that in pure CF.
The decreased crystallization driving force of sPP probably
allows the microphase separation to occur prior to crystalliza-
tion of both blocks and P3HT chains can then pack more
orderly in the well-dened microdomains. However, when the
CF solvent content is further reduced to 30 vol% shown in (iii)–
(vi) of Fig. 5b, P3HT domains become discontinuous and iso-
lated spherical P3HT regions appear. With a high CH content,
P3HT-b-sPP may form spherical micelles in the solution where
P3HT aggregates in the core stabilized by long sPP chains in the
corona. When cast into thin lms, the micelle structures are
retained aer solvent evaporates, thus causing the formation of
the isolated P3HT domains separated by sPP phases in thin
Table 1 Characteristics of P3HT-b-sPP and P3HT OFET devices using t

Polymer CF contents (vol%) mavg (cm2 V

P1 100 (4.15 � 0.4
90 (3.94 � 0.6
70 (1.57 � 0.2
50 (1.70 � 0.1
30 (1.34 � 0.0

P2 100 (7.53 � 1.5
90 (2.17 � 0.8
70 (1.24 � 0.5
50 (2.90 � 0.4
30 (2.13 � 0.5

P3HT 100 (2.49 � 0.3
90 (1.87 � 0.6
70 (3.19 � 0.7
50 (4.43 � 0.5
30 (6.63 � 0.1

23006 | RSC Adv., 2014, 4, 23002–23009
lms. The enhanced aggregation and crystallization driving
forces of P3HT are also supported by the values of csPP-solvent
and cP3HT-solvent in the CF-poor solvent composition (selective to
sPP block), which are 0.146 and 0.262, respectively. Moreover,
we conducted SAXS measurements on the P3HT-b-sPP diblock
copolymers aer solvent evaporation. The representative data of
P1 sample prepared from pure chloroform (CF) without further
annealing is shown in Fig. S4 (ESI†). Although the lacking of
clear diffraction peaks for the highly ordered structure, a
shoulder at Q � 0.03 Å�1 corresponding to a characteristic
length of 21 nm reveals the approximate scale of the micro-
domains. The morphological results based on the TEM images
and the additional information from SAXS analyses suggest the
tendency of P3HT-b-sPPs to microphase separate into micro-
domains. Also, the above results show that the solvent selec-
tivity has a signicant effect on the balance between the
he solvent mixtures with different CF contents (vol%)

�1 s�1) On/off ratio Vth (V)

1) � 10�3 2.40 � 104 13.36 � 0.80
7) � 10�3 1.77 � 104 2.69 � 1.90
5) � 10�2 9.39 � 104 5.32 � 4.79
3) � 10�2 4.57 � 104 10.17 � 5.40
9) � 10�2 7.53 � 104 10.55 � 1.17
7) � 10�4 6.35 � 104 5.03 � 8.82
4) � 10�3 1.84 � 104 1.44 � 2.52
2) � 10�2 1.36 � 104 0.65 � 2.51
8) � 10�3 1.04 � 104 5.65 � 2.16
3) � 10�3 3.83 � 104 4.70 � 0.87
2) � 10�3 4.96 � 104 2.39 � 10.58
1) � 10�3 2.80 � 104 8.15 � 2.09
9) � 10�3 1.15 � 104 �4.91 � 1.04
9) � 10�3 1.06 � 104 �2.56 � 3.98
4) � 10�3 9.15 � 103 �5.53 � 0.76

This journal is © The Royal Society of Chemistry 2014
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crystallization and the microphase separation of block
copolymers.
Fig. 7 Performance of the P3HT and P3HT-b-sPPs OFET devices with
different CF content (vol%).
3.4. Characteristics of eld-effect transistors

The electrical characteristics of the P3HT-b-sPP based OFET
devices are listed in Table 1, where the P3HT characteristics
are also included for comparison. The average data of OFET
performance are obtained from at least 10 devices of two
batches. All FET devices exhibit good current modulation and
well-dened saturation regions as shown in the represented
transfer and output characteristics of the P2 device in Fig. 6.
The eld-effect mobilities with different solvent composition
are further illustrated in Fig. 7. For the P1 device, the mobility
is enhanced from 4.15 � 10�3 to 1.34 � 10�2 cm2 V�1 s�1 as
the CH solvent content is increased. It conrms the orderly
packing of the P3HT chains in the case of the short sPP
chains. However, the FET mobility of the P2 thin lm obtained
from pure CF is relatively low, 7.53 � 10�4 cm2 V�1 s�1, due to
the stronger crystallization driving force of sPP that hinders
P3HT chains from regular packing. As the CF content is
decreased to 70 vol%, the P2 device shows the highest mobility
of 1.24 � 10�2 cm2 V�1 s�1. It suggests that the addition of 30
vol% of CH in solvent provides a balance between crystalli-
zation and microphase separation that leads to the formation
of the ordered P3HT microstructure for the obtained high
eld-effect mobility. As the CF solvent content is further
Fig. 6 (a) Transfer characteristics of the OFET devices fabricated from
P2 with different CF content (vol%). (b) Output characteristics of
transistor of P2 thin film prepared with 70 vol% CF.

This journal is © The Royal Society of Chemistry 2014
reduced to 50 and 30 vol%, the eld-effect mobility is
decreased again. As the morphology shown in (iii)–(vi) of
Fig. 5b, the tendency of the P3HT block in P2 to form aggre-
gates surrounded by the long sPP chains in CH-rich solvents.
It leads to the discontinuous P3HT microphase-separated
domains and hence the mobility is suppressed. The above
result indicates that both the CF–CH solvent composition and
the sPP segment length can signicantly affect the perfor-
mance of P3HT-b-sPP OFET devices.

3.5. Environmental stability

The air stability on the P3HT-b-sPP and P3HT OFET devices
shown in Fig. 8 was obtained by measuring the eld effect
Fig. 8 Environmental stability of the P3HT-b-sPP and P3HT OFET
devices prepared from the 70 vol% CF solvent mixture: hole mobility
(m), on/off ratio, and threshold voltage (Vt).

RSC Adv., 2014, 4, 23002–23009 | 23007
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mobility (m), on-off ratio, and threshold voltage (Vt) as a function
of time in air. These thin lms were prepared from the 70 vol%
CF solvent. In contrast to the dramatic degradation in the
mobility of the P3HT device within 240 h, all P3HT-b-sPP OFET
devices exhibit a signicantly improved air stability. Aer being
stored in air for about two months, all the carrier mobilities of
the P1 and P2 devices are sustained at similar values, while the
P3HT FET exhibits a nearly 75% degradation. Moreover, while
the P3HT device shows a considerable reduction in the on-off
ratio with increasing the storage time, the on-off ratios of the P1
and P2 devices increase slightly to 105 due to the reduced OFF
currents. It could be attributed to the suppression of the leakage
current resulted from the residual oxygen or moisture desorp-
tion in the devices. Furthermore, the threshold voltages of the
P2 devices are slightly shied 5–8 V aer being stored in air for
two months, indicating the excellent oxidative resistance in air.
Compared to the P3HT OFET device, the air stable P3HT-b-sPP
OFET devices can be attributed to the self-encapsulation effect
resulted from the insulating sPP layer covering the surface of
the active P3HT channel to prevent oxygen and moisture from
ambient.5,8,20

4. Conclusions

We have investigated the effects of both the solvent selectivity
and rod/coil ratio on the molecular packing structures,
morphologies and eld-effect characteristics of the crystalline–
crystalline P3HT-b-sPP diblock copolymers. The effects of the
mixed solvent composition on the morphology of P3HT-b-sPP
are signicantly different for various sPP segment lengths. For
P3HT-b-sPP with the short sPP chain, the sPP crystallization
does not affect the P3HT packing, and thus the P3HT block
form continuous well-dened microdomains for high eld-
effect mobility. On the other hand, For P3HT-b-sPP with the
long sPP chain, the interplay between each block and solvent
composition is more complicated and the eld-effect mobility
reaches a maximum at a specic CF/CH solvent composition.
The large fraction of sPP pre-formed crystals formed in the
solvent mixture may inevitably hinder the packing of P3HT.
Also, due to the large volume fraction of sPP, the P3HT micro-
domains may be separated by the sPP phases and become a
discontinuous structure. As a result, the microphase-separation
behaviors and the crystallization driving force of each block in
solvent mixtures signicantly affect the resulting microstruc-
tures in P3HT-b-sPP thin lm with the long sPP block. In
addition, the effective self-encapsulation of the insulating sPP
blocks on P3HT channels can signicantly improve air stability
of the P3HT-b-sPP OFET devices. This study provides a guide-
line for improving the performance of eld-effect transistors via
solvent selectivity on crystalline conjugated rod-coil block
copolymers.
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A. C. Grimsdale, K. Müllen, J. L. Brédas and R. Lazzaroni,
Prog. Polym. Sci., 2003, 28, 55–81.

3 F. J. M. Hoeben, P. Jonkheijm, E. W. Meijer and
A. P. H. J. Schenning, Chem. Rev., 2005, 105, 1491–1546.

4 Y. Liang, H. Wang, S. Yuan, Y. Lee, L. Gan and L. Yu, J. Mater.
Chem., 2007, 17, 2183–2194.

5 B. D. Olsen and R. A. Segalman, Mater. Sci. Eng., R, 2008, 62,
37–66.

6 D. Haynes, M. C. Stefan and R. D. McCullough, Conjugated–
Insulating Block Copolymers: Synthesis, Morphology, and
Electronic Properties, in Semiconducting Polymer
Composites, Wiley-VCH Verlag GmbH & Co. KGaA,
Weinheim, 2012, pp. 299–330.

7 X. Yu, K. Xiao, J. Chen, N. V. Lavrik, K. Hong, B. G. Sumpter
and D. B. Geohegan, ACS Nano, 2011, 5, 3559–3567.

8 J. Liu, D. Haynes, C. Balliet, R. Zhang, T. Kowalewski and
R. D. McCullough, Adv. Funct. Mater., 2012, 22, 1024–
1032.

9 C. Renaud, S. J. Mougnier, E. Pavlopoulou, C. Brochon,
G. Fleury, D. Deribew, G. Portale, E. Cloutet, S. Chambon,
L. Vignau and G. Hadziioannou, Adv. Mater., 2012, 24,
2196–2201.
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