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ABSTRACT: In this study, the well-defined coil—rod—coil triblock copolymer poly(4-vinyltriphenylamine)-
b-poly(3-hexylthiophene)-b-poly(4-vinyltriphenylamin) (PTPA-P3HT-PTPA) was used as a surfactant for
P3HT/PCBM (1:1) based solar cells. The power conversion efficiency of the device was enhanced from 3.9 to
4.4% in the presence of the 0—5% PTPA-P3HT-PTPA under illumination of AM 1.5G (100 mW/cm?). The
morphology variation and the balance of the hole/electron mobility accounted for such enhancement. In the
P3HT/PCBM/PTPA-P3HT-PTPA ternary blends, the fiber-like structure was observed for surfactant ratios of
0—5%, while a sphere-like nanostructure was observed for the surfactant ratio of 1.5%. The sphere-like
nanostructure led to a smaller domain size and enhanced interfacial area for charge separation as compared
to the fiber-like structure. On the other hand, the increased hole mobility in the blend with the addition of
PTPA-P3HT-PTPA resulted in the balanced hole and electron mobility (u./u, ~1.7 in comparison to the ratio of
3.6 without the surfactant). The incorporated PTPA-P3HT-PTPA surfactant not only extended the lifetime of
solar cells but also reduced the PCBM aggregation upon annealing, resulting in better thermal stability. The DSC
result confirmed the selective miscibility of the PTPA coil segment with PCBM. These results demonstrated the

superior compatibilizing effect of the rod—coil triblock copolymers for solar cell applications.

Introduction

Polymer bulk-heterojunction (BHJ) solar cells with a photo-
active layer consisting of an interpenetrating network of
mr-conjugated polymer donors and soluble fullerene or nanocrystal
acceptors, have attracted much interest because of their easy
pI‘OCCSSﬁbl]lt?f low material cost, high efficiency, and mechanical
flexibility.! ™ The most used system up to now is a blend of
regioregular poly(3-hexylthiophene) (rr-P3HT) and [6,6]-phenyl-
Ce;-butyric acid methyl ester (PCBM), in which well-acknowledged
state-of-the-art P3HT§PCBM BHJ solar cells give efficiencies in
the range of 3—5%.>%" In such blend materials, the typical
exciton diffusion length of conjugated polymers is about 10 nm,
therefore the donor and acceptor materials should ideally form
10 nm-scale interpenetrating networks within the active layer to
ensure an efficient dissociation of excitons.'>'® Control of the
morphology within the BHJ active layer, including different
solvents (30r mixed solvents),'” solvent annealing,>® processing
additives, 2 and thermal treatment,”* could significantly
facilitate nanoscale phase separation and further enhance the
device performance. For a PZHT/PCBM blend, the crystallized
P3HT fibril structure and enhanced charge transport was found
via a thermal annealing process; however, the phase segregation of
the active layer changes dramatically upon heatm% owing to the
aggregation and diffusion of PCBM clusters.”** The phase
separation decreases the interfacial area and causes insufficient
exciton dissociation between P3HT and PCBM.

*To whom all correspondence should be addressed. E-mail: (M.U.)
uveda.m.ad@m.titech.ac.jp; (W.-C.C.) chenwc@ntu.edu.tw; (T.H.)
thigashihara(@polymer.titech.ac.jp.
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Recently, rod—coil copolymers containing P3HT segments
have been desi ;ned for optoelectronic devices due to their tunable
morphology.*3° McCullough et al. reported the synthesis of
P3HT- 0011 based block copolymers with the hole mobility as high
as 0.05cm? V171262723940 A5 Thelakkat et al. applied the
double-crystalline donor acceptor block copolymer, P3HT-b-
poly(perylene bisimide acrylate), to single-layer solar cells.***
Another novel approach is to apply these rod—coil copolymers to
a “surfactant” for solar cell device applications.'® ** Fréchet
et al. first employed a donor—acceptor diblock copolymer as a
surfactant not only to tune the device morphology but also to
stabilize the deV1ce structure against destructive thermal phase
segregation.'® In addition, the harmonizing effect of the diblock
copolymer on a P3HT/perylene bisimide-based device has been
explored for controlling the phase separation within the active
layer."” Wudl and co-workers reported that the addition of 5wt %
P3HT-based copolymers resulted in an improved performance
(PCE = 3.5%), higher than that obtained from a pristine P3HT/
PCBM device (PCE = 2.6%).%! However, the synthetic methods
for such block copolymers include complicated multistep reac-
tions. In addition, there has never been a report on a photovoltaic
application achieving more than 4% based on a surfactant
approach employing block copolymers.

Our group has developed a facile synthetic methodology for
coil—rod—coil triblock copolymers with low polydispersities
(PDI < 1.2) by a combination of quasi-living Grignard metath-
esis and living anionic polymerizations, 3132 95 shown in Scheme 1.
Our goal in this study is to incorporate different ratios of poly-
(4-vinyltriphenylamine)-b-poly(3-hexylthiophene)-b-poly(4-vinyl-
triphenylamine) (PTPA-P3HT-PTPA) into P3HT/PCBM-based
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devices serving as a surfactant. The motivations for the selection of
PTPA are as follows. (1) PTPA-P3HT-PTPA itself showed a clear
microphase separation with a neat and periodic lamellar morphol-
ogy of 10—12 nm in width, comparable to an exciton diffusion
length.*? (2) PTPA is an amorphous coil-like polymer, so PCBM
may be selectively miscible with the PTPA domain rather than the
crystalline P3HT domain. (3) The hole-transporting property of
PTPA does not interfere significantly with the hole mobility of
P3HT compared to completely insulating coil polymers like PS
and PMMA segments. The effects of different block copolymer
ratios on optical properties, morphology, thermal properties, and
field effect transistor (FET) characteristics were studied and
correlated to the solar cell performance. The experimental results
suggested that the improved PCE of a P3HT/PCBM solar cell
device achieving 4.4% and enhanced long-term stability upon
heating could be attributed to the change of morphology and

Scheme 1. Synthetic Routes for the Studied Coil—Rod—Coil Triblock
Copolymer PTPA-P3HT-PTPA
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superior compatibilizing effect with the introduction of triblock
copolymer, PTPA-P3HT-PTPA.

Experimental Section

Materials. A triblock copolymer, PTPA-P3HT-PTPA, was
successfully synthesized via well-controlled living anionic poly-
merization, as illustrated in Scheme 1.3 The number-average
molecular weight (M},) of PTPA-P3HT-PTPA, estimated by
GPC, was around 27000 g/mol with a polydispersity index (PDI)
value of 1.17. The average molecular weight of different seg-
ments of the triblock copolymer, estimated from the '"H NMR
spectrum, was 8480—10000—8480 (PTPA-P3HT-PTPA) g/mol.
Commercial P3HT (M, = 25000 g/mol, PDI ~ 2, regioregular-
ity ~98.5%) and PCBM were obtained from Rieke-Metal and
Nano-C, respectively. The ultra-anhydrous solvents and com-
mon organic solvents were purchased from Tedia, Merck, and
J. T. Baker. All reagents were used as received.

Preparation of Polymer Blends and Their Characterization.
Different ratios of surfactant (0—20 wt % with respect to the
amount of P3HT/PCBM, as listed in Table 1), PTPA-P3HT-
PTPA, were blended into P3HT/PCBM in o-dichlorobenzene
(0-DCB) to form homogeneous solutions. They were then
filtered through syringe filters with PTFE membrane (0.45 um
pore size), then spin-coated at a speed rate of 450 rpm for 60 s
onto the quartz substrate, and annealed for 20 min at 140 °C.
UV—Vis absorption spectra of the spin-coated blended films on
quartz substrates were recorded on a Hitachi U-4100 spectro-
photometer. Atom force microscopy (AFM) measurements
were obtained with a 3D Controller AFM (Digital Instruments,
Santa Barbara, CA) operated in a tapping mode at room
temperature. Commercial silicon cantilevers (Nanosensors,
Germany) with typical forced constants of 5—37 N m-1 was used.
Images were taken continuously with the scan rate of 1.0 Hz. The
film thickness values were measured using a profilometer
(Surfcorder ET3000).

Fabrication and Characterization of Polymer Solar Cells. All
the bulk-heterojunction photovoltaic cells were prepared using
the same preparation procedures and device fabrication proce-
dure referring as follows: The glass-indium tin oxide (ITO)
substrates (obtained from Lumtec, (7 Q/sq) were first patterned
by lithograph, then cleaned with detergent, and ultrasonicated
in acetone and isopropyl alcohol, and subsequently dried on a
hot plate at 120 °C for 5 min, and finally treated with oxygen
plasma for 5 min. Poly(3,4-ethylenedioxy—thiophene):poly-
(styrene—sulfonate) (PEDOT:PSS, Baytron P VP A14083) was
passed through a 0.45 um filter before being deposited on ITO
with a thickness around 30 nm by spin coating at 5000 rpm in the
air and dried at 140 °C for 20 min inside glovebox. The blended
film of the P3HT:PCBM/PTPA-P3HT-PTPA in 0-DCB were
spin-coated at a speed rate of 450 rpm for 60 s on the top of
PEDOT:PSS layer. These films were kept in covered Petri dish
with drilling holes in order to control drying rate. After that, the
devices were annealing at 140 °C for 20 min in glovebox.
Subsequently the device was completed by thermal evaporation

Table 1. Photovoltaic and FET Characteristics of the Studied P3HT/PCBM (1:1, w/w) Blended with Different Ratios of PTPA-P3HT-PTPA as

Surfactant
FET mobility solar cell P3HT/PCBM (1:1)
additives of hole (u, electron (u.)

PTPA-P3HT-PTPA (%) (cm?V71s7h (em?V1s7h Uetin (<) Js (mA/cm?) Ve (V) FF (—) PCE (%)
0 717 x 1074 2.58 x 1073 3.6 9.7 0.62 0.65 3.9
0.25 741 x 1074 1.81 x 1073 2.4 9.7 0.62 0.65 3.9
0.5 10.4 0.62 0.62 4.0
1 10.8 0.61 0.63 42
1.5 8.89 x 10°* 1.52%x 10°° 1.7 11.2 0.62 0.63 4.4
2.5 10.6 0.63 0.64 4.2
5 1.50 x 1073 1.95%x 1073 1.3 10.9 0.62 0.62 42

10 10.0 0.61 0.60 3.6
20 8.4 0.63 0.60 3.0
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Figure 1. Optical absorption spectra of the P3HT/PCBM (1:1, w/w)
blended with 0%, 0.25%, 1.5%, and 5% of PTPA-P3HT-PTPA in thin
films on quartz plate using o-dichlorobenzene as the processing solvent.

of Ca (30 nm) and Al (100 nm) under < 10~¢ Torr pressure. The
active area of the device is 4 mm?> The current—voltage (I—V)
measurement of the polymer photovoltaic cells was conducted by a
computer-controlled Keithley 2400 source measurement unit
(SMU) with a Peccell solar simulator under the illumination of
AM 1.5G, 100 mW/cm?. The illumination intensity was calibrated
by a standard Si photodiode detector with KG-5 filter.

Fabrication and Characterization of Thin Film Transistors.
Highly doped n-type Si (100) wafers were used as substrates. A
300 nm SiO; layer (capacitance per unit area C; = 10 nF em ™ 2)
as a gate dielectric was thermally grown onto the Si substrates.
These wafers were cleaned in piranha solution, a 7:3 mixture of
H,SO, and H,0,, rinsed with deionized water, and then dried by
N,. Then, the substrates were rinsed with toluene, acetone,
isopropyl alcohol, and dried with a steam of nitrogen. The
spin-coated films of P3HT/PCBM (1:1) blended with various
amounts of PTPA-P3HT-PTPA (0%, 0.25%, 1.25%, and 5%)
were prepared from o-DCB solutions at a spin rate of 450 rpm
for 60 s. These films were kept in covered Petri dish with drilling
holes in order to control drying rate. After drying, these samples
were kept for 20 min at 140 °C to anneal. The top-contact source
and drain electrodes were defined by 100 nm thick gold through
a regular shadow mask, and the channel length (L) and width
(W) were 50 and 1000 um, respectively. OTFT transfer and
output characteristics were recorded in a Nj-filled glovebox or
in ambient by using a Keithley 4200 semiconductor parameter
analyzer.

Results and Discussion

Optical properties. Figure 1 shows the UV—vis absorption
spectra of P3HT/PCBM (1:1) films blended with different
ratios of PTPA-P3HT-PTPA cast from o-DCB and an-
nealed at 140 °C for 20 min in glovebox. With the addition
of the triblock copolymer, the blended films exhibit similar
absorption spectra when compared to pristine PSHT/PCBM
film. In general, the three distinct absorption peaks could be
attributed to the 7—a* transition (511 nm) and 7— stacking
(555 and 605 nm) of P3HT.** Comparable absorption in-
tensities of blend films containing 0%, 0.25%, and 1.5%
PTPA-P3HT-PTPA, obtained at around 1.00 x 10°to 1.05 x
10°cm ™' (at an absorption maximum of 605 nm), indicate that
small amounts of PTPA-P3HT-PTPA, incorporated into the
P3HT/PCBM system, do not affect significantly the crystal-
linity of P3HT. However, with the addition of 5% PTPA-
P3HT-PTPA, the absorption coefficient apparently decreases,
which not only decreases the absorptivity but also affects the
packing of P3HT.
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Figure 2. (a) [—V characteristics of polymer solar cells with P3HT/
PCBM (1:1, w/w) with the addition of 0%, 0.25%, 1.5%, and 5%
PTPA-P3HT-PTPA under the illumination of AM 1.5G, 100 mW/cm?.
(b) PCE of P3HT/PCBM (1:1, w/w) blended with different ratios of
PTPA-P3HT-PTPA.

Photovoltaic Cell Characteristics. The bulk heterojunction
solar cells were fabricated with layer-by-layer structure
of glass/ITO/PEDOT:PSS/P3HT:PCBM (1:1 w/w):PTPA-
P3HT-PTPA/Ca (30 nm)/Al (100 nm). /—V characteristics
and the related parameters of P3HT/PCBM solar cells blend
with different ratios of PTPA-P3HT-PTPA are shown in
Figure 2a and summarized in Table 1. The PCE (%) of the
corresponding polymer of various ratios of PTPA-P3HT-
PTPA in P3HT/PCBM (1:1) system are 3.9 (0%), 3.9
(0.25%), 4.0 (0.5%), 4.2 (1%), 4.4 (1.5%), 4.2 (2.5%), 4.2
(5%), 3.6 (10%), and 3.0 (20%), respectively, as depicted in
Figure 2(b). Obviously, the enhanced PCE as compared to
the pristine P3HT/PCBM system could be related to the
addition of the surfactant.

As listed in Table 1, where the V,,. values of the photo-
voltaic devices are maintained in the range of 0.61—0.63 V
indicates that the small amounts of PTPA-P3HT-PTPA do
not affect the HOMO level of the P3HT-based donor system.
With similar absorption ability and molecular energy levels
of the P3HT/PCBM/PTPA-P3HT-PTPA system described
above, we could attribute the enhanced PCE to the charge
transport mobility and morphology, as analyzing the follow-
ing sections.

Field Effect Transistors (FETs) Characteristics. Since the
charge transport in polymer blends is crucial for solar cells,
the FET is a powerful tool to investigate the hole and
electron mobilities of polymer blends.*® All FET devices
were fabricated by employing top-contact configuration for
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Figure 3. Hole/electron mobilities in the P3HT:PCBM (1:1, w/w)
blended with 0%, 0.25%, 1.5%, and 5% of PTPA-P3HT-PTPA.

reducing contact resistance. In order to understand the
balance between hole and electron mobilities within polymer
blends and its effect on solar cell performance, we used a bare
Si/SiO, wafer without any surface treatment for preventing
the vertical segregation of PCBM.?® The transfer character-
istics of the studied blended materials based FET devices are
shown in Figure S3 of the Supporting Information. The
saturation-regime mobility was estimated from the slope of
the plot of drain-to-source current (I4)"/? as a function of the
gate voltage (Vg).38 FET devices based on the spin-coated
films of P3HT/PCBM (1:1) blended with various amounts of
PTPA-P3HT-PTPA (0%, 0.25%, 1.25%, and 5%) were
fabricated and the corresponding carrier mobilities are listed
in Table 1 and depicted in Figure 3. The u;, of the P3HT/
PCBM system with various amounts of PTPA-P3HT-PTPA
are 7.17 x 107* (0%), 7.41 x 10~* (0.25%), 8.89 x 10~*
(1.5%), and 1.50 x 107 (5%) cm2 V' s~ respectively,
while their corresponding u. are 2.58 x 10_3, 1.81 x 10_3,
1.52 x 1072, and 1.95 x 10> em® V' s™!, respectively. The
highest u./uy ratio (3.6) of pristine P3HT/PCBM (1:1) is
similar to a previous work with a space-charge-limited
current (SCLC) model.*® The higher electron mobility com-
pared to the hole mobility is due to the intrinsic electron-
transport and easily percolated network characteristics of
PCBM. In our case, the hole mobility increases gradually
which may be due to the donor characteristic of PTPA-
P3HT-PTPA,** further reducing the uc/un ratio with the
addition of the surfactant. Note that the low u./u;, ratio of
1.5% (1.7) and 5% (1.3) PTPA-P3HT-PTPA blended sys-
tem could be achieved, and a balanced mobility is crucial for
high-performance solar cell applications.

Atom Force Microscopy (AFM) measurement was ex-
plored to further investigate the molecular organization and
film morphology of the blended system. Figure 4 and Figure
S3 (in Supporting Information) show the AFM images of the
P3HT/PCBM (1:1, w/w) system with different ratios of
PTPA-P3HT-PTPA. The fiber-like structure could be ob-
served with the addition ratios ranging from 0% to 1%.
Interestingly, a sphere-like structure was found by adding
1.5% PTPA-P3HT-PTPA, as shown in Figure 4b. By
further increasing the addition ratios from 2% to 5%, the
morphology changes from sphere to fiber, which suggests
that the formation of a smaller domain size of sphere-like
conformations could enhance the interfacial area in compar-
ison to the fibrous structure. Furthermore, with the balanced
mobilities of charge transport (ue/un ~1.7), the highest Jy.
(11.2 mAcm-2) of the 1.5% PTPA-P3HT-PTPA blended
system could be reached in accordance with the above two

Tsai et al.

Figure 4. AFM phase images of the P3HT/PCBM (1:1, w/w) with (a)
0% and (b) 1.5% PTPA-P3HT-PTPA cast from o-dichlorobenzene.
The image sizes are all 1 um x 1 um and the Z range is 20°.

factors. Even more balanced mobilities (uo/un ~1.3) were
obtained using 5% PTPA-P3HT-PTPA compared to 1.5%,
however the absorption ability was reduced seriously as the
higher insulating segments were introduced. Hence, the best
device performance was achieved with a V,.of 0.62 'V, J. of
11.2 mA/cm2, fill factor of 0.63, and PCE of 4.4% when 1.5%
PTPA-P3HT-PTPA was used. A PCE of 4.4% has never
been reached in a system employing block copolymers as
surfactants.

Longevity and Thermal Stability of Photovoltaic Cells.
Apart from the efficiency improvement, air stability is
another critical issue for photovoltaic cells. When oxygen
and humidity are present, their diffusion into the cells is
generally regarded as the dominant source of degradation.
Protection of solar cells from air and humidity is necessary to
extend their lifetime. To investigate the air stability for a
device’s lifetime, prepared devices with encapsulation were
stored under an atmosphere with relative humidity of ~80%
and temperature of ~25 °C. As shown in Figure 5, the PCE
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Figure 5. The lifetime of P3HT/PCBM (1:1, w/w) blended with 0%,
0.25%.,0.5%, 1%, 1.5%, and 5% of PTPA-P3HT-PTPA under air for
70 days.

Table 2. Photovoltaic Characteristics of P3HT/PCBM (1:1, w/w)
Blended with Different Ratios of PTPA-P3HT-PTPA under 140 °C
for 10 h for Thermal Stability Measurement

additives of
PTPA-P3HT-PTPA

under 140 °C for 10 h Jse Ve FF  PCE decay of
annealing (%) (mA/em?) (V) (-) (%) PCE“ (%)

0 6.4 0.65 0.55 2.3 41.2

1.5 8.5 0.62 0.62 33 24.7

5 8.1 0.62 0.62 3.1 24.9

10 7.5 0.63 0.6 2.8 10.2

“The PCE as compared to P3HT/PCBM (1:1) with different ratios of
PTPA-P3HT-PTPA under 140 °C for 20 min annealing.

decays 28% in the case of pristine P3HT/PCBM (1:1) device
after 70 days. Surprisingly, the addition of a surfactant could
reduce the degradation ratio to be around 12—22% with
various amounts of PTPA-P3HT-PTPA (0.25%-5%). The
significantly enhanced environmental stability could be at-
tributed to the increased tortuosity of the diffusion
pathway®’ with the existence of a surfactant and to further
reduction of the diffusion of oxygen and humidity into the
internal part of the active layer.

Thermal annealing is a process to obtain BHJ morphology
and to increase the mobility of P3HT in a solar cell system,
but an excess of exposure to high temperatures leads to large-
scale segregation of the two materials and devastation of the
BHJ morphology.” The PCE of a pristine P3HT/PCBM
device decays more than 40% upon 10 h of thermal treat-
ment, compared to the normal conditions of 140 °C and 20
min as summarized in Table 2. The dramatic decrease of J.
could be attributed to the PCBM aggregation effect inducing
large-scale phase separation, which further reduces the inter-
facial area.”® Apparently, the decay ratio of PCE was
successfully suppressed to around 10—25% under long-term
heating by the addition of PTPA-P3HT-PTPA. Further-
more, the optical microscopy images of the solar cells were
explored to see the thermal effect on blended film as shown in
Figure 6. For P3HT/PCBM blended with various amounts
of PTPA-P3HT-PTPA (0%, 5%, and 10%) under 140 °C for
20 min, no obvious aggregates appeared in the optical micro-
scopy images. With the long-term heating treatment, the
needle-like aggregates of PCBM 150—350 um in length dis-
persed densely in the pristine P3HT/PCBM system. Similar
observations are reported for PCBM needles formed upon
heating, attributed to a combination of local diffusion and
crystallization of PCBM.? As for the 5% PTPA-P3HT-PTPA
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Figure 6. Optical microscopy images of P3HT/PCBM (1:1, w/w)
blended with 0%, 5%, and 10% of PTPA-P3HT-PTPA under 140 °C
for 20 min and 140 °C for 10 h.
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Figure 7. DSC curves of the (a) P3HT/PCBM/PTPA-P3HT-PTPA,
(b) P3HT/PCBM, (c) PCBM, (d) P3HT, and (¢) PTPA-P3HT-PTPA at
the heating rate of 10 °C/min under a nitrogen atmosphere.

blend system, less dense PCBM aggregates and shorter needles
(100—250 um in length) were observed. Furthermore, the
PCBM aggregation effects were significantly quenched (to
30—70 um in length) when 10% PTPA-P3HT-PTPA was
added. This suggested that the presence of a PTPA-P3HT-
PTPA surfactant could stabilize the active-layer morphology
against destructive thermal phase segregation.

DSC Study For Analyzing The Compatibilizing Effect. To
further investigate the compatibilizing effect of PTPA-
P3HT-PTPA, the phase transition behavior of pristine
materials (P3HT, PCBM, and PTPA-P3HT-PTPA) and
blend systems (P3HT/PCBM (3 mg/3 mg) and P3HT/
PCBM/PTPA-P3HT-PTPA (3 mg/3 mg/6 mg)), such as
the glass transition temperature (7,), melting temperature
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(T,,), and enthalpic changes upon melting, were estimated by
differential scanning calorimetry (DSC) under thermal pre-
treatment conditions (10 °C/min for both heating and cool-
ing scans), as shown in Figure 7. The distinct melting peaks
of PCBM and P3HT were 287.5and 221.3°Cinlinescand d,
respectively. Also, PTPA-P3HT-PTPA (line e) exhibited T,
at 131.0 °C and T, at 198.5 °C, which correspond to the
contribution of the PTPA and P3HT segments, respectively.
For the P3BHT/PCBM (3 mg/3 mg) binary blended system
(line b), the two melting peaks are assigned to the P3HT
(T,,; = 210.6 °C) and PCBM (7,,, = 284.3 °C) melting
characteristics in accordance with the corresponding pristine
materials. With the addition of a surfactant to the ternary
system (P3HT/PCBM/PTPA-P3HT-PTPA, 3 mg/3 mg/6
mg), three distinct peaks (7, = 128.1 °C, T,,,; = 203.1 °C,
and T,,, = 284.3 °C) could be attributed to the PTPA
segments of PTPA-P3HT-PTPA, pristine P3HT combined
with the P3HT segment of PTPA-P3HT-PTPA, and pristine
PCBM, respectively. The melting temperatures of the blend
would decrease as compared to the individual components
since the crystallinity and molecular arrangement were af-
fected by each component. The broad endothermal melting
peak of T,,; in the range of 158—240 °C maybe due to the
broad molecular weight distribution of pristine P3HT (PDI
~2) and the formation of different crystal sizes of P3HT
segments in the blend system. The enthalpic change of the
P3HT segments in the binary system is 4.36 J/g, similar to
that of the ternary system (4.04 J/g). However, the enthalpic
change of PCBM in the ternary system (0.33 J/g) dramati-
cally decreases compared to the binary system (2.01 J/g).
These results indicate the selective miscibility of PTPA
segments with PCBM, which suppress the large segregation
of PCBM domains, maintaining the crystalline structure of
P3HT domains. It is an important implication that large-
scale phase separation and PCBM segregation upon anneal-
ing could be suppressed in the P3HT/PCBM blend system
with the introduction of PTPA-P3HT-PTPA.

Conclusion

In summary, we have utilized a novel triblock copolymer,
PTPA-P3HT-PTPA, comprised of poly(3-hexylthiophene) rod
segment as a surfactant for PSHT/PCBM blend-based solar cells.
With various amounts of PTPA-P3HT-PTPA added, the en-
hanced PCE could be related to the sphere-like nanostructure
with enhanced interfacial area suitable for exciton dissociation
and balanced mobility due to the donor characteristic of PTPA-
P3HT-PTPA. The DSC measurement also help to explain the
selective miscibility of PTPA coil segments with PCBM leading to
the suppression of PCBM segregation upon annealing in accor-
dance with optical microscopy study. The optimized PCE of the
PTPA-P3HT-PTPA blended system reached up to 4.4% under
illumination of AM 1.5G (100 mW /cm?). This value is the highest
among solar cell devices using block copolymers as surfactants.
The increased PCE, combined with good air and thermal stability
of solar cell devices by using a surfactant, indicates its promising
potential for polymer solar cells.
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