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Abstract Two benzodithiophene (BDT)-based homo-
polymers which have different mole ratios of poly-ether
side chain substitute were synthesized by Stille coupling
reaction. The polymers show decomposition temperature
(T4) around 317 °C and optical band gap around 2.2 eV.
Solar cell devices with bulk heterojunction structure and
field-effect transistors devices were fabricated to evaluate
the photovoltaic properties of resultant polymers. Solar cell
devices based on the polymer with 100 % poly-ether side
chain (P1) show low power conversion efficiencies (PCEs)
of 0.71 % resulting from the poor morphology of active
layer which has rough surface and fairly large domain size
due to the high aggregation tendency of P1:PCBM ([6,6]-
phenyl-C61-butyric acid methyl ester) blend thin film as
active layer in the structure of devices. Polymer with
alternating poly-ether and alkoxy chained BDT (P2) and
PCBM blend film shows smooth surface and appropriate
domain size, which help to enhance the hole transportation
and photovoltaic performances. The PCEs of the devices
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based on P2 reached 2.00 % which is a decent result for
BDT-based homopolymer donor with relatively large band
gap (ca. 2.2 eV). These two polymers exhibited mobilities
of 3.95 x 10™* and 6.18 x 10~* cm*/Vs in field-effect
transistors, respectively.

Introduction

Bulk heterojunction (BHJ) polymer solar cells (PSCs)
based on m-conjugated (semiconducting) polymers and
fullerene derivatives have attracted much attention as a
promising candidate for clean and renewable solar energy
conversion technologies because of their advantages, such
as low cost, flexibility, and solution processing [1-6].
During the past decades, tremendous efforts have been
devoted to develop novel conjugated polymers with dif-
ferent alternating units along the polymer backbone, and
the power conversion efficiencies (PCEs) of PSCs based on
these polymers have been improved from about 1 % to
more than 9 % [7-12]. For example, donor—acceptor con-
jugated polymers with alternating electron-rich (donor) and
electron-deficient (acceptor) units can achieve appropriate
band gap and energy level by controlling the intramole-
cular charge transfer (ICT) from donor to acceptor moie-
ties. This kind of polymers can achieve relatively high
photovoltaic performance [8]. However, some recent
studies have begun to focus on the effect of different side
chains on conjugated polymers with the same backbone
sequence. Although the side chains have minimal impact
on the observed band gap and energy levels of the polymer,
appropriate side chains can improve the polymer solubility,
molecular weight, mobility, n—n stacking, and the mor-
phology of phase-separated blends which definitely will
affect the device efficiencies [13-16].
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Andersson and Hou reported fluorene and dithien-2-yl-
2,1,3-benzothiadiazole (DTBT)-based polymers (PF-
DTBT) which have identical polymer backbone but dif-
ferent alkyl side chains. The relationship between side
chain bulkiness and the measured PCEs was exposed. PF-
DTBT with ethylhexyl and hexyl substitutes on fluorene
unit exhibited PCE of 2.2 %, while BisDMO-PF-DTBT
with 3,7-dimethyl-octyl substitutes showed a higher PCE
of 4.5 % [17, 18]. The effects of side chain have also been
systematically explored on one of the best polymer pho-
tovoltaic materials to date, P3HT [19-22]. Gadisa and co-
workers studied the charge transport and photovoltaic
characteristics of regioregular poly(3-alkyllthiophene)
(P3AT), including P3BT, P3PT, and P3HT [20]. The
authors proposed that the longer side chain facilitated the
PCBM clusters formation by establishing efficient electron-
percolation pathways. Essentially, balanced electron/hole
mobilities were obtained with proper phase separation,
leading to a high fill factor. In another study of function-
alized side chains with different amounts in P3HT by
Janssen et al. [9], the authors clearly demonstrated the
possibility to tune the performances of (P3HT-based)
conjugated polymer donor materials by introducing the
functionalized side chains in moderate amounts, and they
showed that functionalized P3AT copolymers, obtained via
post-polymerization protocols from the presented ester-
functionalized P3ATs (affording alcohol and cinnamoyl
moieties in the side chains), provide a considerably more
stable active layer blend morphology upon prolonged
thermal annealing compared to regular P3HT. In 2008,
Hou and Yang reported primarily the synthesis and elec-
tronic properties of benzodithiophene (BDT)-based
copolymers [23]. Since then, the BDT unit has become one
of the most employed donor moieties for PSCs, and a
variety of BDT-based copolymers with substantial PCEs of
5-8 % were designed and synthesized [24-35]. Despite
these features, the research of side chains on BDT-based
polymers is still in its infancy and most of the limited
studies are focused on copolymers [13, 14, 16, 36]. Com-
pared with copolymers, homopolymers have more simple
structure and are more suitable for considering the effects
of side chains. For example, Ferraris et al. explored the
effect of the dialkoxy and dithioalkoxy side chains on BDT
unit by comparing the computational calculations and
experimental results of O-BDT homopolymer, S-BDT
homopolymer, and S-BDT-alt-O-BDT copolymer. The
replacement of the alkoxy groups with thioalkoxy groups
lowered the HOMO energy of the homopolymer from —
5.31 to —5.41 eV and consequently enhanced open circuit
voltage (V) and ultimately the PCEs were improved from
1.56 to 4.00 % which is comparable with PCBM and P3HT
system (the best homopolymer solar cells donor) [37].
However, the dithioalkoxy side-chained BDT-based
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homopolymer exhibited low FF value of 0.53 which can be
enhanced by forming more reliable morphology of poly-
mer:PCBM blend [20].

In this paper, two BDT-based homopolymers with dif-
ferent mole ratios of poly-ether side chain were synthesized
by Stille coupling reaction. Polymer solar cell devices were
fabricated with BHJ structure with the synthesized poly-
mers as donor and PCBM as acceptor. Our preliminary
results show that it is an effective way to modulate the
morphology of donor and acceptor blend film by control-
ling the mole percentage of hydrophilic poly-ether side
chain in BDT-based homopolymer donor.

Experimental section
Materials

Unless otherwise stated, all reagents and starting materials
were used as commercially purchased without further
purification. All air- and water-sensitive reactions were
performed under argon atmosphere. Toluene and tetrahy-
drofuran (THF) were distilled from sodium with benzo-
phenone as indicator, and N,N-dimethylformamide (DMF)
was distilled from CaH, under argon atmosphere prior to
use. Compounds 1 and 5 were synthesized according to the
reported literature [23].

Characterization

'H and 'C NMR (Nuclear Magnetic Resonance) spectra
were recorded on a Bruker Advance III600 (600 MHz)
spectrometer. Thermogravimetric analysis (TGA) and dif-
ferential scanning calorimetry (DSC) were conducted on
TA-Q600 equipment. The Ultraviolet—Visible (UV-Vis)
absorption spectra were recorded by Hitachi U-4100
spectrophotometer. Cyclic Voltammetry (CV) measure-
ments were performed on a CHI660D electrochemical
workstation. Atomic Force Microscope (AFM) images
were acquired with Agilent-5400 scanning probe micro-
scope with a Nanodrive controller in tapping mode with
MikroMasch NSC-15 AFM tips with resonant frequencies
~300 MHz. X-ray diffraction (XRD) spectra were recor-
ded on a Bruker D8 Advance.

Solar cell devices fabrication

Photovoltaic devices were fabricated on 15 x 15 mm?
indium-tin-oxide (ITO)-coated glass substrates with a lay-
ered structure of ITO/PEDOT:PSS/Polymer:PCBM/Ca/Al.
The ITO-coated glass substrates were cleaned in an ultra-
sonic bath in ITO leaner, distilled water, acetone, distilled
water, and isopropyl alcohol sequentially. The substrates
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were then oxygen plasma treated for 20 min, spin coated
with PEDOT:PSS at 4000 rpm, and dried under argon at
160 °C for 25 min. The polymer and PCBM were dis-
solved in deoxygenated anhydrous chloroform in the
weight ratios from 2:1, 1:1, 1:2 respectively and stirred
overnight in MBraun glovebox. An active layer consisting
of the blend of polymer and PCBM was then spin coated on
PEDOT:PSS at 3000 rpm. Typical concentration of the
polymer:PCBM blending solution was 24 mg/mL in this
work. Subsequently, Ca (10 nm) and Al (100 nm) were
thermally evaporated at a vacuum of ~2 x 10~* Pa on top
of active layer as a cathode. Photovoltaic performance was
characterized under illumination with an AM1.5 (100 mW/
cm?) in a nitrogen atmosphere (<0.1 ppm H,O and O,),
and current voltage curve was recorded by Keithley 2420.

Fabrication of field-effect transistors (FET) devices

Bottom-gate/top-contact transistors were fabricated on
heavily n-doped silicon substrates (served as gate elec-
trode) with 100 nm thermal oxide (SiO,) layers. After
standard cleaning (15 min ultrasonic process in acetone,
isopropanol and DI-water, sequentially), 5 mg/mL polymer
dissolved in chloroform were spin coated on SiO, sub-
strates at a speed of 1200 rpm for 1 min. Then, substrates
were annealed on a hot plate at 120 °C for 30 min.
Afterward, a 100-nm-thick gold film was vacuum sublimed
as source/drain electrodes on semiconductor surface
through a shadow mask (channel length/width = 50/
1000 pm) at a rate of 0.2 Als.

Synthesis of monomers and polymers
Synthesis of E-BDT (compound 2)

Under the protection of argon, benzo[1,2-b:4,5-b']dithio-
phen-4,8-dione (compound 1, 1.1 g, 5 mmol), zinc power
(719 mg, 11 mmol), and 20 mL of distilled water were put
into a 100 mL flask; then NaOH (3 g, 75 mmol) was added
into the mixture. The mixture was stirred and heated to
reflux for 1 h. During the reaction, the color of the mixture
changed from yellow to red and then to origin. Subse-
quently,  1-(2-ethoxyethoxy)-2-bromoethane  (2.96 g,
15 mmol) and a catalytic amount of tetrabutylammonium
bromide (161 mg, 0.5 mmol) were added into the flask.
After being refluxed for 6 h, the reactant was poured into
cold water and extracted with diethyl ether. The ether layer
was dried over by anhydrous MgSO,. After removing the
solvent, the crude product was purified by column chro-
matography using petroleum and acetic ether (2:1) as the
eluent and then recrystallized from ethyl alcohol. E-BDT
(compound 2) was obtained as a colorless crystal (1.89 g,

yield 83 %). '"H NMR (CDCl;, 600 MHz), § (ppm): 7.58
(d, J = 5.4 Hz, 2H), 7.36 (d, J = 5.4 Hz, 2H), 4.44 (m,
4H), 3.88 (m, 4H), 3.75 (m, 4H), 3.65 (m, 4H), 3.56 (m,
4H), 1.23 (t, J = 6.6 Hz, J = 7.2 Hz, 6H).

Synthesis of E-BDT-Br (compound 3)

Under the protection of argon, compound 2 (1.82 g,
4 mmol) and 50 mL of THF were added into a 100 mL
flask. The solution was cooled down to —78 °C and 5.5 mL
of n-butyllithium (8.8 mmol, 1.6 M in n-hexane) was
added dropwise. After being stirred at —78 °C for 2 h, a
great deal of white solid precipitate appeared in the flask.
Then, carbon tetrabromide (3.05 g, 9.2 mmol) was added
in one portion and the reactant turned black but clear
rapidly. Then the reactant was stirred at ambient temper-
ature for another 2 h. Then, it was poured into 100 mL of
cool water and extracted with diethyl ether. The organic
layer was washed by water and dried by anhydrous MgSO,.
After removing the solvent under vacuum, the residue was
purified by column chromatography using petroleum ether
and acetic ether (2:1) as eluent and recrystallized from
ethyl alcohol. 1.37 g of E-BDT-Br (compound 3) was
obtained as a colorless needle crystal (2.24 mmol, yield
56 %). '"H NMR (CDCls, 600 MHz) & (ppm): 7.56 (s, 2H),
4.35 (m, 4H), 3.84 (m, 4H), 3.74 (m, 4H), 3.66 (m, 4H),
3.58 (m, 4H), 1.24 (t, J = 6.6 Hz, J = 7.2 Hz, 6H). "°C
NMR (CDCls, 151 MHz), 6 (ppm): 142.4, 131.4, 131.2,
1234, 115.1, 73.1, 71.0, 70.3, 69.9, 66.8, 15.2.

T

‘@’O\/\c{‘\/c\/

(0]
S 5 i s, - 5,
& [ ||
- - =B Br + 8080 ——=
Qf:j[) 20 Ssnsi £ 5
0 1 H 3 4 r

-
=]

S
B -
P Y

C 0

5, 5 v
Br Br + Me;Sn SnMe; —=
8
3 s

5
0

B~ oY

{i) Zn, NaOH, H,0, reflux for 1h: then 1-(2-cthoxyethaxy)-2-bramacthane, TBAB, reflux for 6h. (i) n-butyllithium, THF,
<78 °C, Ih, argen; then CBr,, ambient temperature, 2h, argen. (iii-v) Pdy(dbaly, Pio-Tally, Taluene and DMF, 100 °C, 12h,

Scheme 1 Synthetic routes of P1 and P2
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Synthesis of polymers (P1, P2)

The two polymers (P1 and P2 in Scheme 1) were prepared
with the same procedure of coupling dibromide compounds
with bis-(trimethylstannyl)-substituted compounds.

0.5 mmol of dibromide compound, 0.5 mmol of
bis(trimethylstannyl)-substituted compound, 8 mL of tol-
uene, and 2 mL of DMF were put into a two-necked flask.
The mixture was purged with argon for 30 min, then
Pd,(dba); (10 mg), and P(o-Tol); (20 mg) were added,
then the reaction was heated to 100 °C and stirred for 12 h
under argon atmosphere. The mixture was cooled down to
ambient temperature and the polymer was precipitated by
addition of 150 mL methanol and filtered through a
Soxhlet thimble, which was then subjected to Soxhlet
extraction with methanol, hexane, and chloroform. The
polymer was recovered as a solid sample from the chlo-
roform fraction by rotary evaporation. The solid was dried
under vacuum for 1 day to get the final product. The yields
of the polymerization reactions were 79 % for P1 and 83 %
for P2. Pl: 'H NMR (CDCl;, 600 MHz), § (ppm):
7.75-7.29 (br, 2H), 4.54-3.63 (br, 20H), 1.28 (br, 6H). P2:
"H NMR (CDCls, 600 MHz), & (ppm): 7.54-7.26 (br, 4H),
4.64-3.50 (br, 24H), 2.00 (br,4H), 1.68-1.25 (br, 26H),
0.97 (br, 6H).

Results and discussion
Synthesis and characterization

The synthetic routes to the monomers and polymers are
outlined in Scheme 1. Compound 1 was reduced by zinc dust
in aqueous sodium hydroxide solution, when the reduction
reaction was completed, 1-(2-ethoxyethoxy)-2-bromoeth-
ane was added with a catalytic amount of tetrabutylammo-
nium bromide. After being refluxed for 12 h, compound 2
was obtained. Compound 3 was achieved by the bromination
of compound 2 with xn-butyl lithium and CBr,4. The poly-
condensation was carried out between organic tin com-
pounds and bromides through the Stille coupling reaction.
The monomers were characterized by '"H NMR and '*C
NMR. The polymers were dissolved only in chloroform, so
the gel permeation chromatography data were not given.

Thermal stability

The thermal behavior of the polymers was evaluated by
TGA and DSC in nitrogen with a heating rate of 10 °C/
min. As depicted in Fig. 1, the two polymers showed good
thermal stability. The 5 % weight loss of the polymers took
place at 318 °C for P1 and 316 °C for P2. The good
thermal stability of polymers prevents the deformation of
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Fig. 1 TGA and DSC curves of P1 and P2

the polymer morphology and the degradation of the poly-
meric active layer under applied electric field in the solar
cell devices. The polymers show no glass transition in DSC
characterization during the scanning range from 30 to
350 °C at the rate of 10 °C/min under nitrogen flow. The
thermal data are summarized in Table 1.

Optical properties

The optical absorption spectra of the polymers P1 and P2 in
chloroform solution and in spin-coated thin films are shown
in Fig. 2, and the corresponding absorption properties are
summarized in Table 1. The polymers showed similar
absorption profiles with two peaks from 400 to 600 nm,
which should be ascribed to the n—= transitions in the poly-
mer backbone. The absorption maxima of P1 and P2 in
solution occurred at 520/486 and 524/485 nm respectively,
whereas those in the thin films occurred at 536/497 and
536/494 nm. Obviously, the absorption spectra of the poly-
mer films were red-shifted compared to those in solution,
indicating the gain of planarity of the polymers and the strong
interaction between polymer chains in the film states. The
onsets of solid film absorption of P1 and P2 occurred at 566
and 560 nm. The onset absorption wavelength of P1 is higher
than P2 which indicated that the efficient conjugation length
of P1 was bigger than P2. This was consistent with the
assumption that poly-ether side chains did not cause a det-
rimental steric twist of the polymer out of planarity which
would be beneficial for the n—n stacking [38].

The optical band gaps (Egpt) deduced from the onset of

absorption in the solid state are determined to be 2.19 eV
for P1 and 2.21 eV for P2.

Electrochemical properties

To determine the highest occupied molecular orbital
(HOMO) and the lowest unoccupied molecular orbital
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Table 1 Optical, electrochemical, and thermal properties of P1 and P2

Polymer Amax S0l (nm) Amax film (nm) Zonset film (nm) E‘gth (eV) EX . (V) HOMO (eV) T4 (°C)
P1 520; 486 536; 497 566 2.19 0.75 =5.11 318
P2 524; 485 536; 494 560 221 0.82 -5.18 316
10 . ferrocene (Fc¢) is 4.8 eV below the vacuum level [39]. The
ok —<—P1-Solution X . .
—<P1-Film redox potential of Fc/FcV internal reference vs. Ag/AgCl is
08k o 0.44 V, and the onset of oxidation for P1 and P2 occurred

0.6
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0.2
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Fig. 2 Normalized UV-Vis absorption spectra of P1 and P2 in
solution and thin film
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Fig. 3 Cyclic voltammograms of P1 and P2

(LUMO) energy levels, we investigated the electrochemi-
cal properties of the polymers by CV. A glassy carbon,
modified with a polymer film by means of dip-coating, was
used as the working electrode, whereas a platinum wire
was used as the counter electrode and Ag/AgCl served as
the reference electrode. CV were carried out in BuyNPFq
(0.1 M)/acetonitrile electrolyte at room temperature under
a nitrogen atmosphere at a scan rate of 50 mV/s. The CV
plots of P1 and P2 are shown in Fig. 3, and the electro-
chemical properties are summarized in Table 1. The
HOMO energy level of the polymers can be deduced from
the oxidation onsets, assuming that the energy level of

at 0.75 and 0.82 V in the same conditions, which corre-
sponds to HOMO values of —5.11 and —5.18 eV, respec-
tively. The LUMO levels of P1 and P2 were calculated
from the optical band gaps and HOMO energy levels to be
—2.92 and —2.97 eV.

Polymer solar cell performance

To elucidate the relationship between the conjugated
polymers molecular structure and the solar cell devices
performance, BHJ-type PSCs (ITO/PEDOT:PSS/active
layer/Ca/Al) were fabricated based on the blends of P1 and
P2 with PCBM. Figure 4a, b show the current density vs.
voltage (J-V) curves under AM 1.5 illumination at
100 mW/cm?>. The representative characteristics of the
PSCs devices are summarized in Table 2. In order to obtain
optimized device performance, different weight ratios (2:1,
1:1, 1:2) of P1 or P2: PCBM were used. As shown in Fig. 4
and Table 2, the best device performance was obtained in a
1:1 polymer: PCBM weight ratio spin-cast from chloro-
form with Voc = 0.68 V, Jsc = 2.06 mA/cm?, FF =
50.55 %, PCE =0.71 % for P1 and Voc = 0.68V,
Jsc = 4.86 mA/cm?, FF = 60.46 %, PCE = 2.00 % for
P2. For comparison, a published homopolymer containing
alkoxy side chain only was founded [37], and the photo-
voltaic parameters are Voc = 0.83 V, Jsc = 4.18 mA/cmz,
FF = 45 %, and PCE = 1.56 %. From the characterized
data, it is almost certain that the oxygen atom plays a
crucial role to the photovoltaic properties and an optimal
ratio of poly-ether side chain existed.

The external quantum efficiency (EQE) curves of the
devices based on P1/PCBM and P2/PCBM (1:1, w/w)
prepared under optimized conditions are shown in Fig. 4c.
Both the devices exhibited photoresponse range from 300
to 600 nm, with the maximum EQE of 21.4 % for P1 and
61.5 % for P2. To confirm the accuracy of the photovoltaic
measurements, the Jsc (2.03 mA/cm? for P1 and 4.81 mA/
cm? for P2) were calculated from integration of the EQE
curves, which agree well with the Jsc (2.06 mA/cm? for
Pl and 4.86 mA/cm® for P2) obtained from the
J-V measurements.
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Table 2 Photovoltaic Polymers Ratios (D:A) Voc (V) Jsc (mA/em?) FF (%) PCE (%)
characteristics of P1, P2, and
PCBM with different ratios P1 21 0.68 1.85 38.58 0.49
1:1 0.68 2.06 50.55 0.71
1:2 0.68 1.20 33.98 0.28
P2 2:1 0.69 3.71 50.95 1.30
1:1 0.68 4.86 60.46 2.00
1:2 0.67 3.78 57.39 1.46

To further study the performance of the PSCs devices,
the hole mobilities in the photosensitive layers were mea-
sured by the space-charge limited current (SCLC) method
and the plots are shown in Fig. 4d. Hole-only devices were
constructed with the structure of ITO/PEDOT:PSS/poly-
mer:PCBM/MoQO3/Ag, and hole mobilities were calculated
using the Mott—Gurney equation. For films of P1/PCBM
and P2/PCBM, the SCLC mobilities were 3.69 x 107% and
292 x 107> cm?/Vs, respectively. The higher hole
mobility of P2 guaranteed the increased FF than P1.

X-ray diffraction and atomic force microscopy (AFM)

As the morphology of phase-separated blends are key
issues to enhance the devices efficiency, XRD patterns and
AFM images of P1/PCBM (1:1, w/w) and P2/PCBM (1:1,
w/w) blend films on ITO glass were carried out. The XRD
patterns are shown in Fig. 5. P1 exhibited better crystalli-
zation capability with two peaks (20 = 5.43° and
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20 = 21.20°) compared with P2, which is probably caused
by the higher mole ratio of poly-ether of P1 [40]. Those
peaks after 25° correspond to the ITO substrate. However,

5000

—PI:PCBM=1:1
—P2:PCBM=1:1

4000

g

26=5.43° 26=21.30°

2000

Indensity (a.u.)

0 " 1 i 1 M 1 " 1 N 1

2-theta (degree)

Fig. 5 X-ray diffraction patterns of PI:PCBM (1:1, w/w) and
P2:PCBM (1:1, w/w)
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better crystallization may lead to rather rough surface and
fairly large domain size, which is unfavorable to charge
separation and consequently limits device performance.

The surface morphologies of P1/PCBM and P2/PCBM
blend films (1:1, w/w) are measured by AFM. As shown in
Fig. 6, P1/PCBM blend film exhibits rather rough surface
with a RMS value of 5.01 nm and fairly large domain size
over 100 nm, which is unfavorable to charge separation
and consequently limits device performance, so the best
device based on P1 exhibited low Jsc of 2.06 mA/cm? and
PCEs of 0.71 %. Nevertheless, for P2 with combining
alkoxy and poly-ether chains, relatively smooth blend film
surface along with appropriate domain size (20—40 nm) are
realized with RMS value of 2.54 nm, indicating better
nanoscale separation between the polymer and PCBM and
more efficient percolation pathways that can facilitate
charge transport to the respective electrodes and thereby
lead to better performance. The best device based on P2
showed a PCE of 2.00 %.

Thin film field-effect transistors

The transfer characteristics curves of FETs based on Pl
and P2 are shown in Fig. 7. The field-effect mobility (u)

Fig. 6 AFM topography

(a, b) and phase images (c,

d) of P1I/PCBM (1:1, w/w)
blend film (a, ¢) and P2/PCBM
(1:1, w/w) blend film (b, d)

was obtained by plotting 111)/52 vs. Vgs in the saturation
regime (—40 V), using the equation

2L Ins
WCi (VGS — VT)2

where Ipg is the source-drain current, W is the channel
width, L is the channel length, Ci is the capacitance of the
dielectric, Vg is the gate voltage, and Vr is the threshold
voltage. The polymer P1 had mobility of 3.95 x 10~* cm?/
Vs, and the polymer P2 had a mobility of 6.18 x 107*
cm?/Vs. P2 based FET devices show higher hole mobility
than P1 device which agree with the SCLC results.

u

b

Solar cells stability

The stability of the best device based on P2 and PCBM
blend was investigated. To simulate the encapsulated
additions, the unencapsulated device was stored 16 days in
nitrogen atmosphere under ambient temperature, and the
changes of the photovoltaic parameters are shown in
Fig. 8. As seen from Fig. 8, the Voc drops about 1 %, Jsc
drops 2.6 %, FF drops 3.0 %, and PCE drops 5.5 % after
16 days. These results demonstrated that the devices based
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Fig. 7 Ip vs. Vg transfer characteristics of P1- and P2-based FET
devices
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Fig. 8 Extract of the cell parameters up to 16 days aging for
P2:PCBM (1:1, w/w) solar cell in nitrogen atmosphere

on P2 and PCBM would show good stability if they are
well encapsulated.

Conclusions

In this paper, two BDT homopolymers with different mole

ratios of poly-ether side chain were synthesized by Stille
coupling reaction. Polymer with 100 % poly-ether side

@ Springer

chain (P1)-based solar cells show low PCEs of 0.71 %
resulting from rough surface and fairly large domain size
due to the high aggregation tendency of P1:PCBM thin
film. Polymer with alternating poly-ether and alkoxy
chained BDT (P2) and PCBM blend film shows smooth
surface and appropriate domain size, which help to the hole
transportation and photovoltaic performances. The PCEs of
the devices based on P2 reached 2.00 % which is an
acceptable result for a polymer donor with relatively high
band gap (ca. 2.2 eV). Our preliminary results show that it
is an effective way to modulate the morphology of donor
and acceptor blend film by controlling the mole percentage
of hydrophilic poly-ether side chain in polymer donor.
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