
Optimization of PDTS-DTffBT-Based Solar Cell Performance through
Control of Polymer Molecular Weight
Pengfei Ma,† Shanpeng Wen,*,†,‡ Chen Wang,† Wenbin Guo,† Liang Shen,† Wei Dong,† Jingbin Lu,†

and Shengping Ruan*,‡

†State Key Laboratory on Integrated Optoelectronics and College of Electronic Science & Engineering, Jilin University, Changchun
130012, P. R. China
‡State Key Laboratory on Applied Optics, Changchun 130012, P. R. China

ABSTRACT: Herein, we investigated the effect of molecular weight (MW) on the efficiency of PDTS-DTffBT based polymer
solar cells (PSCs). PDTS-DTffBTs with three different MWs were synthesized by controlling the polymerization conditions. The
performance of PSCs improved significantly as the number-average molecular weight (Mn) increased from 9 to 36 kDa.
Combined with UV−vis absorption and electrochemical cyclic voltammetry measurements, the absorption properties and
frontier orbital energy levels of the polymers were estimated, indicating the red-shifted light absorption and up-shifted highest
occupied molecular orbital (HOMO) energy level when MW increased. PDTS-DTffBT with high MW also provided increased
charge mobility, smoother film surface, and reduced domain size in morphology of the PDTS-DTffBT:PC71BM active layer. The
performance of PDTS-DTffBT based PSCs was improved owing to these MW related properties, and both short circuit current
density (JSC) and power conversion efficiency (PCE) went up significantly with increasing MW. The best PCE of 6.40% was
achieved by the devices based on the PDTS-DTffBT with a Mn value of 36 kDa.

1. INTRODUCTION

Polymer solar cells (PSCs) have attracted much attention
because of their potentials for low cost, easy processing, light
weight, flexibility, and large-area fabrication.1−4 Bulk hetero-
junction (BHJ) PSCs based on polymer:PCBM blends have
improved significantly in terms of power conversion efficiency
(PCE) over the past decades.5−8 Among polymer:PCBM blend
films, the polymer materials are of vital importance because
they determine not only the maximum attainable short-circuit
current density (JSC) but also the largest open-circuit voltage
(VOC).

9−11 Therefore, the development of low bandgap
polymers with deep highest occupied molecular orbital
(HOMO) energy level has been one of the crucial factors for
the improvement of PCE in PSCs.
Donor−acceptor (D−A) copolymer has been proven to be

an efficient strategy to synthesize low bandgap polymers for
photovoltaic applications.12−14 For D−A copolymer, donor and
acceptor units are alternatively copolymerized with each other,
forming an intramolecular charge transfer (ICT) state, and the
structure of energy levels as well as the optical bandgap can be

tuned and optimized so as to match well with both the energy
levels of PCBM in the BHJ blend and the solar spectrum.15,16 It
is known from the fundamentals of physical chemistry that the
strength of ICT states varies between different donor and
acceptor units, and it is also demonstrated that the practical
performance changes a lot when we change the donor and
acceptor units.17−19 All of these illustrate that the choice of
appropriate donor and acceptor units plays a critical role. By
using this way, many novel D−A type conjugated copolymers,
containing a large conjugated donor unit and a strong electron
acceptor unit, have been successfully developed and used in
PSCs with PCE over 10%.20−22

It is a notable fact that polymer-based solar cells still show
different performance, although they have the same donor and
acceptor units as well as molecular backbone.23−25 It is known
that polymers normally have varying molecular weight (MW)
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and polydispersity index (PDI) from batch to batch, and this
low reproducibility is caused by the complicated synthesis
itself.26 The MW can influence physical properties of polymers,
for instance, HOMO/LUMO energy levels, optical bandgap,
the conjugation length, and charge transport mobility.27−29 As
all of these factors determine the photovoltaic performance of
the solar cells, PSCs usually demonstrate considerably different
behaviors in terms of JSC, VOC, and fill factor (FF), which have
been observed and reported by different research groups.30−34

For instance, Schilinsky et al. observed that the efficiency
increases about 10−20-fold and short circuit current goes up
5−10-fold for the P3HT:PCBM based solar cells when P3HT is
made of higher MW fractions (13.8−19 kDa) compared with
lower MW fractions (2.2−5.6 kDa), which is caused by the
reduced hole mobility of lower MW samples.35 Chu et al.
reported that the efficiency goes up to 7.7% for PDTSTPD
based solar cells when the number-average molecular weight
(Mn) is as high as 31 kDa. It was explained that higher MW
leads to higher hole mobility, strong light absorption intensity,
and lower device series resistance.36 In addition, MW also
influences the micromorphology of the active layer.37−39 Bertel
et al. have observed that, as the MW increased, the size of the
PC70BM-rich domain was decreased following the formation of
a fibrillar network during spin-coating, and the device
performance was increased accordingly.40 The above advan-
tages of high MW polymers highlight the significance of
achieving high MW polymers for improving device perform-
ance.
Recently, we reported a new D−A copolymer of poly{4,4′-

bis(2-ethylhexyl)dithieno[3,2-b:2′,3′-d]silole-alt-5,6-difluoro-
4,7-bis(4-hexylthiophen-2-yl)-2,1,3-benzothiadiazle} (PDTS-
DTffBT) containing dithieno[3,2-b:2′,3′-d]silole (DTS) and
fluorinated benzothiadiazole (DTffBT) units.41,42 PDTS-
DTffBT showed a broad absorption spectrum from 300 to
800 nm and a relatively low-lying HOMO energy level of −5.28
eV. Preliminary devices based on the blend of PDTS-DTffBT
with PC71BM provided a promising initial PCE of 5.26%.
Herein, we investigated the influence of MW on the
performance of PDTS-DTffBT based PSCs. PDTS-DTffBT
with three different MWs (Mn = 9, 16, 36 kDa) were
synthesized. It was found that, with the increasing MW, the
HOMO energy level of PDTS-DTffBT goes up, causing the
decrease in bandgap. Meanwhile, both the hole mobility and
morphology were improved for the PDTS-DTffBT:PC71BM
active layer where the MW of PDTS-DTffBT is higher. All of
these factors contribute together to a higher PCE of 6.40% and
enhanced JSC for the solar cells based on PDTS-DTffBT with
high MW.

2. EXPERIMENTAL SECTION
2.1. Measurements and Characterization. The MWs

were determined by gel permeation chromatographic (GPC)
analysis referenced to polystyrene using a Waters 410
instrument with tetrahydrofuran (THF) as the eluent (flow
rate: 1 mL min−1, 35 °C). 1H NMR spectra were collected on a
Bruker AVANCE 600 MHz spectrometer or Bruker 400 MHz
DRX spectrometer in chloroform-d solvent referenced to
tetramethylsilane (TMS). Elemental analysis was performed
with an Elementar vario EL cube elemental analyzer. The UV−
vis absorption spectra were acquired on a Shimadzu UV-3600
spectrophotometer. The thin films were fabricated by spin-
coating the polymers onto quartz substrates from 10 mg/mL
polymer solutions in 1,2-dichlorobenzene (DCB), and a Veeco

DEKTAK 150 surface profilometer was employed to measure
the film thickness. Cyclic voltammetry measurement was
carried out on a Bioanalytical Systems BAS 10 B/W
electrochemical workstation.

2.2. Materials. Unless otherwise stated, all materials were
purchased from Aldrich and used without further purification.
Prior to synthesis, toluene was purified by distillation from
sodium/benzophenone and N,N-dimethylformamide (DMF)
was distilled from CaH2 under nitrogen. The monomers, 4,4′-
bis(2-ethylhexyl)-5,5′-bis(trimethyltin)-dithieno[3,2-b:2′,3′-d]-
silole (monomer 1) and 5,6-difluoro-4,7-bis(5-bromo-4-hex-
ylthiophen-2-yl)-2,1,3-benzothiadiazole (monomer 2), were
synthesized according to literature procedures.41

Synthesis of PDTS-DTffBT. 4,4′-Bis(2-ethylhexyl)-5,5′-bis-
(trimethyltin)-dithieno[3,2-b:2′,3′-d]silole (monomer 1, 193
mg, 0.259 mmol), 5,6-difluoro-4,7-bis(5-bromo-4-hexylthio-
phen-2-yl)-2,1,3-benzothiadiazole (monomer 2, 172 mg, 0.259
mmol), anhydrous toluene (6 mL), and DMF (1 mL) were
mixed and purged with nitrogen for 30 min in a two-neck
round-bottom flask (25 mL). After adding Pd(PPh3)4 (15 mg),
the mixture was stirred under nitrogen at 110 °C for 32 h. The
mixture was cooled to room temperature followed by
precipitated in methanol. The precipitated solid was filtered
through a Soxhlet thimble and washed sequentially with
methanol, hexane, and chloroform in a Soxhlet extractor.
Finally, the fraction from chloroform was concentrated under
reduced pressure, precipitated into methanol, and collected by
filtration to yield the final polymer with 36 kDa as a black solid
(195 mg, 82% yield). A similar synthetic procedure was
followed for the preparation of 16 and 9 kDa fractions with
slight modifications: the 16 kDa fraction was stirred at 110 °C
for 28 h (78% yield), while the 9 kDa fraction was stirred at 95
°C for 24 h (64% yield).

PDTS-DTffBT (9 kDa). GPC: Mn = 9000 g/mol, Mw = 12 150
g/mol, PDI = 1.35; 1H NMR (400 MHz, CDCl3, TMS): δ
(ppm) 8.14 (br, 2H), 7.08 (br, 2H), 2.90 (br, 4H), 1.76 (br,
4H), 1.64−1.16 (m, 30H), 1.05 (br, 4H), 1.01−0.73 (m, 18H).
Anal. Calcd for C50H64F2N2S5Si: C, 65.31; H, 7.02; F, 4.13; N,
3.05; S, 17.44; Si, 3.05. Found: C, 64.53; H, 7.08; N, 2.85; S,
16.93.

PDTS-DTffBT (16 kDa). GPC: Mn = 16 000 g/mol, Mw =
24 320 g/mol, PDI = 1.52; 1H NMR (600 MHz, CDCl3,
TMS): δ (ppm) 8.10 (br, 2H), 7.10 (br, 2H), 2.88 (br, 4H),
1.77 (br, 4H), 1.64−1.18 (m, 30H), 1.07 (br, 4H), 1.02−0.75
(m, 18H). Anal. Calcd for C50H64F2N2S5Si: C, 65.31; H, 7.02;
F, 4.13; N, 3.05; S, 17.44; Si, 3.05. Found: C, 64.68; H, 7.04; N,
2.87; S, 17.06.

PDTS-DTffBT (36 kDa). GPC: Mn = 36 000 g/mol, Mw =
101 880 g/mol, PDI = 2.83; 1H NMR (400 MHz, CDCl3,
TMS): δ (ppm) 8.13 (br, 2H), 7.12 (br, 2H), 2.89 (br, 4H),
1.76 (br, 4H), 1.64−1.16 (m, 30H), 1.04 (br, 4H), 1.01−0.73
(m, 18H). Anal. Calcd for C50H64F2N2S5Si: C, 65.31; H, 7.02;
F, 4.13; N, 3.05; S, 17.44; Si, 3.05. Found: C, 65.16; H, 7.10; N,
2.83; S, 17.14.

2.3. Polymer Solar Cell Fabrication and Character-
ization. PSCs were prepared by employing a conventional
device configuration with ITO/PEDOT:PSS as the anode,
PDTS-DTffBT:PC71BM as the active layer, and LiF/Al as the
cathode. First, we conducted ultrasonic cleaning for the
patterned ITO substrates (15Ω/square) using detergent,
deionized water, acetone, and isopropyl alcohol sequentially.
Then, these ITO glasses were treated by UV-ozone for 10 min.
After that, a PEDOT:PSS (Clevious P VP AI 4083) water
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dispersion was dropped onto the ITO surface (passed through
a 0.22 μm filter) and spin-coated at 5000 rpm for 50 s. The
PEDOT:PSS films were heated on a hot plate (140 °C) in the
atmosphere for 30 min to give a thin film with a thickness of
∼40 nm. We dissolved 10 mg of polymers (with different
MWs) and 20 mg of PC71BM in a mixed solvent containing
970 μL of DCB and 30 μL of 1,8-diiodooctane (DIO) and
stirred the blend solution for 24 h before using. The
aforementioned solutions were filtered and then spin-coated
above the PEDOT:PSS film in an argon-filled glovebox using
700−1200 rpm for 50 s to obtain a similar film thickness of
∼95 nm for the three different MW fractions. Then, the devices
were heated at 120 °C for 5 min in a glovebox. Finally, the 0.6
nm LiF and 100 nm aluminum cathode was formed by the
thermal evaporation method. A shadow mask was used to
obtain an about 6.4 mm2 effective area.
A Keithley 2400 Source Meter was used to measure the J−V

curves of the final devices working under dark and AM 1.5 G
solar irradiation (the light intensity of the Oriel 300 W solar
simulator is 100 mW/cm2, and this was tested by an IL1400
photometer and calibrated by a standard silicon solar cell). The
external quantum efficiency (EQE) curves were measured
utilizing a Crowntech QTest Station 1000 AD. Mobility
measurements were performed by the space-charge limited
current (SCLC) method. The devices were prepared in the
hole-only configuration with ITO/PEDOT:PSS and Au as
electrodes on both sides. The hole mobility can be calculated
by fitting the resulting curves to a space-charge-limited form.
Atomic force microscopy (AFM) images were obtained with a
Veeco Dimension 3100 instrument working at tapping mode.
Unless otherwise specified, it is in air and at room temperature
that these tests were performed.

3. RESULTS AND DISCUSSION

The PDTS-DTffBTs with different MWs were obtained by
varying the reaction conditions (see the Experimental Section),
and the chemical structure as well as the polymerization of
PDTS-DTffBT are shown in Figure 1. The Mn’s of the resulting
polymers were measured to be 9, 16, and 36 kg/mol with a PDI
of 1.35, 1.52, and 2.83, respectively.
3.1. Photophysical Properties. The UV−vis absorption

spectra of these different MW PDTS-DTffBTs in chloroform
solutions and in films are shown in Figure 2, and the main
parameters are listed in Table 1. In dilute solution, all of the
polymers exhibited spectral tails extending to 700 nm. As the

MW increased from 9 to 36 kDa, the maximum absorption
peak red-shifted from 560 to 579 nm and the absorption edge
red-shifted from 679 to 709 nm because of the increased
conjugation length.43 However, the maximum absorption peaks
and absorption edges of PDTS-DTffBTs withMn’s of 16 and 36
kDa were almost similar, indicating that the effective
conjugation length of the polymer main chain was nearly
saturated.44 The thin film absorption of different MW PDTS-
DTffBTs exhibited a similar trend to that in solution. The
maximum peaks and absorption edges red-shifted as the MW
increased. The optical bandgaps of polymers were 1.61, 1.58,
and 1.57 eV for a Mn of 9, 16, and 36 kDa, respectively,
calculated from the absorption edges of the thin solid film. The
absorption coefficients were also increased along with the MW
increasing, which was likely a result of more ordered stacking
and denser film for high MW PDTS-DTffBTs.45

3.2. Electrochemical Properties. We used electro-
chemical cyclic voltammetry to characterize the HOMO and
LUMO energy levels of the polymers. The measurements were
performed under a N2 atmosphere, in acetonitrile containing
0.1 M tetrabutylammonium hexafluorophosphate as the
supporting electrolyte, with a platinum button coated with
polymer film as the working electrode, platinum wire as the
counter electrode, Ag/AgNO3 as the reference electrode, and
ferrocene/ferrocenium (Fc/Fc+) as the internal standard.
Figure 3 presents the measured redox curves of ferrocene and

the PDTS-DTffBTs. Taking Ag/AgNO3 as a reference, the
formal potential was determined to be 0.09 V for Fc/Fc+.
Assuming that the energy level of Fc/Fc+ is located at 4.8 eV
below the vacuum level, we evaluate the HOMO and LUMO
energy levels of PDTS-DTffBTs according to the following
equations46,47

= − +EHOMO (eV) e( 4.71)ox
onset

Figure 1. Chemical structure and synthesis of PDTS-DTffBT.

Figure 2. UV−vis absorption spectra of PDTS-DTffBTs in (a)
chloroform and (b) solid film with different molecular weights.
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= − +ELUMO (eV) e( 4.71)red
onset

= −E E E(eV) e( )g
ec

ox
onset

red
onset

where Eox
onset and Ered

onset are the measured onset potentials relative
to Ag/Ag+.
Table 1 shows the measurement results of the HOMO and

LUMO energy levels of the polymers. We find that the HOMO
energy level exhibits a positive dependence on molecular
weight, rising from −5.37 to −5.25 eV as Mn increased from 9
to 36 kDa. The different HOMO energy levels may result in
different VOC’s for PSCs based on these fractions, since the VOC
is determined by the energy gap between the HOMO of the
polymer donor and the LUMO of the PCBM acceptor.48,49 As
for the LUMO energy levels, the variation amplitude was
relatively smaller, which indicates that the decrease of the
bandgap as the MW increased was mainly caused by the
increased HOMO energy level. The lowest bandgap was
evaluated to be 1.60 eV in the case of 36 kDa PDTS-DTffBT,
and the bandgap results determined here were slightly larger
than those optical bandgap results.
3.3. Photovoltaic Properties. In order to reveal the effects

of MW on the photovoltaic properties of PDTS-DTffBT, BHJ
PSCs emp l o y i n g a n ITO/PEDOT:PSS/PDTS -
DTffBT:PC71BM/LiF/Al device configuration were prepared
and examined under simulated 100 mW cm−2 AM 1.5G
illumination. For fair comparison, three types of devices
adopted uniform concentration, polymer:fullerene weight
ratio, processing solvent, solvent additive, etc., as we reported
previously.41 The detailed process for device fabrication was
described in the Experimental Section. Figure 4 shows the J−V
curves of BHJ PSCs fabricated from polymers with different
MWs, and Figure 5 shows the error bars of photovoltaic
parameters of the PSCs. The corresponding parameters are
summarized in Table 2. It can be seen that the MW of polymers
showed a clear impact on the photovoltaic performance
including VOC, JSC, FF, and thus PCE. The VOC suffered an
apparent decline as the MW increased from 9 to 16 kDa, which
corresponds with the up-shifted HOMO energy levels as
estimated by cyclic voltammetry measurement and it can be

explained by the increased conjugation length.44 Further
increase of the MW to 36 kDa only led to a 40 mV decrease
in VOC, indicating a saturated conjugation length. As a result,
the 9 kDa PDTS-DTffBT based device exhibited the highest
VOC of 0.83 V among this series. However, the final PCE of
PSCs based on 9 kDa PDTS-DTffBT was much lower than that
of the other two high MW fractions. Remarkably increased
PCEs of 5.21 and 6.40% were obtained from devices based on
high MW PDTS-DTffBTs (16 and 36 kDa, respectively),
benefiting from the enhanced FFs and more than 2-fold JSC’s.
This can be attributed to the substantially enhanced absorption
coefficient, more favorable nanoscale morphology, and
concomitant increase in charge carrier mobility (see below).
By contrast, the efficiency difference between the 16 and 36
kDa PDTS-DTffBT based devices was relatively small and
primarily influenced by the JSC which increased from 12.16 to
15.04 mA/cm2. Figure 6 presents EQE curves of the PSCs in
which the spectral dependence of photocurrent can be
examined. The broad EQE response range of 300−800 nm
agreed well with absorption spectra of PDTS-DTffBTs with
different MWs. Clearly, the low MW polymer based device
offered the lowest EQE value (less than 30%) due to its poor
light harvesting. As the MW increased, the EQE curves were
significantly improved with the peak EQE value up to 54.3 and
63.6% for 16 and 36 kDa, respectively. The EQE gain can only
be partly ascribed to the preferable optical absorbance of
polymers because of the similar optical absorbance between 16
and 36 kDa PDTS-DTffBT. The EQE curve of the device made
from the 36 kDa fraction showed an apparent improvement
covering the whole response region over that of the 16 kDa
fraction based device, meaning that more efficient exciton
dissociation and/or charge collection took place. This
promoted us to find out further supportive evidence by
investigating the film morphology and carrier mobility of
devices.

3.4. Charge Mobility. To further understand the reasons
behind the promoted device performance as the MW increased,
the hole mobilities of three MW fractions were measured by
using the SCLC method.50 The devices were prepared in the
hole-only configuration with ITO/PEDOT:PSS and Au as

Table 1. Photophysical and Electrochemical Properties of PDTS-DTffBTs

Mn (kDa) λmax
sol (nm) λmax

film (nm) εfilm (cm−1) Eg
opt (eV) Eox

onset (V) HOMO (eV) Ereg
onset (V) LUMO (eV) Eg

ec (eV)

9 560 633 6.12 × 104 1.61 0.66 −5.37 −1.01 −3.70 1.67
16 575 646 9.06 × 104 1.58 0.57 −5.28 −1.05 −3.66 1.62
36 579 651 9.26 × 104 1.57 0.54 −5.25 −1.06 −3.65 1.60

Figure 3. Cyclic voltammograms of PDTS-DTffBTs with different
molecular weights.

Figure 4. J−V curves of the polymer solar cells based on different
molecular weight PDTS-DTffBT:P71CBM under AM 1.5G irradiation
(100 mW cm−2).
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electrodes on each side of the active layer. The current density
in the dark (J) was measured by changing the applied voltage
Vappl from 0 to 5 V. Corresponding J−V curves on a
semilogarithmic scale are shown in Figure 7. The hole mobility
can be calculated by fitting the resulting curves to the space-
charge-limited form, in which the J−V follows the equation of

ε ε μ β=
⎛
⎝⎜

⎞
⎠⎟J

V
L

V
L

9
8

exp 0.890 r h

2

3

where ε0 is the permittivity of the vacuum, εr is the relative
dielectric constant (typically 3 for conjugated polymers),51 μh is
the hole mobility, L is the active layer thickness, and β is the
field-dependent factor. V has been corrected by V = Vappl − Vbi
− Vr, where Vappl, Vbi, and Vr are the applied bias voltage, built-

in potential, and voltage losses at the electrodes, respectively.
The calculated mobility data showed that, when the MW
increased from 9 to 16 kDa, the hole mobility increased by a
factor of 3. Further increasing MW to 36 kDa, the mobility
increased from 1.47 × 10−4 to 2.21 × 10−4 cm2 V−1 s−1. These
results indicated that the carrier mobility was affected by MW
but not linearly dependent. The promoted hole mobility was
probably due to the improved π-stacking order and interchain
overlap, and the long chains of high MW polymers may also
lead to the ordered regions being more electrically connected,
facilitating charge transport along the polymer backbone.52−54

This enhancement was in favor of charge collection and
suppressing carrier recombination, accounting for the enlarged
JSC and FF of PSCs.

Figure 5. Error bars of photovoltaic parameters of PSCs based on PDTS-DTffBT with different molecular weights.

Table 2. Photovoltaic Parameters of the BHJ Solar Cells Based on PDTS-DTffBT with Different Molecular Weights and the
Hole Mobility of the Blend Films

Mn (kDa) VOC (V) JSC (mA cm−2) FF (%) PCE (%) μh (cm
2 V−1 s−1)

9 0.83 ± 0.01 5.75 ± 0.15 51.41 ± 1.17 2.49 (2.45) 4.76 × 10−5

16 0.72 ± 0.01 12.01 ± 0.17 59.63 ± 1.24 5.21 (5.16) 1.47 × 10−4

36 0.67 ± 0.01 14.89 ± 0.23 62.31 ± 0.86 6.40 (6.33) 2.21 × 10−4

Figure 6. EQE spectra of the solar cells based on different molecular
weight PDTS-DTffBT:P71CBM.

Figure 7. Dark J−V curves of hole-only devices based on PDTS-
DTffBT with different molecular weights.
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3.5. Film Morphology. In addition to the enhanced hole
mobility, we demonstrated that the nanoscale morphology
evolution as MW increased was also crucial for the photovoltaic
properties of devices through an AFM study. Figure 8 shows
the AFM height images as well as phase images of PDTS-
DTffBT:PC71BM blend films (1:2 weight ratio) with different
MW fractions. First, comparing these height images, the mean
square surface roughnesses (Rq) of blend films processed by
PDTS-DTffBT(9 kDa), PDTS-DTffBT(16 kDa), and PDTS-
DTffBT(36 kDa) were 2.53, 0.89, and 1.73 nm, respectively.
This suggested that the film surface based on high MW PDTS-
DTffBTs (16 and 36 kDa) became much smoother compared
with the low MW one, which was favorable for the contact
between the active layer and cathode and efficient charge
extraction can be expected.55,56 Moreover, the phase images in
Figure 8 also demonstrate a noticeable difference in the phase
separation degree of the three blend films. For the PDTS-
DTffBT(9 kDa):PC71BM film, a ridged-like nanoscale
morphology can be observed with a relatively big aggregation
size of the polymer or fullerene component. This kind of
morphology feature was suppressed in the PDTS-DTffBT(16
kDa):PC71BM mixture and finally disappeared when the MW
increased to 36 kDa. Apparently, blend film processed by the
highest MW PDTS-DTffBT was homogeneous with signifi-
cantly reduced domain size, implying better miscibility of the
polymer and fullerene molecules and larger interfacial area for
efficient exciton dissociation.56,57 This provided, together with
the hole mobility, an explanation for the improved JSC, FF, and
photovoltaic performance of the 36 kDa polymer based devices.

4. CONCLUSIONS

In summary, we synthesized low bandgap conjugated polymer
PDTS-DTffBTs with three different MWs and investigated the
effect of MW on the efficiency of PSCs. The UV−vis
absorption spectra and electrochemical cyclic voltammetry
measurement showed that the absorption spectra of PTDS-
DTffBT were gradually red-shifted and the HOMO energy

level was gradually up-shifted as the MW increased.
Furthermore, PDTS-DTffBT with higher MW provided a
higher hole mobility and more improved morphology of the
PDTS-DTffBT:PC71BM active layer. As a result, the high MW
PDTS-DTffBT based PSCs exhibited significantly enhanced JSC
and FF; thus, a PCE of 6.40% was achieved. The results
highlight the importance of achieving high MW polymers for
efficient photovoltaic application.
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