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ABSTRACT: In this article, two dithienosilole (DTS) and bithiazole (BTz) backboned donor—acceptor (D-A) copolymers with (poly{5-
(5-(4,4-bis(2-ethylhexyl)-4H-silolo[3,2-b:4,5-b’]dithiophen-2-yl)thiophen-2-yl)-4,4’-dinonyl-5’- (thiophen-2-yl)-2,2’-bithiazole} (PDTS-
DTBTz)) and without (poly{5-(4,4-bis(2-ethylhexyl)-4H-silolo[3,2-b:4,5-b’]dithiophen-2-yl)-4,4’-dinonyl-2,2’-bithiazole} (PDTS-BTz))
thiophene n-bridge were synthesized to study the influence of thiophene 7-bridge on their photovoltaic performances. Both polymers
show similar band gap, but polymer with thiophene n-bridge (PDTS-DTBTz) has a higher molecular weight, narrower polydispersity
index (PDI), more planar geometry, higher crystallinity, higher hole mobility, and better miscibility with fullerene (polymer solar cells
(PSCs) acceptor). Although PDTS-BTz polymer based PSCs devices show higher open circuit voltage (V,.), PDTS-DTBTz polymer
does show higher power conversion efficiency (PCE) with improved short circuit current density (i) and fill factor (FF). The present
results indicate that thiophene n-bridge does contribute to the PSCs performances of dithienosilole and bithiazole backboned copoly-

mer. © 2015 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2015, 132, 42798.
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INTRODUCTION

Recently, polymer solar cells (PSCs) have been intensively stud-
ied for their flexibility, lightweight, easy fabrication, moderate
cost, etc.'™ The bicontinuous interpenetrating bulk heterojunc-
tion (BHJ) PSCs based on conjugated polymer donor and full-
erene (such as PCq;BM and PC;BM) acceptors have achieved
high power conversion efficiency (PCE) exceeding 10%.°® Great
efforts have been dedicated to synthesizing narrow band gap
polymer to harvest more solar energy,”' and one of the most
successful strategy to realize low band gap is alternating differ-
ent electron-rich (D-donor) and electron-deficient (A-acceptor)
units in the polymer backbone (D-A polymer).'* Besides donor
and acceptor units, there are also some 7m-bridge (conjugated
unit, typically thiophene or alkylthiphene units) in the polymer
structure (D-m-A polymer)lsf17 Such as, in 2003, Andersson
and coworkers introduced thiophene n-bridge into fluorene and

benzothiadizole (BT) backboned polymer,'® and the PCE of this
material based PSCs can be improved significantly due to the
extended light absorption. This has been proven to be an effec-
tive way due to the weak electron donating capability of the flu-
orene segment in the polymer backbone.

In order to further improve the PCE of PSCs, various kinds of
donor and acceptor were extensively explored. Among them,
dithienosilole (DTS) donor based polymers became popular
because of their rigid coplanar structure with stronger n—7
intermolecular interactions, high photochemical stability, and
strong electron-donating properties.'”* The DTS-based poly-
mers have been studied by several groups, a high 7.3% PCE is
achieved by Ye Tao and coworkers which shows that the DTS-
based polymer is one of the high performances PSCs donor
materials.”? Just as the other kind of D-A polymer, DTS was
copolymerized with typically acceptor benzothiadizole, and this
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Scheme 1. Synthetic route and chemical structure of PDTS-BTz and PDTS-DTBTz.

materials show high performances with ca. 5% PCE."” In con-
trast to fluorene and BT backboned polymer, inserting n-bridge
(thiophene) in the DTS-BT backboned polymer could not
improve the PSCs performance.”” While for benzotriazole (BTA,
a relatively weak electron acceptor compared with BT), inserting
n-bridge (thiophene) in the DTS-BTA backboned polymer does
contribute to the PSCs performances.”

Bithiazole (BTz) is reported as a weak acceptor which contains
the electron-withdrawing nitrogen of imine (C=N) in place of
carbon atom at the 2 and 2’-position of bithiophene.'* In recent
years, Li and Chu and their coworkers have been focused on
DTS donor and BTz acceptor backboned polymer (DTS-
BTz).?*! These polymers bridged by different heteroaromatic
rings showed moderate PCE between 2.86% and 3.82%.

In this article, we synthesized two DTS and BTz backboned
polymers (shown in Scheme 1), and investigated the effect of
thiophene n-bridge on photovoltaic performance. N-nonyl and
2-ethylhexyl were used as side chains to improve the polymer
solubility. The present results suggest that, the thiophene n-
bridge does contribute to the high quality DTS-BTz photovol-
taic polymer (including molecular weight, crystallinity, carrier
mobility, and miscibility with fullerene, etc.)

EXPERIMENTAL

Materials

All chemicals and solvents were purchased from commercial
sources and used as received unless otherwise noted, and water
sensitive reactions were performed under a nitrogen atmos-
phere. Tetrahydrofuran (THF) and toluene were distilled before
use.

Synthesis of PDTS-BTz and PDTS-DTBTz

Both polymers were prepared by the coupling reaction between
DTS and DTBTz or BTz. In a 25 mL round-bottom flask, DTS,
BTz (or DTBTz), tri(dibenzylideneacetone)dipalladium (6 mg),
and tri(o-tolyl)phosphine (14 mg) were subjected to three
cycles of evacuation/nitrogen purging and then 6 mL of anhy-
drous toluene was added. The mixture was heated to 110°C
carefully, and the reactant was then stirred for 36 h under a
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nitrogen atmosphere. The reaction mixture was cooled down
to room temperature and precipitated in methanol. The pre-
cipitate was filtered and then purified by Soxhlet extraction
with methanol, hexane, and CHCIl; in succession. CHCl; frac-
tions were collected, concentrated, reprecipitated in methanol
again, and dried under vacuum overnight to get the target
polymers.

PDTS-BTz: DTS (144.8 mg, 0.1946 mmol) and BTz (112.6 mg,
0.1946 mmol) were used, and the polymer was obtained as a
blue solid (104 mg, yield 64%). 'H nuclear magnetic resonance
(NMR) (600 MHz, CDCLy): & (ppm) 7.16 (br, 2H), 2.98 (br,
4H), 1.82 (br, 4H), 1.28 (br, 46H), 0.84 (br, 18H).

PDTS-DTBTz: DTS (142.7 mg, 0.1917 mmol) and DTBTz
(142.4 mg, 0.1917 mmol) were used, and the polymer was
obtained as a dark blue solid (165 mg, yield 85%). '"H NMR
(600 MHz, CDCl,): 8 (ppm) 7.16 (br, 2H), 7.10 (br, 4H), 2.98
(br, 4H), 1.82 (br, 4H), 1.30 (br, 46H), 0.87 (br, 18H).

Measurement

"H NMR spectra were recorded using a Bruker Advance III
600 (600 MHz) spectrometer in CDCl; and ambient condi-
tions. The molecular weight of the polymer was measured by
Gel permeation chromatography (GPC), and polystyrene was
used as a standard with THF as the eluent. Thermogravimetric
analysis (TGA) measurements were performed by a STA-409 at
a heating rate of 10°C min~' under nitrogen atmosphere. UV—
vis absorption spectra were recorded using a Hitachi U-4100
spectrophotometer. Cyclic voltammetry (CV) was performed
on a CHI 660D electrochemical workstation with a three-
electrode system consisting of a platinum disk working elec-
trode (2.0 mm in diameter), a saturated calomel reference
electrode (SCE), and a platinum wire counter electrode in a
solution of 0.1 M tetrabutylammonium phosphorus hexafluor-
ide (BuyNPFg) in acetonitrile at a scan rate of 50 mV s '
Polymer thin films were coated from chloroform solution onto
the platinum working electrodes and dried under nitrogen
before measurement. The redox potential of the ferrocene/fer-
rocenium (Fc/Fct) internal reference is 0.39 V vs. SCE. X-ray
diffraction (XRD) spectra were recorded on a Bruker D8
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Figure 1. UV-Vis absorption spectra of PDTS-BTz and PDTS-DTBTz in
dilute CHCI; solution and in thin film. [Color figure can be viewed in
the online issue, which is available at wileyonlinelibrary.com.]

Advance Spectra. Surface roughness and morphology of the
thin films were characterized by atomic force microscopy
(AFM) on an Agilent 5400.

Device Fabrication

Photovoltaic devices were fabricated with indium tin oxide
(ITO) glass (15 mm X 15 mm) as an anode and a layered
structure of ITO/PEDOT:PSS (40 nm)/polymer:PC;;BM blend
(~110 nm)/Ca (10 nm)/Al (100 nm). The ITO-coated glass
substrates were cleaned in an ultrasonic bath in acetone, meth-
anol, and isopropyl alcohol sequentially. The substrates were
treated by oxygen plasma for 6 min, then spin-coated with
PEDOT:PSS at 4000 rpm, and annealed in an oven for 20 min
at 160°C. The polymer and PC;;BM were dissolved in deoxy-
genated anhydrous dichlorobenzene (DCB) or chlorobenzene
(CB) in the weight ratios 3 :2,1:1,1:2,and 1 : 3 and the
total concentration of the polymer/PC;;BM blending solution
was 25 mg mL™'. The solutions were stirred overnight in a
nitrogen filled glove box. An active layer consisting of the
blend of the polymer and PC;;BM was then spin coated on
PEDOT:PSS. Subsequently, Ca (10 nm) and Al (100 nm) were
thermally evaporated at a vacuum of ~2 X 10~* Pa on top of

Table 1. Optical and Electrochemical Properties
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the active layer as a cathode. The cathode area defines the
active area of the devices, which is 0.1 cm®. The photovoltaic
performance was characterized under illumination with an
AM 1.5 G (100 mW c¢m™?), and current density vs. voltage
(J-V) curves were recorded by Keithley 2420. External quan-
tum efficiencies of solar cells were analyzed by a certified
Newport incident photon conversion efficiency (IPCE) mea-
surement system.

RESULTS AND DISCUSSION

Synthesis and Characterization of the Polymers

The monomers are synthesized according to Supporting Infor-
mation Scheme SI1. PDTS-BTz and PDTS-DTBTz polymer
(Scheme 1) were prepared by Stille coupling polymerization in
good vyields (64%-85%), using a Pd,(dba)s;/P(o-tol); catalytic.
BTz and DTBTz were synthesized according to reported meth-
ods.*' The structures of monomers and polymers were deter-
mined by 'HNMR spectroscopy (Supporting Information
Figures S1-S5). Both polymers show excellent solubility in com-
mon organic solvents, such as chloroform, chlorobenzene (CB),
and o-dichlorobenzene (0-DCB). The number average molecu-
lar weights (M,,) and weight average molecular weight (M,,) of
PDTS-BTz and PDTS-DTBTz were found to be 8.83/15.79 (M,,/
M,,) and 44.10/56.76 kg mol~" with polydispersity index (PDI)
of 1.8 and 1.3, respectively. The GPC data showed that the thio-
phene n-bridge help the polymer to achieve high molecular
weight and narrow polydispersity index. Thermal stability of the
polymers was investigated by TGA. The thermal decomposition
temperature (5% weight-loss under nitrogen atmosphere) of
PDTS-BTz and PDTS-DTBTz were 440°C and 435°C, respec-
tively. The thiophene n-bridge seems rarely affect the thermal
stability of the polymers.

Optical Properties

The UV-vis absorption spectra of PDTS-BTz and PDTS-
DTBTz in dilute chloroform solutions and in thin films were
shown in Figure 1, and the detailed data are summarized in
Table I. The absorption spectra of both polymer films show
red-shift in comparison with that of their solutions, owing to
the conjugated polymer main chains aggregation in thin film.
The red-shift of PDTS-BTz is stronger than PDTS-DTBTz,
indicating high aggregation tendency in film state (consistent
with the AFM images part). Shoulder peaks can be observed
in both solution and film of PDTS-DTBTZ at around 609 nm

UV-vis absorption spectra Cyclic voltammetry

4 Thin film®
Solution
Polymers Jmax (NM) Jmax (NM) Jonset (NM) ESP (eV)° EX/HOMO (V/eV) LUMO (eV)?
PDTS-BTz 507 566 670 1.85 0.94/-5.35 =3.50
PDTS-DTBTz 521 555 662 1.87 0.71/-5.12 -3.25

@Measured in CHCIz solution.

b Cast from CHClgsolution.

©Band gap estimated from the UV-vis onset wavelength (Zonsed: ES™ = 1240/ Jonset.
dCalculated from LUMO = E§” + HOMO.
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Figure 2. Cyclic voltammograms of PDTS-BTz and PDTS-DTBTz. [Color fig-
ure can be viewed in the online issue, which is available at wileyonlinelibrary.
com.]

and the film of PDTS-BTz at around 612 nm, these peaks
should be attributed to intermolecular n—n* transitions due to
the aggregations of the polymer backbone.’® The shoulder
peaks of PDTS-DTBTz are closely in solution and film, which
means a good m—7 stacking even in solution state. The absorp-
tion onset (Agpser) Of PDTS-BTz and PDTS-DTBTz films are
670 and 662 nm, with an optical band gap (Egpt) of 1.85 and
1.87 eV, respectively. The slight difference of the E;** of PDTS-
BTz and PDTS-DTBTz is in agreement with previously
reported results,”’ which indicates that introducing n-bridge to
the DTS-BTz backboned polymer does not affect the Egpt
obviously.

299
o& o0022° 0.2983

9 e S 9
Ty {3*0 D-a°

8 A3 o
3 {“J @ J‘ 3\) 9

°a I
&

J
ol ‘3’
2y
Jo
Eooas ==5.02eY
<29

& 3
' ( - 9.’
‘.'0.0.....,

_,""
Eiumo =-2.10eV

PDTS-BTz

WILEYONLINELIBRARY.COM/APP

Applied Polymer

SCIENCE

Electrochemical Properties

Cyclic voltammetry of PDTS-BTz and PDTS-DTBTz thin films
was performed. The energy level of saturated calomel reference
electrode (SCE) was calibrated against the Fc/Fc* system to be
4.41 eV in this work. As shown in Figure 2, PDTS-BTz and
PDTS-DTBTz showed oxidation onset at 0.94 and 0.71 YV,
respectively, corresponding to highest-occupied molecular
orbital (HOMO) levels of —5.35 and —5.12 eV, respectively.
The polymer without thiophene bridge showed relatively low
HOMO level, thus a higher value of V,. for PSCs based on
PDTS-BTz:PC;;BM could be expected, since V. is related to the
offset between the HOMO of polymer donor and the lowest
unoccupied molecular orbital (LUMO) of the fullerene
acceptor.'® The LUMO levels of PDTS-BTz and PDTS-DTBTz
were determined to be approximately —3.50 and —3.25 eV by
using its HOMO energy level and the EP'. The calculated
LUMO levels of PDTS-BTz and PDTS-DTBTz are 0.6 and 0.85
eV above the LUMO level (—4.1 eV) of PC;BM, respectively,
which can provide enough driving force for the separation of
photo-generated exciton in the PSCs D-A interfaces.

Theoretical Calculation

To understand thiophene 7-bridge effect on molecular architec-
ture and optoelectronic properties, molecular stimulation was
carried out by using density functional theory (DFT) calcula-
tion. To simplify the calculation, all the alky side chains were
replaced by methyl groups, and only one repeating unit of each
polymer was calculated. The optimized geometry, the stimulated
electron density distributions along with the calculated HOMO
and LUMO levels are shown in Figure 3. It can be found that
the dihedral angle between the DTS and BTz units is smaller in
PDTS-DTBTz, which is owing to the reduced steric hindrance
by the insertion of thiophene as a bridge. Although all of the
dihedral angles are relatively small, much bigger angles and
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Figure 3. Optimized molecular geometries and frontier molecular orbitals from DFT calculations on PDTS-BTz and PDTS-DTBTz with a simplified
chain at the B3LYP/6-31G(d) level of theory. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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Figure 4. X-ray diffraction patterns of PDTS-BTz and PDTS-DTBTz films.
[Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com. ]

significant difference between PDT-BTz and PDTS-DTBTz can
be inferred in actual polymer structures. The electron density is
well delocalized along the conjugated backbone of both poly-
mers, though a slightly biased toward the DTS unit is found in
PDTS-BTz polymer, which can result in a slightly lower HOMO
level of PDTS-BTz. The calculated HOMO levels tendency is
consistent to the experimental results.

X-ray Diffraction

XRD analysis of PDTS-BTz and PDTS-DTBTz films on ITO
substrates (the peaks in the angle of 21°, 30°, and 35° refer to
ITO substrate) provided polymer ordering and packing infor-
mation. As Figure 4 shows, there is a sharp peak in the XRD
pattern of PDTS-DTBTz at small angle of 20 =5.01°, imply-
ing that PDTS-DTBTz film featured ordered edge-on nonyl

10°
7 10%4
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g .
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2 10" 1 :
e 1049 o © PDTS-BTz
& il 4 0 PDTS-DTBTZ
5 10 ¢ %
107 +—= : . . :
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Applied Voltage (V)

Figure 5. The J-V curves of the ITO/PEDO:PSS/Polymer:PC;BM/Au
diodes. The symbols are experimental data for the transport of holes, and
the solid lines are fitted according to the space-charge-limited-current
model. [Color figure can be viewed in the online issue, which is available
at wileyonlinelibrary.com.]
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DTBTzPC;BM based PSCs under AM 1.5 G illumination, 100 mW

cm™~ 2 [Color figure can be viewed in the online issue, which is available

at wileyonlinelibrary.com.]

side chains.’® Substitution of the angle value into the Bragg
equation yields a mean interlayer spacing of 17.6 A for
PDTS-DTBTz film, which is ca. 0.2 A larger than similar
polymer reported,” and it is probably caused by the longer
substituent alkyl group. However, there is no small angle
peak in PDTS-BTz XRD pattern, suggesting low crystallinity
of PDTS-BTz, which is probably due to the space steric hin-
drance resulted from long side chain of PDTS-BTz polymer
without a thiophene =-bridge. It is reported that edge-on
packing improves the hole mobility,>* and a higher hole
mobility of PDTS-DTBTz can be expected. Both polymers
show a broad peak at around 26 = 24°, the broad low XRD
peak indicates that the m—n stacking in the polymers occurs
only in very small regions and the copolymers mainly show
amorphous structure.

Hole Mobility

Hole mobility of the two polymers:PC;;BM (1 : 1) blend films
was measured by the space-charge-limited-current (SCLC)
method, as shown in Figure 5, the PDTS-DTBTz:PC;;BM based
device shows a hole mobility of 1.46 X 107* cm* V™' §7,

J. APPL. POLYM. SCI. 2015, DOI: 10.1002/APP.42798
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Table II. PSCs Performance with Device Configuration ITO/PEDOT:PSS/Polymer:PC;;BM/Ca/Al

Active layer Ratio DIO (%) Ve (V) Joc (MA cm™2) FF (%) PCE (%)

PDTS-BTz:PC-1BM 1:1 0 0.86 5.70 40.89 2.00
1:1 0.5 0.77 3.14 41.89 1.01
i1:1.5 0.5 0.75 3.53 47.09 1.24

PDTS-DTBTz:PC,1BM 1:1 0 0.61 7.98 39.46 1.92
1:1 0.5 0.65 9.39 57.06 3.46
1:15 0.5 0.65 8.48 56.39 3.12

which is an order of magnitude higher than that (1.25 X 1077
em® V! §7Y) of PDTS-BTzPC,,BM based device, and this
might due to the better planar structure and higher molecular
weight®” of PDTS-DTBTz. This could be a potential reason that
PDTS-DTBTz:PC,;BM based PSCs device exhibits larger J,. and
fill factor (FF) compared to PDTS-BTz:PC;;BM based PSCs
device.

Photovoltaic Performance and Morphology Characterization
Bulk heterojunction polymer solar cells were fabricated with a
conventional ~ device structure of ITO/PEDOT:PSS/poly-
mer:PC;;BM (~110 nm)/Ca/Al, and Figure 6 shows the J-V
curves of PSCs under a simulated AM 1.5 G illumination of
100 mW cm™ % PC,;BM was used as the acceptor for its strong
absorption in the visible region. To balance the absorption and
the charge transporting network of the photoactive layer, the
weight ratios of polymer and PC;;BM were varied from 1.5 : 1
to 1 : 3. The other conditions, such as solvent, spin-coating
speed, and additive, were also carefully optimized. The corre-
sponding photovoltaic parameters of the devices are summar-
ized in Table II.

The solvent additive of 1,8-diiodooctane (DIO) can affect the
PSCs performance by morphology control. Without any sol-
vent additives, the PDTS-BTz and PDTS-DTBTz based PSCs

—=—PDTS-BTz
—+—PDTS-DTBTz

EQE (%)

500 600 700
Wavelength (nm)

Figure 7. EQE curves of PSCs based on PDTS-BTz:PC;,BM (1 : 1.5, w/w)
or PDTS-DTBTzPC;;BM (1 : 1, w/w, 0.5% DIO). [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.com.]
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showed a similar PCE of 2.00% and 1.92%, respectively. When
treated with DIO (0.5% v/v) additive, the photovoltaic proper-
ties of PDTS-DTBTz were greatly enhanced while PDTS-BTz
sharply deteriorated. By increasing PC;;BM weight ratio to 1 :
1.5, the device of PDTS-BTz still remain a relatively low PCE.
However, the V,. for the optimized PSCs based on PDTS-
BTz:PC;BM blend was 0.86 V, which is 0.21 V higher than
that (0.65 V) of the optimized PSCs based on PDTS-DTBTz.
This could benefit from PDTS-BTz’s lower lying HOMO
energy level. The highest PCE of 3.46% for PDTS-DTBTz is
obtained with a V. of 0.65 V, a J,c of 9.39 mA cm ™2, and a FF
of 57.06%, when the device was fabricated at donor—acceptor
weight ratio of 1 : 1, containing 0.5% DIO as an additive,
spin-cast from CB at a speed of 2000 rpm. After the introduc-
tion of thiophene, the J,. and FF of PDTS-DTBTz increased
while the V,. decreased, compared with PDTS-BTz (V,. = 0.86
V, Jo=5.70 mA cm 2, FF=40.89%), as a result the PCE
increased from 2.00% (without DIO) to 3.46%. The better
photovoltaic performance of the thiophene-bridged copoly-
mers could be ascribed to their higher hole mobility and better
crystallinity.

Figure 7 demonstrates the external quantum efficiency (EQE)
curves of the optimally fabricated PSCs based on these two
copolymers. The PSCs devices exhibit broad response over 310—
700 nm. The maximum EQE for the PDTS-BTz based device
was 37% at 380 nm. In contrast, the PDTS-DTBTz-based device
provided an EQE maximum of ca. 70% at 390 nm. The integral
Jic from EQE is 5.38 and 9.18 mA cm %, for PDTS-BTz and
PDTS-DTBTz based devices, respectively, which are consistent
with the measured J. from J-V curves.

The polymer/PC;;BM blend film morphology with or with-
out DIO were investigated by AFM. As shown in Figure 8,
the blend films demonstrated different phase separation state
with root-mean-square (RMS) roughness of 12.30 nm (e),
10.00 nm (f), 2.34 nm (g), and 2.12 nm (h). It can be
observed from the phase images that PDTS-DTBTz/PC,;BM
film (d) formed nanoscale phase separation with appropriate
domain sizes while the others showed some large scale phase
separation. The much smaller RMS of PDTS-DTBTz [Figure
8(h)] could be ascribed to the application of thiophene as
n-bridge units, which leads to a more flexible polymer main
chain, and this indicate better miscibility between the poly-
mer and PC;BM. This could be another reason that
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Figure 8. AFM phase (up) and height (down) images (5 yum X 5 um) of PDTS-BTz:PC,;BM =1 : 1 (a, e), PDTS-BTz:PC,;BM=1 : 1.5 (b, f),
PDTS-DTBTz:PC;;BM=1 : 1 (¢, g), and PDTS-DTBTz:PC,;;BM =1 : 1 (d, h). [Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]

PDTS-DTBTz based PSCs devices exhibits larger J,. and FF
compared to PDTS-BTz.

CONCLUSIONS

In this work, two DTS and BTz backboned polymers were syn-
thesized, and the thiophene n-bridge influence on the PSCs
devices performances was studied. Both polymer show similar
band gap, but polymer with thiophene n-bridge shows a little
higher HOMO, more planar geometry, higher crystallinity, higher
hole mobility, and better miscibility with fullerene. This is prob-
ably due to the insertion of thiophene =m-bridge, and it could
release the hindrance between donor and acceptor. Thus, it is
much easier to get a polymer with higher molecular weight and
better intermolecular m—m stacking. PDTS-BTz polymer based
PSCs devices show higher V,. due to the low-lying HOMO, but
PDTS-DTBTz polymer do show enhanced overall PSCs perform-
ances. The present results indicate that thiophene n-bridge does
contribute to the PSCs performances of the strong donor (dithie-
nosilole) and weak acceptor (bithiazole) copolymer.
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