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Abstract: A novel Donor 1-Acceptor-Donor 2-Acceptor (D1-A-D2-A) type
terpolymer PBDT-DTffBT-F-DTffBT was prepared to further tune the energy levels
of Donor-Acceptor (D-A) type copolymer PBDT-DTffBT and PF-DTffBT, and the
corresponding optoelectronic properties have been investigated. By incorporating the
weak donor fluorene unit to the backbone of PBDT-DTffBT, the
PBDT-DTffBT-F-DTffBT exhibits the lower HOMO level and higher LUMO level
compared with PBDT-DTffBT as expected. The polymer solar cell (PSC) based on
PBDT-DTffBT-F-DTffBT affords the improved PCE with a higher V,. of 0.853 V
compared to the D-A copolymer PBDT-DTffBT and PF-DTffBT. Therefore, through
carefully choosing the suitable donor group, the class of D1-A-D2-A type copolymer

would be a promising organic semiconducting material.
Key words: Terpolymer; Energy levels modulation; Polymer solar cells
Introduction

Bulk heterojunction (BHJ) polymer solar cells (PSCs) are making significant progress
in terms of power conversion efficiencies (PCEs) recently. ™2 The significant
increase in PCEs largely originates from the successful development of new electron
donor conjugated donor-acceptor (D-A) polymers. ! The D-A design offers an

important advantage of individually tuning the band gap and energy levels of the

" Corresponding author. Tel.: +86 791 83968830; fax: +86 791 83969561. E-mail address: chenlienc@163.com (L.
Chen).
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conjugated polymer. The highest occupied molecular orbital (HOMO) and lowest
unoccupied molecular orbital (LUMO) levels can be adjusted by varying the electron
donating ability of the donor moiety and the electron affinity of the acceptor moiety.
In short, a suitable couple of electron acceptor and donor will obtain high efficiency
in the PSCs. ! However, many of the D-A conjugated copolymers for PSC reported
so far, which combines one type donor and one type accepter moieties in copolymer
chain, show relatively high PCE of 5-7%, but their unsuitable energy levels and band
gaps constrain their further development. For example, since fluorine atoms
substituted directly to the backbone of conjugated polymers have showed great
promise in enhancing efficiency of BHJ PSCs, the great potential of
benzo[1,2-b:4,5-b]dithiophene (BDT)-difluorinated benzothiadiazole (DTffBT) or
benzoselenadiazole (DTffBSe) structure polymer was revealed. ©7#9 pscs
containing the copolymers based on BDT and DTffBT(Se) exhibit ~5 % of PCE with
a high Vo of over 0.9 V. 21 Nevertheless, as a minimum energy difference of ~0.3
eV between the LUMO energy levels of the donor polymer and the acceptor is
required to facilitate efficient exciton splitting and charge dissociation, and their low
LUMO levels over -3.7 eV leads to a low Js. of ~9 mA ¢m™. % Similarly, the D-A
copolymer with fused diketopyrrolopyrrole (DPP) unit enforces a high degree of
planarity and the strong inter-chain ©-m interactions can facilitate charge transport.
Thus, devices use DPP containing polymers show efficiencies in excess of 5% and
mobilities in excess of 1 cm? V* s™. In spite of the good device performance, the
higher HOMO level over -5.2 eV of most DPP-based D-A copolymers results in a
relatively low Vqof 0.6-0.7 V. 11314

Herein we present a new strategy that construct alternating Donor 1-Acceptor-Donor
2-Acceptor (D1-A-D2-A) terpolymer with two donors and one acceptor to further
fine-tune energy levels and optical band gap of the D-A copolymers. In previous
report, Bumjoon J. Kim etc combines the different electron-deficient units of

DPP and thieno[3,4-c]-pyrrole-4,6-dione (TPD) with thienyl-substituted

benzo[1,2-b:4,5-b’]dithiophene (BDTT) to yield a series of random terpolymers.
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They successfully tuned the energy levels and increased the PCE from 5.0% to
6.3%. ™! Compared with the random terpolymer, the regular D1-A-D2-A alternation
allows the exact chemical composition. Moreover, the random incorporation of the
different units often affects the molecular ordering, but regular alternation of units
along the polymer chain will avoid this defect on molecular geometry. The novel
terpolymer chooses BDT as electron-rich unit (D1), and the weaker donor fluorene (F)
as D2, whereas difluorinated benzothiadiazole (DTffBT) is selected as the electron
acceptor (A). Similar to BDT unit, fluorene is rigid planar molecules, but fluorene
owns higher LUMO level and lower HOMO energy level. Thus, after replacing
segmental BDT with fluorene can realize the increased LUMO level and decreased
HOMO level for more efficient exciton splitting and charge dissociation, and

obtaining higher V. values.

In this work, three conjugation copolymers,
poly{4,8-bis(2-ethylhexyl)-benzo[1,2-b:4,5-b"]-dithiophene-4,7-bis(4-hexylthienyl)-5,
6-difluoro-2,1,3-benzothiadiazole} (PBDT-DTffBT),
poly{9,9-dioctyl-fluorene-4,7-bis(4-octylthienyl)-5,6-difluoro-2,1,3-benzothiadiazole’}
(PF-DTffBT) and
poly{4,8-bis(2-ethylhexyl)-benzo[1,2-b:4,5-b"]-dithiophene-4,7-bis(4-hexylthienyl)

5,6-difluoro-2,1,3-benzothiadiazole-9,9-dioctyl-fluorene-4,7-bis(4-hexylthienyl)-5,6-d
ifluoro-2,1,3-benzothiadiazole}(PBDT-DTffBT-F-DTffBT) have been successfully
synthesized (Scheme 1). The photophysics properties and morphology of these
copolymers have been measured to study the effects of the structure of D1-A-D2-A

on the molecular packing and their corresponding photovoltaic properties.
Results and Discussion
Synthesis and Characterization of the Monomers and Copolymers

The synthetic routes and chemical structures of the monomers and copolymers are

outlined in Scheme 1. PBDT-DTffBT and PBDT-DTffBT-F-DTffBT were prepared
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in a Stille reaction using tris(dibenzylideneacetone)dipalladium (Pd,(dba)s) catalyst
and tri-o-tolylphosphine (P(o-Tolyl)s) ligand, while PF-DTffBT was prepared in a
Suzuki reaction using tetrakis(triphenylphosphine)palladium (Pd(PPhs),) catalyst and
potassium carbonate base. PBDT-DTffBT and PBDT-DTffBT-F-DTffBT are well
soluble (~15 mg/mL) in common organic solvent such as chloroform, chlorobenzene,
and 1, 2-dichlorobenzene, whereas PF-DTffBT shows relatively poor soluble in these
solvents. The structures of the monomers and their corresponding copolymers have
been confirmed by *H NMR spectra, related dates and *H NMR pictures are presented
in supporting information (SI) (Figure SI 1-10). The molecular weight (M, and M)
and polydispersity index (PDI) of the copolymers were obtained by performing gel
permeation chromatography (GPC) relative to polystyrene standards in
tetrahydrofuran at 30 <C. A much lower molecular weight is obtained for PF-DTffBT
IS due to its poor solubility compared to PBDT-DTffBT and
PBDT-DTffBT-F-DTffBT.

Thermal Properties

The thermal properties of polymers were investigated by thermogravimetry analysis
(TGA) and differential scanning calorimetry (DSC). PBDT-DTffBT, PF-DTffBT and
PBDT-DTffBT-F-DTffBT have good thermal stability with decomposition
temperatures (5% weight loss) of 357 <C, 380 <C and 430 <C, respectively (Figure Sl
11a and Table 1). As shown in Figure SI 11b, no clear transition can be realized by
DSC analysis for PBDT-DTHBT-F-DTFfBT in the heating range from 30 to 200 <C.
A weak endothermic peak is detectable on heating at 131 <C, and an exothermic peak
on cooling at 118 <C from curve of PBDT-DTffBT. In addition, an unapparent
transition in PF-DTfBT profile at 87 <C on cooling cycle is found.

Optical Properties

The normalized optical absorption of the copolymers was studied both in chloroform

solution and in thin film, with the profiles shown in Figure 1 and the correlated
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parameters summarized in Table 2. The PBDT-DTffBT displays three absorption
bands in the range from 300 nm to 700 nm both in solution and in solid state (film),
while PF-DTffBT and PBDT-DTffBT-F-DTffBT show two ones. The absorption
maximum of PBDT-DTffBT and PF-DTffBT is located at 570 nm and 498 nm
respectively in solution. After incorporating BDT, DTffBT and F units into the main
chain cause an in-between absorption maximum of 530 nm for
PBDT-DTffBT-F-DTffBT. (Figure 1a) Similarly, absorption spectra of thin films
exhibit the same variation pattern and the bands red shifted by 40 nm for
PBDT-DTffBT, 14 nm for PF-DTffBT and 50 nm for PBDT-DTffBT-F-DTHfBT,
compared to those in solution (Figure 1b). Moreover, a shoulder peak shows at ~650
nm for PBDT-DTffBT, and ~632 nm for PBDT-DTffBT-F-DTffBT, and the relative
intensity is enhanced greatly from solution to film. The presence of shoulder peaks
indicate a vibronic progression ascribing to an enhanced co-planarization of the
conjugated system. *® The result suggesting that incorporating fluorene unit to the
backbone of PBDT-DTffBT to construct the structure of D1-A-D2-A
(PBDT-DTffBT-F-DTffBT) may distorts the conjugated backbone and reduces the
effective conjugation length of the copolymer, due to inferior co-planarity between
fluorene and conterminal segment. The corresponding optical band gaps of
PBDT-DTffBT, PF-DTffBT and PBDT-DTffBT-F-DTffBT were estimated to be 1.71,
2.06, and 1.78 eV according to the absorption edge of these films. And the band gap
change of PBDT-DTffBT-F-DTffBT compared with PBDT-DTffBT and PF-DTffBT
implying that the variation of energy levels. Although the optical band gap of
PBDT-DTffBT-F-DTffBT is larger than that of PBDT-DTffBT, but it still matches

well with the solar flux.
Electrochemical Properties

Cyclic voltammetry measurements were used to HOMO energy levels by using the
onset of oxidation and the voltammograms were displayed in Figure SI 12. ™1 LUMO

energy levels were deduced by addition of Eg4 to the HOMO levels. As shown in the
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Table 2, the calculated HOMO values are -5.46, -5.53 and -5.47 eV for
PBDT-DTffBT, PF-DTffBT and PBDT-DTffBT-F-DTffBT, respectively, and the
corresponding LUMO values are -3.75, -3.47 and -3.69 eV. Owing to the incorporated
weak donor fluorene moiety, PBDT-DTffBT-F-DTffBT and PF-DTffBT present the
lower HOMO levels than PBDT-DTffBT, which are beneficial for achieving higher
Voc in their solar cell devices. More importantly, the LUMO level of
PBDT-DTffBT-F-DTffBT is 0.06 eV higher than PBDT-DTffBT, indicating the more
efficient charge transfer from copolymer to PC;;BM. Energy level diagrams of

copolymer are revealed in Figure 2.

Density functional theory (DFT) computation is also performed at the B3LYP/6-31G
(**) level with the Gaussian 09 package to give a deep insight into the electronic
structures and the geometric of these polymers, and the molecular simulation is
carried out with one repeating unit (n = 1) for representation. ¥ The alkyl groups are
replaced by methyl groups for convenient simulation, where the electronic properties
and equilibrium geometries will not be influenced significantly. 1 The theoretic
calculations present that the HOMO wave functions are well distributed over the
donor and acceptor units while their LUMO wave functions are principally localized
on the acceptor parts. The full localization of HOMO coefficients along the molecular
axis is beneficial for the efficient hole transport through m-orbital interactions. For
BDT-DTffBT, the energy-minimized dihedral angle (6) between the planes of BDT
and DTFfBT is 27.1°, however, the 0 between fluorene and DTffBT increase to 38.8°
for F-DTffBT. Therefore, after bring in the fluorene to PBDT-DTffBT main chain,
the backbone of PBDT-DTffBT-F-DTffBT possesses the larger 6 (Figure 3) and
bigger backbone torsion, suggesting the more disordered molecular packing in the

thin film. The result is well consistent with the UV observation.

X-ray diffraction (XRD) analysis of the copolymer thin films was performed to
investigating the molecular stacking of these polymers (Figure 4). All the pure

polymer films casted from their chlorobenzene (CB) solutions displayed two
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diffraction peaks in the ranges of 4.026.0°and 23<24< Related to the polymer
lamellar spacing, the first peak (100) revealed an decrease tendency from 5.3< for
PF-DT{fBT, to 4.5°for PBDT-DTffBT, and then to 4.2<for PBDT-DTffBT-F-DTffBT.
Because of the difference size, type, position and orientation of side chains,
PBDT-DTffBT-F-DTffBT with kinds of side chain show the longest lamellar spacing
of 232 A 1 The intense and sharp peak (100) observed for
PBDT-DTffBT-F-DTffBT indicates that it adopts more ordered interlayer packing
structure than the others. For all three polymers, the weak peak (010) at high angle,
corresponding to the m-m stacking distance, are broad and without prominent
difference on intensity and location, meaning that constructing the terpolymer has
little effect on the polymer chain packing structure in the film of the original
bipolymer. The discovery of XRD seems diverged from those of UV and DFT
computation, but given that the low intensity of (010) peak, we can deduce the
difference in molecular ordering of PBDT-DTffBT-F-DTffBT with PBDT-DTFfBT is

not serious and it is unobservable in XRD measurement.

As it was directly related to exciton dissociation, charge transport, and recombination,
the hole mobility of the polymer and PC7;;BM blend has been measured using the
space charge limited current (SCLC) method with a device configuration of
glass/ITO/PEDOT: PSS/Polymer:PC;;:BM/MoO3/Al. The mobility curves before and
after adding 1, 8-diiodooctane (DIO) with the volume ratio of 3% are plotted in
Figure SI 13. Without additive, the calculated mobility values of PBDT-DTffBT,
PF-DTffBT, and PBDT-DTffBT-F-DTffBT are 3.5 x10° cm? V' s™, 1.1 x10”° cm?
V! st and 5.2 x 107 cm? V* s, respectively. The higher mobility value of
PBDT-DTffBT compared to PBDT-DTffBT-F-DTffBT is not surprising since UV
analysis and DFT computation indicate the analogous results. After adding DIO, the
mobility of PBDT-DTffBT is up to 8.5 x10° cm? V' s, and PF-DTHfBT is up to 2.5
% 10° cm? V' 5. Note that PBDT-DTfBT-F-DTHfBT has a lower mobility (1.5 x
107 c¢cm? V* s1) when DIO adding, suggesting the inferior charge-transportation

channel may due to the more disorder stacking of polymer: PC;;:BM blend and
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morphological factors dominate the transport characteristics.

Photovoltaic devices were prepared using a
glass/ITO/PEDOT:PSS/Polymer:Fullerene-Blend/LiF/Al device structure, measured
under 100 mW cm™ AM 1.5 illumination. The active layer blends of polymers and
[6,6]-phenyl-C7;-butyric acid methyl ester (PC;1BM) were spin-coated from CB with
each optimum composition. The current density-voltage (J-V) curves are shown in
Figure 5, the optimal device parameters are summarized in Table 3, and the data of
devices with other blending ratio of Polymer: PC;;BM are presented in Table SI 1.
Initially, BHJ device utilizing PBDT-DTfBT shows the power conversion efficiency
(PCE) of 2.3% with an open circuit voltage (Voc) of 0.742 V, a short-circuit current
density (Jsc) of 7.71 mA ¢m 2, and a fill factor (FF) of 39.5%. The PCE of 2.3% is not
as high as the best reported value of devices with BDT and DTffBT based D-A
copolymer, mainly due to the non-optimized alkyl side chain. " In contrast, device
based on PBDT-DTffBT-F-DTffBT had a much larger Vo of 0.853 V as expected
from its lower HOMO energy level, the similar Js. of 7.60 mA €m™ and FF of 37.9%,
resulting in the better PCE of 2.5%. And we believe that the PCE of the terpolymer
can be further improved by precisely tuning the alkyl side chain. This comparable Js
for PBDT-DTffBT-F-DTffBT to PBDT-DTffBT is attributed to the improved efficient
exciton splitting and charge dissociation caused by the higher LUMO level. Because
the larger minimum energy difference between the LUMO energy levels of
PBDT-DTffBT-F-DTffBT and PC;;:BM of ~0.31 eV (vs ~0.25 eV) is beneficial for Jg
and FF. Y Notably, although PBDT-DTffBT-F-DTfBT possesses the worse light
absorption and molecule co-planarity with respect to PBDT-DTHfBT counterpart, but
its higher PCE reveals that the effect of energy levels on efficiency is more important
than light absorption and molecule co-planarity in our case. Unfortunately, take the
energy difference between the LUMO energy levels of polymer and PCBM into
account, the LUMO levels of -3.75 eV and -3.69 eV both are relatively low compared
to the state-of-the-art D-A copolymers that limit the Jsc (~7 mA €m2) and FF (~40%)

in devices. 1?2
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DIO is commonly used as a solvent additive to optimize the morphology owing to its
high boil point and good solubility for fullerene aggregates. The parameters of device
with varying DIO ratio are provided in Table SI 2. When 3% (v/v) DIO adding, the
PCE was improved to 3% for PBDT-DTffBT: PC;1BM device resulting from the
higher FF of 55.8%, may well attributed to the smoother blend film and the better
phase separation of active layer. However, the PBDT-DTffBT-F-DTffBT:
PC71BM-based devices almost did not show improvement, that is, morphology of the
blend film can not improved by processed with DIO. It is not strange that the device
using PF-DTFfBT exhibits such poor PCE of 0.2-0.5%, which can be explained by the

low molecular weight, and the unfavorable molecules packing and optical absorption.

Film Topography

Atomic force microscopy (AFM) was applied to investigate the thin-film
microstructures and morphologies of these active layers, and the size of AFM images
is 556 m. Figure 6a, 6¢, 6e shows the typical height images of polymer: PC7,BM
blend films, Figure 6b, 6d, 6f are the phase image, and the 3D images are presented in
Figure SI 14. All blend films exhibit small root-mean-square (RMS) roughness of
0.53 nm for PBDT-DTffBT, 0.64 nm for PF-DTffBT, and 0.84 nm for
PBDT-DTffBT-F-DTffBT, meaning the polycrystalline grains in blend films are small,
which is unfavorable for efficient phase separation, and lead to the low Js. and FF.
With 3% DIO additive, the RMS values of nhanomorphology increase to 2.09 nm, 2.31
nm, and 1.27 nm for PBDT-DTffBT, PF-DTffBT, and PBDT-DTffBT-F-DTffBT,
respectively, and related images are exhibited in Figure 7. Despite the lowest RMS
value, the morphology of PBDT-DTffBT-F-DTffBT: PC7:BM blend film with DIO
additive shows the inferior film interconnectivity and larger phase separation
compared with the other films. Firstly, the more unordered molecular arrangement
and bigger backbone of PBDT-DTffBT-F-DTffBT is against for ordered packing of
blend film and charge mobility already. Furthermore, DIO additive may lead to

polymer aggregation because DIO is a poor solvent for the conjugated polymer,
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resulting in the worse blend morphology as well as low mobility and Jg. 2?4

Therefore, the DIO additive does not improve the PBDT-DTffBT-F-DTffBT-based
device performance but lower the hole mobility. In contrast, the DIO help the
PBDT-DTffBT: PC7;;BM blend film develop more clear and continuous nonoscale
phase separation, which enables a continuous percolating path for charge transport,

thus leading to an increase in the hole mobility, FF and the device efficiency.

Conclusions

In order to further adjust the energy levels of D-A copolymer based on DTffBT and
the device performance, we have developed a D1-A-D2-A copolymer
PBDT-DTffBT-F-DTffBT, and the separate D-A copolymer PBDT-DTffBT and
PF-DTffBT also have been prepared for comparison. The lower HOMO level and
higher LUMO level were achieved for PBDT-DTffBT-F-DTffBT compared to
PBDT-DTffBT, translating to higher V,. and more efficient exciton splitting and
charge dissociation. Thus, device utilizing PBDT-DTffBT-F-DTffBT afford the
improved PCE of 2.5%, with a higher V,. of 0.853 V, in spite of
PBDT-DTffBT-F-DTffBT possessing the worse light absorption and co-planarity.
Unexpectedly, the PBDT-DTffBT-based device obtained the optimum PCE of 3%
when the DIO adding, ascribe to the improved nanoscale morphology. This work
demonstrates a novel way to optimize the molecular structure by construct the
polymer of D1-A-D2-A type, and it is effective on the regulation of energy levels and
band gap. Though no great success on device performance has been gotten in the
study, but through choosing the more suitable donor group to diminish the change of
molecule co-planarity and light absorption, the class of D1-A-D2-A type copolymer
will be promising for high performance organic semiconducting material, and further
studies are under way. Moreover, the largely increased V. of ~0.86 V from ~0.74 V in
PBDT-DTffBT-F-DTfBT suggesting that a target design for tandem solar cells can be
develop in the system of D1-A-D2-A.
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Electronic supplementary information (ESI) available.
The detailed experimental sections and the corresponding characterization are in
Supporting Information. This information is available free of charge via the Internet at

http://pubs.rsc.org.
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Scheme, Figure and Table Captions

Scheme 1. Synthetic Route of Monomers and Copolymers.
Table 1. Molecular weight and thermal properties of polymers.

Figure 1. Absorption spectra of copolymers in dilute chloroform solution (a) and as

thin film (b).
Figure 2. Energy level diagrams of polymer.

Figure 3. The calculated HOMO and LUMO levels of BDT-DTffBT, F-DTffBT, and
BDT-DTffBT-F-DTffBT models.

Table 2. Optical and electrochemical properties of polymers.
Figure 4. XRD patterns of all studied copolymers.

Table 3. Photovoltaic performance and hole mobility of polymers in standard BHJ

devices with PC;1BM.

Figure 5. Characteristic J-V curves of the BHJ solar cell fabricated from these

copolymers and from their respective blend with or without the DIO additive.

Figure 6. Topography images (a, ¢, e) and phase images (b, d, f) by AFM of blend
films of PBDT-DTffBT: PC;;BM (a, b), PF-DTffBT: PC;BM (c,d), and
PBDT-DTffBT-F-DTFfBT: PC;:BM (g, f).

Figure 7. Topography images (a, ¢, e) and phase images (b, d, f) by AFM of blend
films of PBDT-DTffBT: PC7;BM with 3% DIO (a, b), PDTffBT- F: PC71:BM with 3%
DIO (c, d), and PBBDT-DTffBT-F-DT{fBT.
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Scheme 1. Synthetic Route of Monomers and Copolymers.
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Table 1. Molecular weight and thermal properties of polymers.

M,, (kg/mol) M, (kg/mol) PDI Ty (®)7
PBDT-DTffBT 35.6 15.3 2.32 357
PF-DTffBT 13.2 8.46 1.56 380
PBDT-DTffBT-F-DTffBT 37.3 148 251 430

*The decomposition temperature corresponding to a 5% weight loss.
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Figure 1. Absorption spectra of copolymers in dilute chloroform solution (a) and as
thin film (b).
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Figure 2. Energy level diagrams of polymer.
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Figure 3. The calculated HOMO and LUMO levels of BDT-DTffBT, F-DTffBT, and
BDT-DTffBT-F-DTffBT models.
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Table 2. Optical and electrochemical properties of polymers.

solution film
N £ on N = o Eoyx O LUMO
nset g nset g
Ammax (NM) Dmax (NM) HOMO (eV) (eV)
(nm) (eV) (nm) (eV)
356, 445, 372, 450,
PBDT-DTffBT 718 1.73 725 1.71 0.76/-5.46 -3.75
570 600
PF-DTfBT 360, 498 570 2.17 370, 512 602 2.06 0.83/-5.53 -3.47
PBDT-DTffBT-F-D
362, 530 686 1.81 388, 580 696 1.78 0.77/-5.47 -3.69
TffBT
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Figure 4. XRD patterns of all studied copolymers.
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Table 3. Photovoltaic performance and hole mobility of polymers in standard BHJ

devices with PC;1BM.

Polymer Polymer:PC;,BM Hole mobility | Vo N FF PCE
(wiw) (cm? vt st V) (MA em?®) | (%) | (%)
PBDT-DTHBT 1:15 35x10° 0.742 | 7.71 395 |23
1:1.5 with 3% DIO 8.5x%10° 0.733 | 7.33 558 | 3.0
PF-DTffBT 1:2 1.1x10°° 0.730 | 1.04 257 |02
1:2 with 3% DIO 25%10°° 0.649 | 2.21 319 |05
PBDT-DTHBT-F-DTHBT | 1:15 5.2 %1077 0.853 | 7.60 379 |25
1:1.5 with 3% DIO 1.5 %1077 0.865 | 7.48 398 |26
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Figure 5. Characteristic J-V curves of the BHJ solar cell fabricated from these

copolymers and from their respective blend with or without the DIO additive.
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Figure 6. Topography images (a, ¢, €) and phase images (b, d, f) by AFM of blend
films of PBDT-DTffBT. PC;;BM (a, b), PF-DTffBT.: PC;;BM (c,d), and
PBDT-DTffBT-F-DTffBT: PC7:BM (e, 1).
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Figure 7. Topography images (a, ¢, €) and phase images (b, d, f) by AFM of blend
films of PBDT-DTffBT: PC7.BM with 3% DIO (a, b), PDTffBT- F: PC7;BM with 3%
DIO (c, d), and PBBDT-DTffBT-F-DTffBT.



Page 25 of 25

RSC Advances

Table of content

Novel Photovoltaic Donor 1-Acceptor-Donor 2-Acceptor Terpolymers with
Tunable Energy Levels Based on Difluorinated Benzothiadiazole Acceptor

Zhigiang Deng, Feiyan Wu, Lie Chen®, Yiwang Chen

Novel  Donorl-Acceptor-Donor2-Acceptor  (PBDT-DTffBT-F-DTffBT)  type
terpolymers offer opportunity to further tune the energy levels compared with the
corresponding D-A type bipolymers.
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