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ABSTRACT KEYWORDS

Two donor—acceptor low band gap polymers P1 (octyl as solubi- Bulk heterojunction solar
lizing group) and P2 (ethylhexyl as solubilizing group) containing cells; low-band gap
fluorenylthiophene-substituted benzoditihiophene as an electron-rich polymers; benzodithiophene;

unit and 3,6-bis(5-bromothiophen-2-yl)-2,5-bis(2-ethylhexyl)pyrrolo[3,4- 7 conjugated polymer
clpyrrole-1,4(2H,5H)-dione as an electron-deficient unit are designed

and synthesized for polymer solar cells application. Compared with P2

based on ethyl hexyl group, P1 with octyl group displays well resolved

vibronic shoulder peak in absorption spectra, stronger intermolecular

interactions, and higher hole mobility. Polymer solar cells based on P1

and [6,6]-phenyl-C . -butyric acid methyl ester (PC,,BM) exhibit a maxi-

mum power conversion efficiency of 1.78% under AM 1.5G illumination

(100 mW/cm?).

Introduction

The donor-acceptor low band gap (LBG) polymers for bulk heterojunction (BHJ) polymer
solar cells (PSCs) based on p-type conjugated polymers as donors and n-type fullerene deriva-
tives as acceptors have intensively attracted attention due to their advantages of light weight,
low cost, easy fabrication, and the potential of flexible large-area devices[1]. The key param-
eter in PSCs is the power conversion efficiency (PCE) of the devices. The factors that related
to the PCEs of the PSCs are the open-circuit voltage (V,.), short-circuit current (J.), and
fill factor (FF)[2]. V. is limited by the difference between the highest occupied molecular
orbital (HOMO) of the donor and the lowest unoccupied molecular orbital (LUMO) of the
acceptor[3]. The J. is closely related to the absorption capacity and charge-carrier mobility
of the photovoltaic materials, and the FF is influenced by the charge-carrier mobility of the
photoactive layer. Higher charge-carrier mobility results in larger J,c and higher FF values[4].
In order to achieve high PCEs, it is a proven fact that the polymer donor with ideal properties
in PSCs should exhibit strong and broad absorption with high absorption coefficient, high
charge-carrier mobility, appropriate molecular energy levels for matching with the fullerene
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derivatives[5]. In order to improve the visible absorption and decrease HOMO energy level
of the conjugated polymers, extensive effort has focused on developing donor-acceptor con-
jugated polymers. With this strategies, recently PCEs over 10% have been reported for both
single and multi-junction organic solar cells[6].

Benzodithiophene (BDT) skeleton has been extensively applied as a donor unit in x-
conjugated polymers for the reason of its highly planar nature and inclined to provide a simple
way to attach several conjugate side chain groups to further improve the backbone planarity
and modulate the energy levels[7]. With the intention of improving the PCE of BDT based
m-conjugated polymers, various groups on the central phenyl ring of the BDT unit were intro-
duced. This structural alteration led to PCEs of above 10%[8]. The combination of fluorene
and thiophene units, which is the important functionality to enhance the molecular assem-
bly in the small molecular based liquid crystalline materials, has not so far introduced on
the central phenyl ring of BDT for BHJ PSCs[9]. Further, it is well proven that the size and
topology (e.g., linear, branched) of the alkyl side chains affixed to the five membered aromatic
heterocycle moiety also influence the planarity, morphology, and photovoltaic parameters of
the resultant polymers[10]. In this contribution, we designed and synthesized two donor-
acceptor LBG polymers containing thienofluorene (FIT) linked benzodithiophene (FIT-
BDT) as donor unit and 3,6-bis(5-bromothiophen-2-yl)-2,5-bis(2-ethylhexyl)pyrrolo[3,4-
c]pyrrole-1,4(2H,5H)-dione (DPP) as acceptor unit. Here, we introduced FIT as a new side
chain group substituent perpendicular to the BDT unit in upward and downward directions.
The conjugated FIT substituents vertical to the polymer backbone is also expected to provide
a broader absorption in the visible region. Furthermore, by introducing this entity in donor-
acceptor structures, a deeper HOMO energy level can be attained, which is predicted to gen-
erate higher V. values in BHJ PSCs[11]. Additionally, we anticipate that the variation in alkyl
chain (octyl vs 2-ethylhexyl) will have significant impact on the charge carrier mobility and
PCEs.

Experimental

General information

All the chemicals and reagents purchased from Sigma-Aldirich were used without any fur-
ther purification. Polymerization was performed in a CEM-focused microwave TM synthesis
system. The number-average molecular weight (M, ) and polydispersity index (PDI) of the
polymers were determined by gel permeation chromatography (GPC) using a PL gel 5 um
MLXED-C column on an Agilent 1100 series liquid chromatography system with THF as an
eluent and calibration with polystyrene standards. 'H and *C NMR spectra were recorded
in CDClI; on a Varian Mercury 300 using tetramethylsilane as an internal reference. Thermo-
gravimmetric analysis (TGA) was obtained with Mettler Toledo TGA/SDTA 851e under an
N, atmosphere at a heating rate of 10°C/min, respectively. The UV-visible absorption spec-
tra were measured using a Jasco V-570 UV-visible spectrometer. The cyclic voltammetry (CV)
analysis was carried out in a 0.1 M solution of tetrabutylammonium perchlorate in anhydrous
acetonitrile at a scan rate of 100 mV/s using a CHI 600C potentiostat, a three-electrode cell
with platinum electrode as the working electrode, Ag/AgCl as the reference electrode, and a
platinum (Pt) wire as the counter electrode. Polymer thin films were coated on the Pt elec-
trode and dried before the experiment. 2-(9,9-dioctyl-9H-fluoren-2-yl)thiophene (FIT-OC)
and 2-(9,9-bis(2-ethylhexyl)-9H-fluoren-2-yl)thiophene (FIT-EH) were prepared according
to the reported procedures[9].
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Synthesis of 4,8-bis(5-(9,9-dioctyl-9H-fluoren-2-yl)thiophen-2-yl)benzo[1,2-b:4,5-b']
dithiophene (FIT-BDT-0OC)

FIT-OC (2.00 g, 4.23 mmol) was dissolved in dry tetrahydrofuran (THF) and the mix-
ture was cooled to —78°C. 2.5 M n-Buli in hexane (1.69 mL, 4.23 mmol) was slowly
added to the solution and the reaction mixture was stirred for 1 h at 60°C. After cool-
ing to room temperature, benzo[1,2-b:4,5-b’]dithiophene-4,8-dione (0.42 g, 1.92 mmol)
was added quickly, and then heated to 60°C for 2 h. The dark red solution was cooled
to room temperature again, tin chloride anhydrate dissolved in 20% HCI solution was
added, and then the reaction was heated to 60°C for 2 h. The reaction was diluted with
ether, and the organic layer was washed with water, dried with Na,SO,, filtered, the sol-
vent was removed under reduced pressure and purified by silica gel column chromatog-
raphy using dichloromethane(MC) as an eluent to afford a yellowish solid (0.89 g, yield:
42%). '"H NMR (300 MHz, CDCL;): § (ppm) 7.80-7.66 (m, 10H), 7.59-7.50 (m, 6H),
7.40-7.29 (m, 6H), 2.04-1.93 (m, 8H), 1.29-0.94 (m, 40H), 0.81 (t, 6H), 0.73-0.60 (m, 4H).
13C NMR (75 MHz, CDCl;): § (ppm) 151.6, 150.9, 146.1, 141.0, 140.7, 139.1, 138.5, 136.6,
132.7, 129.2, 127.8, 127.2, 126.8, 124.7, 123.8, 123.3, 123.1, 122.8, 120.1, 119.9, 119.7, 55.2,
40.4, 31.8, 30.0, 29.2, 23.7, 22.6, 14.1.

Synthesis of 4,8-bis(5-(9,9-bis(2-ethylhexyl)-9H-fluoren-2-yl)thiophen-2-yl)benzo[1,2-
b:4,5-b’]dithiophene(FIT-BDT-EH)

FIT-BDT-EH was synthesized using the similar procedure for FIT-BDT-OC. Yellowish solid
(0.82 g, yield: 38%). "H NMR (300 MHz, CDCl;): § (ppm) 7.79-7.65 (m, 10H), 7.57-7.48 (m,
6H), 7.41-7.29 (m, 6H), 2.18-1.98 (m, 4H), 1.18-0.68 (m, 24H), 0.66-0.58 (m, 6H). 3C NMR
(75 MHz, CDCl;): 6 (ppm) 151.5, 150.7, 145.8, 141.2, 140.7, 139.3, 137.8, 136.6, 131.0, 129.2,
127.8,127.2,126.8,124.7,123.8, 123.3, 123.1, 122.8, 120.1, 120.0, 119.7, 54.9, 44.4, 34.6, 33.6,
28.1,27.0,22.8, 14.1, 10.4.

Synthesis of (4,8-bis(5-(9,9-dioctyl-9H-fluoren-2-yl)thiophen-2-yl)benzo[1,2-b:4,5-b’]
dithiophene-2,6-diyl)bis(trimethylstannane)(FIT-BDT-OC-5n)

FIT-BDT-OC (0.22 g, 0.19 mmol) was dissolved in dry THF and the mixture was cooled
to —78°C. n-BuLi (2.5 M in hexane) (0.20 mL, 0.48 mmol) was slowly added to the solu-
tion and the reaction mixture was stirred for 1 h. And then trimethyltin chloride (0.09 g,
0.42 mmol) in dry THF was added in one portion. The reaction mixture was poured into
water and extracted with ether, and dried with Na,SO,, filtered, the solvent was removed
to obtain yellowish solid, which was further recrystallized to obtain pure product (0.25 g,
yield: 87%). "H NMR (300 MHz, CDCl3): § (ppm) 7.80-7.66 (m, 10H), 7.59-7.50 (m, 6H),
7.40-7.29 (m, 6H), 2.04-1.93 (m, 8H), 1.29-0.94 (m, 40H), 0.81 (t, 6H), 0.73-0.60 (m, 4H),
0.41 (t, 9H). 3C NMR (75 MHz, CDCl3): § (ppm) 151.6, 150.9, 146.1, 143.6, 143.0, 141.1,
141.1, 139.5, 137.4, 132.4, 131.0, 129.3, 127.1, 126.8, 124.8, 124.2, 122.9, 122.2, 121.3, 119.9,
119.7, 55.2, 40.4, 31.8, 30.3 29.4, 23.7, 22.6, 14.1,—8.2

Synthesis of (4,8-bis(5-(9,9-bis(2-ethylhexyl)-9H-fluoren-2-yl)thiophen-2-yl)benzo[1,2-
b:4,5-b']dithiophene-2,6-diyl)bis(trimethylstannane) (FIT-BDT-EH-Sn)

FIT-BDT-EH-Sn was synthesized using the similar procedure for FIT-BDT-OC-Sn. Yellowish
solid (0.21g, yield: 89%). '"H NMR (300 MHz, CDCl;): § (ppm) 7.79-7.65 (m, 10H), 7.57-7.48
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(m, 6H), 7.41-7.29 (m, 6H), 2.18-1.98 (m, 4H), 1.18-0.68 (m, 24H), 0.66-0.58 (m, 6H), 0.39
(t, 9H). *C NMR (75 MHz, CDCl;): § (ppm) 151.3, 150.7, 146.0, 143.4, 142.9, 141.1, 140.8,
139.3, 137.4, 132.4, 131.0, 129.1, 126.9, 126.6, 124.8, 124.1, 122.9, 122.2, 121.3, 120.0, 119.6,
54.9,44.4, 34.6, 33.6, 28.1, 27.0, 22.8, 14.1, 10.4, —8.2.

General polymerization procedure

P1 and P2 were synthesized by applying microwave-assisted Stille polymerization. The rep-
resentative procedure for the synthesis of polymer P1 is as follows: To a 10 mL microwave
tube, FIT-BDT-OC-Sn (200 mg, 0.14 mmol), DPP (94 mg, 0.14 mmol), Pd,(dba); (2.56 mg, 2
mol%), and P-(o-tolyl); (6.82 mg, 16 mol%) were dissolved in anhydrous chlorobenzene. The
reaction mixture was purged with N, for 20 min. Microwave tube was put into the reactor
and heated to 120°C for 45 min. After cooling to room temperature, reaction mixture was
poured into methanol to obtain precipitate. The resulting precipitate was purified by Soxhlet
extraction method using methanol, acetone, hexane, and chloroform (CF). The CF fraction
was evaporated to get P1.

Synthesis of poly [4,8-(bis(5-(9,9-dioctyl-9H-fluoren-2-yl)thiophen-2-yl)benzo[1,2-b:4,
5-b'|dithiophene-alt-2,5-diethylhe%)xyl-3,6-bis(5-thiophen-2-yl)pyrrolo[3,4-c]-pyrr-
ole-1,4-dione (P1)

'H NMR (300 MHz, CDCL3): § (ppm) 7.79-7.60 (m, 12H), 7.58-7.29 (m, 12H), 4.20-4.10 (m,
4H), 2.20-2.00 (m, 8H), 1.30-0.48 (m, 90H). Yield = 0.14 g (61%).

Synthesis of poly [4,8-(bis(5-(9,9-di(2-ethylhexyl)-9H-fluoren-2-yl)thiophen-2-yl)ben
zo0[1,2-b:4,5-b’ Jdithiophene-alt-2,5-diethylhexyl-3,6-bis(5-thiophen-2-yl)pyrrolo[3,4-
c]-pyrrole-1,4-dione (P2)

'"H NMR (300 MHz, CDCl;): § (ppm) 7.79-7.60 (m, 12H), 7.58-7.29 (m, 12H), 4.20-4.10 (m,
4H), 2.20-2.00 (m, 8H), 1.30-0.48 (m, 90H). Yield = 0.16 g (63%).

Fabrication of organic photovoltaic cells

The glass substrates were coated with a transparent ITO electrode (110 nm thick, 10~15 €2/sq
sheet resistance), which was ultrasonically cleaned with detergent, distilled water, acetone, and
isopropyl alcohol. Then, the layer of 40 nm thick PEDOT:PSS (Clevios PVP AI4083) was spin-
coated onto the pre-cleaned and UV-ozone treated ITO substrates and the film baked in air at
140°C for 20 minutes. The solution of active layer, which was prepared by dissolving appro-
priate ratios of P1:PC;;BM in o-dichlorobenzene (ODCB) and P2:PC;;BM in chlorobenzene
(CB), was filtered with 0.45 um PTFE (hydrophobic) syringe filter and spin-coated on the
top of the PEDOT:PSS with the layer thickness of 75~85 nm, dried at room temperature
for 30-40 minute. The lithium fluoride (0.5 nm) and aluminum (Al) cathode (120 nm) were
deposited on the top of the active layer under vacuum less than 5.0x 107¢ torr, which yields
a 9 mm? of active area per each pixel. The film thickness was measured with a a-Step IQ
surface profiler (KLA Tencor, San Jose, CA).The performance of PSCs were measured using
a calibrated AM 1.5G solar simulator (Oriel® SolI3A™ Class AAA solar simulator, models
94043A) with a light intensity of 100 mW/cm? adjusted using a standard PV reference cell
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(2 cm x 2 cm, mono crystalline silicon solar cell, calibrated at NREL, Colorado, USA) and
a computer controlled Keithley 2400 source measure unit. The incident photon to current
conversion efficiency (IPCE) was measured using Oriel® IQE-200™. While measuring the
photocurrent density-voltage (J-V) characteristics for PSCs, a black mask was used and only
the effective area of the cell was exposed to light irradiation.

Hole mobility

The apparent charge carrier mobility was evaluated from the current J-V curves of single
charge carrier devices and the results were subsequently fit using the space charge limited
current (SCLC) method. In order to measure the SCLC of only one type of charge carrier in
a blend, the other one must be suppressed by a large injection barrier, resulting in an elec-
tron or hole only device. To measure the hole mobility in P1, P2 devices were made with the
structure of ITO/PEDOT:PSS/polymer (P1 or P2) /MoOs/Al. By taking the current-voltage
measurements in the range of 0-3 V and fitting the results to a space charge limited form,
where SCLC is described by the Mott-Gurney law[12].

J = (9/8) &g (V2/L)

Where ¢, is the dielectric constant (¢, = 3), & is permittivity of free space, L the thick-
ness of the active layer, u is the charge mobility and V is the voltage drop across the device
(V = Vappt — Vi, where V1 is the applied voltage to device and Vy,; is the built-in voltage).

Results and discussion

Synthesis and characterization

Scheme 1 shows the structures of the conjugated polymers with the same polymer backbone
and different side chains. DPP was synthesized following the reported literature[13]. The fluo-
rene unit provides a space for introducing two alkyl chains for attaining good solubility for the
polymers[14]. From the synthetic point of view, it is easy to introduce alkyl chains on fluorene
unit when compared to thiophene unit. Hence, we believe that the attachment of FIT group to
the BDT unit in upward and downward directions offer better performance via inexpensive
solution processing fabrication conditions. The organization of an electron-rich (donor) and
an electron-deficient unit (acceptor) in a polymer main chain is a famous synthetic approach
to yield a LBG with rather high charge carrier mobilities, owing to the intramolecular charge
transfer. Hence, P1 and P2 were prepared by polymerizing a new FIT-BDT donor moiety with
DPP as the acceptor moieties, under microwave-assisted Stille reaction conditions. The result-
ing polymers were carefully purified through Soxhlet extraction using methanol, acetone, and
hexane, to remove the low molecular weight fractions. All polymers exhibited good solubil-
ity in common organic solvents, such as THEF, CB, ODCB, and CF. The chemical structures
of the synthesized monomers and polymers were confirmed by '"H NMR. M,, of P1 and P2
was 20197, 28002 Da with PDI of 1.89 and 1.86, respectively. The disparity in the M,, of the
two FIT-BDT based polymers tend to almost same values, because alkyl chain has no affect in
molecular weight of polymers. The thermal properties of the two polymers were measured by
TGA at aheating rate of 10°C/min and N, (Figure 1). The onset of decomposition temperature
(T4, corresponding to 5% weight loss) of Pland P2 was 427, 408°C, respectively, indicating
their very high thermal stability.
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FIT-BDT-EH-8n, R, = 2-ethylhexyl P2, R, = 2-athylhexyl R;=2-ethylhexyl

Scheme 1. Synthetic route for P1and P2.

Optical and electrochemical properties of newly designed FIT-BDT-based polymers

The UV-vis absorption spectra of P1, P2 in CF solution and thin film state are shown in
Figure 2. P1 exhibits two well-defined absorption peaks, one at higher energies (300-450 nm)
resulting from -7 * transitions and the other one at lower energies (500-700 nm). The thin-
film absorption of P1 exhibits similar optical property to that in solution[15]. The thin film
absorption spectra of P1 and P2 is shown in Figure 2b. From solution state to film state, the
maximum absorption peak of P1 was red-shifted by 4 nm, and the intensity of the shoulder
peak was increased due to stronger intermolecular interactions in the film state[16]. In addi-
tion, obvious vibronic shoulder peaks at lower energies are observed both in solution and thin
film, which suggests significant order in the polymer structure. The optical bandgap (E,°)

—=—P1
100
—o— P2
__sof
£
£
o
]
= 60 |
40
200 400 600 800

Temperature (°C)

Figure 1. TGA curves of P1and P2.
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Figure 2. UV-visible absorption spectra of P1and P2 in chloroform solution and film state.

estimated from the film absorption onset is 1.36 eV. The solution spectra of P1 and P2 exhib-
ited a similar trend[17]. As anticipated, P1 and P2 tend to having similar band gap. The E,***
of P1 and P2 was estimated from the onset absorption edge of the thin film absorption spectra
and found to be 1.36 and 1.35 eV, respectively. However, in case of P2 the intensity of vibronic
shoulder peak was reduced because of reduced interactions between the side chains in the
film state. P1 show stronger w -7 stacking than P2 in film state. Thus, the arrangement of
polymer chain in P1 is aligned properly in film state compare to P2, which improves charge
transfer. We predict that charge transfer and PCEs will be more for PSCs devices based on
P1. The electrochemical properties of FIT-BDT-based polymer films were investigated by CV
and the results are shown in Figure 3. Since, both P1 and P2 possess the same conjugated
back bone framework, we expect that there would not be much difference in HOMO values.
In agreement with our observation, the calculated HOMO values for P1 and P2 were found
to be —5.34 and —5.32 eV. It is worth noting that, the variation in alkyl chains has no signifi-
cant impact on the HOMO levels of the polymers. The HOMO of P1 and P2 are significantly
deeper than that of P3HT (—4.76 eV) and close to the ideal HOMO energy level (—5.2 eV),
which suggests their high air stability[18]. The LUMO levels are calculated from E,°** and
the HOMO energy levels. The LUMO levels of P1 and P2 were calculated to be —3.98 and
—3.97 eV, respectively, as estimated from E,°** and the HOMO energy levels.

Photovoltaic properties and optimization of newly designed FIT-BDT-based polymers

The BHJ] PSCs were fabricated with a configuration of ITO/PEDOT:PSS/P1 or
P2:PC;;BM/LiF/Al and tested under the illumination of AM 1.5G illumination
(100 mW/cm?). In order to get the best device performance, several device and pro-
cessing conditions such as suitable solvent, polymer to PC;;BM ratio, active layer thickness,
and processing additive were systematically optimized. The best photovoltaic properties
were obtained with the blend ratio of 1:2 for the P1 and P2 devices, respectively. Figure 4a
show J-V curves of best devices of pristine and additive treated P1 and P2 devices and
the data are summarized in Table 1, respectively. The best device of pristine P1 delivered
1.36% of PCE, which is slightly higher than that of the best device of the pristine P2 (PCE:
0.81%) attributed to the higher V. of 0.78 V, J,. of 4.07 mA/cm?, and FF of 42.26%. This
can be explained from its broad absorption spectrum and higher carrier mobilities of the
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Figure 3. CV curves of P1and P2 thin films.

P1:PC;BM blend than the P2:PC;; BM blend. Additionally, the P1 device shows a higher V.
than that of the P2 device due to its slightly deeper HOMO energy level since the V,. mainly
depends on the HOMO of the donor and LUMO of the acceptor. Due to the relative higher
carrier mobilities of the P1:PC;;BM blend, it shows higher FF and ], values than that of the
P2:PC;;BM blend, which leads to higher PCE for the P1 device than the P2 device. There
have been reports that the FF and J;. of OPV devices could be greatly improved by using
additives such as 1,8-diiodooctane (DIO) and chloronaphthalene by forming excellent active
layer morphology (Figure 5). To further improve the photovoltaic performance of P1 and
P2, an optimal amount of DIO (1 vol%) was introduced. These high boiling additives can
adjust the morphology to attain nanoscale phase separation of the polymer:PC;;BM blends
during spin coating and consequently significant improvement in PCE could be visualized.
Surprisingly, interesting observations were recognized after introducing optimum amount
(1 vol%) of DIO. Atomic force microscope (AFM) images of the polymer:PC;;BM films were
taken to compare the surface morphology of the blend films before and after the addition of
DIO. The AFM images of polymer:PC;;BM and polymer:PC;;BM +1% DIO are shown in
Figure 5. The root-mean-square (RMS) roughness values of P1 and P2 were found to be 0.4
and 1.2 nm, respectively, whereas after addition of DIO the RMS values of P1 and P2 blend
films were slightly decreased to 0.28 and 0.94 nm, respectively. The AFM images revealed that
after addition of 1% DIO the morphology of blend films of polymer:PC;;BM was adjusted in
such a way to attain efficient charge transport to the respective electrodes. Consequently, an
improvement in both J. and FF were observed along with PCE. We observed PCE of 1.78,
and 1.20% for the devices of P1, and P2 respectively. The most efficient P1-based device,
obtained using 1% DIO, had a PCE of. 1.78%, with J,. of 5.39 mA/cm?, FF of 43.11%, and
Vo of 0.77 V. However, the overall PCE was increased for the devices based on P1, and P2
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Figure 4. (a) J-V curves and (b) EQE curves of the devices.

after adding 1% DIO. The change of PCEs is primarily due to the improved J. and slightly
improved FF (shown in Table 1). We presume that DIO facilitated the polymer:PC;;BM
phase separation and increase intermolecular packing to realize high PCE for the OPV
devices. We tested the OPV performance of BHJ PSCs by adding more than 1% DIO, but
we did not observe any promising results. As shown in Figure 4b, pristine blend of both
the polymers covers the external quantum efficiency (EQE) from 300 to 900 nm, which are
well matched with their absorption patterns. The improvement in device performance due

Table 1. Summary of the device performances of the fabricated PSCs.

Thickness Vo o FF Hole mobility PCE
Device Polymer Polymer:PC,,BM (nm) (v) (mA/cm?) (%) (cm?/V-s) (%)
1 P1 1:02 75 0.78 4.07 42.26 357 x 1072 136
2 P1 122 (DIO 1%) 78 0.77 539 431 178
3 P2 1:02 81 0.75 325 32.63 1.93 x 10~° 0.81
4 P2 1:2 (DIO 1%) 84 0.73 4.96 329 12
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Figure 5. Atomic force microscopy (AFM) images of the blend films of (a) P1:PC7BM, (b) P1:PC7BM with
1% DIO, (c) P2:PC7BM, and (d) P2:PC7BM with 1% DIO.
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Figure 6. SCLC mobility curves of the holy only devices of P1and P2.
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to addition of DIO additive is also observed from the IPCE spectra of the devices. There is
significant broadening of IPCE spectra for device with 1% DIO and with recorded relatively
higher value of J,.. The hole mobilities of the two polymers were investigated by the SCLC
method. The relationship between current and voltage in the hole-only devices of polymer
films is shown in Figure 6. The hole mobilities of P1 and P2 were 3.59x 107> and 1.91x 107>
cm?/V-s, respectively. All polymer/PC; BM blends showed a relatively low hole mobility
which may be one of the reasons for J. values in OPV devices.

Conclusions

Two LBG polymers, P1 and P2, have been synthesized successfully by introducing FIT as a
new conjugated side chain group on BDT unit to comprehend the influence of alkyl chain
topology on the 7 — stacking and the photovoltaic properties. The well-resolved and main-
tained shoulder peak in the thin film compared to solution state is observed between 670 and
720 nm for P1, endorses the efficient 7w —m stacking of the polymer backbone. In contrast,
the shoulder peak for P2 is reduced in the thin film state when compared to its solution. This
indicates that the P1 possess more planar backbone features than that of P2. The best device
of P1 showed the maximum PCE of 1.78% with the V. of 0.77 V whereas the best device of
P2 showed the PCE of only 1.20% with the V. of 0.73 V. This can be understood by the well
maintained interactions between the polymer chains due to the linear octyl chains on fluorene
unit of FIT conjugated side chain introduced on BDT unit, which lead to increases the carrier
mobilities of P1 than P2.
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