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A donor-acceptor type low band gap conjugated polymer that was composed of carbazole
and 4,7-dithiazolylbenzothiadiazole (DTzBT), i.e. Poly [N-9'-heptadecanyl-2,7-carbazole-alt-5,5-(4',7'-
di-2-thiazol-2/,1,3’-benzothiadiazole)] (PCDTzBT), was synthesized through the Suzuki coupling
polymerization for organic photovoltaics. According to the simulated electronic properties, the syn-
thesized polymer exhibited a better balanced energy level than the polymer that included the
4,7-dithienylbenzothiadiazole (DTBT) moiety. In optical and electrochemical experiments, it exhibited
a band gap as low as 1.85eV and well balanced HOMO and LUMO energy levels of —5.54 and —3.65¢eV,
respectively. A PCE of 0.448% was observed in the device that used the PCDTzBT/PC7;BM blend film as
the active layer. In spite of the well-balanced energy level and low band gap, it is believed that the low
PCE value depended on the low molecular weight.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Semiconducting polymers have been developed into useful
materials for a variety of applications, such as photovoltaic cells
(PVs)[1-9], thin-film transistors (TFTs) [10-13], and light-emitting
diodes [14-18]. In the past few years, photovoltaic devices based
on conjugated polymers have been extensively studied. Particu-
larly, various polymer materials have been vigorously investigated
in order to enhance the photovoltaic efficiency and oxidative sta-
bility in the most widely used configuration of polymer solar cells,
bulk heterojunction type devices [19-23].

A photon absorption property that has a wide solar spectrum
and well-balanced energy levels has been regarded as necessary
for promising polymer photovoltaic materials [24]. In order to
reduce the band gap and optimize the highest occupied molecular
orbital (HOMO) and lowest unoccupied molecular orbital (LUMO)
energy levels, the donor/acceptor (DA) conjugated system has been
regarded as an effective method since the polymer band gap and
HOMO/LUMO energy levels are easily controlled by adjusting the
molecular orbital overlapping effect, which is induced from the
intra-chain charge transfer from the donor to the acceptor [25].

In DA type copolymers, the electronic and chemical properties
of the electron-withdrawing moiety are very important factors for
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determining that of DA type copolymer. A strong electron affinity,
structural planarity, and various resonance structures are key fac-
tors for promising electron withdrawing units in DA type low band
gap polymers [26]. From this perspective, 2,1,3-benzothiadiazole,
which is a well-known electron-withdrawing molecule, has been
used in various electronic materials [27-30]. In many cases, this
unit was linked with thiophenes for further modification since the
thiophenes can be easily functionalized. However, introduction of
electron-donating thiophene groups decrease the electron with-
drawing property of benzothiadiazole. If a heterocyclic ring, which
has not only comparable electronic and structural properties to
thiophene but also stronger electron affinity than it, is neighbored
with benzothiadiazole in the polymer backbone as a spacer, the
band gap and energy levels of the copolymer will be controlled
efficiently.

Several years ago, the Yamashita group demonstrated the elec-
tronic and structural properties of 4,7-dithiazolylbenzothiadiazole
(DTzBT) and its potential use as an outstanding material for OTFTs
of thiazoles-linked benzothiadiazole [31]. Despite its outstanding
properties, there were no further studies regarding materials com-
bined with the DTzBT unit. In this context, we took note of the
DTzBT unit as an electron-accepting building block for organic pho-
tovoltaic materials. Since thiazole has a stronger electron affinity
than thiophenes, it is expected that the intramolecular interaction
between the electron-donating unit and electron-withdrawing unit
is efficiently induced in the polymer backbone. In addition, the thi-
azole ring is expected to reduce the steric interactions between
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the neighboring rings, resulting in increases of the planarity of the
molecule, which is favorable for intermolecular - interactions.

Herein, the synthesis and organic photovoltaic device
performance of a new conjugated copolymer based on the
DTzBT unit, that is poly[N-9-heptadecanyl-2,7-carbazole-
alt-4,7-dithiazolylbenzothiadiazole] (PCDTzBT), is reported.
As an electron-donating materials, carbazole was intro-
duced in polymer backbone since carbazole derivatives
exhibited good hole-transporting property as well as good
oxidative stability [32,33]. The synthesis, electrochemical
behavior, optical properties, and photovoltaic property of
the polymer are discussed. Furthermore, a potential of 4,7-
dithiazolylbenzothiadiazole unit as a dopant material for OLEDs is
discussed.

2. Experimental
2.1. Instruments and characterization

All of the reagents and chemicals were purchased from Aldrich
and used as received unless otherwise specified. The '"H NMR
(400 MHz) spectra were recorded using a Britker AMX400 spec-
trometer in CDCl;, and the chemical shifts were recorded in
units of ppm with TMS as the internal standard. The elemen-
tal analyses were measured with EA1112 using a CE Instrument.
The absorption spectra were recorded using an Agilent 8453 UV-
visible spectroscopy system. The solutions that were used for the
UV-visible spectroscopy measurements were dissolved in chloro-
form at a concentration of 10 wg/mL. The films were drop-coated
from the chloroform solution onto a quartz substrate. The PL spec-
tra were measured using a Hitachi F-4500 spectrophotometer. The
solutions that were used for the UV-visible spectroscopy and pho-
toluminescence (PL) efficiency measurements were dissolved in
chloroform at a concentration of 1 mg/mL. The films were drop-
coated from the chloroform solution onto a quartz substrate. All
of the GPC analyses were carried out using THF as the eluent and
a polystyrene standard as the reference. The TGA measurements
were performed using a TA Instrument 2050. The cyclic voltam-
metric waves were produced using a Zahner IM6eX electrochemical
workstation with a 0.1 M acetonitrile (substituted with nitrogen in
20 min) solution containing BuyNPFg as the electrolyte at a con-
stant scan rate of 50 mV/s. ITO, a Pt wire, and silver/silver chloride
[Ag in 0.1 M KCI] were used as the working, counter, and refer-
ence electrodes, respectively. The electrochemical potential was
calibrated against Fc/Fc*. The current-voltage (I-V) curves of the
photovoltaic devices were measured using a computer-controlled
Keithley 2400 source measurement unit (SMU) that was equipped
with a Peccell solar simulator under an illumination of AM 1.5G
(100 mW cm~2).

2.2. Fabrication and characterization of polymer solar cells

All of the bulk-heterojunction PV cells were prepared using
the following device fabrication procedure. The glass/ITO sub-
strates [Sanyo, Japan (10 €2/y)] were sequentially lithographically
patterned, cleaned with detergent, and ultrasonicated in deion-
ized water, acetone, and isopropyl alcohol. Then the substrates
were dried on a hotplate at 120°C for 10min and treated
with oxygen plasma for 10 min in order to improve the contact
angle just before the film coating process. Poly(3,4-ethylene-
dioxythiophene):poly(styrene-sulfonate) (PEDOT:PSS, Baytron P
4083 Bayer AG) was passed through a 0.45pm filter before
being deposited onto ITO at a thickness of ca. 40nm by spin-
coating at 4000rpm in air and then it was dried at 120°C
for 20min inside a glove box. A blend of the polymer and

PCBM (1:4, w/w) was dissolved in ODCB (the concentration was
controlled adequately in the 0.5wt% range), filtered through a
0.45 pm poly(tetrafluoroethylene) (PTFE) filter, and then spin-
coated (1100 rpm, 40 s) on top of the PEDOT:PSS layer. The sample
was then heated at 120°C for 10 min inside a glove box filled with
nitrogen. The device fabrication was completed by depositing thin
layers of BaF, (1 nm), Ba (2 nm), and Al (200 nm) at pressures less
than 10-% Torr. The active area of the device was 4.0 mmZ. Finally,
the cell was encapsulated using UV-curing glue (Nagase, Japan).
The illumination intensity was calibrated using a standard Si pho-
todiode detector that was equipped with a KG-5filter. The output
photocurrent was adjusted to match the photocurrent of the Si ref-
erence cell in order to obtain a power density of 100 mW cm2.
After the encapsulation, all of the devices were operated under an
ambient atmosphere at 25°C.

2.3. Materials

All reagents and chemicals were purchased from Aldrich. Chlo-
roform was dried over CaCl, and THF, toluene was dried over
sodium under a nitrogen atmosphere. Other reagents and chemi-
cals were used as received. 4,7-Dibromo-2,1,3-benzothiadiazole (1)
[34,35], 2,7-bis(4',4’,5,5'-tetramethyl-1’,3/,2’-dioxaborolan-2’-yl)-
N-9”-heptadecanylcarbazole (5) [36] were prepared as described
in the literature.

2.3.1. 2-Tributylstannyl thiazole (2)

To a stirred solution of thiazole (1 g, 11.7 mmol) in diethyl ether
(45 mL), n-butyllithium (2.5 M in hexane) (5.14 mL, 12.8 mmol) was
added slowly at —50°C. The mixture was stirred at —50°C for 1h
and then a solution of tributylstannyl chloride (4.16 g, 12.8 mmol)
was added dropwise. After one additional hour, the resulting mix-
ture was warmed to room temperature and stirred overnight.
The reaction mixture was washed with saturated aqueous sodium
bicarbonate and brine, dried with sodium sulfate, and the solvent
was removed under reduced pressure. Brown liquid Yield 2.5¢g
(86.18%) 'H NMR (400 MHz, CDCls, 8, ppm): 8.17 (d, 1H), 7.97
(d, 1H), 1.34 (m, 6H), 1.24-1.20 (m, 12H), 0.93-0.87 (m, 9H); 13C
NMR (100 MHz, CDCls, §, ppm): 173.914, 145.487, 121.242, 29.024,
27.364,13.779, 11.327.

2.3.2. 4,7-Di(thiazol-2-yl)benzo[c][1,2,5]thiadiazole (3)

To a solution of 4,7-dibromo-2,1,3-benzothiadiazole (1.91g)
and 2-tributylstannyl thiazole (5.34g) in anhydrous toluene
(120 mL), Pd(PPh3)4 (750 mg) was added. The mixture was heated
at 100°C and then refluxed. After 12 h, the mixture was cooled at
room temperature, the solvent was removed under reduced pres-
sure, and the solution was washed with water and dried by sodium
sulfate. The residue was purified by column chromatography (elu-
ent chloroform). Recrystallization from chloroform gave the title
compound yellow powder (1.18g, 60.09%). 'H NMR (400 MHz,
CDCls, 4, ppm): 8.76 (s, 2H), 8.07 (d, 2H), 7.64 (d, 2H).

2.3.3. 4,7-Bis(5-bromothiazol-2-yl)benzo[c][1,2,5]thiadiazole (4)

To a solution of 4,7-di(thiazol-2-yl)benzo[c][1,2,5]thiadiazole
(1.195 g) in chloroform (50 mL) and DMF (50 mL), NBS (1.547 g) was
added and heated at 60°C. After 24 h, the mixture was cooled at
room temperature, extracted with chloroform, washed with water,
and dried by sodium sulfate. The solvent was removed from the
under reduced pressure and recrytallization in chloroform gave
the title compound as a light red solid (1.201g (66.1%) '"H NMR
(400 MHz, CDCl3, §, ppm): 8.69 (s, 2H), 7.94 (s, 2H).

2.3.4. PCDTzBT
Compound 2 (0.225g), compound 5 (0.143g) and
tetrakis(triphenylphosphine) palladium(0) (PPh3)4Pd(0) (6mg)
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Scheme 1.

were dissolved in a mixture of dry toluene (3 mL) and aqueous
2MK;CO3 (2mL). The solution was refluxed with vigorous stir-
ring under a nitrogen atmosphere for 2.5h. The polymerization
solution was poured into methanol with stirring, and the resulting
precipitate was dissolved in CHCl3 and washed with dilute HCL
The organic layer was separated using a separatory funnel and
evaporated. The solid residue was dissolved again in toluene for
reprecipitation. The precipitated polymer was filtered off, and
dissolved again in CHCls. The polymer solution was slowly poured
into intensively stirred methanol. The precipitated polymer was
filtered off and washed with dilute HCl, NH4OH, and water. The
crude polymer was washed for 24 h in a Soxhlet apparatus using
methanol, acetone, hexane, and chloroform to remove oligomers
and catalyst residues. Dark violet solid (0.2g (65%) 'H NMR
(400 MHz, CDCl3, §, ppm): 8.81-7.31 (ArH, 10H), 4.66 (-CH, H),
2.4-2.0(-CHy, 4H), 1.45-0.95 (-CH,, 24H), 0.78 (-CH3, 6H).

3. Results and discussion
3.1. Synthesis and characterization

The synthesis process for the monomers and polymers is shown
in Scheme 1. The molecular weight of the polymers was mea-
sured using GPC, and polystyrene was used as the standard with
THF as the eluent. The number average molecular weight (M) and
the weight average molecular weight (M,y) were 5.5 kg/mol and
7.0 kg/mol, respectively. The thermal properties of PCDTzBT were
investigated using thermogravimetric analysis (TGA) at a heating
rate of 10K/min. The polymer exhibited decomposition temper-
atures (Tq) near 315°C, which indicated that PCDTzBT exhibited
good thermal stability, making it applicable for use in polymer
solar cells and other optoelectronic devices. The molecular weight
measurements and thermal property results are shown in Table 1.
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Fig. 1. Theoretical HOMO and LUMO energy levels.
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Table 1

Molecular weights and thermal property of PCDTzBT.
Polymer M, (kg/mol) M, (kg/mol) Mw /My Tq (°C)
PCDTzBT 55 7.0 1.25 315

Molecular weights and ploydispersity indexes determined by GPC in THF on the
basis of polystyrene calibration.

3.2. Theoretical calculations

Predicting the behavior of both the HOMO and LUMO energy
levels for new polymers is crucial for making a rational design
of optimized BH]J solar cells. In the present work, we estimated
the HOMO and LUMO energy levels of the repetitive units of the
corresponding alternating copolymers by using density functional
theory (DFT), as approximated by the B3LYP functional and employ-
ing the 6-31G* basis set in Gaussian09. DFT/B3LYP/6-31G* has been
found to be an accurate formalism for calculating the structural and
optical properties of many molecular systems.

According to this DFT computation, the HOMO and the LUMO
energy levels of 4,7-dithienylbenzothiadiazole (DTBT) and DTzBT
were —5.29eV/-2.62eV and -5.79eV/-2.93 eV, respectively. As
shown in Fig. 1, although both materials had very similar elec-
tron density geometries, DTzBT had a lower HOMO and LUMO
energy level than did DTBT. This is related to its improved electro-
affinity. Since the electro-affinity of DTzBT was increased by
introducing thiazole units, that is electron withdrawing molecules,
the HOMO and the LUMO energy levels of DTzBT were lower
than those of DTBT, although they had similar electron den-
sity geometries. Likewise, the HOMO and LUMO energy levels
of PCDTBT and PCDTzBT were calculated as —4.99eV/-2.59eV
and —5.31eV/-2.87 eV, respectively. As a result of the simulated
electronic properties, the synthesized PCDTzBT could have more
balanced energy levels than the PCDTBT, which is a well-known
polymer used in OPVs.

3.3. Optical properties

Fig. 2(a) shows the UV-vis absorption and photoluminescence
(PL) spectrum of PCzTzBT in the chloroform solution and in the
thin solid films. PCDTzBT exhibited maximum UV-vis absorp-
tion peaks (Amax) at 369/531 nm in solution and 384/562 nm in
film. Compared to the solution, PCDTzBT exhibited red-shifted
maximum absorption peaks at about 50 nm in film. Maximum
emission peak and shoulder peak, in solution, were displayed at
522 nm and 610 nm, respectively. The maximum emission peak
at 522nm comes from the 4,7-dithiazolylbenzothiadiazole unit,
and the shoulder peak arises from the molecular orbital over-
lap between the electron-donating unit and electron-withdrawing
unit. Like the UV-vis absorption spectrum, the PL spectrum of the
film sample exhibited peaks at longer wavelengths compared to the
solution sample. The maximum emission peak and shoulder peak,
in solution, were shifted to the long wavelength region. However,
in film, the intensity of the DTzBT unit decreased, and the intensity
of the emission peak that arose from the molecular orbital over-
lap greatly increased. This implied that PCDTzBT has a strong inter
and intra molecular interaction, from which it seems to have the
potential to be a good active material for organic photovoltaics.

Furthermore, the UV-vis absorption range of DTzBT overlapped
well with the emission range of polyfluorene, which is the most
important blue emitting material, which implies that the DTzBT
unit could be introduced as a dopant material for white organiclight
emitting diodes since efficient energy transfer could proceed from
polyfluorene to DTzBT. The UV-vis absorption spectra of DTzBT and
the photoluminescence (PL) spectra of polyfluorene are shown in
Fig. 2(b).
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Fig. 2. (a) UV-vis absorption and PL emission spectra of PCDTzBT in a solution (in
chloroform at a concentration of 1 mg/mL), and in a film (b) comparison UV-vis
absorption spectra of DTzBT with PL emission spectra of polyfluorene.

On the basis of all these optical measurements, it is expected
that the DTzBT unit could be used as a potential material unit in
OLEDs as well as in OPVs. The optical band gap of PCDTzBT was
calculated from the band edge of the UV-vis absorption spectrum
in the film. The polymer had a low optical band gap of 1.85eV.

3.4. Electrochemical properties

The electrochemical behavior of the copolymers was investi-
gated using cyclic voltammetry (CV). The supporting electrolyte
was tetrabutyl ammonium hexafluorophosphate (BuyNPFg) in
acetonitrile (0.1 M), and the scan rate was 50mV/s. The ITO
glass and Pt plates were used as the working and counter
electrodes, respectively, and silver/silver chloride [Ag in 0.1 M
KCI] was used as the reference electrode. All of other mea-
surements were calibrated using the ferrocene value of —4.8eV
as the standard. The HOMO levels of the polymers were
determined using the oxidation onset value. The LUMO lev-
els were calculated from the differences between the HOMO
energy levels and the optical band-gaps, which were deter-
mined using the UV-vis absorption onset values in the
films.

Fig. 3 shows the cyclic voltammograms of the synthesized
polymers. The synthesized polymer, PCDTzBT, showed an electro-
chemical stability with respect to oxidation and reduction. The
oxidation and reduction onset potentials of PCDTzBT were 1.16V
and —0.73V, respectively. According to these results, the HOMO
level of PCDTzBT was —5.54 eV, and the LUMO level was —3.65eV.
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Table 2
Optical, electrochemical data and energy levels of PCDTzBT.
Polymer Absorption Amax (nm)? PL Amax (nm)d EgP ¢ (eV) EX.. (V) Energy level® (eV)
Solution® Film® Solution® HOMO LUMO
PCDTzBT 369, 531 384, 562 522,610 (sholder) 580 (sholder), 630 1.85 1.16 —5.54 —3.65

2 Amax was determined from UV-vis data.

b Diluted in chloroform.

¢ Spin-coated from a chloroform.

4 Amax Was determined from PL data.

¢ Estimated from the onset of UV-vis absorption data of the thin film.
 Onset oxidation potential.

& Calculated from the reduction and oxidation potentials under the assumption that the absolute energy level of Fc/Fc* was 4.8 eV below a vacuum.

The electrochemical band gap of PCDTzBT from the electrochem-
ical measurement was 1.89 eV, which almost coincided with the
optical band gap. The electrochemical properties of the polymers
are summarized in Table 2.

3.5. Photovoltaic properties

PCDTzBT molecules were applied in a bulk heterojunction
geometry (BHG) with PCBM. The OPV cells were fabricated
with a sandwiched glass/ITO/PEDOT:PSS/polymer-PCBM (1:4,
w:w)/BaF;/Ba/Al structure. After all of the fabricated devices were
encapsulated in a glove box, the I-V characteristics were measured
under an ambient atmosphere (Table 3).

Fig. 4 illustrates the I-V properties of the fabricated devices.
Since PC71BM has a stronger UV-vis absorption property than
does PCgBM in the visible region, especially around 500nm
[24], PC7:BM was used as the acceptor material. As shown in
Fig. 4, PCDTzBT exhibited the best performance (0.535V of Vg,
2.8mA/cm? of Jsc, 0.3 of FF, and 0.448% of power conversion effi-
ciency (PCE)) in the device where 80 wt% PC71BM was contained
in the active layer (pol:PCBM = 1:4, w/w). Nevertheless, a PCE of
0.448% was relatively low value. It was likely to originate from low
molecular weight that was dependent upon rigid backbone struc-
ture of PCDTzBT. The PCE values of devices were increased with
increase of weight ratio of PC71BM, which stemmed from photo
electron generation property of PC7; BM. It could be confirmed from
differences of Js¢c values and EQE data (Fig. 5).

In order to optimize photovoltaic property of organic pho-
tovoltaic devices based on PCDTzBT, PCg;BM and PC71BM were
introduced as acceptor materials in order to confirm the acceptor
effect in the polymer/acceptor material blend. PCDTzBT exhibited
Voc values of 0.515V and Jsc values of 1.8 mA/cm? when PCg;BM
was used as the acceptor. On the other hand, when PC;1BM was
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Fig. 3. Cyclic voltammograms of thin films recorded in 0.1 M BusNPFg/acetonitrile
at a scan rate of 50 mV/s.

used, the V¢ values (0.535V) were similar to the V¢ values that
were measured when PCg;BM was used as the acceptor. However,
the Jsc values increased to 2.8 mA/cm?. In spite of low HOMO energy
level of PCDTZzBT, all of the devices, where PCDTzBT was introduced
as an active materials, appeared low V¢ values. It originated from
poor solubility of PCDTzBT, which was followed by rigid backbone
structure. Voc value was affected by morphology characteristics as
well as the HOMO energy level of donor materials. Poor solubility
of PCDTzBT had a bad effect on forming an active layer film, which
was supposed to be a reason of low V¢ values.

As shown in Table 4, PCE values were increased with decrease of
active layer thickness. In general, in the case of a polymer that had
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Fig. 4. Comparison of (a) I-V characteristics and (b) EQE properties of photovoltaic
devices with different weight ratio of PC;;BM in active layers.



J.Y. Lee et al. / Synthetic Metals 161 (2011) 2434-2440 2439

Table 3

Potovoltaic property of devices with different weight ratio of PC71BM in active layers.
Active layer Spin coating speed (rpm) Jsc (mA/cm?) Voc (V) FF n (%)
PCDTZzBT/PC71BM=1/1 (w/w) 1400 1.1 0.455 0.41 0.211
PCDTzBT/PC71BM =1/2 (w/w) 1400 1.6 0.515 0.38 0318
PCDTzBT/PC71BM=1/3 (w/w) 1400 1.8 0.596 0.36 0.392
PCDTzBT/PC7;BM = 1/4 (w/w) 1400 2.8 0.535 0.30 0.448

Photovoltaic properties of all of the devices were measuered under AM 1.5 simulated solar illumination at an irradiation intensity of 100 mW cm~2.

Table 4

Photovoltaic property of devices that have PCDTzBT/PCBM (1:4, w/w) blend films as active layers.
Active layer? Spin coating speed (rpm) Thickness (nm) Jsc (mA/cm?) Voc (V) FF n (%)
PCDTzBT/PCs1 BM 500 120 1.5 0.515 0.33 0.251
PCDTzBT/PCg1 BM 800 70 1.8 0.495 0.33 0.291
PCDTzBT/PCg1 BM 1100 60 1.8 0.515 0.33 0.310
PCDTzBT/PCs1 BM 1400 40 1.8 0.495 0.34 0.309
PCDTzBT/PC7;BM 500 120 2.0 0.535 0.31 0.324
PCDTzBT/PC7;BM 800 70 2.6 0.535 0.30 0411
PCDTzBT/PC7;BM 1100 60 2.7 0.535 0.30 0.435
PCDTzBT/PC71 BM 1400 40 2.8 0.535 0.30 0.448

Photovoltaic properties of all of the devices were measuered under AM 1.5 simulated solar illumination at an irradiation intensity of 100 mW cm~2.
3 Polymer:PCBM = 1:4 (w/w).

good charge transport property, PCE values were increased with
increase of active layer thickness. However, as mentioned above, it
was expected that PCDTzBT had poor charge transport property due
to low molecular weight and poor film forming property, which had
an effect on relationships between the thickness and performances
of PV cells. As expected, the best performance data were obtained in
the device that used the PCDTzBT/PC7;1BM blend film as the active
layer, which corresponded to a Voc 0f 0.535V, aJsc of 2.8 mA/cm?, a
FFof0.3,and a PCE 0f 0.448%. It is likely that the asymmetric PC;; BM
had an increased absorption in the visible region, which leads to
better overlap with the solar spectrum relative to that obtained
with the PCg1BM. Nevertheless, low PCE values were obtained in
devices thatincluded PCDTzBT in their active layers, which resulted
from its low molecular weight. Since a short conjugation length was
present in the conjugated main chain and this allowed PCDTzBT to
have a poor molecular orbital overlap effect, which resulted from
its low molecular weight, between the electron-donating unit and
electron-withdrawing moiety, photoelectron generation and trans-
. . . — : . v port were restricted. In spite of the low molecular weight, since
01 00 01 02 03 04 05 06 07 08 PCDTzBT exhibited well-balanced energy levels and strong inter-

—=— PCzTzBT/PC_BM - 500 rpm
—e— PCzTzBT/PC_BM - 800 rpm
44 —A—PCzTzBT/PC_BM - 1100 rpm
—v— PCzTzBT/PC_BM - 1400 rpm

Current Density (mA.’cmz)

-2

Voltage (V) molecular interactions, it is seems that PCDTzBT is worth further
study. The photovoltaic properties of PCDTzBT are summarized in
(b) s If ?_ Table 4.
] —=— PCzTzBT/PC, BM - 500rpm
—e— PCzTzBT/PC, BM - 800rpm f 4. Conclusions
] —4— PCzTzBT/PC_ BM - 1100rpm d
1 —v— PCzTzBT/PC,_ BM - 1400rpm - In summary, PCDTzBT that was based on carbazole and DTzBT

was successfully synthesized through the Suzuki coupling reaction
for used in OPVs. These copolymers exhibited low band gaps of
1.85 eV and well balanced HOMO and LUMO energy levels of —5.54
and —3.65eV, respectively. Although the low molecular weight
prohibited PCDTzBT to have as high a PCE value as PCDTBT, it is
expected that PCDTzBT will improve the photovoltaic properties
of devices by optimizing polymerization conditions and with the
introduction of alkyl chains. Moreover, various polymers involving
the DTzBT moiety could be used in OLEDs due to its optical property.

Current Density (mAIcmz)

LI — T T T 1T T T d
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