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ABSTRACT A series of poly(arylene ethynylene) conjugated polyelectrolytes (CPEs) substituted with carboxylic acid side groups have been
synthesized and characterized. The polymers feature a backbone consisting of a carboxylated dialkoxyphenylene-1,4-ethynylene unit
alternating with a second arylene ethynylene moiety of variable electron demand. The HOMO-LUMO gap is varied across the series, giving
rise to a set of four polymers that have absorption maxima ranging from 404 to 495 nm. The CPEs adsorb effectively from solution onto
nanostructured TiO2 films, giving rise to TiO2/CPE films that absorb ∼90% of the incident light at the absorption band maximum. The
photocurrent generation efficiency of the TiO2/CPE films was examined in a solar cell configuration using an I3-/I- propylene carbonate
electrolyte and a Pt/fluorine-doped tin oxide counter electrode. Most of the films exhibit good photocurrent generation efficiency with a
peak quantum efficiency of ∼50% at wavelengths corresponding to the polymers’ absorption band maximum. Interestingly, the photocurrent
generation efficiency for the lowest-band-gap polymer is substantially lower compared to the other three systems. This effect is attributed
to efficient nonradiative decay of excitons at trap sites arising from interchain contacts distal from the TiO2/CPE interface.

KEYWORDS: conjugated polyelectrolyte • band gap • charge transfer • dye-sensitized solar cell • photocurrent generation •
power conversion

INTRODUCTION

Conjugated polymers have been successfully used as
active materials to construct a variety of electronic
and electrooptical devices such as field-effect transis-

tors (1, 2), light-emitting devices (3, 4), and solar cells (5-8).
In order to tune the optical properties of conjugated poly-
mers, various synthetic strategies have been employed, one
of which is to introduce electron donor-acceptor interac-
tions into the conjugated polymer backbone (9-11). Alter-
nating copolymers containing adjacent repeat units with
different electron demand (i.e., electron-poor/electron-rich)
feature relatively low HOMO–LUMO (highest occupied mo-
lecular orbital-lowest unoccupied molecular orbital) band
gaps. Consequently, these copolymers exhibit absorption
and fluorescence at longer wavelength compared to struc-
turally analogous homopolymers (9, 10). In a study reported
previously, we utilized this strategy to prepare two series of
variable-band-gap conjugated polyelectrolytes (CPEs), which
feature a poly(phenylene ethynylene) backbone functional-
ized with anionic (sulfonate) and cationic (tetraalkylammo-
nium) solubilizing groups (12). In this series, the conjugated
backbone consists of a dialkoxyphenylene-1,4-ethynylene
unit alternating with a second arylene ethynylene moiety,

which has a different electron demand [1,4-phenyl (PPE),
2,5-thienyl (TH), 2,5-(3,4-ethylenedioxy)thienyl (EDOT), and
1,4-benzo[2,1,3]thiadiazole (BTD)] (12). This series of CPEs
displays absorption maxima at wavelengths ranging from
400 to 550 nm and fluorescence maxima ranging from 440
to 600 nm (12). In addition, the study shows that the
spectroscopic properties of the polymers are determined by
the backbone structure; the nature of the side groups (i.e.,
whether they are cationic or anionic) have little effect on the
absorption or emission wavelengths.

Since the pioneering work by O’Regan and Grätzel in
1991, which reported high-efficiency photoelectrochemical
cells based on dye-sensitized nanocrystalline TiO2 electrodes
(13), dye-sensitized solar cells (DSSCs) have attracted con-
siderable interest (14, 15). The sensitizer used in DSSCs is
often a carboxy-substituted ruthenium polypyridine com-
plex, although other metal complexes and organic dyes that
are substituted with carboxylic acid units have been evalu-
ated (16, 17). The carboxylic acid functional group is crucial
to allowing the dye sensitizer to anchor onto the porous
nanocrystalline TiO2 surface (18, 19). Because of their high
cross section for light absorption, tunable band gap, and the
presence of multiple ionic side chains that can be used as
anchoring groups, CPEs can also be used as effective light-
harvesting and sensitizer materials for photoelectrochemical
cells based on nanostructured TiO2 electrodes. Indeed, in
previous work, we and others have demonstrated that
specific CPEs that are functionalized with carboxylic acid
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solubilizing groups can serve as effective sensitizers in
DSSCs, with the cells exhibiting a relatively high incident
photon-to-current efficiency (IPCE) and a moderate overall
white-light power conversion efficiency (20-24).

We have an interest in the application of CPEs in solar
cells, and on the basis of our prior work on variable-band-
gap poly(phenylene ethynylene) CPEs, we recognize that it
would be possible to use the same approach to vary the band
gap of a series of carboxy-substituted polymers that could
be used as sensitizers on nanocrystalline TiO2. This would
allow us to explore the relationship between light-harvesting
and charge-injection efficiencies as a function of the band
gap of the CPE sensitizer. Thus, in the present paper, we
report the results of an investigation of the properties of
photoelectrochemical cells constructed by using a series of
carboxy-substituted poly(phenylene ethynylene) alternating
copolymers in which the band gap is systematically varied
by changing one of the repeat units in the conjugated
backbone (Chart 1). This series of CPEs displays absorption
maxima ranging from the blue into the mid-visible region,
in direct analogy to the series of structurally analogous
sulfonate- and ammonium-substituted CPEs that we re-
ported previously (12). Each of the polymers adsorbs ef-
fectively onto nanocrystalline TiO2 electrodes, presumably
via interaction of the carboxyl group with the TiO2 interface,
giving rise to TiO2/CPE films that absorb g90% of the
incident light at the polymer’s absorption maximum. As
expected, the IPCE and overall power conversion efficiency
exhibit a clear correlation with the polymer band gap, except
for the polymer with the lowest band gap, BTD-PPE. The
possible origin for the relatively poor performance for the
BTD-PPE sensitizer is discussed.

EXPERIMENTAL SECTION
Materials and Synthesis. The approach used to synthesize

PPE, TH-PPE, and EDOT-PPE (Chart 1) was identical with that
described previously for the preparation of a series of 4-(trif-
luoromethyl)phenyl end-capped polymers with backbone struc-
ture identical with that of the parent polymer PPE (25). Details
concerning the synthesis and characterization of all of the
polymers are provided in the Supporting Information. Here we
briefly summarize the process used. Polymers PPE, TH-PPE,
and EDOT-PPE (Chart 1) were prepared via a precursor route
(26), in which the carboxyl groups were protected as dodecyl
esters. The dodecyl ester polymers were soluble in organic
solvents and were characterized by high-resolution NMR and
gel permeation chromatography. Subsequent to characteriza-

tion, the ester groups were hydrolyzed with (n-Bu)4N+OH- to
afford the water-soluble CPEs. Attempts to prepare BTD-PPE via
an analogous route failed because of reaction of the BTD-PPE
backbone under the basic conditions used for hydrolysis of the
dodecyl ester units. Thus, BTD-PPE was synthesized via a direct
route (26) in which the CPE was prepared via polymerization
of 2,2′-(2,5-diiodo-1,4-phenylene)bis(oxy)diacetate and 4,7-
bis[(trimethylsilyl)ethynyl]benzo[c][1,2,5]thiadiazole in a mixed
organic-aqueous solution (see the Supporting Information for
details). After preparation and purification by dialysis, the CPEs
were stored as aqueous stock solutions with a polymer repeat
unit concentration of ca. 1 mM and pH ∼ 8.

Prior to adsorption of the CPEs onto the TiO2-coated elec-
trodes, the polymers were protonated to the acid form by the
addition of 3 N hydrochloric acid to an aliquot of the basic
aqueous stock solution. The neutral CPEs (carboxylic acid form)
precipitated from the solution. The precipitate was collected by
centrifugation and then redissolved in dry N,N-dimethylforma-
mide (DMF) (PPE, TH-PPE, and EDOT-PPE) or dimethyl sulfox-
ide (DMSO) (BTD-PPE) to afford a solution with a concentration
of ca. 0.2 mg/mL.

Fluorine-doped tin oxide (FTO, TEC 8) glass substrates were
purchased from Harford Glass (Harford, PA), and nanocrystal-
line TiO2 paste (12% by weight; average particle size of about
13 nm) was purchased from Solaronix SA (Aubonne, Switzer-
land).

General Methods and Instrumentation. UV-visible absorp-
tion spectra were recorded with a Lambda 25 spectrophotom-
eter from PerkinElmer. Steady-state fluorescence spectra were
obtained with a Fluorolog-3 spectrofluorometer from Jobin
Yvon. A 1-cm square quartz cuvette was used for all spectral
measurements. Fluorescence quantum yields were measured
relative to a Coumarin 102 standard (λexc ) 380 nm and Φem )
0.67 in EtOH) (27). The cyclic voltammetry (CV) and differential
pulse voltammetry (DPV) experiments were performed on a
Bioanalytical Systems CW50 electrochemical analyzer at a scan
rate of 50 mV/s. Measurements were carried out in nitrogen-
degassed solutions with 0.1 M tetrabutylammonium hexafluo-
rophosphate as the supporting electrolyte and ferrocene as the
internal standard (0.43 V vs SCE in dry dichloromethane) (28).
Nanosecond transient absorption spectra of dye-sensitized TiO2

films were acquired with an experimental setup described
previously (23, 29).

Photovoltaic Device Fabrication and Characterization. The
photoelectrochemical cells were fabricated according to pub-
lished procedures (23, 30). Briefly, TiO2 paste was spread onto
an FTO substrate, and the coated electrode was sintered at 450
°C for 30 min. The thickness of the sintered TiO2 films was ca.
5 µm. The sintered electrode was immersed into the polymer
solution for ca. 14 h to allow adsorption of the polymer onto
the TiO2 film. To complete the photoelectrochemical cell, an
FTO substrate that had a thin Pt film (5 nm) that was deposited
by sputtering was used as the counter electrode, and the
electrolyte solution consisted of propylene carbonate containing
0.05 M I2 and 0.5 M LiI. The working cell was fabricated by
sandwiching a thin film of the electrolyte solution between the
active (TiO2/FTO) and counter (Pt/FTO) electrodes, and the
assembly was held together using a mini binder clip.

The current-voltage characteristics of the photoelectro-
chemical cells were measured with a Keithley SMU 2400 source
meter under AM1.5 (100 mW/cm2) illumination provided by a
150 W Xe arc lamp (Oriel Instruments, Stratford, CT). For IPCE
measurements, cells were illuminated by monochromatic light
from an Oriel Cornerstone 130 1/8 m spectrometer, and the
current response under short-circuit condition was recorded at
10-nm intervals using a Keithley SMU 2400 source meter. The
intensity of the light source at each wavelength was determined
by using an energy meter (S350, UDT Instruments, San Diego,
CA) equipped with a calibrated silicon detector (model 221, UDT

Chart 1
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Instruments, San Diego, CA). The active area of the photoelec-
trochemical cells was ca. 1.0 cm2, and in all of the efficiency
measurements, the cells were illuminated through the TiO2/FTO
electrode.

RESULTS AND DISCUSSION
Optical Properties of CPEs in a Methanol

Solution. The absorption and fluorescence spectra of the
series of four carboxylate-substituted CPEs (as the sodium
salts) were examined in a methanol solution. The spectra
are illustrated in Figure 1, and the wavelength maxima and
fluorescence quantum yields are listed in Table 1. The
wavelength maxima of the absorption and fluorescence
spectra systematically red-shift across the series in the order
PPE< TH-PPE< EDOT-PPE< BTD-PPE, with the absorption
maxima ranging from 404 nm (PPE) to 495 nm (BTD-PPE).
As can be seen from the data in Table 1, the fluorescence
quantum yields decrease along the series PPE > TH-PPE >
EDOT-PPE . BTD-PPE, with a clear trend that the quantum
yield decreases with the CPE band gap. The absorption and
fluorescence band shapes, along with the general trends in
the absorption and emission wavelengths and fluorescence
quantum yields observed for the present series of CPEs, are
very similar to those reported previously for the two series
of sulfonate- and ammonium-substituted CPEs with the
same backbone structure (12). This feature underscores the
fact that the optical properties of the polymers are deter-
mined by the molecular and electronic structure of the
conjugated backbone, with the ionic side groups playing the
role of determining the solution (and aggregation) properties
of the materials.

The red shift in the absorption and fluorescence spectra
across the series arises because the HOMO-LUMO band gap
decreases in the order PPE > TH-PPE > EDOT-PPE > BTD-
PPE. In the case of TH-PPE and EDOT-PPE, the band-gap
narrowing likely arises mainly because of an increase in the
HOMO level caused by incorporation of the thienylene and
ethylene dioxythienylene repeat units (31, 32). However, for

BTD-PPE, which has the lowest band gap of the series, the
HOMO-LUMO gap narrowing likely arises because the BTD
moiety is a strong electron acceptor, leading to lowering of
the LUMO level (31, 32). In this polymer, there is likely a
degree of donor-acceptor character in the backbone, where
the dialkoxyphenylene unit acts as a donor and the BTD unit
acts as an acceptor. The existence of donor-acceptor
character in BTD-PPE is reflected by several features. First,
the fluorescence of this polymer is Stokes-shifted to a
significantly larger extent compared to the other CPEs. In
addition, the polymer’s fluorescence spectrum is broad and
structureless. Each of these features is typical for chro-
mophores that undergo a significant change in the dipole
moment (due to charge transfer) upon photoexcitation
(33, 34). Another feature of note is the fact that the fluores-
cence quantum yield for BTD-PPE is significantly less than
that for the other CPEs. While the low quantum yield may
arise in part because of the energy gap law (35), on the basis
of previous studies, we believe that the low fluorescence
yield is largely due to quenching of the excitons by interchain
interactions, which have a significant degree of charge-
transfer character (exciplex). This effect was noted in our
previous study of the sulfonate- and ammonium-substituted
CPEs, where low fluorescence quantum yields were also
observed for BTD-containing polymers (12). This feature will
be further discussed later in the context of the photocurrent
efficiency for BTD-PPE films on TiO2 electrodes.

Absorption and Transient Absorption Spectra
of CPE-Sensitized TiO2 Films. Figure 2 shows the
absorption spectra of TiO2 films after 14 h of immersion in
DMF or DMSO solutions of the acid forms of the CPEs. Not
surprisingly, the spectra appear as a superposition of the

FIGURE 1. Normalized absorption (a) and fluorescence (b) of studied CPEs in methanol: (O) PPE; (b) TH-PPE; (0) EDOT-PPE; (9) BTD-PPE.

Table 1. Photophysical Properties of CPEs in a
Methanol Solution

λmax
ab(nm) λmax

em(nm) Φem

PPE 404 438 0.17
TH-PPE 435 476 0.13
EDOT-PPE 457 497 0.09
BTD-PPE 495 642 0.002

FIGURE 2. Absorption of CPE-sensitized TiO2 films: (O) PPE; (b) TH-
PPE; (0) EDOT-PPE; (9) BTD-PPE.
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absorption spectra of the CPEs in MeOH with the absorption
of TiO2 (which absorbs below 380 nm). Importantly, the
absorption band position and band shape of the CPEs are
essentially unchanged by adsorption on TiO2. The absorption
data clearly show that in the acid form the CPEs are able to
effectively adsorb onto the nanostructured TiO2 interface,
giving rise to films that effectively absorb 90% or more of
the incident light at the absorption band maxima. Photolu-
minescence studies of the TiO2/CPE films show that the
emission is strongly quenched by the semiconductor, pre-
sumably by charge injection.

Nanosecond transient absorption studies were carried out
with the CPE-modified TiO2 films in order to investigate
whether photoexcitation leads to effective charge injection.
In each case, similar results were observed, so here we
present only the data for the TiO2/TH-PPE film. As shown in
Figure 3, excitation of the film at 355 nm (∼5 ns pulse; 3 mJ
energy) leads to a strong transient absorption difference
spectrum characterized by ground-state bleaching in the
400-500 nm region, combined with broad absorption at λ
> 500 nm with a band maximum at ∼600 nm. The transient
absorption is ascribed to the radical-cation state of TH-PPE
(positive polaron), which is produced during the laser pulse
by photoinduced charge injection into the TiO2 conduction
band (36). The transient absorption decays with multi-
exponential kinetics, with a substantial fraction of the signal

decaying within 500 ns of excitation, with the decay being
ascribed to charge recombination. The charge recombina-
tion kinetics that are observed with the TiO2/CPE films are
comparable to those seen for small-molecule metal complex
and organic dye sensitizers (19, 37, 38). The transient
absorption data provide clear evidence that photoexcitation
of the TiO2/CPE films leads to efficient charge injection.

Solar Cell Characterization. The response of pho-
toelectrochemical cells constructed using the TiO2/CPE
films was evaluated. The cells were evaluated with the
films immersed in an I3

-/I- solution in propylene carbon-
ate with a Pt/FTO counter electrode. Parts a and b of
Figure 4 illustrate respectively the photocurrent action (ICPE)
spectra obtained under monochromatic illumination and the
current density-voltage (J-V) response of the cells under
AM1.5 (100 mW/cm2) simulated solar illumination. First, the
IPCE spectra for the TiO2/PPE, TiO2/TH-PPE, and TiO2/EDOT-
PPE films are in qualitative agreement with the absorption
spectra of the films (compare Figure 4a with Figure 2). In
each case, the peak quantum efficiency is ∼45%, with the
maximum shifting to the red along the series PPE < TH-PPE
< EDOT-PPE, consistent with the trend in the absorption
spectra. The results suggest that charge injection is relatively
efficient for each of the three polymers. However, while the
IPCE spectrum for the TiO2/BTD-PPE film is shifted further

FIGURE 3. Transient absorption spectra (a) and decay kinetics monitored at 580 nm (b) of a TH-PPE-sensitized TiO2 film following 355-nm
laser excitation: (O) 0 ns; (b) 40 ns; (0) 80 ns; (9) 120 ns.

FIGURE 4. (a) Photocurrent action spectra of CPE-sensitized solar cells and (b) J-V characteristics of CPE-sensitized solar cells under AM1.5
conditions: (O) PPE; (b) TH-PPE; (0) EDOT-PPE; (9) BTD-PPE.
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to the red (consistent with the absorption of BTD-PPE), the
IPCE spectrum is much broader and the peak quantum
efficiency is only ∼25%. This result suggests that for some
reason charge injection is considerably less efficient in the
TiO2/BTD-PPE system.

The J-V characteristics for the CPE-sensitized cells are
shown in Figure 4b, and the performances of the cells in
terms of short-circuit current (Jsc), open-circuit voltage (Voc),
fill factor (FF), and power conversion efficiency (η) are
summarized in Table 2, along with the maximum IPCE
values. Interestingly, in accordance with the IPCE results, Jsc

and η increase along the series TiO2/PPE < TiO2/TH-PPE <
TiO2/EDOT-PPE. This trend is consistent with the fact that
across this series the absorption maximum of the CPEs shifts
to the red, leading to improved matching of the absorption
with the solar spectrum and, consequently, increased pho-
tocurrent and power conversion efficiency. There is a slight
falloff in the fill factor across the series, which likely arises
because of the effect of cell resistance coupled with the
increased current density. However, for the TiO2/BTD-PPE
films, consistent with the IPCE data, the Jsc and η values are
significantly lower compared to those of the other CPEs. The
considerably lower AM1.5 efficiency seen for the TiO2/BTD-
PPE system again points to the fact that for some reason
charge injection is less efficient compared to that for the
other CPEs.

Why Is Charge Injection Inefficient in the
TiO2/BTD-PPE System? As discussed above, the TiO2/
BTD-PPE-based solar cell exhibits substantially lower
photocurrent generation efficiency compared to the other
three TiO2/CPE systems. Several reasons can be consid-
ered to explain the difference. First, it is important to
consider the possibility that, because the BTD-PPE singlet
excited state is lower in energy compared to the other
CPEs, charge injection may be inefficient because the
process is not sufficiently exothermic. In order to provide
an estimate for the driving force for charge injection, CV
and DPV were performed on the CPEs in solution. (Vol-
tammetry was performed with the CPEs in their ester
precursor form in dichloromethane, except for BTD-PPE,
which was measured in DMSO.) Unfortunately, in each
case the anodic branch of the CV did not provide a
response; however, it was possible to obtain quasi-revers-
ible waves for reduction of the polymers, and the onset
potentials are -1.12, -1.12, -0.87, and -1.02 V (vs SCE)
for PPE, TH-PPE, EDOT-PPE, and BTD-PPE, respectively.
In the absence of oxidation potentials, it is only possible
to use the ground-state reduction potentials as estimates
for the excited-state oxidation potentials of the CPEs. (This
assumption neglects the Coulomb binding energy in the

singlet excited state, which is typically e0.3 eV.) The
important point is that the electrochemistry suggests that
for each of the CPEs (including BTD-PPE) charge injection
into TiO2 is thermodynamically favorable, given that the
estimated excited-state oxidation potentials are consider-
ably more negative than the conduction band of TiO2,
which is estimated to be -0.42 V vs SCE (39). Given this
result, it is reasonable to conclude that the lower efficiency
for the TiO2/BTD-PPE system is not due to an insufficient
thermodynamic driving force for charge injection (32, 40).

A second possible reason for inefficient photocurrent
generation in the TiO2/BTD-PPE system is that there is an
active nonradiative decay pathway that effectively com-
petes with charge injection. In order to understand this
point, we refer to Scheme 1, which illustrates a model for
the structure of the interface between the adsorbed CPEs
and the nanostructured TiO2. As shown in this scheme, it is
very likely that the CPEs adsorb onto the TiO2 surface, giving
rise to a complex interfacial structure where some polymer
segments are in close proximity to the surface (<10 Å) and
others are relatively distant (>30 Å) because of “loops or
kinks” in the polymer chains or because of adsorption of
aggregates from solution. [Atomic force microscopy (AFM)
studies carried out to compare the morphology of TiO2 and
TiO2/PPE surfaces do not provide clear evidence for the
existence of polymer aggregates on the surface; see Figure
S1 in the Supporting Information. However, the surface of
the nanostructured films is complex, which limits the spatial
resolution that could be attained by AFM.] Despite this
complex interface structure, the fact that charge injection is
relatively efficient (∼45% IPCE) for the TiO2/PPE, TiO2/TH-
PPE and TiO2/EDOT-PPE systems suggests that singlet ex-
citons that are generated on polymer segments that are
distal from the surface are able to diffuse efficiently to the
TiO2 interface for charge injection. In other words, in these
systems the CPEs are effectively able to act as light-harvest-
ing arrays, effectively absorbing and channeling excitons to
the interface for charge separation (41-43).

Table 2. Solar Cell Characteristics under AM1.5
Illumination

film IPCE (%) Jsc (mA/cm2) Voc (V) FF (%) η (%)

TiO2/PPE 42.7 @420 nm 1.46 0.47 49.2 0.34
TiO2/TH-PPE 45.8 @440 nm 2.60 0.47 43.4 0.53
TiO2/EDOT-PPE 47.4 @460 nm 3.12 0.50 37.2 0.58
TiO2/BTD-PPE 24.7 @480 nm 2.52 0.43 30.5 0.33

Scheme 1. Trapping of Excitons by a
Charge-Transfer State for the TiO2/BTD-PPE Filma

a (a) Excitons generated distal from the interface are transported to
the interface to undergo charge injection. (b) Excitons generated distal
from the interface are trapped by aggregate states.
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The lower photocurrent efficiency observed in the TiO2/
BTD-PPE system suggests that, in this case, excitons that
are produced distant from the TiO2 surface are trapped
and/or quenched before they are able to diffuse to the
interface to undergo charge injection. The quenching
process likely involves the formation of interchain states
having charge-transfer character; this state acts as a trap,
localizing the excitons and facilitating their nonradiative
decay. In support of this idea, in a previous study, we
examined the photophysics of a pair of cationic and
anionic CPEs with the same backbone structure as BTD-
PPE (12). For both the cationic and anionic CPEs, it was
observed that under conditions where the polymers are
aggregated the fluorescence of the singlet exciton is
strongly quenched. The quenching was ascribed to the
formation of an “exciplex-like” state arising from charge
transfer between polymer segments that are brought into
close proximity (possibly via π-π interactions) in the
aggregate.

SUMMARY AND CONCLUSIONS
A series of poly(arylene ethynylene) CPEs substituted

with carboxylic acid side groups have been synthesized
and adsorbed onto nanocrystalline TiO2. The polymers
feature a backbone consisting of a carboxylated dialkox-
yphenylene-1,4-ethynylene unit alternating with a second
arylene ethynylene moiety of variable electron demand.
The HOMO-LUMO gap varies across the series, giving rise
to a set of four polymers that have absorption maxima
ranging from 404 to 495 nm. Immersion of nanocrystal-
line TiO2 films into DMF or DMSO solutions containing
the CPEs (in their acid form) leads to adsorption of the
polymers onto the semiconductor surface with coverage
sufficient to give rise to >90% light absorption at wave-
lengths corresponding to the polymers’ band maximum.
The TiO2/CPE films were evaluated in a DSSC configura-
tion using an I3

-/I- propylene carbonate electrolyte and
a Pt/FTO counter electrode. Each of the films exhibits a
significant photocurrent under monochromatic and white-
light (AM1.5) illumination. For each CPE, the photocurrent
action spectrum matches the absorption spectra well, and
the IPCE reaches approximately 50% at the absorption
band maximum for the PPE, TH-PPE, and EDOT-PPE
systems. The photocurrent and power conversion ef-
ficiency under AM1.5 illumination increase in the order
PPE < TH-PPE < EDOT-PPE, consistent with a red shift
in the polymers’ absorption. Interestingly, the IPCE and
power conversion efficiency for the TiO2/BTD-PPE system
are substantially less than those for the other CPEs, and
the decreased efficiency is attributed to exciton trapping
in polymer aggregates that are present in the film but
separated from the TiO2 interface. The relatively good
photocurrent efficiency observed for the other CPEs sug-
gests that these polymers can act as effective light-
harvesting elements, with excitons that are produced
distal from the TiO2 CPE interface being efficiently chan-
neled to the semiconductor surface where charge injection
can occur.
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