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ABSTRACT: The addition of a small organic electron donor, tris(p-anisyl)amine
(TPAA), to an iodide/triiodide electrolyte for dye-sensitized solar cells was found to give
pronounced effects on charge transfer reactions. When using the organic dye LEG4 as a
sensitizer, an improved solar cell performance was found, which could be attributed to the
extremely rapid dye regeneration reaction when TPAA is added. In contrast, for the
ruthenium dye N719, no significant solar cell improvement was found, despite rapid dye
regeneration. Using transient absorption measurements, it was found that reduction of the
intermediate TPAA+ by iodide is sluggish. This allows for significant recombination of
electrons in TiO2 to TPAA

+ when the adsorbed dye layer does not have sufficient electron-
blocking properties.
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■ INTRODUCTION

Dye-sensitized solar cells (DSCs) convert light into electricity
through a photoelectrochemical process. Renewed interest into
these solar cells comes from their superb performance in
ambient indoor light, which makes them attractive to power
the Internet of Things.1 Research in the field was pioneered by
Graetzel and O’Regan, who achieved a breakthrough in 1991
with a power conversion efficiency (PCE) of 7.1−7.9%.2 They
used a mesoporous TiO2 photoelectrode, ruthenium com-
plexes as a dye, and a redox electrolyte based on iodide/
triiodide. DSCs can have any color, can be (semi-)transparent
or opaque, can be rigid or flexible, and are in general easy to
manufacture.3 To further improve the efficiency of dye-
sensitized solar cells, new approaches are required, such as
novel redox mediators and hole transport materials and
combinations of dyes.4,5 In 2010, Feldt et al. introduced
efficient DSCs that combined organic dyes with cobalt-based
redox mediators.6 Thereafter, the photovoltaic performance of
dye-sensitized solar cells based on cobalt redox mediators has
overtaken the lead from those with the conventional iodide/
triiodide mediator, with record efficiencies up to 14.2%.7

In previous work, we demonstrated that the addition of a
small triphenylamine-based donor (tris(p-anisyl)amine,
TPAA) to a cobalt bipyridine redox electrolyte resulted in a
significant improvement of solar cell performance.8,9 The
origin of this improvement lies in the ultrafast regeneration of
the oxidized dye by TPAA. The oxidized TPAA is
subsequently reduced by Co(bpy)3

2+. The rapid dye
regeneration, on a nanosecond time scale, minimizes electron
recombination from TiO2 to oxidized dye, which is a

significant loss mechanism under solar cell working conditions
(at the maximum power point).
Following this argumentation, it is of interest to find out

whether a similar process could benefit DSCs with iodide/
triiodide electrolytes. This type of redox electrolyte is by far
most applied in DSCs and is relevant for practical applications.
Notably, typical optimized DSC electrolytes contain very high
iodide concentrations (0.5−1 M), suggesting that dye
regeneration could be a limiting factor in these DSCs too. In
contrast to the cobalt-based redox mediators, which are one-
electron redox couples, I3

−/I− is a complex 2-electron redox
system. Its precise working mechanism in DSCs is still not fully
resolved, but it is clear that the unstable I2

− radical is formed as
an intermediate.10 It is interesting to note that for ruthenium-
based sensitizers, dye regeneration is found to have a first-order
dependency in iodide concentration,11 while both first-order12

and second-order13 dependencies have been reported for
organic dyes. We note that Sonigara and co-workers developed
phenothiazine/phenoxazine−imidazolium iodide complex salts
as solid electrolytes for dye-sensitized solar cells, where the
organic donors may contribute to good performance.14

The conventional electrolyte iodide/triiodide is mostly used
in acetonitrile (ACN) as a solvent for dye-sensitized solar cells
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to obtain champion devices. ACN gives the best results, but it
is very volatile and not practical for actual applications. In this
work, we selected 3-methoxy propionitrile (MPN) as a
practical solvent for real-life applications3 and investigated
the effect of TPAA addition in iodide/triiodide electrolytes.
The organic dye LEG415 and the standard ruthenium dye
N71916 were used as sensitizers. The molecular structures of
LEG4, N719, TPAA, and MPN are shown in the Supporting
Information (Figure S1). We found that TPAA addition can
indeed improve the performance of DSCs with iodide/
triiodide electrolytes due to its ultrafast dye regeneration
kinetics. The positive effect was, however, strongly dependent
on the nature of the sensitizer used.

■ EXPERIMENTAL SECTION
Materials. LEG4 (Dyenamo Red) and TPAA were purchased

from Dyenamo AB (Sweden), 3-methoxyproprionitrile (99%, MPN)
from Merck (Germany), TiO2 screen printing paste (18NR-T and
WER2-0) from Greatcell Solar Australia LTD, and all further
chemicals from Sigma-Aldrich.
Device Fabrication. Fluorine-doped tin oxide (FTO) glass (15

mm-thick, TEC 15, Pilkington) was used as a photoelectrode and
washed in an ultrasonic bath for 30 min with detergent, deionized
water, ethanol, and acetone. After that, FTO glass was pre-treated
with TiCl4 (40 mM in water) at 70 °C for 90 min and washed with
deionized water and dried in an oven. A screen-printing method was
used to obtain a mesoporous TiO2 film with 5 × 5 mm2 area with a
120 T mesh screen. Two transparent layers (18NR-T) were printed
with every layer left out to dry for 5 min and placed in a hotplate for 5
min at 125 °C. Finally, a light scattering layer (WER2-0) was printed.
After that, the photoelectrode was sintered, placed in the temperature
gradient-programmed oven (Nabertherm Controller P320) having
four levels at 180 °C (15 min), 320 °C (15 min), 390 °C (15 min),
and 500 °C (6 min), and cooled down automatically. Before dye
loading, the photoelectrode was post-treated with TiCl4 (40 mM in
water) at 70 °C for 30 min and heated 500 °C again. After, the
electrode was cooled to 90 °C and immersed in a dye solution
containing LEG4 (0.2 mM in ethanol) for 18 h. Platinized counter
electrodes (TEC8) were treated with UV ozone for 30 min, and 10
μL cm2 solution of 5 mM H2PtCl6 in isopropanol was deposited, and
then the substrate was annealed 30 min at 400 °C in the air. A
thermoplastic film (Surlyn, 25 μm, Solaronix SA) was used between
both electrodes and pressed with a sealing machine (Heptachroma) at
120 °C for 40 s. An electrolyte was injected through a predrilled hole
by vacuum backfilling and the cell was sealed with a thermoplastic
Surlyn film and a microscopy glass cover. Silver paste was painted on
the edges of the counter electrodes and the working electrodes.
Four different electrolytes were investigated: the standard electro-

lyte (S), 0.50 M NaI, 0.05 M I2, and 0.50 M 4-tert butylpyridine
(TBP) in MPN; the electrolyte S with the addition of 0.10 M TPAA,
coded ST; the electrolyte with a lower iodide concentration (L), 0.20
M Nal, 0.05 M I2, and 0.50 M TBP in MPN; and the electrolyte L
with the addition of 0.10 M TPAA (LT).
Electrochemical Characterization. Cyclic voltammetry was

performed with a CH Instruments 660 Potentiostat. The supporting
electrolyte solution contained 0.1 M TBA TFSI (tetrabutylammo-
nium bis(trifluoromethanesulfonyl)imide) in acetonitrile. The work-
ing electrode was glassy carbon, the reference electrode was Ag/
AgCl/1 M LiCl in ethanol, and the counter electrode was a graphite
rod.
Solar Cell Characterization. Photovoltaic output was measured

using a Wavelabs Sinus-70 solar simulator (class AAA) giving
AM1.5G illumination (100 mW cm−2), in combination with a source
meter (Ossila X200). A black metal mask with an aperture of 0.40 ×
0.40 cm2 was mounted on top of the DSC devices. The electron
lifetime at open-circuit was determined from photovoltage transients
using square-wave modulated light (∼5%) superimposed on a base
light intensity using a homebuilt system with a white LED light

(Luxeon Star 1 W) and digital acquisition board (National Instrument
6252).

Nanosecond Transient Absorption Spectroscopy (TAS).
Nanosecond transient absorption spectroscopy was performed using
a frequency tripled Nd:YAG laser (Continuum Surelight II)
combined with an OPO (Continuum Surelight) for excitation and
an Edinburgh Instrument LP920 spectrometer. Laser pulses at 610
nm (2 mJ cm−2 per pulse) were used for excitation, and transient
spectra were recorded using a CCD detector during 100 ns and 100
ns after the pulse and averaged 10 times. To record the kinetic traces,
the laser was attenuated to 0.2 mJ cm−2 per pulse using a neutral
density filter and the traces were recorded using red continuous probe
light (xenon light with 715 nm filter, 750 nm monochromator
setting), which were averaged 480 times. Transparent TiO2
mesoporous films (3 μm-thick, 18NR-T paste) were used. The dye
absorbance of the sensitized films was 0.25−0.30 at 610 nm for both
LEG4 and N719. Acetonitrile was used as a solvent for electrolyte
solutions in the laser studies, where 0.5 M NaClO4 was used for the
inert electrolyte.

■ RESULTS AND DISCUSSION
In order to study the effect of TPAA addition to dye-sensitized
solar cells with an iodide/triiodide electrolyte, we selected the
organic dye LEG4 as a sensitizer and used two electrolytes with
different iodide concentrations, with the expectation that the
addition of the redox intermediate would have a more
profound effect in electrolytes with a low iodide concentration
since a slower dye regeneration may then be expected. The J−
V curves of champion solar cell devices with the different
MPN-based electrolytes are shown in Figure 1. Moderate
power conversion efficiencies (PCE) in the range of 3.7 to
5.5% are found for these systems due to relatively viscous
electrolytes and the rather low fill factors (FF). Significant
trends can be discerned. First, the effect of iodide
concentration in MPN electrolytes will be discussed: a 3-fold
lowering from the standard concentration of 0.45 M I− (S) to a
lower concentration of 0.15 M I− (L) resulted in a significant
decrease in solar cell performance (see Table 1). The open-
circuit potential (VOC) was, however, slightly increased. This
can be explained on the basis of the change in redox potential
to a more positive potential (by 42 mV) upon lowering the
iodide concentration (see the SI). The significantly lower
short-circuit photocurrent density (JSC) indicates more
recombination losses when the concentration of iodide was
lower. Since the I3

− concentration is kept constant, we can
attribute the loss to an increased recombination of electrons in
mesoporous TiO2 to oxidized dye molecules. In other words,
the regeneration efficiency is lowered by the decrease in iodide
concentration. J−V results recorded at lower light intensities
yielded similar trends (see Tables S1 and S2).
Addition of 0.1 M TPAA to the iodide/triiodide-based

electrolytes led to improvement of the LEG4-sensitized solar
cell performance (see Figure 1a and Table 1). The VOC was
increased by about 40 mV, while the JSC also displayed a small
improvement (by 0.5 mA cm−2). The dark current did not
change significantly. The positive effect was reproduced for a
series of solar cells (see Table 1 and Figure S3 in the
Supporting Information). We ascribe these improvements to
the ultrafast dye regeneration by TPAA, which occurs on a 100
ps to 1 ns timescale.8 This decreases recombination of
electrons from TiO2 to oxidized LEG4. In the IPCE spectra,
recorded using low monochromatic light intensities, a
significant improvement is found upon addition of TPAA
(see Figure 1b). This result is consistent with an improved dye
regeneration efficiency.
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The power output of the solar cells at the maximum power
point was stable during preliminary stability tests under 1 sun
illumination for 700 s. This signifies that the photogeneration
process is fully regenerative.
DSCs with the LT electrolyte, with a lower iodide

concentration and added TPAA, did not show much
improvement compared to the L electrolyte without TPAA,
despite the fast dye regeneration induced by TPAA. This result
was unexpected and will be discussed in more detail later.
Replacing the organic dye LEG4 by the ruthenium-based

dye N719 yielded very different trends in the solar cells (see
Figure 2 and Table 1). Using the electrolytes without TPAA,
lowering the iodide concentration did not change the solar cell
performance much. A slight decrease in JSC is found, but VOC
was improved. In contrast to the results for LEG4, TPAA
addition led to a slight decrease in PCE and VOC, while JSC was
similar or slightly improved for LT.
The kinetics of the recombination of electrons in the

mesoporous TiO2 was investigated using small light intensity-
modulation photovoltage transients under open-circuit con-
ditions. The electron lifetime at different light intensities is

plotted as a function of VOC in Figure 3. The S and L
electrolytes yield a similar response. The redox potential of
electrolyte L is 42 mV more positive than that of electrolyte S
due to the lower iodide concentration, so a shift of about this
magnitude, giving a higher VOC for L, would in principle be
expected, considering that the concentration of the electron
acceptor in the electrolyte, I3

−, is the same in both electrolytes.
Lowering the iodide concentration will, however, also slow
down the kinetics for regeneration of oxidized LEG4 and result
in more electrons to oxidized dye recombination in devices
with electrolyte L under open-circuit conditions.
Upon addition of TPAA to the electrolytes, a clear

improvement of the electron lifetime is found. At the same
VOC, the lifetime approximately doubled. This can be directly
attributed to the ultrafast dye regeneration by the TPAA
electron donors, which strongly diminishes electron recombi-
nation to oxidized dye molecules. More electrons can therefore
be accumulated in the mesoporous TiO2 under open circuit
illumination conditions, leading to a higher VOC.
Ns-laser spectroscopy was used to investigate the electron

transfer kinetics of the DSCs in more detail. The transient
absorption spectra of LEG4 on TiO2 recorded 100 ns after the
laser pulse are shown in Figure 4a. Using the inert electrolyte
(0.5 M NaClO4 in MeCN), the spectrum of the oxidized
LEG4 dye is visible, with a broad positive absorption feature
between 630 and 900 nm with peaks at 670 and 780 nm.17

Using iodide/triiodide/TPAA in the MeCN electrolyte
instead, a pronounced and narrower absorption peak at 720
nm is found, characteristic for TPAA+,8 while the absorption
feature of oxidized LEG4 has disappeared. The strong bleach
at wavelengths below 660 nm is attributed to the Stark effect:
the electric field caused by the injected electrons in TiO2
affects the absorption spectrum of the dye molecules.17

Figure 4b shows the kinetics traces monitored at 750 nm of
LEG4-sensitized TiO2 films in contact with different electro-
lytes. Using the inert electrolyte, a long-lived signal is found,
which can be attributed to the oxidized LEG4, plus a minor
contribution of electrons in TiO2. Assuming single exponential
decay kinetics, a time constant τinert of 250 ± 50 μs is
determined for the recombination of electrons to the oxidized
dye molecules. Upon addition of the standard concentration
iodide electrolyte, the time constant is reduced to 6.6 ± 0.1 μs.
This demonstrated that iodide can effectively regenerate the
LEG4 dye. From this data, a regeneration efficiency ϕreg of
97% is calculated using ϕreg = 1 − τredox/τinert.
Upon addition of the iodide/triiodide/TPAA electrolyte in

MeCN, a long-lived signal is found with a slightly higher initial
amplitude, which decays with a time constant of 28.1 ± 1.6 μs.
We attribute this signal mainly to TPAA+, which is formed
within 1 ns.8 TPAA+ absorbs strongly at 750 nm (extinction
coefficient ε: 4 × 104 M−1 cm−1),18 while electrons in the
mesoporous TiO2 (ε = 1200 M−1 cm−1)19 will contribute to a
much smaller extent. Interestingly, the signal is very long-lived,
suggesting that reduction of TPAA+ by iodide is a rather slow
process, despite the large overall driving force (−ΔG) of 0.46
eV, given by the difference in formal potentials E0′ of the redox
couples TPAA+/TPAA (0.79 V NHE) and I3

−/I− (0.33 V vs
NHE). This process will be even slower for lower
concentrations of iodide in the electrolyte, which explains
why a high iodide concentration is required for efficient
reduction of TPAA+ back to TPAA, despite the ultrafast dye
regeneration by TPAA.

Figure 1. Photovoltaic performance of LEG4-sensitized solar cells in
iodide/triiodide redox electrolytes with and without TPAA. (a)
Current density versus applied potential under light (1 sun, 100 mW
cm−2) and in the dark. (b) IPCE spectra of the same devices.
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We also investigated the kinetics of N719-sensitized TiO2 by
TAS under similar conditions, but the laser intensity was
increased to 2 mJ cm−2 pulse−1 to obtain sufficient signal. The
kinetic traces, shown in Figure 5, display a similar trend to
those obtained for LEG4. At 750 nm, the oxidized N719 has a
broad absorption peak.20 In the inert electrolyte, the lifetime of
N719+ is determined to be 55 μs. In the presence of the
iodide/triiodide redox couple, the signal decays rapidly with a
time constant of 1.0 μs. This shows that dye regeneration by
iodide of the ruthenium dye N719 is significantly faster than
that of the organic dye LEG4.
Upon addition of TPAA, the signal at 750 nm is initially

larger and decays slower with a time constant of 15.1 μs. This
gives evidence for ultrafast regeneration of oxidized N719 by
TPAA, leading to the formation of TPAA+, which has a higher

absorption coefficient than N719+.20 The formed TPAA+

reacts rather slowly with iodide as before, but there is also
probably a significant recombination with electrons in the
mesoporous TiO2, resulting in a faster decay of the TAS signal.
The ns-laser TAS measurements demonstrate the rather

slow kinetics for the reduction reaction of TPAA+ by iodide.
This is not unexpected since the oxidation to iodide to
triiodide is a rather complex 2-electron process, involving the
formation of an intermediate I2

−, which has a redox potential
of about 0.8 V vs NHE.21 Since the formal redox potential of
TPAA is +0.79 V vs NHE, there is not much, if any, driving
force for the reduction of TPAA+ by iodide to form I2

−. Since
I2
− disproportionates into I− and I3

−, the reaction will still

Table 1. Solar Cell Characteristics of Dye-Sensitized Solar Cells (Champion Devices) with Different MPN-Based Electrolytes
under AM1.5G Illumination (100 mW cm−2)

dye electrolyte code compositiona PCE (%) VOC (mV) JSC (mA cm−2) FF (%)

LEG4 S 0.5 M NaI, 0.05 M I2 4.34 740 11.71 50.1
LEG4 ST 0.5 M NaI, 0.05 M I2, 0.1 M TPAA 5.68 778 12.19 59.8
LEG4 L 0.2 M NaI, 0.05 M I2 3.59 748 8.90 53.9
LEG4 LT 0.2 M NaI, 0.05 M I2, 0.1 M TPAA 3.74 798 9.27 50.5
N719 S 0.5 M NaI, 0.05 M I2 5.00 755 11.28 59.5
N719 ST 0.5 M NaI, 0.05 M I2, 0.1 M TPAA 4.70 725 11.27 57.8
N719 L 0.2 M NaI, 0.05 M I2 5.16 770 10.13 66.1
N719 LT 0.2 M NaI, 0.05 M I2, 0.1 M TPAA 4.72 723 11.53 56.6
D35 S 0.5 M NaI, 0.05 M I2 4.00 799 8.71 57.46
D35 ST 0.5 M NaI, 0.05 M I2, 0.1 M TPAA 5.26 807 10.20 63.87
D35 L 0.2 M NaI, 0.05 M I2 3.77 798 8.83 53.52
D35 LT 0.2 M NaI, 0.05 M I2, 0.1 M TPAA 4.79 817 9.85 59.50
Dyenamo blue S 0.5 M NaI, 0.05 M I2 2.46 679 7.05 51.44
Dyenamo blue ST 0.5 M NaI, 0.05 M I2, 0.1 M TPAA 2.7 689 8.00 50.29
Dyenamo blue L 0.2 M NaI, 0.05 M I2 1.85 694 4.63 57.64
Dyenamo blue LT 0.2 M NaI, 0.05 M I2, 0.1 M TPAA 2.12 694 5.70 53.58
N749 black dye S 0.5 M NaI, 0.05 M I2 5.23 724 12.47 57.81
N749 black dye ST 0.5 M NaI, 0.05 M I2, 0.1 M TPAA 4.25 701 11.39 53.23
N749 black dye L 0.2 M NaI, 0.05 M I2 4.50 710 10.54 60.08
N749 black dye LT 0.2 M NaI, 0.05 M I2, 0.1 M TPAA 3.46 680 9.07 56.05

aSolvent: MPN with 0.5 M TBP added.

Figure 2. J−V curves of N719-sensitized solar cells in iodide/triiodide
redox electrolytes with and without TPAA under 1 sun illumination
and in the dark.

Figure 3. Electron lifetime as a function of open-circuit potential for
LEG4-sensitized solar cells in iodide/triiodide redox electrolytes with
and without TPAA.
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occur spontaneously. The proposed reaction scheme is as
follows:

+ → ++ +D TPAA D TPAA (dye regeneration)

+ → ++ − −

+

TPAA 2I TPAA I

(TPAA reduction by iodide)
2

→ +− − −2I I I (disproportionation of diiodide)2 3

where D stands for the sensitizing dye.
Cyclic voltammetry confirmed the sluggish reduction of

oxidized TPAA by iodide. The cyclic voltammogram of TPAA
in acetonitrile (ACN) shows the reversible oxidation of TPAA
to TPAA+ (see Figure S5 in the Supporting Information). A
formal reduction of potential of 0.79 V versus the normal
hydrogen electrode (NHE) is determined at a scan rate of 100

mV/s. After addition of NaI (10 mM), the reduction of TPAA+

at the electrode is still visible in the cyclic voltammogram (see
Figure 6). In the anodic scan, there is a broad, overlapping

oxidation peak for iodide and TPAA oxidation, where the
TPAA oxidation peak appears as a shoulder. In the reverse
scan, the reduction of TPAA+ is visible. Hence, under the
conditions used, the electrochemically generated TPAA+ is not
fully reduced by iodide in the electrolyte within the timescale
of the experiment (it takes 6 s from 0.6 to 0.9 V and back),
confirming the slow kinetics for this reaction.
In order to confirm the general nature of our findings, we

also prepared dye-sensitized solar cells with some alternative
organic dyes equipped with steric side groups, namely, D356

and Dyenamo Blue,22 as well as with a different ruthenium dye
(black dye N749)23 that lacks such groups. Results of
champion DSC devices are shown in Table 1, and J−V curves
can be found in the SI. We found that an improved DSC

Figure 4. (a) Transient absorption spectra recorded in the timeframe 100 to 200 ns after laser pulse of LEG4-sensitized TiO2 with either the inert
electrolyte (red) or I−/I3

−/TPAA electrolyte (blue). Laser intensity of 2 mJ cm−2 per pulse. (b) Transient absorption traces at 750 nm of LEG4-
sensitized TiO2 with either the inert electrolyte (red), I−/I3

− electrolyte (purple), or I−/I3
−/TPAA electrolyte (blue). The yellow lines are fits to a

single exponential decay. Laser intensity of 0.2 mJ cm−2 per pulse.

Figure 5. Transient absorption traces of N719-sensitized TiO2 with
either the inert electrolyte (red), I−/I3

− electrolyte (purple), or I−/
I3
−/TPAA electrolyte (blue). The yellow lines are fits to a single

exponential decay. Laser intensity of 2 mJ cm−2 per pulse.
Figure 6. Cyclic voltammograms of 1 mM TPAA, 10 mM NaI, and
0.1 M TBA TFSI in acetonitrile. The circles indicate the positions
where oxidation of TPAA and its subsequent reduction are visible.
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performance upon TPAA addition was obtained for the
organic dyes investigated here. All of these dyes are equipped
with bulky side groups that can block electron recombination
from TiO2 to the electrolyte. This allows them to perform well
in cobalt-based electrolytes.6 The black dye, on the other hand,
gave decreased PCE and showed the same trend as N719.
Notably, for N719 and the black dye, VOC decreases upon
TPAA addition, in contrast to the organic dyes studied here.
The reason for this is the rapid electron recombination from
TiO2 to TPAA+, which is initially formed, since these
ruthenium sensitizers do not have sufficient electron blocking
properties. In the absence of TPAA, I2

− is initially formed in
the dye regeneration process, but the kinetics of electron
recombination to I2

− are slow.24

■ CONCLUSIONS
The addition of the redox intermediate TPAA in dye-sensitized
solar cells with iodide/triiodide electrolytes leads to the
ultrafast regeneration of the oxidized dye by TPAA followed by
a slower reduction of TPAA+ by iodide. TPAA addition can
have a positive effect on the solar cell performance of DSCs,
but this is dependent on the nature of the dye. It appears that
for dyes equipped with appropriate blocking groups, such as
those in dyes that are successfully used with cobalt-based
electrolytes, a positive effect is found, while dyes without these,
such as N719, a decrease in PCE is found. This can be
explained by the blocking effect of dyes on the electron
recombination from TiO2 to TPAA+ formed in the electrolyte
under solar cell operation. A high concentration of iodide is
still required in the electrolyte in order to obtain sufficiently
fast reduction of TPAA+. In all, addition of electron donors to
the electrolyte that are ultrafast in dye regeneration can
provide a way to improve dye-sensitized solar cells with the
iodide/triiodide electrolyte.
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