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ABSTRACT: A photovoltachromic window can potentially act
as a smart glass skin which generates electric energy as a
common dye-sensitized solar cell and, at the same time, control
the incoming energy flux by reacting to even small
modifications in the solar radiation intensity. We report here
the successful implementation of a novel architecture of a
photovoltachromic cell based on an engineered bifunctional
counter electrode consisting of two physically separated
platinum and tungsten oxide regions, which are arranged to
form complementary comb-like patterns. Solar light is partially
harvested by a dye-sensitized photoelectrode made on the front glass of the cell which fully overlaps a bifunctional counter
electrode made on the back glass. When the cell is illuminated, the photovoltage drives electrons into the electrochromic stripes
through the photoelectrochromic circuit and promotes the Li+ diffusion towards the WO3 film, which thus turns into its colored
state: a photocoloration efficiency of 17 cm2 min‑1 W‑1 at a wavelength of 650 nm under 1.0 sun was reported along with fast
response (coloration time <2 s and bleaching time <5 s). A fairly efficient photovoltaic functionality was also retained due to the
copresence of the independently switchable micropatterned platinum electrode.
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1. INTRODUCTION

The availability of affordable, efficient, and easily up-scalable
photovoltaic (PV) technologies is a pivotal challenge in view of
an upcoming diffusion of a next generation of building-
integrated energy conversion systems.1,2 In this respect, during
the last two decades, dye-sensitized solar cells (DSSCs) have
attracted widespread academic and industrial interest because,
in comparison to silicon based technologies, they can be
manufactured using low cost materials3 and relatively easy
fabrication processes, often borrowed from the printing
industry. These issues alone, however, do not constitute a
sufficient and effective driving force toward the full scale
industrialization of DSSC technology. Competition with
silicon-based PV technologies in terms of cost-effectiveness
has become hardly sustainable. Energy production costs of
silicon-based photovoltaic modules, in fact, dropped from
1.00$/W in 2009 to 0.35$/W in 2012.4 So current state-of-the-
art DSSCs do not represent an immediate economic advantage
in the challenge for large-scale PV production.

On the other hand, DSSC could constitute a winning
technology in the perspective of exploiting their unique
characteristics in specific market niches, which means, for
instance, through the design and the implementation of a new
generation of smart photoelectrochemical devices capable of
integrating two or even more different functionalities.
In the last two decades, considerable research efforts have

been directed towards materials and devices intended for the
dynamic solar control of buildings, often referred to as ‘smart
windows’ or ‘switchable glazings’5 in general, ‘smart’ devices can
react to external stimuli by modifying their behavior in response
to the variation of some specific external conditions. Electro-
chromic cells (EC)6 are smart devices that undergo reversible
and persistent changes of their optical properties, when a
voltage is applied to them. The interest in this field was boosted
in the mid-1980s with the realization that electrochromism in
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advanced architectural glazings7,8 could be an effective
technology to improve energy efficiency in buildings,
prefiguring the real feasibility of the “smart” window, with
variable transmittance of light and solar energy. Since then,
electrochromism has remained an active area for basic and
applied research, with large possibilities for uses in emerging
technologies. Electrochromic materials and related devices can
rightly be considered a subset of the “solar energy materials”. It
should be highlighted indeed that building integrated “smart”
windows are able to improve two features that are often
thought of as incompatible: energy efficiency (i.e. by reduction
of air conditioning needs) and indoor comfort, due to the
attenuation of glare probability and undesired solar gains.9 An
electrochromic device generally presents a sandwich architec-
ture in which a conductor is embedded between a chromogenic
electrode and a transparent conductor both of them realized
onto a glass substrate. The electrochromic films transports both
ions and electrons, thus belonging to the class of mixed
conductors. On the other hand, the transparent conductors
only transport electrons. Optical absorption occurs when
electrons penetrate the electrochromic films and, simulta-
neously, cation intercalation takes place. Electrons are then
captured by metal ions with modifications of their oxidation
state; these ‘‘extra’’ electrons absorb photons from the incident
light to give them enough energy to jump to neighboring metal
ion sites.10

In 1996 Bechinger et al.11 implemented an electrochromic
layer within a dye-sensitized solar cell and for first realized what
is today known as a photoelectrochromic cell (PEC), i.e. an
electrochemical cell consisting of two electrodes −an electro-
chromic cathode and a mesoporous photoanode − coupled by
an iodine/iodide based electrolyte. The dye-sensitized photo-
electrodes power the coloration of the electrochromic counter
electrode, in response to the photovoltage generated by the
incoming solar radiation.12 In this configuration, the photo-
voltage produced by the dye sensitized electrode drives
electrons and compensates the charge of Li+ ions migrating
within the WO3 film,13−15 resulting in the coloration of the EC
film. The coloration process is equivalent to charging a battery:
the photovoltage generated by the dye-sensitized electrode is
used to charge the EC layer. The coloration process is activated
by the solar irradiance, without using any external energy
source.
Some years later Georg et al.16 proposed an alternative device

architecture: the dye-covered nanoporous TiO2 layer was
deposited on the porous WO3 layer and the counter electrode
was in this case constituted by a Pt film. The pores of the TiO2
and WO3 layers were filled with a liquid electrolyte. After
photon absorption by the dye, electrons are rapidly injected
from the excited state of the dye into the conduction band of
the TiO2 and diffuse into the WO3.

17 Following the injection of
photogenerated electrons, Li+ ions intercalate into the WO3
leading to its coloration from transparent to blue. The device
bleaches when short-circuited or as a consequence of an
irradiance attenuation.
Numerous other device architectures have been explored

during the last decade18−22 and several polymeric materials
have been used as electrochromic layers as well as poly(3,4-
ethylenedioxythiophene) (PEDOT)23 and polyaniline
(PANI).24

On the basis of the aforementioned considerations, the
natural technological evolution of this class of devices should be
represented by an integrated photovoltaic powered electro-

chromic (PV−EC) window, also considering that the opera-
tional characteristics of both PV and EC technologies are highly
compatible.25 A small area of PV cells could in fact provide
sufficient electric power to operate a large-area EC window. In
the course of the last years just a couple of design options have
been explored in this context. The first demonstration of a
reliable approach to conveniently integrate PV and PEC
technologies has been reported in 2009 by Wu et al.26 A new
device architecture was proposed, namely a photovoltachromic
cell (PVCC) capable of modulating its optical transmittance
with no need for an external energy supply, and of
simultaneously producing electrical power by photovoltaic
conversion, since it also operates as a DSSC. The energy
conversion efficiencies reported for this first demonstration of
PVCC was ∼0.5% and it was not possible to separately manage
PV and PEC functionalities.
In a previous work, we have recently implemented a self-

powered highly performing dye-sensitized PVCC implementing
an engineered bifunctional counter electrode made by a C-
shaped platinum frame which surrounds a square WO3-coated
region.27 On the conductive side of the front-on glass, a C-
shaped photoelectrode was correspondingly realized in such a
way as to be overlapped to the platinum frame. So, two
separated areas of the counter electrode (the catalytic area and
the electrochromic film) share the same photoanode and are
connected to it by means of two external circuits which can be
independently switched, thus activating (either separately or
jointly) the photovoltaic and the photoelectrochromic features
of the device.
Even though this device integration led to a significant

enhancement of the photovoltaic performances with respect to
the state-of-the-art, as well as to a remarkable improvement of
the coloration kinetics, some important aspects still needed
investigation: firstly, the region covered by the platinum catalyst
cannot undergo a chromic modulation; moreover, the
uniformity and kinetics of the coloration process strongly
depends on the distance from the platinum layer.
We deemed it worthwhile to address these issues recently

focusing on the development of a new PVCC architecture
based on the exploitation of a full area bifunctional counter
electrode, in which the catalytic and electrochromic regions are
arranged to form an interdigitated array of microsized stripes,
which is totally overlapped to a partially transparent dye-
sensitized photoelectrode fabricated on the front-side glass of
the “sandwich” device, as schematically depicted in Figure 1. In
this work, we describe the fabrication procedure of color-
controllable PVCCs devices of this kind, sensitized with two
suitably chosen dyes and discuss their full electro-optical
characterization.

Figure 1. Cross-section of the device: 1. dye sensitized transparent
TiO2 photoelectrode; 2. electrolyte; 3. platinum stripes; 4. and 5.
ITO/WO3 pattern; 6. sealant; 7. float glass substrate; 8. conductive
glass substrate.
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2. EXPERIMENTAL SECTION
2.1. Fabrication of the Micropatterned Bifunctional Counter

Electrode. A multistep fabrication process was designed and set-up to
realize two distinct (and electrically separated) comblike electrodes
onto a soda-lime glass substrate. A schematic view of the main
fabrication steps is sketched in Figure 2.

A photolithographic approach was adopted to obtain the suitable
pattern for the Platinum stripes. A photoresist coating was performed
on bare glass substrates, which were exposed to UV light using a
specifically designed photomask. Once the UV-exposed photoresist
(AZ5214E from CLARIANT) was removed, the catalyst stripes
consisting in 3 nm of titanium (which served as adhesion promoter)
and 20 nm of platinum were deposited as a thin film, by electron beam
evaporation (Temescal Supersource), after evacuating the chamber to
10‑7 mbar. The rate of platinum deposition was about 1.0 Å/s and the
e-beam power was ∼38%. The fabrication step of the platinum area of
the counter electrode was completed by removing the unexposed
photoresist mask by dipping the film in acetone for 5 minutes.
After completion of the Pt pad deposition process, a suitably

designed steel laser-cut physical mask was used to realize the
electrochromic region (namely the WO3 and ITO layers) of the
counter electrode. High vacuum e-beam deposition was selectively
performed to obtain an interdigitated pattern of 150 nm thick ITO,
which was used as a conductive underlayer for controlling the
electrochromic functionality. In this case, the vacuum chamber was
initially evacuated to 10−7 mbar and then a pure dry oxygen flux (5
sccm) was admitted through a needle valve. The pressure was
maintained at 10−4 mbar throughout the deposition. The rate of
deposition was ∼0.5 Å/s and the substrate temperature was
maintained at 245 °C. Before carrying out the subsequent WO3
evaporation, the collecting stripe at the extremity of the ITO pattern
was covered by using an aluminium mask in order to keep a
rectangular pad to be used as electrical contact for the electrochromic
region (see Figure 3).
The 300 nm thick WO3 layer was deposited (chamber pressure:

10−4 mbar, deposition rate: 0.5 Å/s, substrate temperature: 215 °C,

oxygen flux: 20 sccm) through the steel physical mask. Figure 3 shows
electron micrographs and relevant geometrical features of the
interdigitated pattern obtained after completion of the counter
electrode fabrication.

The widths A1 and A2 of the Ti/Pt and ITO/WO3 stripes are 250
μm and 500 μm, respectively; the distance between two neighboring
stripes B (which is the portion of bare inactive glass) was of ∼100 μm,
which guarantees an effective electrical separation. The stripes length
was 1.40 cm, whereas the overall width of the counter electrode was
1.85 cm.

2.2. Photovoltachromic Cells Fabrication. Fluorine-doped tin
oxide (FTO) glass plates (15 Ω/sq, Xin Yan Technology LTD) were
first cleaned in a detergent solution using an ultrasonic bath for 15 min
and then rinsed with water and ethanol. For the fabrication of the
TiO2 photoelectrodes, nanorods-based pastes28 were deposited by
doctor-blade on a 1.0 cm2 area to produce highly transparent 5 μm-
thick films. The films were gradually heated under an air flow and
sintered at 450 °C for 30 min. The substrate temperature was then
allowed to slowly decrease, and, at ∼80 °C, they were immersed into
the dye solution.

To this purpose, two different dyes were chosen in order to conduct
the present investigation: the well-known Ru(III) based sensitizer
N719 and the DYE1, a donor−acceptor dibranched fully organic dye
which has been recently proposed by us.29 The following dye solutions
were used for the sensitization process: 0.2 mM of N719 in
acetonitrile/tert-butanol 1:1 and 0.2 mM of DYE1 in ethanol.

A suitable redox electrolyte was also formulated in order to optimize
the performances of the counter electrode in the photovoltachromic
devices. Preliminary investigations allowed to find the right
compromise between the photovoltaic and the photoelectrochromic
performances using the following electrolyte composition: 0.7 M LiI,
0.03 M I2, and 0.3 M 4-tert-butylpyridine (4TBP) in acetonitrile.

The photovoltachromic cell was assembled by facing the patterned
Pt/WO3 counter electrode to the semitransparent dye-sensitized
photoelectrode using a suitably cut 50 μm thick Surlyn hot-melt gasket
for sealing. The redox electrolyte was vacuum injected into the space
between the electrodes through holes pre-drilled on the back of the
counter electrode. The holes were eventually sealed using Surlyn hot
melt film and a cover glass.

2.3. Electro-Optical Characterization. Optical transmittance
spectra of the devices were measured by a VARIAN 5000
spectrophotometer in a wavelength range between 300 and 2500
nm. Full spectrum measurements and cyclic measurements of
coloration/bleaching times were obtained applying biases (corre-
sponding to different irradiance levels) to the device, using a Keithley
2420 source meter.

Coloration response times were obtained by monitoring the
transmittance at a wavelength of 650 nm. This figure of merit was
assessed by irradiating the short-circuited device using an array of
seven white Luxeon LED (Cool White- 6500K, 7 LED 40 mm -1540
lm @ 700 mA) switched on at t = 1 s operated by the above
mentioned source meter.

The ITO and the Pt pads showed a sheet resistance of 13.0 Ω/□
and 5.9 Ω/□, respectively, as assessed by four-point probe
measurements, carried out adopting the Van der Pauw method in
probe station.

In order to assess the photovoltaic performances, current−voltage
(J−V) characteristics of the PVCCs were measured under AM 1.5
illumination at 100 mW cm2 in Standard Test Conditions.

3. RESULTS AND DISCUSSION
Keeping a good transparency in the visible range represents an
indispensable feature for a photovoltachromic window. There-
fore, the first screening in the designing of the fundamental
components of the PVCC was aimed at finding the suitable
balance between the transparency in the bleached state and the
solar energy conversion efficiency. To this purpose, the catalyst
coverage factor was systematically tuned by changing the width
of the platinized stripes as well as their separation, prior to

Figure 2. Fabrication of the interdigitated counter electrodes: a)
photolithographic process consisting of UV-irradiation of the photo-
resist through a shadow mask; b) photoresist development and
removal of the exposed pattern; c) electron-beam evaporation of a
platinum layer and and removal of the photoresist. d) electron-beam
evaporation of the ITO and WO3 layers through a physical mask.

Figure 3. Geometry of the bifunctional counter electrode and electron
micrograph images showing the spacing between ITO/WO3 and Pt
patterns. A1 represents the width of Pt stripes; A2 is the width of WO3/
ITO stripes; B is the gap between the Pt stripes and the WO3/ITO.
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proceeding with the interposition of the electrochromic
electrode.
The width of the Pt microstripes was thus defined in such a

way as to provide an area of the catalyst region sufficiently large
to warrant an adequately efficient reduction of the I3

− species.
The optimal coverage factor was found to be ∼1/3 with respect
to the active area of the photoelectrode.
Transmittance spectra of the counter electrode were

recorded after each step of the fabrication process and reported
in Figure 4a. Main transparency losses are due to light
reflection from the platinized strips. The addition of the
electrochromic comb-pattern (ITO+WO3) leads to a further
transmittance reduction which is associated both to interference
effects at the interface and to the non negligible absorption
coefficient of the coating, especially in the red/near-infrared
region. However, the overall transparency of the counter
electrode has been kept at an acceptable level, which is ∼65% in
the visible range.
On the other side, an adequate consideration of the

absorption prerogatives of the photoelectrode was necessary.
A 5 μm thick mesoporous TiO2−nanorods based film was
deposited onto the FTO coated glasses and loaded with two
different sensitizers, namely the well-known ruthenium-
complex N719 and the fully organic dye DYE1,29 constituted
by a branched D(-π-A)2 structure containing a rigid alkyl-
functionalized carbazole core as the donor part, a thiophene
units as the π-bridge, and a cyano-acrylic moiety as acceptor
and anchoring part. The DYE1 showed peculiar features that
made it very interesting in the framework of the present
investigation: its absorption spectrum is in fact limited to the
blue-green region (with a cut-off wavelength at ∼500 nm) and
hence, while retaining a good efficiency as sensitizer, allows a
sensitively wider transmittance window with respect to N719 as
deduced by inspection of Figure 4b, reporting the transmittance
recorded at different steps of the counter electrode fabrication
process.
After a 1 h dye-loading process the N719-sensitized film

exhibited a transparency superior to 25% in the blue-green
region and superior to 50% in the red/near-IR region, whereas
after a fully sensitization process (which approximately takes 12
h) an almost complete saturation of the absorption in the full
visible range nm was detected. We thus decided to employ a
partially sensitized electrode for the construction of the N719-
based PVCCs.

Conversely, after 1 h of up-taking process the DYE1-
sensitized film exhibited an insufficient light harvesting
capability resulting in a weak reduction of the transparency
with respect to the bare unsensitized TiO2 film. It instead
effectively absorbed the incoming solar radiation in the range
400−500 nm after a complete dyeing process. We thus opted to
use a fully sensitized electrode in the case of DYE1.
Then, the electrocatalytic properties of the comb-like

platinum pattern were also evaluated through a comparison
with a conventional full-area (∼1 cm2) platinum film deposited
onto a commercial ITO-coated glass, which was used as
reference. Table 1 shows the photovoltaic performances of four

DSSCs fabricated with the above mentioned 5 μm-thick
semitransparent photoelectrode. DSSC embodying the comb-
like counter electrodes exhibited, as expected, slightly lower
photocurrent densities and led to extremely low fill factor
values (0.45 and 0.46 for N719 and DYE1, respectively) with
respect to those fabricated with the full-area Pt counter
electrode.
Thereafter, if one considers the performances of the

semitransparent TiO2-nanorods-based photoelectrodes, it can
be observed that the fully-sensitized DYE1 produces even a
slightly higher photocurrent density with respect to the
partially-sensitized ruthenium-based complex, despite the
considerably wider absorption spectrum which characterizes
the latter. The monochromatic incident photon-to-current
conversion efficiency (IPCE) of DSSC embodying comblike
counter electrodes was also measured and reported (Figure 5)
as a function of the excitation wavelength. Inspection of the
IPCE spectra provides a detailed explanation for the similar
photocurrent densities observed for the two differently
sensitized photoelectrodes. It can be noticed in fact that
whereas DYE1 shows a sensitively better yield than N719 if
stimulated at wavelengths below 520 nm (with an average IPCE

Figure 4. Transmittance spectra of the counter electrode a) and of the photoelectrode b) at different steps of the fabrication process.

Table 1. PV Performances of Four Different Semitransparent
DSSCs

CE dye FF Voc [V] Jsc [mA cm−2] PCE[%] @1sun

full area N719 0.64 0.74 6.28 2.97
comb-like N719 0.46 0.70 5.97 1.92
full area DYE1 0.63 0.72 6.40 2.90
comb-like DYE1 0.45 0.68 6.02 1.84
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of ∼50%), the IPCE curve obtained for N719 subtends a higher
area for wavelengths above this value.
We then systematically investigated the photovoltaic and

photoelectrochromic behavior at different illumination inten-
sities (1, 0.8, 0.6, 0.5, and 0.3 sun). The results are reported in
Figure 6.
As expected, a drop in the short circuit current with the

decrease of illumination intensity was detected in both cases as
a consequence of the reduced number of absorbed photons.
The value of VOC also decreased at lower light intensities: it
follows in fact a logarithmic dependence from the short circuit
current JSC, proportional to the light intensity.30 It should be
highlighted however that DYE1 exhibited a less remarkable
drop of JSC with respect to its ruthenium-based counterpart as a
consequence of its higher molar extinction coefficient. This
turned into an overcoming of the overall PCE at lower
irradiance levels: below 0.8 sun in fact, DYE1-based PVCCs
showed slightly better photovoltaic performances with respect
to N719-based ones.
The photoelectrochromic circuit was eventually connected,

and the modulation of the optical transmittance for DYE1 and
N719-sensitized PVCCs was measured at the same levels of
irradiance in the wavelength range between 450 and 2500 nm.
The results are shown in Figure 7 (see Tables 2 and 3).

In this configuration, the photocurrent flow into the
electrochromic region of the counter electrode leads to the Li
ion intercalation in the WO3 oxide stripes and to a chromic
transition that depends on the generated photocurrent
intensity, thus inducing a smart modulation of the optical
transmittance (ΔT) which can finely be controlled by a
modulation of the light intensity.
The DYE1-based cell revealed a higher ΔT throughout the

visible spectrum mainly attributable to its higher transparency
in the bleached state. An as high optical modulation as 32% at
650 nm under 1 sun was observed in comparison with a ΔT of
21% observed at the same wavelength for the ruthenium-based
device.
Response times of the above referred PVCCs were also

evaluated by subjecting the cells to alternate cycles of coloring
and bleaching upon switching the electrical connection between
the photoelectrode and the electrochromic stripes under 1 sun
illumination.
As shown in Figure 8 the optical response of both N719- and

DYE1-based devices is reported at 650 nm.
As soon as the PEC circuit is closed under illumination, an

immediate drop of the transmittance is observed on a time scale
of a few seconds. When the light is turned off, an as much fast
bleaching process takes place, which occurs in less than 5 s. The
observed fast bleaching time (one of the critical parameters for
most state-of-the-art elecrochromic windows) is remarkable for
a PVCC device. Such a fast responsivity is attributable to the
comb-like geometry adopted for the counter electrode, in
which nearby Pt stripes catalyze the I− regeneration and, at the
same time, promote the electron transfer from WO3 to the
electrolyte thus leading to the dramatic acceleration of the
bleaching processes.
Another fundamental figure of merit in the characterization

of chromogenic devices is represented by the Photocoloration
Efficiency (phCE). We estimated this parameter by adopting
the well-known relationship between the modulation of the
optical density ΔOD and the solar energy density absorbed by
the dye-sensitized photoelectrode to activate the complete
transition from bleached to the colored state of the WO3
stripes18

= Δ =
( )

G t G t
PhCE

OD log T
T

T T

b

c

Figure 5. IPCE characteristics of the DYE1- and N719-sensitized
DSSCs with comb-like counter electrodes.

Figure 6. IV characteristics of the a) DYE1- and b) N719-sensitized PVCCs at different levels of irradiance.
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where Tb and Tc correspond to the optical transmittance in the
bleached and colored state, respectively, GT is the total solar
intensity for incidence normal to the device (expressed in W/
cm2), and t is the exposure time (expressed in minutes).
Figure 9 shows the photocoloration efficiencies of two above

referred PVCCs. The DYE1-sensitized device shows higher

photocoloration efficiencies throughout the visible spectrum
and a lower cut-off wavelength as a consequence of the
combined effect of its higher transparency in the bleached state
and of its slightly superior photocurrent intensities at high
illumination levels. The maximum value of phCE, correspond-
ing to 17 cm2 min‑1 W‑1 was recorded at wavelengths higher
than 650 nm.
Images of the devices fabricated using DYE1 are reported in

Figure 10, respectively in the bleached and colored condition.

■ CONCLUSIONS

We reported a novel photovoltachromic cell architecture based
on an engineered bifunctional counter electrode consisting of
two physically separated platinum and tungsten oxide regions,
which are arranged to form complementary comblike patterns.
This counter electrode has been profitably combined with a

specifically designed TiO2-nanorods-based electrode sensitized
with either N719 or an efficient blue-absorbing organic dye
(DYE1). This device architecture, showing the best figures of
merit when embodying the organic dye, represents the first
demonstration of a fully integrated photovoltachromic device.
Such an engineered architecture allows a twofold outcome: a
self-powered fast-responsive control of the optical trans-
mittance and electrical power generation through solar energy
conversion. This new architecture provides a first step towards

Figure 7. Transmittance spectra at different illumination levels for PVCC sensitized with DYE1 a) and N719 b).

Table 2. PV Performances of the DYE1-Sensitized PVCC at
Different Levels of Irradiance

irradiance FF Voc [V] Jsc [mA cm−2] PCE[%] @1sun

1.0 sun 0.45 0.68 6.02 1.84
0.8 sun 0.43 0.68 5.85 2.13
0.6 sun 0.42 0.66 5.24 2.42
0.5 sun 0.48 0.65 3.81 2.38
0.3 sun 0.52 0.62 1.93 2.06

Table 3. PV Performances of the N719-Sensitized PVCC at
Different Levels of Irradiance

irradiance FF Voc [V] Jsc [mA cm−2] PCE[%] @1sun

1.0 sun 0.46 0.70 5.97 1.92
0.8 sun 0.42 0.69 5.74 2.07
0.6 sun 0.39 0.68 5.14 2.26
0.5 sun 0.37 0.67 4.29 2.12
0.3 sun 0.36 0.65 2.33 1.80

Figure 8. Coloring/bleaching cycles recorded under 1 sun illumination for PVCC sensitized with DYE1 a) and N719 b).

ACS Applied Materials & Interfaces Research Article

dx.doi.org/10.1021/am404800m | ACS Appl. Mater. Interfaces 2014, 6, 2415−24222420



the development of large-area multifunctional smart windows
to be integrated in the next generation of building glass facades.
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Figure 9. Photocoloration efficiency at different illumination levels of PVCCs sensitized with DYE1 (a) and N719 (b), respectively.

Figure 10. Pictures of a PVCC mounting a micropatterned
bifunctional CE in the bleached (left) and in the colored state (right).
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