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a b s t r a c t

The rapid manufacturing of high-efficiency dye-sensitized solar cells (DSSCs) is limited by the slow dye
adsorption on TiO2 nanoparticles (NPs)-accumulated photoelectrode using conventional dip-coating pro-
cess. Therefore, we aim to accelerate the adsorption of dyes that are attached on TiO2 NPs by employing
an aerosol impactor. Herein the aerosolized dyes are designed to get deposited rapidly on the TiO2 NPs-
accumulated photoelectrode. In addition, to effectively trap the irradiated sunlight in DSSCs, we assemble
the photoelectrodes incorporated with bilayered TiO2 thin films comprising small TiO2 NPs-based under-
layer and large TiO2 NPs-based overlayer as dye-supporting and light-scattering mediums, respectively.
Furthermore, the effects of dye aerosol impaction and TiO2 stacking structures on the efficiency of DSSCs
are examined. The power conversion efficiency (PCE) of DSSCs comprising a N719 dye-supporting layer
treated with dip-coating process was determined as � 5.67%; however, when the bilayered TiO2 thin
films with an optimized thickness ratio of light-scattering overlayer and dye-supporting underlayer were
coated with N719 dyes using dye aerosol impactor, the resulting PCE increased to � 7.46%. This suggests
that the photovoltaic characteristics of DSSCs can be enhanced considerably using the effective TiO2 NP
stacking structures coated with rapid, uniform, and strong aerosol dye adsorption throughout the TiO2-
based photoelectrodes.
� 2021 The Society of Powder Technology Japan. Published by Elsevier BV and The Society of Powder

Technology Japan. All rights reserved.
1. Introduction

Dye-sensitized solar cells (DSSCs) have attracted significant
attraction as next generation photovoltaic cell owing to their sim-
ple structure, industrial mass production, and easy, non-toxic, and
pollution-free manufacturing processes than those of the other
conventional solar cells [1–4]. DSSCs consist of transparent con-
ductive substrate, semiconductor oxide thin film, dye sensitizer,
counter electrode, and redox electrolyte. Among these, semicon-
ductor oxide thin film, which is in contact with the redox
electrolyte, plays a vital role. Generally, TiO2 nanoparticles (NPs)-
accumulated thin film is used as a photoelectrode in DSSCs owing
to its non-toxicity and chemical stability [5–8]. Dye sensitizers
attached on TiO2 NPs absorb irradiated light and generate electrons
and holes. The generated electrons are introduced into TiO2,
whereas the holes remain on the dye surface. Then, dye sensitizers
are regenerated by electron supply from electrolyte, wherein the
iodide is recovered by the reduction of triiodide on the counter
electrode. Finally, a complete electric circuit is obtained when
the electrons return from the external loads. Throughout this pro-
cess, total state of the reactants remains unchanged, and light
energy is converted into electrical energy [9–12].

Several researches have been conducted to optimize the size and
structure of TiO2, develop new dye sensitizers, and suppress charge
recombination for enhancing the efficiency of DSSCs [13–15].
Among them, the effect of altering the TiO2-based photoelectrodes
on the performance of DSSCs has been investigated extensively.
One of the strategies used for altering the TiO2 photoelectrodes is
to add a light-scattering overlayer, which consists of large primary
TiO2 NPs, on the top of a dye-supporting underlayer, which consists
of small primary TiO2 NPs [16–19]. The incident light can be effec-
tively confined in the photoelectrodes by the presence of light-
scattering overlayer, and thus, the dye molecules generate more
electrons. Generally, TiO2 NPs with large primary size increase the
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light-scattering effect. However, increasing the thickness (or
amount) of light-scattering layer with large primary TiO2 NPs can
decrease the specific surface area available for adsorbing the dyes.
Simultaneously, the photogenerated electrons should pass through
more conformal particles and grain boundaries, which can increase
the possibility of charge recombination. Therefore, it is crucial to
determine the optimized thickness of light-scattering overlayer in
DSSCs. After precisely altering the TiO2 photoelectrodes comprising
light-scattering overlayer and dye-supporting underlayer, suffi-
cient dye adsorption should be maintained to stabilize the perfor-
mance of the resulting DSSCs. In the traditional dip-coating
process, the dyes are attached to TiO2 via dye concentration
gradient-induced diffusion process, which results in relatively long
dye-coating time of more than � 24 h and unpredictable consump-
tion of dye molecules [20,21]. The effective dye-adsorption process
that uses dye solutions with relatively high concentrations and
temperatures has been developed previously [22,23]. However, this
process encounters some difficulties in controlling the dye adsorp-
tion and scale-up processes.

Therefore, in this study, we fabricate bilayered photoelectrode
comprising dye-supporting underlayer and light-scattering over-
layer and examine their effect on the efficiency of the resulting
DSSCs. Specifically, the light-scattering overlayer and dye-
supporting underlayer comprise 250 nm TiO2 NPs (hereafter
denoted as T250) and 25 nm TiO2 NPs (hereafter denoted as T25),
respectively. The thickness ratios of both light-scattering and dye-
supporting layers are varied at T25:T250 = 10:0, 7:3, and 5:5 to
obtain optimized photovoltaic performance. To deposit dyes on
the bilayered TiO2 photoelectrodes fabricated herein, a single-
stage aerosol impactor is used, which facilitates the rapid deposi-
tion of controlled amount of dyes on the TiO2 NPs through strong
inertial impaction. The photovoltaic characteristics of DSSCs coated
with N719 dyes using the impactor system are finally analyzed.
2. Experimental methods

2.1. Preparation of TiO2 paste and thin films, photoelectrodes, and
counter electrodes

First, the FTO glass (SnO2/F, Pilkington, USA) was washed with
acetone, distilled water, and ethanol; then, it was immersed in a
mixed distilled water (20 mL) and TiOCl2 (0.247 mL) solution
heated at 70 �C to attach the TiO2 NPs-accumulated layers on the
glass surface. The viscous TiO2 paste used for forming a TiO2 thin
film as a photoelectrode was prepared as follows. Ethyl cellulose
(0.15 g) was dissolved in ethanol solution (5 mL) in a vial, and
TiO2 NPs (0.3 g), acetic acid (0.05 mL), and terpineol (1 g) were
mixed in an ethanol solution (3 mL) in another vial. Then, the pre-
pared solutions were separately ultrasonicated for 1 h, followed by
mixing in a planetary mixer operated under the rotating speed of
2000 rpm for 4 min. TiO2 paste was finally prepared after thermal
evaporation of the residual ethanol. Subsequently, screen-printed
TiO2 thin films were fabricated on the pretreated FTO glass. Then,
the TiO2-based photoelectrode (0.4 cm width � 0.4 cm length)
was heated at 500 �C in a convection oven for 30 min to sinter
the TiO2 NPs in the photoelectrode. For fabricating the counter
electrodes, other FTO glasses were fabricated with two holes to
inject the liquid electrolyte later; then, they were treated according
to the abovementioned cleaning processes prior to conducting Pt-
coating process using an ion sputter (E1010, Hitachi, Japan).
2.2. Aerosol impactor-assisted dye adsorption and assembly of DSSCs

The N719 dye solution ((Bu4N)2[Ru(Hdcbpy)2-(NCS)2],
Solaronix, Switzerland) was prepared by first dispersing the dye
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powder in ethanol, followed by the preparation of dye aerosol dro-
plets using an ultrasonic atomizer, as shown in Fig. 1. Generally, an
aerosol impactor is expected to remove aerosol particles above a
critical cutoff size and impact the collection plate owing to the
large momentum [24]. When dye aerosols entered the impactor
inlet with a certain flow rate, sheath air controlled by a mass flow
controller was supplied to accelerate the dye aerosols toward the
bottom of the impactor. When the total flow rate of sheath air
and dye droplets was maintained at � 30 L min�1, nozzle width
was 1 cm, distance between the nozzle and impaction plate was
1 cm, and nozzle length was 5 cm, the resulting cutoff size (Dp)
of the dye aerosol droplets was calculated to be � 9 lm [25] (see
the specifications and pictures of single-stage impactor in Figure S1
in the Supporting Information). Once the generated dye aerosols
were accelerated toward the impaction plate, they were deflected
by a 90� sharp turn in the air streamline and were seriously devi-
ated from their trajectories, so that the dye aerosols above the
critical cutoff size were collided and smeared through the TiO2

NPs-based thin films coated on a FTO glass, which was installed
on the bottom of impactor (see Fig. 1) [25–27]. The introduced
aerosol droplets were continuously impacted to the TiO2, and thus,
chemical reactions took place between the dyes with carboxylate
(–COOH) groups and TiO2 NPs with hydroxyl (–OH) groups [28].
In contrast, the smaller dye droplets than the cutoff size were sim-
ply collected on a filter by following the air streamlines.

Both TiO2-based photoelectrode and Pt-based counter electrode
were stacked, and then a polymer film was inserted between them.
The polymer film (Surlyn, DuPont, USA) was cut into a square
shape with a square hole of 0.5 cm � 0.5 cm and 60 lm thickness
was inserted in the geometric center, wherein the dye-coated TiO2

layer was fitted. The photoelectrode/polymer film/counter elec-
trode with a sandwich structure was clamped and heated at
120 �C for tight sealing. Subsequently, the AN-50 electrolyte (Sola-
ronix, Zollikon, Switzerland) was supplied in the counter electrode.
2.3. Measurement and analysis of characteristics of DSSCs
performance

The DSSCs performance was analyzed using a solar simulator
(1.5 air mass, 1 sun; PEC-L11, Peccell Technologies, Inc., Japan). A
standard Si photodiode-assisted detector was used to check the
light intensity of solar simulator. Another solar simulator (1.5 air
mass, 1 sun; Sun 2000, Abet Technologies Inc., USA) was used to
characterize the incident photon-to-electron conversion efficiency
(IPCE). To determine the dye-adsorption amount, the dye-coated
TiO2 thin films were dipped into a NaOH solution (0.1 mol L-1)
for dissolving the dyes. The resulting dye-dissolved solution was
analyzed using the light absorbance of N719 dye dispersed using
UV–Vis spectrometer (Cary 5000, Agilent, USA).
3. Results and discussion

The photoelectrode of DSSCs was assembled with the spherical
TiO2 NPs with the average particle size of � 25 nm in diameter (see
the SEM image of TiO2 NPs in Figure S2b in the Supporting Infor-
mation), which were accumulated on the surface of FTO glass as
a thin film with � 15 lm thickness (see the schematic and SEM
images of TiO2 NPs-accumulated thin film in Fig. 3a and b). Various
gas flow conditions were analyzed in the impactor to obtain the
enhanced DSSC efficiency as shown in Table 1. Herein, sheath
refers to the carrier gas that controls the impaction velocity of
the dye droplets to the TiO2 layer located on the bottom of impac-
tor (see Fig. 1). The total amount of gas flow rates was fixed to � 30
L min�1. The dye-adsorption amount (MDA), short circuit current
density (Jsc), and PCE increased when the dye droplet flow was



Fig. 2. Enhancement in the efficiency of DSSCs with varying coating duration and
gas flow condition in the impactor.

Fig. 1. (a) Schematic of the set up and operating system of dye aerosol impactor; and (b) schematic of the aerosol-coating processes of dye droplets impacted inertially on the
TiO2 NPs-accumulated layer in the dye aerosol impactor system.

Table 1
Photovoltaic characteristics of various DSSCs assembled using the dye aerosol impactor operated under various gas flow conditions with a fixed coating duration of 180 min.

Ratio of flow rate
(Sheath:Aerosol)

MDA

(10-6 mol cm�2)
Jsc

(mA cm�2)
Voc

(V)
FF PCE

(%)

20:10 19.55 ± 0.99 11.46 ± 0.31 0.74 ± 0.03 0.72 ± 0.01 6.17 ± 0.41
15:15 20.52 ± 1.38 12.76 ± 0.29 0.72 ± 0.01 0.71 ± 0.02 6.47 ± 0.24
10:20 24.95 ± 0.84 14.68 ± 0.27 0.70 ± 0.01 0.69 ± 0.01 7.03 ± 0.45
5:25 23.99 ± 0.48 15.24 ± 0.46 0.70 ± 0.02 0.66 ± 0.03 7.00 ± 0.56
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increased up to 20 L min�1. Generally, Jsc is expressed as follows:
Jsc = q � glight � ƞinj � ƞcoll � Io, where q is the elementary charge,
ƞlight is the light harvesting efficiency, ƞinj is the electron injection
efficiency from the dyes into TiO2 conduction band, ƞcoll is the elec-
tron collection efficiency, and I0 is the light intensity [29–31]. The
increase in dye aerosol flow rate resulted in an increase in the aero-
sols impacting on the TiO2-based photoelectrode, thereby increas-
ing the values of Jsc and PCE. However, Jsc and PCE seemed to be
saturated at aerosol flow rates higher than 20 L min�1; this is
because an excessive amount of dye aerosols was continuously
deposited on the TiO2-based photoelectrode, which was com-
pletely wet due to the failure of rapid solvent evaporation. There-
fore, the wet surface made an unexpected shield for the direct
impaction of continuously incoming dye aerosols.

The effect of coating duration on the resulting PCE of DSSCs
composed of spherical TiO2 NPs with a primary size of � 25 nm
was also examined under various sheath and aerosol flow rates.
The PCEs increased with an increase in the aerosol coating dura-
tion, followed by saturation at coating duration of > �150 min,
as shown in Fig. 2. With an increase in the coating duration, the
dyes covered TiO2 NPs with multilayers, which could hinder the
electron transfer from dyes to TiO2 NPs and can lower the PCE.
The best PCE was observed under the mixing ratio of sheath:aero
sol = 10:20 at the coating duration of 180 min.

To observe the effect of TiO2 stacking structures on the effi-
ciency of DSSCs, we fabricated a TiO2 overlayer, with larger pri-
3

mary particle size of � 250 nm (T250) as a light-scattering
medium, on the top of a TiO2 underlayer, with primary particle size
of � 25 nm (T25) as a dye-supporting medium, in the photoelec-
trode (see the SEM images of top- and cross-sectional view of



Fig. 3. Schematics and cross-sectional SEM images of three different types of TiO2 thin films as photoelectrodes assembled in DSSCs: (a, b) Structure I (T25:T250 = 10:0); (c, d)
structure II (T25:T250 = 7:3); and (e, f) structure III (T25:T250 = 5:5).
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TiO2 photoelectrode in Figure S2 in the Supporting Information).
Three different types of TiO2 stacking structures were assembled
on the FTO glass. The schematics and cross-sectional SEM images
of photoelectrodes are shown in Fig. 3. The total thickness of
TiO2 thin films was generally close to approximately 15 lm. The
TiO2 stacking structures comprised three different thickness ratios
(T25:T250) of 10:0, 7:3, and 5:5, for comparison. Structure I (i.e.,
T25:T250 = 10:0) was densely packed single layer of T25 (Fig. 3a
and b). However, structures II (i.e., T25:T250 = 7:3) and III (i.e.,
T25:T250 = 5:5) clearly comprised double layer of T25 and T250
with different thicknesses (Fig. 3c-f), in which the T250 overlayer
had larger pores than the T25 underlayer due to the presence of
larger primary particles.

In order to examine the light-scattering effect of T250, UV � Vis
diffuse reflectance spectra of three different types of TiO2 thin films
were measured as shown in Fig. 4a. It was observed that the struc-
ture II (i.e., T25:T250 = 7:3) and III (i.e., T25:T250 = 5:5)-based TiO2

thin films exhibited the higher diffuse reflectance than structure I
(i.e., T25:T250 = 10:0)-based TiO2 thin film. This suggests that the
presence of T250 in structures II and III played an important role as
a light-scattering medium in the photoelectrodes (see the UV–Vis
4

diffused reflectance spectra of T25 and T250 for comparison in
Figure S3 in the Supporting Information). Furthermore, the struc-
ture II-based TiO2 thin film exhibited the higher diffuse reflectance
than structure III-based TiO2 thin film. This is presumably because
the excessive T250 in structure III caused too much backscattering,
which resulted in increasing the reflectivity of TiO2 thin film.
Fig. 4b shows UV–Vis absorption spectra for three different types
of TiO2 thin films. The structure II-based TiO2 thin films exhibited
higher light absorption than that of the structure I and III, indicat-
ing that the presence of optimized amount of T250 overlayer on
top of T25 underlayer can act as an effective light scattering med-
ium to occur multiple light scattering pathways so that the propa-
gation distance of light can be extended in the photoelectrode.

Table 2 shows the photovoltaic characteristics of DSSCs incor-
porated with various TiO2 stacking structures coated with N719
dyes using conventional dip-coating process and dye aerosol-
coating process. The dye-adsorption amount for structure II- and
III-based DSSCs was generally lesser than those for structure
I-based DSSCs due to the presence of T250 with larger primary
NPs in the overlayer. Although the amount of dye adsorption
decreased using T250 overlayer in structure II-based DSSCs, the



Fig. 4. (a) UV � Vis diffused reflectance spectra and (b) absorbance spectra of three different types of TiO2 thin films: Structure I (T25:T250 = 10:0), structure II (T25:
T250 = 7:3), and structure III (T25:T250 = 5:5).

Table 2
Photovoltaic characteristics of DSSCs composed of various TiO2 stacking structures coated by N719 dyes using dip and aerosol-coating processes.

Dye-adsorption
method

Optimized
coating
duration
(min)

Structure of
TiO2 thin film

MDA

(10-6 mol cm�2)
Jsc

(mA cm�2)
Voc

(V)
FF PCE

(%)

Dip coating 1800 Structure I 21.90 ± 0.54 11.78 ± 0.47 0.69 ± 0.01 0.72 ± 0.11 5.67 ± 0.23
Structure II 19.11 ± 0.27 13.31 ± 0.33 0.73 ± 0.02 0.69 ± 0.07 6.70 ± 0.12
Structure III 16.29 ± 0.41 11.11 ± 0.24 0.69 ± 0.01 0.72 ± 0.05 5.53 ± 0.26

Aerosol coating 180 Structure I 24.95 ± 0.74 14.68 ± 0.27 0.70 ± 0.01 0.69 ± 0.01 7.03 ± 0.45
Structure II 21.75 ± 0.35 15.04 ± 0.13 0.72 ± 0.03 0.68 ± 0.03 7.46 ± 0.17
Structure III 19.35 ± 0.24 13.03 ± 0.45 0.73 ± 0.01 0.71 ± 0.09 6.83 ± 0.21
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resulting PCE was enhanced. This suggests that the addition of
optimized T250-based light-scattering overlayer on the top of
T25-based dye-supporting underlayer in the photoelectrode could
promote the light harvesting of DSSCs. However, the addition of
excessive T250 overlayer on the top of T25 underlayer in structure
III (T25:T250 = 5:5) could deteriorate the efficiency of DSSCs
because the specific surface area of TiO2 stacking structure was
decreased by reducing the T25 layer, which significantly decreased
the dye-adsorption amount. The optimized TiO2 double layer-
based thin film for the case of conventional dip-coating process
had thickness ratio of 7:3 (i.e., structure II, PCE = 6.70 ± 0.12%),
thereby increasing the PCE of DSSCs by 18% than those of structure
I-based DSSCs (i.e., PCE = 5.67 ± 0.23%). Furthermore, the best PCE
(7.46 ± 0.17%) for structure II-based DSSC assembled under the
aerosol-coating process for � 180 min was � 32% higher than that
of structure I-based DSSC (PCE = 5.67 ± 0.23%) and 10 times faster
than the dip-coating process (�1800 min). This suggests that the
aerosol-coating process can rapidly and effectively coat the TiO2

NPs with dyes via aerosol impaction in depth. In addition, the pres-
ence of T250 overlayer on the top of T25 underlayer with an opti-
mized thickness ratio can considerably promote the light
harvesting in DSSCs. The electrochemical impedance spectroscopy
(EIS) and electron mobility analyses using Nyquist and Bode plots
were additionally provided to analyze the photovoltaic perfor-
mance of various DSSCs assembled using dip- and aerosol-
coating processes in Figure S4 and Table S1 in the Supporting
Information.

After determining the optimized TiO2 stacking structure of T25:
T250 = 7:3, we qualitatively observed the dye adsorption by vary-
ing the coating duration. Fig. 5 shows the images of TiO2 layers
coated with N719 dyes using dip- and aerosol-coating processes
operated under various coating durations. The color was lighter
for shorter coating durations because the small amount of dyes
5

was adsorbed. When the coating duration increased, the color
darkened rapidly from light pink to dark purple due to the increas-
ing amount of dye getting adsorbed. This suggests that TiO2 could
be sufficiently coated with dyes in such a relatively short coating
duration (< �180 min) because the dye aerosols accelerated in
the impactor had strong inertial impaction and they rapidly pene-
trated through the porous TiO2 layer. However, for the case of con-
ventional dip-coating process, the color of TiO2 layer changed very
slowly from light pink to dark purple for coating duration of <
�1800 min. During the dip-coating process, the diffusion process
of dye molecules occurred very slowly. In the long-term immersion
of dye solution, the adsorption and desorption of dyes on the por-
ous TiO2 layer occurs at the same time, i.e., the local high concen-
tration of dyes on the TiO2 may diffuse into the dye solution,
resulting in lowering the dye-adsorption rate of TiO2 layer.

To examine the uniformity of dye deposition on TiO2 NPs-
accumulated thin films (T25:T250 = 7:3), we performed SEM
analysis as shown in Fig. 6. The primary TiO2 NPs were compactly
accumulated on the surface of FTO glass without a dye coating pro-
cess (Fig. 6a-c). When the TiO2 thin film was treated with the con-
ventional dip-coating process for the coating duration
of � 1800 min, the upper layer was uniformly coated with dyes,
but the amount of dyes adsorbed in depth seemed to be decreased
to some extent (Fig. 6d-f). However, when the TiO2 thin film was
treated with the aerosol-coating process, the dye molecules were
completely deposited throughout the TiO2 thin film and reached
to the FTO glass due to strong inertial impaction (Fig. 6g-i). This
suggests that the TiO2 NPs-accumulated thin films can be uni-
formly coated in-depth with the introduced dye molecules using
the aerosol-coating process.

The effect of varying the coating duration on the performance of
DSSCs incorporated with the TiO2 stacking structure II (i.e., T25:
T250 = 7:3) was examined (Fig. 7). The PCE increased with increas-



Fig. 5. TiO2 thin films (T25:T250 = 7:3) coated with N719 dyes using dip- and aerosol-coating processes under various coating durations.

Fig. 6. Cross-sectional SEM images of TiO2 thin film (a, b, c) without dye coatingprocess, (d, e, f) with dip- coating process for 1800 min, and (g, h, i) with aerosol-coating
process for 180 min.
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Fig. 7. Enhancement in the PCE of DSSCs incorporated with a T25/T250 double
layered stacking structure (i.e., T25:T250 = 7:3) and coated with N719 dyes using
dip-coating process and aerosol-coating process by varying coating duration,
respectively.

Fig. 8. IPCE spectra of DSSCs incorporated with various TiO2 stacking structures
coated with N719 dyes using aerosol- and dip-coating process with the coating
duration of � 180 and � 1800 min, respectively.
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ing the coating duration. The PCEs of DSSCs assembled by aerosol-
coating process were much higher than those of DSSCs assembled
by conventional dip-coating process for the same coating
durations. This confirms that effective TiO2 stacking structures
assembled using the aerosol-coating process could significantly
improve the DSSCs efficiency by rapid dye adsorption and effective
light trapping effects.

The IPCE spectra of DSSCs assembled with various TiO2 stacking
structures, which were coated with N719 dyes using the aerosol-
coating process for the optimized coating duration of � 180 min,
are shown in Fig. 8. IPCE spectra of dip-coating process for the opti-
mized coating duration of� 1800min and structure I (i.e., T25:T250
= 10:0)-based DSSCs was also provided for comparison. The
aerosol-coating process-assistedDSSCs clearly exhibitedbetter IPCE
than those exhibitedbyprocess-assistedDSSCs. In addition, the IPCE
spectra ofDSSCs incorporatedwith structure II (i.e., T25:T250=7:3)-
based photoelectrodewas the best among all the other TiO2 stacking
structures. These results confirmed that the rapid dye adsorption on
theTiO2 incorporatedwithoptimizedstackingstructurescomprising
dye supporting and light-scattering layers could significantly
improve the photovoltaic characteristics of DSSCs.
7

4. Conclusions

In this study, we investigated the combined effects of dye aero-
sol impaction and TiO2 stacking structures on the resulting photo-
voltaic characteristics of DSSCs. By optimizing the gas flow
conditions in the impactor, we achieved faster and more effective
dye adsorption in the TiO2-based photoelectrodes of DSSCs than
those achieved via conventional dip-coating process. In addition,
various T25/T250-based double layers comprising TiO2 layer with
large primary particles (T250) accumulated on the top of TiO2 layer
with small primary particles (T25) were tested to increase the light
trapping effect in the photoelectrodes. For conventional dip-
coating process, the optimized TiO2 double layer-based thin film
had a mixing ratio of T25:T250 = 7:3, which increased the PCE of
DSSC by 18% (i.e., PCE = 5.67% and 6.70% for T25 single layer-
based DSSC and T25/T250 double layer (T25:T250 = 7:3)-based
DSSC, respectively). However, when T25/T250 double layer-based
thin film was coated with N719 dyes using the aerosol impactor,
the resulting PCE of DSSC increased by 32% (PCE = 7.46% for T25/
T250 double layer (T25:T250 = 7:3)-based DSSC for the case of
aerosol impactor). This suggests that the efficiency of DSSCs can
be significantly enhanced by employing effective TiO2 stacking
structures comprising light-scattering and dye-supporting layers
in the photoelectrodes, which are coated by strong dye aerosol
impaction.
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