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Abstract: This study mixed acetylacetone (Acac, 1, 2, and 3 mL) and graphene powder (GP, 0 wt.%,
0.001 wt.%, 0.003 wt.% and 0.005 wt.%) with TiO2 mesoporous (TiO2 powders: 20 g and particle size
~30 nm) to enhance the optoelectronic performances of dye sensitized solar cells (DSSC). Sponge-like
structure TiO2 mesoporous layers is a requirement for obtaining high efficiency DSSC, which ia
synthesized by spin-coating techniques. The dense TiO2 blocking layer (using peroxo-titanium
complex) has a uniform, dense structure and completely adheres to the substrates to avoid charge
recombination. The X-ray diffraction (XRD) and transmission electron microscopy (TEM) analyses of
the TiO2 films display the anatase type phase with preferred orientation along the (101) direction.
After being ball milled, the TiO2 mesoporous particle size almost remains unchanged. For mixing
the Acac with TiO2, the Raman intensity relatively increased, and the band gap energy (Eg) value
decreased from 3.223 eV (for pure TiO2) to 3.076 eV (for 2 mL Acac). Raman spectroscopy is used to
evaluate the GP elements. It can be seen the intensity ratio (ID/IG) and (I2D/IG) was enhanced when
the GP concentration increased. Using mixed Acac 2 mL and GP 0.003 wt.% with a TiO2 mesoporous,
led to increases in the open circuit voltage (VOC), short circuit current density (JSC) and fill factor (FF).
If a fluorine-doped tin oxide is used instead of an indium tin oxide glass substrate, the photovoltaic
efficiency of DSSC increases from 5.45% to 7.24%.

Keywords: DSSC; TiO2 mesoporous; band gap; photovoltaic efficiency

1. Introduction

Dye-sensitized solar cells (DSSC) have attracted considerable attention as potential
candidates for next-generation solar cells [1]. It is generally accepted that the low synthesis
cost, simple structure, reasonable power conversion efficiency (in the range from 5% to
11% [2]), renewability, clean energy source [3,4], and ability to be used on flexible substrates
makes them desirable [5]. DSSC is a photo-electrochemical processes system, consisting
of three components [6]: (a) a working electrode, a transparent conducting glass covered
with a porous TiO2 semiconductor sensitized by the dye, (b) an iodide electrolyte, a
liquid solution of redox mediator in the organic solvent and (c) a counter electrode, which
generally uses Pt film as a catalyst [7,8]. A schematic diagram of the assembled DSSC is
shown in Figure 1. Kouhestanian et al. [9] used ZnO nano-materials as a blocking layer on
the transparent conducting glass, to inhibit the electron recombination reactions occurring
with a traditional TiO2-based DSSC. As a result, the ZnO-TiO2 structures play a key role in
DSSC performance, and optimum photovoltaic efficiency is obtained.
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Figure 1. Schematic diagram of the assembled DSSC.

TiO2 is found in many applications because of its commercial availability, low cost, ro-
bustness, long-term chemical stability, nontoxic nature, superior optoelectronic properties,
beneficial charge carrier features and high transparency in the DSSC spectrum [10]. The
spin coating technique offers simple ways to synthesize TiO2 layers, with high control of the
grain sizes, surface area, morphology and structure [11,12]. Umale et al. [13] synthesized
TiO2 nanocrystalline as an anodic material to examine the photovoltaic performance of
DSSC. The improved performance was attributed to better charge transport and a much
superior conversion efficiency was achieved. Udomrungkhajornchai et al. [14] reported the
effects of adding a nonionic surfactant to TiO2 to increase the optoelectronic features of
DSSC, utilizing nontoxic electrolytes and natural sensitized-dye. A significant influence of
the active cell size was confirmed. Further, using a proper amount of Triton X-100 could
enhance the efficiency of DSSC. Kandasamy et al. [15] prepared aminosilicate modifying
porous TiO2 graphene oxide composite using hydrothermal techniques. The modified TiO2
graphene materials have high surface area, demonstrating appropriate dye loading for light
harvesting and offering good electrolyte connection. When decreasing the back-electron
transfer between dye molecules and photo-anode, much higher photovoltaic efficiency
(5.11%) than that of the unmodified porous TiO2 (3.92%) is shown.

TiO2 is a good photo-anode material in DSSC, causing greater specific surface area
for adsorption of a high density of dye. However, it has high intrinsic band gap energy
(about 3.2 eV) that can only absorb sunlight in the ultraviolet wavenumber region, resulting
in low solar spectrum utilization [16]. To expand the solar energy absorption of TiO2 to
the visible region and promote electron transport, various dopants have been added to
enhance photovoltaic efficiency [17]. This study synthesized Acetylacetone (Acac, liquids
solution) and Graphene powder (GP, nano-particle 5–10 nm) mixed with TiO2 mesoporous
as photo-anodes in the DSSC by means of the spin-coating method. The influence of dopant
contents on the crystal phase structure, surface morphology, optical band gap and DSSC
performance were analyzed in detail.

2. Experimental Details

Prior to deposition of the film, the substrates were ultrasonically cleaned in a detergent
bath, isopropyl alcohol and acetone, respectively, and then rinsed with deionized water,
and blow-dried with nitrogen. The TiO2 blocking layer was formed by the peroxo-titanium
complex aqueous solution (TiCl4, Sigma-Aldrich, St. Louis, MO, USA, 189.68). TiCl4
(0.5 mL) was dissolved in deionized water (50 mL) at a temperature of 0–3 ◦C, and then
with the addition of H2O2 (2 mL), stirred for 1 h at room temperature. The TiO2 blocking
layer was deposited by immersion of indium tin oxide (ITO)/glass substrates in the solution
for 12 h. The TiO2 blocking layer was rinsed with deionized water, dried and then sintered
at 460 ◦C for 35 min in air.

The TiO2 powders (20 g, average particle size ~30 nm, Anatase (80%), Rutile (20%)),
deionized water (30 mL), Triton X-100 (0.5 mL), PEG-20000 (0.5 g), Acac and GP were
mixed together, ball-milled for 7 days and then stirred for 24 h. The Acac (0, 1, 2 and 3 mL)-
and GP (0 wt.%, 0.001 wt.%, 0.003 wt.%, and 0.005 wt.%)-mixed with TiO2 mesoporous
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were applied by spin-coating techniques onto a TiO2 blocking layer. The thin films were
sintered at 500 ◦C for 30 min in vacuum ambient (1.2 Pa), which transforms the crystal
structure into an anatase phase and benefits DSSC performance. To sensitize the TiO2
mesoporous electrodes, they were submerged in anhydrous ethanol containing 0.5 mM
N719 (C58H86N8O8RuS2) dye for 24 h in a dark box at room temperature. The specimens
were washed with acetone to remove extra unanchored dye molecules. The Pt (50 nm thick)
counter electrode was coated onto another ITO/glass substrate by sputtering with pure
Ar plasma gas and a direct current power of 40 watts. Two different types of electrode
(TiO2 working electrode with the absorbed dye and Pt counter electrode) were assembled
together to form a cell. The electrolyte solution (Iodolyte HI-30, Solaronix, Aubonne,
Switzerland) was injected into the cell. Table 1 lists the chemical abstract service (CAS)
numbers of all the chemical elements and substrates.

Table 1. Chemical abstracts service (CAS) numbers of all the chemical elements and substrates.

TiCl4 7550-45-0
TiO2 13463-67-7

Triton™ X-100 9002-93-1
Polyethylene Glycol 20,000 25322-68-3

H2O2 7722-84-1
N719 207347-46-4

Electrolyte Solution (Iodolyte HI-30) 75-05-8
Graphene Powder 1034343-98-0

Acetylacetone 123-54-6
Indium Tin Oxide (ITO) 50926-11-9

Soda Lime Glass 8006-28-8

The film specimens were characterized for the phase structure using an X-ray diffrac-
tometer (XRD, BRUKER, D8 DISCOVER SSS Multi Function High Power X-ray, Tokyo,
Japan) utilizing Cu-Kα radiation, a grazing incidence angle of 1◦ and a scanning rate of
2◦/min. The morphology of the film was examined using a field emission scanning electron
microscope (JEOL JSM-6500F, SEM, Zeiss, Germany). The nanostructure of the films was
characterized using a transmission electron microscope (Philips Tecnai F20 G2 FEI-TEM,
Tokyo, Japan). The particle grain size using a laser scattering particle size distribution
analyzer (HORIBA LA-950, Kyoto, Japan). The thickness of the film was estimated by a
surface profilometer (α-step, ET-4000A KOSAK, Taipei, Taiwan). The optical transmittance
spectra were examined with a UV–vis spectrophotometer (Jasco V-655, Tokyo, Japan). The
structure of the film was characterized by Raman scattering spectroscopy (iHR550, Horiba,
France). The photovoltaic conversion efficiency was evaluated using the current–voltage
(J–V) features of DSSC. The J–V characteristic curves for the DSSC devices were determined
by a solar simulator (150 W simulator, Bunko-Keiki Co. Ltd., Munich, Germany) with a
Xenon Lamp light source (AM 1.5 spectrum, irradiance of 100 mW/cm2, Tokyo, Japan). To
ensure the reproducibility of the results, all tests were measured four times and average
values are cited.

3. Results and Discussion

Setting a dense blocking layer (compact layer) between the transparent conductive
oxide and the TiO2 mesoporous to prevent the electron/hole recombination at the conduct-
ing oxide/electrolyte interface, results in higher photocurrents density and open-circuit
photovoltages [18,19]. Figure 2 shows the SEM images of the thin TiO2 blocking layer
(using peroxo-titanium complex) coated on ITO/glass. The surface of the sample was
flat and some irregular nodule particles of around 50 nm in size appeared, randomly
distributed on the surface. The TiO2 blocking layer is about 20 nm thick, with a uniform
and dense structure, no micro-cracks and completely adhering to the ITO/glass. Figure 3
shows the X-ray diffraction patterns of the TiO2 blocking layer and bare ITO. It can be
seen the predominant orientations of the bare ITO films are the (222) and (400) diffraction
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peak. A similar characteristic was obtained by Gheidari et al. [20]. Modifying the surface
of the ITO/glass with a TiO2 blocking layer, the diffraction peak for anatase (101) TiO2 was
observed at ~37.7◦ (JCPDS pattern No. 21-1272).

Figure 2. SEM images of the TiO2 blocking layer coated on ITO/glass (a) plan-view (b) cross-section.

Figure 3. X-ray diffraction patterns of the TiO2 blocking layer coated on ITO/glass and bare ITO.

The SEM and laser scattering images for particle size of TiO2 powders with and with-
out the ball milled sample, are shown in Figure 4. Without being ball milled (Figure 4a,b),
it can be seen that particles severely agglomerated and particle size is about 33.7 nm.
After being ball milled (Figure 4c,d), the TiO2 particle size almost remains unchanged,
and is shown dispersed homogeneously and without aggregations. Figure 5 shows an
SEM cross-sectional morphology for the TiO2 mesoporous coated on the TiO2 blocking
layer/ITO/glass by the sol–gel method. No cracking or peeling is observed following de-
position. The TiO2 mesoporous confirmed a sponge like structure, which is a requirement
for obtaining high efficiency DSSC [21].

3.1. Mixed Acac with TiO2 Mesoporous

Figure 6 shows the image of pure TiO2 and mixed Acac with TiO2 mesoporous
following a sintering process at 500 ◦C for 30 min in an ambient vacuum (1.2 Pa). Figure 6a
pure TiO2 shows the agglomerated particles with a flake shape are embedded. The SEM
images (Figure 6b–d) show the mixed Acac (1, 2, and 3 mL) with TiO2 nanoparticles
exhibiting near-spherical morphology and agglomeration. Figure 7a shows the X-ray
diffraction spectrum in the 2θ range 20◦–60◦, for mixed Acac (0, 1, 2, and 3 mL) with a
TiO2 mesoporous layer (corresponding to Figure 6). All specimens show well consistent
with crystalline TiO2 anatase phase, representing that modified with Acac are suitable for
the synthesis of crystalline TiO2. For the mixed Acac with a TiO2 mesoporous sample, the
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rutile (110) phase disappeared and the other crystal phase was not detected. However,
there was a slight decrease in the intensity of the main diffraction (101) peak after mixing.
Figure 7b shows the TEM images with the selected-area electron diffraction (SAED) pattern
of the TiO2 layer. The diffraction rings in correspond well with (101) and (200) planes of
anatase TiO2. The (101) crystal structure of anatase had lower surface energy and was
expected to be more stable than the other planes [21].

Figure 4. SEM (left) and laser scattering (right) images for particle size of TiO2 powders: (a,b) un-milled and (c,d) ball
milled samples.

Figure 5. SEM cross-sectional image of the TiO2 mesoporous coated on TiO2 blocking
layer/ITO/glass by the sol–gel method.
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Figure 6. SEM photographs of the mixed Acac (0–3 mL) with a TiO2 mesoporous layer. (a) Acac 0 mL TiO2 mesoporous,
(b) Acac 1 mL TiO2 mesoporous, (c) Acac 2 mL TiO2 mesoporous, (d) Acac 3 mL TiO2 mesoporous.

Figure 7. X-ray diffraction spectrum for (a) the mixed Acac (0, 1, 2, and 3 mL) with a TiO2 mesoporous
layer (b) TEM image of the TiO2 film.

Figure 8 shows the Raman spectra for the mixed Acac (0, 1, 2, and 3 mL) with a TiO2
mesoporous layer. Raman modes can be assigned to the Raman spectra of the anatase
structure: ~148 (Eg), 198 (Eg), 398 (B1g), 523 (A1g), 524 (B1g) and 642 cm−1 (Eg), which are
typical of the D2d point group and indicate the anatase phase [22]. For mixing the Acac
with TiO2, the Raman intensity relatively increased, which can be considered a surface-
modified TiO2 mesoporous by Acac. These results are consistent with those of the reported
by Menezes et al. [22].

The TiO2 optical characteristics rely on the ionic radius of the dopant elements and
the chemical properties of the dopants [23]. Mixed non-metal elements with TiO2 changes
the energy states in the band gap, affecting the sunlight absorbance region and the electron
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transport of the TiO2 [24]. Figure 9 shows the band gap energy (Eg) as a function of mixing
the Acac (0, 1, 2, and 3 mL) with a TiO2 mesoporous layer. For mixing the Acac with
TiO2, the Eg value decreased to 3.181 eV (for 1 mL Acac) and 3.076 eV (for 2 mL Acac),
respectively. The Eg of pure TiO2 is 3.223 eV, the transition from the valence band to
conduction band, which attributes to the charge transfer transition from O2– to Ti4+. This
value is in agreement with the TiO2 anatase particles. For the mixing the Acac with TiO2
sample, a lower Eg is 3.076 eV. However, the Eg increased to 3.374 eV with the increased
Acac concentration. All specimens were very close to the studied Eg value of the anatase
structure [23].

Figure 8. Raman spectra for for the mixed Acac (0, 1, 2, and 3 mL) with a TiO2 mesoporous layer,
corresponding to Figure 6.

Figure 9. Band gap energy for the mixed Acac (0, 1, 2, and 3 mL) with a TiO2 mesoporous layer,
corresponding to Figure 6.

The current–voltage characteristics of the DSSC photovoltaic efficiency, mixing the
Acac (0, 1, 2, and 3 mL) with a TiO2 mesoporous layer, are shown in Figure 10 and Table 2.
The photovoltaic efficiency (η) ranges between 1.93% and 2.99%. The open circuit voltage
(VOC) increases from 0.537 to 0.580 V (the increase in the mixed Acac with TiO2). The
higher fill factor (FF) is about 59.6% and the higher short circuit current density (JSC) is
about 10.262 mA/cm2 with the Eg value decreasing to 3.076 eV (for 2 mL Acac).

3.2. Mixed Acac and GP with TiO2 Mesoporous

Figure 11 shows the SEM photographs of the mixed Acac and GP with a TiO2 meso-
porous layer. It is apparent the surface nano-structures of the TiO2 mesoporous films
differ from one another. Figure 11a shows mixed (Acec 2 mL + GP 0.001 wt.%) with TiO2,
which possess uniform surface coverage and a near-spherical shape structure due to low
graphene contents and grain characteristics similar to Figure 6c. From Figure 11b,c, an
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obvious dense structure and a small grain size and raised surface area is observed when
the GP concentration increased, a beneficial effect of the photovoltaic efficiency of DSSC.
Kazmi et al. [25] reported graphene-TiO2 composites to examine the DSSC performance. It
is seen the band gap energy and grain size of the synthesized composites were reduced,
enhancing the DSSC properties. Mehmood et al. [26] synthesized DSSC with the graphene-
TiO2 as a photo-anode, offering a beneficial pathway for the transfer of electrons to the
external circuit, improving the current density and promoting the photovoltaic characteris-
tics of DSSC. This advantage of GP incorporation enhances charge transfer and electron
collection, which results in decreased charge trapping and recombination that can occur at
the surface of TiO2.

Figure 10. Current–voltage characteristics of the DSSC photovoltaic efficiency for mixed Acac (0, 1, 2,
and 3 mL) with a TiO2 mesoporous layer.

Table 2. The DSSC photovoltaic efficiency of mixed Acac (0–3 mL) with a TiO2 mesoporous layer.

Device VOC (V) JSC (mA/cm2) FF (%) η (%)

S1: pure TiO2 layer 0.574 ± 0.005 8.18 ± 0.4 59.6 ± 1.2 2.79 ± 0.03

S2: mixed Acac 1 mL with TiO2 layer 0.568 ± 0.004 6.76 ± 0.6 50.4 ± 1.0 1.93 ± 0.01

S3: mixed Acac 2 mL with TiO2 layer 0.580 ± 0.004 10.26 ± 0.7 50.3 ± 1.3 2.99 ± 0.04

S4: mixed Acac 3 mL with TiO2 layer 0.537 ± 0.003 9.16 ± 0.4 49.5 ± 1.1 2.43 ± 0.02

Figure 11. SEM photographs of the mixed Acac and GP with a TiO2 mesoporous layer: (a) Acac 2 mL + GP 0.001 wt.%,
(b) Acac 2 mL + GP 0.003 wt.% and (c) Acac 2 mL + GP 0.005 wt.%.

Raman spectroscopy is used to evaluate the carbon atomic bonding features [27]. The
D-peak (disorder, 1310–1360 cm−1) and G-peak (graphite, 1540–1580 cm−1) for mixed Acac
and GP with a TiO2 mesoporous layer are shown in Figure 12. Table 3 lists the ID/IG ratio,
I2D/IG and the position of the D-band and G-peak for mixed Acac and GP with a TiO2
mesoporous layer. As can be seen, the intensity ratio (ID/IG) and (I2D/IG) grew when the
GP concentration increased. Figure 13 shows the Eg for the mixed Acac (1, 2, and 3 mL)
and GP (0 wt.%, 0.001 wt.%, 0.003 wt.% and 0.005 wt.%) with TiO2 mesoporous layer. All
samples were very near to the reported Eg value (~3.223 eV) of the anatase structure.
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Figure 12. Raman spectra for the mixed Acac and GP with a TiO2 mesoporous layer, corresponding
to Figure 11.

Table 3. The ID/IG ratio, I2D/IG and the position of the D-band and G-peak for the mixed Acac and
GP with a TiO2 mesoporous layer.

Sample D-Band G-Band 2D-Band ID/IG I2D/IG

Acac 2 mL + GP 0.001 wt.% 1336.67 1560.21 2693.71 0.25 0.19
Acac 2 mL + GP 0.003 wt.% 1340.75 1564.18 2705.82 0.53 0.64
Acac 2 mL + GP 0.005 wt.% 1344.82 1572.13 2698.92 0.64 0.71

Figure 13. Band gap energy for mixed Acac and GP with a TiO2 mesoporous layer. (a) fixed Acac
1 mL, various GP contents (S5: GP 0.001 wt.%, S6: GP 0.003 wt.%, S7: GP 0.005 wt.%); (b) fixed Acac
2 mL, various GP contents (S8: GP 0.001 wt.%, S9: GP 0.003 wt.%, S10: GP 0.005 wt.%); (c) fixed Acac
3 mL, various GP contents (S11: GP 0.001 wt.%, S12: GP 0.003 wt.%, S13: GP 0.005 wt.%).

Figure 14 shows the current–voltage characteristics of the DSSC photovoltaic efficiency,
for the mixed Acac and GP with a TiO2 mesoporous layer. As can be seen, the photovoltaic
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efficiency increased when the GP element was mixed. The photovoltaic efficiency (η)
ranges between 2.50% (for S11) and 5.45% (for the S9, mixed Acac 2 mL, GP 0.003 wt.%
with a TiO2 mesoporous layer). An increased VOC value is caused by a proper amount of
graphene (0.003 wt.%), with a higher conduction band level in the mixed GP with TiO2
photoanodes compared to the case of pure TiO2. This agrees with the consequences of
Imbrogno et al. [28]. Higher JSC is about 20.22 for the use of GP 0.005 wt.%. Promotion of
the JSC value usually concerns an increased number of photo-generated electrons that are
efficiently transferred to the TiO2 photoanodes [29]. This increased photovoltaic efficiency
is attributed to smaller grain size, higher surface area and the promotion of dye adsorption.

Figure 14. Current–voltage characteristics of the DSSC photovoltaic efficiency of the mixed Acac.
and GP with a TiO2 mesoporous layer, corresponding to Figure 13. (a) Fixed Acac 1 mL, various GP
contents (S5: GP 0.001 wt.%, S6: GP 0.003 wt.%, S7: GP 0.005 wt.%); (b) fixed Acac 2 mL, various GP
contents (S8: GP 0.001 wt.%, S9: GP 0.003 wt.%, S10: GP 0.005 wt.%); (c) fixed Acac 3 mL, various GP
contents (S11: GP 0.001 wt.%, S12: GP 0.003 wt.%, S13: GP 0.005 wt.%).

3.3. Replace the ITO with Fluorine-Mixed Tin Oxide (FTO)/Glass

Due to the high temperature sintered (500 ◦C), the resistivity of ITO worsened (in-
creasing from 20 to 100 Ω/sq), and the resistivity of FTO (20 Ω/sq) remained unchanged.
The current–voltage characteristics of the DSSC photovoltaic efficiency, replacing the ITO
with FTO/glass, are shown in Figure 15 and Table 4. Comparing S9 (mixed Acac 2 mL,
GP 0.003 wt.% with TiO2 porous) with S3 (mixed Acac 2 mL with TiO2 porous), S9 shows
the VOC increases from 0.580 to 0.619 V, the JSC increases from 10.26 to 14.81 mA/cm2

and the FF increases from 50.3% to 59.5%. This could be due to the mixed GP with TiO2
mesoporous leading to a higher conduction band level and raised surface area, promoting
the photovoltaic efficiency of DSSC. Replacing the ITO (S9) with FTO (S14, mixed Acac
2 mL, GP 0.003 wt.% with a TiO2 porous/Blocking layer/FTO) may significantly improve
the number of electrons transferred from the photo-anodes to the counter electrode, leading
to the JSC increase from 14.81 to 21.65 mA/cm2, and the increased photovoltaic efficiency
of the DSSC from 5.45% to 7.24%.
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Figure 15. Current–voltage characteristics of the DSSC photovoltaic efficiency, replace the ITO with
FTO/glass.

Table 4. DSSC photovoltaic efficiency, replacing the ITO with FTO/glass.

S3: Mixed Acac 2 mL with TiO2 Porous/Blocking Layer/ITO
S9: Mixed Acac 2 mL and GP 0.003 wt.% with TiO2 Porous/Blocking Layer/ITO

S14: Mixed Acac 2 mL and GP 0.003 wt.% with TiO2 Porous/Blocking Layer/FTO

– Voc (V) Jsc (mA/cm2) Fill Factor (%) Eff. η (%)

S3 0.580 ± 0.006 10.26 ± 0.7 50.3 ± 1.3 2.99 ± 0.02
S9 0.619 ± 0.008 14.81 ± 0.4 59.5 ± 1.1 5.45 ± 0.04

S14 0.593 ± 0.005 21.65 ± 0.6 56.4 ± 1.1 7.24 ± 0.07

4. Conclusions

This study synthesized mixed Acec (0, 1, 2, and 3 mL) and GP (0 wt.%, 0.001 wt.%,
0.003 wt.%, and 0.005 wt.%) with TiO2 mesoporous on a TiO2 blocking layer (thickness of
20 nm) as photo-anodes in the DSSC using the spin-coating method. All specimens show
the anatase type phase of TiO2. Mixed Acac and GP with a TiO2 mesoporous sample did
not detect the other crystal phase, and also did not change the TiO2 crystalline structure.
Comparing (mixed Acac 2 mL, GP 0.003 wt.%) with (mixed Acac 2 mL only) shows the
VOC, JSC, and FF increase from 0.580 to 0.619 V, from 10.26 to 14.81 mA/cm2 and from
50.3% to 59.5%, respectively. This could be due to the mixed GP with TiO2 mesoporous
leading to a higher conduction band level, smaller grain size, higher surface area and the
promotion of dye adsorption, increasing the photovoltaic efficiency of DSSC.

After high temperature sintered (500 ◦C), the sheet resistance of ITO and FTO are 100
and 20 Ω/sq, respectively. Replacing the ITO with FTO may significantly improve the
number of electrons transferred from the photoanode to the counter electrode, leading to
JSC increases from 14.81 to 21.65 mA/cm2. The results show the photovoltaic efficiency of
DSSC increased from 5.45% to 7.24%. In the confirmation runs, mixing Acac and GP with
TiO2 mesoporous is an easy and cheap process, which improved the photovoltaic efficiency
and is beneficial to the DSSC academic development.
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