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Abstract
The optimization of the TiO2mesoporous structure plays significant role in dye-sensitized solar cell
(DSSC) to produce efficient devices. In this study, the TiO2mesoporous layerwas coated by using a
spin coating equipmentwith different spin accelerations. As a consequence of this investigation, the
impacts of the spin coating acceleration on the optoelectronic and electrical performance
characteristics of theDSSCwere investigated. It has been shown that altering the spin coating
acceleration has a direct impact on themesoporous layer, which in turn influences the absorption
ability of dye. The light absorbance of the sample A5 (coated at 2000 rpm s−1) ascended drastically in
accordance to other samples. Thanks to this augmentation in absorbance, the current density (JSC)
and power conversion efficiency (PCE) values also improved. According to electrochemical
impedance spectroscopy analysis, it was attained that recombination resistance values increases with
the rising spin coating acceleration rates after 500 rpm s−1 and reaches up to highest value at
2000 rpm s−1. A relatively longer electron lifetime of 40.36ms and recombination resistance of
12.22Ωwere obtained for the device coated at the rate of 2000 rpm s−1. The device coated at a rate of
2000 rpm s−1 had a PCE (5.51%) that was superior than other devices because of its improved light
collecting ability, quick electron transport, suppressed electron recombination, and having longer
electron life time. As a starting point for future investigations and applications, results of present study
provide an insight into the optimal spin coating parameters forDSSC applications.

1. Introduction

It is undeniable fact that the progression of humanity, science and technology are significantly reliant on energy.
The development of clean renewable energy resources has been exhaustively studied as ameans of reducing the
rising energy needs and detrimental effects on the environment. Solar energy is foremost energy source among
the numerous renewable energy sources due to its negligible environmental effect andwidespread availability.
The solar energy systemutilizes sunlight to create powerwith no emissions thatmay hasten global warming.

Among the different solar energy studies, dye sensitized solar cells have been attracting rising interest last
three decades thanks to their some of the benefits as affordable production techniques, goodmodification of
device features, non-toxicmaterial content, an environmentally friendly product structure, no harmful
emissions, low cost processes etc [1–3]. DSSCs basically consist of four basic structures and studies are
progressing on these structures in general. These structures are given as photoanode (PA) coatedwith a
mesoporous TiO2 nanoparticles, amolecular dye that absorbs the sunlight, electrolyte solution that creates a
conducive atmosphere for themovement of electrons and a counter electrode (CE)which is platinum coated
catalyst. Given that, a great deal of investigation has been done on each component/layer independently to
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enhance theDSSCs’ performancemetrics [4]. The component of aDSSC that really determines how effectively
light is harvested is called a dye sensitizer. So that, by choosing the dye in accordance to its light absorption ability
in the visible region and compatible energy level with TiO2, the performance ofDSSC can be developed. Another
important component of DSSC is electrolyte and it should have a high ionmobility to allow for quick charge
transfer between theworking and counter electrodes. In addition to dye and electrolyte, other important part of
DSSC is the counter electrode. Its primary function is to draw electrons from an external circuit and catalyze
redox reduction in the electrolyte. Therefore, catalytic activity of counter electrode should be high enough for a
good device performance [5].

The photoanode (working electrode), another significant component ofDSSC, serves twomain purposes: it
supports dye loading and facilitates the transfer of photo-excited charge carriers from the sensitized dye to the
exterior circuit [6]. The photovoltaic performance of theDSSC is significantly influenced by the texture and
composition of the semiconductor oxides that coated on photoanode. So that, significant research efforts have
beenmade to examine the effects of photoanodemodifications onDSSCperformance. Themodifications on
photoanode can be separated into three distinct groups: dopingwith non-metallic anions andmetallic cations,
interfacialmodification through the addition of blocking and scattering layers, and replacing the traditional
mesoporousmetal oxide filmswith one- or two-dimensional nanostructures [7, 8].

Apart from these studies on the photoanode, to optimize the photovoltaic performance ofDSSCs, the
experimental conditions can be alteredwithout changing themain paste or fabrication ingredients. Su et al [9]
studied on analysis and comparison of the impact of working temperature on the performance of theDSSC and
hybrid device. They revealed that increasing temperatures causing low efficiencies awith decreasing open circuit
voltage (VOC). Atlı et al [10] fabricated the TiO2 compact layer by changing the coatingmethods for developing
the photoanode component ofDSSCs. They used either soaking into a blue titania solution or by spin coating
technique for covering the TiO2 compact. Also, they studied on the effect of with/without a preheating
treatment on the cell performance. Accordingly, utilizing a compact layer immersed in the solution and heated
resulted in a significantly higher power conversion efficiency of 4.54%.Verjan et al [11] studied on the influence
of temperature on particle size, porosity, and photovoltaic characteristics. According to photovoltaic results, the
sample treated at 250 °Chas better textural characteristics for theDSSC application. On the other hand, the
highest power conversion efficiency of 6.43% attained at the sample treated at 150 °C. Jagtap et al [12] studied
the impact of dye loading duration and binder content on a titania-based photoanode employed in aDSSC
application. It has been observed that the cell performance noticeably changes when the TiO2 photoanode is
subjected to a long dye adsorption period. The result of the study demonstrates improved performance for 0.3 g
of binder concentration and 90 min of dye loading time, with amaximumPCEof 5%. Rakhunde et al [13]
investigated the influence of dye absorption duration of photoanode on the performance of ZnObasis DSSC.
The ZnO seed layer was prepared using the doctor blade technique. DSSCs has been investigated at dye
absorption times ranging from60 to 240 min. The optimal dye absorption time for dye-sensitized ZnO
photoanode has been determined to be 120 min. Chien et al [14] used the anthocyanin from red cabbage to
createDSSC, and the best conditions for these device performancewere investigated. The greatest power
conversion efficiency (PCE)was attainedwith pH and anthocyanin extract concentrations of 8.0 and 3mM,
respectively, andwith a 15-minute immersion period for producing sensitized TiO2 film.Mehmood et al [15]
added the graphene in the polyanilinematrix to produce a counter electrode. They varied the content of
graphene from6% to 15% for counter electrode fabrication. The total power conversion efficiency of the solar
devicemade using 9%graphene composite counter electrodewas found 7.45%.Gupta et al [16] used theCu/S
combination for co-doping the TiO2 nanoparticles with constant ratio of 0.05%non-metal sulfur and various
content from0.1 to 0.5%ofmetal copper. After photovoltaicmeasurements, the device based on 0.05% sulfur
and 0.3% copper co-dopedTiO2 displayed best PCEof 10.44%with remarkable augmented short circuit current
density (JSC) of 22.05 mA cm−2. Najafabadi et al [17] studied on the fabrication of BaSnO3 nanopowder by using
co-precipitationmethod and applied this powders to substitute of photoanodematerial. They applied this
powderwith different values of calcination temperature and pH values to optimize the device performance. The
best efficiency about 2.6%was perceived for the BaSnO3 nanoparticles preparedwithin pH 12 and calcination
temperature at 900 °C.Ningthoukhongjam et al [18] examined the effect of anatase/rutile (A/R) ratio of
titaniumphotoanodes on the charge transport properties and power conversion efficiency.When compared to
the other photoanodes, theDSSCwith anA/R ratio of 1.44 found to be having greatest PCE. Khusaini et al [19]
used the electrospinningmachine for direct deposition of ZnOnanofibers on transparent conductive oxide
(TCO) glass. They changed the stream velocity of electrospinningmachine as 4, 6 and 8μl min−1 to understand
the its effects onZnOnanofibermorphology. The results showed that themaximum efficiency that researchers
reached on the stream velocity of 4μlmin−1 was 2.39%, 0.58Vopen circuit voltage and 9.14mA/cm2 short
circuit current density.

Generally, the researchers used the electrospinning or screen printingmachine to coat themetal oxide paste.
In this study, we used spin coatingmethod to coat TiO2mesoporous layer as seen infigure 1. In contrast to prior
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researches, we focused on the impact of spin coating acceleration onDSSC performance parameters. It is known
that, spin coating acceleration affects the centrifugal force acting on the dropped paste solution. So, this force
also impacts the homogeneous distribution of paste onTCOglass surface and determines themorphological
features ofmesoporous layer. To analyze the effect of spin coating acceleration values on the performance
parameters ofDSSC, we specified 5 different values ranging from125 to 2000 rpm s−1. The samples were
entitled in accordance to acceleration rates as A1:125, A2:250, A3:500, A4:1000, A5:2000 rpm s−1, A5 is the limit
valuewhich can safely be used in ourmachine. As a result of our study, we observed 10%of enhancement in PCE
for the sample A5 compared to others. Based on our knowledge, this is the first study investigating the spin
coating acceleration effect on theDSSCperformance.

2. Experimental details

2.1. Producing of photoanode electrode
All chemicalmaterials were used as receivedwithout any purification process. For coating process,fluorine
doped tin oxide (FTO, SigmaAldrich∼13Ω sq–1) substrates was selected as a transparent conductive oxide.
These FTO substrates were firstly washedwith dish soap to eliminate the adhering particles on the glass surface.
After drying these glasses with an air pump, they depurated in ultrasonic bath by using ionizedwater, acetone
(SigmaAldrich, 0.32201, 99.5%) and ethanol (Merck, 100 983, 99.9%). Afterwards, P25 nano-powders
(Aeroxide TiO2, Evonik), terpinol, and ethyl cellulose were used to synthesize a TiO2 paste. In a nutshell,
ethanol, P25 nano-powders, ethyl cellulose, and terpineol weremixedwith specified ratios of (36:13.2:4:46.
8wt%) to obtain a solution. Amilky-like white slurrywas produced by blending thismixture at 3500 rpm, 5 min
in amixermachine. To achieve a uniform surface, this solutionwas then spin coated onto FTO substrates during
30 s at 4000 rpm.While executing coating process, the acceleration values ofmachinewas altered from125 up to
2000 rpm s−1 as seen infigure 2. The sampleswere entitled in accordance to their spin coating accelerations as
seen in table 1.

Following the coating the specimens, the porous TiO2morphology was formed by annealing the specimens
for a half hour at 500 °C in order to remove the binding organic components adhering to surface of specimens.
Following the application of this TiO2mesoporous layer, the sampleswere subjected to TiCl4 post-treatment
utilizing a straightforward bathing approach. For these post-treatments, TiCl4 solutionwas dilutedwith
deionizedwater to obtain an aqueous solutionwith a concentration of 100mM.Using amagnet stirrer, solution
was stirred for 30 min at room temperature to derive a homogeneous TiCl4 solution. The photoanodeswere
subsequently exposed a chemical post-treatment by soaking in 100mMsolution at 70 °C for 30 min and then
swashedwith deionizedwater. Then, this TiCl4 post-treated samples annealed at 450 °C for 30 min. By following
the projected prescription, the essential photoanode, consisting of an FTO substrate, TiO2 paste layer, andTiCl4
post-treated layer was progressively achieved. Following sample coating procedures, photoanodeswere

Figure 1.Three dimensional (3D) representation of designed solar cell device.

3

Mater. Res. Express 11 (2024) 035502 YYıldız et al



immersed in a 0.3mMN719 dye solution (dissolved inmethanol) for 18 h and attained dye loaded samples as
seen infigure 3.

2.2. Producing of counter electrode
FTO substrates were again used for counter electrode (photocathode)manufacturing process of solar cells. To
fabricate the counter-electrodes, a Pt solutionwas prepared by dissolving 5mMH2PtCl6 in isopropanol (IPA).
This solutionwas then spin-coated onto bare FTO substrates at 2000 rpm, 2 s, 30 s. After that, they underwent a
30-minute annealing process at 400 °C.

2.3. Assemble of the devices
Asmentioned above, after preparing the photoanode and counter electrode parts of solar cell, assembly of device
was fulfilled to characterize the performance of devices. For short circuit current and voltage performance
characterization of devices, a good photo catalytic electrolyte was used as electron sourcemedium. The devices
werefilledwith this electrolytemade of I2 (0.05M), LiI (0.1M), 1-butyl-3-methylimidazolium iodide (BMII,
0.6M), 4-tert-butylpyridine (TBP, 0.1M), and acetonitrile. Afterfilling the devices with the electrolyte, they
were tightly assembledwith the clamps andmeasurements weremade to characterize the device performance
parameters.

3. Characterizations

Schimadzu-UV1700was utilized to determine the photoanodes’ optical properties. The I-V characteristics of
assembled solar device, was analyzed by using a ABET (10500) Solar Simulator andKiethley 2400 Sourcemeter.
Electrochemical impedance spectroscopy (EIS)measurements carried out using a potentiostat (Gamry, interface
1000E), and the appropriate Gamry software was used to analyze the results. The thickness of TiO2 layers and
morphological characteristics of the samples have been investigated by employing a scanning electron
microscopy (Hitachi SU5000 SEM). The illuminated active areawas determined as 0.27 cm2with amask under
an incident solar power (AM1.5, 100mWcm−2) generated by the solar simulator. The efficiency and power

Figure 2.Demonstration of spin coating device and different acceleration values for TiO2 coating.

Table 1.The changing parameters for coating of TiO2 paste.

Samples

Spin acceleration

(rpm s−1)
Acceleration

time (s)
Coating

speed (rpm)
Coating

time (s)

A1 125 32 4000 30

A2 250 16 4000 30

A3 500 8 4000 30

A4 1000 4 4000 30

A5 2000 2 4000 30
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output of devices weremeasured under the standard conditions such as open air pressure, temperature of 24 °C,
humidity of 43%.

4. Results and discussion

To investigate the thickness andmorphology of the TiO2 surfaces of samples prepared in different spin coating
acceleration values, aHitachi SU5000 type FE-SEMdevice employed. According to the cross-sectional images
taken fromFE-SEM, it was realized that the thickness of TiO2 layers varied between 17.7μmand 20.3μmas seen
infigure 4.

To exmaine the transparency of the samples transmittancemeasurements were executed after dye loading
process. As expected, the transmittance values are inversely proportional to the absorbance values, and the
results were found to be compatible with the trend of the absorbance values.While the sample A5 is showing a
lowest transmittance, the sample A1 displays themaximumvalues of transmittance among the other samples as
seen infigure 5.

To understand the dye absorption capabilities of the samples, the absorbance values of sampleswere
measured in aUV–visible spectrophotometer (UV-1700 series from ShimadzuCorporation). To analyze the
effect of dye on the optoelectronic properties of samples, two differentmeasurements weremade including
before dye loading and after dye loading. Significant improvements in absorbance values of samples at a certain
wavelength range,may be fulfilled by carefully altering the layer or coating conditions [20, 21].

As can be seen infigure 6, there is a remarkable increase in absorbance values after dye loading.When
comparing the other samples that were fabricated at various accelerations, it should be noted that the sample A5,
produced at 2000 rpm s−1, had themaximumabsorbance value after the dye loading process. The reason for
having the highest absorption value for A5,may be attributed to obtaining the largest possible surface area
thanks to the developing porous structure onTiO2 layer as result of centrifugal force. It is known that if
mesoporous TiO2 nanoparticles have a larger interior surface area, the dye adsorption capacity enhances and
promotes strong photocurrent productionwith excellent light absorption. Additionally, thismesoporous layer
provides fast transmission of electrons at the device interface, which enhances the transmission of charge
capabilities in aDSSC [22, 23].

To comprehendmore detail, the delta absorbance ( = -A A Aafter dye before dye∆ ) values were calculated for
each sample and given infigure 7. To comment, it appears that the absorbance difference between samples
increasing gradually from sample A1 toA5 and eventually this difference reaching the highest value for the
sample A5. By increasing the acceleration values of spin coating device it was anticipated that TiO2 porous

Figure 3.The photoanodes after 18 h dye loading procedure.
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structure developing and total surface area that the dyewill adhere is increasing. This circumstance permits both
significant dye-loading and improves charge collection efficiency by allowingmoremigrating carriers with
enhanced light absorption/excitation [24].

To examine the optoelectronic parameters of samples the visible wavelength ranges of electromagnetic
spectrum can be taken into consideration. Thewavelength ranges at which photons coming from sun emit the
highest energy is between 400 and 700 nm. In this wavelength range, the point where the highest irradiance value
is reached is at 550 nm [25]. Therefore, the absorbance and transmittance values with respect changing spin
acceleration values at 550 nmare given infigure 8. It can be clearly seen that absorbance values are increasing
with rising acceleration values starting from125 and increasing up to 2000 rpm s−1. This increasing absorbance
values are also indicator of the enhanced porous structure and increasing surface area of TiO2 layer.

In addition to the optoelectronic parameters of a solar cell device, one of the other significant performance
indicator of thematters that should be evaluated is interfacial charge transfer dynamics. To clarify the charge
transfer dynamics of a solar cell device, it is important to perceive interfacial resistances from aNyquist plot. In
Nyquist plot, there is a vertically  WZ ( ) imaginary part shows the capacitive resistance values and a horizontally
Z W( ) real part of the graph shows the resistance in the circuit. These curves in the graph demonstrate the
electrical losses in the solar cell layer structure, especially the horizontal part of this graph reflects themain idea

Figure 4.Cross-sectional FE-SEM images of TiO2 samples prepared by spin coating at different spin accelerations.

Figure 5.Transmittance spectra of the TiO2 coated samples after dye loading.
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about the interfacial resistance values of devices. These interfacial resistance system is called asNyquist
equivalent circuitmodel and have been illustrated inset offigure 9. In aNyquist plot, the great semicircle in
lower frequency region is linked to the recombination resistance (Rr) at the TiO2/dye/electrolyte contacts,
whereas theminor semicircle in higher frequency region is in connectionwith the charge transfer resistance (RC)
at the Pt/electrolyte contact [1, 26, 27]. The source of series resistance (RS) here is the FTOglass, whichwas
chosen as substrate of the cells.

Accordingly, for a solar cell to performwell, the series and charge transfer resistance are expected to be low
and the recombination resistance is expected to be high enough. Especially, to increase the number collecting
electrons at the conduction band level of TiO2/FTO and to prohibit the recombinations of electrons between
layers of TiO2/dye/electrolyte, recombination resistances should be greater.

As can be seen from thefigure 9, the series resistance values of samples are almost the same as identical FTO
glasses were used in all of the devices. First semi-circles indicate the charge transfer resistance (RC), of which it
can be also considered almost the same for all devices except little differences. These values cannot be easily
distinguished from the graph butwe can evaluate these parameters from table 2with detail. On the other hand,
recombination resistances (Rr) of samples can be clearly interpreted by looking into second semicircles given in

Figure 6.Absorbance spectra of the photoanodes before dye and after dye loading.

Figure 7.Delta absorbance spectra of the samples.
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Figure 8. (a)Absorbance and (b) transmittance values of photoanodes at 550 nmwavelength.

Figure 9.Nyquist plot of Electrochemical Impedance Spectroscopy (EIS)measurement and equivalent circuitmodel.
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figure 9. The recombination resistance values augmented noticeably for sample A4 andA5, beyond the
acceleration value of 500 rpm s−1 (sample A3).

To elucidate the effect of upgrading recombination resistance on solar cell device, electron life times attained
fromBode graphwas given detaily in table 2. Here, recombination resistance is accuried superior for the sample
A5, indicating that the life timewould be longer than the other samples. Considering the better absorbance value
of sample A5, it seems to be compatible with the lifetimes and recombination resistance values here. Longer
electron lifetime for the sample A5, supportedwith a low rate of charge recombinations by dint of rising
recombination resistance. The provided parameters in table 2 correspond quite well with those that have been
published in the literature [28, 29].

To calculate the lifetime values of electrons for each of sample, the Bode plot given infigure 10was utilized.
Thisfigure displays thefindings fromBode plot analyses of devices fabricated infive different spin coating
acceleration values.Here, the characteristic frequency fmax (low-frequency peaks) is utilized to calculate the
predicted lifetime of an electron (t), which is oppositely correlated to f ,max in this Bode phase diagram. The
electron lifetime is computed using the formula given below, where fmax is the greatest peak frequency at the
counter electrode/electrolyte interface as illustrated infigure 10. The t is defined by [30–32] as given in
equation (1);

t
p

=
f

1

2
1

max

( )

The electron lifetime of sample A5, which is 40.36ms, is the greatest value among the otherDSSCs, indicating
that there is reduced recombinationwitn increasing recombination resistance of the device. Therefore, this rise
in recombination resistance boosted the number of collected electrons in TiO2 conduction band level and
developed device performance.

To examine overall efficiency variation of a solar cell device, some of themain parameters as short circuit
density (JSC), open circuit voltage (VOC),fill factor (FF) and power conversion efficiency (PCE, η) should be
measured and analyzed. The JSC value is themaximumcurrent density that solar cells could generate and it is
related to the amount of photons collected from light source. Also,VOC is the highest voltage value a solar cell

Figure 10.Bode plot of EISmeasurement.

Table 2. Fitting results of EIS analysis forDSSCs.

Sample Rs (Ω) Rc (Ω) Rr (Ω) τ (ms)

A1 17.38 1.63 7.01 32.01

A2 16.97 1.16 6.67 25.04

A3 17.91 1.46 6.96 32.00

A4 17.05 1.68 10.25 32.05

A5 17.09 2.16 12.22 40.36
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can reach [33]. Nevertheless, the generated power of solar cell is zero at each of these working locations. The
parameter that controls themaximumpower output from a solar cell, alongwithVOC and JSC, is called the ‘fill
factor’ or simply ‘FF’. As shown in equation (2); the FF is defined as the ratio of themaximumpower of solar cell
to the product ofVOC and JSC.

= =FF
P

J V

J V

J V
2

sc oc

mpp mpp

sc oc

max ( )

Considering the graph, the FF represents the size of the greatest rectangle thatwould fit inside the J-V curve and
serves as an indicator for the ‘squareness’ of a solar cell J-V graph.

The ratio of themaximal produced power (derived from equation (2)) to the incident power is used to
compute the power conversion efficiency. A commonmethod for determining the power conversion efficiency
of solar cells is to use the irradiance value Pin of 1000W/m2 for theAM1.5 spectra, as shown in equation (3).

h = = =
P

P

J V

P

J V FF

P
3

in

mpp mpp

in

sc oc

in

max ( )

As a consequence, the power conversion efficiencywas obtained by gathering themeasured data from the
sourcemeter and using equations (2) and (3).

The current density versus voltage (J-V ) graphs of the devices covering the different photoanodes of A1, A2,
A3, A4 andA5 are shown infigure 11 and resulting photovoltaic characteristics are presented in table 3.

As seen in table 3, the device A5, with the pohotoanode that has been coated at 2000 rpm s−1, has the greatest
PCEof 5.51%,which is nearly 10%higher than the photoanodes coated at lower spin acceleration values.

The JSCwas improvedwith a rise from18.28mA cm−2 to 19.96mA cm−2 when the spin coating acceleration
values are raised as seen infigures 11 and 12(a). Three parameters should be considered by judging the
magnitude of photocurrent density of the devices. These are light harvesting efficiency (LHE), electron injection
efficiency (hINJ) and charge collection efficiency (hCOLL). The LHE can be associatedwith dye loading capacity of
the photoanodes. The hINJ indicates how effectively the injection of the electrons from lowest unoccupied
molecular orbital (LUMO) level of the dye to conduction band of TiO2 occurs. To complete the circuit, finally,

Figure 11.Current density versus voltage (J-V) graphs of the solar cell devices.

Table 3.Photovoltaic parameters of theDSSCs on different rpm
values.

Sample JSC (mA cm–2) VOC (V) FF (%) η (%)

A1 18.28 0.550 0.50 5.03

A2 18.43 0.570 0.48 5.04

A3 19.69 0.568 0.45 5.03

A4 19.48 0.566 0.45 5.00

A5 19.96 0.569 0.48 5.51
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Figure 12.Demonstration of performance variations of devices with respect to spin acceleration. (a) Jsc, (b) FF, (c)Voc, (d)PCE versus
acceleration of spin coating.
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the injected electronsmust arrive at FTO,which is determined by hCOLL. In this study, since themorphology of
the photoanodes is tailored by varying spin coating acceleration, one can expect that aforementioned three
parameters can simultaneously play a role in determination of photocurrent density [34].When looking at the
voltage values, there is no significant change observed after 250 rpm s−1 as represented infigure 12(b). Another
important parameter that determines the performance of solar cells is the fill factor (FF). This factormay differ
according to thematerial properties known as shunt resistance or series resistance. In order to enhance the
electronmovement, it is expected that the shunt resistance should be high and the series resistance should be low
in amaterial having quliafied crystal. In the study conducted here, it was seen that the fill factor wasworse
between 500 rpm s−1 and 1000 rpm s−1 values as illustredfigure 12(c). So that, it seemsmore suitable towork
with a spin coating device below 500 rpm s−1 or above 1000 rpm s−1 to get a better fill factor value by
considering the other device performance parameters.

Finally, we need to evaluate the all these parameters by considering interconnections between them.Here,
onemetricmight improve the device performancewhile the other deteriorates, hence it ismore crucial to
consider how these characteristics impact the overall device efficiency.When it was comparedwith the other
devices, it turns out that the device A5manufactured at 2000 rpm s−1 has a 10%higher efficiency than the others
as demonstrated figure 12(d).

TheDSSCs in this studywere comparedwith previous reportedDSSCs, whose structures contain spin
coated TiO2mesoporous layer as shown in table 3. Based on the comparison in table 4, it can be inferred that our
device exhibits better performance thanmany of other devices. Also, it can be deduced that the performance
parameters of our device is compatible with those given in literature.

5. Conclusion

In this study, it was examined that the effect of spin coating acceleration on the TiO2mesoporous layer and
device performance parameters. As a result, it was understood that the performance parameters of the solar cell
was improved owing to the enhancement of the optoelectric and electrochemical properties of the TiO2 coated
photoanode. UV visiblemeasurements show that the absorbance value of the sample A5 increasedmuchmore
than the others when dye loaded. This remarkable increase in the absorbance value led to an increase in the JSC
value, which is one of the important performance parameters of the device, and ultimately an increase in
efficiency. For the future studies, the used device in this study can be assembledwith natural dyes which are
alternative toN719 for non-toxicDSSC applications [35, 36]. In our futurework, we aim to improve the
performance ofDSSCs, taking into account the experience and knowledgewe have gained here.We predict that
the results of this studywill support and shed light on future studies using TiO2mesoporous layer forDSSCs.
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