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Abstract
Objectives: To create a DSSC circuit, combine 5-Nitro Salicylaldehyde with
Aniline (5NSA). Methods: Working and counter electrodes are made of TiO2

and activated carbon film. Digital multimeters are used to test the conductive
side of FTO glass prior to deposition. Graphite is used as the counter electrode.
A functioning electrode was developed on conductive glass. FTO glass plate
edgeswith Scotch tape (on the conductive side as determined by amultimeter).
Distribute three drops of TiO2 blade-coated electrodes equally using a glass
stirring stick. 5-nitrosalicylaldehyde and aniline dye are applied to the working
electrode. I-/KI are electrolytes. An electrolyte is KI solution. I-V and P-V
properties were examined in direct sunshine and a solar simulator. Findings :
Using a digital multimeter and a solar simulator with glass plates, analyzed the
efficiency of DSSC in Mayiladuthurai (L1), Nagapattinam (L2), and Vedaranyam
(L3). The DSSC constructed with 5-Nitro salicylaldehyde and an aniline circuit
is obtained direct sunlight from a combination of 5NSA (L1-2.95 % ;L2-2.3 %
;L3-4.4 %) with an open circuit voltage (Voc) of (L1-26 mV;L2-38mV ;L3-39mV)
and a short circuit current density (Isc) of (L1-80 mA;L2-60 (L1- 1.42 % ; L2-
.1.01 % ; L3-1.9 % ). Different glasses determine the lowest and maximum light
locations of the solar simulator. 5NSA discovered 5.8mV from frosted glass
in lamp position 5 and a fill factor of 8% from plain glass in lamp position
5(0.92%). Novelty: 5NSA pigments with optimized agents exhibited improved
photovoltaic properties, absorbed more sunlight, and utilized photon energy
more effectively.
Keywords: Aniline; Dye Sensitized Solar Cells (DSSC); Solar simulator;
Titanium dioxide (TiO2); 5-Nitro Salicylaldehyde

1 Introduction
Dye Sensitized Solar Cells (DSSC) were formed and operated using TiO2 layered with
5-Nitrosalicyladehyde with Aniline and 5-Methylsalicyladehyde with Aniline on FTO
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glass. The first TiO2 covered with 5NSA dye module reached more than 39mv, 60mA, and 4.4 percent efficiency (1). The goal
of the research is to get data that indicate greater efficiency in the manufacture of difluorometallic compounds (DSCC) from
organic molecules.TheDSSC is created using a synthetic dye, 5-Nitro salicylaldehyde with aniline (5NSA) (2).The development
of important components such as semiconductor films, dye sensitizers, redox electrolytes, and conducting substrates in dye-
sensitized solar cells has been discussed shown in Figure 1. Researchers have been drawn to a significant advancement in the
use of biodegradable organic dyes for DSSC. A sensitizer, which is mounted to the outside of a broad crew semiconductor,
absorbs light. (3) The performance of the DSSC was investigated using the Solar Simulator and the Direct Radiation technique.
UV spectroscopic characterization has also been examined, as has scanning electron microscopy (SEM). (4)

Fig 1. Schematic depicting of a device operation in Dye Sensitized Solar Cell (DSSC)

2 Methodology

2.1 Preparation of the dye 5NSA

Salicylaldehyde and aniline were immersed in a solution for 1 hour at 324K. Each dye is combined with ethanol and swirled at
room temperature for 10 minutes (5,6). The dye was then filtered via Whatman filter paper Figure 2.

Fig 2. Chemical structure 5-Nitro Salicylaldehyde with Aniline Dye

2.2 Preparation of TiO2 paste and electrolyte

TiO2 powder and acetic acid are used to make this product. Iodine/potassium iodide (I+/KI) is available from Sigma-Aldrich.
For 60 minutes, the powder is mixed at room temperature. (7)
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2.3 Assembling of DSSC

A cell electrolyte solution coated with DSSC is injected. For cathodes, FTO glass is pencil-coated with graphite. The anode and
cathode are sandwiched together.This is the 5NSA training. Tint was extracted using ethanol.The optical density wasmeasured
using a Perkin Elmer-Lamda 35, and productivity was measured using a solar spectrometer.

Experimental methods

Afterward the creation of the DSSC performance has been analyzed by the following methods:

• Solar Simulator-Method I
• Direct Radiation from the sun –Method II

The solar trainer device measures the DSSC of a Sun-derived chemical and dye. The instrument’s direct radiation is used to
measure the Sun’s reflectance before and after peak sunlight.

2.4.1 Solar Simulator
This work used TiO2+5NSA to construct a DSSC. The performance of the cell will be evaluated using a solar simulator. This
simulator is equipped with two lights, a fan, and four-quadrant electricity.

2.4.2 Direct radiation
A DSSC is formed from TiO2+5NSA. This research evaluated I-V and P-V by exposing the produced DSSC to bright sunlight
and collecting data at several points during the monsoon season.

2.4.3 Testing the performance of the DSSC (TiO2+5NSA cell to Direct Sunlight and Solar Simulator)
Digital multimeter was used to measure open circuit voltage (Voc) and short circuit current (Isc).We’re testing DSSC
(TiO2+5NSA) in Mayiladuthurai, Nagapattinam, and Vedaranyam. Solar cells turn light into electricity. Direct sunlight is
used to test a solar cell’s Isc and Voc (Voc). Multiplying voltage and current yields maximum power (Vmax, Imax). Comparing
maximum power, Voc, and Isc determines solar cell performance.

Fill factor (FF) measures solar cell performance and the Isc-Voc curve’s square area (8) gives FF.
Fill Factor, FF =Vm Im /Voc I sc
Themaximum power (Pmax) produced by the solar cell can be obtained through the equation
Pmax = Voc × Isc × FF
Efficiency (η) produced by solar cells can be obtained through the equation
Efficiency,η= Voc Isc FF/P in

3 Results and Discussion

3.1 Absorbance of 5NSA dye

5-Nitro salicylaldehyde light aniline absorption 5NSA absorbs light at 200-500 nm (Perkin Elmer-Lamda 35). 5NSA absorption
peaks at 458 nm.While the absorption intensity is 2.6 a.u., the energy band gap is 2.71 eV Figure 3, which is semiconducting (9).
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Fig 3. Absorbance spectrum of 5NSA UV-Vis spectrum

3.2 UV spectrum of TiO2 Thin film

Figure 4 and Table 1 illustrate TiO2’s light absorption. TiO2 absorbs light at 200-500 nm (Perkin Elmer-Lambda35). TiO2
absorbance peaks at 383 nm (10). 4au absorption. It’s 3.2eV.

Table 1.UV Spectrum Analysis of TiO2 thin film:
Compound Wavelength(nm) Absorption(A) Band gap(eV)
TiO2 383 4 3.2

Fig 4.UV spectrum of TiO2Thin film

3.3 SEM images of TiO2 +5NSA Dye

Thin-film TiO2+5NSA is examined by SEM.The particles’ size and average diameter resemble small aggregates. Figure 5 shows
that the predominant elements of the thin film TiO2+5NSA produced are 200nm nanoparticles. (11)

https://www.indjst.org/ 1887

https://www.indjst.org/


Idamalarselvi et al. / Indian Journal of Science and Technology 2022;15(37):1884–1891

Fig 5. SEM images of TiO2+5NSA Dye

3.4 I-V Performance of TiO2+5NSA in solar simulator with different glasses

3.4.1 Solar simulator reading for DSSC, Different lamp position and lamp illuminated in Frosted glass
DSSC, frosted glass light, 33◦C, lamp position 1. Isc = 0.01 mA, Voc = 1.3 mV. The maximum voltage (Vmax) is 0.23 mV, the
maximum current (Imax) is 0.15 mA, the maximum power voltage (Pmax) is 0.0345 mW, the Fill Factor (FF) is 2.7%, the short-
circuit current (Isc) is 0.01 mA, and the open-circuit voltage (Voc) is 1.5 mV. Short circuit current (Isc) is 0.01 mA, and open
circuit voltage (Voc) is 2.7 mV in lamp position 3.The maximum voltage (Vmax) is 0.6 mV, the maximum current (Imax) is 0.24
mA, the maximum power voltage (Pmax) is 0.144 mW, the fill factor (FF) is 5.3%, the short-circuit current (Isc) is 0.01 mA, and
the open circuit voltage (Voc) is 4 mV in lamp position 4.The maximum voltage (Vmax) is 0.5 mV, the maximum current (Imax)
is 0.30 mA, the maximum power voltage (Pmax) is 0.15 mW, the fill factor (FF) is 3.7%, and lamp position 5 has an open circuit
voltage (Voc) of 5.8 mV and a short-circuit current (Isc) of 0.01 mA. Maximum voltage (Vmax) was 1.01 mV, maximum current
(Imax) was 0.46 mA, and fill factor (FF) was 8% (12). Figure 6 (a) & (b) and Table 2 show all lamp readings.

3.4.2 Solar simulator reading for TiO2+5NSA, Different lamp position and lamp illuminated in Plain glass
Voc and Isc for DSSC, plain glass, lamp position 1, 33◦C. Isc = 0.01mA, Voc = 2.6 mV. maximum voltage (Vmax) and current
(Imax) of 0.29 mV, maximum power voltage (Pmax) of 0.08 mW, fill factor (FF) of 3.2%, lamp position 2, short circuit current
(Isc) of 0.01 mA, and open circuit voltage (Voc) of 4 mV Maximum voltage (Vmax) of 0.1 mV and current (Imax) of 0.34 mA,
maximum power voltage Pmax of 0.034 mW, fill factor FF of 0.85%, lamp position 3, short circuit current (Isc) of 0.01 mA,
and open circuit voltage (Voc) of 4.6 mV. The maximum voltage (Vmax) is 1.4 mV, the maximum current (Imax) is 0.38 mA,
the maximum power voltage (Pmax) is 0.532 mW, the fill factor (FF) is 11.5%, and the lamp position is number four. Short
circuit current (Isc) is 0.01 mA, and open circuit voltage (Voc) is 5.5 mV.Themaximum voltage (Vmax) is 0.4 mV, the maximum
current (Imax) is 0.3 mA, the maximum power voltage (Pmax) is 0.645 mW, the fill factor (FF) is 11.7%, and lamp position 5 has
an open circuit voltage (Voc) of 6.5 mV and a short-circuit current (Isc) of 0.01 mA. The maximum voltage (Vmax) was 0.2mV,
the maximum current (Imax) was 0.6 mA, and the fill factor (FF) was 1.84 percent (13). Figure 6 (c) & (d) and Table 2 show all
light position readings.

Table 2. Solar simulator reading of DSSC (TiO2+5NSA) with difference glass plates
Glasses Compounds of

DSSC
Lamp
position

Open Circuit Voltage ,VOC
(mV)

Short Circuit Current, ISC
(mA)

Fill Factor,
FF%

Frosted
Glass TiO2+5NSA

1 1.3 0.01 2.7
2 1.5 0.01 6.4
3 2.7 0.01 5.3
4 4 0.01 3.75
5 5.8 0.01 8

Plain
Glass TiO2+5NSA

1 2.6 0.01 3.2
2 4 0.01 0.85
3 4.6 0.01 11.5
4 5.5 0.01 11.7
5 6.5 0.01 0.92
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Fig 6. (a)I-V and (b) P-V characteristics of DSSC, Compounds of TiO2+5NSA, Light illuminated with Frosted glass (c) I-V and (d) Voltage
(mV) characteristics of DSSC, Compounds of TiO2+5NSA, Light illuminated with Plainglass

3.5 I-V performance of TiO2+5NSA in direct sunlight

Vmax and Imax for DSSC in a (TiO2+5NSA) cell at 33◦C inMayiladuthurai (L1). 7.15mVVmax, 415mA Imax, and 2967mWPmax
in Nagapattinam. 30◦C. TiO2+5NSA attained maximum voltage (Vmax) of 4.17mV and maximum current (Imax) of 550mA at
Vedaranyam, 31◦C. Figure 7 (a) & (b).Table 3 given the efficiency 4.4% of TiO2with 5Nitro salicylaldehyde aniline (DSSC),
from Vedaranyam.

Table 3.Direct sunlight reading for TiO2+5NSA Solar Cell Performance
Places Com-

pounds
Open circuit voltage,VOC
(mV)

Short circuit current,ISc
(mA)

FillFac-
tor,FF%

Efficiency,η%

Mayiladuthu-
rai TiO2+5NSA

26 80 1.42 2.9

Nagapattinam 38 60 1.01 2.3
Vedaranyam 39 60 1.9 4.4

https://www.indjst.org/ 1889

https://www.indjst.org/


Idamalarselvi et al. / Indian Journal of Science and Technology 2022;15(37):1884–1891

Fig 7. (a) I-V and (b) P-VCharacteristics of TiO2+5 Nitro salicylaldehyde aniline-Mayiladuthurai, Nagapattinam, Vedaranyam

4 Conclusion
Tables 2 and 3 give device performance data. Table 2 shows the I-V and P-V characterization of frosted and clear glass. Plain
glass has the highest open circuit voltage of 6.5 mV and the highest fill factor of 0.92%. In table 3, TiO2+5NSA (DSSC) I-V
characterization for direct sunlight from various places, this dye provided high efficiency from Vedaranyam (L3) for efficiency
of 4.4% from the DSSC based on the dye 5-Nitro salicylaldehyde with aniline (14). We devised and produced a Schiff-based
organic dye. This dye is DSSC-friendly. DSSC based on 5NSA can convert direct sunlight to 4.4% efficiency. This offers a solar-
harvesting p-conjugation strategy for organic dyes. In and similar materials have been shown to be interesting candidates for
photochemical and phototherapeutic applications. (15)

Acknowledgment
The authors gratefully acknowledge St. Joseph College, Trichy and Alagappa University, Karaikudi for UV Vis NIR analysis.

References
1) Ludin NA, Mahmoud AMAA, Mohamad AB, Kadhum AAH, Sopian K, Karim NSA. Review on the development of natural dye photosensitizer for

dye-sensitized solar cells. Renewable and Sustainable Energy Reviews. 2014;31:386–396. Available from: https://doi.org/10.1016/j.rser.2013.12.001.
2) Godfroy M, Liotier J, Mwalukuku VM, Joly D, Huaulmé Q, Cabau L, et al. Benzothiadiazole-based photosensitizers for efficient and stable dye-

sensitized solar cells and 8.7% efficiency semi-transparent mini-modules. Sustainable Energy & Fuels. 2021;5(1):144–153. Available from: https:
//doi.org/10.1039/D0SE01345E.

3) Ren Y, Cao Y, Zhang D, Zakeeruddin SM, Hagfeldt A, Wang P, et al. A Blue Photosensitizer Realizing Efficient and Stable Green Solar Cells via Color
Tuning by the Electrolyte. Advanced Materials. 2020;32(17):2000193–2000193. Available from: https://doi.org/10.1002/adma.202000193.

4) chin Chen C, Nguyen VS, chi Chiu H, da Chen Y, chien Wei T, yu Yeh C. Anthracene-Bridged Sensitizers for Dye-Sensitized Solar Cells with
37% Efficiency under Dim Light (Adv. Energy Mater. 20/2022). Advanced Energy Materials. 2022;12(20):2270080–2270080. Available from: https:
//doi.org/10.1002/aenm.202270080.

5) Chun-Ting YL, Kuo CP, Kumar. Pei-Ting Huang, and Tetraphenylethylene tethered phenothiazine-based double-anchored sensitizers for high
performance dye-sensitized solar cells. J Mater Chem A. 2019;7:23225–23233. Available from: https://doi.org/10.1039/C9TA09025H.

6) Baby R, Nixon PD, Kumar NM, Subathra MSP, Ananthi N. A comprehensive review of dye-sensitized solar cell optimal fabrication conditions,
natural dye selection, and application-based future perspectives. Environmental Science and Pollution Research. 2022;29(1):371–404. Available from:
https://doi.org/10.1007/s11356-021-16976-8.

7) Saygili Y, Stojanovic M, Flores-Díaz N, Zakeeruddin SM, Vlachopoulos N, Grätzel M, et al. Metal Coordination Complexes as Redox Mediators in
Regenerative Dye-Sensitized Solar Cells. Inorganics. 2019;7(3):30–30. Available from: https://doi.org/10.3390/inorganics7030030.

8) Akman E, Akin S, Ozturk T, Gulveren B, Sonmezoglu S. Europium and terbium lanthanide ions co-doping in TiO2 photoanode to synchronously
improve light-harvesting and open-circuit voltage for high-efficiency dye-sensitized solar cells. Solar Energy. 2020;202:227–237. Available from:

https://www.indjst.org/ 1890

https://doi.org/10.1016/j.rser.2013.12.001
https://doi.org/10.1039/D0SE01345E
https://doi.org/10.1039/D0SE01345E
https://doi.org/10.1002/adma.202000193
https://doi.org/10.1002/aenm.202270080
https://doi.org/10.1002/aenm.202270080
https://doi.org/10.1039/C9TA09025H
https://doi.org/10.1007/s11356-021-16976-8
https://doi.org/10.3390/inorganics7030030
https://www.indjst.org/


Idamalarselvi et al. / Indian Journal of Science and Technology 2022;15(37):1884–1891

https://doi.org/10.1016/j.solener.2020.03.108.
9) Sofyan N, Ridhova A, Yuwono AH, Udhiarto A, Fergus JW. Synthesis of TiO <sub>2</sub> nanoparticles at low hydrothermal temperature and its

performance for DSSC sensitized using natural dye extracted from <i>Melastoma malabathricum</i> L. seeds. International Journal of Energy Research.
2019;43(11):5959–5968. Available from: https://doi.org/10.1002/er.4710.

10) Kumar D, Parmar K, Kuchhal P. Optimizing Photovoltaic Efficiency of a Dye- Sensitized Solar Cell (DSSC) by a Combined (Modeling-Simulation and
Experimental) Study. International Journal of Renewable Energy Research. 2020;10(1):165–174.

11) Borbón S, Lugo S, Pourjafari D, Aguilar NP, Oskam G, López I. Open-Circuit Voltage (VOC) Enhancement in TiO<sub>2</sub>-Based DSSCs:
Incorporation of ZnO Nanoflowers and Au Nanoparticles. ACS Omega. 2020;5(19):10977–10986. Available from: https://doi.org/10.1021/acsomega.
0c00794.

12) Ahmad SHA, Al-Ahmed A, Hakeem AS, Alshahrani T, Mahmood Q, Mehmood U, et al. Enhancing the performance of dye-sensitized solar cell using
nano-sized erbium oxide on titanium oxide photoanode by impregnation route. Journal of Photochemistry and Photobiology. 2021;7:100047–100047.
Available from: https://doi.org/10.1016/j.jpap.2021.100047.

13) JangWJ, Cha JS, KimH, Yang JH. Effect of an Iodine Film on Charge-Transfer Resistance during the Electro-Oxidation of Iodide in Redox Flow Batteries.
ACS Applied Materials & Interfaces. 2021;13(5):6385–6393. Available from: https://doi.org/10.1021/acsami.0c22895.

14) Akman E, Karapinar HS. Electrochemically stable, cost-effective and facile produced selenium@activated carbon composite counter electrodes for dye-
sensitized solar cells. Solar Energy. 2022;234:368–376. Available from: https://doi.org/10.1016/j.solener.2022.02.011.

15) Aslam A, Mehmood U, Arshad MH, Ishfaq A, Zaheer J, Khan AUH, et al. Dye-sensitized solar cells (DSSCs) as a potential photovoltaic technology for
the self-powered internet of things (IoTs) applications. Solar Energy. 2020;207:874–892. Available from: https://doi.org/10.1016/j.solener.2020.07.029.

https://www.indjst.org/ 1891

https://doi.org/10.1016/j.solener.2020.03.108
https://doi.org/10.1002/er.4710
https://doi.org/10.1021/acsomega.0c00794
https://doi.org/10.1021/acsomega.0c00794
https://doi.org/10.1016/j.jpap.2021.100047
https://doi.org/10.1021/acsami.0c22895
https://doi.org/10.1016/j.solener.2022.02.011
https://doi.org/10.1016/j.solener.2020.07.029
https://www.indjst.org/

	Introduction
	Methodology
	2.1 Preparation of the dye 5NSA
	2.2 Preparation of TiO2 paste and electrolyte
	2.3 Assembling of DSSC
	Experimental methods
	2.4.1 Solar Simulator
	2.4.2 Direct  radiation 
	2.4.3 Testing the performance of the DSSC (TiO2+5NSA cell to Direct Sunlight and Solar Simulator)


	Results and Discussion
	3.1 Absorbance of 5NSA dye
	3.2 UV spectrum of TiO2 Thin film
	3.3 SEM images of TiO2 +5NSA Dye
	3.4 I-V Performance of TiO2+5NSA in solar simulator with different glasses
	3.4.1 Solar simulator reading for DSSC, Different lamp position and lamp illuminated in Frosted glass
	3.4.2 Solar simulator reading for TiO2+5NSA, Different lamp position and lamp illuminated in Plain glass

	3.5 I-V performance of TiO2+5NSA in direct sunlight

	Conclusion

