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Abstract 

The nano pigment synthesized from chloroauric acid was utilized in the fabrication of panels and films, 

which served as luminescent solar concentrators (LSCs) to enhance the energy conversion efficiency of 

solar cells. Based on the optical measurements, the nano pigment demonstrated the ability to both absorb 

and transmit a significant portion of solar radiation, indicating its high potential for efficient light 

management in photovoltaic applications. Based on the results, production with the panel and film led to 

solar cells that work more efficiently than before. Analysis with XRD determined that the pigment forms 

in nanoscale crystals with sizes of (30–60) nm. The thicknesses of the panel and the film, along with the 

concentration of nano pigments, were maintained at constant values. All epoxy polymer and glycerin 

liquid used during the preparation process were maintained at constant levels, as they did not significantly 

affect the characteristics or performance of the panels and films integrated with solar cells. 
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Introduction 

Light, particularly visible sunlight, constitutes a major portion of optical radiation and plays a significant role 

as a renewable energy source (Aadiwal et al., 2025). Solar panels can harness this energy to generate thermal 

energy or convert sunlight directly into electricity through photovoltaic processes. As a result, we get a clean 

and renewable source of energy that is also environmentally safe. It is now common to see solar cells made 

from organic pigments instead of the usual silicon parts. In the study, Nano Chlorogoldsaure was picked to 

dissolve the pigment which played the role of a luminescent solar concentrator (LSC) that helped improve 

solar cells efficiency (Abbas, 2013) . BSCs are special because they can generate electricity when hit by light 

from either side which is much more effective than using conventional styles (Figure.1) (Alkhayatt et al., 

2019). 

 

Figure 1. The bifacial  solar cells 

Nano Chlorogoldsaure Solvent  

The formula structure of  Nano Chlorogoldsaure  solvent is (HAuCk4.xH2O) and Molar mass (339.79 

g/mol) (Ataiwi & Abdul-Hamead, 2009). 

Experimental Details 

The concentration of the NanoChlorogoldsaure solvent was evaluated through UV-Vis spectrophotometry by 

measuring its absorbance at the characteristic wavelength : 

The concentration of the nano pigment solvent found by using the equation (1) as following (Tauc, 

2012): 

C = 22.2(absorbance at 645) + 9.02 (absorbance at 663) × (V/ 1000 × W)                    (1) 

Where:   

C: concentration of the Nano Chlorogoldsaure 

V: volume of the Nano Chlorogoldsaure solvent   

W: weight soft to the Nano Chlorogoldsaure 

The concentration of the nano pigment derived from chloroauric acid in the solvent was 

1×10−81mg/g.   



Natural and Engineering Sciences                               233 

 

 
 

Transmission , Absorption and Reflectance Spectra of the Nano Pigment Solvent 

The absorption and transmission spectra of the solvent containing the nano pigment are shown in Figures 2, 3, 

and 4.  When the wavelengths are changed to higher values but the concentration is fixed, the intensity of 

pigment-solvent absorption increases slightly. A Stokes shift is marked by the maximum transmission value 

which is reached as the transmission curve moves toward the red color, while the sampled concentration is 

unchanged. 

 

Figure 2. Absorption spectrum of the nano pigment solvent at a concentration of 2.34×10⁻² mg·g⁻¹  

 

Figure 3. Spectrum transmission for nano pigment solvent  of (2.34×10-2 ) mg.g-1  
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Figure 4. spectrum reflectance for nano pigment solvent  of (2.34×10-2 ) mg.g. 

Measurement of the Energy Band Gap (Eg) 

Figure 5 shows the plot of (αhν)² versus hν for the nano pigment solvent. The data were fitted using the Tauc 

equation to determine the energy band gap (Eg) (Bakari, 2016; Alhindi et al., 2021). 

𝛼ℎ𝜐 = 𝐽(ℎ𝜐 − 𝐸𝑔)𝑘                                                                                  (𝟐) 

Here, α represents the absorption coefficient, J is a constant, Eg denotes the optical band gap, and k 

indicates the type of possible optical transition. Based on the calculations, the indirect optical band gap was 

found to be 2.37 eV. 

 

Figure 5. Eg is shown for the nano pigment when dissolved in the chosen solvent.  

Measurement of the XRD Data for the Nano Pigment on the Panel and Film 

The nano pigment solvent was coated onto a glass substrate using the drop casting method to examine the 

crystallinity and structural features of the nanoparticles via X-ray diffraction analysis, as shown in Figure 6. 

The crystal size was estimated using the Scherrer equation (7,8). 
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𝐷 =
0.9 λ 

𝛽 𝐶𝑂𝑆𝜃 
 … … … … … ….   (2) 

The crystal size ranged from 36 to 60 nm, indicating that the formed structures are of nano-

dimensions, as illustrated in Table 1. 

 

Figure 6. XRD pattern of the nano pigment solvent                   

Table 1. The XRD data of nano pigment for the panel and film 

2Ɵ (deg) d (nm) FWHM D   (nm) 

26.796 3.3243 0.154 53 

28.605 3.118 0.167 49 

36.35 2.4695 0.232 36 

46.392 1.9556 0.207 41 

69.357 1.3538 0.194 49 

71.504 1.3183 0.163 60 

Preparation of the Panel and Film  

Two components make up the epoxy: part A which is the resin and part B, the hardener. Together, they were 

put into the nano pigment solvent to ensure proper adhesion on the panel. I combined the resin and hardener 

used in the ratio of two parts resin to one part hardener, and I stirred it for 2 minutes. Next, the nano pigment 

solvent was put into the resin-hardener solution and it was stirred for another 3 minutes. After making the 

resin-epoxy, it was put in a glass mold and cured at 25 °C for 50 hours. The film making process did not 

require the use of polymer epoxy. Rather, the nano pigment solvent was distributed on a glass plate by means 

of the spin coating technique (VTC). Figure 7 presents the panel with the performing thin film layer that gives 

light when the panel is used (Abbas, 2013; Mohammed Rubin & Yusuf, 2014; Milev et al., 2024). 

 

Figure 7. Solar concentrators can be fabricated using thin films or assembled panel elements  

0

100

200

300

400

500

600

10 30 50 70

In
te

n
si

ty
 (

a
.u

)

2Ɵ(deg)



Natural and Engineering Sciences                               236 

 

 
 

Measurements in the laboratory included a computer, a panel and film of nano pigment, and a 

crystalline silicon solar cells (model F–TNY 1180) with sides 75 × 75 mm and an efficiency of 4.190%.  A 

solar module analyzer was used to measure the solar cells performance, and to measure the thickness of the 

cells, panel, and film a digital caliper was used (Figure. 8) (Araby, 2006). 

 

Figure 8. Setup for the measuring system 

The Measurements for the Solar Cells 

The efficiency of The solar cells improves when a panel or film containing the nano pigment is applied over 

its surface. Looking at Table 2, you can tell that the maximum efficiency happens when the panels and films 

are applied to the solar cells (Thahab et al., 2016). 

Table 2. Solar cells performance with nano pigment panel and film. 

Samples Concentration      (mg.g-1) Thickness(mm) 𝛈%efficiency 

of solar cells 

Panel 

𝛈% 

Film 

𝛈% 

Panel 1 × 10−8 1.10 4.190% 7.122 6.341 

film 0.23  

Conclusions 

1. Chloroauric acid-based nano pigment exhibits excellent optical properties, strongly transmitting, 

absorbing, and reflecting light in the visible spectrum. The crystal size of the pigment was determined 

using X-ray diffraction analysis, revealing particles approximately 30 to 60 nanometers in length. 

2. Nano pigment derived from Chlorogoldsaure added to panels and films raises the efficiency of solar 

cells. Therefore, panels made with these nano pigment-based materials can be used to boost the energy 

collection of bifacial solar cells (Zhang et al., 2010; Skoog, 2010; Tauce, 1974). 

3. By examining its optical properties, the optical band gap was measured (2.37 eV), making it suitable for 

use in solar cells(Thahab et al., 2016). 

4. When making panels and films, using low concentrations is better and produces effective results. 

5. Single or multiple layers of the extracted pigment may be applied to the surface of solar cells to enhance 

their performance. 
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