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 Purpose of the study: This study explores simple visible light spectroscopy to 

measure maximum absorption wavelengths in Fe(SCN)₃ and CuSO₄ solutions, 

analyzing the impact of light filters on absorption spectra. 

Methodology: This study exposed Fe(SCN)₃ and CuSO₄ solutions to tungsten 

lamp light, passing through a collimator and diffraction grating. Spectral data, 

recorded by a camera, compared filtered and unfiltered conditions. Absorbance, 
determined from light intensity differences, revealed characteristic wavelengths 

with maximum absorbance for each solution, visualized through wavelength-

absorbance graphs. 

Main Findings: The maximum absorption wavelengths for Fe(SCN)₃ were 481 
nm (with filter) and 472 nm (without filter), while for CuSO₄, they were 570 nm 

(with filter) and 553 nm (without filter). Monochromatic filters enhanced 

accuracy, aligning Fe(SCN)₃ closer to theoretical values and reducing CuSO₄ 

deviations to 20 nm (filtered) compared to 37 nm (unfiltered). 

Novelty/Originality of this study: The novelty of this study lies in the 

development of a simple visible light-based spectrophotometer by utilizing 

easily accessible tools and materials, such as tungsten lamps and CMOS 

cameras, to understand the maximum absorption peaks of Fe(SCN)₃ and CuSO₄ 
solutions. In addition, this study explores the effect of using light filters on the 

accuracy of spectrum data, providing a practical alternative for spectroscopy 

experiments in resource-limited learning environments. 
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1. INTRODUCTION 

Spectroscopy is a scientific method used to analyze the properties of matter based on its interaction with 

light [1], [2]. This technique utilizes electromagnetic radiation emitted, absorbed, or reflected by a substance in 

solution [3], [4]. In the world of analytical chemistry, spectroscopy is very important because it can provide 

information about the concentration and structure of a compound [5], [6]. The main tool used in this technique is 

a spectrophotometer. One type is a visible light spectrophotometer, which works in the wavelength range of around 

400–700 nm. 

A visible light spectrophotometer can be used to determine the maximum absorption wavelength of a 

substance in solution [7], [8]. In addition, this tool can also be used to measure the absorbance and concentration 

of substances based on the Lambert-Beer law. In its operation, the solution is irradiated with light and the 

spectrophotometer records the intensity of light absorbed by the solution [9], [10]. This process allows the 
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identification of substances based on their color and ability to absorb certain light. Thus, spectrophotometers are 

very useful in quantitatively testing the quality of solutions [11], [12]. 

The light used in spectroscopy can be polychromatic or monochromatic [13], [14]. Polychromatic light 

is used to select the maximum absorption wavelength from a wide spectrum [15], [16]. Meanwhile, monochromatic 

light provides higher accuracy because it has a narrow and focused wavelength range [17], [18]. The combination 

of the use of both types of light can produce more reliable and representative data. Therefore, understanding the 

type of light used is important in spectroscopy experiments. 

Although spectrophotometers have an important function in testing solutions, the general public or 

practitioners' understanding of their working principles is still limited [19], [20]. Usually, the testing process only 

focuses on the final results without understanding in depth how the tool works or what reactions occur when the 

solution is exposed to light radiation. Theoretical explanations are often considered sufficient, without in-depth 

direct practice due to limited facilities. The very expensive price of spectrophotometers is a major obstacle in the 

direct learning process [21], [22]. As a result, not all students or practitioners can actively use this tool in 

practicums. 

Most spectroscopy experiments are carried out only using available tools without questioning their 

physical principles. In fact, a deep understanding of how the tool works is very important to improve the quality 

of data analysis [23], [24]. This knowledge is not only useful for scientists, but also for students who are studying 

analytical chemistry. By understanding the basic principles of spectroscopy, users can interpret test results more 

critically and accurately [25], [26]. Therefore, a practical approach is needed that can bridge the limitations of 

tools and learning needs. 

This study tries to present a solution by making a simple visible light spectrophotometer using easily 

available tools and materials. The tools used include a tungsten lamp as a light source, a collimator, a cuvette made 

of glass slides, a diffraction grating, a camera, a light filter, and a computer [27]. This device is designed to 

resemble the working principle of a commercial spectrophotometer, but in a more economical and educational 

form. With this approach, practitioners can more easily understand how light is emitted, absorbed, and analyzed 

in a solution system. This also provides direct experience in simple spectroscopy experiments. 

This study is unique because there has been no previous study that specifically developed a simple visible 

light-based spectrophotometer using easily accessible tools such as tungsten lamps and CMOS cameras to study 

the absorption spectrum of Fe(SCN)₃ and CuSO₄ solutions. Most previous spectroscopy studies have focused on 

the use of commercial spectrophotometers with sophisticated technology that are difficult to reach by educational 

institutions with limited resources. This gap indicates the lack of affordable alternatives for spectroscopy learning 

in educational settings, so this study is a relevant innovation to answer this need. 

The novelty of this research lies in the development of a simple visible light-based spectrophotometer 

utilizing readily available tools and materials, such as tungsten lamps and CMOS cameras. This approach offers 

an innovative alternative for spectroscopy learning in educational settings with limited resources, which has not 

been widely explored before. This research not only provides a direct understanding of the working principle of 

the spectrophotometer, but also allows students and practitioners to conduct spectroscopy experiments 

economically without relying on expensive commercial equipment. The urgency of this research is increasing 

along with the need for interactive and affordable chemistry learning methods, especially in institutions with 

limited technology. By offering a practical solution to overcome these obstacles, this research contributes to 

improving the quality of science education and supporting the development of innovative methods in chemistry 

learning. 

This study specifically aims to determine the maximum absorption wavelength of Fe(SCN)₃ and CuSO₄ 

solutions. Both solutions were chosen because they are translucent and colored, making them suitable for analysis 

with a visible light spectrophotometer based on the Lambert-Beer law. In addition, this study also examines the 

effect of using a light filter on the absorption spectrum of the solution. By combining practical and theoretical 

aspects, this research is expected to contribute to science education, especially in the basic understanding of 

spectroscopy. The results can be an alternative for cheap, simple, yet effective and informative spectroscopy 

learning. 

 

 

2. RESEARCH METHOD 

2.1. Equipment and Materials 

The equipment used in this study was designed simply but functionally to simulate the working principle 

of a visible light spectrophotometer. The main equipment includes a 25-watt tungsten lamp as a light source and a 

USB CMOS camera with a resolution of 780 x 1280 pixels to capture the light spectrum passing through the 

sample. A diffraction grating with a density of 1000 lines/mm was used to break down the light, while red, green, 

and blue light filters functioned for wavelength selection. For optical construction, a glass slide, two razor blades 

as light slits, glass glue, black duct tape, plywood, a cutter, and a statip were used as optical system supports. 

Additional equipment such as styrofoam, connecting cables, and black markers were also used to perfect the 
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assembly of the tool. The materials used in the test were Fe(SCN)₃ solution and CuSO₄ solution as the main 

samples. These two solutions were chosen because they have translucent properties and produce colors that can 

be observed visually through a visible light spectrophotometer. Aquades was used as a solvent and comparative 

material for background measurements (blank). All materials are prepared under conditions that comply with 

laboratory safety procedures. This combination of tools and materials allows for simple and effective observation 

of absorption spectra. 

 

2.2. Research Object 

The objects of this study are the maximum absorption wavelength of Fe(SCN)3 and CuSO4 solutions, as 

well as the effect of monochromatic filters on the absorption spectrum of the solutions. 

 

2.3. Data Analysis Techniques 

The data analysis technique in this study began with testing the light spectrum produced by the tungsten 

lamp using a diffraction grating. The purpose of this stage is to ensure that the tungsten lamp emits an adequate 

light spectrum and is in accordance with the needs in taking spectral data. Furthermore, the light spectrum that has 

passed through the optical system is recorded by a CMOS camera and analyzed using Matlab software. This 

analysis produces a graph of the relationship between light intensity and wavelength, which describes the spectral 

distribution of the transmitted light. The next step is to calculate the difference in light intensity between the empty 

cuvette (without sample) and the cuvette containing the sample solution. This difference value represents the 

amount of light absorbed by the solution, which is the basis for calculating absorbance. The absorbance data is 

then compared with the initial intensity to produce a graph of the relationship between absorbance and wavelength. 

This graph is very important in determining the maximum absorption wavelength of each solution. Through this 

analysis stage, quantitative information is obtained that supports the understanding of the optical characteristics of 

Fe(SCN)₃ and CuSO₄ solutions. 

 

 

3. RESULTS AND DISCUSSION 

3.1.  Tungsten Lamp Light Spectrum Validation 

Before measuring the sample solution, a test was carried out on the light spectrum from the tungsten lamp 

as a light source. The test results showed that the tungsten lamp emits a light spectrum in the visible light range, 

which is around 400–700 nm. This light is then projected through a diffraction grating and captured by a CMOS 

camera. The spectrum pattern formed shows a fairly even intensity distribution at visible wavelengths, making it 

suitable for use as a light source in testing the absorption spectrum of the solution. These results ensure that the 

experiments carried out are supported by a radiation source that is in accordance with the working principle of 

visible light spectroscopy. 

 

3.2.  Absorption Spectrum of Fe(SCN)₃ Solution 

Measurements of Fe(SCN)₃ solution were carried out under two conditions, namely without using a filter 

and using a light filter (red, green, and blue). In conditions without a filter, the maximum absorption wavelength 

value was obtained at 472 nm. Meanwhile, the use of a light filter showed an increase in accuracy with a maximum 

absorption value of 481 nm, which is closer to the theoretical value of the absorption of Fe(SCN)₃ solution in the 

blue-green range (around 480–490 nm). These results indicate that monochromatic light from the filter is able to 

narrow the spectrum and reduce interference from other light in absorbance measurements. In addition, the 

absorbance graph resulting from the use of the filter shows a sharper and clearer peak than without a filter. 

 

3.3. Absorption Spectrum of CuSO₄ Solution 

Similar to Fe(SCN)₃, CuSO₄ solution was also tested under two lighting conditions. The measurement 

results showed that the maximum absorption wavelength without a filter was 553 nm, while with a light filter, the 

maximum value shifted to 570 nm. This value is closer to the theoretical absorption wavelength of CuSO₄ which 

is in the yellow-orange range (around 580–600 nm). The use of a filter has been shown to reduce spectrum spread 

and increase the sharpness of the absorption data. Comparison of absorbance graphs shows that the absorption 

peak with a filter is more defined, while the graph without a filter tends to be wider and flatter. 

 

3.4. Effect of Light Filters on Absorption Spectrum 

The results showed that the use of light filters had a significant impact on the accuracy and clarity of the 

absorption spectrum data. In both types of solutions, the use of filters resulted in maximum absorption wavelengths 

that were closer to theoretical values. In addition, the use of filters made it easier to identify absorption peaks 

because it narrowed the spectrum of light transmitted to the sample. This is in line with the working principle of a 

monochromatic spectrophotometer, where light with a single wavelength provides more accurate and sharp 
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absorbance data. Thus, light filters have an important role in improving the performance of simple spectroscopy 

systems. 

 

The findings demonstrate that the simple spectrophotometer designed in this study is effective for 

analyzing the absorption spectra of Fe(SCN)₃ and CuSO₄ solutions. Its simplicity and cost-effectiveness make it a 

practical tool for educational purposes, enabling students to understand spectroscopy principles hands-on. 

However, the experiment is limited by the quality of the filters and the precision of the optical alignment. 

Future research could explore improved filter materials and test the method on other solutions to validate its 

broader applicability. Additionally, integrating automated data analysis could enhance usability and accuracy. 

 

 

4. CONCLUSION 

Based on the results of the study and discussion, it can be concluded that the maximum absorption 

wavelength of Fe(SCN)3 solution using a filter and without a filter are 481 nm and 472 nm respectively with green 

layer analysis. The maximum absorption wavelength of CuSO4 solution using a filter and without a filter are 570 

nm and 553 nm respectively with red layer analysis. Monochromatic filters on spectrophotometers can produce 

better spectra or data. For the Fe(SCN)3 sample, the wavelength value when using a filter is within the theoretical 

range used, but when not using a filter it has a difference of 9 nm from the theory. While for the CuSO4 sample, 

the wavelength when using a filter differs by 20 nm and when not using a filter it differs by up to 37 nm. Further 

research is suggested to develop this simple spectrophotometer by using more precise light filters to improve the 

accuracy of the measurement results. In addition, testing the device on other chemical solutions or data automation 

systems can expand its applications in chemistry learning and research. 
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