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Abstract: In determining the reaction rate between hydrochloric acid (HCl) and sodium 
thiosulfate (Na₂S₂O₃), conventional experiments commonly rely on visual observation of 
sulfur turbidity, making endpoint determination highly dependent on lighting 
conditions and observer judgment. These limitations reduce measurement accuracy, 
repeatability, and objectivity, highlighting the need for an alternative Data Acquisition 
System (DAS) capable of providing continuous quantitative measurements. This study 
focuses on the development and optimization of a Data Acquisition System (DAS) 
utilizing transducers and photodetectors through the Research Science Design (RSD) 
approach as an alternative method for reaction kinetics analysis. The experimental setup 
consisted of a borosilicate reactor enclosed in a black acrylic chamber to minimize 
ambient light interference, equipped with 3 W high-power LEDs (green, blue, and white) 
as light sources and a Mini Mixer interface integrated with MGA software for continuous 
data acquisition. Each LED configuration was evaluated through three experimental 
repetitions, and the recorded signals were analyzed using Relative Standard Deviation 
(RSD) to assess measurement stability and determine the optimum light source. Based 
on the evaluation results, the DAS was capable of (1) continuously recording sulfur 
colloid formation in real time, (2) demonstrating the highest measurement stability under 
green light with an RSD of 1.18%, and (3) eliminating observer-dependent visual bias. 
The proposed system provides a simple, coding-free, objective, and affordable solution 
for improving the quality and efficiency of reaction kinetics measurements in chemistry 
education. 
 
Keywords: aMixer Mini; Data acquisition system; Kinetics reaction; Light sensor; Sodium 
thiosulfate 

  

Introduction  

 
Chemistry education plays a fundamental role in 

developing students' scientific literacy by enabling them 
to understand natural phenomena through observation, 
experimentation, and evidence-based reasoning. 
Laboratory activities are therefore considered an 
essential component of chemistry learning because they 
provide opportunities for students to connect theoretical 
concepts with experimental observations (Amorim et al., 
2025; Xie & Yusuf, 2026). In recent years, advances in 
educational technology have encouraged the integration 

of digital tools into laboratory instruction to improve 
measurement accuracy, objectivity, and data 

interpretation. Such technological integration supports 
the development of scientific process skills while 
promoting more reliable experimental practices in 
chemistry laboratories (Ahuja et al., 2021; Baach, 2026; 
Karakuş, 2023). Consequently, many researchers have 
emphasized the importance of developing laboratory 
systems that combine authentic experimentation with 
digital data acquisition to enhance students' 
understanding of scientific concepts (Ahuja et al., 2021; 
Karakuş, 2023). 

https://doi.org/10.29303/jppipa.v12i7.15401
https://doi.org/10.29303/jppipa.v12i7.15401
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Reaction kinetics is the study of how concentration, 
temperature, surface area, and catalysts affect the rate of 
a reaction. In chemistry class, students often calculate 
this by changing the concentration of one of the reactants 
and recording the time it takes for the reaction to reach 
a certain point (Mather et al., 2025). An example of a 
reaction kinetic experiment uses hydrochloric acid and 
sodium thiosulfate, as both produce visible sulfur, 

which is observed as clouding of the solution. In a 
traditional lab, students observe the change in 
cloudiness using the complete reaction method, where 
the crosshair under the beaker disappears due to the 
cloudiness or sulfur particles formed. This experiment is 
simple but has several problems because the results 
depend on the lab lighting, the student's careful 
observation, and the time they declare the reaction to be 
"complete." Furthermore, each student obtains different 
times for the same reaction and concentration, 
sometimes even the same student on different days, 
making it difficult to compare results. These limitations 
indicate that although the sodium thiosulfate–
hydrochloric acid reaction is widely adopted for 
teaching reaction kinetics, the conventional visual 
observation method may not provide sufficiently 
objective and reproducible measurements for 
educational purposes. Consequently, more reliable 
analytical approaches are required to support accurate 
experimental observations while maintaining the 
simplicity of school laboratory activities. 

Previous studies have consistently reported that 
measurement uncertainty, including uncertainty arising 
from experimental observations, remains an important 
challenge in reaction kinetics experiments (Avaro & 
Santiago, 2022; Seitz et al., 2021; Zhao et al., 2023).  Visual 
observation or methods for measuring reaction 
endpoints may not always be as reliable as we'd like. 
Studies have shown that Sakib et al. (2025) and Vignati 
et al. (2023) this subjectivity means that even when 
experiments are repeated under slightly different 
conditions, lighting, background, and even angles, the 
results will still vary. One study involved two observers 
observing the same reaction and obtaining different 
endpoints, typically ranging from 5 to 15 seconds. 
Another study involved a single observer repeating the 
experiment three times and obtaining different 
endpoints each time. This inconsistency means that if 
teachers want to compare results between classes or 
across years, these methods can be a source of error. 

The reaction between sodium thiosulfate and 
hydrochloric acid (HCl) is a common example used in 
𝑁𝑎2𝑆2𝑂3(𝑎𝑞) + 2𝐻𝐶𝑙(𝑎𝑞) → 2𝑁𝑎𝐶𝑙(𝑎𝑞) + 𝐻2𝑂(𝑙) +
𝑆𝑂2(𝑔) + 𝑆(𝑠). Chemical kinetics lessons. When these 
two chemicals are mixed, visible sulfur particles are 
formed, and the solution becomes cloudy over time. This 
phenomenon can be observed or measured with 

instruments using the following equation: It is these 
colloidal sulfur (S) particles that cause the cloudiness. 
These sulfur particles begin to combine into individual 
particles, collide with each other, and form a colloidal 
phase. Teachers often use this reaction because it is 
harmless, the changes are obvious, and everything 
happens in just a few minutes, making it ideal for school 
laboratories (Han et al., 2025; Mather et al., 2025). One 

reason this reaction is commonly used in high school 
experiments is that even small changes in concentration 
can have a huge difference in reaction time. Increasing 
the concentration of the acid will cause the reaction to 
occur twice as fast. Students can understand this by 
simply changing one variable and observing the change 
in time. This direct relationship makes the abstract 
concept of response reaction rate appear not only as 
something mathematical, but also as something that can 
be concretely verified (Mather et al., 2025; Vignati et al., 
2023). These characteristics explain why this reaction has 
become one of the most frequently used experimental 
models for investigating reaction kinetics in chemistry 
education and for evaluating the performance of 
alternative measurement systems. 

Visual observation or reactive methods are easy; 
however, these practices have limitations. Researchers 
have developed an optical system to convert light 
signals into turbidity changes and record these signals in 
real time (Ahuja et al., 2021). Instead of having students 
determine when the reticle disappears, the systems not 
only measure light passing through the solution but also 
measures multi-point curvature. This process facilitates 
the transition from human sensory observation 
(qualitative) to using light emitters and sensors 
(quantitative measurement), allowing for continuous 
tracking of results, rather than being limited to a single 
result. This continuous data provides a detailed and 
complete picture of reaction kinetics (Karakuş, 2023; 
Mather et al., 2025; Vignati et al., 2023). Accordingly, 
data acquisition systems (DAS) have attracted 
increasing attention because they transform qualitative 
observations into quantitative measurements that can be 
continuously recorded and analyzed (Ahuja et al., 2021; 
Karakuş, 2023; Mather et al., 2025; Vignati et al., 2023). 

This system solves this problem by eliminating the 
need to guess when the reaction is "completed". It 
continuously collects data from thousands of data points 
per second, as needed, providing clear statistics such as 
specific times, variances, and correlations between 
different tests. Schools using this system report 
consistent results across student groups. The data can 
also be used to teach various techniques, such as how to 
work with continuous measurement data, how to find a 
signal in noise, how to correct errors in your data, and 
how to help discover concepts within the material 
(Mather et al., 2025; Sakib et al., 2025; Vignati et al., 2023). 
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Despite these advantages, the performance of DAS is 
still influenced by several optical parameters, indicating 
that the implementation of sensor-based measurements 
alone does not automatically guarantee optimal 
accuracy. 

This method is particularly important in the 
classroom, where different groups of students perform 
the same experiment; the results must be consistent. The 

use of sensors helps to ensure consistency, but without 
sensors, the results are often inconsistent. When the 
results are consistent, students trust them; they spend 
their time thinking about the actual reaction, rather than 
arguing about whether someone mentioned the 
endpoint or when the reaction stopped (Sakib et al., 
2025; Vignati et al., 2023). This limitation underscores the 
need to optimize system parameters before using a DAS 
in kinetic studies. Without sufficient optimization, the 
benefits of DAS may not be fully realized, and 
measurement errors may still occur (Mather et al., 2025; 
Vignati et al., 2023). 

One crucial factor is the wavelength of light used. 
In systems where sulfur particles form colloidal 
suspensions, the light scattering method is highly 
wavelength-dependent (Ahuja et al., 2021). If the wrong 
wavelength is chosen, the sensor will be unable to detect 
anything useful. However, if the correct wavelength is 
chosen, the sensor can perfectly track the reaction. 
However, developing a DAS for kinetic reaction analysis 
is not only about achieving greater neutrality but also 
requires extensive system parameterization, including 
appropriate wavelength selection, sensor calibration, 
and signal processing. This approach aligns with 
modern trends in chemistry education, which 
emphasize the integration of advanced technologies and 
data-driven experiments while keeping pace with the 
times (Sakib et al., 2025; Vignati et al., 2023). Therefore, 
determining an appropriate wavelength becomes an 
essential prerequisite before DAS can be implemented as 
a reliable analytical tool for monitoring sulfur colloid 
formation during reaction kinetics experiments. 

The wavelength dependence of scattering behavior 
is closely related to the size of the colloidal particles 
formed during the reaction. As particle size 
continuously changes, the light-particle interaction also 
changes, affecting the detected signal over time (Sakib et 
al., 2025; Vignati et al., 2023). Optical sensors face 
fundamental limitations when measuring reaction 
kinetics using a single-wavelength method. The 
dynamics of changes in the light scattering pattern occur 
because sulfur particles form and continue to grow 
throughout the reaction, with different particle sizes at 
each stage of the reaction affecting the light scattering 
characteristics. Previous research in optical sensing has 
demonstrated that these variations in light scattering 
related to particle size result in systematic deviations in 

the measurement data. These changes in the readings 
recorded by the sensor are not due to chemical 
transformations, but rather to changes in the optical 
characteristics of the suspension being measured. For 
example Malinka et al. (2025), the sensitivity of 
measurements at a wavelength of 500 nm decreases 
gradually as particle size exceeds a certain size limit, in 
contrast to the situation experienced by the same 

suspension at a wavelength of 700 nm, which exhibits 
higher light scattering efficiency at later stages of the 
reaction. These findings demonstrate that wavelength 
optimization remains a critical issue that should be 
considered during the development of optical sensing 
systems for reaction kinetics experiments. 

To overcome these challenges, researchers have 
developed two complementary approaches. The first 
approach involves conducting simultaneous 
measurements at multiple wavelengths, enabling the 
system to calculate particle size increase in real time. The 
second approach focuses on selecting and optimizing a 
single, constant wavelength that can be applied across 
the predicted particle size range during the reaction. It 
should be emphasized that both methods have 
limitations. Multi-wavelength measurement systems 
offer higher reliability but require more sophisticated 
and complex equipment. For single-wavelength 
optimization approaches, ease of operation is the 
primary advantage. However, to ensure that the optimal 
wavelength is determined in accordance with the 
characteristics of each chemical system, a thorough 
initial calibration process remains essential (Malinka et 
al., 2025). 

Previous studies have primarily focused either on 
developing sophisticated multi-wavelength optical 
systems with high analytical performance or on 
investigating the optical behavior of sulfur colloids 
under controlled laboratory conditions (Ahuja et al., 
2021; Karakuş, 2023; Malinka et al., 2025; Sakib et al., 
2025; Vignati et al., 2023). Although these studies 
successfully demonstrated the potential of optical 
sensing for reaction kinetics measurements, their 
systems generally require relatively expensive 
instrumentation, complex calibration procedures, or 
specialized analytical equipment, limiting their 
implementation in school laboratories. Consequently, 
there remains a need for a simpler and more affordable 
DAS that can maintain reliable performance while using 
commercially available components suitable for 
chemistry education. 

For the single-wavelength optimization approach, 
ease of operation is its primary advantage. However, to 
ensure that the optimal wavelength is determined 
according to the characteristics of each system, the 
selection of green, blue, and white LED light sources is 
based on several important considerations, including 
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their distinct visible wavelength ranges, affordability, 
and commercial availability. Unlike previous studies, 
which mainly employed sophisticated multi-
wavelength optical systems or expensive sensing 
components, this study develops a low-cost photo-
transducer-based data acquisition system by optimizing 
commercially available green, blue, and white LED light 
sources to identify the most appropriate wavelength for 

monitoring sulfur colloid formation during the sodium 
thiosulfate–hydrochloric acid reaction. The proposed 
system is specifically designed for chemistry education 
laboratories, providing an objective and continuous 
measurement approach while remaining simple, 
affordable, and easy to implement. Therefore, this study 
aims to develop and optimize the proposed DAS as an 
alternative analytical method for reaction kinetics. The 
developed system is expected to improve the objectivity, 
accuracy, and consistency of reaction kinetics 
experiments while supporting affordable technology-
enhanced chemistry laboratory learning. 

 

Method  
 
Research Design 

This study uses the Design Science Research (DSR) 
methodology, a sequential work step suitable for 
technology development and continuous improvement 
in educational contexts. The DSR approach was chosen 
because it is a structured process for the design, 
implementation, and evaluation of technological 
inventions, in this case, DAS, while maintaining 
scientific objectivity throughout the continuous 
development cycle. The research design focuses directly 
on analyzing the effect of light wavelength on the 
accuracy and reliability of turbidity-based reaction 
monitoring processes in a sodium hydroxide and 
sulfuric acid chemical kinetics system (Wang & Costa, 
2022). 

The independent variables are the wavelengths of 
light or lamp light, namely: blue (470 nm), green (525 
nm), and white (400–700 nm). The dependent variables 
consist of two additional measurements: (1) the response 

of the DAS system, measured as the change in light 
intensity over time throughout the reaction period, and 
(2) the determination of the reaction endpoint at 0 Lux. 
To isolate wavelength effects and ensure accuracy in all 
additional parameters, the reactant concentrations (0.2 
M HCl and 0.1 M Na₂S₂O₃), total solution volume (40 
mL), room temperature (24°C), solution pH, and light 
intensity were kept constant throughout the experiment, 
covered with a black acrylic box. This strict regulatory 
approach is in accordance with the standard procedures 
that have been determined in research related to 
turbidity optics, where the light scattering process 
influenced by wavelength needs to be measured 

separately from interfering factors to obtain significant 
quantitative correlations (Yépez et al., 2024). 

Data acquisition is carried out continuously 
throughout the course of each reaction using the DAS 
device to record the high-frequency spectrophotometer. 
Data collection was performed by sampling at a 
frequency of 1 Hz throughout the period of sulfur 
deposition in solution. This real-time spectral 

measurement method allows direct characterization of 
the dynamics of turbidity and opacity increase without 
relying on manual observation or segmented endpoint 
estimation. The reaction endpoint for each experiment 
was determined by an algorithm when the light intensity 
signal first reached a predetermined intensity threshold 
of 0 Lux. This approach is an effective method for 
eliminating observer bias and increasing the 
repeatability of repeated experiments.  

The wavelength settings (blue, green, white) were 
retested with three replicates. This replication method 
provided accurate quantitative evaluation capabilities, 
both for measuring variability within each setting and 
for assessing consistency across settings. Data analysis 
was then performed using descriptive statistics as the 
primary analytical technique, specifically by calculating 
the arithmetic mean and standard deviation (SD) of 
reaction times based on three replicates in each 
experiment for various wavelengths. The resulting 
summary statistics serve three primary purposes: first, 
to measure the central tendency and dispersion of 
reaction times; second, to evaluate the consistency and 
stability of measurements; and third, to provide a basis 
for comparing the influence of wavelength on the 
system’s response characteristics. In addition, the 
coefficient of variation (CV = SD/mean × 100) is 
calculated to normalize the dispersion on a magnitude 
scale, thereby allowing a fair comparison between 
wavelength settings with different absolute ranges. 

This experimental setup applies widely recognized 
principles of optical physics that govern the interaction 
between light and matter in colloidal suspensions, 
specifically the Mie scattering theory, which describes 
how particles interact with electromagnetic energy. The 
theory states that scattering efficiency and angular 
scattering patterns are parameters that are significantly 
dependent on wavelength. In the context of colloidal 
sulfur particles produced during the reaction between 
HCl and Na2S2O3, particle dimensions undergo 
continuous changes from the nucleation stage at the 
nanometer scale to the aggregation process at the 
micrometer scale. This temporal evolution directly 
modifies how each wavelength interacts with the 
growing particle population. Shorter wavelengths (such 
as blue at 470 nm) exhibit higher scattering sensitivity to 
sub-micron particles, with Rayleigh scattering efficiency 
being more dominant in that wavelength range. 
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But these advantages are offset by increased noise 
levels and greater sensitivity to fluctuations in particle 
size irregularity. Conversely, longer wavelengths (such 
as green at about 525 nm) produce more gradual shifts 
in turbidity and optimal signal stability, which is 
particularly advantageous when monitoring particle 
growth across a broader size distribution range. White 
light, which covers the entire visible spectrum (400–700 

nm), produces a complex mixed signal that mirrors the 
Mie scattering phenomena simultaneously across 
various wavelengths. While this potentially provides 
integrated information on particle size changes, it comes 
at the cost of reduced wavelength-specific sensitivity.  

Based on this, a direct experimental comparison of 
these three wavelength settings (blue, green, and white) 
provides an empirical basis for determining optimal 
operational parameters that maximize sensitivity and 
measurement reliability in a DAS-based optical turbidity 
measurement system (Wang & Costa, 2022; Yépez et al., 
2024). 

Choosing green (525 nm), blue (470 nm), and broad-
spectrum white LEDs is based on a combination of 
optical principles and practical considerations. Green 
light has proven optimal at detecting submicron-sized 
sulfur particles, while blue light is more effective on 
larger particles. The three wavelengths together allow 
for reaction measurements across a broad wavelength 
range without the need for expensive optical equipment 
(Sosa-Díaz et al., 2022). Economic considerations are as 
important as optical considerations; each LED is sold at 
an affordable price to support reuse in school settings 
(Wahyuni et al., 2025). The design of this software also 
aims to reduce barriers to system implementation. 
Rather than requiring students and instructors to write 
code or follow complex calibration procedures, the 
system uses graphical user interface-based software that 
is easy to operate for anyone with basic computer skills. 
This is no mere coincidence; rather, it is central to the 
philosophy that technology should facilitate 
experimental learning, not hinder it (Rodrigues dos 
Anjos et al., 2024). As a result, laboratories in high 
schools, vocational schools, and universities that were 
previously unable to perform optical kinetics 
experiments can now design and deploy this system. 
With hundreds of educational institutions adopting this 
approach, thousands of students each year gain hands-
on experience with quantitative chemistry integrated 
with technology. The shift from merely observing 
reactions to being able to quantify them fundamentally 
changes how students approach the discipline of 
chemistry. 

 
Apparatus and Materials 

This study used two main chemical compounds 
prepared specifically for the kinetic experiment: 

hydrochloric acid (HCl) at a concentration of 0.2 M and 
sodium thiosulfate (Na₂S₂O₃) at a concentration of 0.1 
M. These concentrations were selected based on the 
reaction equation and the principles of stoichiometry. 

𝑁𝑎2𝑆2𝑂3(𝑎𝑞) + 2𝐻𝐶𝑙(𝑎𝑞) → 2𝑁𝑎𝐶𝑙(𝑎𝑞) + 𝐻2𝑂(𝑙) +
𝑆𝑂2(𝑔) + 𝑆(𝑠), This chemical reaction needs 2 moles of 
HCl for every 1 mole of Na₂S₂O₃ to proceed completely. 
This mixture is then diluted with distilled water to 
ensure the solution’s purity. The sulfur (S) precipitate 
formed in this reaction acts as an optical target for the 
light-detection system, producing a characteristic 
turbidity that enables direct spectroscopic monitoring. 
The determination of molar concentration was carried 
out by the research team through an initial optimization 
study aimed at balancing two interrelated objectives: the 
reaction must proceed at a rate observable on a timescale 
relevant to laboratory conditions (typically 15–45 
seconds), while maintaining sufficient variation in light 
intensity so that the sensor can reliably distinguish 
between clear and turbid surface conditions. To 
minimize potential experimental errors and ensure 
reproducibility, all chemicals used were pro-analytical 
(P.A.) grade chemicals from Labmart, which guarantee 
high chemical purity and consistent composition across 
all batches of the experiment. 

This setup consists of several integrated subsystems 
designed to isolate, measure, and document 
spectroscopic changes as the reaction proceeds. The 
main part of the setup is a borosilicate glass reactor 
vessel with an inner diameter of 6 cm and a height of 11 
cm, chosen for its superior optical transparency, thermal 
stability, and chemical resistance to various aqueous 
solutions. This reactor is enclosed within a custom-made 
cubic measurement chamber constructed from black 
acrylic. The primary purpose of this design is to absorb 
ambient light and prevent scattered photons from 
reaching the light detector, thereby ensuring stable and 
uniform optical measurement conditions in every 
experiment. This controlled measurement environment 
is crucial, as uncontrolled light interference can 
introduce systematic measurement errors and reduce 
the signal-to-noise ratio essential for distinguishing 

turbidity changes from background fluctuations. 
The instrument's lighting component consists of 

three different high-power light-emitting diode (LED) 
modules, each rated at 3 watts, powered by two AA 
batteries, and configured with three wavelength 
options: broadband white light (400–700 nm, covering 
the entire visible spectrum), monochromatic green light 
(525 nm, the peak wavelength), and monochromatic 
blue light (470 nm, the peak wavelength). The research 
team positioned each LED module directly above the 
borosilicate reactor to provide uniform and uniform 
illumination across the entire horizontal cross-section of 
the solution during each reaction experiment. This 
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ensures that changes in light intensity recorded by the 
sensor reflect true changes in solution turbidity, rather 
than fluctuations in incident light intensity. By 
systematically evaluating the optical measurement 
performance under three wavelength conditions white 
(broadband), green (mid-wavelength), and blue (short-
wavelength), this study allows for a direct empirical 
assessment of how wavelength selection affects the 

sensor's sensitivity to particle formation and the stability 
of the measurement signal over the dynamic 
dimensional changes of the particles during the reaction. 

The photodiode photometer is strategically placed 
above the reaction vessel, positioned to capture the 
unscattered light passing through the solution, to 
measure the transmission of light into the forming sulfur 
precipitate suspension. This sensor operates 
continuously, acquiring data, sampling light intensity at 
a high time frequency, and sending an electrical signal 
to a laboratory computer equipped with specialized data 
acquisition software (Addestation version 6.0). The 
software application processes the signal in real-time, 
converting the sensor’s raw electrical output into units 
of calibrated light intensity, and simultaneously 
displays the intensity-versus-time curve on the 
computer monitor. This enables simultaneous 
visualization of reaction kinetics throughout the 
experiment. The user-friendly graphical interface 
provides researchers with immediate feedback on 
measurement quality, signal stability, and data integrity 
features that are invaluable for resolving experimental 
issues in real time. To complete the quantitative optical 
measurements and provide independent qualitative 
monitoring of the observed optical changes, a digital 
camera system (A4Tech PK-836MJ) is used concurrently 
to record real-time images of the reaction’s progression, 
documenting the gradual color change of the solution 
from clear to turbid. This dual-method approach 
combines objective high-frequency light intensity data 
with subjective visual observations. This allows for 
measurement accuracy verification and ensures the 
reliability of the relationship between sensor reads and 
actual turbidity changes, thereby supporting the overall 
accuracy and reliability of the trial results. 

 
Experimental procedure 

In practice, the data acquisition system developed 
in this study consists of several main components: a light 
source, a borosilicate reactor mirror, a light sensor (light 
detector), and a mini DAS Mixer interface integrated 
with proprietary data processing software (MGA). As 
described by Mather et al. (2025), designing a reliable 
system requires attention to critical aspects such as light 
source stability, sensor sensitivity, and minimization of 
external interference to ensure accurately collected data. 
This view is reinforced by the specific work of Vignati et 

al. (2023), which emphasizes the importance of 
controlling environmental conditions such as lighting 
and room temperature 

For this experiment, 20 mL of 0.1 M sodium 
thiosulfate solution and 20 mL of 0.2 M hydrochloric 
acid were used as reactants. The DAS system was 
connected to a laptop with a Mixer mini-interface, and a 
camera was installed to record the reaction process. Data 

acquisition was done using Addestation version 6.0 
software with the following settings: measurement 
range 0-5000 lux, recording duration 10 minutes, and 
sampling rate 1 Hz. The light intensity scale was set to 
125 lux/channel and the time scale to 30 
seconds/channel. 

 

  
Figure 1. DAS software configuration 

 

The lighting source used was a high-power LED 
(HPL) with a power of 3 watts in three color variations: 
white, green, and blue. Before starting the experiment, 
the selected lighting source was turned on to ensure 
lighting stability. After the reactants were mixed into the 
reaction vessel, the system was immediately closed with 
a light-tight room to reduce the influence of external 
lighting sources. Data recording began simultaneously 
with the start of the reaction using the Scope ON/OFF 
feature available in the data acquisition system software. 
During the reaction, the system continuously recorded 
the light brightness level (in lux) versus time (in seconds) 
until a stable condition was reached. The data was then 
displayed as a graph in the DAS software interface. Each 
experiment with green, white, and blue light was 
repeated three times (three sets) to ensure the reliability 
and repeatability of the data. 

 

 
Figure 2. The DAS software's on/off status is marked in red 

and green 
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Figure 3. DAS Software Interface 

 
Data Analysis 

Quantitative data obtained from the DAS were 
used to create a graph showing the relationship between 
time and light intensity (lux). This data was then 
processed and analyzed using Microsoft Excel. For each 
light intensity level (blue, green, and white), three 
experiments were performed to ensure data reliability 
and repeatability. The reaction endpoint of each 
experiment was determined by considering the point at 
which the light intensity dropped to 0 lux. The reaction 
times from all three experiments were then averaged. 
The standard deviation (SD) was calculated using a 
sampling method to assess measurement uniformity; a 
lower SD indicates higher data reliability. Comparisons 
between different light intensity levels were made 
considering the average reaction time and accuracy level 

of each level. In addition to SD, system stability was 
evaluated using the relative standard deviation (RSD). 
The optimal light source was identified based on the 
lowest RSD, with an error margin of less than 2%, 
indicating excellent repeatability and signal stability 
during the measurement process. A detailed diagram of 
the optical data acquisition system and electrical 
circuitry of the instrument set is shown in Figure 4. 

 

 
Figure 4. DAS tool kits 

 

Result and Discussion 
 
Result 

The measurement results obtained from the DAS 
system are displayed as a graph of light intensity versus 
time for each light source. 

 

 
Figure 5. Shows a graph of light intensity (lux) versus time (seconds) on white light 

 

 
Figure 6. Shows a graph of light intensity (lux) versus time (seconds) on a green light 

 
 

y = -0,0042x2 - 0,1126x + 13,48
R² = 0,9683
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Figure 7. Shows a graph of light intensity (lux) versus time (seconds) on blue light 

 

In Figure 5, the white light response can be 
observed with a steadily decreasing brightness level 
from the initial phase to the end of the experiment. 
Figure 6 depicts the green light response, which exhibits 
a similar decreasing pattern, while Figure 7 visualizes 
the trajectory of blue light throughout each reaction. All 
three visualizations display a similar universal pattern: 
throughout the formation and precipitation of sulfur 
particles in solution, the opacity of the solution 
increases, leading to a reduction in the amount of light 
reaching the detector, resulting in a gradual decrease in 

the brightness reading. The reaction completion time for 
each experiment was objectively determined when the 
brightness level exceeded a predetermined threshold, 
eliminating the influence of subjectivity and ensuring 
the validity of the results in the third experiment. Based 
on the data collected throughout the entire experiment 
using simple statistics, both the mean and standard 
deviation indicate that the light detector system 
operated consistently and reliably throughout the 
repetition period. 

 
Table 1. Comparison of Mean Values and Standard Deviations of Response Times between Different Categories of 
Lighting Sources 
Light source Average response time (seconds) Standard deviation (SD) RSD (%) 

Green light 48.66 0.577 1.18 
White light 43.66 1.527 3.49 
Blue light 52.66 11.547 2.19 

Table 1 shows a comparison of the mean values and 
standard deviations of response times across different 
categories of light sources. The results clearly indicate 
that the green light source provides superior stability 
among the three wavelength conditions evaluated. 
Green light exhibits the lowest relative standard 
deviation (RSD) of 0.57 seconds, equivalent to a best 
relative standard deviation (RSD) of 1.18 percent. This 
RSD falls below the 2 percent threshold commonly used 
in analytical chemistry, confirming that green light 
provides the most reproducible and stable data 
compared to white and blue light sources. 

Based on the characteristics of the three light 
sources analyzed, white light recorded the shortest 
average response duration, at 43.66 seconds. However, 
this speed advantage has its limitations: white light 
exhibited a larger standard deviation, indicating a wider 
spread of data and inconsistency in measurement results 
across repeated experiments. In contrast, blue light 
produced the longest response duration of the three, 
with a stability level that fell between white and green 
light. This finding reveals a fundamental principle: 
determining the optimal light source for monitoring 

opacity levels cannot be based solely on response speed, 
but also on the uniformity and reliability of the resulting 
data. Based on these considerations, green light is the 
most suitable choice for a DAS system, given its ability 
to produce the most stable and reliable measurement 
data across repeated experiments. 

 
Discussion 

The optical DAS operates through a neat but 
accurate setup that records changes in solution turbidity 
as the reaction proceeds. A 3-watt LED light source 
illuminates a light sensor placed in the center of a glass 
reaction vessel. When two chemical solutions (0.2 M 
hydrochloric acid and 0.1 M sodium thiosulfate) are 
mixed in the reaction vessel, sulfur particles begin to 
form and continue to increase in size as the reaction 
proceeds. The solutions initially appear completely 
clear, allowing light to pass through unimpeded. 
However, as time progresses and interactions between 

the sulfur particles increase, these fine particles scatter 
the light and block it from reaching the sensor on the 
other side. Light sensors only detect light that passes 
through unimpeded, converting this measurement into 

y = -0,0095x2 - 0,0753x + 30,388
R² = 0,9574
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a digital value in lux. The computer interface then 
processes this signal at a rate of about once per second, 
producing a detailed digital record that accurately 
captures changes in light intensity as the reaction 
proceeds. 

The system produced corresponding graphs for the 
three colors of light tested, with each displaying a 
distinct pattern influenced by the interaction of specific 

wavelengths with the growing sulfur particles. White 
light began recording at 13.48 lux and gradually 
decreased to near zero over 44 seconds, with the 
equation y = -0.0042 x² - 0.1126 x + 13.48, with an R² value 
of 0.9683 indicating good agreement with the empirical 
data. Green light exhibited different characteristics, 
starting at the higher 42 lux range and decreasing slowly 
and evenly over 49 seconds without signal spikes or 
interference, with the equation y = 0.0104 x² - 1.4814 x + 
47.541 and an R² value of 0.9801 indicating higher 
precision with the data. This green light pattern was 
very stable, effectively avoiding random signal 
fluctuations throughout the particle growth process. 
Blue light produced a more complex pattern. Starting at 
30.39 lux, the reduction took longer, eventually reaching 
54 seconds, with the equation y = -0.0095 x² - 0.0753 x + 
30.388 and an R² value of 0.9574. In contrast to the 
smoother green light response, the blue light signal 
exhibited a visible waveform and even remained 
constant for a short period between 39 and 48 seconds. 
This phenomenon occurs because the shorter blue 
wavelength is inherently more sensitive to subtle 
changes in particle dimensions, as sulfur particles form 
and clump. 

Experimental observations have shown that the 
entire wavelength range of light (green, white, and blue) 
exhibits a consistent decrease in intensity over time. This 
pattern demonstrates that during the chemical 
interaction between sodium thiosulfate and 
hydrochloric acid, the formation of colloidal sulfur 
particles results in a gradual increase in the turbidity of 
the solution. This increase in turbidity leads to increased 
light scattering, resulting in a decrease in the intensity of 
light reaching the sensor. According to Kayeye et al. 
(2025), the development of colloidal particles in the 
reaction system increases the intensity of light scattering 
and decreases the level of light transmission. In line with 
these findings, Rana et al. (2025) and Sheng et al. (2025) 
describe that as the concentration and dimensions of 
colloidal particles increase, the optical characteristics of 
the solution transform, particularly due to increased 
scattering, which weakens the light transmission 
capacity. 

Data acquisition systems sensors continuously 
record changes in light intensity, documenting the entire 
reaction rather than simply identifying its endpoint. This 
characteristic makes photoelectric sensors effective 

monitoring and analysis instruments for assessing 
reaction progress. Several studies have reported that 
photoelectric sensors are capable of converting physical 
phenomena, such as turbidity variations, into 
measurable electrical signals, and Sekine et al. (2025) 
have verified that light-based approaches yield highly 
optimized results for particle-forming systems such as 
colloidal suspensions. From a pedagogical perspective, 

this real-time information shifts the learning process 
from passive, qualitative observation to active, data-
driven investigation, where students interact directly 
with graphical representations, linking macroscopic 
opacity changes to microscopic concepts such as 
collision theory and nucleation rates, and developing 
higher order thinking skills (HOTS) competencies, 
digital literacy, and scientific modeling through time-
series curve analysis, slope interpretation, and 
evaluation of reaction rate variations, rather than simply 
documenting a single, static endpoint. 

In terms of kinetic chemistry, the decrease in light 
intensity over time means that the reaction rate changes 
as the process proceeds. In the early stages of the 
reaction, the rate of product formation is faster due to 
the high initial concentration of reactants. As the 
reaction proceeds, the concentration of reactants 
decreases while product formation increases, thereby 
causing a change in the rate of reaction. The discussion 
on the analysis of light signal variations over time by 
Chen et al. (2025) can be used as an indirect method to 
evaluate reaction kinetics. The slope of the light intensity 
curve against time indicates that the reaction rate is not 
a constant value, but varies according to the prevailing 
system conditions. This observation aligns with classical 
kinetic theory, which states that reactions are primarily 
influenced by reactant concentration, which fluctuates 
continuously throughout the reaction. 

The analysis results in this study indicate that the 
choice of wavelength range significantly affects the 
accuracy of the collected data. Even though white light 
recorded the shortest average response, at 43.66 seconds, 
the high RSD value of 3.49% indicates significant data 
variability and reduced stability. In contrast, green light 
demonstrated more optimal stability with an RSD value 
of 1%, indicating that the wavelength range acts as a 
critical factor in influencing the stability of the optical 
sensor system. As previously explained, Rinanti et al. 
(2021) stated that the interaction between light and 
colloidal particles is very sensitive to wavelength, 
especially during the light scattering process. 
Furthermore, it Li et al. (2025) argued that the medium 
wavelength range tends to produce more stable signals 
due to its lower sensitivity to small variations in particle 
dimensions when compared to the shorter wavelength 
range. 
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Green light with a wavelength of 525 nm provides 
optimal performance compared to blue and white light 
for this measurement system due to two main factors. 
According to Mie scattering theory, the 525 nm 
wavelength falls within the range where the scattering 
intensity gradually decreases as sulfur particles grow. 
This avoids the anomalous oscillations that often occur 
with shorter wavelengths of blue light due to the 

instability of constantly changing particle dimensions, 
which leads to higher measurement variability (up to 
2.19%) for blue light. In addition, silicon photoelectric 
sensors operate optimally at wavelengths of 500–570 
nm, resulting in a greater electrical response and sharper 
signal graphs when using the green spectrum compared 
to the blue spectrum. Using white light as a 
measurement source has certain disadvantages: the full 
spectrum of white light in the 400–700 nm range is 
scattered simultaneously with different speed and angle 
characteristics. Furthermore, the cylindrical glass 
reaction vessel causes non-uniform refraction of light for 
each wavelength. As a result, different colors of light are 
focused at different positions on the detector surface, 
rather than concentrated at a single point. This situation 
results in a complex, irregular signal, which does not 
produce clear and reliable measurement data. Too short 
a wavelength range or excessive spectral mixing 
introduces more noise into optical systems that are not 
adequately shielded from environmental influences (Yu 
et al., 2024). Relative Standard Deviation (RSD) analysis 
corroborates these findings, proving that green light 
sources exhibit the least data variation compared to 
white and blue light. Based on the results of this study, 
it can be concluded that the use of green light in the 
measurement process produces data that has a higher 
level of consistency and can be easily reproduced. Guo 
et al. (2025) emphasized that stability is a crucial 
parameter in optical sensor systems, because this factor 
greatly influences the level of accuracy of the data 
obtained. A stable signal display with a low noise level 
provides researchers with the opportunity to conduct 
kinetic analysis with a higher level of precision. On the 
other hand, Sezer et al. (2025) stated that the presence of 
high-frequency noise in the measurement process has 
the potential to cause deviations in the interpretation of 
data results, especially in the stage of forming a kinetic 
model. 

Compared with traditional observation techniques, 
the use of a data collection system in this study resulted 
in significantly better performance in terms of objectivity 
and data quality. The data collection system supports 
continuous monitoring and is independent of human 
perception, thus minimizing the influence of 
subjectivity. Scientific studies have shown that systems 
utilizing optical sensors improve data consistency 
because they are not affected by variations in 

perspective between observers. Furthermore, Guo et al. 
(2025) stated that continuous data acquisition allows for 
more comprehensive kinetic analysis. This differs from 
traditional endpoint measurement methods, which are 
only capable of producing data at specific points in time. 

However, this study also shows that the 
performance of a digital image capture system is highly 
dependent on system settings, particularly the 

determination of the light spectrum range and the 
stability of the light emitter. If these parameters are not 
properly set, measurement accuracy can be reduced. 
Sezer et al. (2025) emphasized that errors in setting 
optical parameters can lead to systematic deviations. For 
this reason, the parameter optimization process is a 
crucial step in the development of a digital image 
capture system. In this study, the optimization process 
was carried out by comparing three different light 
spectrum ranges, and the results showed that green light 
produced better performance in terms of signal stability 
and uniformity. This conclusion is reinforced by the 
findings of Kamal Mohamed et al. (2025) who stated that 
optical sensor systems require the determination of an 
optimal spectrum range to achieve the best signal-to-
noise ratio. In addition, Sanchez-Salvador et al. (2023) 
emphasized that in colloidal systems, dynamic changes 
in particle size during reactions alter optical interactions 
through complex mechanisms. Therefore, determining 
the light spectrum range is a crucial factor in producing 
high quality signals. 

Furthermore, three replicate experiments, 
investigations complemented by statistical analysis, 
such as calculating the mean, standard deviation (SD), 
and coefficient of variation (RSD), increase the reliability 
of the data obtained. Davidson & Niepa (2022) stated 
that experimental repetition plays a crucial role in 
reducing the level of random variation or bias in 
research data. Despite limitations related to the number 
of repetitions, this study lays a solid foundation for the 
development of more impartial endpoint determination 
techniques. Future research could consider multi-
wavelength-based approaches to further improve 
measurement accuracy, as recommended by El-Helou et 
al. (2025). Overall, green light achieves optimal 
equilibrium in producing consistent and reliable data, 
providing a practical alternative to traditional 
techniques without the need for complex coding steps. 

However, this study has several limitations. The 
limitation on the number of iterations may impact the 
reliability of the results. Furthermore, the determination 
of the reaction completion moment was based on 
specific criteria that could potentially lead to data 
variability. Therefore, further research is recommended 
to increase the number of iterations and develop a more 
precise, data-driven endpoint determination technique. 
Alternatively, a multi-wavelength approach could be an 
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alternative to gradually improve measurement accuracy 
and reduce bias. As discussed previously, the 
implementation of a multi-wavelength strategy by El-
Helou et al. (2025) has the potential to improve the 
reliability of photosensor systems by utilizing a wider 
range of spectral data. Overall, this study confirms that 
wavelength selection plays a key role in optimizing the 
performance of photosensor-based DAS. Green light 

demonstrated an optimal balance between sensitivity to 
turbidity changes and signal stability, resulting in more 
consistent and reliable kinetic data compared to other 
spectral changes. This study makes significant 
contributions to the digital transformation of chemistry 
laboratories in the Industry 4.0 era. The transition from 
traditional methods relying on subjective visual 
perception to objective digital data collection systems 
with an RSD of 1.18% aligns with the information 
cognition requirements for 21st-century educators. 

What truly stands out about this instrument is the 
systematic tuning of multiple wavelength LED 
parameters, combined with the acquisition of high-
frequency data at 1 Hz, all of which contribute to the 
creation of a multi-step phase transition map of colloidal 
sulfur. Traditional chemistry studies have long relied on 
"vanished point" methods, or subjective perfect 
reactions, for the reaction between sodium thiosulfate 
and hydrochloric acid. This research goes a step further 
by transforming standard educational experiments into 
a multispectral quantitative analysis instrument without 
the expense of research-grade spectrophotometers. The 
precise optical path configuration and wavelength 
response characteristics demonstrate that high scientific 
precision can be achieved with a significantly lower 
investment compared to industrial equipment, creating 
a practical quantitative alternative for data-driven 
chemical research. However, two drawbacks must be 
recognized. The open optical path configuration is 
susceptible to environmental interference, particularly 
from broad-spectrum white light sources, which means 
that external illumination must be maintained at a stable 
level throughout the experiment. Furthermore, since the 
data recording process begins when the operator 
manually mixes the reactants, the highly dynamic 
nucleation phase in the first few seconds is directly 
related to the speed and uniformity of the mixing 
process. 
 

Conclusion  
 
This study successfully developed and optimized a 

photo-transducer-based DAS for monitoring the 
reaction kinetics of the hydrochloric acid–sodium 
thiosulfate reaction. Among the evaluated light sources, 
the green LED exhibited the highest measurement 
stability with the lowest Relative Standard Deviation 

(RSD) of 1.18%, demonstrating its suitability for 
continuous monitoring of sulfur colloid formation. The 
developed DAS was capable of continuously recording 
reaction progress in real time while eliminating 
observer-dependent visual bias, thereby providing more 
objective and reproducible measurements than 
conventional visual observation methods. The main 
contribution of this study lies in the development of a 

simple, low-cost, and coding-free photo-transducer-
based DAS through the optimization of commercially 
available green, blue, and white LED light sources for 
reaction kinetics experiments. Compared with the 
conventional cross-disappearance method, the proposed 
system enables continuous quantitative data acquisition, 
improves measurement consistency, and supports data-
driven laboratory learning in chemistry education 
without requiring sophisticated analytical instruments. 
Future research should evaluate the applicability of the 
developed DAS to other chemical reaction systems with 
different optical characteristics, such as precipitation, 
colorimetric, or enzyme-catalyzed reactions. In addition, 
validation against established analytical techniques, 
such as spectrophotometry, is recommended to further 
verify the accuracy, reliability, and broader applicability 
of the proposed system. 
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