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Abstract. Chemical analysis studies how to analyze both qualitative and quantitative materials.
Analysis based on color differences, also known as colorimetry. The basic theory of the analysis
1s generally given to high school and university students. However, only a few schools practice
the theory because of the limitations of expensive instruments. The limitations of expensive
instruments have stimulated research to utilize simple daily life devices as alternative of
analytical instruments, such as cameras on smartphones, pocket cameras, professional cameras
(DSLRs) and scanners. This work reported the use of a smartphone camera (handphone) as a
colorimetric iron analysis tool by comparing the color of the sample solution with the standard
iron solution. The study starts with the explanation of basic theory of spectrometry and
colorimetry, followed by experiments using smartphone cameras for iron analysis using an
analysis kit containing o-phenanthroline. The results showed an increase in students and teachers
high school knowledge.

1. Introduction
Quantitative analysis is one of the important methods in chemistry, which involves determining the
concentration of a substance. Various methods of quantitative analysis have been developed, and one of
the most widely used methods is colorimetry, which is a method of analysis based on the color changes
that occur. The colorimetry method is based on Lambert-Beer law to determine the concentration of an
analyte based on the light absorbed by the analyte. The theory of the analysis method has generally been
introduced to high school and university students. Application of this method can be carried out using
instruments that can measure the molar absorption of the solution at a certain concentration [1].

Measurement of absorbance of a compound could be performed using visible spectrophotometer,
UV-Visible spectrophotometer or colorimeter. However, this equipment may not available in high
schools because of price is relatively expensive (the cheapest is about $ 4,000). On the other hand, there
are some simple equipment commonly available at high schools that can be used to determine the
concentration of analytes based on Lambert-Beer law with good precision and accuracy. Many studies
have shown that daily life devices could be used as analytical instruments such as cameras on
smartphones [2], pocket cameras [3], professional cameras (DSLRs) [4], webcam [5.6] and scanners
[7.8].

The use of simple equipment for colorimetric analysis was initiated by Liebhafsky and Winslow in
1950 who used multilevel bulbs and cylindrical lamps to determine iron and copper content in water [9].
Furthermore, lately many have used simple equipment around us to be used as an analysis tool for
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determining the content of a compound. Among these studies such as determination of iron (IIT) levels
using a scanner |10], measurement of the complex of starch-iodine use, the use of cameras on
smartphones to measure biological markers (biomarkers) [11] and determination of chromium-iron
content using a camera [3].

This study was performed in one of the favorite high schools in the Banyumas District. In general,
high school students have received chemistry subject material since class X. Some chemistry subject
matter will be easier for students to understand if conducted directly in laboratory experiments.
Chemical experiments conducted so far are qualitative tests. Some recent research shows the daily tools
could be used as a substitute for this experimental instrument, but limited teachers had this knowledge.
This work was carried out to increase the knowledge of quantitative chemical analysis using daily life
devices of smartphone cameras. Furthermore, this work would also improve the skills of students and
teachers of using smartphone cameras as quantitative chemical analysis tools as an alternative to
chemical analysis instruments

2. Methods

2.1. Materials and instruments

The material used to include iron (II) sulphate (Merck), iron test kit HI-3834 (Hanna Instrument) and
distilled water. The instrument used were smartphone camera with Colorspot software
(https://play.google.com/store/apps/details?id=com.colorspot), volume flash, beaker glass, test tube and
micropipette.

2.2. Experimental

The experiments were carried out as follows:

a. Pre-test to find out an initial knowledge of the use of a smartphone camera as an alternative instrument
of chemical instruments for colorimetric analysis.

b. Class discussion of the principles of chemical analysis of colorimetric and spectrophotometric
methods.

c. Laboratory explanation of the use of smartphone cameras, as an alternative chemical instrument for
quantitative analysis of a material.

d. Training on the use a smartphone camera for quantitative analysis of iron levels using free ColorSpot
software, with an analysis of the results.

e. Post-test to find out the increase of the knowledge on the use of a smartphone camera as an alternative
tool for chemical instruments for quantitative analysis of iron content.

3. Results and discussion

3.1. Pre experiment

Preliminary experiments were conducted to review and practice the experiment that will be given to the
target audience. The color change reaction that will be given training was the determination of iron
concentration using iron test kit. The use of an iron test kit was based on the reaction of iron with o-
phenanthroline. O phenanthroline (C,2HsNz) was a complex that can react with various types of metals
to make colored complexes. O-phenanthroline could form a strong complex with iron (II) and form an
orange red color, according to the following reaction:

(5]
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Fe?* + 3 0-Phen — [Fe(o-Phen)s]*

Orange-red solution

The iron determination assay produces aclear red color change, which was easy to use as an example
in chemical analysis based on changes in color. The results of the experiments showed the the optimal
concentration of standard iron solution at intervals of 2 to 10 ppm. with a volume of 5 mL solution will
produce a linear standard curve.

3.2. Training of the use of smartphone cameras for analysis
The training was performed at the Chemistry Laboratory of SMA N 2 high school at Purwokerto, with
a target audience of students and chemistry teachers. The training began with the explanation of on the
basics of chemical analysis by spectrophotometry and chemical analysis by colorimetry. The next
explanation as about the daily tools that can be used as an alternative analysis instrument as an alternative
of a spectrophotometer or colorimeter which is usually used as an analysis tool based on color changes.
The next activity was training in the use of smartphone cameras as chemical analysis tools based on
color changes. This training was assisted by chemistry undergraduate students using a guide book.
Standard iron solution was mixed with the reagent kit, resulting in a color change from clear to red,
according to the concentration of iron content (Fig. 1).

Figure 1. Color change of a standard iron solution with the addition of iron test kit at various
concentration (2-10 ppm).
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The solutions were then captured using a smartphone camera, and the image was analyzed using the
"ColorSpot" software. This digital image processing would produce a color intensity (Fig. 2A) related
to the concentration of standard iron solutions. The linear curve between intensity and concentration to
calculate the sample concentration was then obtained (Fig. 2B). The results the calibration curve was
resulted a regression equation of y = 0.04x + 203.5 r2 = 0.6465 for Red, y = -0.24x + 189.8 12 = 0.9037
for Green and y = -0.30x + 207.1 r2 =0.9265 for Blue color intensity. From these equations, the blue
color intensity shows the best calibration curve, with the highest slope and the highest regression
coefficient. Therefore, the blue line intensity equation was used to calculate the sample concentration.
The results of the measurement of iron content in the sample solution is 5.54 ppm (Fig. 2B).
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Figure 2. Color standard solution captured in the ColorSpot software. The color intensity (A) obtained
and a calibration curve was made to calculate the sample concentration (B).

After the training was conducted, the target audience both teachers and students were again given an
evaluation sheet (post-test) with the same questions as the pre-test. The results of the evaluation sheet
processing, for the target audience of 15 teaching teachers (Fig. 3A) experienced an increase in
knowledge of colorimetric chemical analysis using a smartphone camera with an increase from an
average of 7.5 correct answers to 8.7 (10 questions). These results were analyzed with the Wilcoxon
Signed-Rank test showing there were significant differences between before and after training.
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Figure 3. Comparison of teacher (A) and students (B) knowledge before (blue) and after getting

training (red).

The results of the other target audience of 31 high school students (Fig. 3B) also showed an increase

in knowledge of colorimetric chemical analysis using a smartphone camera with an increase from an
average of correct answers of 5.4 to 9.5 (10 questions). These results were analyzed with the Wilcoxon
Signed-Rank test showing there were significant differences between before and after training.
If we compare, for the knowledge of the target audience of chemistry teachers (pre-test) the value was
higher than students, because in general the chemistry teacher already has knowledge of chemistry
analysis. However, from an increase in knowledge, then the target audience students showed higher
improvement than that of teachers.

4. Conclusion
Students and Teachers of the targeted high school showed increased knowledge and skills in using
smartphone cameras as an alternative tool of chemical instruments for colorimetric analysis of iron
concentration. The students showed a higher increasing knowledge than that of teachers.
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