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Abstract—A module for laboratory practice in quantitative 

analytical chemistry subject has been developed. The method 

uses digital image colorimetry as a basis for low-cost 

spectrophotometry analysis. Reduction-oxidation reaction of 

silver nanoparticle and mercury (II) ion was used as a case study 

for the colorimetric experiment. The yellow color of silver 

nanoparticle was faded linearly to colorless with the addition of 

mercury ion as an analyte. The color change was then recorded 

with a digital camera and processed through computer software 

to extract the color information in the form of Red, Green and 

Blue. The module of laboratory practice was then applied to 

students in chemical education study program. The gain of the 

learning process was measured using pre-test and post-test. The 

results of the study indicate that the students were able to 

understand the concept of spectrophotometry by using the 

developed module of digital image colorimetry. Therefore, we 

conclude that laboratory practice of digital image colorimetry is 

applicable as an alternative to the traditional spectrophotometry. 

Keywords—laboratory practice; digital image; silver 

nanoparticle; spectrophotometry; mercury 

I. INTRODUCTION 

In chemistry, laboratory practice and experiment are 
important to achieve learning goals and to enrich student’s 
cognitive, affective and psychomotor skills. The concepts and 
theories that were introduced in the classroom will be observed 
and verified directly by the students using an actual experiment 
in the laboratory. Furthermore, students are able to preserve the 
chemical knowledge for longer when they do and see the 
experiments being executed in front of their eyes. To do a 
laboratory practice, the presence of learning media and 
instruments is mandatory [1-3]. However, the cost to purchase 

some instruments is too high for most of the institution in 
developing countries. Also, for sustainability purpose, 
continues innovation in the chemical experiment has to be 
conducted in order to achieve a safer practice for environments. 
Chemical reagents from laboratory activities contribute to 
further environmental problem if not processed appropriately. 
The processing procedure of chemical waste is also 
complicated and high cost. Nowadays, the concern about the 
reduction of chemical substances consumption and energy 
saving are increasing to save our environments. Green 
chemistry is a term that becoming more popular because it 
gives us a greener alternative to the conventional laboratory 
practice and experiment. Some examples of green chemistry 
practices include prevention of chemical waste, designing safer 
chemicals, safer solvents, and safer energy [4–6]. Therefore, 
the search of an alternative low cost and environmentally 
benign learning media and laboratory practices without 
sacrificing the targetted chemical skill is crucial.  

Recently, the use of digital cameras, such as the one from a 
smartphone, as a detector on green chemical analysis are 
getting popular due to its availability, portability and low cost 
[7–10]. Digital image-based quantitative analysis uses the color 
change of analyte and reagent that is linearly correlated to the 
concentration change of interest chemical compound. The 
change of the color then recorded by using the detector on the 
smartphone, digital camera, scanner, handycam or other 
colored-image capture devices that have a complementary 
metal-oxide-semiconductor (CMOS) or charge-coupled 
devices (CCD) sensors [11]. Since the method utilizes color 
change as an indicator for quantitative analysis, the method is 
often called as a digital-image based colorimetry [10]. The 
method employs the red–green–blue (RGB) color model that 
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has values from 0 up to 255 (8 bits). Mathematical models 
based on Lambert-Beer law for digital images or RGB values 
can also be employed to construct analytical curves on 
absorbance versus concentration in quantitative determinations. 
This method has been applied successfully on determination of 
inorganic [10,12] and organic [13–16] samples.  

Here we develop a new module for laboratory practice to be 
used in quantitative analytical chemistry experiment based on 
digital image colorimetry for undergraduate students. As a case 
study, we use silver nanoparticles (AgNPs) as a coloring agent 
for mercury (II) ion analysis. The experiment is proceeded by 
theoretical courses in regular class on the topics of analytical 
chemistry and green chemistry. 

II. METHOD 

A. Research Design 

This research used quasi experimental with one group pre-
test post-test design. The laboratory practice was conducted to 
35 students of second-year undergraduate (as a research 
subject) with the help from four laboratory assistants. The 
designated time for the practice was three hours, including pre-
test, main experiment activities and post-test. Data were 
collected by two instruments, namely questionnaires and open-
ended questions. Both instruments were given at pre-test and 
post-test sessions.  

B. Preparation of Silver Nanoparticles 

As a sample, we focused on a toxic heavy metal Hg(II) 
analysis by using silver nanoparticles (AgNPs) as a probe and 
coloring agent. Silver nitrate was used as a precursor for 
AgNPs biosynthesis, while HgCl2 was used as the analyte of 
interest. Both compounds were purchased from Merck 
(Germany). The yellow color of AgNPs will disappear with the 
addition of Hg(II). AgNPs were synthesized using plant 
extract. The detail procedures were published elsewhere 
[17,18]. 

C. Digital Image-Based Colorimetry 

The synthesized AgNPs was mixed with different 
concentration of Hg(II) ions to make a calibration curve. The 
solution in a mixture was then placed in a cuvet and ready for 
spectrometry analysis (Biospectrometer, Eppendorf) and 
smartphone camera shoot (Samsung J2). Image from a digital 
camera was secured in a memory card and relocated to the 
laptop using a card reader.  

TABLE I.  STANDARD CALIBRATION FOR DIGITAL IMAGE 

COLORIMETRY 

[Hg(II)] 

(ppm) 
Red Green Blue IR IG IB 

0 121.5 120.5 76.5 0 0 0 

10 119.3 124.6 88.9 -8.1 14.5 65.4 

20 119.8 128.9 101.9 -6.4 291 124.4 

30 123.6 134.2 110.2 7.3 46.7 158.4 

40 122.7 136.1 119.8 4.2 52.8 194.6 

50 131.6 145.0 130.2 3.4 80.4 231.1 

60 136.5 150.7 140.9 50.6 97.1 265.3 

The specific image area in a square was selected to average 
the Red, Green and Blue color values. The average R, G and B 
values were calculated using Matlab software (MathWorks).  

III. RESULTS AND DISCUSSION 

Table 1 shows the result of average RGB color values for 
designated standard concentrations of Hg(II) ion. The plot of 
RGB values against concentration initially produces a 
hyperbolic curve. To retrieve a linear line for further simple 
calculation, such as standard calibration curve, the initial RGB 
values were transformed to logarithmic ratios following the 
Lambert-Beer law derivation equation as follow: 

   

   

   

IR, IG and IB are the intensity for Red, Green and Blue, 
respectively. R0, G0, B0, and Rs, Gs, Bs are the Red, Green and 
Blue values of blank and sample, respectively. Here, digital 
camera functions as a spectrophotometer analyzing the light 
passing through the Hg(II) solution. The word ‘intensity’ here  
is the number of RGB values of the digital image and, thus, 
different from that used in UV-Visible spectrometry. More 
detail procedure was published elsewhere [19]. 

The intensity of RGB color values against various Hg(II) 
concentrations is shown at Figure 1. The highest slope of the 
calibration equation for the system was Blue color which is the 
complementary color to the yellowish-brown of AgNPs. 
Therefore, all students used the Blue color for further 
calculation to achieve the best sensitivity. On the other hand, 
Green and Red color values give poor correlation and 
sensitivity. The log conversion of RGB value against various 
concentrations is shown in Figure 1 (upper panel). The 
accuracy of the new method was comparable to the 
conventional method, i.e. spectrophotometry, as shown on the 
Figure 1 (lower panel).  

From the study, we found some of the questions that were 
hard to asnwer by students, as follow: 

 What is the performance (accuracy and precission) of 
digital image-based colorimetry compared to 
spectrophotometry? 

 Why is the maximum absorbance of yellowish-brown 
AgNPs appear at Blue (420 nm) wavelength? 

 How can you justify that the RGB color values 
extracted from a smartphone can be used to measure the 
concentration of a sample?  

Explain the mechanism take place on the Hg(II) ion 
determination using AgNPs as a probe. 
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Fig. 1. The results of calculated RGB intensity using a digital camera (upper 

panel), and absorbance measurement using conventional visible 
spectrophotometer (lower panel). 

TABLE II.  RESULTS OF PRE- AND POST-TEST OF THE LABORATORY 

PRACTICE 

Parameter Pre-test Post-test 

Number of students (n) 35 35 

Total Sum 2770 3018 

Average Score 76 84 

Standard Deviation 2.5 2.3 

Minimum Score 75 80 

Maximum Score 80 87 

 

Questionnaires were analyzed qualitatively to obtain the 
description of the digital image-based colorimetry. On the other 
hand, Table 2 shows the results of question answer at pre-test 
and post-test sessions. The number of students involved were 
35 students. From our study, we can see that after laboratory 
practice, there is a positive shift on student’s knowledge. While 
the standard deviation were comparable, the average scores for 
pre-test and post-test were 76 and 84, respectively. The 
minimum score at pre-test (i.e. 75) were increase to 80 after the 
laboratory experiments. The highest score at post-test was 87, 
pointing out that the developed module for laboratory practice 
was successfully implemented to achieve the learning goals.  

IV. CONCLUSION 

Based on our study, we concluded that the developed 
module for laboratory practice on the topic of image-based 
colorimetry is adequately fulfilled the targeted learning 
outcomes to study the concept of chemistry on the subject of 
spectrophotometry. The ability to understand and to answer the 
question analyzed from questionnaire and open-ended 
questions at pre-test compared to post-test improved from 76 to 
84 score. In addition, the new modul of laboratory practice 
significantly reduces the usage of chemicals, capital cost, and 
electric power. 
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