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Abstract  

 
Students are necessary to understand macroscopic, sub-microscopic, and symbolic representations levels in 
buffer solution concept. The research aims to develop the intertextual based e-book on the concept of buffer 
solution. The study is part of the research and development plan for creating teaching materials. Stages of 
research are conducted as follows research and information collecting, planning, and developing the 
preliminary form of product. Based on the result, the product of teaching material has characteristic, which is 
connecting the three levels of chemical representation on the buffer solution concept. Due to their visualization 
character and multiple representational relationship, interactive e-books demonstrate the power and value of 
modeling, learning, and assessment perspectives. Intertextual e-books potential to be implemented as 
teaching materials in buffer solution concepts.  
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1. Introduction  
 
Chemistry has phenomena that can be 
observed with the naked eye and require 
explanation at the molecular level that the eye 
cannot observe (Talanquer, 2011). Chemical 
phenomena can be explained by three levels 
of representation: macroscopic, sub-
microscopic, and symbolic levels (Stojanovska 
et al., 2014). The representation is a way to 
express phenomena, objects, events, abstract 
concepts, ideas, processes, mechanisms, and 
systems (Wu et al., 2001).   

Chemists use all three levels of representation 
and link between levels of representation in 
order to form a concept. Students have to   
understand the representation levels and their 
relationship of those levels in the process of 
presenting scientific knowledge (Ainsworth, 
1999; Jaber & BouJaoude, 2012). 
 
The buffer solution is one of the most complex 
chemical concepts at the student level. It is a 

concept discussed in many chemistry courses 
and used in various types of laboratory 
research, so it is essential to understand the 
concept of buffer solutions at the high school 
level (Orgill & Sutherland, 2008). Based on 
Melinda's research (2022), students' difficulties 
in buffer solutions are distinguishing acid, 
base, or salt compounds, and they need help 
understanding the concept of acid-base in the 
previous material. Consequently, students 
need to pay more attention to the number of 
moles in each compound in acid-base 
reactions. Therefore, students need help 
determining the concept of a buffer solution. 
Besides, they require help understanding the 
variables in the buffer solution formula and 
only enter numbers into the existing formula 
to solve the calculation problem without 
paying attention to the nature of the solution 
due to students needing help analyzing the 
buffer solution and not the buffer solution. 
 
The student’s difficulties in understanding the 
concept of the buffer solution are because 
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students need help to connect the three levels 
of abstract chemical representation (Orgill & 
Sutherland, 2008). Students must explain 
chemical processes verbally (Kozma & Russell, 
1997). Moreover, doing translations between 
different types of representations. It shows a 
need for more relationships between chemical 
phenomena, representations, and relevant 
concepts (Kozma, 2000). 
 
Several studies have stated that students' 
difficulties in understanding the level of 
representation can lead to misconceptions 
(Chittleborough & Treagust, 2007; Gkitzia et 
al., 2011). Some misconceptions are caused by 
the inability of students to visualize structures 
and processes at the submicroscopic or 
molecular level (Tasker & Dalton, 2006). In a 
related study, Smith & Metz (1996) concluded 
that the chemistry teaching strategy uses 
microscopic visual aids that can explain 
chemical concepts before applying 
mathematical calculations. 
 
Furthermore, overcoming misconceptions and 
producing successful chemistry learning 
involves building mental associations between 
macroscopic, microscopic, and symbolic levels 
of representation of chemical phenomena 
using various modes of representation (Cheng 
& Gilbert, 2009). In studying chemistry, 
students reconstruct an understanding that 
can link the three levels of representation so 
that learning will be more meaningful 
(Sulistyowati & Poedjiastoeti, 2013). The 
relationship between representations in 
chemistry can be viewed as an intertextual 
relationship (Wu, 2003). 
 
Intertextual learning strategy is a learning 
strategy that can accommodate the three 
levels of representation in chemistry and link 
the relationship between the three so that 
students can understand the concept of 
chemistry as a whole. Intertextual can be a 
learning strategy for students to build 
understanding through various levels of 
chemical representations that are relevant to 
students' everyday experiences (Wu, 2003). 
Intertextual learning allows students to 
visualize chemistry concepts and improve 
conceptual understanding (Kozma & Russell, 

1997). Thus, it is essential to learn through 
visualization of objects in the surrounding 
environment that must be realized in order to 
clarify understanding quickly, increase the 
interest, and genuine involvement of students 
(Tan & Waugh, 2014). 
 
Various multimedia tools have been designed 
to help students visualize invisible chemical 
entities (atoms and molecules) represented by 
chemical symbols and to develop their 
understanding of representation-level 
relationships (Pallant & Tinker, 2004; Wu et al., 
2001). Multimedia tools have demonstrated 
their power and value for modeling, learning, 
and assessment perspectives due to the 
nature of visualization, multiple links, and 
multiple and dynamic representations (Kozma 
& Russell, 1997). These characteristics foster 
conceptual understanding and the 
relationship between symbolic representation 
and problem-solving. 
 
To deal with this phenomenon, an interactive 
e-book is one of the learning resources 
containing multimedia (Munir, 2009). E-books 
have become digital books with advanced 
technology, which are expected to develop to 
replace traditional books in the future (Lai & 
Chang, 2011; Lynch, 2012). Interactive e-books 
are digital books where users can interact and 
communicate reciprocally (Ohene-Djan & 
Fernandes, 2003). Interactive e-books use 
multimedia elements that provide rich 
communication opportunities to enhance the 
learning experience and provide effective, 
efficient, and exciting learning opportunities 
(Bozkurt & Bozkaya, 2015).  
 
The interactive e-book is an interactive e-book 
that serves as a learning resource 
accompanied by pictures, videos, animations, 
and interactive practice questions that allow 
students to write answers directly in the e-
book (Vassiliou & Rowley, 2008; Huda et al., 
2015). In this paper, the material content 
analysis of buffer solution concepts uses 
multiple chemical representations aimed at 
developing of teaching materials. Thus, e-
book can help visualize and relate the three 
levels of abstract chemical representations.  
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2. Research Method 
 
The research method used is the research and 
development (R&D) method proposed by 
Borg and Gall with the aim of developing and 
validating the product being developed. Borg 
and Gall describe the steps in research and 
development as cyclical with 10 main steps 
namely: research and information collecting; 
planning; develop preliminary form of 
product; preliminary field testing; conduct 
main product revision; main field testing 
collecting; revision of product; operational 
field testing; final product revision; and 
dissemination and implementation (Sugiyono, 
2013). 
 
In this research, up to 3 research steps were 
carried out in the Borg and Gall research 
model on the initial product development of 
an intertextual-based prototype e-book on 
the concept of a buffer solution. On this 
development, application or the programs 
used are Canva and Heyzine Flipbook. 
 

3. Result and Discussion 
 
3.1. Develop the Initial Product of 

Intertextual-Based E-Book 
The construction of the e-book consists of 
three parts: introduction, primary materials, 
and conclusion. Introduction part is shown in 
Figure 1. 
 

 
Figure 1. E-book Cover 

Primary materials part consists of the 
meaning, components, working principle, 
calculate the pH, and the application of buffer 
solution in life. Figure 2 show the primary 
materials part of the intertextual e-book on 
the buffer solution concept. 
 

 
Figure 2. Primary Materials Part of the 

Intertextual E-book 

 
Figure 3 shows the overview of an intertextual-

based e-book that can visualize three levels of 

representation. The description of the e-book 

becomes a reference for making an 

interactive-based e-book on the buffer 

solution concept. 

 

 
Figure 3. Visualization of Three Levels of 

Representation in an Intertextual-based 
E-book  
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Chemistry has three levels of representation: 
macroscopic, sub-microscopic, and symbolic. 
Therefore, students must be taught explicitly 
about these three levels and the relationships 
between the three levels (Harrison & Treagusf, 
2002).  
 
Macroscopic representation is a chemical 
representation obtained through actual 
observations of a phenomenon that can be 
seen and perceived by the five senses (sensory 
level), either directly or indirectly. 
Observations can be obtained through daily 
experience, laboratory investigations, field 
studies, or simulations. For example, changes 
in color, temperature, pH of the solution, and 
the formation of gases and precipitates can be 
observed when a chemical reaction occurs 
(Hidayanti & Rosilawati, 2018). 
 
Submicroscopic representation is a chemical 
representation that explains the structures and 
processes at the particle (atomic or molecular) 
level of the observed macroscopic 
phenomena. The term submicroscopic refers 
to a smaller size than the nanoscopic level. The 
submicroscopic level of representation based 
on particulate matter theory is used to explain 
macroscopic phenomena in terms of the 
motion of particles, such as the motions of 
electrons, molecules, and atoms. These 
submicroscopic entities are real but too small 
to be observed (Varelas & Pappas, 2006). 
 
Symbolic representations are qualitative and 
quantitative chemical representations, 
chemical formulas, diagrams, pictures, 
reaction equations, stoichiometry, and 
mathematical calculations. To understand the 
learning process, the ability to transfer and 
connect between the three levels of 
representation is needed (Farida et al., 2018). 
According to Davidowitz and Chittleborough 
(2009), the relationship between the three 
levels of representation can be illustrated in 
Figure 4.  
 

 
Figure 4. The Relationship Between Three Levels of 

Representation of Chemistry Learning 
(Davidowitz & Chittleborough, 2009) 

 
Understanding the concept will be more easily 
explained in chemistry learning by connecting 
these representations. 
 
Chemists currently use microscopic 
representations arising from the 
phenomenological analogy of sensory 
experience at the macroscopic level. However, 
microscopic understanding and symbol 
representation are difficult for students. 
Students' difficulty studying microscopic 
representations and symbols is caused by 
these representations being invisible and 
abstract. In contrast, students' understanding 
of chemistry is generally based on things that 
can be seen (Wu et al., 2001). Hence, the 
submicroscopic level requires the ability to 
imagine and visualize concepts that are not 
seen. 
 
Words (verbal), diagrams/pictures, two-
dimensional models, and three-dimensional 
models, both still and moving, can all be used 
to express representational abilities (in the 
form of animation). In science learning, it is 
essential to emphasize the role and purpose of 
scientific models and then provide examples 
or opportunities to build model-based 
cognitive tools for studying science (Treagust 
et al., 2003).  
 
Based on Gilbert's research (2008) claims that 
visualization, through multimedia, combines 
mental images, which are generated in the 
process of understanding objects seen or 
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touched, into a phenomenon. Model-based 
teaching and learning facilitate the 
construction of mental models through a 
recursive process of formation, use, 
versioning, and elaboration. 
 
Chemical reactions in the body of living things 
are enzymatic reactions involving enzymes 
and catalysts. Enzymes as catalysts can only 
work well at a specific pH. Meanwhile, the 
oxygen binding reaction of the blood is at an 
average pH of around 7.35-7.45.  
 
Consequently, any difference from this range 
can negatively affect cell membranes, protein 
structure, and activity. Death can occur if the 
blood pH falls below 6.8 or rises above 7.8. 
When the pH drops below 7.35, this condition 
is called acidosis; when it rises above 7.45, it is 
called alkalosis. Acidosis is a common 
tendency we experience because metabolism 
produces some acid (Brown et al., 2009). 
 
Chemical reactions in the body of living things 
are enzymatic reactions involving enzymes 
and catalysts. Enzymes as catalysts can only 
work well at a specific pH. Meanwhile, the 
oxygen binding reaction of the blood is at an 
average pH of around 7.35-7.45. 
Consequently, any difference from this range 
can negatively affect cell membranes, protein 
structure, and activity. Death can occur if the 
blood pH falls below 6.8 or rises above 7.8. 
When the pH drops below 7.35, this condition 
is called acidosis; when it rises above 7.45, it is 
called alkalosis. Acidosis is a common 
tendency we experience because metabolism 
produces some acid (Brown et al., 2009). 
 
A buffer solution is a solution that can 
withstand drastic changes in pH when small 
amounts of strong acid, strong base, and 
dilution are added to it (See Figure 5). When a 
pH 5 buffer solution is added to 1 ml of 1 M 
HCl and 1 ml of 1 M NaOH, the pH that occurs 
is relatively constant (Silberberg, 2010). 
 
 

 
Figure 5. Effect of Addition of Small Amounts of 

Acid and Base on the pH of the Buffer 
(Silberberg, 2010). 

 
Unlike with non-buffer solutions, the pH will 
change drastically when a small amount of 
acid or base is added. Look at Figure 6; when 
a robust acid solution of 100 ml of HCl pH 5 is 
added to 1 ml of 1M HCl, the pH of the 
solution drops to 2. On the other hand, if 1 ml 
is added NaOH 1M, the pH of the solution rises 
drastically to 12.  
 

 
Figure 6. Effect of adding a small amount of strong 

acid and a strong base on a solution of a 
strong acid (not a buffer) (Silberberg, 
2010). 

 
The buffer solution can withstand changes in 
pH because it contains an acidic component 
to neutralize the added OH ion and an alkaline 
component to neutralize the added H+ ion. 
The buffer solution component consists of two 
solutes, one weak acid, and its conjugate base 
or a weak base and its conjugate acid 
(Silberberg, 2010). 
 
Buffer solutions contain solutes that allow 
them to withstand significant changes in pH 
when large amounts of a strong acid or strong 
base are added. Based on the components of 
the mixed solute, there are two types of buffer 
solutions: acid buffer and alkaline buffer. This 
requirement is met by a pair of conjugate 
acids, weak acids such as CH3COOH / CH3COO 
or conjugate base, and weak bases such as 
NH4

+/NH3.  
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Thus, a buffer solution can be prepared by 
mixing a weak acid or a weak base with a salt 
of that acid or base (Jespersen et al., 2012). 
 
The CH3COOH/CH3COO buffer can be 
prepared, for example, by adding CH3COONa 
to the CH3COOH solution. An NH4

+/NH3 buffer 
can be prepared by adding NH4Cl to an NH3 
solution. All of us can buffer solutions at 
almost any pH by selecting the right 
components and adjusting their relative 
concentrations (Jespersen et al., 2012). 
 
The pH value of a solution is determined by 
the concentration of H+ and OH- ions present 
in the solution. Adding a strong acid and a 
strong base can affect the change in the pH of 
the solution, but this does not affect the pH of 
the buffer solution if it added in small 
amounts. It is causes due to the buffer 
solution's working system that can eliminate 
or reduce the effect of added H+ and OH– ions. 
Note in Figure 7, it is illustrated how a buffer 
solution can reduce the effect of adding acid 
and base to an acid buffer solution. 
 

 
Figure 7. Model Depicting the Addition of A 

Strong Acid [H+] and the Addition of 
Strong base [OH-] in an Acid Buffer 
Solution with low concentrate 
(Silberberg, 2010). 

 
The workings of buffer solutions can be 
explained through a phenomenon known as 
the common-ion effect (Silberberg, 2010). An 
example of a common ion or common-ion 
effect occurs when acetic acid dissociates 
slightly in water. 
 
CH3COOH (aq) + H2O (l) ⇄ H3O+ (aq) + CH3COO – (aq) 

 

From Le Chatelier's principle, it is known that 
if some CH3COO- ions are added (from 
dissolved sodium acetate), the equilibrium 
position shifts to the left, and thus [H3O+] 
decreases, consequently lowering the acid 
dissociation rate. 
 
CH3COOH (aq)+H2O (l)  ⇄  H3O+ (aq) +  CH3COO – (aq)  

 
Similarly, if we dissolve acetic acid in sodium 
acetate solution, the acetate ions and H3O+ 
ions from the acid enter the solution. The 
acetate ion in the solution prevents the acid 
from dissociating like pure water, thereby 
lowering [H3O+]. In this case, the acetate ion is 
called the namesake ion for acetic acid and 
sodium acetate solution. The namesake ion 
effect occurs when a particular ion is added to 
an equilibrium mixture that already contains 
that ion. Look at Figure 8, the position of the 
equilibrium shifts from that of its constituent 
(Silberberg, 2010). 
 

 
Figure 8. The Effect of Addition of Acid (H+) and 

Base (OH-) on Acid Buffer System 
(Silberberg, 2010). 

 
The equilibrium of the acid buffer, which 
consists of a weak acid (HX) and a conjugate 
base (X-), will form an equilibrium reaction, for 
example, in CH3COOH and ionized NaCH3COO 
as follows (Whitten, 2014): 
 

 
 

Addition 

H+ 

NaCH3COO (aq) 

CH3COOH (aq)       +    H3O
+ 

CH3COO-
 (aq) 

CH3COO-
 (aq) 

Na+
 (aq) 

H3O
+

 (aq) 
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Both CH3COOH and NaCH3COOH are sources 
of the CH3COO- ion. NaCH3COOH solution 
dissociates completely and produces high 
CH3COO- that shifts the CH3COOH equilibrium 
to the left because CH3COO- combines with 
H3O+ to form CH3COOH and H2O; the result is 
a drastic decrease in H3O+ (Whitten et al., 
2014). The Ka equation is as follows:   
 

Ka     =     
[CH3COO 

– 
 ] [H3O

+ ]

[CH3COOH]
 

[H3O+ ]    =    
[CH3COOH ] Ka  

[CH3COO 
- ]

   

 
Or the equation [H+] can be written: 
 

[H+]  =   Ka 
[acid ]   

[conjugate base ]
 

                       

 [H+]  =   Ka 
[mol acid ]   

[mol conjugate base ]
 

 
For a fundamental support, which contains a 
weak base (NH3) and the conjugate base of a 
salt (NH4Cl), by an ionic reaction similar to that 
of basic support, it looks (Whitten, 2014): 

 
 
Both NH4Cl and aqueous NH3 are sources of 
NH4

+ ions. NH4Cl completely dissociates to 
give high NH4

+, thus shifting the equilibrium 
to the left, as NH4

+ ions combine with OH- ions 
to form un-ionized NH3 and H2O, resulting in 
a significant reduction in OH- (Whitten et al., 
2014). The equation for Kb is as follows: 
 

Kb  =       
[NH4

+ ] [OH-    ]

[NH3]
 

[OH-    ]  =   Kb     
[NH4

+ ] 

[NH3]
 

 

[OH-    ]  =   Kb 
[base ]   

[conjugate acid ]
                

 

 [OH- ]   =   Kb 
[mol base ]   

[mol conjugate acid]
 

 
Figure 9 and 10 show the conclusion part of 
the intertextual e-book. 
 

 
Figure 9. E-book Practical Part of Buffer Solution 

 

NH4Cl  

NH3   +   H2O 
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Figure 10. Back Cover of E-book Practical Part of 

Buffer Solution 

 
Conclusion part of the developed e-book 
consists of form evaluation questions, 
practicum assignments, bibliography, and 
back cover. 
 

4. Conclusion  
 

The e-book can visualize abstract chemical 
concepts and relationships between levels of 
representation that have the potential to be 
implemented as teaching materials in the 
concept of buffer solutions. Interactive 
multimedia capabilities can display words, 
images, and two/three-dimensional models, 
both still and moving (in animation). It can 
improve students' representational abilities in 
the concept of buffer solutions. 
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