
Chemical Education Journal (CEJ), Vol. 13, No. 1 /Registration No. 13-5/Received July 29, 2009. 
URL = http://chem.sci.utsunomiya-u.ac.jp/cejrnlE.html 
 

 

Development of experimental program for acquisition of equilibrium 

concept: from a standpoint of energy concept 

 

IKUO Akira
*
, ICHIKAWA Maki, YOSHINAGA Yusuke, and OGAWA Haruo

 

 

Department of Chemistry, Tokyo Gakugei University, Tokyo 184-8501, Japan 
*
Author for correspondence e-mail:

 
ikuo@u-gakugei.ac.jp 

  

Keywords: Experimental program, Equilibrium, Energy concept, Teacher education 

 

Abstract 

An experimental program for acquisition of “equilibrium” concept was developed. The 

concept is one of chemical concepts classified into seven categories [1] of “atomic theory”, 

“chemical bond”, “oxidation and reduction”, “heat and energy”, “equilibrium”, “inorganic 

chemistry”, and “organic chemistry”.  

  A survey of five present textbooks of “Chemistry II” on “equilibrium” in Japanese high 

school, which were compiled based on Japanese course of study (MEXT, 1999), was 

conducted. A packing module [2] type of experimental program of “equilibrium” was 

developed on the survey. The program was composed of text for experiments, experimental 

materials, background information, and explanatory power point file. The text was taken into 

consideration of insertion of numerous photographs in order that learner himself could do 

each experiment easily. Following concepts of lower rank on “thermodynamics” were chosen 

in the program by drawing the concept map; internal energy and Gibbs energy, liquid gas 

equilibrium, pressure change and temperature change. Targets of attainments on five steps 

were set in the program; color change, chemical reaction and color change in evaporation of 

Br2 or equilibrium of N2O 2NO2, relationship between equilibrium and energy, 

measurements of the energy, and calculation of electron quantity from the energy by Daniel 

cell.  

 

1. Introduction 

 

  Recently, a number of seminars for teacher are held to re-educate teachers in-service. It is 

important to develop experimental program for teacher education in which the program is 

consistent with a curriculum and applicable in wide range of institutions from elemental 

school to high school. In this paper, a packing module type [2] experimental program with a 

series of experiments related with equilibrium based on a survey of five present textbooks of 

“Chemistry II” on “equilibrium” in Japanese high school, which were compiled based on 

Japanese course of study (MEXT, 1999). The program includes three chemical concepts; 

thermodynamics, system, and external conditions. The program was developed for teacher of 

high school to grasp the concept of equilibrium through the experiments. 
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2. Development of the packing module 

 

  Scientific concepts and topics as a theme of the packing module was selected based on 

surveys Japanese course of study, textbooks [3] of “Chemistry II” currently used in Japanese 

high school, and textbook of general chemistry in the university. In order to contain all of 

experiments necessary to achieve the 

theme of the module, contents of the 

module is not restricted by the unit of 

high school textbook. Flow chart of 

development of the packing module 

is shown in Scheme1. Survey of 

“equilibrium” in “Chemistry II” on 

Japanese course of study and 

textbooks was conducted to select 

scientific theme and contents of the 

module. For development of packing 

module, concept map was drawn 

based on the survey. Supplemental 

data for experimental program was 

collected. Text for experiments, 

background information, experimental 

materials, and explanatory power point 

file were prepared.  

  Policy for development of the 

packing module is shown in Table 1. 

The module is developed concerning 

scientific concepts and topics as a 

theme in the sequence from elementary 

school to college level. The module is 

the experimental program for learner. 

The module is adopted the type of a 

packing module which can complete in 

3 hours. The module is having the Text 

encouraging learners to do 

experiments themselves 

1. The module is developed concerning scientific concepts and 

topics as a theme in the sequence from elementary school 
to college level.  

2. The module is  the experimental program for learner.  

3. The module is adopted the type of a packing module which 

can complete in 3 hours. 

4. The module is having the Text encouraging  learner to do 

experiments themselves

1.  Module is composed of Text for experiments, 

experimental materials, explanatory power point file, 
and reference materials. 

2.  Text includes numerous photographs and schemes 

with artifice taking into account of easy access and 
simple thinking to a certain experiment nominated. 

3.  Module is compiled in order to the program proceeds 

smoothly in the following order; "explanation of 
adopted experiments", "exhibition of experiments by 

performer ", and "experiment by learners 

themselves"
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  Composition of the packing module is shown in Table 2. The module is composed of Text 

for experiments, experimental materials, explanatory power point file, and reference materials. 

The Text includes numerous photographs and schemes with artifice taking into account of 

easy access and simple thinking to a certain experiment nominated. The module is compiled 

in order to the program proceeds smoothly in the following order; "explanation of adopted 

experiments", "exhibition of experiments by performer", and "experiment by learners 

themselves" 

  Survey of five most popular 

chemistry textbooks of “Chemistry 

II” currently used in Japanese high 

school (Textbooks, 2003, 2004), 

which were compiled based on 

Japanese course of study (MEXT, 

1999), was conducted to investigate 

how “equilibrium” was described 

as in chemistry in the actual 

circumstances. Instruction items 

can be found in the table of 

contents in the textbooks. The 

items concerning about equilibrium 

in each textbooks is shown in 

Scheme 2. Instruction items were 

mainly composed of chemical 

equilibrium, equilibrium constant, 

and equilibrium in electrolytic 

dissociation. Each textbook had a 

slight change of description. It is 

because all textbooks were compiled 

based on Japanese course of study 

(MEXT, 1999), which stated that 

“Chemical equilibrium” is 

introduced in the chapter of “ (1) 

Structure of matter and chemical 

equilibrium” and “Introduction of 

equilibrium constant is limited to 

simple system of weak acid and 

weak base.”, “Ion product for water is introduced.”, and “Shift of equilibrium is introduced 
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mainly Le Chatelier’s 

principle.”  

In order to see relationship 

between the theme of the 

module and concepts or topics, 

concept map of equilibrium 

within study of high school was 

drawn. The concept map is 

shown in Scheme 3. In the 

concept map, concept was 

mainly related to Le Chatelier’ 

principle as described before. 

Other relations were among 

thermal equilibrium and 

chemical kinetics. Reaction 

mechanisms were related to 

reversible and irreversible 

reactions. Applications of 

equilibrium were described 

such as esterification, 

Harber-Bosh process, and 

cell potential.  

  Concept map of 

equilibrium was extended 

to the study of general 

chemistry in the university. 

The concept map is shown 

in Scheme 4. For 

quantitative handling of 

equilibrium, concept of 

thermodynamics including the first law to the third law was introduced in the university. 

Related concepts such as system and external conditions were also introduced. Those 

concepts were further related to internal energy, enthalpy, entropy, and Gibbs energy and so 

on. Following concepts of lower rank on “thermodynamics” were chosen in the module; 

internal energy and Gibbs energy, liquid gas equilibrium, pressure change and temperature 

change. 

  Targets of attainments on five steps were set in the module. Steps and contents of 

４

４

  

 

 

  

  

  

４  
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experimental program are shown in Figure 1. Qualitative observation of simple experiment 

such as color change of bromine vapor in different temperatures was introduced in the step 1. 

Color change due to chemical reaction such as temperature change and pressure change of 

dinitrogen tetraoxide and nitrogen dioxide mixture (N2O 2NO2) was introduced in the step 

2. Relationship between equilibrium and energy such as drawing of figure of equilibrium 

constant vs. concentration of N2O4 was introduced in the step 3. Measurements of the energy 

such as calculation of Gibb’s energy of N2O4 and NO2 system were introduced in the step 4.  

Calculation of electron quantity from the energy of Daniel cell was introduced in the step 5. 

Program included qualitative observation of color change in evaporation of Br2 to quantitative 

calculation of electron in Daniel cell in order to grasp the concept of equilibrium from a 

standpoint of energy concept. 

 

3. Experimental program 

 

  Abridgment of page1 of the 

text from appendix 1 is shown 

in Figure 2. In the section I, 

gas-liquid equilibrium of 

bromine, learners observe color 

of bromine vapor in different 

temperatures such as 20, 40 

and 0.5 . Learner is asked to 

sketch the color of bromine 

vapor in the corresponding 

figure of the text, and is asked 

to take a note to compare the 

color of bromine vapor in room 

temperature (20 ), in hot 

water (40 ), and in ice-bath 

(0.5 ), in the corresponding 

area of the text. Equilibrium of 

liquid and gas was studied by 

qualitative observation of color 

change of evaporation bromine 

in different temperatures. The 

text was taken into 

consideration of insertion of 

numerous photographs in order 

that learner himself could do 

each experiment easily. 

 

) (40 ), (0.5 )  

) (80 ), (0.5 )  
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Properties of chemicals used in the 

experiment were described in the 

right side of the page along with 

description where they were 

purchased. In this way learner can 

study by himself after the class. 

  Abridgment of page 4 of the text 

from appendix 4 is shown in 

Figure 3. In the section IV, the 

measurements of the energy, 

learners are asked to calculate 

Gibb’s free energy by use of data 

provided in the right side of the 

text. In the section of V 

Calculation of electron quantity 

from the experiment of chemical 

cell, learners measure potential of 

Daniel cell and also calculate free 

energy change. Learner is also 

asked to calculate quantity of 

electron. 

 

4. Conclusion 

 

  A survey of present textbooks in Japanese high school indicated that instruction items were 

mainly composed of chemical equilibrium, equilibrium constant, and equilibrium in 

electrolytic dissociation. A packing module type of experimental program of “equilibrium” 

was developed on the survey. Program included qualitative observation of color change in 

evaporation of Br2 to quantitative calculation of electron in Daniel cell in order to grasp the 

concept of equilibrium from a standpoint of energy concept. The program could be applied for 

teachers in-service. 
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