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Abstract  
Mole concept is applicable fundamental concept in chemistry to clarify the changes of the 
phenomena. However, instruction by teacher and understanding of the concept requires so much 
effort. Therefore, many studies were carried out. Two aspects exist in the concept as a "number" and 
a "scale". Most reports focus on one aspect of those. We developed an experimental program being 
integrated both aspects. A survey of present educational-research on “mole” was conducted, and 
related experiments were extracted and classified on the bases of the two aspects. Step with targets of 
attainments were set and corresponding contents of study were selected. Packing module type of 
experimental program was developed including, e.g. “Change of state in ethanol” of 4th grade (g4), 
“Determination of Avogadro constant, NA, with crystalline NaCl ” (g11), and “Calculation in real 
gas” (g13). The program was composed of the 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 for student himself to be able do each experiment 
smoothly. 
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1 Introduction 
 

The mole concept is applicable fundamental concept in chemistry to clarify the quantitative changes 
of the phenomena, stoichiometry. Therefore, the concept is essential topic in high school chemistry. 
However, learning the concept is not necessarily easy task for the beginner as pointed out in several 
studies (Baranski, 2012; Fang, 2014). It because the concept has two aspects namely "number" which 
counts the number of atoms or particles in terms of Avogadro’s constant, NA (Muroi, 1984; Tanzawa, 
2001), and "scale" which deals as a collection or unit of atoms (Furio, 2002; Morikawa, 2003). Most 
of studies focused on only one aspect of those, which sometime make students to have more efforts 
to integrate views of the concept. 
In this paper, development of experimental program being integrated both aspects of the concept is 
reported. First, a survey of present educational-research on “mole” was conducted, and related 
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experiments were extracted and classified on the bases of the two aspects. Step with targets of 
attainments were set and corresponding contents of study were selected. Finally, packing module 
type of experimental program was developed.  
 
  

2 Procedure 
 
A survey of present educational-research on “mole” was conducted, and related experiments (Furio, 
2002; Imai, 2005; Ishii, 2002; Kamogawa, 2008; Kawabuchi, 1970; Morikawa, 2003; Muroi, 1984; 
Tanzawa, 2001) were extracted and classified on the bases of the two aspects, “number” and an 
“scale” as shown in the scheme 1. 
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Scheme 1  “Number” and “Scale” of mole concept in previous research 
         g: grade(g4:4th in elementary〜g13:1st in Univ.) 
 
 
Degree in those two aspects was placed in horizontally and grade was placed vertically from g4, 4th 
grade in the elementally school, to g13, the first year of the university, level. At the lower level, aspect 
of “Number” is emphasized while at the higher level “scale” was emphasized more. There were 
many studies dealing with g11, senior high-school level.  
   In order to integrate both aspects of mole concept, step with targets of attainments were set and 
corresponding contents of study were selected from the survey as shown in the scheme 2.  
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Scheme 2  Steps and contents of study for experimental program 
 
Basic image of an amount of substance was introduced in the step 1 where “Change of state in 
ethanol” of 4th grade (g4) was placed. Necessity of an amount of substance was introduced in the 
step 2 where “neutralization titration” (g10) and “combustion of Cu” (g8) were placed in the step. 
Definition of an amount of substance was introduced in the step3 where “Determination of Avogadro 
constant, NA, with crystalline NaCl ” (g11) was placed (Ikuo, 2004). Use of an amount of substance 
was introduced in the step 4 where stoichiometry or calculation of ideal gas was placed. “Calculation 
in real gas” (g13) was introduced in the step 5. 
   Packing module type of experimental program (Ikuo, 2008) was developed. The program was 
composed of the 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 for student himself to be able do each experiment smoothly. 
 
 
 

3 Results and Discussion 
 

3.1 Basic image of an amount of substance 
In the step 1-1, change of state in ethanol is introduced. Students are asked to measure the diameter of 
balloon, which contains different amount of ethanol, in the boiling water. From the activity of 
estimate volume of the balloon and correlate with amount of ethanol (Figure 1) students (g8) would 
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obtain basic image of an amount of substance. To simplify the experiment ethanol was used although 
gaseous ethanol act slightly different from an ideal gas. In the case of students (g4), they could be 
asked to measure simply height of the balloon and correlate with amount of ethanol. In this manner, 
students do not need to calculate the volume. 
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Figure 1  Example of experiment. Change in volume* of balloon by change in  
        state of ethanol g8 
        ＊calculated from diameter 
 
 
In the step 1-2, model experiment with bolt and nut is introduced. Students (g5-11) are asked to 
calculate weight of one bolt or nut from the measurement of bolts and nuts (Figure 2). Students could 
obtain image of stoichiometry and mole weight. 
 

 

Figure 2  Example of experiment. Work with model g5-11 
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3.2 Necessity of an amount of substance 
In the step 2, combustion of Cu (g8), reaction of NO and O2 (g10), Neutralization titration (g10) are 
introduced. Students could obtain clear image of stoichiometry and an amount of substance through 
experiments (Figure 3-5). 
 

 
Measure weight change of Cu after combustion.  
Each student use different amount of Cu eg. 0.5	
1.0 g. 

2O2Cu+
2CuO→

A fixed mass ratio is between reactants. 
which is determined by  atomic mass. 

It is necessary to treat the quantity showing  
the number of particles. ��
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Fig. Weight of Cu and combined O2  
Figure 3  Example of experiment. Combustion of Cu g8 
 
 

 
20 mL of  NO is reacted with O2 in water. Change volume of O2 and  
observe the volume remained*.�

22 2NOO2NO →+
Same number of particles are contained in 
 the gas of the same volume at the the same 
 temperature and pressure. Since the ratio of 
 volume is a ratio of the number of particles, 
a stoichiometry can be observed. �
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* NO: insol. in water�NO2: sol. in water�

2-2 Reaction of NO and O2 g10 

Table  volume of O2 and gas remained  �

 
Figure 4  Example of experiment. Reaction of NO and O2 g10 
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Estimate volume of 1wt.% NaOH soln. to neutralize 5 mL of 1wt.% HCl soln. and 
 conduct experiment. 
Understand necessity of using the concentration handling the number of particles.  

NaOHHCl+
NaClOH2 +→

Result of titration�
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2-3 Introduce molarity to neutralization g10 

 
 
Figure 5  Example of experiment. Introduce molarity to neutralization g10 
 
3.3 Definition of an amount of substance 
In the step 3, Definition of mole is introduced. Students will see real example of one mole substance 
(g11), calculate Avogadro’s constant (g11) from measured density of NaCl crystal and lattice 
constant (Figure 6, 7), and conduct activity to realize size of Avogadro’s constant. Student could 
obtain image of number of particles in the substance. 
 

Figure 6  Example of experiment. One mole of popular substance.  From top left to bottom right: 
oxygen (in PET bottles), carbon (rod), sodium chloride, water, iron (nut), aluminum (coins), copper 
(wires).  
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Figure 7  Example of experiment. Determination of Avogadro’s constant  

 
3.3 Use of an amount of substance 
In the step 4-3, Calculation of ideal gas is introduced (Figure 8). Students (g12) are asked to measure 
weight of magnesium and placed in the syringe, and then asked to suck up hydrochloric acid. After 
completion of the reaction they are asked to measure volume of gas formed. For the students in the 
g13, calculation in real gas can be introduced (Appendix 7). The program can be adopted for different 
grade of students. 
 

Estimation* of hydrogen evolved form amount of Mg ribbon used�and 
compare with the experimental value reacting with 1 mol L-1 HCl in the 
cyringe.�
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4-3�Hydrogen evolution��g12 
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Figure 8  Example of experiment. Hydrogen evolution, Calculation in ideal gas   
         g12 
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Conclusion 

A survey of present educational-research on “mole” was conducted, and related experiments were 
extracted and classified on the bases of the two aspects, "number" and an "scale". Step with targets of 
attainments were set and corresponding contents of study were selected. We were able to develop an 
experimental program being integrated both aspects. The program could be applied for students from 
elementary school to university and teachers in-service. 
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Appendix 1  STEP1-1 Change of state in ethanol, model experiment with bolt and nut 
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  Appendix 2  STEP2-1 Combustion of Cu  
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Appendix 3  STEP2-2 Reaction of NO and O2 
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Appendix 4  STEP2-3 Neutralization 
titration
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  Appendix 5  STEP3-2 Determination of NA with crystalline NaCl 

 7 

  

実実験験  アアボボガガドドロロ定定数数のの測測定定  

  

                

  

  

                

  

  

  

  

=w                   cm     質量       g  

=d                   cm  

=h                   cm 

 

密度 ＝        ＝①     g cm-3

  

  

モル質量 ② 58.44 g mol-1 

単位格子（面心立方格子）の一辺の長さ =a ③        cm 

単位格子中に NaCl ④ 4 個相当の原子を含む 

  

アボガドロ定数：𝑁𝑁" = ④×②
①× ③ )＝＝                    mol-1  

(アボガドロ定数の文献値：6.022×1023  mol-1) 

  

  

  

  

  

  

岩塩をアイスピックとラバーハンマ

ーを使ってへき開する 

カッターとラバーハンマーを使い、さ

らにへき開し、なるべく正確な直方体
に形を整える 

（へき開した試料） へき開した試料の三辺の長さを電子

ノギスで精密に測定し、記録する 

へき開した試料の質量を電子天秤で

測定し、記録する 

試料の質量/g 

試料の体積/cm3 
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Appendix 6  STEP4-3 Hydrogen evolution, Calculation in ideal gas 
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Appendix 7  STEP5-1 Calculation in real gas 

 




