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Abstract

The objective of this study is to improve the microscale experiment of stoichiometry in high
school, which was developed in a previous work. We tried to reduce the experimental errors of
it by active learning. Active learning is a new and key concept of the revised Course of Study
defined by the Ministry of Education, Culture, Sports, Science and Technology-Japan in 2018.
The improved microscale experiment, which uses small quantities of chemicals, includes the
reaction of calcium carbonate with hydrochloric acid to form carbon dioxide. It is a scale-down
[1/8 or 1/4] model of the normal scale experiment described in a textbook of “Basic
Chemistry” in the Course of Study mentioned above. According to the previous work, it is a
research task in the future to reduce the error. Just before closing all the schools of Japan in
February 2020, the practice for the science club members, who were one freshperson and three
juniors, consisted of six lessons as follows: 1) preparatory guidance, 2) previous work and
errors of measuring instruments, 3) hypotheses and plans of microscale experiment to reduce
the error, 4) preliminary microscale experiment, 5) and 6) the microscale experiment and
discussion. Our hypothesis is that we may minimize the experimental errors by using a
volumetric pipette to measure dilute hydrochloric acid instead of a graduated cylinder. We
verified the hypothesis by experiment. As a result of the experiments, the following are our
new findings. 1) Even if we use a volumetric pipette instead of a graduated cylinder to measure
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hydrochloric acid, we cannot minimize the errors in the case of 1/8, 1/4 and 1/2 scale
experiments. That is why the electronic balance used has the smallest relative error of 4.5 % in
the case of 1/2 scale experiment, which is larger than both a relative error of 0.15 % of the
pipette and a relative error of 2.0 % of the cylinder. 2) The error in the case of 1/4 scale
experiment using a volumetric pipette to measure hydrochloric acid is about the same as using
a graduated cylinder. In conclusion, we have found that the best scale-down size is 1/4 for the
microscale experiment of stoichiometry using a graduated cylinder, which is good enough for
this scale. We are convinced that the microscale experiment works well for active learning in

high school chemistry.
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	バインダー1
	論文1-古岡
	論文2-平井1

	論文3-平井2のコピー
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