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Reactions of Alkaline Earth Metals with Hydrogen Chloride and Water in High School
Chemistry: Focusing on Standard Gibbs Energy of Reaction (School of Life and Environmental
Sciences, Kobe College) OTetsuo Nakagawa

Alkaline earth metals are covered in Japanese high school chemistry classes. Alkaline earth
metals react violently with acids at room temperature. They also react readily with water, except
for Be and Mg. Whether a chemical reaction is spontaneous can be obtained from the Gibbs
energy of reaction (the Gibbs energy change) AG. And Insights into the driving force of a
chemical reaction can be obtained from the enthalpy of reaction (the enthalpy change) AH and
the entropy of reaction (the entropy change) AS. However, high school chemistry textbooks do
not include these thermodynamic data regarding the reactions of alkaline earth metals with
acids and water.

In this study, the standard Gibbs energies of reaction AG® at 298.15 K and 10° Pa were
calculated for the reactions (A, B, C) of alkaline earth metals M (M = Be, Mg, Ca, Sr, and Ba)
with hydrogen chloride (aqueous hydrogen ion H'(aq)) and water. Using the AG®° values, the
spontaneities of these reactions were examined.

M(s)+2H'(aq) — M?(aq) + Ha(g) (A)
M(s) + 2H,0(1) — M?*(aq) + 20H (aq) + Ha(g) (B)
M(s) + 2H,O(1) —  M(OH)a(s) + Ha(g) (C)

For each reaction, consistency was observed between the sign and value of AG® and the
actual ease of occurrence of the chemical reaction.
Keywords : Alkaline Earth Metal; Standard Gibbs Energy of Reaction; Hydrogen Chloride;
Water, High School Chemistry
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Dyeing wool with litmus colorants and its application to chemical experiments ('Osaka
Research Institute of Industrial Science and Technology, *Takarazuka Municipal Yamatedai
Junior High School) OTakeru Ohe,' Aya Ohe,? Chisa Norioka,' Yurika Yoshimura'

In social studies classes, students learn about reducing carbon dioxide emissions to prevent
global warming. This includes the concept of carbon neutrality, which contributes to preventing
global warming by actively using woods instead of fossil fuels. Recently, there has been a
growing call for a zero-waste society that means no waste even from wood-based paper
products. In our everyday life, chemistry experiments use a vast amount of paper products like
filter paper and paper towels. This presentation proposes a wool dyeing experiment using
litmus, a natural dye. This method enables addressing themes such as reducing waste from
paper products, the principles of dyeing, the relationship between dye structure and color, and
the principle of chromism, through task settings tailored to students' abilities.

Keywords : Litmus Colorant; Wool; Dyeing, Waste Reduction; Chromism
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Automatic Measurement of Neutralization Titration Using Arduino and its Educational
Application (Kindai University High School) ORyo Matsuura

Recently, ICT devices have been widely introduced in the field of education, and it is now
common for each student to own a PC or tablet. To further explore the applicability of ICT
devices in science education, particularly in chemistry experiments, we are developing teaching
materials by combining Arduino microcontrollers with chemical sensors. This work discusses
the feasibility of using ICT devices in neutralization titration. Using Arduino, we performed an
automatic pH measurement to visualize the neutralization titration curve on a PC. Based on the
results of this educational practice, we evaluated the effectiveness of introducing ICT devices.
Keywords : Chemical Education; Information and Communication Technology, Neutralization
Titration; Automatic Measurement; Educational Practice
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University Students’ Misconceptions about Energy Studied in High School Chemistry
(Okayama University of Science) O Shuichi Takahara

In university chemistry classes, I asked qualitative questions about energy-related topics
learned in high school chemistry (energy of electron shell, ionization energy, bond energy, and
energy changes associated with changes of state and chemical reactions). As a result, there were
many questions for which the correct answer rate was low. From students’ comments during
class, it became clear that university students have various misconceptions about energy such
as “sodium readily forms cations, so its energy decreases through cationization” and “bond
formation requires energy, so the bonded state has higher energy.”

Keywords : Energy,; High School Chemistry; Misconceptions; University Students
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Proofs of Pick's theorem and Morihara's theorem using crystal lattices
(‘Tokyo University of Science) OMasayuki Inoue'

Consider a simple cubic lattice with atoms of diameter 1 at the lattice points in three-
dimensional coordinates. There is polygon P whose areais S onthe z = 0 plane (figure).
Determine the number of atoms contained in the parallelepiped P’ formed by translating P from
z=—1/2 to z =1/2. Atoms centered on the edges of P (A) are contained in P’ at a rate of
1/2(number of A is m). Let n be the number of vertices of P, and since the sum of the interior
angles is (n — 2)m, the number of this type atoms (B) is (n —2)n/2mr =n/2 —1,(m+ n = b).
For atoms whose center lies within P but is partially cut off by sides of P’ (C), same volume of the
cut-off portions outside P’ is contained within P’ because the atom's arrangement is point-
symmetric about the center of each side of P. Let the molar mass of this atom be M, Avogadro's
number be Ny,. In a simple cubic lattice, the unit cell contains one atom, so the density of a simple
cubic lattice crystal with a lattice constant of 1 is expressed as M /N,. Therefore, the mass of P’ is
givenby (M/N,) X (i + b/2 — 1), which isequal to (M/N,) XS x 1,then S=i+b/2—-1 .

Keywords : Pick’s Theorem, Morihara'’s Theorem,; Proof; Crystal Lattice
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Development of Inquiry-Based Learning Resources with Molecular Shuttle Analysis
(‘Graduate School of Science, Toho University, *Faculty of Pharmaceutical Sciences, Toho
University, *Gifu Shotoku Gakuen University) Tomoya Katogi,! Shoko Kikkawa,? Isao
Azumaya,’ Izumi Imai?

In 2021, the Chemical Society of Japan proposed an ideal, unrestricted curriculum for the
chemical literacy required of Japanese high school students. The curriculum incorporates
nuclear magnetic resonance spectroscopy (NMR) as an analytical technique for ensuring safety
and product quality. In the past, we developed introductory '"H NMR spectroscopy teaching
materials for university undergraduates, using the Nobel Prize-winning molecular shuttle as a
subject. The objective of this study was to develop an introductory teaching material for 'H
NMR spectra for high school students using acid-base responsive fluorescent molecular
shuttles. The present study explored the implementation of 'H NMR spectroscopy through
inquiry-based teaching materials, with the analysis of molecular shuttles 1a and 1b serving as
the subject. The objective was to demonstrate the correlation between the content taught in high
school chemistry and the most significant discoveries or advancements in chemical research
within the field, thereby illustrating the appeal and significance of studying chemistry to
students. In this presentation, we plan to explain the synthesis and analysis of 1a and 1b, as

well as the conceptual framework for the lesson plan.
Keywords : Molecular Shuttles, Nuclear Magnetic Resonance, Teaching Materials, Inquiry
Based Learning
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