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Advanced Studies in Solid-State Chemistry
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&) /Course objectives

2026HS

By the end of the course, students will be able to

< |understand crystal structures and symmetry in solids, to
relate bonding and electronic structure to physical
properties, to analyze point defects, non-stoichiometry,
and ionic transport, to apply solid-state chemistry
concepts to functional materials and to interpret
experimental data from common solid-state techniques.

@
/Detailed
information

This course introduces the principles governing the structure and properties of solids. Emphasis
is placed on structure?property relationships, and modern functional solids. Students will be
able to apply knowledge to be used for problem solving in their research in addition to
understand the quality of their own achievements.
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/Overview of
course

The course will start from the survey of basic knowledges on solids and solid-state chemistry.
Then, students will gain a view on the past, current developments with the emphasis on the
advanced topics in solid-state chemistry. Finally, they will cultivate their ability to apply
the knowledges for the innovation theoretically and practically.
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Section 1: Solid-State Chemistry

1. Introduction to the Solid State
o0 Types of solids (ionic, covalent, metallic, molecular)
0 Periodicity and solid formation

2. Chemical Bonding in Solids

Section 2: Structure

3. Crystal Structures
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4. Symmetry and Space Groups

5. Point Defects and Non-Stoichiometry

6. New Structure Concept

Section 3: Electronic Structure and Properties

7. Band Theory of Solids and application

8. Recent examples of the application

Section 4: Functional Solid-State Materials

9. Materials variation for versatile application with recent examples
Section 5: Synthesis

10. Ceramic method
11. Solution based methos
12. Thin-film deposition
13. New synthetic methods
Section 6 Characterization
14. Diffraction
15. Microscopy
16. Thermal analysis
17. Spectroscopic methods
18. Advanced characterization techniques

Section 7 Nanomaterials and Surfaces
1. Classification of nanomaterials and recent advances
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/Grading/evaluat
on method

Verification of understanding through reports and debates during the class room.
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/Grading/evaluat
on criteria

Students will be assessed on their ability to understand the scientific significance and
societal context of research topics in solid-state chemistry, including both historical
developments and ongoing studies. Evaluation will focus on the extent to which students can
critically analyze the theoretical and experimental approaches that have been employed to
address these research problems, including an assessment of their strengths and limitations.
Students are also expected

to articulate their own perspectives on current challenges and future directions in the relevant
research fields, based on an understanding of recent literature. In addition, students who are
able to propose novel approaches, improved methodologies, or new research questions related to
ongoing challenges will be evaluated favorably as advanced or outstanding work.
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/Prep and | Students are expected to study to complete the assigned homework. This includes reading
review work papers/books, summarizing the information, etc.
()] « D
/Notes Interested students should contact Prof. Makoto Ogawa by e-mail before the registration deadline
so that the scheduled can be arranged.
/ Makoto OGAWA (e-mail: ogawa@shinshu-u.ac.jp)
(C) N
/Questions | During lecture time, students are encouraged to raise questions. Questions through e-mail are
and requests also possible.
for advice
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/Course format

Lectures, interactive format including debates/discussions

/Textbook(s) Distribution of printouts, etc.
L. E. Smart and E. A. Moore, Solid State Chemistry, An Introduction, CRC Press. U. Schubert and
/Reference N. Husing, Synthesis of Inorganic Materials, Wiley-VCH.
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