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The purpose of this lecture is to teach students in learning X-ray crystallography, which can provide
a detailed 3D structure in atomic resolution for any new crystalline

material. Due to the lack of X-ray diffractometer in NDHU, which was unfortunately malfunctioned
after the big earthquake on April 3, 2024, I intend to focus on the

techniques of solving structures. The lectures will start at the general introduction of point group
symmetry followed by the crystallographic symmetry, which will

constitute the lecture materials of the first three weeks. Next, a total of twelve weeks are needed
to familiarize the SHELXL software in order to solve a structure. This part of the lecture will be
taught by Dr. Vincent Liao, a staff crystallographer in the Institute of Chemistry, Academia Sinica.
He is willing to share his knowledge and experiences to the Ph. D. students, who are interested in
the chemical synthesis

The students who attend the class must prepare at least one single crystal, which structure has never
been reported in the Cambridge Structure Data Base (CSDB).

Obviously the students must have the knowledge searching the CSDB routinely. In addition, the
students have to demonstrate in the final examination that they are

capable of solving the structure by using the raw data provided by Dr. Vincent Liao. An accompanied
checkcif report without level-A alerts is mandated to pass the class.

The goal of this class is to train students who will become an expert in the evaluation of structure
accuracy after completing the class.

Thus if you are not doing the chemical synthesis and will never isolate single crystals in your
routine bench work, you are not encouraged to attend the class.
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¥ ¥ i B # Teaching Schedule & Content

#F =t Week R % Subject/Topics # 3xRemarks
1 The importance of X-ray crystallography in 3D structure
determination: case studies
2 Point group symmetry (Ch. 3) (Cotton’s book)
3 Crystallographic symmetry: 11.1 ~ 11.3 (Cotton’ s book)

Conquest software.
4 Utilizing Conquest software for literature searches within the
Cambridge Structural Database (CSD).

Diffraction and crystal structure
5 Introduction to diffraction theory and its application in
determining crystal structures

space groups

Crystal system, Bravais lattice, and space groups
6 Exploration of the 7 crystal systems, 14 Bravais lattices and 230

including their properties and significance.

Miller indices and zone axis symbols
7 Detailed discussion on Miller indices and zone axis symbols
essential for understanding crystal orientation and symmetry.

Crystal growing and screening
8 Techniques for growing and screening crystals suitable for X-ray
diffraction analysis.

9 #p ¢ ¥ i Midterm Exam

APEX software
10

and structure

Hands-on training with APEX software, covering the determination of
unit cells, phase-indexing, data collection, absorption correction,

solving.

ShelXle software
11 In-depth look at ShelXle software, including its operating
principles and key commands for refining crystal structures

Practical exercises for solving crystal structure
12 Practical sessions focused on solving crystal structures using the
skills and software introduced in previous weeks

Checkcif report, common problems and solution
13 Guidance on generating and interpreting Checkcif reports, with a
focus on troubleshooting common issues.

Plotting: Mercury and Diamond
14 Techniques for visualizing and plotting crystal structures using
Mercury and Diamond software.

Plotting: Mercury and Diamond
15 Techniques for visualizing and plotting crystal structures using
Mercury and Diamond software.

Neutron crystallography
16 Introduction to neutron crystallography, its principles, and
applications in determining crystal structures.

17

The final exam will test students’ ability to solve one crystal
structure from raw data followed by generating a Checkcif report.

18 # % ¥ 3% Final Exam
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The first three lectures (9:10 ~ 12 am) will take place at room D339 and the rest of classes (Tuesday
6 ~ 9 pm) will be taught on line. Both mid-term and final examination will be held in room D339.
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