From atomic structure to the properties of matter
Led by	Professor Volker Deringer, Dept. Chemistry, Oxford
 	Professor Don Porcelli, Dept. Earth Sciences, Oxford
	Professor Sebastian Bonilla, Dept. Materials, Oxford
Overview:
This module will explore the connections between the microscopic (atomic-scale) structure of materials and their macroscopic properties. Students will learn about experimental and computational techniques that form the basis for our present understanding of materials structures: from the origin of atoms and foundational X-ray diffraction experiments to emerging AI-for-science approaches. Practical exercises will include computer simulations of disordered structures and ways to analyse them using Python code, as well as training in visualising and communicating scientific findings. An outlook will be given on the role that materials chemistry plays for the development of next-generation technologies. This module is best suited to students with an interest in studying chemistry, materials science, earth sciences, or related disciplines.

Synopsis:
Week 1 (3–7 Aug): Foundations
This week will build the foundations for the module and introduce students to our current understanding of crystalline structures. Taught by Prof. Don Porcelli) and Prof. Volker Deringer, the students will learn about the microscopic “building blocks” of matter and how X-ray diffraction allows us to locate atoms in ordered structures. The classes will introduce “tutorial-style” problems for students to familiarise themselves with how to draw 3-dimensional structures with pencil and paper, and how to visualise them using freely available computer software.
Week 2 (10–14 Aug): Realistic structures
This week will take students from ordered structures (e.g., table salt or quartz crystals) to disordered and amorphous materials (e.g., glass). In this context, Prof. Deringer will introduce students to computational techniques that are used in chemistry and materials science to simulate and understand complex structures. During the week, the students will begin to create their own structural models and run molecular-dynamics simulations. No previous knowledge of Python programming will be required, but students should have an interest in developing some core experience. 
Week 3 (22–26 Aug): Real-world applications
This week will give students insights into how the atomic structures of materials determine their properties that are relevant for real-world applications. Prof. Sebastian Bonilla (Materials) will highlight solar energy applications. Prof. Deringer will provide a snapshot of emerging machine-learning (ML) and artificial intelligence (AI) techniques as applied to materials chemistry, and concurrently students will continue their work on molecular-dynamics simulations. They will be guided in analysing and visualising the results of their computational work, and on the last day will be invited to present results in a joint seminar. In addition to the specific scientific content, this module therefore aims to provide students with experience in communicating their findings.

Draft schedule:
Week 1 (3–7 Aug): Foundations
	Tue
	Prof. Don Porcelli
(Earth Sciences)
	Lecture: The origin and distribution of atoms in the Universe (Title TBC)

	
	
	Self-study following the lecture

	Wed
	Prof. Volker Deringer
(Chemistry)
	Lecture: The structures of crystals and how we know about them

	
	
	Self-study following the lecture

	Thu
	VLD group DPhil
	Practical class: Drawing structures of solids

	
	
	Self-study exercises: Calculating space filling (I)

	Fri
	VLD group DPhil
	Practical class: Visualising structures

	
	
	Self-study exercises: Visualising structures (I)



Week 2 (10–14 Aug): Realistic structures
	Mon
	Prof. Volker Deringer
(Chemistry)
	Lecture: The role of theory and simulation in modern chemistry

	
	
	Self-study following the lecture

	Tue
	VLD group DPhil
	Practical class: Atomistic modelling with Python; creating random hard-sphere models

	
	
	Self-study exercises: Calculating space filling (II)

	Wed
	Prof. Volker Deringer
(Chemistry)
	Lecture: Beyond ideal crystals: disordered and amorphous materials

	
	
	Self-study following the lecture

	Thu
	VLD group DPhil
	Practical class: Molecular dynamics

	
	
	Self-study: MD of amorphous carbon

	Fri
	
	

	
	
	



Week 3 (22–26 Aug): Real-world applications
	Mon
	Prof. Volker Deringer
(Chemistry)
	Lecture: The emerging role of artificial intelligence in materials chemistry

	
	
	Self-study following the lecture

	Tue
	VLD group DPhil
	Practical class: Analysing and visualising MD results

	
	
	Self-study: Analysis of MD results

	Wed
	Prof. Sebastian Bonilla (Materials)
	Lecture: Next-generation solar-cell materials (Title TBC)

	
	
	Self-study following the lecture

	Thu
	
	Self-study: Analysis of MD results

	
	
	

	Fri
	VLD group DPhil
	Seminar: Presentation of MD results

	
	
	



