Course Syllabus:
Chem. 4530-5530  Spring Semester 2025
Chemistry and Physics of Surfaces and Interfaces:  Course Outline
(Tuesdays and Thursdays, 2:00-3:20, Hickory Hall 252 )
Office hours:   W, 2-4 pm

Texts:  (Required) P. A. Cox, The Electronic Structure and Chemistry of Solids (1984,Oxford 	University Press)  

(Recommended) R. P. Feynman, The Feynman Lectures on Physics, available free of  charge from https://www.feynmanlectures.caltech.edu/


Course Syllabus

This is an advanced undergraduate/graduate level course focusing on the chemistry and physics of surfaces and interfaces.  This includes the traditional areas of the vacuum (or gas)/surface interface and the solid/solid interface.  It also includes the rapidly emerging area of surface studies under non-UHV environments (vapor/solid and liquid/solid interfaces).  The objective is to give the student an understanding and appreciation for fundamental and emerging aspects of these topics, enabling them to pursue further research in these and related  areas, such as microelectronics or catalysis.  Reflecting advances in the ease and accuracy of modern computational methods, this course will include some introduction to theoretical models and computational tools, as well as experimental methods.  Students will gain an understanding of how surfaces differ from the bulk, and some insight into methods for investigating surface and interface structure.  The course will then examine such aspects as adsorption at surfaces, various aspects of band structure, band bending, and a surface science approach to electrochemistry.  
   A principal tool in the study of surfaces and interfaces, since the 1970’s has been X-ray Photoelectron spectroscopy (XPS).  To this day, however, the accurate computational modeling of photoemission spectra remains an area of active research.  Therefore, this topic will serve as a framework for exploring computational methods of electronic structure and photoemission spectra—first of discrete molecules, and finally of extended systems.
	Students are expected to have a solid grounding in the fundamentals of quantum mechanics, such as the Schrödinger equation, the basics of molecular orbital theory, and so on. Interested students without such a background should seek the consent of the instructor prior to enrolling.

Grades:

There will be two exams in this course, counting 25% each towards the total course grade.  Additionally, each student is expected to submit a written term paper on a topic of choice (instructor approval required), in lieu of a final exam.  The written paper and oral presentation will each count 25% towards the final course grade.


About Materials Chemistry

The first part of this course will cover the major topics of solid state/materials chemistry, including the relationships between chemical bonding and band structure, differences between semiconductors and metals, band bending, and doping for semiconductor devices.  Lectures in this area will draw upon content in The Electronic Structure and Chemistry of Solids (1984,Oxford University Press)  by P. A. Cox (available on Amazon).  Lectures will also draw upon The Feynman Lectures on Physics, Vol. III (also available on Amazon).  These texts are important.  Please contact your instructor if obtaining them poses difficulties.


About Surface Science

Wolfgang Pauli said “God made the bulk.  The surface was invented by the devil.”  He wasn’t kidding, as the key phrase in any surface science laboratory is “What the @$#%@ broke now?”  The understanding of surfaces as a regime for chemistry or physics as distinct from the bulk dates in large part to the studies of Langmuir (US) and Haber (Germany) prior to WWI.  The field received additional importance due to the importance of Low Energy Electron Diffraction (the Davisson Germer experiment) to the development of quantum mechanics.  During the 1960’s modern instrumentation became commercially available both for maintaining ultrahigh vacuum, and for examining surface composition through x-ray photoelectron spectroscopy and Auger electron spectroscopy.  Additional methods, including scanning tunneling microscopy and spin-polarized spectroscopy were developed in the following decades. During this time—up to roughly the present day, the research areas of catalysis and microelectronics have been major drivers of the field.  In recent years, however, the maturation of the microelectronics industry has presented challenges, and fields such as quantum and neuromorphic computing, as well as the study of biological materials and electrocatalysis, have become important.

Disabilities Accommodation:
The University of North Texas complies with Section 504 of the 1973 Rehabilitation Act and with the Americans with Disabilities Act of 1990. The University of North Texas provides academic adjustments and auxiliary aids to individuals with disabilities, as defined under the law. Among other things, this legislation requires that all students with disabilities be guaranteed a learning environment that provides for reasonable accommodation of their disabilities. If you believe you have a disability requiring accommodation, please see the instructor and/or contact the Office of Disability Accommodation at 940-565-4323 during the first week of class. 


Acceptable Student Behavior 
Student behavior that interferes with an instructor’s ability to conduct a class or other students' opportunity to learn is unacceptable and disruptive and will not be tolerated in any instructional forum at UNT. Students engaging in unacceptable behavior will be directed to leave the classroom and the instructor may refer the student to the Dean of Students to consider whether the student's conduct violated the Code of Student Conduct. The University's expectations for student conduct apply to all instructional forums, including University and electronic classroom, labs, discussion groups, field trips, etc. Visit UNT’s Code of Student Conduct.
