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MSE 4592/6592: Introduction to the Materials Science of Polymers 
 

Tuesday & Thursday 9:30 – 10:45 am 
*Location TBD* 

 
Instructor: Liheng Cai Office Hours:  
Office: Wilsdorf 228 Tue/Thur: 4:00-5:00 pm 
Email: liheng.cai@virginia.edu 
Phone: 434-924-2512 

& by appointment 

 
Materials science of polymers?  

• Why can Silly Putty flow like a liquid, but if you throw it against a wall, it will bounce back 
like an elastic ball?  

• Why do we use rubber but not plastics to make tires?  
• How does a cell squeeze into a slit without being broken apart? 
• Why does a 2-meter-long DNA can be wrapped in a 10-6

 meter nucleus?  
 
No matter whether you are a physicist, chemist, biologist, or engineer, your work at some point 
will likely involve polymers. They are ubiquitous in modern society, ranging from synthetic plastics 
and rubber to natural biopolymers such as DNA and proteins. What are the underlying rules 
governing the properties and functions of these diverse polymeric systems? How can we design 
polymers with properties meeting specific needs? By the end of this course, you will better 
understand answers to many of these questions.  
 
You do not need prior knowledge of polymers. Instead, integrating the working knowledge of 
calculus, physics, and chemistry, you will be guided to establish the scientific foundation for the 
rigorous understanding of polymers and polymeric materials from molecule to the macroscopic 
viewpoint.  
 
Objectives 
By the end of this course, you will be able to: 
 

1. Describe the physical properties of polymers 
2. Predict how these properties can be controlled by the molecular structure of polymers 
3. Develop a systemic, analytic approach to solving complex problems in polymers 
4. Connect polymers to your life, to your interests, and to the needs of society 
5. Develop your ability to translate the knowledge and concepts to real-world examples and 

research projects 
 
Required Texts 
The only required textbook for this course is: 

• Michael Rubinstein and Ralph Colby, Polymer Physics (Chemistry), 1st Ed., Oxford, 2003  
 
This is a classic text that thoroughly details the fundamental concepts of polymer melts, solutions, 
and networks and gels in terms of both static structure and dynamics. It goes beyond other 
introductory polymer texts; however, it derives the essential tools of the physical polymer chemist, 
soft matter scientist, or engineer without skipping any steps. 
 
Other books on polymers and biological systems:  

• P.-G. de Gennes, Scaling Concepts in Polymers Physics 
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• M. Doi, The Theory of Polymers Dynamics 
• P.C. Hiemenz, T.P. Lodge, Polymers Chemistry 
• C.S. Brazel and S.L. Rosen, Fundamental Principles of Polymeric Materials 
• William W. Graessley, Polymeric Liquids & Networks: Dynamics and Rheology 
• William W. Graessley, Polymeric Liquids & Networks: Structure and Properties 
• R. Milo and R. Phillips, Cell Biology by the Numbers  

 
Assessments 
To help support your learning, you will complete quizzes, homework, two exams during the 
semester. The homework and exam questions will be tailored for undergraduates and graduates.  
 
Evaluation: 

Homework – Skills:  Homework will help you master each module shown in the schedule 
below, allowing you to exercise key concepts and equations to develop your knowledge and 
comfort level. Assignments include problems to practice with concepts and skills. There will 
be ~10 skills assignments, one per week. 
 
Exams: Exams will help you understand the whole class in an integrated manner. There will 
be two 90 min exams covering Concepts, Skills and Applications related to polymers.  

 
Preparation, Lock-in & Feedback: 

Warmups/reading assignments:  These are micro-activities done online just prior to class 
to get you ready for the subject. They focus mostly on concepts and are good practice for 
exams. They also allow me to understand how you think about materials. 
 
Self-assessment of concepts: After completing a topic, I will post concept questions with 
the style reminiscent of exam questions for you to attempt. This should help you not only to 
be familiarize yourself with the style of the exam but also to solidify concept and/or identify 
knowledge gaps. 

 
Grading 
 
Activity Percentage of Total Grade 
Homework 50 
Warmup/reading assignments 10 
Exams 30 (15 each) 
Self-assessment of concepts  10 

 
Class participation (Up to 10% extra credit) 
Some of the class will be dedicated to group-based discussions/projects. Your active participation 
and engagement with both the material and your peers is critical to everyone’s success in the 
course. Periodically, you will be asked to briefly describe the contributions made by each of your 
group members to ensure everyone is contributing to the scientific endeavor. 
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Tentative Lecture Schedule  
We will divide the whole course into 5 learning modules, each of which can stand on its own but 
is integrated with each other to provide a comprehensive understanding of polymers.  
 
Module 0: Introduction 
History; polymer configurations; homopolymers and copolymers; types of polymeric structures; 
molecular weight distributions. 
 
Module 1: Single polymers 
Ideal Chains: models of ideal chains; conformations; free energy; methods to characterize 
individual polymers.  
Real Chains: excluded volume interactions; deformations; temperature effects. 
 
Module 2: Polymer solutions and melts 
Polymer solutions: theta solvent; poor solvent; good solvent; semidilute theta solutions; polymer 
brush; multi-chain adsorption.  
Polymer melts: unentangled polymers; entangled polymers; Rouse model, Zimm model, and 
reptation models.  
Block copolymers: molecular design, self-assembly, microstructure, and macroscopic properties 
Properties: osmotic pressure, viscoelasticity (rheology), mechanical properties 
 
Module 3: Polymer networks and gels 
Gelation: percolation model; branching without gelation; scaling models of gelation 
Polymer networks: chemically crosslinked networks; reversible and self-healing polymers; 
hydrogels 
Properties: porosity; network elasticity; optical properties 
 
Module 4: Polyelectrolytes  
Ions: electrostatic interactions, counterion distribution 
Solutions: dilute solutions, semi-dilute solutions  
Networks: polyelectrolyte gels 
Emerging topics: liquid-liquid phase separation of randomly disordered proteins in cells; 
cytoskeleton and intermediate filament networks; biological gels such as extracellular matrices 
and mucus, 
 
Module 5: Glassy and crystalline polymers 
We will discuss glassy and crystalline polymers if time permits.  
 

 


