MSE 790 

Advanced Polymer Chemistry (Fall 2006)

Prerequisites: MSE 430/580, CBE430/510, Polymers and Biopolymers 

Instructor:  Shu Yang, 203 LRSM, shuyang@seas.upenn.edu, 8-9645

Office hour/recitation: Tues, 4-5 pm, 208 LRSM
Textbook: Principles of Polymerization, 4th Edition, George Odian
ISBN: 0-471-27400-3, Wiley and Sons, Inc., http://www.wiley.com/
Course Outline

1. Introduction
9/6/06 Wed
Introductions and course overview. Nomenclature. Classification of polymers and polymerizations. Molecular weight and distribution. (Odian, Chapter 1, pg1-35)

2.  Step Polymerization

9/11/06 Mon. 
Reactivity of functional groups. Kinetics of step polymerization: self-catalyzed, external catalysis.  Nonequivalence of functional groups in polyfunctional reagents. Equilibrium consideration. 
(Odian, Chapter 2-1, 2-2, 2-4, pg39-57, 65-69)
9/13/06  Wed.
no class (ACS meeting)

9/18/06  Mon.
Molecular weight control and distribution in linear polymerization. Polycarbonates. Polyamides.
(Odian, Chapter 2-6, 2-7, pg74-83, 2-8e, 2-8f, pg 96-101) 
9/20/06  Wed.
Crosslinking. Molecular weight distributions in non-linear polymerizations. 
(Odian, Chapter 2-10, 2-11, pg103-117)

9/25/06 Mon. 
Topical discussion (I): crosslinking technologies of phenolic resins, epoxy, polyurethanes.

(Odian, Chapter 2-12, pg117-135)
9/27/06  Wed.
Oral presentation 1. Crosslinking of PDMS
10/2/06 Mon.
Step Copolymerization. 

(Odian, Chapter 2-13, pg135-144)
10/4/06  Wed.
Oral presentation 2. Hydrogels
3. Radical Chain Polymerization:

10/9/06  Mon.
Nature of radical chain polymerization.  Structure arrangement.  Rate expression. (quick review)
(Odian, Chapter 3-1, 3-2, 3-3, pg199-208)
10/11/06  Wed.
Initiation. Thermal decomposition.  Redox initiation.  Photochemical initiation. 

(Odian, Chapter 3-4, pg209-221)
10/16/06  Mon.
Chain transfer.
(Odian, Chapter 3-6, pg238-255)
10/18/06  Wed.
Living free radical polymerization (I).  Iniferter. ATRP

(Odian, Chapter 3-15, 3-16b, pg 313-325, and handout)
10/21-23
Fall break

10/25/06   Wed.
Living free radical polymerization (II).  NMP and RAFT

(Odian, Chapter 3-15, 3-16b, pg 325-331, and handout)

10/30/06 Mon. 
Oral presentation 3. Synthesis of polymer brushes from 




bifunctional initiators (Zhao’s paper)
4.  Chain Copolymerization:

11/1/06    Wed.
Copolymerization composition. Monomer reactivity ratios. Types of copolymerization behavior: ideal, alternating and block copolymers. Variation of composition. 
(Odian, Chapter 6, pg464-480)
11/6/06   Mon.
Radical copolymerization. Effect of reaction conditions. Reactivity. Alternating intra/intermolecular polymerization; cyclopolymerization. 

(Odian, Chapter 6, pg487-502, 524-527)
11/8/06   Wed.
 Topical Discussion (II): Resist design and synthesis for 

microlithography 

11/13/06    Mon. 
Oral presentation 4. Design of block copolymer photoresists for micro- and nanopatterning (Ober’s paper).  
5. Ring-opening polymerization:

11/15/06   Wed.
Polymerization mechanism and kinetics.  Cyclic ethers: anionic 




polymerization of epoxides; cationic polymerization. 




(Odian, Chapter 7-1, 7-2a, 7-2b, pg545-559)
11/16/06   Thurs.
Lactones. (makeup class)
(Odian, Chapter 7-5, pg581-586)

11/22/06   Wed.   Oral presentation 5. Synthesis of biodegradable copolymers 

11/22-26

Thanksgiving
11/27/06   Mon. 
Topical Discussion (III): Responsive polymers
11/29/06   Wed.
No class (MRS meeting)

12/4/06   Mon. 
Final project design presentation. Directed assembly of 




nanoparticles (1)
12/6/06   Wed. 
Final project design presentation. Directed assembly of 




nanoparticles (II)
Grading:

Quiz




20%

Critical review 


60%

Oral presentations (2)

30%

Written reports
(3)

30%

Final project design


20% (10% report+10% presentation)






