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1. Teaching purpose
Polymer Chemistry is aimed at synthesis and reaction of polymers, whilst polymer modification underlies further wide application of polymer materials, so both of them has important affinity. The main purpose of this course lies in detailed descriptions of basic principles of polymerization, relationships among polymer structures, properties and applications, basic methods of polymer modification, and production technologies of polymer materials. The teaching contents primarily include polymer synthesis, polymer assembly and self-assembly, polymer processing, polymer molding and production technology of polymer materials, and the development and progress in living/controlled free radical polymerization, dendrimer and hyperbranched polymer will be also included. By taking this course, the students can master the basic concepts, theories and methods of polymer synthesis and processing and are expected to address some basic engineering problems using novel ideation. Consequently, this course enables the undergraduates to combine basic principles of polymer science with production technologies of polymer materials. 
2、Teaching contents
Chapter 1. Introduction（2 periods）

1、Teaching contents
1）Basic concept, classification and nomination of macromolecules
2）Basic concepts of average molecular weight, weight molecular distribution and macromolecular microstructure
3）Physical state and main properties of polymers
4）History and prospects of polymer science and industrial development
5）Relationship between polymer science and other subjects
6）Brief introduction on major contents and teaching and learning methods of this course 
2、Teaching outlines
1）Basic notions on polymer such as monomer, polymer, oligomer, structure unit, repeat unit, monomer unit, main chain, side chain, end group, side group, and degree of polymerization.
2）To distinguish the differences among structure unit, repeat unit, monomer unit, and main chain.
3）Nomination, origin and structural characteristics of common polymers.
4）Difference and similarity between addition polymerization and condensation polymerization, chain polymerization and step polymerization.
5）Effects of molecular weight and polydispersity of polymers on their physicochemical properties.

Chapter 2. Free radical polymerizations（2 periods）

1、Teaching contents
1）Possibility of polymerizable monomers: thermodynamic and dynamic analyses
2）Reaction mechanisms and features of each elementary reaction and free radical polymerization
3）Types of common initiators, initiation efficiency, induction effect, cage effect, and basic rules to choose initiators
4）Reaction kinetics at various stages
5）Relative molecular weight: kinetic chain length, degree of polymerization and influence factors
6）Chain transfer: types, degree of polymerization, kinetic analysis, inhibition and retardation
2、Teaching outlines
1）Free radical initiated by photo, heat and radiation.
2）Basic notions such as inhibition, retardation, radical life, and kinetic chain length.
3）Relationship between monomer structure and reaction mechanism, reaction mechanism and feature of free radical polymerization, major initiators and their initiation mechanism, and kinetics of free radical polymerization at low conversion.
4）Influence factors of polymerization rate and molecular weight, autoacceleration phenomenon and reason for polymerization conducted until high conversion.
5）Measurement methods on constant of polymerization rate.
Chapter 3. Living/controlled radical polymerization（2 periods）

1、Teaching contents
1) Types of living polymerization, development of controlled radical polymerization, and advantages and limitations of various polymerization methods
2）Iniferter polymerization
3）Nitrooxide mediated polymerization
4）Atom transfer radical polymerization
5）Reversible addition-fragmentation chain transfer polymerization
6）Catalytic chain transfer polymerization
7）Single electron transfer living radical polymerization
2、Teaching outlines
1）Reaction mechanism and characteristics of controlled radical polymerization.
2）Monomers suitable to various CRP techniques, relationship and match between monomer and initiator or chain transfer agent.
3）Development, advantages and limitations of various polymerization methods.
4）Macromolecular architectures obtained by various CRP techniques.
5）Future development and difficulty to perform industrial production in large scale using CRP techniques.
6）Recent advances in CRP techniques.
Chapter 4. Ionic polymerization（2 periods）

1、Teaching contents
1）Common monomers, initiating system and initiation of cationic polymerization
2）Reaction mechanism of cationic polymerization
3）Ionic equilibrium equation and influence factors during cationic polymerization
4）Common monomers, initiating system and initiation of anionic polymerization
5）Reaction mechanism of anionic polymerization
6）Principle, feature and application of living anionic polymerization
7）Typical initiation systems of dianions
8）Comparison between radical polymerization and ionic polymerization
2、Teaching outlines
1）Basic notions of ionic polymerization.
2）Common monomers, initiators and features of ionic polymerization reaction.
3）Reaction mechanisms and characteristics of cationic and anionic polymerizations.
4）Monomer, initiator and their matches during ionic polymerization.
5）Recipe and polymerization conditions of typical ionic polymerization, main forms of living species, living polymer, effects of solvent, temperature and counterion on polymerization rate and molecular weight.
6）To write out schemes of initiation and propagation equations of ionic polymerization. 
Chapter 5. Copolymerization（2 periods）

1、Teaching contents
1）Classification and nomination of copolymerization and copolymer
2）Composition of bipolymer
3）Multipolymer
4）Measurement of reactivity ratio and its influencing factors
5）Activity of monomers and free radicals
6）Q－e scheme
7）Copolymerization rate
2、Teaching outlines
1）Structure and nomination of copolymer.
2）Multicopolymerization and copolymerization rate.
3）Relationship between instantaneous copolymer composition and monomer composition, meaning of reactivity ratio.
4）Types of F1-f1 plots and copolymer composition-conversion relationship.
5）Approaches to control copolymer composition and Q-e scheme.
Chapter 6. Step polymerization（2 periods）

1、Teaching contents
1）Classification of polycondensation
2）Mechanism and kinetics of linear polycondensation
3）Influence factors and controlling methods of linear polycondensation
4）Molecular weight distribution
5）Principles, methods and applications of linear polycondensation and main products
6）Three dimensional polycondensation, gelation and gel point
2、Teaching outlines
1）Classification of polymerization methods.
2）Features of step polymerization.
3）Basic concepts such as degree of reaction, functionality, gel phenomenon and gel point.
4）Polymerizable monomers and equations of typical polycondensation, and difference of closed and open systems in polycondensation.
5）To predict gel point in three dimensional polycondensation.
Chapter 7. Dendrimers and hyperbranched polymers（2 periods）

1、Teaching contents
1）Classification and nomination of branched polymers
2）Development and synthetic methods of dendrimers
3）Introduction on application of dendrimers in various fields
3）Types of dendrimer derivatives and their synthesis: dendritic-linear block copolymer, dendronized polymer and dendritic polymer
4）Development, synthetic method and application of hyperbranched polymers 
5）Common derivatives of hyperbranched polymers and their functionalization
2、Teaching outlines
1）History, development and major synthetic methods of dendrimer and hyperbranched polymers.
2）Classification methods of branched polymers.
3）Application of branched polymers in functional materials.
4）Advantage and limitation of synthetic approaches to branched polymers.
5）Progress and prospect on various branched polymers.
Chapter 8. Structures, properties and self assembly of polymers（4 periods）

1、Teaching contents
1）Characteristics and structures of polymers
2）Chain structure and condensed state structure of polymers
3）Relationship between polymer structure and properties
4）Interaction between polymers
5）Polymer self-assembly and self-organization
6）Some influence factors during polymer self-assembly
2、Teaching outlines
1）Features, short- and long-range structures, condensed state structure, and relationship between structure and properties.
2）Some basic concepts such as polymer configuration, flexibility, cohesive energy density and chain entanglement.
3）Polymer orientation state, crystallization state and their difference.
4）Effects of molecular structures, solvent and temperature on self-assembly behaviors of polymers.
5）Difference between branching and cross-linking.
6）Types and potential application of polymer self-assembly objects such as micelle and vesicle.
7）Important progress in polymer self-assembly.
Chapter 9. Polymer modification（8 periods）

1、Teaching contents
1）History, development and basic theory of polymer modification
2）Blending modification
3）Chemical modification
4）Surface modification
5）Filling modification
6）Compound modification
2、Teaching outlines
1）Features and shortcomings of polymer materials.
2）Concept, characteristics and basic methods of polymer modification.
3）Conventional equipments of polymer modification.
4）Classification of polymer blending modification: physical blending, chemical blending, physicochemical blending; melt blending, solution blending and emulsion blending.
5) Methods and examples of chemical modification: typical chemical reactions based on polymers such as cross-linked rubber, thermoplastic elastomers, and interpenetrating networks.
6）Major methods of blending modification and some basic concepts such as blend morphology, compatibility, and phase interface.
7）Effects of modification methods on physicochemical properties of polymer materials.
Chapter 10. Polymeric materials molding and apparatus（6 periods）

1、Teaching contents
1）Basic characteristics of polymer melt, and some concepts such as viscosity and viscoelasticity
2）Basic methods of molding of polymer materials
3）The apparatus and operating conditions of extrusion molding, and types of extruders
4）The apparatus and operating conditions of injection molding, and the development of reaction injection molding
5）The apparatus and operating conditions of compression molding
6）The apparatus and operating conditions of blowing molding,
7）The draw-extrusion molding for preparation of polymer composites
2、Teaching outlines
1）Basic methods and subjects of polymer molding.
2）Common equipments and classifications of polymer molding.
3）Difference and advantage of reaction injection molding and conventional injection molding.
4）Basic parameter and requirement of injection and extrusion moldings.
5）Basic operating conditions of various molding apparatus.
6）Difference between mono-screw and twin-screw extruders.
Chapter 11. Polymerization methods and production technology（4 periods）

1、Teaching contents
1）Classification and recipe of polymerization methods
2）Bulk polymerization
3）Solution polymerization
4）Suspension polymerization
5）Emulsion polymerization and its production technology
6）Production technology of polyesters
2、Teaching outlines
1）Polymerization kinetics: stages of traditional emulsion polymerization, polymerization rate and reaction kinetics.
2）Mechanism and various theoretical model of emulsion polymerization.
3）Features, recipe, advantage, limitation and main products of bulk, solution, suspension and emulsion polymerizations.
4）Production technology of emulsion polymerization, unsaturated polyester and epoxide resin.
5）Recent progress in emulsion polymerization: miniemulsion polymerization, microemulsion polymerization, and application of CRP techniques in emulsion polymerization.
6）Various polymerization methods: suitable monomers, advantage and limitation.
3、Time schedule
	  Chapter
	Major contents
	Periods

	1 Introduction
	Basic concept, classification and nomination of polymers, to understand the characteristics of this course and polymer and know its importance in domestic economy
	2

	2 Free radical polymerization
	To master features, mechanisms and types of free radical polymerization, polymerization kinetics, and to learn impact factors and measurement methods on polymerization rate and molecular weight
	2

	3 Living/controlled radical polymerization
	To understand basic methods, mechanisms, applications and recent advances of various CRP techniques
	2

	4 Ionic polymerization
	To learn features, mechanisms and applications of living anionic and cationic polymerization, common monomers and initiators, and comparison between ionic polymerization and free radical polymerization
	2

	5 Copolymerization
	To learn principles and classifications of copolymerization, methods to control over copolymer composition, and Q-e scheme
	2

	6 Step polymerization
	To learn principles, methods, reaction kinetics  and applications of linear, branched and three dimensional step polymerization, types of polymerizable monomers, calculation of molecular weight, and concept of equivalence of reactivity of various functional groups
	2

	7 Dendrimers and hyperbranched polymers
	To understand classification of branched polymers, synthetic methods, applications and important derivatives of dendrimers and hyperbranched polymers
	2

	8 Structures, properties and self assembly of polymers
	To understand basic relationship between structure and properties of polymers, self-assembly behaviors of polymers and influence factors
	4

	9 Polymer modification
	To learn basic notions and methods of polymer modification, principle of blending modification and it influence on material properties, and features, methods, technologies and applications of chemical, surface, filling and compound modifications
	8

	10 Polymeric materials molding and apparatus
	To learn basic methods of polymer molding such as extrusion, blowing, injection and compression moldings, necessary equipments and suitable polymer materials
	6

	11 Polymerization methods and production technology
	To learn basic methods of bulk, solution, suspension and emulsion polymerization and technology of polymer products such as polymer emulsions, unsaturated polyesters, and epoxide resins
	4

	
	
	

	总        计
	36
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