
Chapter 14:
Polymer Structures

Chapter Notes



14.1 Introduction

Wood Rubber Leather



Concept Check!

• Is wool a polymer?

Presenter Notes
Presentation Notes
Wool is a natural polymer!



14.2: Hydrocarbon Molecules

• Hydrogen + Carbon
• Covalent

• Single Bond
• Double Bond
• Tripple Bond

• Saturated 
• Unsaturated





14.2: Hydrocarbon Molecules

• Forces between 
molecules

• Hydrogen 
bonding

• Van der Waals 
• Molecular Weight
• Structure



14.2: Hydrocarbon Molecules

• Isomerism
• Same composition
• Different atomic arrangement
• Structure Effects Properties

n-Butane

Isobutane

Boiling PointMolecule

-0.5°C

-12.3°C





Concept Check!

• Are graphite (C) and diamond (C) isomers? 
• Are Ethanol (H6C2O) and Dimethyl Ether (H6C2O)?
• Are Quartz (SO2) and Glass (SO2) isomers?

• Which has a higher vapor pressure at room temperature and 
pressure?

• Hexane (C6H14) or Pentane (C5H12)

• Is acetylene (C2H2) saturated or unsaturated?

Presenter Notes
Presentation Notes
Graphite and diamond are not isomers, they are polymorphs or allotropes
Ethanol and dimethyl ether are isomers, they have the same atoms, but different structure. You can get a hint from the name and the previous table.
Quartz and glass are also allotropes

Pentane has a higher vapor pressure because it has a lower boiling point.

Acetylene is unsaturated, it has a triple bond.



14.3 Polymer Molecules

• Macromolecule: Very big molecules, lots of 
atoms

• Covalent bonds
• Carbon-chain polymers, string of carbon atoms
• Side bonds can have different groups

• Repeat Unit: repeated structures along the 
chain

• Monomer: The small molecule that fuels a 
chain when making a polymer

Presenter Notes
Presentation Notes
Sometimes repeat unit and monomer are used interchangeably even though they mean slightly different things. 



Concept Check!

• Give an example of a macromolecule you have heard of before.



14.4 Chemistry of Polymer Molecules

• Ethylene
• Polyethylene

• Needs a Catalyst – R·
• The chain keeps growing!
• How does it stop?!? Is it all one 

long chain that extends until the 
fuel runs out?!?



14.4 Chemistry of Polymer Molecules

• How do you write down the 
chemical? The chain is so long, it 
will take forever. 

• Shorthand!
• Simplified models 

• Differences between model (a) and 
(b)?

• Angles
• Atoms have volume
• Atoms are different sizes

OR



14.4 Chemistry of Polymer Molecules

• Other Polymers:
• Swap out the H group for other 

things:
• Fluoride: Polytetrafluoroethylene, 

(a.k.a. PTFE or Teflon) (Fluorocarbon)
•  Chloride: Poly (vinal chloride), (a.k.a. 

PVC) – makes good potato cannons
• Organic Groups: Lots of different 

possibilities







14.4 Chemistry of Polymer Molecules

• Homopolymer: Only one repeating unit in a single polymer
• Copolymer: More than one different repeat units in one polymer 

• Functionality: The number of bonds a monomer can form
• Bifunctional: Can form two new bonds; forms a chain structure.
• Trifunctional: Can form three new bonds; forms a web structure. (e.g. 

phenol-formaldehyde)



Concept Check!!!

• Draw poly (vinyl fluoride) (a.k.a. PVF) repeat structure.

• What is R?!? Give three examples of what R can be. 



14.5 Molecular Weight (a.k.a. molar mass)

• Not all chains are the same 
length. 

• Distribution of molar mass
• Use statistics to describe a 

distribution
• Average, mean, mode, range, etc.

• Physical properties 
measurements can help 
determine molar mass. 

• Viscosity and osmotic pressure

Molecular Weight Molar Mass

Presenter Notes
Presentation Notes
There is no mechanism that stops a chain from growing at an exact number of repeat units.



Number-average molecular weight Weight-average molecular weight

Presenter Notes
Presentation Notes
Mi is the average molecular weight of the little group or bucket.
xi is the number fraction 
wi is the weight fraction




14.5 Molecular Weight (a.k.a. molar mass)



• Degree of Polymerization (DP)

14.5 Molecular Weight (a.k.a. molar mass)

Presenter Notes
Presentation Notes
Mn(bar) is the number-average molecular weight
m is the molar mass of the repeat unit










14.5 Molecular Weight (a.k.a. molar mass)

• Length of polymer chain changes physical properties!
• Melting/softening temperature increases with increasing molecular weight
• 100 g/mol      ~ liquid at room temperature
• 1000 g/mol    ~ waxy solids, soft resins
• 10,000+ g/mol ~ Solid

• Elastic modulus 
• Strength



Concept Check!!!

• Estimate the degree of polymerization in a grocery bag 
(polyethylene). 

Presenter Notes
Presentation Notes
~10000/28 = 357



14.6 Molecular Shape

• Single bonds can rotate
• Double bonds are rigid
• Polymer materials consist of 

large numbers of long chains.
• Tangled fishing line
• Spaghetti bowl

• Molecular entanglement
• Elastic extensions 
• stretchy rubber

• Conformation



14.6 Molecular Shape

• Mechanical and thermal 
properties are dependent on 
polymer flexibility

• Flexibility depends on repeat 
structure and chemistry

• Double bonds? Single bonds?
• Bulky attached groups



Concept Check!!!

• What polymer is more stretchy and flexible, polyethylene or 
polystyrene? Why?

Presenter Notes
Presentation Notes
~10000/28 = 357



14.7 Molecular Structure

• Molecular structure effects physical properties (remember isomers?)
• Linear Polymers

• Single chains, flexible, spaghetti-like. 
• Branched Polymers

• Lower density, do not pack as well with the branches
• Crosslinked Polymers

• Long chains joined in places like a net. Usually used on rubbers in a process called 
vulcanization.

• Network Polymers
• Multifunctional monomers forming three or more active covalent bonds make three 

dimensional networks. 





Concept Check!!!

• How does vulcanization change the physical properties of rubber?

• Which polymer structure is the most rigid?



Pop Quiz!!!

• Which bonds are flexible and rotate?
• What characteristics have we covered so far that determine the 

physical properties of polymers?

Presenter Notes
Presentation Notes
Single Bonds

Molecular weight (length of the chain)
Molecular shape
Molecular structure



14.8 Molecular Configuration

• The configuration of the repeating units can 
change physical properties. (Isomerism)

• Heat-to-tail configuration predominates.
• Head-to-head configuration is not chemically 

favorable.
• Polar or geometric repulsion prevents this configuration 

sometimes



14.8 Molecular Configuration

• Stereoisomerism: Atoms linked together in the same order, but 
different spatial arrangement.

• Isotactic configuration: R groups on the same side.
• Syndiotactic configuration: R groups alternate sides.
• Atactic configuration: R group placement is random.

Presenter Notes
Presentation Notes
You cannot just rotate the single bonds to make the other configuration.
Polymers don’t generally conform to just one of these configurations, but one configuration will predominate.



14.8 Molecular Configuration

• Geometric Isomerism
• Repeat unit contains a rigid bond
• Cis
• Trans

Cis

Trans



Presenter Notes
Presentation Notes
The difference between the Stereoisomers and Geometric Isomers, Double bonds, rigid; single bond, rotation doesn’t work.



Concept Check!!!

• What is the difference between conformation and configuration when 
discussing polymers?

Presenter Notes
Presentation Notes
Conformation refers to special arrangement of the molecule due to flexible rotation of long polymer molecules

Configuration refers to the placement of atoms or groups within a molecule relative to one another, cis, trans, isotactic, syndiotactic, atactic.



14.9 Thermoplastic and Thermosetting 
Polymers
• Thermoplastic polymer

• Plastic means moldable and shapeable. 
• Reversibly soften (and melt) when heated and harden when cooled
• Secondary bonding forces diminish with heat, molecules can move.
• Don’t get too hot! Carbon bonds have their limit!

• Thermosetting polymer
• Network and crosslink polymers.
• Do not soften when heated. 
• Harder and stronger than plastics
• 10%-50% of the chain repeat units are crosslinked



Concept Check!!!

• What type of bonds hold a thermoset polymer together? What bonds 
hold thermoplastic polymer together?

• Some polymers can be both thermoplastic or thermosetting. How 
does THAT work?

Presenter Notes
Presentation Notes
The high electronegativity of the Oxygen in ethers opens the C-O single bond for attack so that is free to move and connect within different chains.



14.10 Copolymers

• (a) Random Copolymer
• (b) Alternating Copolymer
• (c) Block Copolymer
• (d) Graft Copolymer
• Often used in rubbers

• Degree of Polymerization is 
modified.





Concept Check!!!

• How is a graft polymer different from a crosslinked polymer? 



14.11 Polymer Crystallinity

• The packing of molecular chains 
to produce an ordered atomic 
array.

• Crystal structures are called Unit 
Cells



14.11 Polymer Crystallinity

• Small molecules are usually 
binary; amorphous (liquid) or 
solid

• Polymers exist on the spectrum 
of crystallinity. 

• Some segments of chains can form 
unit cells and pack in crystal form. 
Other areas will have twists, kings, 
and coils that prevent close 
packing.

• % Crystallinity is calculated from 
the density of the material.

ρsρa ρc

Presenter Notes
Presentation Notes
ρc is the density of the crystal
ρs is the density of the sample of interest, the test sample.
ρa is the density of the completely amorphous sample.



14.11 Polymer Crystallinity
• Degree of crystallinity

• Depends on cooling rate. Slower means more 
crystals.

• Depends on functional groups and 
configuration.

• Linear polymers, readily crystalize. 
• Side branches prevent local crystallization.
• Crosslinks and networks prevent crystallization.
• Atactic polymers do not crystalize readily
• Bulky side bonds hinder crystallization.
• Ordered copolymers can crystallize, while random 

configurations will not.

• Crystal structure compared to amorphous
• Stronger
• Resistant to dissolution and softening by heat









Concept Check!!!

• Does polyisoprene readily form a crystalline structure? Why/why not?
• Compare the crystalline state in metals and polymers.
• Compare the non-crystalline state as it applies to polymers and 

ceramic glasses.



14.12 Polymer Crystals

• Crystallites: small crystal regions 
in a polymer

• Form thin plates called lamellae 
(10-12 nm thick, 10 μm long)

• Plates for multilayer structures 
called chain-folded model



14.12 Polymer Crystals

• Spherulite
• Ribbon-like growth (lamellae) from 

a central nucleation point at the 
center.







14.13 Defects in Polymers

• Point defects:
• Similar, but different from metals 

and ceramics
• Vacancies and interstitial atoms 

and ions occur
• Chain ends are defects because 

they are chemically different from 
repeating units (also create 
vacancies).

• Branches make defects
• Chains can leave, and then reenter, 

or join another crystal



Concept Check!!!

• What fills in the space between the lamellae? 



14.14 Diffusion in Polymeric Materials

• Small molecules can move through polymer molecular chain 
structures. (Permeability and Absorption)

• Permeability can lead to swelling and/or chemical reactions, disrupting the 
crystal structures.

• Diffusion is faster for the a foreign molecule (e.g.,O2, H2O, CO2, CH4) 
when it is:

• Moving in amorphous section and not crystal section.
• Small
• Inert (doesn’t chemically interact with the polymer chain structures)



14.14 Diffusion in Polymeric Materials

• Two steps in permeation through 
a polymer membrane:

• Dissolution
• Diffusion

• Estimate permeability 
coefficient:

• Small molecules in non-glassy 
polymers

Steady-state diffusion

Permeability coefficient model

Presenter Notes
Presentation Notes
J diffusion flux of gas through membrane
PM permeability coefficient
ΔP difference in pressure across the membrane
Δx membrane thickness

D diffusion coefficient
S solubility






Concept Check!!!

• What are some applications where you want to have gasses pass 
through a membrane?

• What are some applications where you DO NOT want to have gasses 
pass through a membrane?

Presenter Notes
Presentation Notes
Tires and inner tubes
Soda can










Concept Check!!!
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