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28.2 PHYSICAL PROPERTIES OF POLYMERS
London Forces and Physical Properties

Figure 28.1 London Forces in Polyethylene
The closely packed, all-anti conformation of the alkyl chains results in many London attractive forces. 



Figure 28.2 Branching in Low-Density Polyethylene
The branched chains of the alkanes prevent close packing, and results in a lower density polymer than polytheylene.
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28.2 PHYSICAL PROPERTIES OF POLYMERS
Hydrogen Bonding and Polymer Properties

Figure 28.4 Hydrogen Bonding in Nylon 66
In the all-anti conformation, hydrogen bonds form between amide hydrogen atoms and 
carbonyl oxygen atoms.



Figure 28.5 Hydrogen Bonding in Kevlar

28.2 PHYSICAL PROPERTIES OF POLYMERS
Hydrogen Bonding and Polymer Properties



28.2 PHYSICAL PROPERTIES OF POLYMERS
Crystallinity

Figure 28.6 Crystallinity in Polymers
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28.3 CLASSES OF POLYMERS
Elastomers

Figure 28.7 Polyisoprene
The double bonds in polyisoprene are all trans. Rotation around the planar double bonds cannot occur, and the conformations 
around the σ bonds allow close packing of the polymer chains giving a relatively hard, rigid structure



28.4 POLYMERIZATION METHODS 
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28.5 ADDITION POLYMERIZATION 
Termination Steps

R (CH2CH2)nCH2CH2 R (CH2CH2)nCH2 CH22 + R (CH2CH2)nCH2 H
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28.5 ADDITION POLYMERIZATION 
Regulation of Chain Length
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28.5 ADDITION POLYMERIZATION 
Chain Branching
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28.6 COPOLYMERIZATION OF ALKENES  
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28.7 CROSS-LINKED POLYMERS
CHCH2CHCH2CHCH2

divinylbenzene unit

styrene unit

Figure 28.8 Cross-Links in Addition Polymerization
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28.7 CROSS-LINKED POLYMERS

Figure 28.9 Cross-Links in Vulcanized Polyisoprene
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28.7 CROSS-LINKED POLYMERS
Copolymers in Automobiles

representation of an SB polymer (1:3) ratio



28.8 STEREOCHEMISTRY OF ADDITION POLYMERIZATION

Figure 28.10 Atactic, Syntactic and Syndiotactic Polymers
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28.8 STEREOCHEMISTRY OF ADDITION POLYMERIZATION
Figure 28.11 Schematic Diagram of Steps in Ziegler-Natta Catalysis
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28.8 STEREOCHEMISTRY OF ADDITION POLYMERIZATION
Diene Polymers

natural rubber (polyisoprene, all cis) gutta-percha (all trans)

cis-poly(1,3-butadiene) trans-poly(1,3-butadiene)

Neoprene

Cl Cl Cl Cl

Ziegler-Natta Catalyst



28.9 CONDENSATION  POLYMERS 
Types of Monomers
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28.10 POLYESTERS
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28.10 POLYESTERS

Figure 28.12 Cross-Links in a Condensation Polymer
!e reaction of 2 moles of 1.2,3-propanetriol and 3 moles of phthalic anhydride gives a cross-linked polymer called a glyptal. 

OCH2
CH

CH2

O

OC

O

C

O

OCH2
CH

CH2

O

OC

O

C

O

O

C
O

C

O

O

C
O

O

O

OCH2
CH

CH2OC

O

C

O

OCH2
CH

CH2OC

O

C

O

O



28.11 POLYCARBONATES
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28.12 POLYAMIDES
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28.13 PHENOL-FORMALDEHYDE POLYMERS
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28.13 PHENOL-FORMALDEHYDE POLYMERS
Figure 28.13 Cross-links in Thermosetting Plastic  Bakelite
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28.14 POLYURETHANES

C

O

OHNH

carbamic acid (a urethane)

R
C

O

ONHR R'

(an isocyanate)
(a urethane)

C

O

ONHR R'
N C OR + OHR'

(toluene isocyanate)

(a polyurethane)

+ OHCH2CH2

N C O

CH3

NCO

HO

N C

O

CH3

NC

O H

CH2CH2OO

H

n


