
Chapter 3 ~ 5
Amorphous and CrystallineAmorphous and Crystalline 

StructuresStructures



Chapter 3
Molecular size Shape andMolecular size, Shape, and 

Ordered structuresOrdered structures



# of chains f(number) f(num x Mi) f(weight)
500 20 0.25 10000 0.125
1000 40 0.5 40000 0.5
1500 20 0.25 30000 0.375

sum of 
weight

80000

Mn= 1000
Mw= 1125



Structure of polymersStructure of polymers
• chemical structure• chemical structure

– atomic structure
– isomers ~ configuration
– architecture

• physical structurephysical structure
– single chain structure ~ conformation
– aggregation structure

• amorphous state conformation in unperturbed state
• semicrystalline state preferred conformation



Single chain structure ~ 
Conformation

• configuration ~ breaking single bond
isomers copolymers branches– isomers, copolymers, branches 

conformation ~ rotation about single bond
– syn-anti, trans-gauche, staggered-eclipsed

• by Flory
– spatial configuration
– rotational isomers



A polymer chainA polymer chain
• (n+1) atoms(n 1) atoms
• n bonds (length l)
• (n–1) bond angles ~ t = 180 - q• (n–1) bond angles ~ t = 180 - q
• (n–2) rotational angles ~ angle f
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Size of a chainSize of a chain
• end‐to‐end distance, rend to end distance, r

– <r2>½ ~ root‐mean‐square end‐to‐end distance
• a measure of chain dimension• a measure of chain dimension 

• radius of gyration, s
th f h i di i• another measure of chain dimension

– <s2>½ ~ root‐mean‐square end‐to‐end distance to 
the atoms from CMthe atoms from CM

• <r2>(0) = 6 <s2>(0) s
• for (infinitely) long chain (very large n)
• in unperturbed state (0)
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Parameters expressing chain characteristicsParameters expressing chain characteristics

• characteristic ratio

– C(∞) = <r2>(0) / n l2 ~ definition

– a measure of chain stiffness
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Gaussian ChainGaussian Chain
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Excluded volume effectExcluded volume effect
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• <r2>EV = α2 <r2>RIS

ss
ss

EV RIS

– in good solvent

• repulsion(polymer‐polymer) > repulsion(polymer‐solvent)

• chain expands, α > 1

• by Flory‐Krigbaum, α5 ‐ α3 = C n½ ψ (1 ‐ θ/T)
C f θ h» C ~ const, ψ ~ entropy factor, θ ~ theta temp

– α5 >> α3 α ∝ n0.1; <r2>RIS = C∞ n l2

– <r2>½EV ∝ n0.6<r > EV ∝ n



s
s s

s
s

• <r2> = α2 <r2>
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ss• <r >EV = α <r >RIS
– in poor solvent

• repulsion(polymer‐polymer) < repulsion(polymer‐solvent)
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• chain shrinks, α < 1

– in a condition between good and poor solvent
h 1• where α = 1

• repulsion(polymer‐polymer) = repulsion(polymer‐solvent)

• chain neither expands nor shrinks

• ‘phantom’ or ‘ghost’ chain 

• ‘theta (Θ) condition’
– in a theta solvent/temperaturein a theta solvent/temperature

• polymer is in ‘unperturbed state’
– unperturbed by environment (solvent)

< 2> < 2> < 2>• <r2>EV = <r2>RIS = <r2>0



Real chain in bulk ~ ‘random coil’Real chain in bulk ~ random coil

• in bulk amorphous state

– Chains are in unperturbed states.
2 2 2 2– <r2> = <r2>0 = rq

2 = <r2>RIS

– proposed by Flory; proved by SANS exp’t
– also in the melt state
– also in the semicrystalline state (dimension)also in the semicrystalline state (dimension) 



Kuhn chainKuhn chain
• Kuhn chain = statistical segmentKuhn chain   statistical segment 

= (statistically) equivalent (freely jointed) chain

• Kuhn (chain) length, l’Kuhn (chain) length, l
– n’ l’2 = <r2>0 = rθ

2 = C∞ n l2

– n’ l’ = rmax (max or contour length) = f nlmax ( g )

– l’ = rθ
2 / rmax = (C∞/f) l

– a measure of axial correlation length

– for PE

• C∞ = 6.7, rmax= (cos 35) n l = .83 n l

• l’ = 8.2 l, n’= 0.1 n
l’



Persistence lengthPersistence length
• Persistence length, aPersistence length, a

– average projection of r to a bond

– length over the chain persists in one directiong p

– a measure of axial correlation length also

– a = [(C∞ + 1)/2] l

– for PE, a ~ 4 l
aa

r
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Determ’n of chain dimensionDeterm n of chain dimension

• size depends on solvent
– good or poor solventg p

– theta solvent (theta condition) ~ unperturbed 
statestate

• in dilute soln
– viscometryy

– light scattering

• in conc solution melt or solid state• in conc. solution, melt, or solid state
– SANS












