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Chapter 7. Crystalline Polymers

7.1 Background

Crystalline polymers ~ regular chain structure
specific preferred chain conformation

* Crystal systems (7 groups)
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* Unit cells of the 14 Bravais lattices
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* Polyethylene crystal
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※ Crystal structure (Miller indicies) to denote planes and directions

‧ Directions:① Subtract the tail coordinates from the head coordinates 

②Make the resulting number into lowest integer 

[ ], < > 

a group of equivalent directions

Ex)

① 0-1/2, 0-1, 1-0 --> -1/2, -1, 1 

② [-1, -2, 2] --> [  ] 

< 1 1 0 > represents [ 1 1 0 ], [  ] 

221

011
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‧ Planes: ① Determine the points at which the plane intercepts the x, y, z coordinates 
② Take the reciprocals of these intercepts 

( ), { } 

a group of equivalent planes 

Ex) 

( 1  1  1)
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∞, 1/2, ∞ --> ( 0 2 0 ) 

{ 1 0 0 } represents 
( 1 0 0 ), ( 0 1 0 ), ( 0 0 1 ), 
(  ), (  ), (  ) 001 010 100
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7.2 Crystal lamella

From X-ray diffraction, polymers never crystallize to 100%. 

. Fringed micelle crystal 

. Folded chain crystal, 10nm thick 

regular facets, chain direction perpendicular to the lamellar surface 
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• Examples for the case of  polyethylene

Single crystals of linear PE 

from dilute solutions in xylene
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Hollow pyramid shape --> chain axis  ≠ normal of the lamella 
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Lateral shape of crystals of linear polyethylene crystallized in dilute solutions
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. thickness-to-width ratio : 0.01 - 0.001
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‧ Annealing of monolayer single crystals (at high T) 
--> crystal thickening & formation of holes 

“thermodynamically more stable”
E of lateral surfaces : 15mJ/m2

E of fold surfaces : 90mJ/m2

. Melting point depends on heating rate. (m. p. ↓ with heating rate ↑) 
Thin crystals thicken during heating. (thickness ∝ log(annealing time)) 

. At elevated pressure (4-6 kbar), thick  crystal lamellae are formed.)( mµ
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‧ Thompson-Gibbs (TG) equation

<-- relating melting point and crystal thickness 

: linear relationship between m.p. & 1/crystal thickness 

where,  : m. p. at equilibrium value (infinite crystal thickness) 

: fold surface free energy 

: thickness of lamellar crystals 

: density of crystal phase 

: heat of fusion 
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* Experimental techniques

TEM(transmission electron microscopy) 
: Main technique to observe lamellar crystals 
Can be viewed after shadowing with a heavy metal (e.g. Au or Pd/Pt) 
Density difference between crystalline & amorphous components gives contrast 

ex.) PE sample --> etching with chlorosulphonic acid 
--> staining with uranyl acetate 

(Uranium은 amorphous 성분에선택적으로착색) 
Unsaturated polymers (ex. polybutadiene or polyisoprene) 

--> are stained with   

double bond에착색, shrinkage의문제

PS or PA are stained with   

4OsO

4RuO
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XRD (X-ray diffraction) 

: Provides information about the crystal thickness 

Bragg equation : 

: X-ray wavelength 

n : order of reflection 

: angle between beam & planes 

θ
λ

sin2
nd =

λ

θ
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7.3 Crystal lamella stack

Crystal growth from the concentrated molten state 
lamella stack --> almost parallel 
amorphous component between crystal lamellae 

--> amorphous density is 10-20% lower than the crystal density 
shape -- function of MW, chain branching, crystallization T 

(a) linear polyethylene (HDPE) (b) branched polyethylene (LDPE) 
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Change in conformation of a single chain on crystallization under rapid cooling 

: about 90% of chain ends are located in the amorphous phase
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7.4 Supermolecular structure

Size :   

Spherulite (“ball” or “globe”) -- polycrystalline 

Two refractive indicies : (tangential)  & (radial)

: negative spherulites (most polymers) 

mmm ~5.0 µ

tn rn

rt nn >
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"Crystallization induced by orientation" 

(or orientation-induced crystallization) 

: shish-kebab morphology 

(from solutions subjected to elongational flow) 

shish : a central group of highly oriented fibrils 

kebab : a great many grown lamellar crystals 
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