
Chapter 4 and 5
Crystalline state andCrystalline state and 

crystallizationcrystallization



Regular and irregular chainsRegular and irregular chains

-arrangements, ex. head-to-head or head-to-tail
-tacticity
ex) vinyl polymers …. 

PVC vs PVOHPVC vs. PVOH











Polymer crystallographyPolymer crystallography

• (semi)crystalline = crystal + amorphous ( ) y y p
• crystal = regular repeating 3‐D array of atoms
• unit cell = smallest volume of repeating structure

depending on a b c and α  β  γ ab– depending on a, b, c, and α, β, γ b

c

• polymer crystal
– monoclinic, orthorhombic (orthogonal) popular
– c axis is chain axis– c axis is chain axis



Miller indexMiller index
• The plane passing (a/h, b/k, c/l) is (hkl) plane.p p g p



Determination of crystal structure by XRDDetermination of crystal structure by XRD



























Semicrystalline stateSemicrystalline state

• fringed micelle model
– intuitive and historical view
– A chain passes through crystallites.
– switchboard lamellar re‐entry

• folded chain model
– modern view
– suggested in single crystal lamella from dilute solution

• Chains are perpendicular to the surface of lamella of 10‐nm thick.
• Chains got to be foldedChains got to be folded.

– adjacent lamellar re‐entry



LamellaLamella
• formed as single crystal from solution or as part of g y p
spherulite from melt

• growth of PE lamella

















SpheruliteSpherulite

• spherical crystal from melt
– μm – mm μ

• melt‐crystallized
hi h i li ( h f lik )– at high temperature  axialite (sheaf‐like)

– at low temperature  spherulite (dendritic
growth)













• radial growth• radial growth
– radius parallel to b axis

– molecular fractionation
• high MW first

• low MW subsidiary or repelled

• banded spherulitebanded spherulite
– lamellar twisting

• due to screw dislocation or curvature of lamellae• due to screw dislocation or curvature of lamellae 



Melting of crystalline polymersMelting of crystalline polymers

– Melting temperature of crystal

( )1 2o
m m cT T l hσ ρ= − Δ⎡ ⎤⎣ ⎦

– Equilibrium melting temperature 

• infinite MW• infinite MW

• Pure crystal  



Size-dependent melting point of Tin

Ph R L 77 99 (1996)

Size dependent melting point of Tin

Phys. Rev. Lett. 77, 99 (1996)



Theories for crystal growthTheories for crystal growth

ilib i th i• equilibrium theories
– Crystal thickness increases with T to a certain T.
– does not predict the effect of supercoolingdoes not predict the effect of supercooling
– not popular

• kinetic theories
– The end‐state is not of the lowest possible energy.
– Crystal growth rate is dep on Lc, which is determined by 
supercooling.

– enthalpic nucleation theory ~ Lauritzen‐Hoffman theory
– entropic theory ~ Sadler‐Gilmer theory




