
Basic concepts in Soft Matter 
 
 



processing Raw 

material 

Establish the relationship between 

deformation-rate and stress 

Final product 

http://www.dsm.com/en_US/html/dep/xantar.htm


Important scales 
 
 
Mass 
Length 
Time 
Energy (modulus) 



Fractal concepts and self-similarity 



Volume fraction 

Pervaded volume 

Overlap volume fraction  

(volume of single molecule inside its pervaded volume) 

Overlap parameter 

(number of chains in a pervaded volume) 



Molar mass 

PDI = 

number-average 

weight-average 

Mw Mn 



Molecular Weight 

You have: 

  100 cherries at 9 g (each) 

  6 bananas at 180 g  

  4 watermelons at 1.2 kg  

What is the average weight of a piece of fruit? 

 



10-6 s 

10-1 s 

10-3 s 

101 s 

102 s 

Exchange of molecules 

Lifetime of micelles 

Network dynamics  
(“entanglements”) 

Collective motion 

 Time and length scales: Collective response + Self-Assembly 

10-8 m 

10-9 m 

10-6 m 





Description polymers: Coarse graining and the Importance of the length scales 

(VL) 

Atomistic modeling 

Continuum mechanics 

rheology 

measurement interpretation Mesoscopic world 



Elementary continuum definitions: 
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shear stress 
shear rate 

rate of strain 
shear deformation 

strain 

Shear 

Cone –partitioned plate 
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zv z (Elongation rate) 

(with 0≤b≤1) 

If b=0, constant rate (uniaxial elongation): 
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Henky strain  

Extension 



E n e rg y ( k T )
G

V o lu m e


1012 Pa 

109 Pa 

106 Pa 

104 Pa 

102 Pa 

100 Pa 

Diamond 
Metals 

Glassy polymers 

Elastomers 

Gels 

Emulsions 
Foams 

Colloidal crystals 

Material elastic energy 

Young modulus: 

U 

s tress
G =

d efo rm atio n






Great sensitivity to external stimuli (mechanical stress) 
Soft matter: small stimulus induces large effects (deformation) 



Non-Newtonian fluids:  







Newtonian fluids: constant viscosity 

Elastic solids: constant modulus 

G 

( , ) t   

 : deformation rate 

Hooke 

Newton 



Thickening 

diastolic 

Thinning 

pseudoplastic 

Typical long polymer 

Classify fluids from  viscosity curve 



source: CP Kelpo 

Commonly encountered shear rates 



Question: 

 

How can I rationalize a shear rate of 103 s-1?   

 

 

 

 

Think of coating: 

   

Speed of rolling/coating? 

Thickness of coating film? 

 



Things can become much more complicated: 



Deformation rate 

Newtonian 

Shear-thinning 
(pseudoplastic) 

Shear thickenning 
 (dilatant) 

Bingham  fluid  

  y  

Classify fluids from  stress curve 

Yield stress   



Extrudate swell & wall slip Rod climbing (Weissenberg) 

Drag Reduction 

Recoil (memory) 

Secondary flows (vortex) 



Semi-flexible biopolymers 

2 – 30 micron length 

 7-8 nm in diameter 

~ 16 micron persistence length 

Actin Wormlike Micelle 
( polybutadiene-polyethyleneoxide ) 

10 – 50 micron length 

~ 15 nm in diameter 

~ 500 nm persistence length 

DNA 

16 micron length 

 2 nm in diameter 

40 nm persistence length 

Neurofilament 

5 - 20 micron length 

 12 nm in diameter 

~ 220 nm persistence length 



Architecture (molecular structure) 


