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The complexity of the real problem�  
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“Coarse Graining”� 

• 	 Distill the essential  
physics describing the  
chain dynamics to  
simple(r) governing  
equations  

•	  Chemical details and  
molecular specificity are  
collapsed into small  
number of chain-specific  
constants  

• 	 different analytic and  
simulation tools are  
appropriate to each  
scale  

McKinley & Sridhar, Ann. Rev. Fluid Mechanics, 2002 
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Rouse/Zimm Results (Larson, 1987)�  
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Zimm Model Fit to Experimental Data (with TTS)�
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Monodisperse Polystyrene in a viscous oligomeric styrene oil (“resin”).
M. Verani, MS Thesis (2004); f t one parameter: ζ (friction coeff cient)�
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Extensional Flows:  (Doyle, Spiegelberg, McKinley,Shaqfeh, JNNFM 1997) �
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Summary (from last Class)�
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The Fox Flory Relation�
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Dynamics of
Polymeric Liquids
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DPL, Chapter §3.6	
Dynamics of

Polymeric Liquids



Linear Viscoelasticity from the Maxwell Model�

•  Input: � γ = γ 0 sinωt
γ = γ 0ω( )cosωt

τ = γ 0 ′′G (ω )cos(ωt)+ ′G (ω )sin(ωt)[ ]

De = λω ~ ′G (ω )
′′G (ω )

~ storage

dissipation

Maxwell Model 

Output: 

Loss              Storage 

Entangled melt 

λ ≈1 ω * ≈1000s

Wormy Micelles 

λ ≈1 ω * ≈1.5s

′′G (ω ) = G0
(λω )

1+ (λω )2
′G (ω ) = G0

(λω )2

1+ (λω )2

η" ~ω −1/4
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Entangled Polymer Melts:  Reptation

P.G. DeGennes �
“Entangled Polymers”, Phys. Today 1983 �

Pierre-Gilles de Gennes (1932-2007)�
Nobel Prize 1991�
“The Founding Father of Soft Matter” �

Reptare: to wriggle like a snake�
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Entangled Polymers�

P.G. DeGennes� M. Doi & S.F. Edwards�
�

Molecular Dynamics�
https://www.youtube.com/watch?v=Y7XAroFgVQs�

LAMMPS (Open Source)�
�https://www.youtube.com/watch?v=oB79II_63rM�
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Direct Observation�

Perkins, Smith, Chu, Science 1994�
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Indirect Observation:  “Polymer Welding”�

 excluded from our Creative
Commons license. For more 

P.G. DeGennes “Entangled Polymers”, Phys. Today 1983 �
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Reptation Model Fit�

•  Monodisperse Polyisoprene (Baumgaertel & H. Winter, U.Mass, 1992)�
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(data from Baumgaertel et al. 1992)�
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Recent Developments�

•  Contour Length Fluctuations (CLF); 
reptation (curvilinear diffusion) along a 
tube of f uctuating length�

  Kuzuu & Doi, 1983�
  Milner & McLeish, 1998 PRL 81(3).  �
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CLF Results�

η ~ N 3.4  or η ~ (N Ne )
3.4 = Z 3.4
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“Fully Loaded Model”�

•  Reptation + Contour Length Fluctuations + Convective Constraint 
Release + Finite Extensibility (+ Anisotropic Tube Deformation!)�

•  Marrucci & coworkers; McLeish & coworkers“Rolie-Poly” Model; �
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The Graessley Diagram ��

  W. Graessley, 
Polymer, 21 (1980); 
pp.258-262�

  All polymeric f uids 
can be characterized 
by their location on a 
diagram representing 
effects of (c, Mw)�

  Solvent quality 
exponent, ν�

c* ~ Mw
1−3ν ⇔ Mw ~ c*( )1 (1−3ν )

c∞ ~ Mw
−2 ⇔ Mw ~ c∞( )−1 2
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