
Ch 07 
Rheology of dilute polymer solutions



Dilute solution viscosity

• Relative viscosity

• Specific viscosity

• Reduced viscosity

• Inherent viscosity

• Intrinsic viscosity
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Molecular weigt scaling

Rouse model: free draining, no hydrodynamic interaction
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Zimm model: hydrodynamic interaction (theta solvent)
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Hydrodynamic interaction parameter :  0 (Rouse) < h* < 0.25 (Zimm)
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Solvent quality

related with hydrodynamic interaction, excluded volume effect



compare the slopes at high frequencies



Nonlinear rheology

Rouse and Zimm model predict constant shear viscosity and normal
stress coefficients

Extensional flowShear flow
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eigenvalue of the velocity gradient tensor
equivalent to the extensional component 
of the flow
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In a mixed flow, the stretching of a polymer is dominated by the
extensional component of the flow



Finite extensibility

Finite extensible nonlinear elastic (FENE) model RRF )(
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Prediction of FENE-P model

( ) ( ) ( ) ( ) 3/43/4

0,1

,13/23/2

0

, −∞−∞ =
Ψ

Ψ
= γτβγτβ

η
η

&& LL
P

0,0
22

, 222
2
1

pBpP BTBkHLL ητντνςνηη ====→ ∞

NS parameter

o
RLB 22 /3=



Prediction of DNA motion

Worm-like chain model

Conformation dependent drag coef.
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