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(a) The atomic structure of the polyethylene molecule.  
(b) An overall view of the molecule. There is rotational freedom about 

each C-C bond, so the molecule as a whole resembles a long, 
flexible piece of string. 





Inextensible thin rod (Kratky-Porod or wormlike chain model) 


A: bend persistence length 
C: twist persistence length 

AkBT: bend stiffness 
CkBT: twist stiffness 
BkBT: stretch stiffness  
DkBT: twist-stretch coupling 

Elastic energy change:


bend      stretch       twist        



J. Tegenfeldt 

Polymer dynamics in confinement 

360° or 2π 



T.R. Strick et al., C. R. Physique 3 (2002) 595–618 

Worm-Like Chain Model: 

A: persistence length 
L: contour length 





Goals 

Macromolecule conformation and 
dynamics in micro- and nano-

channels are controlled by 

Thermal/Entropic forces 

Electrostatic forces 

Steric (Excluded volume) forces 

Fluid / Hydrodynamic forces 

Micro → Nano : 

Polymer conformational freedom is 
restricted : Entropy ↓ 

Debye length / channel height ↑ : 
Electrostatics ↑  

Diffusion length / channel height ↓ : 
Hydrodynamics screened  

Develop theory and simulations to help exploit the balances of forces in strong 
confinement in order to manipulate DNA molecules and proteins for nanopore 

detection 
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Hybrid lattice-Boltzmann/Brownian 
dynamics simulations to capture DNA 

dynamics and interactions with the 
fluid 

•  Translocation micro- to nano-channel  

•  Inside the  nanochannel 

•  Collision with microposts  
and stretching 

Problems 
Chain dynamics in < 100nm channels 

is not well understood 
Electrostatic interactions 

in strong confinement 
As the nano-channel size approach 

the Debye length (5-20 nm), 
electrostatic interactions are 

comparable or stronger than the 
entropic and fluid forces 

Develop coarse-grained simulations 
that fully captures DNA/Protein/Ion 

interactions in nanochannels 

Courtesy Yeng-Long Chen 



Method 

f ev(t) 

f r(t) 

f vib(t) 

f bend(t) 

σm 

Without HI –free draining 

With HI – Lattice Boltzmann 
hydrodynamics 

Bending modulus is chosen to 
match DNA persistence 

length 

f C(t) 

Electrostatic Coulomb interactions 

Electrostatic and hydrodynamic 
interactions both contribute 

significantly to DNA dynamics in 
nanochannels 
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N=1000 
2 µm 

 Predictions of DNA conformation and dynamics in 
nanochannels 

Outlook 
•  Model entropic and elastic forces on DNA in the nanochannel  -- Collaborate 

with experiments to guide DNA manipulation in nanochannels. 

•  Model ions and nanochannel surface charge to determine DNA 
conformation with strong electrostatic interactions in nanochannels – 

Collaborate with experiments to study electric field driven flow in nanopores. 
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