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Abstract

The nonlinearstressstrain behaviorof polymer networks,manifestedn the
monotonicallyincreasingnstantaneoumodulus,is a productof the nonlinear
deformationof individual network strands This nonlinearnetworkresponse
to externaldeformationss describedn the frameworkof a network model
relating macroscopicstressstrain responseto force-elongationbehavior of
iIndividual network strandswith finite bendingrigidity andextendabldonds
The developedapproachis usedto correlatenetwork shearmodulus,bond
deformationmodulusand extensibility ratio with the s t r aKulth $edgth,
bondelasticconstantandtheir dimensionsn undeformedandfully extended
statesan bothsimulatedandexperimentahetworks

Chain Deformation Model

The Helmholtz free energy of a chain with endto-end distanceR, bond
deformationratio _ andnumberof bondsN is approximatedy the sum of
the conformationabndbondstretchingerms
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The bond deformationcan be approximatedoy a harmonic potential with
springconstant andequilibriumbondlengthl :
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The force neededo stretchthe chainto endto-enddistanceR Is definedas
the derivativeof thefree energywith respecto R:
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whereY U &, K is thechainbendingconstantandKuhn length
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The equilibrium bond deformationratio @ Is obtainedby minimizing the
freeenergywith respect ©
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Thesetwo equationsare solvedtogetherto obtain force deformationcurve
accountingor bonddeformations

Diagram of chain deformationregimesin terms of reducedforce Q
" 7'Q “YandchainbendingconstanK:
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Network Deformation Model

The free energyof a networkin the frameworkof the affine network model
IS givenby thesumof individual chaincontributions
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where the first deformationinvariant O _ _  _ . For a network
undergoing uniaxial deformation with deformation ratio _ 0f0 at
constanvolumeV, O _ ¢_ andthetruestresan thenetworkis
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where Ois the structuralnetw6r< modulus,andf Is the extensibili_ty ratio.

Minimizing the network free energy with respectto _ , one obtains an
expressionfor the equilibrium bond deformation ratio in terms of the
networkstress
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Paramete€C describesl;opologyo_f the networkwith m_onomerdensity U

Chain Deformation Results
Harmonic Bonds FENE Bonds
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Simulation Detalls

T Coarsegrainedbeadspringmodel Single Chain Deformation
T Phantom chains T Beadspring chains with different
T NVT ensemble with Langevin bending constants, K, and
thermostat deformabldyonds
T Bending potential: T Forcedeformationcurves
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T Bondpotentials Diamond Network Deformation
" @ 2o @ o t A diamondnetworkof beadspring
) S chains with different bending
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Summary

We have developeda generalizedmodel of the deformationof polymer
chainswhich accountsfor bond extensibility The model predictionsare in
excellentagreememvith simulationdataof chaindeformationsit is usedfor
analysisof experimentaldatafor deformationof singlestrandDNA. This
model has beenadaptedto describethe mechanicalresponseof polymer
networks with deformablebonds It was usedfor analysisof simulation
resultsof diamondnetworkdeformationandexperimentatiatafor biological
networksof collagen fibrin, and neurofilaments
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