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Abstract Dry Network Modulus Scaling Theory of Swollen Graft Polymers
Polymer networks whose strands are made of graft polymers have been shown to possess G —2 In polvmer solutions. correlation blobs
mechanical properties similar to biological tissues and been able to swell to larger G(A) = Ozz _ _ar 14+211—= E(AZ + 2171 witril s?/ze |
volumes than their linear chain counterparts. We use a combination of theoretical A= — A 3 3 §=1g"/B

analysis and molecular dynamics simulations to elucidate the effect of graft polymer
architecture on the swelling ratio, Q, the modulus of the swollen gels, G (Q), and its
relationship with the modulus of the dry networks, G,. Our analysis indicates that for
networks made of comb-like strands with few grafted side chains the gel modulus scales
as Gy, (Q) = Gy,/Q% with exponent a =~ 0.56 In a good solvent and 1/3 in a é-solvent
solution regimes. For networks with bottlebrush-like strands, however, we find that the
additional chain thickness and rigidity introduced by swelling of the densely grafted side
chains require a significant correction which is due to strong concentration dependence
of the effective Kuhn length of the bottlebrush strands.
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Simulations

(a) Biological tissues possess a wide range of modulus at a constant
solvent fraction of ~70%
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(b) With linear chains, there iIs a direct tradeoff between swelling
ratio Q and the gel modulus G
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(c) Network strands made of graft polymers allow for independent
tuning of Q and G, by adjusting the chain architecture
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Graft Polymer Chains

Implicit Solvent Swelling
NPT with P = 0kgT /o3, Nose-Hoover thermostat/barostat

Gel Modulus Gyer1(Q) x Q3

Simulations Experiments

Bottlebrush’

Uniaxial Deformation
NVT with Langevin thermostat, incremental stepwise deformation,

equilibrium stress a,, = 0.5(Pyy + Pyy) — Pys

Conclusion

R AR RNy aarmes f : e _: By adjusting the architecture of graft polymer networks, we can tune
the Kuhn length and DP of the network strands to create a gel with a

ng: number of bonds In given swelling ratio and modulus. This independent control allows
backbone spacer for the creation of materials with the ability to mimic the mechanics
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