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Abstract Simulation Detalls Network Swelling Experiments
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We use a combination of analytical calculations, coarse-grained molecular g X General Stretching
dynamics simulations and experiments to elucidate the effect of branched ol ) * Lennard-Jones bead- * Incremental step-wise uniaxial 10°;
architecture on swelling of comb-like and bottlebrush networks. The . B 1 spring model deformat!on | —
equilibrium swelling ratio of such networks is shown to be larger than that of )/ * LJ truncated-shifted * NVT with Langevin thermostat 50
conventional linear chain networks. For networks of brush-like strands with o potential with repulsive . —

- - - ing | - ing rati § arameters Swelling = 10'
poly(dimethyl siloxane) side chains in toluene, we achieve a swelling ratio of S P « NPT with Nose-Hoover thermostat T |
Q = 30, which is larger than that of linear chain networks with the same 4 * FENE bonds b (‘)V(l) ) 7?563 .
strand length. All of the studied systems, including linear chain, comb, and = 0.0kpT/0 o
bottlebrush networks, follow a universal relationship, G(Q) «< Q=83 o 1| sottlebrush
between the shear modulus G (Q) and the swelling ratio Q. Nonllnear Shear MOdUlUS G(Q) 1 0 10

i i 1. Stretch the sample to obtain the stress-strain curve. Translate this data to the . )
Motivation nonlinear shear modulus using G (I1) = jtz”fj(_ll). PredICtlng Network Swelllng

To demonstrate the swelling capacity of networks with entangled brush-like
strands, we use results for the entanglement plateau modulus of melts of graft
polymers

2. Swell the sample to obtain an equilibrium swelling ratio Q. Translate this to
the first invariant using I; (Q) = 3Q3/3.
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3. Either fit the stress-strain data or interpolate the data to find G (Q). Ge’%]" N Ge'lm(g_ab’{ /b) _
I where ¢ =n,/(n,; + ng:) Is the architectural parameter, G, IS the

| Drug releae trom sweiln hycogel 107! - _ _ _ _
T rharmaceutics 2015, 0. 74 00 e P - entanglement modulus of a linear chain melt, by is the effective Kuhn length
ol Mt S Deliver ot Dinners e erue(d) = 3;@&_2) — of a graft polymer chain, and b is the backbone Kuhn length. In the case of
g y y biap = x (1 ¥ 2(1 — ) ) S networks with comb-like strands swollen in a ®-solvent,
ﬁm 10 i? Qe,gr ~ Qe,lin((pbl{/b)_g/S ~ Qe,lin('o_g/8
TheO ry = — and in the case of bottlebrush networks,
e = N —9/8 9/16
§ e 5 10 Qe,gr ~ Qe,lin((pbl{/b) ~ Qe,linnsc
Stretcn Swell S T | ° Below we show the normalized network swelling ratio expected for networks
T e S WeE e Zhade e A Z = 0.228 ' - '
. i e A _ gdr 2 X103, T o of en_timgled PBA comb and bottlebrush strands in a ®-solvent as a function
.‘ ’ 3 I %\ 3 4 102 oy L el
When stretched or swollen, the deformation of a network’s strands is de- : Bottlebrush / Qe gr 9/16 .-
scribed by the first invariant I; = A% + 45 + 5. 1 0. s ‘e
1 - Forbidden R elin -7 e
LQ) (. BLQ Network Swelling Results
Feiast(Q) = GarVo 65 p 1 3 _ _ _ _ _
In both simulations and experiments, we see that the scaling relations G(Q) «

v/ 02 (-3 Q261008 and G(Q) x Q261012 = respectively, are driven by three-body

F,emn(Q) = kBT—(T | ) repulsion for which G(Q) o« Q~8/3. It is important to point out that experimental
v 2 6 .

data for network swelling are usually presented as the shear modulus at small

Here, B = <Rlz‘n> /RZ ... is the strand extensibility in the dry state, G4, is the deformations G, versus swelling ratio Q. However, this does not capture the
structural shear modulus, v is the monomer excluded volume, and 7 = 1 — nonlinear increase of shear modulus during swelling and therefore results Iin a
©/T is the effective temperature. The equilibrium swelling condition is set broad range of power laws. Here we plotted the zero-strain shear modulus

by Go = Gar(1+2(1—5)7%)/3

aFelast(Q) | aFosm(Q) _

v v P 107 0" Conclusion
OF.;,+(0) ) .G B1,(Q) —2 We have developed a network swelling model showing a universal scaling
elg;: =Q7136(Q) = Q713 %(1 + 2 (1 13 relation of G(Q) « Q~8/3, which is supported by both computer simulations
and experimental data. Furthermore, this indicates that It Is necessary to use
0F, ., (Q) kgT 2 QS stress-strain data, obtained in the network’s dry state, to properly analyze the
v n(Q) = T(T 5 3 ) network’s swelling properties.
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