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The swelling behavior of polymer gels is governed by osmotic pressure. The
total osmotic pressure is decomposed into mixing and elastic contributions,
M. = M, + Mg [1], and the equilibrium swollen state is given by II,, = 0.
Among these contributions, Il plays a central role in determining the
equilibrium state, as it depends strongly on polymer concentration and solvent
quality. Conventionally, I1,,;x has been described using the Flory-Huggins mean-
field theory [2], which becomes inaccurate particularly in the low-concentration
regime where concentration fluctuations are significant.
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In this study, we investigate I1,,;, of tetra-PEG hydrogels over a wide range of
network parameters, temperatures, and solvent conditions (135 data points).
We find that I1,,;, is independent of network structure and can be described by a
universal equation of state. Following the blob picture [3], we define a
characteristic length scale ¢ as I, = kzT/é3. When expressed in terms of this
length scale, all data collapse onto universal curves across different conditions,
consistent with the scaling behavior of a single polymer chain [4]. This
demonstrates that the osmotic thermodynamics of polymer gels is governed
solely by intrinsic chain statistics, independent of network structure.
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