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Thermoelastic experiments provide a standard method for separating the
elastic force of polymer networks into entropic and energetic contributions. The
intrinsic entropic elasticity is defined under isochoric conditions; however,
experiments are almost always performed at constant pressure. Transforming
isobaric data to their isochoric equivalents has traditionally relied on
microscopic models such as Gaussian chains and affine deformation [1], which
break down when solvent-polymer interactions are significant [2],
deformations are large [3], or the material exhibits elastic anisotropy [4].

Here we establish a purely macroscopic thermodynamic framework for this
transformation. By extending the framework of Mayer's relation transforming
heat capacities between isobaric and isochoric conditions [5], we derive
thermoelastic transformation functions that quantify the difference between
isobaric and isochoric measurements without invoking any microscopic network
model. These functions are reformulated in an experimentally accessible form
via a modified Elliott-Lippmann anisotropy factor [6]. Explicit formulas are
derived for representative experimental geometries and for nonlinear
constitutive models, including the neo-Hookean, Mooney-Rivlin, and Yeoh
models, enabling accurate correction even under large deformations.

Furthermore, we show that the well-known thermoelastic inversion observed
under isobaric conditions arises as an apparent effect of the isobaric-to-
isochoric transformation, provided that the thermal expansion coefficient is
positive and the material is nearly incompressible in the tensile regime,
conditions satisfied by most polymer networks. This framework provides a
robust basis for reanalyzing thermoelastic data across diverse polymer
networks, such as rubbers and gels.
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