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Abstract: The quantitative characterization of micromechanical properties of polymer biomaterials and the de-
velopment of advanced biological micro-/nano-technology and devices need quantitative analysis of the statisti-
cal thermodynamic properties and behaviors of polymer chains such as biological macromolecules in complex
microenvironment. To achieve this goal, the cross research of continuum mechanics and statistical thermody-
namics plays a very important role. Aimed at the mechanics problems in this field, starting from the force

stretching of DNA molecules, several theoretical models were introduced to describe the statistical thermody-
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namic properties of polymer chains, and the wormlike chain model was deemed to have more significant advan-
tages in describing the relationship between forces and configuration changes of semi-flexible polymer chains
than other ideal random chain models, so that the qualitative and quantitative understanding of the statistical
thermodynamic properties and behaviors of polymers in complex microenvironment was deemed to be largely
dependent on the relevant research progresses based on the wormlike chain model. Based on this fact, the re-
search on the influence of geometric constraints on the random conformation distribution of polymer chains,
the research on the statistical thermodynamic model for polymer chains under the simultaneous action of ten-
sion and constraints, and the simulation research on the statistical physical properties of polymer chains based
on high-performance computers, were reviewed, and the latest progress and challenging problems in the re-
search of statistical thermodynamic properties and behavior of worm chains under different constraints and
stress microenvironments were summarized. Finally, through summary and analysis, it is pointed out that the
study of statistical thermodynamics of worm chains in complex microenvironment is an important basis for un-
derstanding life phenomena from the molecular and cellular scale, developing advanced micro- and nano-tech-
nology and constructing the constitutive relationship of soft matter. At present, it has become a very challenging

frontier topic in the interdisciplinary of mechanics.
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Fig. 3 Confined wormlike chains with different characteristic deflection length scales
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