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Thermodynamics of Rubber

Consider the % Law of Thermodynamics
J=Q+W
g U change In internal energy (strain energy)

Q: heatadded tosystem
W: work doneonsystem

For reversible system, heat added is equal to
temperature of system times change in entropy

Q=TaqJ
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Thermodynamics of Rubber
ZAAOOAIQE C8

B = - T b
As rubber extends under force F =1, elg=2
2=-T05

RHS must be positive
But, temperature cannot be negative (T in Kelvins)

Thus, change In entropy must be negative%)
As a consequence, stretched rubber gives off heat

Q=T0gH5

(-Q) =T (-aB)
(What if you add heat back in?)




Simple Case: Entropy of Filaments
Consider fouwsegment polymer

There are 16 unique configuration states
S° In(16) = 2.77

There Is tension applied such that there cannot be
zero separation from endlo-end

SO In(10) = 2.30

p— (2)

(2)
Therefore, tension reduces entropy
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Fun Experiment
i tional to temperature

Rubber strip
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" In vitro solL easurements:
| DNA: 50 nm
| F-actin: 17m

| Microtubule: 1 mm
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