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Einstein’s approach to thermodynamics. In the following we present a brief outline of the
derivation of Eq. (2). For detail please refer to the work cited below.

In 1910 Einstein published a paper in which he presented what has been later called (for
instance by E. Schrodinger and A. Sommerfeld) ,,Einstein’s reversion of thermodynamics*
[39]. Einstein calls it ,,meaningless* to use Boltzmann’s principle by starting from a
molecular theory. Instead, Boltzmann’s principle — which he believed to be correct - has to be
applied in the reversed order: One starts from the established thermodynamic phenomenology
of the system and then uses it to derive the system’s fluctuations. This way, microscopic
consequences can be directly derived from macroscopic observations and the second law of
thermodynamics without molecular or statistical mechanics theory. The formalism of Einstein
starts from a Taylor expansion of the entropy S (for simplicity here in one variable; more

details can be found in [39-42]:
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where Sy is the entropy maximum and » a thermodynamic variable. Combined with

Boltzmann’s principle (k, Boltzmann constant) P = exp(S / kB) and near equilibrium, where

GS/an =~ (0, this leads to a Gaussian probability distribution for the variable

P(n)=C,exp [—%nz} )
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The standard deviation (thermodynamic fluctuations) of P(r) turns out to be directly
proportional to the susceptibility of the system, e.g., in the case where n represents the area A4
of a system, to the lateral isothermal compressibility:
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This concept has been applied to lipid bilayers [40,43—45] as well as to lipid monolayers more
recently [46].

Heimburg has combined Einstein’s approach with an Onsager type Ansatz to find a relation
between heat capacity and relaxation time [33], which has been applied successfully to lipid
membranes [43]. Similarly, one can demonstrate that based on a relation between area flux

and corresponding thermodynamic force
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combined with a Taylor expansion of the first derivative
S 9’S
a2 A 5
dA  9A? ©

and Eq. (S3), an expression between relaxation time T and compressibility k is derived
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which is identical to Eq. (2) in the manuscript.
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