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When chemical reaction kinetics is much faster than diffusion 
in space, we can take the local-equilibrium limit and find the 
effective diffusion coefficient as the local average:

which leads to the covariance form of Soret coefficient

The correlation between diffusion coefficients and energies 
determines the sign of the Soret coefficient from the chemical 
contribution:
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c. Thermophroesis of total 
    concentration

b. Reaction-diffusion equation
   (at stationary)

a. Einstein relation of diffusion

The standard contribution      comes from the 
temperature dependence of Einstein relation:

The chemical term       comes from the switching 
between differnt states with different diffusivities: 

 

Averaging between 
two states, depends 
on local temperature

Exposing a solution to a temperature gradient can lead 
to the accumulation of particles on either the cold or 
warm side. This phenomenon is known as thermophoresis, 
and its microscopic origin is still debated. Here, we show that 
thermophoresis can be observed in any system having 
internal states with different transport properties, and 
temperature-modulated rates of transitions between the 
states.

- Thermophoresis emerges through the interplay between 
transport in real space and temperature-modulated 
transitions in some internal space, which can be a 
chemical, conformational, or velocity space

- The Soret coefficient is related to the microscopic features 
of the system through the correlation between transport 
properties of each internal state and their energy.

- We expect that the contributions from internal states, 
captured by the presented theory, might be relevant when 
internal (e.g., structural) modifications induce abrupt 
changes in the diffusion coefficient as a function of the 
temperature.
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The standard Soret coefficient      can be 
directly obtained from the velocity phase 
space:


