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The investigation of soft matter under non-equilibrium conditions attracts intense scrutiny. External fields, e.g.
magnetic or electrostatic can impart striking responses to soft matter, driving technological developments and new
devices. Thermal fields do also induce a wide range of coupling effects that can be used to manipulate suspensions,
solutions or pure fluids, by inducing mass and charge transport. The Ludwig-Soret and Seebeck effects [1–3] are impor-
tant principles that are being used in the context of energy recovery applications, e.g., thermoelectrics [4], desalination
or oil fractionation [5,6]. While the discovery of the thermodiffusion and thermoelectricity dates back to the mid
19th century, the investigation of these physical effects is witnessing a renaissance, which is being fuelled to some
extent by: a) the development of high precision experimental techniques to measure thermophoretic drifts and ther-
modiffusion in complex mixtures accounting for gravity effects; b) theoretical methods that have enabled the discovery
of novel thermal coupling phenomena and the interrogation of the microscopic mechanisms driving thermophoretic and
thermodiffusive fluxes. These advances have driven the development of e.g. the microscale thermophesis [7] technique,
which is being used commercially in the quantification of protein binding events.

This Topical Issue compiles articles highlighting the state-of-the-art on thermal non-equilibrium phenomena in soft
matter, several of which draw on presentations made at the 13th International Meeting on Thermodiffusion (IMT13),
held in London in September 2018. The articles cover a range of topics, such as, theory and simulations of multi-
component mixtures, non-equilibrium fluctuations in thermal fields, thermophoresis of colloidal suspensions, thermod-
iffusion in porous media, Soret-driven hydrodynamic instabilities and thermodiffusion under microgravity conditions.

Thermodiffussion in aqueous solutions is attracting considerable interest, given the complex thermophoretic and
thermodiffusive response of ions, polymers and nanoparticles in water. Strong interest in aqueous solutions is partially
driven by the development of microscale thermophoresis and by recent proposals regarding the role of thermal gradients
in speeding up biochemical reactions involving RNA fragments that are relevant to the origin of life on Earth. The
speed up of these reactions often requires additives such as 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC)
and EDC-hydrochloride (EDC-HCl). Thermodiffusion experiments provide a route to quantify thermophoretic drifts
and activation energies for hydrolysis [8] and dynamic behaviour of amino-acids [9].

Thermophobic (high-temperature) and thermophilic (low-temperature) responses, whose physical origin is still
under debate, are widely observed in aqueous solutions. The possibility of inverting the thermophoretic response
of colloids using different polar solvents (DMSO or water) is demonstrated in ref. [10]. Correlations between the
hydrophilicity of polar compounds and the Soret coefficient have been established by using the infrared thermal
diffusion forced Rayleigh scattering technique, and a connection between the temperature dependence of the Soret
coefficient and the partition coefficient, log P has been reported [11].

Gravity is known to drive coupling effects in the presence of thermal gradients. This observation has motivated a
number of studies to both understand the effect and to avoid it. International collaborations have crystallized around
multiple microgravity experiments [12] in particular to measure Soret coefficients of multicomponent mixtures [13]. The
results from these experiments are in good agreement with data of specific systems measured on Earth using two-color
optical beam deflection and the thermogravitational column technique [14]. These experiments are important to identify
the role of gravity, e.g. in the growth of non-equilibrium concentration fluctuations during a transient process, the sta-
bility of the separations obtained in thermogravitational devices [15,16]. Using a sufficiently fast camera, the coupling
of viscous, thermal and mass relaxation modes has been demonstrated in ternary polymer solutions. A theory for the
dynamics of non-equilibrium fluctuations in ternary solutions upon the effect of gravity has also been proposed [17].
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Gravitational effects are also important in fractionation of gases in oil reservoirs and the combined impact of
thermogravitational fields was explored using irreversible thermodynamic principles to increase the accuracy of models
used by reservoirs engineers [18].

Further investigations of soft matter under thermal fields involve the exploration of thermodiffusion under acoustic
streaming as a route to drive mass separation in binary fluids [19], the build up of non-linear regimes of Soret-driven
convection in ternary fluids [20], the role of thermal mass transfer mechanisms in aqueous solutions relevant in heat
exchangers [21], theoretical aspects involved in the thermoosmosis in pumping devices [22] or thermomechanical effects
in anisotropic liquids, such as liquid crystals, with the possibility of measuring experimentally the coupling between
the heat flux and torque driving the rotation of the liquid [23].

Computer simulations and theory are at the heart of the techniques needed to rationalize the complex set of ex-
perimental observations discussed above. The Faxén theorem has been used to obtain a new equation for the Soret
coefficient of colloids, establishing correlations with the temperature derivative of the surface tension, viscosities and
thermal conductivities of colloids and solvent [24]. Expressions for the thermophoretic mobility have been obtained
using hydrodynamic reciprocal approaches, supporting the importance of interfacial transport on thermophoresis [25].
Two contributions illustrate the power of computer simulations to understand thermophoresis of protein-ligand sys-
tems [26], while the role of internal degrees of freedom in defining thermophoresis via the thermal orientation cou-
pling effect has been demonstrated using non-equilibrium molecular dynamics simulations (NEMD) [27]. Furthermore,
NEMD simulations were used to study fractionation of gases and oil in order to improve the model description of oil
and gas reservoirs [28]. As the complexity of the investigated mixtures increases, having the correct definition of frame
invariant thermodiffusion and Soret coefficients is essential. This has been addressed in ref. [29].

The summary above provides just a flavour of the key developments discussed in this Topical Issue.
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16. B. Šeta, E. Lapeira, D. Dubert, F. Gavaldá, M.M. Bou-Ali, X. Ruiz, Eur. Phys. J. E 42, 58 (2019).



Eur. Phys. J. E (2019) 42: 148 Page 3 of 3
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