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Scientific Summary

    The application of thermodynamics to non-equilibrium systems on a nanoscale is a major challenge. There are a number of theoretical approaches: Classical non-equilibrium thermodynamics with internal variables, Lagrangian methods, bracket formulations, continuum or rational thermodynamics, variational formulations, extended irreversible thermodynamics, the matrix model, network thermodynamics, the GENERIC formalism and finite-time thermodynamics.

The workshop brought together researchers of different backgrounds to unify this variety of approaches in a common generalized theory suited for application on the nanoscale. 

The workshop highlighted recent advances in the field, in particular, new theoretical developments and state-of-the-art modelling/simulation techniques founded on or guided by principles of non-equilibrium thermodynamics. Emphasis was given to nanoscale systems, mesoscopic non-equilibrium thermodynamics, porous media, interfacial phenomena and biological systems. These are areas of possible application that open up new challenges and perspectives. The participants had the chance to widen their own views on the possibilities and present limitations of non-equilibrium thermodynamics on the nanoscale level. 
The self-consistent links between the different levels of description (each level addressing phenomena over a specific window of length and time scales) are very important. It was shown in this context (Rubi, Pagonabarraga) how non-equilibrium thermodynamics on the mesoscale is able to derive the laws of mass action important for a description on the macroscale (Beris, Hütter, Grmela). Dynamic rare event simulations (Erp) are important for the study of transport along the mesoscopic reaction coordinate.
Using molecular dynamics it was shown (Vlugt) how small subsystems can be described using mesoscopic thermodynamics as developed by Terrell Hill. Using the predicted size dependence the behaviour could be extrapolated to obtain the thermodynamic limit behaviour of for instance thermodynamic factors and Kirkwood-Buff integrals. The importance of this is 2-fold. It shows on the one hand that thermodynamics is valid on the nanoscale. On the other hand it yields values for Fick diffusion coefficients in ternary systems which compare well with experimental values from the macroscale. Important results on the nanoscopic level were also found for heat transport in biomolecules (Bresme) and why temperature differences drive the calcium pump (Lervik). For transport through porous media (Måløy) the description is clear on the micron level. There are promising efforts (Hansen) to obtain a macroscopic non-equilibrium thermodynamic description of porous media.
On the nanoscale, quantum effects become important. Non-equilibrium thermodynamics for dissipative quantum systems is now well developed (Öttinger). The coupling to classical time-evolving environments is being studied (Osmanov). This is a very promising new line of research. Thermodynamic cooling at low temperatures is interesting in this context (Hoffmann).
Very interesting were also results for (dissipative) self-assembly (Koper, Osorio). Such self-assembly can be used to generate structures on the nano level, and possibly used in energy storage.
For the behaviour on the nanoscale, the contribution of surfaces becomes very important. As discussed by Hill this is crucial to understand the behaviour of small systems. It is now understood that a non-equilibrium surface is a separate thermodynamic system which is in local equilibrium (Schweizer). Two-component interface transfer coefficients can be computed and predict behaviour far from kinetic theory (Simon). The dynamics of complex fluid-fluid interfaces (Sagis) can be described making use of GENERIC and new properties can be predicted, giving a challenge to experimentalists. Cold to warm distillation (Struchtrup) is, using the present understanding of the surface contributions, a rather remote possibility. Experimental results were shown for the temperature distribution through the surface of growing ice (Rodriguez).  They illustrated the fact that the temperature of the interface is higher than the extrapolated temperatures of the water and the ice. This confirms predictions made using the description of heat transport through surfaces using non-equilibrium thermodynamics, and molecular dynamics simulations (Schweizer). 
A notable result reported on the macroscopic level was the anomalous long range behaviour of equal time temperature and density fluctuations in driven systems (Sengers, Ortiz de Zarate, Pagonabarraga). A simple way to obtain liquid-gas spinodal and interfacial properties using a lattice-gas isomorphism approach was given (Kulinskii). The GENERIC form of non-equilibrium thermodynamics was derived from a statistical optimization principle (Turkington). Interestingly, the mathematical structure of the dynamic equations conforms with the existence of local equilibrium for isothermal systems (Qian). 
The discussion sessions centered on Biological Systems, New Topics and Local Equilibrium, were very stimulating and rewarding. Promising new lines of research were discussed.

Meeting program

The Workshop took place at Røros Hotel, August 19-24, 2012.There were 42 talks and 13 posters. Each day contained a discussion session.
Organisation
The meeting was organised by Prof. Signe Kjelstrup (Chair), Prof. Dick Bedeaux, Dr. Kirill Glavatskiy, Prof. Alex Hansen from the Norwegian University of Science and Technology, Trondheim, Norway, and by Prof. Martin Kröger from the ETH, Zürich, Switzerland.
Scientific committee
Antony Beris, University of Delaware, USA.
Brian Edwards, University of Tennessee, USA. 

Miroslav Grmela, Ecole Polytechnique de Montreal, Canada.
Ignacio Pagonabarraga, University of Barcelona, Spain. 
Jan Sengers, University of Maryland, USA. 
Hans Christian Öttinger, ETH Zurich, Switzerland. 
Speakers
Fernando Bresme, Imperial College London, UK. 
Antony Beris, University of Delaware, USA.
Sylvain Bréchet, Institute of Condensed Matter Physics, EPFL, Switzerland.

Livia Conti, INFN Sezione di Padova, Italy.

Vitaly Demin, Perm State University, Russia.

Titus van Erp, NTNU, Norway.
Hao Ge, PKU, China.
Miroslav Grmela, Ecole Polytechnique de Montreal, Canada.
Alex Hansen, NTNU, Norway.
Karl Heinz Hoffmann, TU Chemnitz, Germany.

Markus Hütter, Eindhoven University of Technology, The Netherlands.

David Jou, Universidad Autónoma de Barcelona, Spain.
Ilya Karlin, ETH Zürich, Switzerland.
Jürgen Keller, University of Siegen, Germany.

Natalya Kizilova,Kharkov National University, Ukraine.
Vaclav Klika, Czech Technical University in Prague, Czech Republic.

Ger J.M. Koper, TU Delft, The Netherlands.

Vladimir Kulinskii, Odessa National University, Ukraine.
Anders Lervik, NTNU, Norway.
Claire Chassagne, TU Delft, The Netherlands
Knut Måløy, University of Oslo, Norway.
Bogdan Maruszewski, Poznan University of Technology, Poland.
Jose Ortiz de Zarate, Universidad Complutense, Madrid, Spain.
Maksym Osmanov, ETH Zürich, Switzerland.

Antonio Osorio, University of Michigan, USA. 

Hans Christian Öttinger, ETH Zürich, Switzerland.
Ignacio Pagonabarraga, University of Barcelona, Spain.
Hong Qian, University of Washington, USA.

Antonio del Rio, Universidad Nacional Autónoma de Mexico.

Marcos Rodriguez, University of Cape Town, South-Africa.

Miguel Rubi, University of Barcelona, Spain.

Leonard Sagis, University of Wageningen, The Netherlands.
Raul Salgado-Garcia, Universidad Autónoma del Estado de Morelos, Mexico.
Sondre Schnell, Delft University of Technology, The Netherlands.
Marco Schweizer, ETH Zürich, Switzerland.

Jan V. Sengers, University of Maryland. College Park, USA
Sergey Serdyukov, Moscow State University, Russia.

Jean-Marc Simon, Université de Bourgogne, Dijon, France.

Henning Struchtrup, University of Victoria, Canada.

Bruce Turkington, University of Massachusetts, USA.
Federico Vázquez, Universidad Autónoma del Estado de Morelos, Mexico.
Thijs J.H. Vlugt, Delft University of Technology, The Netherlands.

Posters
Marco Barranco-Jiménez, Escuela Superior de Computo de lIPN, Mexico.
Claire Chassagne, TU Delft, The Netherlands
Jerome Flakowski, ETH Zurich, Switzerland. 
Delfino Ladino-Luna, Universidad Autónoma Metropolitana - Atzcapotzalco,  México.
Marleen Kooiman, Eindhoven University of Technology, The Netherlands.
Vladimir Kulinskii, Odessa National University, Ukraine. 
Paulina Madrigal, Universidad Nacional Autónoma de México.

Miguel Olvares-Robles, IPN ESIME-Culhuacan, Mexico.
Michal Pavelka, Charles University in Prague, Czech Republic.
Jose Ortiz de Zarate, Universidad Complutense de Madrid, Spain.
Sergey Serdyukov, Moskou State University, Russia.
Francisco Sevilla, Universidad Nacional Autónoma de México.

David Taj, ETH Zurich, Switzerland.
