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Outline

 Thermodynamics and small systems
* Small system method

« Sampling from MD trajectories

* What to calculate

« Systems of interest



Thermodynamics

Thermodynamics is for "large” systems
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« Smaller and smaller systems
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« Thermodynamics for “small” system
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Hill’s thermodynamics

* "Nanothermodynamics” or "thermodynamics of small
systems”

¢ dUt — TdSt — pdV + ﬂth + ng
* Divides the system in N clusters

* £ 1S a sub-division potential
« “Correction” due to small size



Small system method

* Creating a small "cut-out” from a system makes it
deviate from a periodic system



Scaling

» Scaling

« Systematically changing
the size

* Properties from the small

systems calculated for
each size




Fluctuations
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Thermodynamic factors o ‘
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Kirkwood-Buff theory
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FUTURE WORK



Surface properties

« Surfaces are thin > Small systems




Porous materials — Anomalous diffusion‘
behavior
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Modifies critical point @ ‘
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Small droplets ®

* The equilibrium can be found in different materials

» Pore diameter smaller then what is expected to give
capillary condensation

* Liquid phase extends beyond unitcell-diameter
— but are still limited in size
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Understanding nanoparticles
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Molecular machines
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Conclusion o |

 Thermodynamics still valid, even to very small systems

« Can calculate properties in bulk from sampling small
systems

* True handle on KB integrals

* Not really clear how to use for actual small systems yet,
need experimental collaborator
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