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Stable-equilibrium properties of 
MIXTURES

(within the simple-system model)

Mixing and separation
Stratification 
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Isothermobaric mixing of ideal gases

Entropy of spontaneous mixing
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Isoentropic mixing of ideal gases

Extracting the adiabatic availability of mixing
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Isothermobaric demixing of ideal gas mixtures or ideal solutions:

Minimum work of complete separation 
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Isothermobaric demixing of an ideal mixture of ideal gases:

Minimum work of complete separation 
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Isothermobaric demixing of an ideal mixture of ideal gases:

Minimum work of complete separation 
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Stratification of ideal gas and liquid mixtures in a uniform gravitational field
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Example: Stratification in the atmosphere (if we neglect turbulent mixing)
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Figures taken from: https://www.climate4you.com/ on March 17, 2024

Relevance of mutual equilibrium between ocean and atmosphere
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Stratification of ideal gas and liquid mixtures at rest inside a centrifuge
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Figures from: D.R. Olander, The Gas Centrifuge, 
Scientific American, 239, 37 (1978).
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Fission reactors need enrichment in 235U from 0.71% to 3%. This is done with 235UF6 (uranium hexafluoride) 

gas centrifuges on gaseous uranium hexafluoride (mixture of 235UF6 and 238UF6)
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Stratification of charge carriers in a uniform electric field
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Example: Charge carriers concentration in a charged capacitor
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Liquid-vapor equilibria
in pure substances

Lennard-Jones pure fluid model
van der Waals liquid-vapor model

stability 
metastable states

liquid-vapor spinodal decomposition
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Lennard-Jones potential (model of intermolecular forces)
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MD and MC modeling of non-ideal SES behavior:

Lennard-Jones pure substance (“Lennardjonesium”)                         m
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Modeling non-ideal SES behavior:

van der Waals (PhD 1873, Nobel 1910) model of liquid/vapor SES of pure substances 
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Modeling non-ideal SES behavior:

van der Waals isotherms, metastable and unstable states
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Historical applications of subcooled vapor and superheated liquid metastable states:

Wilson (1911, Nobel 1927) cloud chamber and Glaser (1952, Nobel 1960) bubble chamber
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https://upload.wikimedia.org/wikipedia/commons/0/03/Cl
oudChamberRadium226.gif

Fig.1 from A. Aurisano, L.H. Whitehead, End-to-End Analyses 
Using Image Classification, Artificial Intelligence For High 
Energy Physics (Edited by P. Calafiura, D. Rousseau, K. Terao), 
313 (2022).

Slide 15.20



Modeling non-ideal SES behavior (diffuse interface numerical simulations):

liquid-vapor spinodal decomposition of a van der Waals fluid
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Figures adapted from A.G. Lamorgese, R. Mauri, Diffuse-interface modeling of liquid-vapor phase 
separation in a van der Waals fluid, Physics of Fluids 21, 044107 (2009).

Slide 15.21



Image Credits

© 2024 Gian Paolo Beretta     @MIT 2.43 Advanced Thermodynamics Lecture 15.image credits

Slide 10:  

Images about relevance of mutual equilibrium between ocean and atmosphere courtesy of Ole Humlum/Arctic Historical Evaluation and 
Research Organisation. Used with permission.

Slide 12:  

Images about gas centrifuges © Scientific American, a Division of Springer Nature America, Inc. All rights reserved. This content is excluded 
from our Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use.

Slide 17:  

Images about Lennard-Jones pure substance courtesy of TimeStep89 on Wikipedia. License CC BY.

Slide 20:  

• Image of radium 226 source in a cloud chamber © Source unknown. All rights reserved. This content is excluded from our Creative Commons 
license. For more information, see https://ocw.mit.edu/help/faq-fair-use.

• Illustration of tracks captured by a bubble chamber © World Scientific Publishing Co Pte Ltd. All rights reserved. This content is 
excluded from our Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use.

Slide 21:  

Image about liquid-vapor spinodal decomposition © AIP Publishing LLC. All rights reserved. This content is excluded from our Creative 
Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use.

https://www.arctichero.org/
https://www.arctichero.org/
https://ocw.mit.edu/help/faq-fair-use
https://en.wikipedia.org/wiki/User:TimeStep89
https://ocw.mit.edu/help/faq-fair-use
https://ocw.mit.edu/help/faq-fair-use
https://ocw.mit.edu/help/faq-fair-use


MIT OpenCourseWare
https://ocw.mit.edu 

2.43 Advanced Thermodynamics 
Spring 2024  

For information about citing these materials or our Terms of Use, visit: https://ocw.mit.edu/terms. 


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	end_sheet.pdf
	Blank Page

	mit2_43_s24_lec15-credits.pdf
	Slide 1

	Lecture15-slide9.pdf
	Slide 9




