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Liquid-vapor equilibria
in non-ideal mixtures

stability and miscibility gap
liquid-liquid spinodal decomposition
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Liquid-vapor equilibria for non-ideal binary mixtures

Figure from p.470 of Gyftopoulos, Beretta, Thermodynamics. Foundations and Applications, Dover, 2005
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Henry’s law for dilute non-ideal solutions
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Henry’s law for dilute non-ideal solutions
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Modeling non-ideal SES behavior of mixtures:

careful in taking derivatives!
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Non-ideal SES behavior of mixtures:

consequences of the stability conditions for a binary mixtures
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Non-ideal SES behavior of mixtures:

A < 2 (complete miscibility)
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Non-ideal SES behavior of mixtures:

A > 2 (partial miscibility, miscibility gap)
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GIF by Yonatan Oren from Wikipedia

Fig. 1 from P. Poesio, A.M. Lezzi, G.P. Beretta, Evidence of convective 
heat transfer enhancement induced by spinodal decomposition, 
Physical Review E 75, 066306 (2007).

Solubility gaps and limit curves arise in liquid-liquid (and solid-solid) mixtures that are only partially miscible below 

(or above) an upper (lower) critical temperature: spinodal decomposition
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Abstract and Fig. 2 from M.A. Vratsanos et al. "Ouzo effect examined at 
the nanoscale via direct observation of droplet nucleation and 
morphology." ACS Central Science 9, 457 (2023).

Solubility gaps and limit curves arise in liquid-liquid (and solid-solid) mixtures that are only partially miscible. 

They can produce metastable liquid-liquid dispersions: ”the Ouzo Effect”
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Figs. 1 and 2 adapted from S.A. Vitale and J.L. Katz. "Liquid droplet 
dispersions formed by homogeneous liquid− liquid nucleation:“The 
Ouzo Effect”." Langmuir 19, 4105 (2003).

Ouzo effect
vs 

spinodal decomposition
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Systems with chemical reactions

energy and entropy balances
notation and stoichiometry
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Energy and entropy balances for closed and open

systems with chemical reactions
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Notation and stoichiometry:

proportionality relations, reaction coordinates
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Properties of reaction
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Enthalpy of formation of H and H-H bond energy
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van der Waals forces vs covalent bonds
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Image showing liquid-vapor equilibria for non-ideal binary mixtures from the book Thermodynamics: Foundations and Applications © Dover 
Publications. All rights reserved. This content is excluded from our Creative Commons license. For more information, see 
https://ocw.mit.edu/help/faq-fair-use.
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• Phase diagram of a partially miscible binary mixture with upper critical solution temperature © American Physical Society. All rights 
reserved. This content is excluded from our Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use.

• Gif animation showing evolution under the Cahn-Hilliard equation is in the public domain.
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• Right triangle three-component phase diagram at constant temperature and pressure © American Chemical Society. All rights reserved. 
This content is excluded from our Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use.

• Right triangle phase diagram showing the region (indicated by heavy shading) in which the ouzo effect occurs for the DVB-ethanol-water 
system at room temperature © American Chemical Society. All rights reserved. This content is excluded from our Creative Commons license. 
For more information, see https://ocw.mit.edu/help/faq-fair-use.

• Photo of mixing water with Ouzo courtesy of ACS Publications. License CC BY.

• Multimodal microscopy of preformed trans-anethole droplets courtesy of ACS Publications. License CC BY.

https://ocw.mit.edu/help/faq-fair-use
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 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	mit2_43_s24_lec17-credits.pdf
	Slide 1

	end_sheet.pdf
	Blank Page

	Lecture17-slide07.pdf
	Slide 7




