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Stable-equilibrium properties of 
MIXTURES

(within the simple-system model)

Partial properties
Gibbs-Dalton ideal mixtures

Mixing and separation
Osmotic pressure and blue energy

Stratification 
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Are mixture properties determined by the pure-substance properties of its constituents? 

Ideal solution behavior
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Are mixture properties determined by the pure-substance properties of its constituents? 

Ideal solution behavior
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Osmotic pressure of the solvent of a dilute solution: 

van’t Hoff relation
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Passive transport across biological membranes

Osmosis in biology

https://www.youtube.com/watch?v=Whv58DCm_CI
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In some lithium-ion batteries, lithium salts such as LiPF6, LiBF4 or LiClO4 are solvated in organic solvents such as 
propylene carbonate (PC) and ethylene carbonate (EC). This picture shows solvation structures around a Li ion. Atom 
colors: oxygen (red), carbon (grey), hydrogen (white), lithium ion (purple).
Fig.5 from M.D. Bhatt and C. O'Dwyer, J. Electrochem. Soc. 161, A1415 (2014).
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Osmosis in engineering applications:

Osmotic pressure of organic solvents in lithium-ion batteries
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An important example:

Osmotic pressure of seawater

Fig.17.2 from General Chemistry Principles Patterns 
and Applications, Saylor Academy, 2012.
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https://saylordotorg.github.io/text_general-chemistry-principles-patterns-and-applications-v1.0/s21-02-factors-that-affect-solubility.html#averill_1.0-ch17_s02_s01_f01
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An important example:

Osmotic pressure of seawater

Fig.17.2 from General Chemistry Principles Patterns and 
Applications, Saylor Academy, 2012.
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A vital application in many countries: fresh water production from saline waters

Pressure-driven reverse-osmosis desalination of seawater

Fig.1 from:  Liu, W., Livingston, J.L., Wang, L. et al. Pressure-driven membrane 
desalination. Nat Rev Methods Primers 4, 10 (2024).

Slide 14.10

https://doi.org/10.1038/s43586-023-00287-y
https://doi.org/10.1038/s43586-023-00287-y


© 2024 Gian Paolo Beretta     @MIT 2.43 Advanced Thermodynamics

A potential renewable energy source:

Osmotic power (Blue energy)

https://salinity.oceansciences.org/smap-salinity.htm

River: average flow rate (country where it flows into 
the sea)

Amazon: 209000 m³/s (Brazil) 
Congo: 41000 m³/s (Dem. Rep. of Congo) 
Orinoco: 35000 m³/s (Venezuela) 
Paraná: 22000 m³/s (Argentina, Uruguay) 
Yangtze: 22000 m³/s (China) 
Mississippi: 16000 m³/s (USA) 
Amur: 15000 m³/s (Russia) 
Niger: 14000 m³/s (Nigeria)
Mekong: 14000 m³/s (Vietnam) 
Lena: 12000 m³/s (Russia) 
Ganges: 12000 m³/s (India, Bangladesh)
...
Po: 6000 m³/s (Italy)

Theoretical max from 

• Reverse ElectroDialysis (RED) 

 = 1350 MW / (1000m3/s)

• Pressure-Retarded Osmosis (PRO) 

 = 2700 MW / (1000m3/s)
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A potential renewable energy source:

Osmotic power (Blue energy)
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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 ideal gas mixtures or ideal solutions:

Minimum work of partial separation 
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Minimum works of complete separation, partial minor removal, complete removal

Isothermobaric demixing of atmospheric air components
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Minimum works of complete separation, partial minor removal, complete removal

Isothermobaric demixing of a liquid solution
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Stratification of ideal gas and liquid mixtures in gravitational field
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Images of plant cells and animal cells from the video of AQA Biology B1.3.2 on YouTube © Wright Science. 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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Image of solvation structures of lithium © IOP Publishing. 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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Image of ion-pair formation courtesy of Saylor Academy. License CC BY-NC-SA.
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Schematic of a seawater reverse-osmosis desalination plant and spiral-wound module © Springer Nature Limited. 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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Image of global map of monthly sea surface salinity (Mollweide Projection) courtesy of NASA.
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