
CHAPTER 9

Need to generalize beyond            work p Vi

E.g., droplets  and lipid bilayers can vary surface area 
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Consider surface tension

Assume composition does not change
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Suppose you want 
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Ideal gas

usually α > 0 ⇒ > p leads to < S
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increase T generally loosens bonds  0α→ >

waterNote the change in sign of α of water 
just above 0 ˚C. 

So water has maximum density near 4 ˚C

Liquid water is more dense than ice. 
Again, rather unusual behavior.



Ex. 9.3     Can show ( ) ( )2

1

p

p
S p V p dpαΔ =−∫

1 V
V p

κ
⎛ ⎞∂

= − ⎜ ⎟∂⎝ ⎠

isothermal compressibility
pV NkT

NkT
=

TV p∂⎝ ⎠

ideal gas 
1
p

κ =
2

T

NkTV
p

V NkT
p p

=

⎛ ⎞∂
= −⎜ ⎟∂⎝ ⎠

21 / 1
/

T

T

p p

V NkT p
V p NkT p p

⎝ ⎠

⎛ ⎞∂ +
− = =⎜ ⎟∂⎝ ⎠

organic liquids undergo larger volume changes 
upon heating than does liquid water.

Also, water is less compressible
than organic liquids

water



Suppose you wanted              ?
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Thermodynamics of a rubber band
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Surfactant molecules on a liquid surface
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The pressure is purely entropic.



Multicomponent systems

/ nv V= = molar volume,n = # moles assuming/ nv V molar volume,n  # moles assuming
single component system
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Chemical potentials
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F G pV= − consider fixed T, p
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