PHY 341/641
Thermodynamics and Statistical Physics

Lecture 30

More about the Chemical Potential

e The Widom insertion method
e Computer simulation



26 | 3/30/2012 || Van der Waals Equation 7.4

27 || 4/02/2012 || Equilibrium constants 7.4-75 HWW 22 04/0472012

28 | 4/04/2012 | Equilibrium constants 7.5

4/06/2012 || Good Friday Holiday

29 | 4/09/2012 || Review — begin take-home exam b-T

41172012 || Mo class — work on exam 5-7

43{1 4/13/2012 | Simulation of chemical potential 7.2 Exam
continued

11 | 416/2012 Classical treatment of dense 81-8.9 Exam due
systmes

4118/2012

4/20/2012

42372012

47252012

47272012

4/30/2012

hin2i2nz

/0972012 | 9 AM Final exam

-- student presentations 4/30, 5/2 (need to pick topics)



Chemical potential for large N:

,u:(a—Fj ~F(T,V,N+)-F(T,V,N)
ON )z

=—kT(InZ(T,V,N+1)-InZ(T,V,N))
T In(z ;T_,I_V\,/NN+ 1)]
For 3-dimensional ideal gas : (T.V.N)

VN (22mkT )N
a(ZT )

3/2
1TV, N) = —KT |n[\|<| (2”?2”] j

This can be derived from:
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Chemical potential for large N -- continued:
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Chemical potential for large N -- continued:
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where the average Is taken over the

canonical ensemble:
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For classical system:
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Chemical potential for large N -- continued:
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where the average Is taken over the

canonical ensemble:
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Evaluation of <e‘ﬂA“ > :

Interpret AU as the change in potential energy due to the addition of
an imaginary test particle added to the system of N particles.




Widom insertion method for evaluating <e_ﬂAU>

Use Metropolis algorithm on a system of N particles
modeled by interacting potential U(r,r,,....r,) where on
each “step” a particle is added at a random position to

determine AU and to accumulate <e—ﬂAU> .

Computer simulation using Widom insertion method with
Lennard-Jones fluid

stp WidomlInsertionMethod.jar
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Chemical potential
for density = 0.25

Temperature 2

4/13/2012

PHY 341/641 Spring 2012 --

Chemical potential
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Some references:
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More recent example:
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