
Application of Statistical MechanicsApplication of Statistical Mechanics

Imperfect gases

Lecture 4: B2 for imperfect gasesLecture 4: B2 for imperfect gases
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Recap of 3rd lectureRecap of 3 lecture

1st t f l l ti  f S d Vi i l C ffi i t B• 1st part of calculation of Second Virial Coefficient B2

- Pairwise additivity: ( )∑= ijtot rUU

- Introduced Mayer f-function f:
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Configuration integralConfiguration integral
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Assumption

Second term in expansion is small compared to first termSecond term in expansion is small compared to first term
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Strategy to obtain B2Strategy to obtain B2
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Classical partition function QClassical partition function Q
N

B Z
Tπmk

Q
2
3

21
⎟
⎞

⎜
⎛

N
B

class Z
hN!

Q 2 ⎟
⎠
⎞

⎜
⎝
⎛=

( ) K+−+= − bVNNVZ NN
N

11( )N

⎥
⎤

⎢
⎡

++⎟
⎠
⎞

⎜
⎝
⎛= K

bNVTπmk
Q

N
N

B
l

22
3

1
2

⎟⎟
⎞

⎜⎜
⎛

<<1
2bN

⎥
⎦

⎢
⎣

++⎟
⎠

⎜
⎝

K
VN!h

Qclass 2 1 ⎟⎟
⎠

⎜⎜
⎝

<<1
V



Strategy to obtain B2Strategy to obtain B2
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Calculation of the pressureCalculation of the pressure
• pressure from the classical partition function
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Strategy to obtain B2Strategy to obtain B2
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Compare to virial expansionCompare to virial expansion
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Second Virial Coefficient B2(T)Second Virial Coefficient B2(T)
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Content of the courseContent of the course

• Canonical Ensemble (recap)

• Classical Statistical Mechanics

• Second Virial Coefficient B2

• B2 for imperfect gases• B2 for imperfect gases

- Hard spheres
- Square wellSquare well
- Van der Waals



B2(T) for hard spheresB2(T) for hard spheres
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B2(T) for a square well potentialB2(T) for a square well potential
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SoSo … 
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But we can also measure B2 !But we can also measure B2 !



Measurements of B2Measurements of B2 …
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lead to pair potential parameters… lead to pair potential parameters

description of gases beyond perfect gas behaviour



Content of the courseContent of the course

• Canonical Ensemble (recap)

• Classical Statistical Mechanics

• Second Virial Coefficient B2

• B2 for imperfect gases• B2 for imperfect gases

- Hard spheres
- Square wellSquare well
- Van der Waals



Back to the Van der WaalsBack to the Van der Waals
1st lecture
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Later on: expressions for a and b (see also problem set)
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V/d Waals in terms of virial expansionV/d Waals in terms of virial expansion
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Potential: hard core repulsion + weak attractionPotential: hard core repulsion  weak attraction
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The Van der Waals parameters a & bThe Van der Waals parameters a & b
problem 5
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Summary Imperfect GasesSummary Imperfect Gases
- 6N-dimensional phase space ),(),,,,,( τpzyxppp zyx =

- Classical partition function N
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- B2(T) for imperfect gases (hard sphere, square well, Van der Waals)



Thanks and Thanks and …

… that’s all!


