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Lecture23 The van der WaalsFluid

Upuntilnow we havesimplyestablishedthemathematicalandtheoretical

toolsforconnectingthepropertiesofmoleculestotheirbulk e.g thermodynamic

propertiesandbehavior In this lecture we will turnourattentiontopure
componentsandtryandlearnsomethingaboutpurecomponentphase
behaviorWe willfirstworkon understandingnon ideal gases thenwe
will also considerliquidsandsolids

We will first look at themost simplemodelof a non idealgas the
van derWaals fluid thismodel is analyticallysolvableand its P V T

equation of state is the well known van derWaalsequationof state

Recall thesteps we needtogothrough tocompute an equationofstate
or any otherthermodynamicproperty
1 DeterminetheHamiltonian

2 Compute the partitionfunction
3 usethethermodynamicconnectionformulaandclassicalthermodynamic
relationsto compute the quantityofinterest

A Determine theHamiltonian

Recallthat wesaid for Nparticlesinteractingwith a pairwisepotential
theHamiltonian is given as

H In Einight pi momentum

m particlemass
thissumcanalsobewrittenas

Uij pairpotentialuijer
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Let'srememberwhat thepairpotential is
Lennard Jones ULV Uij Ij fil
Ideal Gas

kij
with r i j

r ltijl f fil
e

u o us He E
For a van derWaals fluid we define the following potential

vdW
UrawIris

p
75

hardcoreradius
fordouble attractiveinteraction

1pm fi ggan
counting permmeperparticle

mean fieldpotential

tier uijmvdW
hardcoreradius getting

oTik r Bg 9th
a

tt

avowers
smoothed

out averageinteraction It meanfieldattraction
attraction withallotherparticles

Thevdw potentialis an average potentialThis is a mean field

approximationEachparticlefeelsgeneralattractionfromeveryone but

the particleparticledistancefluctuationsdon'tmatter
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B Find Q canonicalEnsemble

In the secondstep we have todo the hard work ofsolvingfor the

partitionfunction Q

Q éP ptnn.tt x q 1 91182
pan

Q Inn exp β EEm I uijer dad
onlyTendson Tydenpdson

q

E.fiEEEIEt IÉEIIiiIITe
Remember

fexplB.FIm dp IIexp 1E7dpi fIexp EE api
2 1 3

2amKBT
3

So

Q why Z mkBT Z NUST ten 2thmay

Q n.ttnNZINv T

Note one candefine a normalized configurationalpartitionfunction

I In exp BE uijer dg
thisgives
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Q Niv

Non ideal correction

QIG idealgaspartitionfunction

Now we need tosolve theintegral Z

Z exp βÉ uijers de
Vw

tier ui in Is if I Trawers

2 exp BEtier dg
Vn

exp But Biz pun exp BT expPui explpun
Thereare N independentvolumeintegralshere

z II e β dg q 81191 183N

II e
β
dq q 81192,93

epairdg
I dropped the i because

theyare all the same

z I VT Iparticleconfigurationpartitionfunction

weneedtodosomemultivariablecalculusto evaluatethe 3Dintegral

z éβudq e β rsino dodpdr
0 0 0
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spherical OE 0 Boxvolume
coordinates

f ty
de OH v R

re 0 R

T

Z sinodo doPrepier ar 4H Preβ ar
o

ex tetra
2 4H r éβ ar t.frepicrtdr

ñ o e 0 ñ E

Z 4H r'eβEar 4 eβ fear 118 1353
constant Enj

z 45ᵗʰ 4
3
eβ letNb v pb to

boxutm.veaudedvolome b Eldest'partite

Z V Nb eβE

Now we canplugthis into our equationfor ZandQ

Z v Nb eβE

Q n X
Nb e.BE NQ QiG

1NeBEEaN V
GetIG when a b 0
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Compared to QIG we have a reduction in availablevolume that can be
explored V Nb us.VNWealsohave attractiveinteractionseNβ

C Connect tothermoand compute the E 0 S

A KBTIn a

KBTen Xn VNb
e I

LBTenN KBTOnXI hostbn v Nb KBTNβÉ

BA NbnN N 3NInXth Nlu VNb BANU

N enN 1 3enXan bn V Nb pan v

If In ffp F 1 vanderWaals HelmholtzFreeEnergy

Nowcompute the pressure

121st
partudN

p host NNNN 3N in NenCU Nb pay

host N BE
p YET 1

2
VanderWaals Put Equationofstate

computetheHeatCapacity

A K TS U A TS
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5 17 37 Neaten Efs aft Nkt
HmKBT

n 2amkpt5 2amkm catments 2771ft E

s NksenYnb NKatElen7Feb NKB

Then all E
S NRBenYET ENKB

U A TS

NkBIYub E NAT tfNKEYE.ltivkrs

U 3NkBT qᵈ Idealgas attractiveinteractions

Cv NhB

Cv Nha same as idealgas
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