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Lecture24 VanderWaals PhaseBehavior

Thevan derWaalsfluidis capableoftwophase liquidandvapor behavior
Theattractiveinteractionsallowforcondensation Let'sexaminethephase
behaviorindepthThere are threeimportantpartsof thephasediagram

i the coexistencecurve bimodal

ii thelimitofstability spinodal
iii the critial point

Wecangetallof these if wehavethefreeenergy Wegotthis lasttime
Thefreeenergy is

Amy bn 1 I compareto sackur Tetrode

A coexistence curve

Thebinodals can befoundusing theequilibriumconditions

MeMg chemicalequilibrium Mi chemicalpotentialofphasei

Pe Pg mechanicalequilibrium Pi pressureofphase

Wecangetboth of thesefromderivatives of theHelmholtzfreeenergy

P Et we found this lasttime

p NEE It P FI In v In

Let'sdeviveµ now

u p
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µ In NEATenN NkBTlnx Nkaten v Nb Nkpt

hostenN Nff Lotlnx Kath VNb YET b

291 YT
katen 4 1T 2 v.VN

hoten 1 1I 2
β kat

pm en 211

withthesetwoequations we can nowset

1 PUe P Ng Ug gasmolarvolume

2 pleve PMVg ve liquid

ten Fitts
2 en vebl _2B drugb _219

Thesecan nowbesolved given parameters a b and a temperatureT for
the coexisting molarvolumesNg ve

B SpinodalCurve

Thespinodal occurs at theinflectionpoint i e the limitofstability
2A 20 0 Recallthat

41 35 0




















































































3

Let'scompute the spinodal

EE E ftp.t s o

weneedtoeliminateT to find Aspinodal

1112 kat 29 v b spinodal temperature

PlugintoP tofind the P r relation

P FEI 29 r b E

p
251 I

can solvefor pointsin p v
planegiven a b

C Criticalpoint
Thecriticalpoint occursat themaximumof the limitofstability

E 0 2 0

let's find the criticalpoint

EEE
2
2 2953 4 0 we can usekept v b becausethe

criticalpointmust lie onthespinodal

8 s of 17 0

III




















































































4

2 0 11 1 k 1 3
V 3b criticalvolume

Plugbackinto kt to find To

kt 2s v b

ktc 2 3 36 b 2 3,46
2
82

Ktc 8 criticaltemperature

Finally we cangetPc

P TTI
Pc 851 p 125am 27

42 1 E 42735 2

Pc 7bn criticalpressure see Pythonplotof
vdwphasediagram

D CorrespondingStates

Wenow have a phasediagrambased ononlytwomolecular
parametersa b mean fieldattractionandrepulsion Thissuggests

our phasediagrammightbegeneral try decent testconvenientlythe critical point PcTc Vc was describedby aandb
only Perhaps we could non dimensionalizeby the critical pointto

scaleout all of our molecularuniqueness toget auniversal eve


















































































5

let's non dimensionalize P V T

P Plp P b

E me

w̅ WNc Eb

P 13

x ̅ n Eg fine to

E
An identicalprocedure can bedone for Aand µ to getcoexistence
curves andspinodals

Unfortunately thedata seeplotbyJohnston2014 doesnotagree
verywellwiththepredationby vanderWaals Evenfor themono
atomic fluids the fit isquitepoor However 1 this is avery
simplemean field theory This is still prettyimpressive 2 The
idea of a universalcurve wheremoleculardetails capturedbythe
criticalpoint are scaled out actuallyworksquite well Theudw

model isjustnotgreat This idea is called correspondingstates
show Gugenheim1945 fig2
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