FPa.
HHOC30  van der Waals Equation oF state.

For an ideal gas, te equationofsble w PIV/=NT. 76 dexrie
4 /éaQrShc: gaw, van der Weals cnfroduced TWO approxinodiondd
(1) Finite volume of a moleculs..

(2) Lorg-rargedl afftachon between molacule:

—

rV(r) i )
\ P ngf{; dg;nn . Bared on the iner-molecular inferschon

profike, the dtreng repudeon can be
\/___ 5 appreximaled ax "finite (hard-core )
( Weéak. alfracticn

Volume of a mokecule. And, the wak
at Lorg clivtanc. affraction at long dastance will be
teatas] in ' maan-Feld "approimaton.
Taking both fctors (io accownt, van der Waals clerves the epatin
O:Ebfa/&@rar@a@éhhgmi iere 2ggetve ey

((Pﬂ-q )(v-nb)=NT

D Derivation of van der Wosba eguation.
inter-meloculan Indlusion of Fnite volume b
¢ @.-3}/ ek s simple. & Replacing the
@ @'%@ 2\ Volume V' by VN6 will db the work .
% @
=i 2 o (V-Nb)T .
ﬁmrew&meb a - { 8[ A ] lf
The correaponcling presure Can be computed by P~ = (% )en,
_ _NT /\h: Prexure gets ger beausz.
R bl OF shortrngec repulsion
Now we. need o mc@ua(e the cffect of inter-molecular oftrackon.
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P2

Sappomz the 15 mobecudle »it at the Ogin, K’FO. The pofential

energy flom attraction Can be compuded, TR A——

Ay = PR+ QR+ PRy) = Zo @Ry NIl s
L

Pere I would Cike To Show Yo an important trick To Treens/Srm
from " parhicles” Co ‘Feld".  The particte denaity e other molcudles
Can be watten as (D(F) _ %—5 SR < particles— fef].

¢

— { o NE)p) = 2 [ F SFEeE) = T O)
ThiS & glwt the potertialenergy we fried to compute. !

FAL{,-—" c:le QR = {:ﬁ——‘ NG @(F)}r \ery ’\'ﬂm

AdLming the parficle derdity (s wnifdmn NF) =N,

Au= n fds;@(r_:) S BRA %w positive and the mius
ks Sign Braftrachon . The Botor

of 2 (s st fBrconvenience .
Now wWe feumn To the C/\cm&t@ ot the infernal enetgy U The

coktullation &> much more diffcult than Computing AU, (o one
mobecule . Howevers, within'meen-Beld "'approximation, weassene
AU can be Computed by adding «p AU,

— - v —L = -—A- — = —_
AT = (Aa,-f-auz maN)- 7 5 NAu, DFU qu

The % %@@%mm%m&w@oﬁ%emmﬁ&
inferoctions. Beccuwnse F= U-To, %ef?eeaxe@yb@m

(F‘_‘ "NT{&g[—f—/@(\/—/\/b)]wL/f = Q—i‘—:‘-
. 4 &

/ X
Anite. wlume atfracthon,
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The preyyre can be Gompuled, P=~ (760 )cn.

- _NT  p> afftackon resluces the
P 5 &
V-Nb v prexxue @y expected s

The van der Woaks equation gives betler dexcrichion (o relistic
. In addifion, U aleo exstains the @t}w“o!-g% freendfien !/

Intreduce. the ollowing quanthes: p - Q. _ _ &
L Sy WG T
e AN N A A A A A A AN A A AN A

The van der Waaly equation &) :
made  dimendionGon) - /—W ,82 3 C _ 3
=

e O;‘?Corfcaj:onoﬁf'/“@ Dated

7 Liquid-gan phase transifion 8
Let wun plot the p-V cuve at different ferperataures .

P T g o o P T T=T P /P .7 5 Someth)
" 5 B g g
L . -4 whenw<tg ...
: : ' 1 prexyure,
=¥ ‘ > . ey v 3 vokumes 9
V \/C V V| vy

When T<, the aystem moy hove fhree cliffrent velues of
Volumey occomb‘n8 T vander Weola equation. This deeant
Mmake QnNy ALNAR ...

The correct answer (a Q,Q/énoly Shawn ¢n the Priviowd rofes .

Yoa Jhe preavase between Vi andl \; remaind
5 area A

p/=area5 Conadtant The Fbxibbe \x@@a,med\z/gé_

A ofue To the coexistence. of Ciaudd

ancl Gar as ducusd befre.

A i 5 Weafeaorrgtopl’oww/wyfhr‘sdc%em~,
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P
Write down the fot differentiaN 1o the Gibbs free energy,
m—m\/\f\/\\
AdG = —odt+ Vdp+mdnN, { ot cont T with particle numben
B held fixed, dt=o da=0,
required ©=Ty, RER . =M. Thua, the p-V curve shoauld be

Q horizonta® Line an shown bezre. Meanwhile, G=uN), it also
/"m/}@'e& «Gzifa on the Coexisfence curve..

v Gy G, = 4G = fr\/dp = arcaA - areal

Since Gg=Ge , The fhfeg-my Vanishen
L area A = wea B \

P Sfcu‘ﬁhg fiom the van der l/\/bn& Ek?aadv'cm,

When T< T, one can plot P=p(V) isothenmal cure. The trick

To defermine the coexistence presxuwe P (and tes Yand 1, )
W the critenion of equalareos above and below p=ps .
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