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Lecture Y Pute Componeat Phase Belavior

\)? onhl now, we hawe simrl«j established the mathe mafical and
Yneoretical dools Sor COnan\\? e properfics of molecules o tueir

bulle (e.g:) tntrmodynamic propertics and behavior. T Auis

lecture | we will furn our aention 4o pure components and try

aad  Jeavn Something abowt part component phase pehavier . Ve
will fist work on underehncllnlj non~ideal gases, fmn we will afso
conSider Liguids and Solds.

T. Non- Tdeal Gases

A. The van dev Wazls Fluid

Ve wil\ first Lok at e most émrlc model of a non -ideal
904, e van dee Waals £luid. This model is amly{—{callj
solyable and it P-y-T e%uah'aq of stafe is fue well— baown

Van der Waals e?)va.{;;OV\ of statfe.

Recall tue sleps we need 4o g fwrough 4o compute an

cobua.{'ie'/\ of stale (or any obter Huemodynamic propeity-

1) Dedermine tiae Homilimian

2) Compute e partrbion Lnchion

3 Use te Hermodynamic conmeetion for mula aad clagsica (
dhemodynamie relatiors 6 oompute 402 3JaA+F+y ot injerest.

Skepl: Determine o tomilonian
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The vdW pokenhal s an “a.\ma%z"f;olmhl. This s a
“mean Gield" approximaton. Bacn parhicle feels generl

aftvachon Lem evergone, bud the fa.('h'c(C"Pa‘#:o(C distance
Luctuahons dont waller for u(r>7).
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T4 second slep we Mawt o do 4ne Word werle of Selviny
by e parpfion fonchin, &
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Noe: somefimes one defines o wormali2ed Covt-%um{-{ov‘al
pav biton funchon-
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Now, we need do sdue the infegval 2.
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Compared 4o @re we hawe o vedvehon th available
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volume hat can be e_xF(ond (V—Nb) VS. VM. We

also Nave odfrachwe tntevachoms e,N P?

Step 3: Connecd 4o thermo and comek e £.05.

A:-Lg’l'ﬂm& | NNP‘E ]
:—Q@f'&a[mkﬁ(\f‘l\/b)e ] g:v

\

LoT b N + LoT I f,:: — fgT In (v—w)“—ar-upz"

PA = NWN-N ¢ 31\’,0"'\}&4,\ s NLA(\/—NV)"?OLN’/‘/ ¥




Now covanl-e e presswe
d,“ 2 —SdT - Fd\/

- 2
P oV

p= -loT %KNM_.J * 3“'}/)“1«' N h(,v-wbb-pg\/&‘]
|

.

V-nNb v2
- N kT _| ﬂz Van dev Woals E%Ua.-l;-‘omf-shk
N=Nb i

B. vdW Phase Behavior and corresponding stotes

e van dee Woals fluid 15 capable of o -phase ((guid and vaper)
behawier. the atchue inderactims allow £or condensation .

Let's examine Yhe phase behavior tn depth. There are

teer tmport ant pacts of e phase Jiagmm:

L) dhe coegistence curve  (binodal)
W) the Gaikof s+ab'«li{41 [e\:'moéal)
.(.CL) e eibical W'm{%

We com get all of tnese th we hawt the $ree energy- We pot NS adooue .
The Sree energy i

A _0‘,\(__,_/\//\'; __ﬂi - compart 1o Sackur -
Nkgl V-Nb VT Tetrode




(1), coexigkence curve

e binodals cn be found usina, Y e;buj[E(orIuw\, cond.$ron §
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THese can now be soled given parameders %o and o dempevature T
for e C%KESEM{) wolay velowes e\;’ dqy.

() Sy'mo&ul
The spnadal occors at ne tndlechon pont
oP

|
=0

o
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We need do elminste T fo find Vgnodal

Lot _ 22 (= i
Q:b) - B e (v-B) | Spnodal demperntre

1’\% o P 4 fnd 41e P- & veladiom

2a(0) & | can solwt for ponts M P -7 plane
ﬁ.lV’eV\ a.)b.
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3% _ "‘Jb’r yr

w (vvb) @

.—- = 2‘4&1’ - E’ﬁ: =0

W —_— 4),'-?

o)
N aan use bgT = g (96 brouse
Y crbical pont must e ql,o"ﬁ“f“-'

SP.\/\Odlbl
7 - X il
00" (v-b) ) L/Q T
2 3l




L L cviheal volume
l, b— = Z = %2 3 V= 3b

V\wd backe inb &7 to Hind T
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See. Bytnon plot of vdw phase diagram.

Cn«e,e?on&né Stades
We now hawt a phole &agmm based on of\ly +wo Mmolecular
Povamelens ;o b (men-Gield attraction and repu sion).
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This Nggests our phase &iagmm Miﬁht be gememl (uoniversal () 4o
many different Huids! Convemiontly, the cnfical peint

(%, Te)Ve) was destribed by aand b enly. Terkaps we

could non- dimengonalize by the crtical point 40 “scale of”

al\ of our molecular vniguentss v get o Miversal cwrve !

lef's non- dimensimzlize P(v,T):
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An identieal pvoca&m can B¢ done €7 Aand o bo 6@*
coexiSkne carves and S‘P.H\.OJA'.S-

Unboctunaddy; tne data (see plok Iy Tonsion 201L) does nch
agreL vew wtl with e ‘md.c,{%m “"j van ¢ Waals. Even
for e monoadomic Huwds tre &Y e gude peovi Howeues,
) mis 15 uvamlﬂ-& megn- Held {:W.'vd Ths is sl
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P"u"f] WMpeLShive 2) T ‘dea of o universal covue where
molecnlav detaals (cqlrl-vvté (r\] e eahal Po'w*) ove Scoltd
ovt achaly Lrks guide well! e odw meddd is st wot
gvu.l« This Wea s orlled “conresponding  shales!
(Show Gugonhem [aUS; Fis2).




