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12.1-2 Van der Waals perspective

Regular Solutions (VE =0, S5 = 0)

energetics of mixing are described by the same energy
equation for mixtures that we previously developed in
discussing the ssmple basis for mixing rules.

U-U%=-p) ) %Xa
Noting that 1/p =V = Xx;V; according to “regular
solution theory”,
(U-U'9) = —2. 2. %X &
> XV
For the pure fluid, taking the limit as x,—1,




i Ajj is 409y — X; &;;
(U—Ug)i:—VD(U —U'Y __ZTi

For a binary mixture, subtracting the ideal solution
result to get the excess energy gives,
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van Laar
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Fitting Van Laar to a single experiment:

X5 1Ny,72

A = In [1+ 2 2}
12 Y1 X, 1N,

X4 1Ny,72

A, = In [1+ L 1}
21 Yo X,InY,

Azeotrope point can be used. See example 11.5



Infinite dilution can be used. See example 11.6



Scatchard Hildebrand

2= /a8,

UE = X1 XV Vo £a11+ @_ZJ@@]

+ 2\ 2 2\ 2
X1 V1 +XV5 ViV, ViV,
2
UE = X1 XoViVa [ Jay  Jay
X(Vi+XVol V V,

G =U"= D,D,(0, - 52)2()(1\/1 +X\))

®, =xV, /) xV, isknown asthe"volume fraction”
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5, = (,/a;)/V isknown asthe “solubility
parameter”

5 _ AU  [AHY® —RT
Y Vv V

Thisisapredictive technique valid for nonpolar
substances. See table 11.1 for parameters.

Also can make adjustable.



Van Laar and Scatchard-Hildebrand
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Flory’s Equation
Recall Ideal Solution result (pg 109)

\%

AS, = mRIn=1 = nex;RIn=
Vi Vi

\%

AS, = nRIn=" = nux,RIn=
v v
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_ _ Ve, oY
AS = AS, +AS, = n,R xlln\7 +x2In\7
1

Refine by recognizing volume taken by molecules:
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(X,Vq+ XZVZ)X) . len(xlvl + x2V2)K>

AS = nR(x In(
- 1 X,V A X, VoA

GE=H"-TS = RT(xllng+ leng)
Xl X2
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Flory-Huggins Model

O O
G" = RT(xlln—1 + len—z) + @, D, (X, + X,R)YRT
X4 X
Flory Scatchard-Hildebrand
2
V, y = V1(0,—0))
R = —
V, RT
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13.1 Local composition models (nonrandom)

Common Features

o0 Lattice Model - Fixed number of neighbors =10

0 UsesGF = AF approximation (good)

0 Loca Composition
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o Two-fluid Theory
(U - Uig) = x,(U - Uig)(l) +%,(U — Uig)(2)
ig. (1)
(U=U")"" = (No/2)Z(X11€11 + X1 €p1)

(U=U"purer = (Ny/2)2Zey,

UE = NAZ[X1X2Q21(821 —€1q) N XoX1€215(€95 — 822)}

2 Xy X5025q X1€215 + X,
E E
RT RT T
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Wilson's equation

Q1 = Ay = VzeXp( RT)
A A
X1+ XA XgAp +X
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UNIQUAC

i volume (look up)

9 surface area (look up)

6 surface area fractions

—a.-
5 = exp( T.1 parameter
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E

=5 g, In(®, / 6,) + g,%, In(®, / 6,)]
_qlxl In(el + 92721) o q2X2 |n(91712 + 92)
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In

0.7,
Y = On 1-Iny 0,7, — > ——-

O O o o
Iny, = |n—1+( ——1>—5q1[ln—1+( __ﬂ
X1 X4

+ 1—-In(6, +06,T-,) — _
%[ (01 +0,51,) 6, 40,0, 0.1, +0,

Iny, = |nqiz+( —qiz>—5q2[ln%+( _qizﬂ

X2 X2 2 62
0.7 0
+0-11=1N(0.Tsn+0,)— —2L21 2 J
q2|: (017101 0,) 6,+0,7, 01,40,
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Group parameters for Uniquac and UNIFAC (Selected)

Main Sl R(rel.vol.) Qe Example
Group | group )
CH2 CH3 0.9011 0.8480
CH2 0.6744 0.5400 n-hexane: 4 CH2 + 2 CH3
CH 0.4469 0.2280 isobutane: 1CH + 3 CH3
C 0.2195 0 neopentane: 1C + 4 CH3
C=C CH2=CH [1.3454 1.1760 1-hexene: 1 CH2=CH + 3CH2 +
1 CH3
CH=CH |1.1167 0.8670 2-hexene: 1 CH=CH + 2 CH2 +
2 CH3
CH2=C |1.1173 0.9880
CH=C 0.8886 0.6760
C=C 0.6605 0.4850
ACH ACH 0.5313 0.4000 benzene: 6 ACH
AC 0.3652 0.1200 benzoicacid: 5ACH+1AC+1
COCH
ACCH2 ACCH3 |1.2663 0.9680 toluene: 5 ACH + 1 ACCH3
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OH

CH3OH

water
ACOH
CH2CO

CHO
CCOO

COOH

ACCH2

ACCH
OH

CH3OH

H20
ACOH
CH3CO

CH2CO

CHO
CH3COO

COOH

1.0396

0.8121
1.0000

1.4311

0.9200
0.8952
1.6724

1.4457

0.9980
1.9031

1.3013

0.6600

0.3480
1.2000

1.4320

1.4000
0.6800
1.4380

1.1800

0.9480
1.7280

1.2240

ethylbenzene: 5ACH + 1
ACCH2 + 1 CH2

n-propanol: 1 OH + 1 CH3 + 2
CH2

methanol is an independent
group

water is an independent group
phenol: 1 ACOH + 5 ACH
dimethylketone: 1 CH3CO + 1
CH3

methylethylketone: 1 CH3CO +
1 CH2 + 1 CH3

diethylketone: 1 CH2CO + 2
CH3+ 1CH2

acetaldehyde: 1 CHO+1 CH3
methyl acetate: 1 CH3COO + 1
CH3

benzoicacid: 5 ACH+1AC+1
COOH
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UNIFAC

Hypothetical
solution of
‘pure’ CH3

Pure 2-propanol

CH SCHOHCH |

CH;CHOHCH,

Real mixture
(SOG)
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Iny, = lnkaOMB_l_ InykRES
SOG (1) SOG o) (1) o)
Hew, “Hen, _ Mew, “Hen,  Hen, THen,
RT RT RT

_ 550G, SOG SOG
M1 = 4Hch, THen T Hon

| PA o _ (1) (1) (1)
Ui = 2Ucp, + Hen + Mon
0]
In'yg_eSId — !"L]_RT!‘L]. — ZV%)[InFm—InF%)]
m
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Group | Molecular
Variable | Variable

volume R r
surface

area Q g
activity

coefficient | - Y
surface

fraction © 0
variable . g
energy ) N
parameter ) al
mole_ X y
fraction
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O.Y .
Nl = Qi 1= INE0¥p—% ——"
| i >0
i i _
. : Xij
©; = (surface areafraction of group J) =
> XiQ;
i
¥y = e
2 Vj(i)xi
Xj — molecules |
(1)
2 2 Vi

moleculesi groupsk
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