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Scatchard/Hildebrand
Fory, Flory-Huggins

o 12.5Theory - Skip

0 13.1 Local Composition Theory
Wilson
UNIQUAC
UNIFAC

12.1-2 Van der Waals perspective

Regular Solutions (VE =0, SF=0)

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

U-U%=-pD > X3
Noting that 1/p =V = Xx;V; according to “regular
solution theory”,
(U-U'9 = 2.2 X%
> X%V

For the pure fluid, taking the limit as x;—1,
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For abinary mixture, subtracting the ideal solution

result to get the excess energy gives,
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Fitting Van Laar to a single experiment: Infinite dilution can be used. See example 11.6
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Azeotrope point can be used. See example 11.5
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Scatchard Hildebrand 8 = (,/a;)/V isknown as the “solubility
= Ja,a, parameter”
UE = XeVaVe (ay  8p , Audy 5 _ |AU™ _ |AH™ —RT

XV HVal V2 V2 VR V2 RNV v

Thisis a predictive technique valid for nonpolar
E X XoVaVs [ Jay Ay

U = -

XV, + VoV, v, substances. Seetable 11.1 for parameters.

Also can make adjustable.

G =U"=0®,(5, - 52)2()(1\/1 +%\%)

@, =xV, /Y %V, isknown asthe"volume fraction”
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Van Laar and Scatchard-Hildebrand
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Flory’s Equation
Recall Ideal Solution result (pg 109)

=1 \—/l
AS, = n,RIn=L = nxRIn=
vy Vo
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_ _ Ve,V
AS = A—Sl+A—SZ = ntotR Xlln\7 +X2|n\7
V4 v

Refine by recognizing volume taken by molecules:
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(X{Vq + xzvz)k) . len(xlvl + xzvz)k)

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

GF = HE —TS" = RT(xlIn()Izll+ lenq;Z)
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Flory-Huggins Model

E

O O
G = RT(Xlln——1 + len——z) + @, D,(X; + X,R)RT
X, X,
Flory Scatchard-Hildebrand
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13.1 Local composition models (nonrandom)
Common Features
0 Lattice Mode - Fixed number of neighbors =10
0 Uses GF = AF approximation (good)
0 Loca Composition
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Wilson's equation
o Two-fluid Theory O = A = V, (A21>
(U_Uig) _ Xl(U_Uig)(1)+X2(U_Uig)(2) 12 = N1 = VzeXIO RT
ig, (1)
(U=U")"" = (Na/2)Z(Xq3893 + Xp1€5)
(U —Ulg)purel = (NA/Z)ZE:L]_
UE = NAZ[X1X2921(821—811) +X2X1912(812—822)J A A
2 X "'XzQzl X1824p + X5 Iny, = —In(x1+X2A12)+x2( o el )
_U dT X1+ XoA1p  XqAg +X
“lRrT?
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UNIQUAC

ij

Q. = %exp(_NAZ(e”_g”)) — %exp(_—aii) = d

q| 2RT q T s} ')
i volume (look up)
%  surface area (look up)
& surface areafractions
—-a..
= op( ) paamee
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_Q1X1 In(el + 92721) - qzxz In(91712 + 92)
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Group parameters for Uniquac and UNIFAC (Selected)

Main Sub- Q(rel.area

Group |group R(rel.val.) ) Example
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 +
1CH3
CH=CH |1.1167 0.8670 2-hexene: 1 CH=CH + 2 CH2 +
2CH3
CH2=C ([1.1173 0.9880
CH=C |0.8886 0.6760
Cc=C 0.6605 0.4850
ACH ACH 0.5313 0.4000 benzene: 6 ACH
AC 0.3652 0.1200 benzoicacid: 5ACH+1AC+1

COOH

ACCH2 ACCH3 |1.2663 0.9680 toluene: 5ACH + 1 ACCH3
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ACCH2 |1.0396 0.6600 ethylbenzene: 5ACH + 1
ACCH2 +1CH2
ACCH |0.8121 0.3480

OH OH 1.0000 1.2000 n-propanol: 1 OH + 1 CH3 + 2
CH2

CH30H CH30OH [1.4311 1.4320 methanoal is an independent
group

water H20 0.9200 1.4000 water is an independent group

ACOH ACOH |0.8952 0.6800 phenol: 1 ACOH +5ACH

UNIFAC

Pure 2-propanol

CHacHOHCH ‘
CH3CHOHCH,

(1)

CH2CO  |CH3CO |1.6724 14880  |dimethylketone: 1 CH3CO + 1 Hen, — Heny CrsCHoReH Hch, —Hch,
CH3 /'3
methylethylketone: 1 CH3CO +
1CH2 + 1 CH3
CH2CO |1.4457 1.1800 diethylketone: 1 CH2CO + 2
CH3+ 1 CH2 _
CHO CHO 0.9980 0.9480 acetaldehyde: 1 CHO+1 CH3 Hylpctn,thetwfal
CCOO  |CH3COO (19031 (17280  |methyl acetate: 1 CH3COO + 1 oure Chy _
CH3 3 MCH?’ — MCH3 (RSeSIGn)mxture
COOH COOH |1.3013 12240  |benzoicacid: SACH+1AC+1
COOH
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COMB RES
Iny, = Iny, + Iny, Group | Molecular
Variable | Variable
volume R r
surface
MSOG (1) SOG HO (1) ].LO aea Q q
cHy —HcH, _ Mcny “Hen, Hen, ~Hen, | vty -
RT oo RToe KT coefficient v
My = 2Uch, +Men +Mon surface 0 0
3 fraction
A o5 @ D, @
M1 = 2Mcp, T Men T Hon energy ¥ T
i J J
. variable
resid _ Mi—Hq _ (1) (1) energy y ;
m mole
. X X
fraction
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