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 Current work:

“Prediction of the activity of complex multifunctional organic
compounds in common solvents”
« Useful for:

— Design of separation equipment
— Partitioning between compartments

« Current methods (UNIFAC, COSMO etc.)
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B Simplify the Problem

y = f(x, T, P,solvent,solute)

Solvent
— Only reference solvents

Concentration
— Solid solubility data mainly of interest
— Only at infinite dilution (x < 0.01)

Pressure
— Small at low to moderate pressures

Temperature
— Non-trivial
— Only at 298 K
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BT Available Data

« Most frequent solvents in the Dortmund Data Bank (y* data)

— Water
— QOthers ?7??
Solvent No. Solutes
Squalane 207
Hexadecane 198
alkane
water Sulfolane 137
ate 1-Octanol 128
Phthalic acid dinonyl ester 126
Heptane 116
N-Methyl-2-pyrrolidone 115
Octadecane 103
19,24-Dioctadecyldotetracontane 99
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 Combinatorial and residual contribution
 Solution of groups concept:

“Residual contributions for a single solute in any alkane
solvent at infinite dilution are identical”
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_o a Common Solvent - Hexane

« EXxpressing this mathematically:

 Activity coefficient made up of a combinatorial and
residual contribution:

oo _ R,OO C,OO
yl,hexane o yl,hexane X yl,hexane

ole] . R,oo C,oo
yl,squalane o yl,squalane X yl,squalane
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_ a Common Solvent - Hexane

« EXxpressing this mathematically:
« Taking the ratio, the residuals cancel:

o0 R,oo C,oo
yl,hexane mx yl,hexane

o0 R,oo C,oo
%,squalane mzalale X yl,squalane
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_ a Common Solvent - Hexane

« EXxpressing this mathematically:
* In general form:

C,o0
yl,hexane

yl,hexane = %,reference C,
yl,reference

WCCES8 Montréal 2009 15



FAKULTAT V )N Y UNIVERSITY OF
7% KWAZULU-NATAL

e e e INSTITUT FUR REINE UND ANGEWANDTE CHEMIE

_ of Combinatorial Expressions

« Ethanol (2) in alkanes (1) ...

90
BN
! . hexane ®  Exp. Data
75 | N\ / — - = UNIFAC
N . hexadecane = = = =Mod. UNIFAC
60 | —_FV
8 B ~
&= -
45 ’ squalane (ref.)
i L -
30 7: . - \
B ()
157““1““1““1““1““1““1““1““
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d1
The UNIQUAC surface _— FV — Free Volume

area for the alkane solvent
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« Ethylcyclohexane (2) in alkanes (1) ...
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Figure 2. Comparison ofthe work of cavity formation A, computed [1] Prevost et al., Free Energy of Cavity Formation in Liquid
Wi e 'O sHmMuanon methods —) an — — —) and wi
SP theory (- - -) as a function of the radius of the cavity R. in hexane Water and Hexane. J. Phys. Chem. 1996, 100, 2738-2743

(a, top) and in water (b, bottom). In water, the upper and lower SP
curves were computed with the o (3.17 A) and the most probable

distance (2.8 A), respectively. WCCES8 Montréal 2009 18
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Infinite dilution activity
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_ombinatorial Expression

» Propose the following correction to the combinatorial:

C-Cav,o __ ,00 Cav,oo
Ny, ™" =Iny;” +Iny,
Free-Volume Expression j
FV 1FV
|n70av,oo . V2 . V 2
2 '
\/1FV V 1FV
2 12
VAR (Vm,,. )A —(\/, )A V,,; - Liquid molar volume (cm3mol)
ViFV _ Vm,i _ V, V, - Van der Waals volume (cm3/mol)
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_he New Combinatorial Expression

« Ethylcyclohexane (2) in alkanes (1) ...

1.6 o Exp. Data
E — = =UNIFAC
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« Hexane (2) in alkanes (1) ...

1.5 ¢ . ® Exp.data
1.4 f : Mod. UNIFAC
1.3 | | pentane — — This work
- hexadecane
1.2 ™ |
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« (Cavitation term empirically modified:

Cav,o

y — yave ><(1.15—0.15><exp(—0.5(q1 -q,)" —0.5(r, —fz)z))

corrected

« Step function allows an activity coefficient of 1 for pure
component vy
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_the New Combinatorial Expression

‘Blindly’ (no changing of the parameters, only swapping the combinatorial
expressions) applying this combinatorial expression to original UNIFAC:

Combinatorial Relative Mean Number of data points
Deviation (%) in Iny*

Original 88.0 29344

This work 711 29336

Note: Only data for water were excluded due to the combinatorial
expression in this work giving unrealistically large values.
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BN Applications

« Development of combinatorial expressions

« Measurements of high boilers in low(er) boilers are
difficult ...
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_ to Other Solvents - Alcohols

OH
O

Solute

N

H

Paracetamol

Solvent aon acH3 Y exp. v pred.
Water 1.7 0 13
Ethanol 0.296 0.704 16.53 13.1
Hexane 0 2.2 764
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to Other Solvents - Alcohols

60.0 | Q
50.0

S 40.0 - 9H-Fluorene ¢ This work
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$ 990 | tert-pentano methanol -, A Mod. UNIFAC
o o
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BT Further Work

« Add a polar solvent?

%

« Other approaches?

TR

Dispersive 7

H-bonding
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