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What are Important Properties?

« Usually need to know information about the vapour-liquid boundary,
useful for example in:

— Distillation applications

— Environmental applications
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W. Cordes, J. Rarey, A New Method for the Estimation of the Normal
Boiling Point of Non-Electrolyte Organic Compounds, Fluid Phase
Equilibria, 201/2, 397-421 (2002).
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Y. Nannoolal, J. Rarey , D. Ramjugernath, W. Cordes, Estimation of
Pure Component Properties, Part 1: Estimation of the Normal
Boiling Point of Non-Electrolyte Organic Compounds via Group

Contributions and Group Interactions, Fluid Phase Equilibria, 226, 45-
63, 2005.
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Nannoolal, Y., Rarey, J., Ramjugernath, D., Estimation of Pure
Component Properties Part 2: Estimation of Critical Data by Group
Contribution., Fluid Phase Equilib., 252 (2007) 1.
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Nannoolal, Y., Rarey, J., Ramjugernath, D., Estimation of Pure
Component Properties Part 3: Estimation of the Vapour Pressure of
Non-Electrolyte Organic Compounds via Group Contributions and
Group Interactions., Fluid Phase Equilib. accepted for publication.
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Nannoolal, Y., Rarey, J., Ramjugernath, D., Estimation of Pure
Component Properties Part 4. Estimation of the Liquid Viscosity of
Non-Electrolyte Organic Compounds via Group Contributions and
Group Interactions., Fluid Phase Equilib. in preparation.
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Moller, B., Rarey, J., Ramjugernath, D., Estimation of the Vapour
Pressure of Non-Electrolyte Organic Compounds via Group
Contributions and Group Interactions., J. Mol. Lig. accepted for

publication.
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Methods for Predicting Physical Properties

Group contribution methods
— Fairly simple
— Good accuracy

— Need groups to make predictions

Quantum chemistry (COSMO-RS, COSMO-SAC ...)

— Great potential but not at the required level of accuracy

Statistical thermodynamics (molecular simulations ...)

— Can get good results when fitted to some reference data points
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Purpose of this Work

« Alarge number of good group contribution methods already developed
* Objective of this work was to rework the vapour pressure method

* Nannoolal based his vapour pressure method on the Antoine equation,
the first step was therefore to review this decision ...
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The Slope of the Vapor Pressure Curve
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The Antoine Equation
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Kinetic Theory of Vaporization
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Abrams, D. S., Massaldi, H. A., Prausnitz J. M., Vapor Pressures of Liquids as a Function
of Temperature. Two-Parameter Equation Based on Kinetic Theory of Fluids., Ind. Eng.
Chem. Fundam. 13(3) (1974) 259.

Moelwyn-Hughes, E. A., The Chemical Statics and Kinetics of Solutions, Academic Press,
London (1971).
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Model Derivation

The A parameter in the Antoine equation is substituted by using the normal
boiling point as a reference point:

B B
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In order to further reduce the number of model parameters it is assumed that C
is a function of the normal boiling point:

|n(ij25-i
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For aliphatic alcohols and carboxylic acids the new form is:
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Model Equations

(55 Gl’s)
B'=A+dB+ ZZGI T1435
2T C(T,)=-2.65+-2 135
(158 Groups)

dB = > v,dB, + (naZvjolBj + ZdBK]
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Aliphatic alcohols &
carboxylic acids

D'=D +i2vidEi
N, =1

(5 Groups)

Group interactions
(H-bonding groups)

oH!" OH @ NH,
Frequency oH™ 0 3 1
Existence OH i 0 1
NH; 1 1 0
Size
n, - number of atoms except H
Y - frequency of a group
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Model Improvements

Alcohol and carboxylic acid representation

Smaller and larger molecules
—— Current work

Low pressure data - - - Nannoolal
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Model Parameters — Error Relationship

Error for the prediction of the boiling point increases with number of model
parameters!
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Simplification of Group Definitions

Replace specific groups with more widely applicable groups:
Example: double bonded carbon group:

Previously (Nannoolal et al.) New method

NN /

HC——CH —C

/TN \ \
C—C/
/TN

H,C—=—=CH ——CH

H2C:C H2C:CH2 —CH2
6 groups to describe all Only 3 groups required to
combinations describe all combinations

These simplifications may not be applicable to the estimation of other properties!
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Introduction of New Structural Groups

&

cyclic tertiary amines

aromatic iso-cyanate hydrazine

- |5iH3

SiH H:Si SiH

T " si,
Hy
halo-silicon groups (F,CI,Br,l) fused ring carbon silicon group expanded
(and other structural
groups)
ICCT Warsaw 2008
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Software Tools for Group Analysis

*a) Artist - The Structure Editor
File Edit Wiew Window Calculate 2
b, - * kx| 5 x
X b =@ B & & 8 & 8 & o & 3 @ oo BB X
|E #DDB=11302 2-(2-Pyridyljindole
(] - —é— |E Group Assignment Result
b b o
Y 9 » Cloze Ecupy F'nnt
S S 1 5 N R Sl L
g? \\\>\\“ R 8 10 15 Molecule Description &
W 2 4 $#DDB=11302 2-(2-Pyridyl)indole
0 o 3 7 11
_g'; _{ﬂ —c=n 12 Comment :
‘J\ —F-mg- Groop Assignment
=]
40 Method: TE-METHCD.INEK

020 Group assignment was successful and complete

4 = 5D Subgroup nunber: 88 Maingroup number: 88 Groupname:
+ aromatic nitrogen in a sixXx-membered ringSall omemrs
Q) Q:‘,‘H PI;I Bonds: |17 Atoms: |15 Formula: |[C13H10MZ  MolWeight: | Atom=s: 13 4in 1 Group B
Subgroup number: 87 Maingroup number: 87 Groupname:
aromatic nitrogen in a five-membered ringfall Smemrs§
Ltom=: 7 in 1 Group

Subgroup number: 19 Maingroup number: 1% Groupname:
aromatic carbon attached to three aromatic
neighbors§ACH 3an§

Atom=: 4 5 in 2 Groups

[«

Q T PPOE 5 b B @ 8 a
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Vapour Pressure Data

Dortmund Data Bank (DDB)
VAP data for 6000+ compounds
180000+ VAP points

Data needed to be validated

Used VBA to streamline the process

ICCT Warsaw 2008
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Results for All Available Data

Relative mean deviations (%) for the different vapour pressure ranges

P — P|
RMD(%) = 55— x100%

This work Nannoolal et al.

(NC = 2332) (NC = 2207)
Average (All Pressures) 5.0 113887 6.6 7177
HP (>500 kPa) 5.0 14078 5.7 14310
MP (10 kPa - 500 kPa) 2.3 08729 2.6°718
LP (10 Pa - 10 kPa) 9.8 %9232 13.1°7%%7
ELP (<10 Pa) 257 221 55.2 240

NC — number of compounds

ICCT Warsaw 2008 27
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Detailed Results (Relative Mean Deviation (%))

Group NC ELP LP MP HP total
All oxygen compounds 638 27.3%&2 12.410919 2 922708 6.3217 6.5 36701
Carboxylic acids 35 23916 12.21823 3.811% 13.810 9.6 30%6
Aromatic carboxylic acids 1 - 1.6t 272 - 1.8
Aliphatic carboxylic acids 34 23916 12.81712 3.81084 13.81% 9.9 2923
Alcohols 167 28.33%2 17.2371 4.1 7186 10.86% 9.2 1188
Aromatic alcohols 55 39.9% 25.1678 3.1 6.9 11.020%0
Aliphatic alcohols 112 27.3%6 15.5 3083 4.3 599 11.3 57 8.8 9836
Ethers 92 23.7Y 6.571 1.83743 3.478 2.8 5269
Esters 158 29.03%% 8.4 2445 2.2%622 5.6 403 5.1 809
Ketones 64 19.07 8.9 886 1.9 2637 4.4°1 4.0 388
Aldehydes 30 6.1°% 12.13% 2476 5119 5.7 113
Carbonate diesters 3 - 1.8%0 0.8 - 0.931°
Anhydrides 6 - 14.9% 448 - 8.6 1%
Epoxides 11 - 293 1.8 20 2.3% 1.9 36
Carbonates 3 3873 9.1 10 3.29% 4.4 7.22%%
Ureas 5 1483 10.5%° 2.24% - 7.4102
NC — number of compounds ELP — extremely low pressure P < 10 Pa
LP — low pressure 10 Pa < P < 10 kPa MP — medium pressure 10 kPa < P <500 kPa
HP — high pressure P > 500 kPa total — whole vapour pressure range
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Quality Analysis

« (Can use the error tables to give an approximate quality of
prediction:

Compound to be

predicted \
Select most specific

group which the
compound falls into
(e.g. n-alcohols)

Give quality
analysis based on
training set errors

ICCT Warsaw 2008 29
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RMD(%) Histogram for the Data in the Training Set
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Typically compounds with large amounts of low vapour pressure data
for example squalane (C30H62)
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Results for a Test Set not Used in the Regression

New Method Nannoolal et al.
Compound Class NC RMD% NC RMD%
Hydrocarbons 59 6.5 486 59 7.5486
Halogen compounds 14 7.073 14 7173
Oxygen compounds 46 7.1192 44 8.51938
Nitrogen compounds 19 7.3172 18 8.9 169
Sulfurcompounds 3 5.6% 3 11.0%
All compounds 157 7.12879 154 8.2 %859

Test set contains data with higher scatter or where the reliability could not

be verified (only one author, ...)
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¢ Danov S.M., Obmelyukhina T.N., Chubarov G.A., Balashov A.L., Dolgopolov A.A.,

J.Appl.Chem.USSR, 63(3), 566-568, 1990

A Matin N.B., Khitrin S.V., Spasskaya R.I., Trachenko V.I., Zilberman E.N., Soluyanova T.F.,

Zh.Prikl.Khim.(Leningrad), 53(9), 1999-2003, 1980
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Heat of Vaporization at 298.15 K

AH,,, = -RAZ,, | B’ (CT,) _sz -D'T
&3
T
This Work Kolska et al.*
Compound Class NC RMD(%) NC RMD(%)

Hydrocarbons 197 2.9 236 2.0
Halogen Compounds 89 2.1 103 2.0
Oxygen Compounds 224 4.2 262 2.3
Nitrogen Compounds 101 2.9 104 2.4
Phosphorous Compounds 1 6.9 - -
Sulphur Compounds 38 2.6 52 2.2
Metals 5.6 - -
Other Compounds 1 7.4 - -
Silicon Compounds 12 9.2 11 3.1
All Compounds 718 3.5 831 2.2

*Kolska Z., Ruzicka V., Gani R., Ind. Eng. Chem. Res., 44, 8436-8454, 2005
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Future Work
* Prediction of further properties
— Ground work has been done

— Overlap project so there is a transfer of knowledge

» Prediction of mixture properties
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