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ABSTRACT

In present day the crux of performing coarse-grained
simulations is the actual parameterization of the (molec-
ular) interactions and the validation of the outcome of
a simulation. In a recent effort we have work on the
former and have devised a data-driven scheme, termed
Automated Fragmentation and Parameterization (AFP)
that uses Monte Carlo based fragmentation techniques
in combination with excluded volume and free energy
information of molecular pairs to obtain coarse-grained
parameter sets. In this work we show in some detail how
AFP could be employed and validated in an industrial
setting by computing the wet octanol/water partitioning
of a small set of industrial relevant fragrance molecules.
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1 Automated Fragmentation and

Parameterization Method

The Automated Fragmentation and Parameterization
(AFP) method has been proposed by Fraaije et al.[1] as a
robust and fast method to obtain coarse-grained param-
eter sets for large set of molecules in a semi-automated
fashion. For full details of AFP and a discussion on the
accuracy we refer to the paper cited above. Here we
very briefly introduce the method.

Molecules are fragmented, or ”mapped”, according
to a scoring function, through a simulation annealing
function that cuts through bonds; the optimal bond fis-
sion pattern is preserved and the fragments are stored.
The scoring function is defined as:

S =

(

1−
V

V0

)2

(1)

with V the volume of the fragment and V0 the volume
of a cluster of water molecules in its lowest energy con-
former (i.e. the reference volume). In this approach
we use the molecule-unique fragmentation in order to
preserve as much as possible of the properties of the
reference molecule. This means that the fragments are
not database-unique, as is customary in coarse-grained
simulations, but completely specific to a given molecule.

A key parameter is the mapping factor, Nm, which sets
the (average) number of heavy atoms per coarse-grained
particle, typically ranging between three to five heavy
atoms. Previous versions of the protocol has been suc-
cessfully applied to a diverse set of molecular systems,
ranging from amorphous polymer systems [2] to surfac-
tant brine/oil interfacial systems [3]. Very recently, the
AFP method was applied to compute diffusion coeffi-
cients of small organics and drug-like molecules in wa-
ter [4].

The thermodynamic calibration is through a semi-
empirical rule for the aij interaction parameter using:

aij = αEVνiνjαres

√
νiνjβ∆Gres,ij (2)

with νi = Vi/V0 the scaled volume of fragment i, β =
1/kBT and ∆Gres,ij the excess Gibbs energy of mixing
of two (molecular) fragments i and j. Note that the aij
interaction, or repulsion parameter was originally intro-
duced by Groot and Warren in their seminal work [5].
Very briefly, the Gibbs free energy of mixing is calcu-
lated through COSMO-RS calculations [6, 7], using the
charge envelope of the fragments (the so-called sigma
profiles). The charge profile is obtained from Density
Functional Theory quantum-chemical calculations us-
ing NWChem, version 6.3 [8], from geometry-optimized
molecules in a vacuum, using the BP86 [9, 10] exchange-
correlation functional and the def2-TZVPD basis set.
The AFP model contains only two adjustable parame-
ters, i.e. αEV based on excluded volume and αres that
captures the residual contribution from the free energy
of mixing. Full details can be found in Fraaije et al. [1].
All simulations were performed with the Culgi software
package [11].

2 Results

To validate the AFP method we computed the partition-
ing coefficient between wet octanol and water (LogP ) for
a set of twenty industrial relevant fragrance molecules,
see Table 1 below. In order to compute LogP for our
purposes we can use:

logP = log [exp (ln γW − ln γO)VW /WO] (3)
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Table 1: Partitioning coefficient between wet octanol and water (LogP ) of the set of fragrance molecules. Mole fraction
of water in the wet octanol phase is set to the experimental value of 0.24. In order to compute the partitioning we have
use the Reference Interaction Site Model (RISM) solvent model as implemented in the Culgi software. AFP-RISM-Qeq
is a variant where we derive the COSMO charge envelope directly from the charge equilibration (Qeq) method [12]. For
full details see Fraaije et al. [1] and the Culgi manual [13]. The LogP values computed with the ChemAxon software
suite [14] are based on a group-contribution method and take as input the SMILES of the respective molecule.

Fragrance Molecule AFP-RISM AFP-RISM-Qeq ChemAxon
ambronat 3.64 3.82 3.98

dimethyl-ph-eth-carbinol 1.89 2.09 2.64
eucalyptol 1.93 2.28 2.35
florhydral 2.03 2.20 3.14

gamma-decalactone 1.91 2.79 2.87
hivernal-1 2.59 2.71 3.49

hivernal-2 2.67 1.81 3.49
hydroxycitronellal 0.73 0.92 1.64
iso-amyl-butyrate 2.71 2.74 2.68
lilial 2.73 0.99 3.98
linalyl-iso-butyrate 4.81 4.63 4.33
methyl-beta-naphthyl-ketone 1.51 3.36 2.52
nerolin 2.20 2.37 2.81
orcinyl-3 1.20 1.38 2.03
p-cresyl-methylether 1.89 2.16 2.33
para-hydroxy-phenyl-butanone 0.32 0.38 2.08
polysantol 2.74 3.23 3.67
pomarose-1 2.65 2.37 3.76
pyranol 1.88 2.21 1.39
tobacarol-1-and-2 3.17 3.68 3.97
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where γW and γO are the activity coefficients in water
and wet octanol and VW and WO are the COSMO vol-
umes of wet octanol and water1. Figure 1 shows the
molecular structures of three fragrance molecules and
the corresponding mapped coarse-grained structures ba-
sed on Eqn. 1 above. Figure 2 shows models of the
atomic structures of the underlying fragments that cor-
respond to the coarse-grained particles of ambronat. Note
that the fragmentation is fully flexible in terms of num-
ber of atoms per fragments. As we indicated before,
we opted for three heavy atoms per fragment to keep
sufficient chemical specificity among the fragments. In
addition, in this work we have decided to create new
fragments for every fragrance molecule. However, one
could re-use fragments to build up the coarse-grained
parameter database, although in principal there is no
need, as the fragmentation itself takes per molecule on
average (much) less than 1 minute on one CPU.

Here we used the Reference Interaction Site Model
(RISM) solvent model, in particular the 1-D, hyper-
netted chain (HNC) variant, see ref [1] and references
therein. Using HNC-RISM speeds up the parameteri-
zation process, thereby opening up the way to gener-
ate and validate on the fly parameter sets for molec-
ular databases containing tens of thousands of com-
ponents. In Table 1 we have collected the computed
LogP values for the fragrance molecule set, highlight-
ing in bold ambronat, florhydral and hivernal-1. Note
first of all that subtle differences, such as difference
between stereo isomers in the case of hivernal-1 and
hivernal-2, is not captured by the group-based method
of ChemAxon, whereas for AFP we do see a differ-
ence between the two stereoisomers. In general, the
logP values computed with AFP are lower than the val-
ues computed with ChemAxon, with the Qeq variant
in closer agreement. There are some clear outliers be-
tween AFP and ChemAxon, in particular para-hydroxy-
phenyl-butanone (i.e. raspberry ketone) that is accord-
ing to AFP much more hydrophilic, possibly caused by
the weak-acid character of the phenol moiety.

3 Concluding Remarks

The Automated Fragmentation and Parameteriza-
tion (AFP) method has been applied to a small library
of industrial relevant fragrance molecules. The obtained
coarse-grained parameter set was in turn used to com-
pute the partitioning coefficient between wet octanol
and water. Overall, despite the loss in chemical detail
due to the coarse-graining, AFP is able to capture the
solubility of the fragrance molecules in wet octanol and
water correctly to a large extend. A major potential of
AFP is the possibility of fast screening of large molecu-

1A coarse-grained water particle is described by a cluster of
three water molecules in its lowest energy conformer. This gives
an additional correction to LogP of ln(3) = 1.0986.

Figure 1: Automated fragmentation in action: Molec-
ular models (MM) and corresponding coarse-grained
(GC) models of ambronat, florhydral and hivernal-1.

Figure 2: The five atomic fragments of ambronat. Yel-
low tubes indicate the connectors between the frag-
ments.

lar databases, which is currently under investigation by
us.
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