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Summary

GCldentifier.jl is an open-source toolkit for the automatic identification of group fragments
based on the name of a molecule or its SMILES. Obtaining chemical properties of species,
such as heat capacities (Benson & Buss, 1958) or solvation free energies (Platts et al., 2000),
will typically involve a set of parameters that represent a given species. For example, ideal
isobaric heat capacities over a range of temperature of a pure component can be obtained
using Reid polynomials with just four parameters (a, b, ¢ and d). Unfortunately, in this case,
the parameters obtained are only applicable to a specific species and cannot be transferred
to others (i.e. the a, b, ¢, d parameters for water cannot then be used to model ibuprofen).
A solution to this would be to split a set of molecules with similar chemical structures into
moieties, known as groups, each of which will have their own parameters associated with
them and adjust these parameters against experimental data for all of these molecules. The
combination of these groups (and their associated parameters) can then be used to predict
the properties of ibuprofen. In the case of the Joback method (Joback & Reid, 1987), the
Reid polynomial parameters can be obtained by summing over the group-specific parameters
(a;, b;, ¢; and d;) weighted by the occurrence of those groups in a species. The benefit of
such approaches is that these groups can be combined many different ways such that they
represent a larger variety of molecules. This type of approach is known as group contribution,
where many examples of such approaches exist (Chung et al., 2022; Papaioannou et al., 2014;
Walker & Haslam, 2020; Weidlich & Gmehling, 1987) which can be used to predict a range of
properties such as pharmaceutical solubilities (Wehbe et al., 2022), interfacial tensions (Rehner
et al., 2021) and thermal conductivities (Hopp & Gross, 2019). An example of this process is
shown in figure 1.
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Figure 1: Fragmentation of ibuprofen into UNIFAC groups.

Unfortunately, the challenge with using group-contribution approaches is the assignment of
the groups to represent a given species. While this assignment can be done manually, it is
more convenient and, as discussed later, efficient to automate this process. Indeed, this is the
exact objective of GCldentifier. By simply feeding a species name or SMILES, along with the
group-contribution approach one wishes to use, the group assignment is done automatically:

using GCIdentifier, Chemicalldentifiers

groups = get_groups_from_name("ibuprofen", UNIFACGroups)

The output from this function can then be used in other packages, such as Clapeyron (Walker
et al., 2022), to obtain chemical properties.

Statement of need

Group-contribution approaches are vital when it comes to computer-aided molecular design
(CAMD) of, for example, novel refrigerants (Sahinidis et al., 2003) or in drug discovery (Hou
et al., 2004). Here, the assignment of groups must be done thousands of times and, in some
cases, for rather complex molecules. This is the primary motivator for the development of
GCldentifier. While other packages (Degen et al., 2008; Liu et al., 2017; Miiller, 2019) with
similar functionalities have been developed in other languages, GCldentifier.jl stands apart for
multiple reasons.

GCldentifier.jl is the first of such packages to be compatible with multiple group-contribution
approaches, such as UNIFAC and SAFT-y Mie. By standardising the representation of groups
using SMARTS and leveraging the powerful MolecularGraph (Matsuoka et al., 2024) package,
our group-identification code can be used with any existing group-contribution thermodynamic
model. This extends to group-contribution approaches which require information about the con-
nectivity between groups (Sauer et al., 2014) where, by simply specifying connectivity=true
within the get_groups_from_name function, the connectivity matrix between groups will auto-
matically be generated.

While packages in other languages are able to generate groups from existing group databases,
GCldentifier.jl is able to systematically propose new groups for a given molecule. Consider a
case where an existing group-contribution framework is unable to cover all atoms present in a
molecule. GCldentifier.jl is able to consider these un-represented atoms and propose a list of
new groups. From this list, users will be able to determine which groups they should obtain
new parameters for. In the extreme case where we wish to generate a list of all possible groups
that represent a molecule, GCldentifier.jl will automatically split the molecule into groups, from
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which either the user or a set of built-in heuristics can then decide which set best represent
the molecule.

These two features present within GCldentifier.jl have potential applications beyond thermody-
namic modelling, such as the development of molecular dynamics forcefields which could be
integrated into packages such as Molly (Greener, 2023).
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