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ABSTRACT: The description of molecular systems using multipolar electrostatics calls
for automated methods to fit the necessary parameters. In this paper, we describe an
open-source software package that allows fitting atomic multipoles (MTPs) from the ab
initio electrostatic potential by adequate atom typing and judicious assignment of the local
axis system. By enabling the simultaneous fit of several molecules and/or confor-
mations, the package addresses issues of parameter transferability and lack of sampling for
buried atoms. We illustrate the method by studying a series of small alcohol molecules, as
well as various conformations of protonated butylamine.

1. INTRODUCTION

For decades, standard biochemical molecular force fields have
relied on point charges to describe electrostatics.1−9 Although
the deficiencies of point charges in accurately describing a
molecule’s electrostatic potential have long been known,10,11

more refined descriptionssuch as atomic multipole moments
(MTPs)have only gained broader attention in the past
decade.12−22 The advent of MTPs calls for automated methods
to determine suitable parameters in a convenient, transparent,
reliable, and reproducible way. In recent years, a number of
groups have aimed at deriving MTPs from the electron
density23−33Stone’s Gaussian Distributed Multipole Analysis
(GDMA) algorithm34 likely being the most popular method.
Point charges calculated from partitioning the electron

density35−37 can vary widely depending on the technology
used to derive them, probably because the property surface is
very flat. They may also have serious deficiencies in repro-
ducing the electrostatic potential (ESP) around the molecule.
As a result, techniques that directly fit point charges to the ESP
have been developed (e.g., refs 38−40). We recently showed
that the same holds for MTPs, where ESP-fitted MTPs can
better reproduce the ESP by up to 1 order of magnitude.41 In
1995, Koch, Popelier, and Stone showed that MTP moments
can be highly conformation dependent42leading to a lack of
transferability of electrostatic parameters across a distribution of
conformations. The specificity of MTP parameters for flexible
molecules can lead to extreme cases: we showed that a PC-only
ESP fit averaged over several conformations can, in some cases,
perform better than the MTP parametrization of a single
conformation.41 In this context, we have developed a software
package that allows the determination of atomic MTP

moments by simultaneously fitting ensembles of conformations
and molecules to the ESP.
There are previous attempts for more general fitting

environments for MTPs including pdm97,43 PolType,44,45

OPEP,46 an unnamed code by Chodkiewicz,47 and a framework
for fitting and handling Gaussian multipoles.48 What sets the
current environment apart from these efforts is the fact that the
present implementation allows and demonstrates the utility of
fitting MTPs to an ensemble of conformations across a number
of chemically related molecules, which aims at and leads to
improved transferability of the parameters.
After describing the necessary steps to fit MTP parameters to

the ESP in section 2, we will discuss applications of the software
package that illustrate the benefits of fitting multiple con-
formations and molecules at once.

2. WORKFLOW

The process of fitting atomic multipoles to the ESP consists of
several steps, which are schematically illustrated in Figure 1.
The individual steps are discussed below. All scripts

implementing those steps have been written in Python, making
extensive use of the numpy and scipy libraries49 and
RDKit.50

2.1. 3D Conformer. The first step is the generation of
one or several conformers of the desired molecule. There is a
huge variety of programs availableboth commercial and
noncommercial50−53to generate relevant molecular repre-
sentations. Workflows and comparisons of these programs have
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been published elsewhere.54,55 For the present ESP fitting
workflow, conformers must be generated with one of these
external programs. For instance, a SMILES string can be
converted to a simple 3D conformer by using the --gen3D
option in OpenBabel.56 When following such a strategy, we
suggest to subsequently minimize the generated conformation
to the next local minimum. This minimization step is automated
in the calc_Multipole_Gauss_MEP_comp.py script
(provided) using Gaussian09.
2.2. Calculate Electron Density. In order to calculate the ab

initio ESP, we first determine the electron density. For the present

applications, we use Gaussian0957 for density functional theory
calculations at the M062X level of theory58 and the aug-cc-PVDZ
basis set.59 Evidently, such choices should be adapted to the
size and chemical properties (e.g., radicals) of the molecules.
The electron density calculation step is automated in the
calc_Multipole_Gauss_MEP_comp.py script and
specifics can be controlled from the command line.

2.3. ESP on Grid. The Gaussian09 utility cubegen extracts
the ESP on a rectangular grid up to 5 Å away from the mole-
cule. The grid spacing can be specified on the command line.
While the default is 0.1 Å, we have found that a grid spacing of
0.4 Å yields almost identical results when fitting MTPs, while
lowering the computational cost by a factor of 43 = 64. For
graphical representation of the ab initio ESP, the MTP ESP,
and differences between both, we recommend using the default
0.1 Å spacing. The cubegen calculation is automated in the
calc_Multipole_Gauss_MEP_comp.py script.

2.4. Atom Types and Local Frames. Local reference-axis
frames are defined following the work of Kramer et al.41 The
neighboring atoms that define the frame are automatically
assigned using the calc_LRA.py script. This script also
assigns atom types in a two-step procedure, which is
schematically shown in Figure 2.
First, every atom is characterized according to its chemical

element and the number of bonded neighbors (C4, for
instance, is a carbon with four neighbor atoms). For terminal
atoms, the number of neighbors is not assigned (e.g., “Cl”
instead of “Cl1”) and aromatic carbons and nitrogens are
special atom types (e.g., “Car” and “Nar”). Other special atom
types can be added or deleted by editing the accompanying
essential_atomtypes.txt file. It contains a list of
atom types with SMARTS definitions,60 where definitions
higher up in the list have higher priority. SMARTS matching is
done using the rdkit Python module.50

Second, the full atom type is generated as a list of the atom
type itself and its nearest neighbors (e.g., “C4HHN3C4” for an
aliphatic carbon bound to two hydrogens, one nitrogen and
another aliphatic carbon). The list is sorted with decreasing
atomic number, whereas identical neighbors are moved to the
front of the list (e.g., the two Hs in the above-mentioned
example). For terminal atoms, the entry second to the primary
element/neighbor specification is the nearest neighbor (by defi-
nition of terminal, there can only be one); and further, in the
same order as described above, the second nearest neighbors
(e.g., “ClC4HHF” for the chlorine in chloro-fluoromethane).
Beyond what is described in the work of Kramer et al.,41 we

have added a local reference-axis system for diatomics and
linear molecules (e.g., acetylene) that relies on the nearest
neighbor(s) to define a local z-axis, while x- and y-axes are
arbitrary. The symmetry of the system sets all MTP moments
that are not along z to zero.
For atom typing, the location of formal charges is read from

the corresponding .sdf file, which has to be created in
advance (e.g., using OpenBabel). All atoms that carry a formal
charge or that are part of a charge-carrying conjugated system
are assigned a “+” or “−” sign. For instance, the primary
nitrogen of a protonated primary amine becomes “N4+”, and
the full atom type for the amine nitrogen on a charged aliphatic
primary amine becomes “N4+HHHC4”. Protonated histidine is
an example of a charged conjugated system, where all heavy
atoms in the ring get assigned a “+” and both nitrogens are
atom-typed “Nar+Car+Car+H”.

Figure 1. Workflow for fitting multipole coefficients to the ab initio
ESP.

Figure 2. Automatized atom-typing-assignment scheme.
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2.5. Precompute Geometrical Terms. The ESP at any
grid point r(p) can be calculated from
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where i iterates over all atoms, j iterates over all MTP
coefficients, and f j

(i)(r(p)) are geometrical factors, including
distance- and angular-dependent terms of the MTP moment
Qj

(i) at point p. We use the equations given by Stone11 to
calculate the ESP at r(p) from MTPs up to quadrupoles where r
denotes the vector from atom i to r(p); r = ∥r∥; râ = r·a ̂/r, where
a ̂ refers to one of the unit vectors x, y, or z; and Qκl

(i) is the lth
MTP moment of rank κ in spherical coordinates. In terms of
Cartesian coordinates, Q00

(i) corresponds to the point charge;
κ = 1 with l = 0, 1c, 1s are the components of the dipole
moment vector in the z-, x-, and y- directions, respectively; and
κ = 2 with l = 0, 1c, 1s, 2c, 2s corresponds to the z2-, xz-, yz-,
x2-y2-, and xy- components of the quadrupole tensor (all from
the point of view of the atom’s local frame), respectively.
Since the conformations are given a priori, the geometrical

terms f j
(i)(r(p)) in eq 1 can be precalculated, leaving a simple

system of linear equations for the MTP parameters Qκl
(i) to be

solved. If two or more atoms in a molecule have the same atom
type, the geometrical factors for any grid point can simply be
added. The precomputation of these terms is done by the
mtp_fittab_maker.py script.
By default, the script stores all grid points located in the

neighborhood of the molecule: we only consider grid points

that are within 2.2σi of any atom, but larger than 1.66σi of all
the atoms, where σi represents the van-der-Waals radius of
atom i (see ref 41). Though the present methodology fails to
reproduce the ESP at short distances, such close intermolecular
contacts are unlikely to occur in actual simulations due to the
presence of van der Waals repulsion. At large distances (i.e.,
r > 2.2σi), the ESP rapidly decays to zero; this region does not
influence the fit significantly and is typically well reproduced by
the present methodology.
If specified, the calc_LRA.py script also computes

contributions due to bond increments, instead of point charges.
Bond increments express the charge dif ference between two
bonded atomsthus yielding a zero net molecular charge by
construction. For charged molecules, however, point charges
have to be used. We advise against the combination of bond
increments and point charges in the fit, since they are highly
correlated.

2.6. Fit MTP Coefficients. After the angle- and distance-
dependent terms have been precalculated, we group eq 1 in
terms of atom types t. We then fit the MTP coefficients Qj

(t) to
the collection of ESP grid points p by optimizing the target
function

∑χ = Φ − Φr rmin ( ( ) ( ))
p

p p2
abinitio

( )
MTP

( )

(2)

which minimizes the error between the ab initio and MTP-
derived ESPs. Because the problem is linear, we can rewrite the
problem as Xb = y, where the matrix coefficient Xjtp = f j

(t)(r(p)) =
∑τ∈t f j

(τ)(r(p)), b is the vector of MTP coefficients {Qj
(t)}one

element for each MTP coefficient of every atom typeand y is
the vector of ab initio calculated ESPs (one entry for each grid
point p). The linearity of the problem guarantees us to find the
global minimum. To make optimal use of the likely sparsity of
X (i.e., {Qj

(t)} may be involved in the calculation of few grid
points p), we instead solve the equivalent problem

Figure 3. MTP-fitting workflow used in this work. First, only point charges are fitted to the ESP (top). The algorithm iteratively restrains the
difference between the molecule’s net charge, qreal, and the sum of the fitted monopoles, qtot, within the threshold εtot. Second, all MTP parameters
are jointly fitted to the ESP, using the reference PCs obtained. Here, two different restraints are subsequently adjusted: (i) we again control the total
charge, as in step 1; and (ii) we force the MTP parameters to take small values and the PCs to remain close to the above-mentioned reference values,
within the threshold εref.
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=X Xb X yT T
(3)

where XT is the transpose of X. We explicitely use the
formulation in eq 3, since it effectively reduces the dimen-
sionality from p (which can be hundreds of thousands of grid
points) to maximally nine (number of MTP parameters) times
the number of atom types. The procedure used can be described
as constrained least-squares, with the constraints discussed
below. We use the scipy.linalg.solve solver that is
based on the lapack dgesv routine for solution-stability
reasons.
To provide realistic MTP parameters, we systematically start

by fitting the simpler PC-only problem. ESP fits are known to
yield “unphysical” values for buried atoms.40 Here, we leverage
the information contained in different molecules and/or
conformations by (i) grouping atoms into types and (ii)
simultaneously fitting multiple conformers. Technically, this is
handled by joining the precomputed matrices that contain the
angle- and distance-dependent terms by column names. This
way, it is not necessary to match or search for equivalent grid
points from different conformations, since the ESP for each
conformation is sufficiently sampled with its own grid points.
During the fit, restraints are applied to address two issues:

(a) the total charge of the molecule should be correctly
reproduced and (b) charge and MTP parameters should have
realistic (i.e., “physical”) values. The first restraint, δ, penalizes
deviations of the sum of the fitted point charges from the
overall charge of the molecule. For each molecule, one row pm
is added to X that counts the number of atom types present on
the molecule and scales them all by the same penalty factor:
Xjtpm = ∑τ∈t δ if jt is a monopole term and 0 otherwise. Also, we
add an entry δqreal, where qreal is the molecule’s net charge, to y.
Given a sufficiently large value of δ, this restraint will provide an
accurate net charge. The restraint is iteratively increased until
the maximum deviation from the correct charge across
molecules is lower than a user-defined threshold, εtot: maxm|
qreal
(m) − qtot

(m)| < εtot, where m sums over molecules and qtot
(m) =

∑τ∈m Q00
(i) is the total charge of the molecule from the PC

parameters. By default, εtot = 10−12 e is used.
Next, we apply restraints to the MTP fit that penalize

deviations of the PC values from the above-mentioned PC-only
fit and higher MTPs from zero. This second restraint is iteratively
increased until all PCs are within a user-defined threshold, εref, of
the reference values qref: maxt|qref

(t) − q00
(t)| < εref (by default: εref =

0.1 e). The restraint on higher multipoles is set to one tenth of the

restraint on PC parameters and iteratively increased with the
restraint on PCs. In our experience, one tenth is sufficient since
the higher MTP moments converge to reasonably low values
much faster than PCs to their target value.The fitting workflow
is schematically shown in Figure 3.
Note that instead of performing an initial PC-only fit, user-

specified reference charges can be provided. We point out that
a significantly more robust fit can be achieved from a collection
of molecules/conformations for which every atom type is
significantly sampled (i.e., close to the surface of the molecule).
This strategy alleviates biases from a priori guesses.

2.7. Additional Programs. For an initial guess of the
MTPs, the calc_Multipole_Gauss_MEP_comp.py
script calls the Gaussian Distributed Multipole Analysis
(GDMA) program.61 We supply three additional programs
that allow further visualization and numerical evaluation of the
fitted parameters. The first program, mtp_prm.to.pun.py,
applies MTPs obtained through the fit on a given molecule and
rotates the parameters to the global frame. Should a molecule
not be part of the parametrization set, the parameters are likely
to yield an incorrect net charge−generating an excess net
charge Δq = qreal − qtot. In this case, the script can scale all
charges

= Δ
| |

∑
q q

q

qi
i

j j

(scaled)

(4)

where i runs over all atoms in the molecule.
We then use fieldcomp to compare the MTP-based ESP

to its ab initio counterpart. For instance, it provides the means
to compare the transferability of MTP parameters between
different conformations or molecules (see section 3). The
function fieldcomp also writes .cube files that contain
ESPs calculated from the PC or MTP representation and the
difference between the ab initio and the PC/MTP ESP.
The .cube files can be visualized using for example
gaussview.57

3. APPLICATIONS
The following highlights the strengths of the methodology by
presenting and discussing two example applications: simulta-
neous fit of (i) multiple chemically related molecules and (ii)
multiple conformations. A combined fit of botha number of
molecules in different conformationshas already been carried
out in previous work.62

Figure 4. Molecules used in the simultaneous-molecule fit: (a) ethanol, (b) propanol, and (c) butanol. (bottom) Atom-type assignment. Figures
were generated with VMD.63
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All MTP fits that follow were performed with moments up to
quadrupoles, using density functional theory calculations with
the M06-2X functional and the aug-cc-PVDZ basis set.
3.1. Fitting Multiple Molecules: Ethanol, Propanol,

and Butanol. As a first application, MTP parameters are fitted
to the ESPs of ethanol, propanol, and butanol (Figure 4)
both individually and simultaneously. Table 1 highlights the
lack of transferability of fitting MTPs to one molecule and
using the resulting parameters in a different, albeit chemically
closely related compound. While fitting MTPs to one molecule
allows to reproduce its own ESP well (root-mean-squared
(RMS) error below 0.1 kcal/mol), the error increases sharply
when the parameters are transferred to another molecule. It is
also worth noting that ethanol does not contain a sufficient

number of atom types to describe propanol and butanol (see
Table 2 and Figure 4).
Fitting all molecules simultaneously, on the other hand,

allows to find MTP parameters that reproduce the ESP
of all molecules with satisfying transferability across molecules
(Table 1). For brevity, the present ESP-based fits shown here
do include MTPs on the hydrogens, but Table 4 shows the
resulting parameters of a fit with PC-only hydrogenslimiting
the number of parameters to display. We point out, however,
that the other MTP parameters do not vary appreciably,
whether MTPs are used for hydrogens or not. Moreover, we

Table 1. Transferability of ESP-optimized MTPs for Ethanol,
Propanol, and Butanola

molecule optimized

probe ethanol propanol butanol all

ethanol 0.06 2.38 1.14 0.07
propanol  0.05 0.61 0.06
butanol  2.73 0.06 0.06

aThe column refers to the molecule optimized to fit the MTP
parameters, while the row corresponds to the molecule that is probed.
All RMS errors between ab initio and fitted ESPs are given in
kilocalories per mole. Figures below 0.1 kcal/mol appear in bold. The
parameters derived for ethanol did not provide enough atom types
(see Table 2) to reconstruct propanol and butanoldenoted here by
long dashes.

Table 2. ESP-Fit MTPs for the Heavy Atoms Only (i.e., PC for the Hydrogens) Fitted to Ethanol (Figure 5a), Propanol
(Figure 5b), Butanol (Figure 5c), and All Conformations Simultaneouslya

fitted molecule(s)

type neighbors ethanol propanol butanol all

C4 H H H C4 Q00 +0.28 +0.13 −0.09
Q10 −0.15 −0.01 −0.09
Q22c −0.03 −0.08 −0.00
Q00 −0.47 −0.56 −0.47 −0.09
Q10 +0.05 −0.03 +0.13 +0.08
Q20 +0.01 −0.10 +0.02 −0.09

C4 H H O2 C4 Q00 +0.36 +0.12 +0.31 +0.41
Q10 +0.21 +0.16 +0.10 +0.14
Q11s −0.01 +0.20 +0.12 +0.10
Q20 −0.05 −0.12 −0.24 −0.06
Q21s −0.05 −0.09 −0.07 −0.12
Q22c +0.28 +0.34 +0.27 +0.28

H C4 C4 C4 H Q00 +0.02 −0.02 +0.05
H C4 H H C4 Q00 +0.12 +0.13 +0.13 +0.03
H C4 O2 C4 H Q00 −0.01 +0.02 −0.04 −0.06
H O2 C4 Q00 +0.36 +0.41 +0.40 +0.37
O2 C4 H Q00 −0.60 −0.71 −0.70 −0.68

Q11c −0.06 −0.03 −0.04 −0.03
Q11s −0.07 −0.01 +0.00 −0.04
Q20 −0.47 −0.35 −0.30 −0.37
Q22c +0.20 +0.15 +0.08 +0.15
Q22s −0.08 +0.10 +0.05 +0.01

aWith RMS error in the first interaction belt ΔE = 0.28, 0.25, 0.42, and 0.43 kcal/mol, respectively. Corresponding fits with MTPs on all atoms
(used for 1, but not shown in this table for brevity) yield RMS errors ΔE = 0.06, 0.05, 0.06, and 0.06 kcal/mol, respectively. Qlκ denotes the
coefficient of the ESP’s multipole expansion with l referring to the level of expansion of the ESP when performing the fit (e.g., l = 0 corresponds
to PCs).

Figure 5. Conformations of n-butylamine: (a) all trans, (b) gauche
conformation of the methyl group, and (c) gauche conformation of
both the methyl and the amine groups. (d) Atom-type assignment.
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note that the MTP parameters benef it from being fitted to
multiple molecules. This can be illustrated by considering the
carbon atoms (Table 2): while individual fits provide
comparatively large partial charges, the simultaneous fit yields

charges that are close to 0in agreement with, e.g., the
GROMOS force field.64 In addition, fitting several molecules at
once with a consistent atom-typing scheme has obvious ad-
vantages when performing alchemical transformations, where a
minimal number of electrostatic parameters are changed upon
single-atom substitutions.62

3.2. Fitting Multiple Conformations: Protonated n-
Butylamine. As a second application, the dependence of
electrostatic parameters on conformational changes of the
protonated (i.e., charged) state of n-butylamine (Figure 5) is
studied. Seven conformations are selected. They include an all-
trans conformation, and several combinations of gauche
rotations for the methyl and amine groups. We probe MTP-
parameter transferability across conformations and monitor
the quality of the ESP using both GDMA (Table 3) and the
present methodology (Table 4). The lack of transferability
manifests itself through the large variation in RMS error against
the ab initio ESP, i.e., up to a factor of 30 for both methods.
In addition, the lack of transferability makes MTP parameters
worse than a PC optimization which fits all conformations

Table 3. Transferability of GDMA-Optimized MTPs for the
Conformations of n-Butylaminea

molecule optimized

probe no. 1 no. 2 no. 3 no. 4 no. 5 no. 6 no. 7

no. 1 0.40 10.30 10.26 11.37 11.32 4.03 4.01
no. 2 10.14 0.36 9.38 3.84 11.82 13.11 11.25
no. 3 10.14 9.36 0.36 11.90 3.80 11.27 13.13
no. 4 11.27 3.99 10.99 0.31 11.84 13.04 10.48
no. 5 11.26 10.94 3.94 11.86 0.31 10.55 12.98
no. 6 4.05 12.18 11.03 12.40 10.69 0.37 4.07
no. 7 4.03 10.92 12.17 10.66 12.43 4.09 0.37
aThe column refers to the conformation optimized to derive the
GDMA parameters, while the row corresponds to the conformation
that is probed. All RMS errors between ab initio and fitted ESPs are
given in kilocalories per mole. Figures below 1 kcal/mol appear in bold.

Table 4. Transferability of ESP-Optimized MTPs for the Conformations of n-Butylaminea

molecule(s) optimized

probe no. 1 no. 2 no. 3 no. 4 no. 5 no. 6 no. 7 all

no. 1 0.05 10.30 10.27 11.41 11.37 4.04 4.02 0.41
no. 2 10.12 0.13 9.41 3.85 11.82 13.12 11.27 0.28
no. 3 10.12 9.38 0.14 11.91 3.81 11.30 13.15 0.28
no. 4 11.29 3.99 11.03 0.28 11.86 13.05 10.47 0.61
no. 5 11.28 10.98 3.95 11.88 0.28 10.54 13.00 0.61
no. 6 4.08 12.19 11.04 12.41 10.70 0.09 4.08 0.31
no. 7 4.06 10.93 12.18 10.67 12.43 4.09 0.09 0.30

aThe column refers to the conformation(s) used to fit the MTP parameters, while the row corresponds to the conformation that is probed. All RMS
errors between ab initio and fitted ESPs are given in kilocalories per mole. Figures below 1 kcal/mol appear in bold.

Table 5. ESP-Fit MTPs for the Heavy Atoms Only (i.e., PC for the Hydrogens) Fitted to Conformation Number 4 (Figure 5b),
conformation Number 6 (Figure 5c), and All Conformations Simultaneouslya

fitted conformation(s)

type neighbors no. 4 no. 6 all

C4 C4 C4 H H Q00 −0.09 −0.15 −0.21
Q10 +0.03 −0.03 +0.11
Q22c −0.13 +0.01 −0.31

C4 H H H C4 Q00 −0.30 +0.04 −0.36
Q10 +0.05 +0.12 −0.04
Q20 −0.26 −0.05 −0.58

C4 H H N4+ C4 Q00 +0.05 −0.07 +0.05
Q10 −0.15 +0.02 −0.10
Q11s +0.02 +0.14 −0.03
Q20 −0.80 −0.20 −0.85
Q21s −0.23 −0.03 −0.20
Q22c −0.22 +0.08 −0.29

H C4 C4 C4 H Q00 +0.09 +0.09 +0.13
H C4 H H C4 Q00 +0.11 +0.03 +0.14
H C4 N4+ C4 H Q00 +0.10 +0.12 +0.12
H N4+ H H C4 Q00 +0.38 +0.34 +0.40
N4+ H H H C4 Q00 −0.59 −0.39 −0.62

Q10 +0.03 +0.09 +0.03
Q20 +0.05 −0.09 −0.07

aWith RMS error in the first interaction belt ΔE = 0.91, 0.50, and 0.79 kcal/mol, respectively. Corresponding fits with MTPs on all atoms (used for
four, but not shown in this table for brevity) yield RMS errors ΔE = 0.37, 0.13, 0.53 kcal/mol, respectively. Qlκ denotes the coefficient of the ESP’s
multipole expansion with l referring to the level of expansion of the ESP when performing the fit (e.g., l = 0 corresponds to PCs).
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simultaneously (data not shown) and corroborates earlier
results.41 In strong contrast to MTP fits on single confor-
mations, a simultaneous fit achieves the best overall perform-
ance (Table 4, column “all”) with errors between 10 and
50 times lower compared to the individual fits. The atom-type
assignments for n-butylamine are shown in Figure 5d. MTP
parameters that fit (i) conformation no. 4, (ii) conformation
no. 6, and (iii) all conformations simultaneously are shown in
Table 5. The table clearly shows the strong variation of certain
MTP parameters when fitting different conformations.

4. CONCLUSIONS

In the present paper we have presented a workflow to obtain
MTP parameters for one/several molecules including multiple
conformations. In particular, the code automatizes: (i) the
extraction of the ESP from an ab initio calculation, (ii) the
assignment of atom types and reference-axis systems that
take advantage of an atom’s chemical environment, and (iii) the
simultaneous fit of various molecules/conformations to assign
MTP parameters. We highlight and demonstrate the benefits of
fitting multiple molecules and/or conformations at once, which
elegantly attenuates possible conformational sampling issues of
buried atoms. For the specific case of fitting multiple alcohols
simultaneously a significant improvement in the transferability
of parameters across molecules was found, while fitting an
ensemble of representative conformations of charged n-
butylamine provided good transferability across conformations,
highlighting the strength of the methodology for flexible
molecules. Other examples can be found in ref 41.
The MTP parameters obtained can be used in the MTPL

CHARMM module65 that uses the same reference axis system
assignment. In future work, we plan to systematically inves-
tigate the transferability of MTP parameters derived from our
methodology. Further future extensions include different
reference axis system assignments and atomic polarizabilities
in the fitting procedure.
The source code of the present package is available from

https://bitbucket.org/tbereau/esp-fit.pc-mtp/ under a public
license.
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