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bDepartamento de Qúımica e Bioqúımica, Faculdade de Ciências, Universidade de Lisboa,
Lisbon, Portugal

cResearch Institute for Medicines (iMed.ULisboa),

Faculty of Pharmacy, University of Lisbon, Av. Professor Gama Pinto, 1649-003 Lisbon,
Portugal

Received Day Month Year

Revised Day Month Year
Accepted Day Month Year

Empirical force field methods typically rely on point charges to describe the electrostatic
interactions, which is problematic when anisotropy needs to be considered, as in the case

of the electrostatic potential of covalently-bound halogens that possess a positive site,

termed σ–hole, surrounded by a large negative belt. To address this, an off-center point
charge (EP) is usually placed at a given distance from the halogen to emulate the σ–hole

and commonly-used implementations are based on the Restrained Electrostatic Potential

(RESP) procedure to fit atomic charges, being one of the most used charge models. In
this context, no specific Merz-Singh-Kollman (MK) radius for iodine is available in the

literature, which is an essential parameter in the RESP fitting procedure. In this work,

we explored the impact of the iodine MK radius on the obtained RESP charges for a
set of 12 iodinated molecules. We verified that the relative root mean square (RRMS)

values obtained with and without an EP kept decreasing with increasing radii for most
compounds, thus impairing optimization using such a procedure. Nevertheless, the use

of an iodine MK radius lower than 2 Å is not advisable since the RRMS kept decreasing

considerably until this value was reached. Moreover, the performance of three iodine
MK radii was studied with the estimation of the free energy of hydration (∆Ghyd)

values using alchemical free energy calculations, which are particularly sensitive to the

charges used. Despite the usage of different radii not leading to remarkable differences,
our results indicate that using a value of 2.70 Å leads to lower mean absolute errors

(MAE) and root mean squared error (RMSE) values when comparing the calculated
with the experimental ∆Ghyd values.
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1. Introduction

The description of electrostatic interactions in classical molecular dynamics (MD)

simulations typically relies on a Coulombic pairwise potential involving atom-

centered partial charges, which are critical for the accuracy and reliability of conven-

tional force fields. However, since partial charges are not quantum mechanical ob-

servables, there is no “true” charge, and thus, various schemes for assigning atomic

partial charges have been suggested in the literature. One of the most used meth-

ods, especially for the AMBER force field, is the restrained electrostatic potential

(RESP)1 charge model. This model derives atomic charges based on a fit to the

electrostatic potential (ESP). The ESP, unlike partial charges, is a quantum me-

chanical observable. The introduction of restraints in the form of a penalty function

into the fitting process prevents physically unreasonable values of the fitted charges,

being responsible for its broad success.2 Notice that not every parameter within a

given model (e.g. a force field) corresponds to a physically meaningful observable.

The description of the polarization of the electronic clouds, which can deeply af-

fect the interaction between molecules, is still a challenge for non-polarizable force

fields. This is particularly problematic for covalently-bound halogen atoms, that

despite being considered electronegative species acting as nucleophiles, exhibit an

anisotropic ESP, leading to the existence of a localized region of depleted electron

density, called σ–hole3 (Figure 1). This positive region allows halogens (X = Cl,

Br, I) to interact with Lewis bases (B) establishing a directional non-covalent in-

teraction of the R–X· · ·B type called halogen bond (XB).4,5 Moreover, since X still

typically possesses a large negative belt around the R–X covalent bond, it is also able

to interact with electropositive species establishing hydrogen bonds (HBs). These

characteristics are responsible for the interaction of halogenated molecules with bi-

ological targets such as proteins,6–8 nucleic acids,9 and phospholipids of the cell

membrane,10 as well as for the application of XBs in catalysis11,12 supramolecular

chemistry5,13 and other areas of the chemical sciences.

Polarizable force fields (FFs) can eventually provide a more detailed descrip-

Fig. 1. Scematic representation of a halogen bond (XB). The σ–hole (blue region on the ESP) can
interact with a Lewis base (e.g. a water molecule).
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tion of the electrostatics, however, non-polarizable FFs are still more commonly

used due to their lower computational cost. In this context, the most simple and

computationally cheap strategy to emulate the σ–hole in halogen atoms is the ad-

dition of off-center point charges.14–17 This strategy consists of the placement of a

positive charge, usually called an extra point (EP), at a specific distance from the

halogen along the R–X axis. Most EP implementations were developed in the con-

text of the general amber force field (GAFF) and rely on the assignment of RESP

charges. For instance, in the model proposed by Ibrahim,14,18 the EP is placed at

a distance equal to the Rmin Lennard-Jones (LJ) parameter of the halogen and the

charges of all particles, including the EP, are fitted according to the RESP proce-

dure. During the RESP fitting procedure, also known as the Merz–Singh–Kollman

(MK) scheme,19 van der Waals radii (or MK radii) are required to build layers

of grid points around the molecule. Then, atomic charges are fitted to reproduce

the molecular electrostatic potential, typically obtained by QM calculations. Sur-

prisingly, no specific MK radius for iodine is available despite RESP charges for

iodinated molecules have been reported in the literature.14,20–22 In such cases, the

radius assigned to iodine is unknown. Notice that in Gaussian 09, the calculation

requires that a specific radius is set in the input file whereas in GAMESS-US a

value of 1.8 Å is attributed by default to elements lacking specific MK radius. Since

this value is clearly too small, a value of 2.3 Å (used in Gaussian 09 for bromine)

has been adopted by us in several projects.15–17 To the best of our knowledge, only

another value was reported in a recent study,23 where the effect of the EP on the

atom-centered partial charges in halogenated molecules was investigated. In this

case, a radius of 2.7 Å was used to fit the atomic charges.

We recently performed the assessment of halogen off-center point-charge mod-

els using explicit solvent simulations.24 In this study, we were surprised by the

fact that introducing an EP in the RESP charge-fitting procedure for iodinated

molecules yielded no advantage whatsoever over models without the EP for io-

dinated molecules while an improvement of the calculated hydration free energy

(∆Ghyd) when compared with the experimental ones, was obtained for brominated

and chlorinated molecules. This fact could be, in principle, attributed to the reduced

size of the iodinated dataset used (12 compounds) and their character (mostly hy-

drophobic and with mild to weak σ–holes). We wondered if those effects could be

exacerbated by the usage of an arbitrary MK radius for iodine during the charge

fitting procedure. Nonetheless, while it is true that an improvement in the calcu-

lation of ∆Ghyd is not evident when using an EP, especially for iodinated species,

it is also true that without emulating the halogen anisotropy the formation of XBs

is not possible using classical force fields,8,25 thus impairing a proper sampling of

the configurational space of the systems.10,15 The question if EPs lead to signifi-

cantly improved binding free energies (e.g. protein–ligand systems) still lacks a clear

answer.

In this manuscript, we probe the influence of the iodine MK radius on the ob-

tained charges of iodinated molecules. Additionally, by using alchemical free energy
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calculations to predict ∆Ghyd values, we also assess the influence of such radii in

the hydration free energy of iodinated molecules when compared with experimental

values.

2. Methods

2.1. Molecules, charge models and RESP fitting procedure

We selected all iodinated molecules with experimental ∆Ghyd values from the

FreeSolv database.26 A total of 12 compounds (iodoethane, 1-iodopropane, 2-

iodopropane, 5-iodouracil, iodobenzene, iodomethane, 1-iodoheptane, 1-iodohexane,

diiodomethane, 1-iodopentane, 1-iodobutane, and 2-iodophenol) were therefore used

in this study. As described elsewhere,16,17,24 the initial three-dimensional coor-

dinates were obtained by performing geometry optimizations at the B3LYP/6-

311G(d,p) level of theory. For the calculation of RESP1 charges, the electrostatic

potential (ESP) was generated at the HF/6-31G(d)27–29 level of theory for all ele-

ments, except for iodine, for which we utilized the 6-311G(d)30 basis set. For each

molecule, the charges were fitted without and with the presence of an extra point

of charge (EP), placed along the C–I covalent bond axis at a 2.15 Å distance, which

corresponds to the Lennard-Jones (LJ) Rmin parameter for iodine in GAFF, as sug-

gested in reference 14. Succinctly, after the QM ESP is obtained, a massless particle

is introduced in the multi-step RESP fitting step. The radii of the EPs are zero and

therefore, they do not affect the number nor the distribution of the fitting points.

Moreover, the penalty function employed during the RESP fitting procedure is also

applied to this particle. An example of this procedure can be found in reference 31.

For this fitting, the MK radius of iodine was varied between 1.00–4.00 Å using a

step of 0.05 Å.

The fitting quality of the ESP generated by the obtained charges to the QM

reference was evaluated by the relative root mean square (RRMS),2 according to

the following (eq 1)

RRMS =

{
χ2
esp/

∑
i

V 2
i

}1/2

(1)

with χ2
esp defined as (eq 2)

χ2
esp =

∑
i

(Vi − V̂i)
2 (2)

and V̂i being the calculated ESP.

2.2. MD simulations and alchemical free energy calculations

For three specific iodine MK radii (2.70 Å, 2.30 Å, and 1.98 Å, see Results and

Discussion), the ∆Ghyd values were determined using alchemical free energy calcu-

lations employing a decoupling strategy based on the approach proposed by Mobley
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and co-workers32 and used by us in the assessment of halogen off-center point-charge

models using explicit solvent simulations.24 This involved 20 intermediate states in

which the first 5 states corresponded to the turning-off of the electrostatic inter-

actions, while the remaining 15 states slowly modified the Lennard-Jones terms.

The simulations were performed using GROMACS version 2020.6 (CPU and GPU

implementations),33 the GAFF force field,34 and the 2df type virtual site was used

for the simulations with an off-center point charge.

Energy minimization, equilibration, and production runs were performed for

each value of λ. In the minimization step, the steepest descent method was employed

with a force threshold of 100.0 kJ mol−1 nm−1 and a maximum step size of 0.01 Å.

Subsequently, three equilibration steps were performed using Langevin dynamics

simulations. First, a 50 ps simulation was conducted in the canonical ensemble

(NVT) at 298.15 K, followed by 50 ps in the isothermal-isobaric ensemble (NPT)

using the Berendsen barostat at a pressure of 1 bar. Finally, an additional 5 ns run

was carried out in NPT using the Parrinello-Rahman barostat. A time step of 2 fs

was used for all equilibration steps.

After equilibration, three independent production runs of 5 ns were performed

under the same conditions as the last equilibration step. The solutes were sol-

vated with TIP3P water molecules in a cubic box employing three-dimensional

periodic boundary conditions and the minimum image convention. The dimensions

of the box were set to be at least twice the Lennard-Jones cutoff distance, following

recommended practices,35 and the maximum number of water molecules used per

compound corresponded to the value reported in FreeSolv.26 The van der Waals

and electrostatic forces were truncated at a distance of 1.0 nm, long-range electro-

static interactions were treated using the fast smooth Particle-Mesh Ewald (PME)

method, and bonds involving hydrogen atoms were constrained using the P-LINCS

algorithm.

The reported ∆Ghyd values correspond to the average of the three replicates

obtained using the Multistate Bennett Acceptance Ratio (MBAR)36 method, im-

plemented in the Alchemical Analysis python tool.37 The standard error of the mean

(± 2×SEM, confidence of ≈ 95%) was used as an error estimate measure. Most

compounds in this dataset lack reported experimental uncertainties, therefore, no

statistical analysis could be performed in this scope.

To evaluate the accuracy of the ∆Ghyd values, the mean absolute error (MAE,

eq. 3) and the root mean square deviation (RMSE, eq. 4) of the calculated against

the experimental values were used.

MAE = n−1
n∑

i=1

|∆Ghyd(calc)i −∆Ghyd(exp)i| (3)

RMSE =

√√√√n−1

n∑
i=1

(∆Ghyd(calc)i −∆Ghyd(exp)i)
2

(4)
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3. Results and Discussion

3.1. Influence of the iodine MK radii on the charges and quality

of the RESP fitting

As mentioned previously, the RESP charge model attributes partial atomic charges

according to a fit of the calculated ESP to a reference potential obtained using a QM

calculation. This is performed at a given number of grid points located on several

layers around the molecule, using a molecular van der Waals surface generated with

atomic radii, usually called Merz-Singh-Kollman (MK) radii. Typically, the lower

layer is obtained by scaling the radii by a factor of 1.4. For iodine, there is no MK

radii value available and therefore, we started by evaluating the quality of the fit of

the ESP by obtaining the RRMS values for a range of radii values (1.00 Å to 4.00 Å,

see Figure 2). In these calculations, we emulated the halogen anisotropy using an

EP.14 The same type of calculations were also conducted for models without EP

(Figure 3). When using the standard RESP charges without the EP, the RRMS

values typically decrease sharply till 2 Å, continuing to decrease slightly with the

increase in the iodine MK radius as no minima are observed in the curves (Figures 3).

The variation of iodine charge with the halogen radius using this model without

EP shows an abrupt decrease, eventually reaching a plateau around 1.5 Å, though

some differences can be observed among compounds, especially for diiodomethane.

Nonetheless, it seems clear that at empirically-relevant radii values, the charges of

iodine do not change significantly. Using an EP (Figure 2), the RRMS values also

decrease and despite no minima being observed, it seems that a plateau is reached

at radii values larger than 2.5 Å. For some compounds (e.g. 1-iodoheptane), this

RRMS plateau is reached earlier. With this EP implementation, the iodine charges

also decrease sharply with the increase of the iodine MK radius, however, the values

are considerably more negative than those observed with the model without the EP.

The variation of the EP charge is considerably lower than that observed for iodine,

nonetheless, a slight increase in the charge is obtained with the decrease in the

iodine MK radii values, reaching a plateau at around 1.5 Å. Notice that some peaks

are observed in the RRMS and charge values at MK radius around 1.5 Å. This is

probably due to the fact that, at this MK radii value, the first layer is placed very

near the EP position (vertical yellow line in Figure 2). Indeed, since we used the

default MK scheme which adds three layers constructed with scaling factors of 1.4,

1.6, 1.8, and 2.0 Å, an MK iodine radius of 1.5 Åwould put the first layer at 2.1 Å,

which overlaps with the EP (2.15 Å).

Both the EP and no EP results indicate that there is no evident ”ideal” iodine

MK radius based on the quality of the fit (RRMS values), and in fact, the values

decrease with increasing radius. However, as mentioned previously, the RRMS de-

creases considerably until an iodine radius of 2 Åis reached, and thus, the assignment

of a lower value might not be recommended.
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Fig. 2. Variation of the ESP RRMS values (providing the quality of the fit) along with the EP
and iodine charges (assigned during the RESP fitting) as a function of the iodine MK radius. The

vertical orange line corresponds to the iodine radius of 2.3 Å, commonly used by our group, and
the vertical yellow line represents the distance at which the EP is placed (2.15 Å).
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Fig. 3. Variation of the ESP RRMS (providing the quality of the fit) along with the iodine charge
(assigned during the RESP fitting without an EP) as a function of the iodine MK radius. The

vertical orange line corresponds to the iodine radius of 2.3 Å, commonly used by our group.
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3.2. Performance of different MK iodine radii in the

determination of ∆Ghyd

Since no hints could be inferred from the previous section regarding a proper iodine

radius, we performed alchemical free energy calculations to predict the ∆Ghyd values

of our set of iodinated molecules. Notice that the calculation of ∆Ghyd is highly

sensitive to the charges used in the force field38 and therefore, these values are

commonly used for force field validation. For practical reasons, only three MK radii

values were utilized: 1.98 Å which is often taken as a reference value for the iodine

van der Waals radius,39 2.30 Å that has been used by us in previous studies,15–17,24

and 2.70 Å which was previously employed in the assessment of the effect of EPs

on the partial charges of halogenated molecules.23 The MAE and RMSE values

obtained for each iodine MK radii and charge model tested (with and without EP)

are presented in Table 1. When no extra point with a partial atomic charge is used,

Table 1. MAE and RMSE (kcal mol−1) values obtained using different MK iodine radii, with and

without EP

no EP EP

MK radius (Å) MAE RMSE MAE RMSE

1.98 0.85 1.09 0.81 0.95

2.3024 0.81 1.09 0.87 0.97

2.70 0.76 1.06 0.79 0.89

the MAE values decrease with increasing MK radius while the RMSE also decreases

from 1.98 and 2.30 Å to 2.70 Å. This tendency is not observed in the presence of an

EP. Despite the clear agreement of the lowest MAE and RMSE values also being

obtained with a MK radius of 2.70 Å (0.79 and 0.89 kcal mol−1, respectively),

the radius with the worst performance is now the 2.30 Å. Although the differences

are not substantial in some cases, we can argue that the best performance was

obtained using the iodine MK radius of 2.70 Åfor both the EP and no EP models.

This radius also shortened the difference in the performance of EP versus the no EP

model observed in our earlier study using 2.30 Å.24

We analyzed further the calculated ∆Ghyd values by looking at the maximum

of the electrostatic potential at iodine (VS,max) for each compound, which is a

measure of the σ–hole strength and is often used as an XB strength predictor.3

The values are collected in Tables 2 and 3 for charges obtained without and with

EP, respectively. Curiously, for the compounds with the highest VS,max, for which

the XBs are expected to be important, some trends were verified. Indeed, using an

EP, the prediction of the ∆Ghyd of 5-iodouracil (VS,max = 24.36 kcal mol−1) and

2-iodophenol (VS,max = 14.73 kcal mol−1) improved considerably (lower deviation

between experimental and calculated ∆Ghyd) with the increase of the iodine ra-
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Table 2. Experimental (∆Ghyd(exp)) and calculated (∆Ghyd(calc)) hydration free energies

(kcal mol−1) obtained using different iodine MK radius and standard RESP charges (no EP).
The VS,max corresponds to the maxima of the electrostatic potential (ESP) at the iodine for each

compound (kcal mol−1), computed at the B3LYP/6-311G(d,p) level.

compound ∆Ghyd(exp)
26 VS,max

∆Ghyd(calc)

1.98 Å 2.30 Å24 2.70 Å

iodoethane -0.74 10.17 -0.01 ± 0.02 -0.04 ± 0.01 0.01 ± 0.01

1-iodopropane -0.53 9.93 -0.11 ± 0.04 -0.13 ± 0.03 -0.10 ± 0.05

2-iodopropane -0.46 7.33 -0.04 ± 0.02 -0.07 ± 0.04 -0.01 ± 0.02

5-iodouracil -18.72 24.36 -16.64 ± 0.02 -16.37 ± 0.05 -16.24 ± 0.05

iodobenzene -1.74 16.59 -0.92 ± 0.03 -1.01 ± 0.03 -1.09 ± 0.01

iodomethane -0.89 12.68 -0.12 ± 0.04 -0.23 ± 0.01 -0.20 ± 0.01

1-iodoheptane 0.27 9.29 0.42 ± 0.02 0.39 ± 0.04 0.41 ± 0.04

1-iodohexane 0.08 9.36 0.30 ± 0.02 0.29 ± 0.04 0.35 ± 0.07

diiodomethane -2.49 21.68 -0.86 ± 0.02 -1.54 ± 0.06 -2.11 ± 0.02

1-iodopentane -0.14 9.44 0.28 ± 0.04 0.27 ± 0.03 0.27 ± 0.04

1-iodobutane -0.25 9.63 0.10 ± 0.01 0.08 ± 0.03 0.02 ± 0.00

2-iodophenol -6.20 14.73 -3.99 ± 0.07 -3.75 ± 0.20 -3.94 ± 0.09

dius (5-iodouracil: 1.42 vs 0.71 vs -0.02 kcal mol−1; 2-iodophenol: 1.83 vs 1.66 vs

1.27 kcal mol−1), as presented in Table 3. If the halogen anisotropy is not included

via an EP (Table 2), the prediction of the ∆Ghyd is worse for these compounds,

with deviations around 2 kcal mol−1. Nonetheless, the usage of a 2.70 Å radius

yields the best results even without the EP. We should note that the opposite

trend was verified for diiodomethane (VS,max = 21.68 kcal mol−1) and iodobenzene

(VS,max = 16.59 kcal mol−1), for which the prediction of the ∆Ghyd got worse with

the increase of the iodine MK radius using the EP model (diiodomethane: 0.02 vs

0.04 vs 0.21; iodobenzene: -0.19 vs -0.73 vs -1.17 kcal mol−1). The same tendency

was observed without the EP usage (diiodomethane: 0.38 vs 0.95 vs 1.63 kcal mol−1;

iodobenzene: 0.65 vs 0.73 vs 0.82 kcal mol−1). These trends can also be observed

in Figure 4, which shows a comparison between the experimental and calculated

∆Ghyd values using the different iodine MK radius used. Without the use of an

EP, there is a tendency to overestimate the ∆Ghyd values as their calculated values

are systematically more positive than the experimental ones. This deviation seems

to increase as the experimental ∆Ghyd values become more negative showing that,

without emulating the anisotropy, the predictions become harder for the more hy-

drophilic compounds, with the MK radius of 2.70 Å yielding the best results. A

different tendency is obtained when we consider the iodine anisotropy (EP). Here,

the calculated ∆Ghyd have a tendency to be underestimated (too negative) for the

most hydrophobic compounds, indicating that the extra point might introduce an
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Table 3. Experimental (∆Ghyd(exp)) and calculated (∆Ghyd(calc)) hydration free energies

(kcal mol−1) obtained using different iodine MK radius using the EP model.14 The VS,max cor-
responds to the maxima of the electrostatic potential (ESP) at the iodine for each compound

(kcal mol−1), computed at the B3LYP/6-311G(d,p) level.

compound ∆Ghyd(exp)
26 VS,max

∆Ghyd(calc)

1.98 Å 2.30 Å24 2.70 Å

iodoethane -0.74 10.17 -1.25 ± 0.05 -1.44 ± 0.01 -1.34 ± 0.03

1-iodopropane -0.53 9.93 -1.41 ± 0.04 -1.59 ± 0.03 -1.55 ± 0.03

2-iodopropane -0.46 7.33 -1.44 ± 0.07 -1.83 ± 0.06 -1.90 ± 0.03

5-iodouracil -18.72 24.36 -17.30 ± 0.05 -18.02 ± 0.07 -18.74 ± 0.04

iodobenzene -1.74 16.59 -1.93 ± 0.02 -2.47 ± 0.07 -2.91 ± 0.01

iodomethane -0.89 12.68 -0.71 ± 0.05 -0.70 ± 0.01 -0.63 ± 0.01

1-iodoheptane 0.27 9.29 -0.79 ± 0.01 -0.94 ± 0.07 -0.79 ± 0.01

1-iodohexane 0.08 9.36 -0.92 ± 0.01 -0.98 ± 0.03 -0.87 ± 0.04

diiodomethane -2.49 21.68 -2.47 ± 0.03 -2.45 ± 0.00 -2.28 ± 0.03

1-iodopentane -0.14 9.44 -1.03 ± 0.03 -1.04 ± 0.06 -0.90 ± 0.04

1-iodobutane -0.25 9.63 -1.00 ± 0.03 -1.07 ± 0.04 -0.92 ± 0.03

2-iodophenol -6.20 14.73 -4.37 ± 0.06 -4.54 ± 0.12 -4.93 ± 0.05

overestimated amphoteric character to these specific compounds regardless of the

radii used.

Overall, despite the usage of an MK radius of 2.30 Å to fit RESP charges (both

with and without EP) does not lead to a dramatic error on the calculated ∆Ghyd

values, our results point out that a value of 2.70 Å leads to a better agreement

with the experimental values. Nonetheless, and given the different nature of the

compounds and the reduced size of this library, this question is not completely closed

and this work might also fuel the experimentalists to provide data on additional

iodinated compounds to improve our force field parametrizations.

4. Conclusions

Traditional force field methods rely on point charges to describe the electrostatic

interactions. In this scope, the RESP procedure is one of the most used methods.

This model requires van der Waals radii (or MK radii) in addition to a reference

electrostatic potential to build layers of grid points around the molecule. Such radius

for iodine is unknown and in the literature, to the best of our knowledge, two values

have been used, 2.30 Å15–17 and 2.70Å.23 Herein, we studied the effect of changing

the MK radius of iodine during the RESP fitting procedure on the quality of the fit

and charges on a set of 12 iodinated molecules taken from the FreeSolv database.26

By varying the iodine radius, the RRMS values obtained with and without an extra

point (EP), which emulates the halogen σ–hole, kept decreasing with increasing
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Fig. 4. Experimental (black) and calculated ∆Ghyd using iodine MK radius of 1.98 Å(blue),
2.30 Å(green) and 2.70 Å(purple), using standard RESP charges (no EP) and the EP implementa-

tion, for each iodinated compound in the study. The compounds are sorted by their experimental

∆Ghyd values.

radii for most compounds, which makes this property (quality of the fit) impracti-

cal for radii optimization. Nevertheless, the RRMS values exhibited a substantial

decrease until the iodine radius reached approximately 2 Å. Therefore, assigning

a lower radius value is not advisable. Since ∆Ghyd values are extremely sensitive

to the atomic partial charges used in the force field, we performed alchemical free

energy calculations to evaluate the influence of such radii in the ∆Ghyd values for

three iodine MK radius: 1.98 Å, 2.30 Å, and 2.70 Å. Overall, the MAE and RMSE

values obtained indicate that the usage of different iodine MK radii does not lead

to a remarkable difference in the calculated values, however, using a value of 2.70Å

systematically led to lower MAE and RMSE values when comparing experimen-

tal and calculated ∆Ghyd values. When no anisotropy is emulated (no EP), the

agreement between calculated and experimental values is worse as the experimental

∆Ghyd values become more negative. When an EP is added, the performance is

better for compounds with a larger VS,max. With this work, we aimed to contribute

to a further refinement of the halogen bond description using force field methods.
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