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ABSTRACT

2-hydroxyethyl methacrylate (HEMA) and acrylic acid (AA) are monomers widely used in the production
of hydrogels with medium-high water content. The structural and spectroscopic properties of HEMA and
AA were studied using a combination of computational strategies based on both density functional theory
(DFT) calculations and molecular dynamics (MD) simulations. DFT calculations have confirmed the co-
existence of two stable HEMA conformers, while solute-solvent interactions between HEMA and AA with
water were characterized by the analysis of MD simulations carried out by employing four different
water models and different simulation conditions. The carbonyl and hydroxyl oxygen atoms of HEMA
are involved in hydrogen bonding, whereas the ester oxygen atom does not appreciably interacts with
the solvent. No significant differences in solute-solvent interactions are found between the two HEMA
conformers. Their spectroscopic properties were calculated and the results were compared to experimen-
tal data. Although electronic spectra do not really allow a differentiation of the conformers, IR spectra
present some peculiar bands to discriminate the presence and obtain information on the ratio of the con-
formers in solution. To verify the influence of a solvent with higher dipole moment on chemical proper-

ties, acetonitrile has been considered as an alternative solvent.

© 2022 Elsevier B.V. All rights reserved.

1. Introduction

2-Hydroxyethyl methacrylate (HEMA) and acrylic acid (AA) are
monomers widely used as building blocks in numerous fields of
application where the presence of chemical hydrogels with a
medium/high water content and good mechanical properties is
needed. Their use, both as homopolymers (poly-HEMA and poly-
AA) or co-polymers (poly-(HEMA/AA)), spreads from biomedical
[1-3] to artworks conservation [4] applications. These monomers
deserve deeper investigations for several reasons.

In the case of HEMA, despite the current state of art
comprehends several data on the syntheses, characterization and
degradation on the polymer (pHEMA) [5-10], just a few papers
investigate pHEMA noncovalent inter- and intra-molecular
interactions [11-14], and surprisingly, literature lacks even more
on studies related to the monomer. Few data report on HEMA
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hydrogen bonding from experimental spectra speculations
[15,13], proposing dimeric intermolecular or quasi-ring
intramolecular structures at low concentration [13]. Both the
HEMA carbonyl and alcoholic functional groups appear to be
involved in hydrogen bonding, according to vibrational spectra
[15,13]. Regarding the monomer structure, as for other methacry-
lates [16], there are already some experimental evidences of the
existence of two stable HEMA conformers in solution, one present-
ing the carbonyl moiety in cis position with respect to the vinyl
group, while the other one in trans position. In particular, experi-
mental spectra of HEMA present some peaks that can be deconvo-
luted into contributions arising from these isomers [13]. To the
best of our knowledge, the only paper that was entirely devolved
to a preliminary study on the HEMA rotational isomers is the one
published by Belaidi et al. (2015) [17]. These authors confirmed
experimental results with ab-initio calculations and theoretical
spectra of the two conformers. However, still some questions to
answer remain: (i) what is the percentage of s-cis-like conformer
with respect to the s-trans-like one in solution? (ii) How does this
ratio evolve with temperature? (iii) Does this conformation differ-
ence affect interactions with the solvent and with other solutes?
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(iv) How does the presence of these monomeric rotational isomers
influence the structure and the properties of HEMA-based
polymers?

In the case of AA, for biomedical applications and water treat-
ments, its interactions develop mostly in aqueous environments.
For this reason, it is important to analyze the AA monomer behav-
ior in solution to better understand its intermolecular interactions
when involved in more complex structures. The pKa of acrylic acid
is around 4 [18], thus if we consider almost neutral conditions, AA
is present in the deprotonated form (AA~!). As for HEMA, AA can
exist in both a cis- and a trans-like configuration [19,18]. Moreover,
cis- and trans-like AA can combine into cis-cis or trans-trans or cis-
trans dimers through hydrogen bonding [19].

The aim of this work is mainly devoted to provide highlights on
HEMA and AA conformers in aqueous solution and to describe
hydrogen bond interactions with polar solvents. In this respect,
the solute-solvent interactions have been studied through MD sim-
ulations, employing four different water models[20] to verify the
accuracy in hydrogen bond description in different thermodynamic
conditions. Molecular dynamics studies on similar systems have
been performed elsewhere [21]. The interpretation of the experi-
mental UV-vis and IR spectra of both HEMA and AA in water has
been supported by DFT calculations on selected model systems.
In addition, the system has been studied in acetonitrile (CH3CN)
to verify the effects on chemical properties of both HEMA and AA
of a solvent with higher dipole moment than water.

2. Computational details
2.1. Structural optimization

The molecular structure of the cis-like and trans-like HEMA
conformers and of both the protonated and deprotonated AA was
optimized by using ab initio calculations based on Density Func-
tional Theory (DFT) at the B3LYP/6-311++G(d,p) [22-25] level of
theory with the Gaussian 09 suite of programs [26]. The torsional
energy barrier of the conformers was calculated by scanning the
dihedral angle (including the carbonyl and vinyl moieties of each
cis-like solute) from 0 to 180° with a step-size of 5 degrees. It
has been verified that all the optimized minima are characterized
by no imaginary vibrational frequencies.

2.2. Force field parameterization

The General AMBER Force Field (GAFF2) parameterization of
HEMA and AA molecules (both in its protonated and deprotonated
forms) has been obtained by using the PrimaDORAC web interface
[27], which provides the topology files for running MD simulations
upon a structural input including the molecular charge. While
HEMA was considered neutral, AA was investigated both in proto-
nated and deprotonated forms with molecular charge of 0 and -1,
respectively.

2.3. Molecular dynamics simulations

MD simulations were performed using GROMACS 2021.2 soft-
ware [28]. Each single monomer was solvated in a cubic box con-
taining 400 water molecules; subsequent solvations were also
performed in CH5CN lowering the solvent molecules amount to
142; parameterization for CH3CN was done using GAFF and retriev-
ing atomic charges from elsewhere [29,30]. Four different water
models were tested: TIP3P [31], SPC/E [32], TIP3P-FB [33] as
three-sites models and TIP4P-FB [33] as four-sites model, respec-
tively; parameters of such water models and application examples
can be found elsewhere in literature [34,20]. The initial systems
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were minimized by using the steepest descent algorithm, then
after an equilibration run of 2 ns, the production run was per-
formed for 10 ns with an integration step of 2 fs. Additional tests,
increasing the total simulation time to 50 ns, ensured that no sig-
nificant differences occur. All simulations were done setting the
external pressure at 1 atm using a Parrinello-Rahman Lagrangian
[35] with an isotropic stress tensor and keeping constant temper-
ature (at 260, 280 and 298 K, respectively) with a Nosé-Hoover
approach [36,37]. In order to study the temperature effect on
hydrogen bonding, dynamics with the TIP4P-FB model were also
performed at further temperatures (230, 330 and 360 K). Rigid con-
straints were imposed only on the X-H bonds (with X being any
heavy atom) by means of the LINCS algorithm [38]. Electrostatic
interactions were treated by using particle-mesh Ewald (PME)
[39] method with a grid spacing of 1 A and a spline interpolation
of order 4. Details on MD simulations are also summarized in
Table S1. The radial distribution functions, g(r), were calculated
with the VMD software [40]. The angle distribution functions, g
(0), were computed with home made program; the angle 6 was
defined as the angle between the vectors connecting the donor
group (OH) and the donor and the acceptor oxygen atoms
(O---0). The Spatial Distribution Functions (SDFs) were calculated
using TRAVIS software [41,42]. The dihedral angle distributions
over the MD simulations at different temperatures were calculated
with GROMACS tools. The water self-diffusion coefficient as well as
the hydration free energy were also calculated with the GROMACS
tools. In particular, the AGpyq was calculated using free energy per-
turbation (FEP) method and using 6 / values (0.0, 0.2, 0.4, 0.6, 0.8,
1.0) to annihilate charge and Lennard-Jones contributions. Each
window was of 2 ns. The Bennett acceptance ratio (BAR) [43]
method was used to calculate the free energy differences between
the adjacent windows.

2.4. Theoretical spectroscopic characterization

DFT calculations to retrieve the electronic transitions and the
vibrational frequencies of each solute were run by the Gaussian
09 suite of programs [26] with the B3LYP/6-311++G(d,p) basis
set. Such calculations were done (i) on the single non-solvated
molecules (gas phase), (i) with implicit solvent and (iii) with expli-
cit solvent. For (ii), the Conductor-like Polarizable Continuum
Model (C-PCM) [44] was used to describe continuum solvation
effects. For (iii), the input consisted in the solute molecule sur-
rounded by the first solvation shell (configuration retrieved by
MD) which was embedded in the continuum solvent (C-PCM) to
consider further interactions than the first shell one. Explicit sol-
vent molecules corresponded to the ones occurring at virtually
1.8 A according to the previously calculated g(r) at 298 K.

3. Experimental
3.1. Chemicals

All the following reagents were used without any further purifi-
cation: HEMA (Sigma Aldrich; assay > 98%), AA (Fluka; assay
> 99.0%), sodium hydroxyde (NaOH; Sigma Aldrich; assay
> 98%); deuterium oxide (D,0; Eurisotop; assay > 99.90%); CHs-
CN (Sigma Aldrich; assay > 99.8%).

3.2. Experimental spectroscopic characterization

Experimental UV-vis and IR spectra of HEMA and AA solutions
were recorded. Solutions were prepared both in D,O and CH3CN
media, ranging from 0.001 to 1 M. Small amounts of NaOH were
added to the deuterated solutions to keep a strongly basic environ-
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ment (i.e. pH > 10). Absorption spectra were recorded by a Cary 60
UV-vis spectrophotometer, scanning wavelengths from 190 to
400 nm at 0.5 nm steps with a scan rate of 500 nm/min. Vibrational
spectra were obtained by a Thermo Nicolet Nexus 870 spectrome-
ter equipped with an MCT detector, recording 128 scans at 4 cm™!
resolution in the 4000-650 cm ! range.

4. Results and discussion
4.1. Torsional energy barrier

As shown in Fig. 1, the torsional energy barrier between the iso-
lated cis- and the trans-like HEMA conformers corresponds to
about 4.7 kcal/mol. The energy barrier does not allow the inter-
conversion of one conformer in the other at room temperature.
Considering the main solvent effects through an implicit solvent
(i.e. water or CH3CN), the switching between the two conformers
results slightly easier, as the torsional energy barrier results low-
ered to 4.0 kcal/mol. The energy barrier is expected to be higher
in solution than in gas phase if an explicit solvent, and thus hydro-
gen bonding, is considered. The trans-like conformer results to be
slightly more stable than the cis-like one in gaseous phase
(AEgrans—cis €qual to 0.263 kcal/mol), while their become more sim-
ilar in solution when considering an implicit solvent (AEans_cis
equal to —0.132 kcal/mol both for water and acetonitrile) and
essentially the same adding an explicit solvent (AEans_cis equal
to 0.010 kcal/mol for deuterated water). The energy values of the
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Fig. 1. Potential energy profile of (a) C1-C2-C3-04 HEMA dihedral angle calculated
in the gas phase (green), in water (blue), in CH3CN (yellow) and (b) C1-C2-C3-04 AA
dihedral angle in its protonated (gas phase (red), in water (cyan) and in CH5CN
(orange)) and deprotonated (gas phase (violet), in water (brown) and in CH5CN
(blue)) form. The solvent effect is taken into account by using the C-PCM approach.
The atom labelling is reported on the ball-and-stick models in the insets of the
figure.
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conformers with explicit solvent were retrieved from calculations
with the Gaussian tool.

The distribution of the dihedral angle for the two HEMA con-
formers has been evaluated by analysing the trajectories of MD
simulations, confirming their stability. Indeed, as it is shown in
Fig. 2 the dihedral angle C1-C2-C3-04 (for labeling see inset of
Fig. 1) populates the corresponding energy minima, which are
located at 0° for the cis-like and at 180° for trans-like conformer,
respectively. The dihedral angle C1-C2-C3-04 distribution of cis-
like conformer was calculated for all the MD simulations (230,
260, 280, 298, 330 e 360 K) to investigate the effect of temperature.
A broader distribution always peaked at 0° is obtained at higher
temperature confirming the conformer stability (see Figure S1 in
ESI), also when the system is simulated at temperatures different
from standard conditions.

Protonated AA results to be more stable in its cis-like form both
in gaseous and in liquid state (see Fig. 1), as reported in the work of
Kulbida et al. [45]. The torsional energy barrier results to be lower
if implicit solvents (i.e. water or CH3CN) are considered. The depro-
tonated AA presents lower torsional energy barrier than the proto-
nated one, possibly as a result of the electronic delocalization
present in the carboxylate anion.

4.2. Solute-solvent interactions

The cis- and trans-like HEMA conformers present similar g(r)
(see Fig. 3) and g(0) (see Figure S2), meaning that the interactions
with the water do not really change. As depicted in Fig. 3 by the
first maximum, the main solute-solvent interactions are given by
the carbonyl, C=0 (Oc), and the hydroxy, C-O-H (Oa, Ha), groups
(see panels a, ¢ and d of the figure). Vice versa, the alkoxy C-O-R
(Oe) moiety almost does not take part to hydrogen bonding with
hydrogen atoms of water (Hw). Considering the g(r) obtained with
the TIP4P-FB model at room T, the maximum probability to find
water solvating HEMA is at 1.8 A for both C=0 and C-O-H groups
in HEMA. As shown by the integrals computed at the first g(r) min-
imum reported in Fig. 3, the first solvation shell extending to
~2.5A includes about two water molecules around the carbonyl
group (see panel (a)) and about three water molecules around
the hydroxyl moiety (see panels (c¢) and (d)), both in donor (~1)
and acceptor (~2) fashions. The 3D graphical representations of
SDFs confirm the g(r) results (see Fig. 4), corroborating the pres-
ence of hydrogen bonds. Although the isovalue adopted to show
the results are not the same, it is possible to visualize the accep-
tor/donor character of the two groups and also to appreciate the
hydrogen bond directionality. The g(0) (see Figure S2) confirms
the directional character of hydrogen bond interactions as
expected: all the functions drop down after virtually 20° and go
to zero around 45°. The only exception is found for the g(0)yow...0e
function, and such behaviour is correlated to the extremely weak
interaction given by the ester group. When lowering the tempera-
ture, hydrogen bonding seems to become more directional (i.e.
narrower g(r)) both with the carbonyl and the hydroxyl moiety
as shown by Fig. 5 showing the radial distribution function
between donor-acceptor groups calculated during MD simulations
of cis-like HEMA conformer in TIP4P-FB water at several tempera-
tures (230, 260, 280, 298, 330 and 360 K). When the system is sim-
ulated at 360 K, the distribution of water molecules looks more
disordered (panel (d) of the figure). This is consistent with the
increased molecular motion in solution as a consequence of the
greater thermal agitation induced by the temperature change.

The AGyyq obtained for HEMA is —6.4 + 0.6 kcal/mol; this
results is in agreement with that determined in other studies
[46]. Such value confirms the favorable interaction of HEMA with
water.
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Fig. 2. C1-C2-C3-04 dihedral angle distribution calculated during the 10 ns MD simulations of (a) cis-like and (b) trans-like HEMA conformers obtained in the case of TIP4P-
FB water model.
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hydroxyl oxygen atom (Oa) and the water hydrogen atoms; (d) the water oxygen atom (Ow) and the hydroxyl hydrogen atom (Ha).
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(a)

Fig. 4. Spatial distribution functions of the water hydrogen atom (white) and water oxygen atom (red) around (a) alcoholic moiety of cis-like HEMA, (b) alcoholic moiety of
trans-like HEMA, (c) carbonyl moiety of cis-like HEMA and (d) carbonyl moiety of trans-like HEMA. In (a) and (b) are shown at an isovalue of 75 nm~2, in (c) and (b) at
65 nm >,
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Fig. 5. Radial distribution functions of the cis-like HEMA conformers at different T with the TIP4P-FB water model. The g(r) considers (a) the carbonyl oxygen atom (Oc) and
the water hydrogen atoms (Hw); (b) the alkoxy oxygen atom (Oe) and the water hydrogen atoms; (c) the hydroxyl oxygen atom (Oa) and the water hydrogen atoms; (d) the
water oxygen atom (Ow) and the hydroxyl hydrogen atom (Ha).
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rOw..AHy
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Fig. 6. Radial distribution functions (continuous lines) and their integrals (dashed lines) for AA in its protonated and deprotonated forms. The g(r) considers (a) the carbonyl
oxygen atom (Ox) and the water hydrogen atoms (Hw); (b) the hydroxyl (Oy) oxygen atom and the water hydrogen atoms (Hw) and (c) the water oxygen atom (Ow) and the

hydroxyl hydrogen atom (Hy).

In the case of AA, both the carboxylic oxygen atoms (i.e. car-
bonyl, Ox and hydroxyl, Oy) take part to hydrogen bonding. As
for HEMA, according to the g(r), water molecules are most likely
to occur at 1.8 A far from the AA oxygen atoms (see Fig. 6). AA g
(r) integrals are quite different with respect to HEMA ones instead:
the first solvation shell of AA in its protonated form includes four
water molecules around the carboxyl moiety, while integrals of
deprotonated AA show that the first solvation shell is composed
by six water molecules in total, half around each AA oxygen (Ox
and Oy). When the AA is in the protonated form, the hydroxyl
group also plays the role of hydrogen bond donor as shown in
Fig. 6 (see panel (c)). The g(#) confirms the hydrogen bond
directional character also in the case of AA (see Figure S3). The
AGyyq obtained for AA is —5.45 + 0.07 kcal/mol; this value is con-
sistent with experimental AGyyq of species with similar structure
[47].

The water self-diffusion coefficients, calculated on the systems
with the TIP4P-FB model, are in line with bulk water ones while
varying temperature (i.e. system density, calculated for cis-like
HEMA in TIP4P-FB at T 298 K, is equal to 1.92 + 0.09 - 107> cm?/
s), as the solvent amount is huge compared to just one molecule
of solute in the systems [48,49]. Results are reported in Table S2.

Different water models (i.e. TIP3P, SPC/E, TIP3P-FB and TIP4P-
FB) have been used to study cis-like HEMA conformer and AA
and sort out their effect on the system solvation description.
Changing water model does not deeply affect the g(r) at room T
for either solutes, while differences become more important as T
is lowered. The water model that best fits the hydrogen bonding
description (see Fig. 7 and Figure S4) is TIP4P-FB, that differently

for the other models (Figure S4) can reproduce the structural prop-
erties even at low T (see Table 1). In these simulations, the
expected density values are close to the density of bulk water as
a result of the very low concentration of the solutes (i.e. only one
solute molecule is considered). Graphs and tables with experimen-
tal bulk water density versus calculated values are reported else-
where and can be used for comparison [33,50,51]. The water
models considered in this study reproduce the effect of T on the
density with the highest value encountered at 280 K. Less accuracy
is encountered in the case of SPC/E.

To obtain further insights on the structural, dynamic and spec-
troscopic properties of both HEMA and AA, MD simulations have
been carried out also in acetonitrile. This choice allows to verify
the influence of an aprotic solvent but with higher dipole moment
than water on the structural properties of the investigated sys-
tems. In CH5CN solution, HEMA carbonyl oxygen, C=0 (Oc) still
interacts with solvent hydrogen atoms though the interaction is
at higher distance values and the g(r) peak is broader (see panel
(a) in Figure S5). Furthermore, the HEMA hydrogen bond donor
character becomes less pronounced in CH3CN, indeed although
the first peak of g(r)n.. pa is still present (see panel (d) in Figure S5),
the integral value calculated at the first minimum is lower. The
HEMA in CH3CN prefers to form an intramolecular hydrogen bond
between the hydroxyl hydrogen atom (Ha) and the carbonyl oxy-
gen atom (Ox) obtaining an almost cyclic structure. A similar result
has been found analyzing the radial distribution functions between
AA (in protonated and deprotonated form) and CHsCN: both the
carboxylic oxygen atoms (i.e. carbonyl, Ox and hydroxyl, Oy) take
part in weaker hydrogen bonds with broader g(r) peaks shifted at
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Fig. 7. Radial distribution functions (continuous lines) and their integrals (dashed lines) for the cis-like HEMA conformer at 260 K. The g(r) considers (a) the carbonyl oxygen
atom (Oc) and the water hydrogen atoms (Hw); (b) the alkoxy oxygen atom (Oe) and the water hydrogen atoms; (c) the hydroxyl oxygen atom (Oa) and the water hydrogen

atoms; (d) the water oxygen atom (Ow) and the hydroxyl hydrogen atom (Ha).

Table 1
Calculated densities from MD simulations of cis-like HEMA conformer and protonated
AA solvated using the different water models and at different temperatures.

Density (kg/m>)

cis-like HEMA conformer

260 K 280 K 298 K
TIP3P 987.4 + 0.1 1002.4 + 0.1 987.1 £ 0.2
TIP3P-FB 1007.2 + 0.5 1003.9 + 0.2 997.7 + 0.1
SPC/E 1000.7 + 0.1 1008.9 + 0.1 1000.6 + 0.2
TIP4P-FB 1000.3 £+ 0.5 1001.9 £+ 0.2 998.8 + 0.2

protonated AA

260 K 280 K 298 K
TIP3P 987.5 + 0.1 1002.3 + 0.2 987.1 +£ 0.1
TIP3P-FB 997.1 + 0.2 1003.1 + 0.2 997.2 + 0.2
SPC/E 1014.0 = 0.3 1008.6 + 0.1 1000.6 + 0.1
TIP4P-FB 999.2 + 0.3 1001.2 £ 0.1 998.5 + 0.2

higher distance values (Figure S6). The hydrogen bond donor char-
acter of protonated AA in CH5CN does not change and it is the same
found in water.

4.3. Spectroscopic characterization

The experimental UV-vis absorption spectrum of HEMA in D,0
(Fig. 8) presents a maximum around 195 nm (the peak is shifted to
205 nm in CH3CN, see Figure S7). The calculated electronic transi-
tions of the cis- and trans-like HEMA molecules are extremely sim-
ilar. Considering the UV-vis spectra of the non-solvated
conformers, the cis-like one is virtually 5 nm red-shifted with

respect to the trans-like one, while adding an implicit solvent (with
C-PCM) the difference is around 10 nm. Improvements in the cal-
culated band description with respect to the experimental one
arise when using an explicit solvent coupled to C-PCM. We con-
sider the first solvation shell together with C-PCM explicitly, differ-
ences between the bands of the two conformers disappear
completely (see panel (c) of Fig. 8). Thus, UV-vis spectroscopy does
not really allow to discriminate between the two conformers.

By comparing the vibrational frequencies of the two conform-
ers, differences become much more evident (see Fig. 9). The exper-
imental IR band corresponding to the carbonyl stretching mode of
HEMA in D,0 (around 1700 cm™!) is of particular interest because
of its asymmetric shape, which is expected to be fitted by the dis-
tinct bands of the two conformers. The simulated IR spectra of the
non-solvated cis-like and trans-like forms present the C=0 stretch-
ing mode shifted to 1773 and 1764 cm™', respectively. It is thus
necessary to introduce a solvent description for better fitting the
experimental data. When introducing implicit water, the cis-like
peak is shifted to 1729 cm™! and the trans-like one to
1721 cm™ . Such shift is further corrected by adding explicitly five
deuterated water molecules, belonging to the first solvation shell,
coupled to the C-PCM model. In fact, by using this combined
approach, the carbonyl stretching band of the cis-like conformer
occurs at 1702 cm™!, while the trans-like one at 1694 cm~![52].
Comparing the carbonyl stretching band intensities, the ratio of
trans- to cis-like HEMA conformers results to be almost 56.5: 43.5.

The experimental HEMA carbonyl stretching band in CH3CN is
at virtually 1718 cm™', and in this case the band shape is symmet-
ric (see Figure S8). The simulated vibrational bands of the cis- and
trans-like HEMA conformers with implicit CH;CN nearly overlap at
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1730 and 1721 cm™!, respectively (see Figure S8). Because of the
extremely similar calculated energies of the cis- and trans-like
HEMA conformers (considering calculations with implicit CH3CN),
we can exclude the presence of just one conformer and hypothe-
size that both the conformers are present in almost 1:1 ratio and
that both the corresponding bands can be convoluted into the
experimental one.

As expected, AA is present in its deprotonated form when the
acid is exposed to strongly basic conditions. Its experimental
UV-vis spectrum presents an electronic band at 195 nm; such
band is almost perfectly fitted by the calculated one at 201 nm con-
sidering explicit D,O + C-PCM (see Figure S9). The experimental
UV-vis spectrum of AA in CH3CN presents a band in which both
the protonated and the deprotonated species can fit (see Fig-
ure S10). By comparing the experimental vibrational spectrum of
AA in D,0 and the simulated one with explicit solvent + C-PCM
(see Figure S11), the calculated band at 1249 cm™! fits the experi-
mental one at 1205 cm™}, corresponding to the C-O asymmetric
stretching mode [53]. Again, the best agreement between calcu-
lated and experimental data arises from the introduction of explicit
solvent molecules. Vice versa, in the experimental IR spectrum of
AA in CH5CN (without pH corrections) bands corresponding to both
protonated and deprotonated AA are present (see Figure S12).
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5. Conclusions

The co-existence of two stable HEMA conformers in solution
was confirmed by both experimental and theoretical results. The
cis-like protonated AA is confirmed to be more stable than the
trans-like form. Solute-solvent interactions are equal for both con-
formers, and they occur mainly through the carbonyl and alcoholic
moieties in HEMA and through the carboxylic group in AA, both in
donor and acceptor fashions. Switching from water to CH5CN as
solvent, the probability to find a hydrogen bond network between
HEMA or AA and the solvent itself gets lower. Moreover, when pre-
sent, solute-solvent hydrogen bonding with CH3;CN is weaker. The
hydrogen bonding description far changes when switching from
water to CH3CN as solvent, resulting negligible for both HEMA
and AA: when comparing g(r) of systems in water to systems in
acetonitrile, there are several differences in the plotted curves con-
cerning (i) the first maximum position (related to hydrogen bond
strength), height (related to probability) and width (related to
directionality), (ii) the integral corresponding to the first minimum
(regarding hydrogen bonds amount), (iii) further solvation shells
description. A reason for such differences can be the major polarity
of water compared to CH3CN. The usage of explicit solvent mole-
cules coupled to C-PCM improves the description of calculated
spectra for both HEMA and AA monomers. Electronic transitions
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do not allow to discriminate between the cis-like and trans-like
HEMA conformers, while vibrational ones do. In particular, the
HEMA carbonyl stretching band suggests a different ratio of the
trans- and cis-like HEMA conformers in solution, which was
calculated to be 56.5: 43.5 at ambient conditions by considering
their dipole moments. Such difference could influence
HEMA-containing polymeric structures, especially in case of poly-
merization at low T, and will therefore be considered in further
studies for longer HEMA chains.
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