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The intrinsic molecular polarity of a molecule, i.e. its dipole moment, seems to have an important role in the
mixing process of an Ionic Liquid and a Molecular Liquid. In this work we report a complete study on the overall
organization of a 1:1 binary mixture of Ethylammonium Nitrate and Ethylene Glycol by means of Wide Angle X-
Ray Scattering, Raman Spectroscopy and Far Infrared Spectroscopy. The interpretation of all the experimental
data was aided by a variety of computational models obtained via Classical Molecular Dynamics, ab initioMolec-
ular Dynamics and DFT calculations. We observe that in the samples examined the Nitrate anion is strongly sol-
vated by glycol molecules. This interaction has notable consequences on experimental observations.

© 2016 Elsevier B.V. All rights reserved.
Keywords:
Ionic liquids
Binary mixture
Wide angle X-ray scattering
Spectroscopy
Computational simulations
1. Introduction

The wide potential application of Ionic Liquids (ILs) has a strong ap-
pealing in both academy [1] and industry [2,3]. Their characteristic bulk
molecular organization [4–7] leads to unique properties that can be
tuned by chemical substitutions on the cation and/or the anion [8–10].
The possibility of doing so gave them the fame of “task specific solvents”
[11–13]. If within the cation molecular structure is present an available
proton (i.e. an exchangeable one), then the compound belongs to the
class of Protic Ionic Liquids (PILs) [14,15]. Among them, Ethylammoni-
um Nitrate (EAN) was the first ever reported room temperature IL
[16] and its extensive 3D hydrogen bond network is fairly similar to
the one of liquid water [17]. Moreover, EAN and water share quite a
lot of properties, both as neat compounds and as mixed with other
chemicals [18–25]. These two facts make EAN the perfect prototype to
find general behaviours in PILs. Mixing of two components can be con-
veniently used to tune chemical and physical properties [26,27]
avoiding an expensive and time-consuming ad hoc synthesis. Different
functional groups on the molecular co-solvent may have a variety of
consequences on structure, kinetics and the spectroscopic properties
ariani).
of the resulting mixture. It is possible to find a wide literature on
EAN:co-solvent mixtures in which water [22], alcohols [28], DMSO
[24], and other organic compounds [29,30] are involved. In this work
we have chosen Ethylene Glycol because of its dipole moment value,
which falls in themiddle of the values of some other co-solvents studied
(see Table 1). Fig. 1 shows a schematic representation of the molecules
discussed in this work.
2. Material and methods

EANwas purchased from IoLiTec with a nominal purity of 99.8%. Ex-
cess water was removed by pumping the compound under high vacu-
um and slight heating (45 °C) overnight. The final amount of water
was checked via 1H NMR and it was undetectable (b0.02%). Ethylene
Glycol was purchased from SigmaAldrich at the highest available purity
(≥99.8%) and used without further treatment. The 1:1 mixture was ob-
tained byweighting the two neat compounds, followed by their mixing.
For theWide Angle X-Ray Scattering (WAXS) experiments themixture,
as well as the neat precursors, was injected into a 2 mm o.d. sealed
quartz capillary. The scattering patterns were collected by a Bruker
D8 Advance with DaVinci design diffractometer located at CNIS - La
Sapienza University of Rome.
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Table 1
Dipole moments of some molecules of interest.

Water Ethanol Ethylene Glycol Methanol DMSO

1.52 Debye 1.66 Debye 2.27 Debye 2.87 Debye 4.10 Debye

Table 2
Number of molecules for each simulation carried out in this work.

Simulation Neat glycol 1:1 mixture Neat EAN

Diol IL Diol IL

Classical Dynamics (slow) 1000 600 600 1000
Classical Dynamics (fast) 500 250 250 500
ab initio Dynamics 10 4 4 6
DFT calculation 4 2 2 2
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The angle dispersive instrument is equipped with a Mo KαX-Ray
tube (λ = 0.7107 Å), whose radiation was focused onto the sample
with Göbel mirrors. The 2θ angle range available was 2.75–142° with a
step of 0.25° within Bragg-Brentano para-focusing geometry. The
scattered intensity was gathered with the Lynxeye XE Energy-Disper-
sive 1-D detector.

The Far Infrared (FIR) spectra were collected through a Bruker 66 V
Michelson interferometer equippedwith a 3 μm thickMylar beamsplitter
and a Pyroelectric detector. The spectral resolution was 4 cm−1 and
we cover the spectral region between 50 and 700 cm−1. The liquid
mixture was contained in an optical cell closed by polyetilene
windows. The absorption coefficient was calculated through the

equation A ¼ − ln ½ IðνÞI0ðνÞ�, where I (I0) is the transmitted light intensity

from the fill (empty) cell and ν is the frequency.
The Raman measurements were performed using a HR-Evolution

microspectrometer (Horiba – Jobin Yvon), equipped with a 15 mW
(10 mW on sample) He-Ne laser (632.8 nmwavelength). A 20× objec-
tive (n.a. 0.35)was used for the acquisition, in the backscattering geom-
etry. The elastically scattered light was removed by a state-of-the-art
optical filtering device based on three BragGrate notch filters and a
charge-coupled-device (CCD) was used to collect the spectrum of the
scattered radiation. The use of 600 lines/mm diffraction grating with
800 mm focal length ensured a spectral resolution better than 3 cm−1.
The frequencies were calibrated using the emission lines of a Neon
lamp. The spectra were elaborated and analysed using Origin Pro 8.1
software (OriginLab, Northampton, MA).

2.1. Computational Methods

Several different simulations were carried out on this system to
achieve the most complete scenario. The structure factor was modelled
by Classical Molecular Dynamics following the scheme:

1. Generation of a simulation box containing the appropriate number of
eachmolecular species in a random configuration. This was achieved
using Packmol [31].

2. Energy minimization through 107 cycles at 0 K.
3. Heating the system at 50 K for 20 ps (timestep 1 fs) in an NVT

ensemble.
4. NPT equilibration at 300 K and 1 bar for 5 ns (timestep 2 fs)
5. NVT equilibration at 300 K for 5 ns (timestep 2 fs)
6. NVT productive run at 300 K for 2 ns (timestep 2 fs)

To compute dynamic and kinetic properties, we added a further NVT
productive phase at 300 K, simulating 37.5 ps with a timestep of 0.5 fs.
All the classical simulations were carried out with AMBER12 [32]using
the GAFF force field [33]. Missing parameters such as atom charges for
ionic species were computed with the RESP fitting of the electrostatic
potential at B3LYP/6-311++G** level of theory. A dielectric constant
of 1.8 was employed for the calculation of electrostatic interactions in
both simulations, since we observed [34] that this value gives the best
reproducibility of the experimental density for neat EAN and for other
Fig. 1. Schematic representation of the molecules in this work.
PILs. That is equivalent to scaling the atomic charges by a factor of
~0.75. The trajectories obtained in this way were therefore analysed
using the TRAVIS software [35]. Raman spectra assignment was accom-
plished by ab initiomolecular dynamics simulations. For all the systems,
a pre-equilibration was performed employing Classical Molecular Dy-
namics within periodic boundary conditions, using AMBER12 [32] pro-
gram package and the GAFF force field [33]. The simulations reproduce
2 ns of physical time at 300 K. The starting configurations resulting from
this procedurewere used to set up ab initiomolecular dynamics simula-
tions with the program package CP2k [36], using the Quickstep module
[37] and orbital transformation [38] for faster convergence. The elec-
tronic structure was calculated at the level DFT, utilizing the PBE [39,
40] functional, with the explicit Van der Waals terms including empiri-
cal dispersion correction (D3) from Grimme [41]. The MOLOPT-DZVP-
SR-GTH [42] basis set and GTH pseudopotentials [43] were chosen.
The time step was chosen to be 0.5 fs. The temperature was set at
300 K by a Nose-Hoover chain thermostat. After 7 ps of QM-equilibra-
tion, NVT trajectories of 30 ps were performed.

FIR spectra were interpreted through DFT calculations at B3LYP/6–
311++G** level of theory performed with Gaussian-09 (D1) [44]. The
number of fragments in each simulation is reported in Table 2. Classical
Molecular Dynamics and the DFT calculations were run on the NARTEN
cluster at the Chemistry Department of La Sapienza University of Rome.
ab initioMolecular Dynamics was run on the cluster of the University of
Pisa.

3. Results and discussion

WAXS patterns for the three samples in this work are reported in
Fig. 2.

The agreement between the computed and experimental structure
function is indeed satisfactory especially for the 1:1 binary mixture
(herein after EGE5) and for neat Ethylene Glycol (EG). Mesoscopic het-
erogeneity is a well known feature of ILs [45,6,7], and PILs in particular
show the relative “Low q Peak” (LqP) even when the alkyl tail is just
two-carbon long, like in EAN [46,5,47]. It appears evident that the addi-
tion of glycol to EAN shifts the LqP at lower q values, from 6.7 nm−1 to
Fig. 2.Wide Angle X-Ray Scattering patterns collected at room conditions. Symbols are for
experimental, lines for theoretical models. EAN (red); EAN:Ethylene Glycol 1:1 mixture
(blue); Ethylene Glycol (green). Curves are vertically shifted for sake of clarity.



Fig. 3. Pair Distribution Functions of interest. (a) Nitrate-Nitrate (centre of masses), EAN (blue), EGE5 (red); (b) Nitrate-Glycol (Oxygen-Oxygen) (solid line), Ethylammonium-Glycol
(Nitrogen-Oxygen) (dashed line), in EGE5; (c) Glycol-Glycol (Oxygen-Oxygen) intermolecular (dashed line), intramolecular (dotted line), total (solid line), in EG; (d) Glycol-Glycol
(Oxygen-Oxygen) intermolecular (dashed line), intramolecular (dotted line), total (solid line), in EGE5.

Table 3
Coordination numbers for all the possible hydrogen bonds in the studied systems.

System Anion-Cation Anion-Anion Glycol-Glycol Glycol-Cation Glycol-Anion

Intra Inter

EAN 2.98 7.12 – – – –
EGE5 2.30 4.96 1.00 0.33 0.61 1.98
EG – – 1.00 1.15 – –
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5.7 nm−1. It has been demonstrated that the LqP position is determined
by Anion-Anion interactions [48], via the dimension of the apolar do-
main in the IL. Therefore, the glycol effect may be explained in two
ways: 1) glycol is accommodated into the apolar domain of the PIL, en-
larging it. 2) nitrate anions preferentially interact with glycol in the
polar domain. This leads to a weaker interaction with the cations and,
as a consequence, two nitrates are placed more distant. Ethylene Glycol
is of course a polarmolecule, so the first explanation is very unlikely, but
it cannot be discarded on a qualitative basis. The LqP shift is exactly the
same reported by Greaves et al. [28] for EAN:Ethanol 2:3 mixture. They
explained the shift in terms of our first hypothesis. Ethanol is certainly
similar to Ethylene Glycol, but the latter one has not an alkyl portion
as definite as Ethanol, so further analysis is required. First of all, we
have examined some Pair Distribution Functions (PDFs), to check differ-
ences between mixed and unmixed states. In Fig. 3 the most significant
PDFs are reported.

It can be seen in Fig. 3.a that the nitrate-nitrate centre of masses cor-
relation is affected by the presence of glycol. In particular, the first peak
that in neat EAN is at 5 Å is shifted to slightly higher distances and a
value of 5.2 Å is found. The most important shift is on the third peak
that in the unmixed state occurs at 10.7 Å, while the much higher
value 11.6 Å is observed in EGE5. The PDF integral is the coordination
number (CN). Some CNs of interest are reported in Table 3.

The CN relative to the nitrate-nitrate centre of mass PDF shows
clearly that the correlation between two anions ismuchweaker in pres-
ence of glycol. At the same time it can be seen that the ammonium head
of the cation is nearly fully coordinated by anions in pure EAN, while an
average value of 2.3 anions for each cation is found in EGE5. The most
interesting structural considerations can be done on glycol surround-
ings. Ethylene Glycol may establish an intra-molecular hydrogen bond
and, in its pure state, the closed form is by far the predominant. In Fig.
3.c,d the overall correlation between the oxygens of glycol is
decomposed into its intra-molecular and inter-molecular contributions.
First of all, the position of the overall peak is shifted in EG from 2.88 Å to
2.96 Å in EGE5, indicating a weakening of the interaction, while its in-
tensity is nearly doubled meaning that this correlation is more persis-
tent. These are apparently two contrasting observations, but the
deconvolution of this PDF into its contributions shows a clear picture.
The intra-molecular correlation remains stable in its position at 3 Å,
and the intensity rises, meaning that there are more glycol molecules
in the closed form. On the other hand, the inter-molecular peak is al-
most completely absent in the EGE5 system, meaning that glycol mole-
cules preferentially do not bond themselves. The CNs for those
correlations behave similarly. The intra-molecular hydrogen bond CN
is always exactly 1.00, as it is expected, while the CN for the inter-mo-
lecular correlation drops from 1.15 in EG to 0.33 in EGE5. At last, looking
at Fig. 3.b, the correlation between the nitrate oxygens and the glycol
ones is shorter than that between the ethylammonium nitrogen and
the glycol oxygens showing the peak at 2.8 Å and 3.2 Å respectively.
Moreover, a CN of 1.98 anions around a central glycol molecule is calcu-
latedwhile a number of just 0.61 cations can be found there. This picture
shows an arrangement where the nitrate replaces the other glycol mol-
ecules in the glycol solvation shell, meanwhile inducing the closed con-
formation of the diol. To understand the overall molecular arrangement
around a central glycol molecule, we have computed some Spatial Dis-
tribution Functions (SDFs) and the results are reported in Fig. 4.a,b.



Fig. 4. (a) Spatial Distribution Function of the oxygens of the Ethylene Glycol around a central homologue molecule in EG; (b) Spatial Distribution Function of various atoms around a
central glycol molecule in EGE5. Glycol oxygens (orange), Ethylammonium nitrogens (blue), Nitrate oxygens (red). (c) Schematic representation of Ethylene Glycol with atom labels.
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For sake of clarity, we will refer to a certain atom according to the
scheme in Fig. 4.c.

For EG (Fig. 4.a) other glycol molecules surround a central one pref-
erentially near O1 and under the plain defined by C1, C2 and O2. Only a
few molecules interact directly with O2. In EGE5 the arrangement is
quite different. Almost all the glycol molecules are replaced by nitrate
anions that also interact with O2 in the sameway aswithO1. The cations
are in competition with the anions for the interaction with O1, but at
longer distances. In Fig. 5 the situation around a central nitrate is shown.

In EAN (Fig. 5.a) other anions are equally disposed in equatorial and
axial positions, while in EGE5 (Fig. 5.b) it is possible to observe a deple-
tion of anions in equatorial position and a complete replacement of the
axial ones by glycol molecules. Such a loss of correlationmay be directly
linked to the LqP shifting. To further understand the structuralmodifica-
tions, we have collected some vibrational spectra (Figs. 6 and 7). Raman
and Infrared spectroscopies may be valuable tools in the determination
of the intermolecular interactions. The collected spectra were
interpreted with two different computational models and methods,
namely Quantum Mechanics Molecular Dynamics (QMMD) for Raman,
and DFT calculations for FIR.
Fig. 5. Spatial Distribution Functions of various atoms around a central nitrate anion
The calculations were found to satisfactorily reproduce the experi-
mental FIR and Raman spectra and the main conclusions may be sum-
marized as follows:

(1) The highest measured, as well as computed, vibrational frequen-
cy is due to the OH stretchingmode of the glycol molecule that is
not involved in the hydrogen-bond network.

(2) The frequency of the NH stretching mode of the NH3
+ group not

involved in HB always occurs at lower frequency than the OH
stretching.

(3) There is extended overlapbetween the hydrogen bondedOHand
NH stretchings and the spectra show a broad band in correspon-
dence of these modes. An attempted assignation was performed
though careful data analysis and is presented in the following
table (Table 4).

(4) The antisymmetric stretching of the nitrate groupproducesweak
and broad Raman bands at 1373 and 1398 cm−1 for EAN and
EGE5. The measured components of the degenerate ν3 mode of
the anion have the same splitting, namely 25 cm−1 revealing
that the nitrogen-oxygen bonds interact with the surrounding
. Nitrate oxygens (red), Ethylene Glycol oxygens (orange). (a) EAN; (b) EGE5.



Fig. 6. Raman spectra of the systems in this work. EAN (blue); EGE5 (red); EG (black).
Curves are vertically shifted for sake of clarity.

Table 4
Raman spectra assignation for EAN and EGE5.

EAN EGE5

Raman
Exp.
[cm−1]

QMMD
[cm−1]

B3LYP
[cm−1]

Raman Exp.
[cm−1]

QMMD
[cm−1]

B3LYP
[cm−1]

Description
(EAN)

416.5 420 420 417.8 420 422 CCN bending
717.0 783 719 717.3 723 ν4

829 835 829 834 ν2

872.7 883 862.1/873.7 CN/CC
stretching

1043.6 1035 1069 1043.7 1038 1080 ν1

1194.3 1223 1196.9 1200 NH3/CH2

bendings
1221.8 1216.8
1302.5 1289.6
1331.7 1311 1332.5 1313 CH2 bendings
1372.6 1321 1333 1372.8 1314 1376 ν3a

1398.4 1423 1392 1399.0 1438 1420 ν3b

1458.9 1499 1457.8 1499 CH2 bendings
1476.1 1506 1466.1 1509 CH2 bendings
1512.2 1519 1524.4 1517 CH2 bendings

1616.6 1633 NH3
+ bendings

1651.9 1696 NH3
+ bendings

2786.0 2737.7
2786.0 2785.5
2890.6 2880.4/2888.2 CH stretching
2937.7 2938.4 CH stretching
2950.4 2950.6 CH stretching
2981.4 2980.0 CH stretching
2992.6 2991.4 CH stretching
3113.9 3108.6 NH stretching
3240.4 3220.5 NH stretching
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in a virtually identical way. The highest measured Raman band,
closely lying around 1044 cm−1, is assigned to the ν1 symmetric
stretching of the anion; this mode is actually unshifted upon
changing the chemical composition of the sample.

(5) The remaining vibrations of the anion do not show either valu-
able shifts or splittings both in EAN and EGE5. The in-plane bend-
ing (the degenerate ν4 mode) does not show any splitting due to
degeneracy loss and is measured at 717 cm−1; the out-of-plane
bending (the ν2 mode) is experimentally found at 829 cm−1.

It is known that the vibrational bands associated to the asymmetric
stretching nitrogen-oxygen of the nitrate anion exhibit a splitting of
its two components when its surrounding is not perfectly isotropic.
Under this consideration, there is an evident contrast between QMMD
simulations and the B3LYP calculated vibrational spectra because
QMMD method provides a larger value for the splitting of the ν3

mode of the anion. In fact, the QMMD value ranging around 100 cm−1

contrasting an average value of 50 cm−1. The overestimation observed
in the former series of computations is due to difference existing be-
tween the number of anions not fully coordinated with respect to the
number of anions completely coordinated. That is consequence of the
reduced size of the model chosen for this analysis. This conclusion is
supported from basilar geometrical considerations. If we consider the
cluster to have a spherical shape, the ratio of the nitrate anions on the
Fig. 7. Far Infrared spectra of the systems in this work. EAN (blue); EGE5 (red); EG (black).
Curves are vertically shifted for sake of clarity.
surface respect to the ones in the bulk, can be estimated by the Sur-
face/Volume (S/V) ratio.

S ¼ 4πr2

V ¼ 4
3
πr3 →

(
S
V
¼ 3

r:

where r is the radius of the sphere. So the smaller the radius is (i.e. the
fewer the molecules are) the more important the surface effects are.
However, the computational cost of larger QMMD calculations makes
it difficult to simulate much larger systems. Previous DFT calculations
[49,50] performed on larger clusters suggest ~50 cm−1 as the best the-
oretical result for the splitting under consideration, in good agreement
with the experimental findings reported in the present study. A general
improvement, including to a more reliable description of the NH
stretching vibrations, might be reached from B3LYP computations
when larger clusters are taken into account. The interpretation of the vi-
brational spectra in the FIR region was accomplished using P.E.D. analy-
sis provided from DFT calculations (equilibrium geometry, cartesian
force constants and harmonic frequencies) employing a suitable inter-
nal coordinate set. Experimental spectra for the three systems are re-
ported in Fig. 7.

Protic Ionic Liquids exhibit a peculiar band in this region at 120–210
wavenumbers. This is attributed at the interionic hydrogen bond
stretching [15,17,51–56]. The effect of the co-solvent on the vibrational
wavenumber of the said mode was determined by means of the fre-
quency shifts reported in Table 5.

From the red shift of both components of the band, it is evident that
hydrogen bond of the ion pair is weakened by the presence of glycol.
Table 5
Far Infrared spectra assignation for EAN and EGE5.

EAN [cm−1] EGE5 [cm−1] Stretching Mode

165 134 interionic hydrogen bond s.s.
203 193 interionic hydrogen bond as.s.



Fig. 8. (a) Continuous autocorrelation functions for all the possible intermolecular hydrogen bonds in the three studied systems. Symbols are for the data points, lines for the resulting fit.
Glycol-glycol (black); ion pair (red); cation-glycol (green); anion-glycol (pink). EG (triangles); EGE5 (diamonds); EAN (circles); please note that the time is in logarithmic scale. (b)Mean
square displacement for all the molecular species in the systems. Solid lines are for the neat compounds, dashed lines for EGE5. Glycol (black); anion (red); cation (blue).
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Thereafter, H-Bonds lifetimes and self-diffusion were considered as
a subject of our study. We used TRAVIS autocorrelation function tool
to compute the hydrogen bonds lifetimes and the mean square dis-
placement tool to obtain the self-diffusion functions. Fig. 8.a shows the
autocorrelation function for all the possible inter-molecular hydrogen
bonds.

The points obtained were fitted using the function:

C tð Þ ¼ a∙e
−t
τ1 þ 1−að Þ∙e−t

τ2

where t is the time, a is a constant that determines the weight of the
specific process, τ1 and τ2 are the characteristic time of the process 1
or 2 respectively. The process 1, which is fast, is the break of the hydro-
gen bond itself, while the slower process 2 is the migration of the frag-
ments outside the solvent cage. As it can be seen from Table 6, the
glycol-glycol hydrogen bond in EG is the fastest to break and glycol in
EG is also the onewith the fastest diffusion (Fig. 8.b). Those observations
are explained in terms of the isoenergetic fast replacement of one bro-
ken hydrogen bond with a new one with another identical molecule
in the system. From the values in Table 6, it can be said that in EGE5
the cation seems prefer to hydrogen bond an anion rather than a diol
molecule. Here the coulombic forces play an important role in the selec-
tivity. Themost interesting observation that can bemade is that the gly-
col-nitrate interaction is the most persistent one. This has a direct effect
on the diffusion of both of them, in fact it appears evident from Fig. 8.b
that the diffusions of nitrate and glycol are quite similar, meaning that
the persistent hydrogen bond entangle the two particles during their
motion. The a parameter is a qualitative probe of the strength of the hy-
drogen bond itself: if a has a value N0.5, then the interaction lifetime is
dominated by the breaking up of the geometry (i.e. distance and angular
conditions to have a hydrogen bond), otherwise the diffusion outside
Table 6
Fitting parameters for the autocorrelation functions of all the possible inter molecular hy-
drogen bonds in the systems studied.

System Interaction τ1 [ps] τ2 [ps] a

EAN Ionic Pair 0.6785 5.1082 0.432484
EGE5 Ionic Pair 0.6043 5.9195 0.358108

Glycol-Glycol 0.7474 3.1063 0.430837
Ethylammonium-Glycol 0.4791 3.7430 0.404184
Nitrate-Glycol 0.8444 6.2215 0.519356

EG Glycol-Glycol 0.1363 1.2121 0.369162
the solvent cage has a central role. In the former case the hydrogen
bond is strong because the geometry breaking up is the kinetic
relevant process. Looking at Table 6 it is possible to observe that
hydrogen bond in the ionic couple is weaker in EGE5 than in EAN,
while the strongest interaction is between glycol and the anion,
confirming our interpretation.

4. Conclusions

Summarizing, in this work we have elucidated the role of Ethylene
Glycol in the 1:1 binary mixture with the Protic Ionic Liquid Ethylam-
monium Nitrate. The glycol seizes the nitrate anions in order to estab-
lish strong and durable hydrogen bonds with them. Almost all the
coordination sphere of the diol is constituted by anions and this phe-
nomenon weakens the interaction with the ethylammonium, moving
apart anions and cations. As a consequence, the nitrate-nitrate correla-
tion is perturbed too, lending to the changes observed in the structure
function. Raman and Far Infrared spectroscopies confirmed our struc-
tural picture. The characteristic FIR band of PILs at ~200 wavenumbers
is shifted to smaller values in the mixture, suggesting a weakening of
the ion pair's hydrogen bond. This has an effect even on the Raman
spectrawhere it could be find that the band associated to the oop bend-
ing of the anion is red-shifted itself in the mixture, thus suggesting that
nitrate is experiencing a different environment. Moreover, kinetic prop-
erties witness that the motion of the anion is entangled with the one of
the glycol, confirming once more our overall picture of the system.
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