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Choline amino acid ([Ch][AA]) ionic liquids have recently gained considerable attention due to their
biocompatibility, low toxicity, and structural tunability, which makes them promising electrolytes for
sustainable applications in electrochemistry. In the present study, classical molecular dynamics (MD)
simulations were carried out to investigate the structural and dynamical behaviour of three choline-
based amino acids ILs [Ch][lle], [Ch][Met], and [Ch][Ser] at 300 K. Atomic charges are derived using
density functional theory (DFT) calculations using the density derived electrostatic and chemical (DDEC)
method. Radial distribution functions (RDFs) helped to probe the role of the carboxylate group and
amino group in the local structural organisation, and electrostatic interactions were found to be
dominant for the carboxylate group. The hydroxyl group in [Ser]” anions shows strong hydrogen
bonding interaction with the [Ch]*™ cation’s hydroxyl group. Spatial distribution function (SDF) analysis
revealed the preferential hydrogen bonding patterns between the [Ch]* cation’s tail and the amino acid
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anions. Structure factor is explored to obtain real-space correlation lengths and validate amino acid-
driven experimental reported structural features of pre-peaks and molecular peaks. The mean square
DOI: 10.1039/d5cp01985k displacement plot is computed to calculate diffusion coefficients, and anionic mobility is found to be

very similar for all three anions. However, there is a significant effect of counter amino acid anions on
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1 Introduction

The rapid growth of the global population and the increasing
reliance on electronic devices have significantly expanded the
focus of energy sustainability. Over the past four decades,
substantial research has been directed towards developing
advanced energy materials and devices. Establishing eco-
friendly power generation methods and the use of sustainable
electrolyte technologies has become key to meet industrial and
transportation needs. The overuse of fossil fuels and traditional
organic solvents has led to adverse environmental impacts and
health risks, emphasising the need for cleaner, alternative
solutions."™ Research focuses on batteries and fuel cell
devices,”® enhancing the design of hybrid materials and smart
technologies. In parallel, emerging technologies are leading to
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i Electronic supplementary information (ESI) available: DDEC6 partial charges
are given in Tables S1-S3. Coordination numbers are provided in Table S4.
Density fluctuations, log MSD with log time plot and its first derivative plot with
time plot are shown in Fig. S1-S3, respectively. See DOI: https://doi.org/10.1039/
d5cp01985k
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cationic mobility and the [Ch][Ser] IL exhibits the highest cation diffusion.

new challenges regarding the extensive use of chemicals. This
has now been critically reviewed by environmentalists due to
the adverse effects of chemicals and hybrid materials. To find
new ways to protect the environment and to address the
accumulation of chemical waste from electronic devices, effi-
cient and eco-friendly materials are in great demand in the
energy sector. Apart from high energy efficiency and low emis-
sions, factors such as the stability, cost, and durability of energy
materials, remain the focus towards smart energy electrolyte
materials.®®

In the last few decades, the advancement in ionic liquids
(ILs) has made substantial progress to revolutionise the elec-
trolyte field of PEMFCs, super-capacitors and batteries. ILs have
high ionic conductivity, high oxygen solubility, low toxicity, low
vapour pressure, and can be tuned as needed.” " They are widely
used in various fields, including the treatment of biomass, the
capture of acid gases, Li-ion batteries, and supercapacitors.”"*
Protic ionic liquids are an interesting subclass of ILs and are
known for improved electrolyte behaviour.'>'® ILs exhibit
complex structural and dynamic behaviour, and the size of
constituent ions, effective charges, nano-segregation phenomena,
and the presence of a hydrogen bonding network, are key factors
to specify their characteristics."””*° Moreover, the structural
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isomerism, tail length of alkyl, and counterion’s nature also affect
the stability of ionic liquids and their dynamic properties.>* Luo
and coworkers>"*? obtained a variety of physicochemical proper-
ties of IL electrolytes by preparing a non-stoichiometric electrolyte
mixture with the help of an excess amount of counterion acid/
base. Recently, Dagar et al.>® highlighted molecular insights on
the structural characteristics of composition-driven non-
stoichiometric electrolytes using 1,2,4-triazolium methanesulfo-
nate IL in methanesulfonic acid as the electrolyte.

The emphasis on ILs as green solvents further spurred
interest in them to address eco-friendliness>* and sustainability
in electrolytes.>”® Tremendous efforts have been made to
reduce chemical toxicity and improve sustainability by introdu-
cing biodegradable constituents.***> With this objective, the
synthesis aspect is revisited by replacing inorganic anions such
as chloride, bromide, nitrate, triflate, SCN, and bistriflimide
(TFSI) with amino acids.*>** Moreover, the counter-ions are
replaced with biodegradable choline or betaine.**** Choline
refers to a class of quaternary ammonium salts often associated
with an undefined counter anion (X ™), such as chloride, hydroxide,
or tartrate; one of the most significant biodegradable, inexpensive,
and water-soluble organic salts, is scientifically known as 2-hydro-
xyethyltrimethyl ammonium chloride.*® Choline-based amino acid
ILs ([Ch][AA]) can be designed using choline chloride ([Ch]CI) as a
cation source and amino acids to form their counter anions. These
ionic liquids offer a range of applications in electrochemistry,
supercapacitors, gas absorption, and as green catalysts in indus-
trial and pharmaceutical chemistry.**™*® Tao et al** synthesized
[Ch][Gly], [Ch][t-Ala], [Ch][B-Ala], [Ch][Pro], and [Ch][Ser] ILs and
studied their physiochemical properties, ionic conductivity, refrac-
tive index, viscosity, thermal stability and density. Dhattarwal and
Kashyap®*® explored intermediate range ordering, heterogeneity
and side chain clusters in cholinium amino acid-based ILs.
Campetella et al.*” performed experimental and simulation studies
on choline-based amino acid such as [Ch][Val], [Ch][Nva], [Ch][Leu]
and [Ch][Nle] at the molecular level and emphasised how hydro-
gen bonds shape the local geometric structure. Chen et al*®
demonstrated [Ch][AA] microstructural changes in their varying
hydrated mixtures using lysine and aspartic acid amino acid
anions. Miao et al.** reviewed task-specific ILs, and the authors
emphasised hydrogen bond networks in cholinium phenylalani-
nate bio-IL, which lead to anion side chain segregation. Wong and
coworkers®® showed the nanostructure of [Ch]JJAA] IL aqueous
mixtures using arginate and lysinate AA with the help of neutron
diffraction, and found that the ion-dipole interactions dominate
in their local liquid structure. Dong and co-workers explored the
hydrogen bonding interaction in amino acid-based ILs.”® To study
the potential of [Ch][AA] ILs for various applications in the
chemical industry, numerous researchers are involved in exploring
these electrolytes for their unique physical properties.”*>°

In this work, we aim to explore the structure-property
relationship of choline-based [Ch][AA] ILs at 300 K using
cholinium isoleucinate ([Ch][Ile]), and cholinium methionate
([Ch][Met]) and cholinium serinate ([Ch][Ser]). The chemical
structure of choline-based amino acid ionic liquids is shown in
Fig. 1. Density functional theory (DFT) and classical molecular
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Fig. 1 The chemical structure of cholinium ([Ch]*), isoleucinate ([lle]7),
methionate ([Met] ), and serinate ([Ser]™).

dynamics (MD) simulations were employed to unveil character-
istics of these ILs by analyzing binding energy, radial distribu-
tion function (RDF), structure factor, and spatial distribution
and ion dynamics through mean square displacement (MSD),
and velocity autocorrelation function (VACF). The analysis of
structure-property relationships obtained from the MD simula-
tion trajectory at 300 K is presented in the results and discus-
sion section.

2 Computational and
simulation details
2.1 DFT calculations

The initial configurations of [Ch]" cation, [Ser]”, [Ile]”, and
[Met]~ anions were generated utilizing Gaussian 16 software.””
The geometry was optimized of an individual single ion-pair to
their lowest energy states using CP2K-2022.1 software.>®
The Perdew, Burke, and Ernzerhof (PBE) exchange-correlation
functional was utilized in the calculation.®® The effect of the
core electrons and nuclei on the valence electrons was observed
with Geodecker-Teter-Hutter (GTH) pseudopotentials.®® To
describe the valence electrons, a triple-{ basis set with double
polarization functions and an energy cutoff of 280 Ry was used.
The electron density corresponding to the optimized geometry
was generated in the form of a cube file. DDEC6 ' method was
used to obtain atomic charges by implementing the CHARGE-
MOL program and the calculated atomic charges are listed in
the Tables S1-S3 of ESI.} The total net charge on each ion
(cation or anion) were found to be less than unity and are
mentioned in Table 1.
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Table 1 Total ionic charge, system size (total number of atoms), and
average density (p) obtained from 20 ns equilibration runs for the [Ch][lle],
[Ch][Met], and [Ch][Ser] ILs at 300 K respectively

Ionic  System Cubic box Density Exp. density
Ionic liquid charge size length (A) (gem™®) (gem ™)
[Ch][1le] +0.97 10752 46.97 1.029 1.071 %
[Ch][Met]  +0.85 10240 46.03 1.099 1.144 %
[ch][ser] +0.90 8704 42.63 1.142 1.201," 1.191 %

2.2 Simulation details

The MD simulations were performed for [Ch][Ile] IL, [Ch][Met]
IL and [Ch][Ser] IL using GROMACS 2023.1 software®® at 300 K
for a system size consisting of 256 ion pairs. The initial input
configurations were set by Packmol software.®® Force field
parameters for Choline cation except dihedrals were taken from
OPLS®® and dihedral angles were taken from the calculation
reported by Sambasivaro et al.°® Force field parameters for
amino acids based anions [Ile] anion, [Ser] anion and [Met]
anion were taken from the OPLS force field. Particle-mesh
Ewald method (PME) method®”®® used for the calculation of
long-range electrostatic interactions. A distance cutoff of
1.2 nm was employed to calculate the pairwise interactions.
The energy minimization was done by using the Steepest-
Descent method. The equations of motion were integrated
using the velocity Verlet algorithm with a time step of 1
femtosecond.

In all MD simulations, a cutoff distance of 1.2 nm was
selected for non-bonded interactions. Each system was equilibrated
for 20 ns using the NPT ensemble with a 1 bar isotropic pressure
and mttk barostat. Temperature was kept constant using a Nose-
Hoover thermostat with a coupling time of 0.2 ps.®>”° The average
density of [Ch][Ile], [Ch][Met], and [Ch][Ser] ILs calculated from a 20
ns equilibration run are provided in Table 1 and found to be in
close agreement with the experimental values.**** Fluctuations in
the density profile are shown in Fig. S1 of the ESIL.{ Equilibration
was followed by a 40 ns production run using the NVT ensemble.
The final configurations from the NVT production run are depicted
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in Fig. 2 for [Ch][Ile], [Ch][Met], and [Ch][Ser] ILs, respectively. The
production run trajectories were used to calculate the structural
and dynamical properties of the ILs.

3 Results and discussion
3.1 Binding energy

The binding energies of ionic liquids were computed using
DFT. The binding energy (Egg) of each IL is determined using
the total electronic energies of the ion pair and its constituent
ions, according to the following expression:

Egg = Eyp, — (EChCation + EAAAnion)

where Eyp, Ecation and Eqnion represent the energy of the isolated
ion pair, cation and anion respectively. For each IL, four sets
of single ion pairs are isolated from the production run
configuration and the binding energy is averaged out of all
four sets. The computed binding energies are as follows
[Ch][Ile]: —43.91 kcal mol ', [Ch][Met]: —40.47 kcal mol ™"
and [Ch][Ser]: —45.18 kcal mol ", respectively. Based on these
binding energies, the relative ionic interaction strength among
these ILs decreases as follows [Ch][Ser] IL > [Ch]le] IL >
[Ch][Met] IL. The role of atomic interactions in these ILs is
further examined using radial distribution functions (RDFs).

3.2 Radial distribution function

The strength of interionic atomic interactions and their charac-
teristics significantly influence the properties of ILs. To explore
these interactions, we analyzed various atom-atom RDFs, parti-
cularly focusing on cation-cation, anion-anion, cation-anions
and hydrogen-bonding interactions. The RDF”" gsg(r) between
particles of different types can be given as:

11 ZNA ZNB 8(ry —7)
£as{r) {pB) Na jeB 4mrrdr g

where (pg) is the bulk density of atom B averaged over all spheres

2

[Tle] [Met]- [Ser]

Fig. 2 Snapshots of the final configuration obtained from a 40 ns production run for (a) [Chl]llle], (b) [Ch][Met], and (c) [Ch][Ser] ILs, respectively. [Color
scheme: (i) [Ch]* cation with quaternary (CHz)sNCH, group and —(CH,)-O-H surface, Licorice & CPK; (ii) [Ile]” anion, Licorice & CPK; (iii) [Met]™ anion,
Licorice & CPK; (iv) [Ser]™ anion, Licorice & CPK. (C-atom: cyan, N-atom: blue, O-atom: red, H-atom: white, S-atom: yellow)].
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Fig. 3 RDF for (a) cation—cation (Nc—N¢), (b) cation—anion (Nc—Na), (c) anion—anion (Na—N,), interactions in [Ch][lle], [Ch][Met], and [Ch][Ser] ILs at

300 K.

around atom A. The atomic description for RDF analysis is given
in Fig. 1 as subscript notation.

Inter-atomic interactions between ions are examined by
computing Nc-N¢ RDF for nitrogen atoms and are shown in
Fig. 3. The cation-cation interactions in Fig. 3a for [Ch]" ions
depict strong interactions between quaternary heads with a
distinguishing peak at 6.3 A. The RDF profile shows a good
overlap for all three ILs with a slightly intense peak for [Ch][Ser]
IL. A similar overlap RDF profile is obtained for cation-anion
interactions between the quaternary nitrogen atom and amino
acid nitrogen atom and is shown in (Fig. 3b). However, the peak
is found to be bifurcated with two distinct interactions at 4.6 A
and 6.5 A, respectively. The anion-anion interactions between
NH,-groups are found to be relatively weak (Fig. 3c) compared
to cation-cation and cation-anion interactions. The N4,-N, RDF
peak at 3.2 A shows that the interaction between [Ser]” anions
are more significant than the [Ile]” and [Met]  anions. A similar
observation is seen at higher coordinator number for [Ser]”
anions as provided in Table S4 of ESIL.{

Further, the oxygen-oxygen atom interactions are calculated
between the ions to explore the role of carboxylate groups of
amino acids. The O-O RDF profile for interactions between the
carboxylate groups is shown in Fig. 4a and the broad RDF
profile peak at 4 to 10 A signifies very weak interactions.
However, the O-Oy RDF distinguish the very strong interactions
of carboxylate group oxygen atoms with [Ch]" cation hydroxyl
tail. A sharp peak at 2.8 A in Fig. 4b indicates hydrogen bonding

interactions between the [Ch]" cations and carboxylate group of
amino acid anions. The RDF peak at 4.5 A with a small shoulder
at 5.8 A is obtained for interactions between the oxygen atom of
carboxylate groups and the nitrogen atom of [Ch]" cations (see
Fig. 4c). It suggest that electrostatic interactions configure
anions at around 4-5 A from the quaternary heads of the
[Ch]" cations. Moreover, the O-N¢ interactions are relatively
weaker in [Ch][Ser] compared to [Ch][Ile] and [Ch][Met] ILs, and
are also reflected in the coordination number.

To understand the role of the amino group of anions in
cation-anion interactions, the Hy-N, and H,-Oy RDFs are
calculated and are shown in Fig. 5. The [Ch]" cation tail
hydrogen atom and amino group nitrogen atom interactions
are found to be similar in all three ILs except for a small kink at
2 A in [Ch][Met] (a typical hydrogen bonding distance for
N:--H). The hydrogen bonding interactions between the catio-
nic tail oxygen atoms and amino group hydrogens are found to
be insignificant (see Fig. 5b) which reveals that the cationic
hydroxyl tail hydrogen bonding interactions are dominated by
electrostatic interactions. To gain more insight, we calculated
the average number of hydrogen bonds per ion-pair for these
interactions, provided in Table S5 of ESIL.f The average number
of hydrogen bonds per ion pair for the cationic hydroxyl tail
and -NH, group is found to be near to zero, which is in
agreement with the RDF results. Moreover, the Hy,~Nc RDF
between the hydrogen atom of the amino group and quaternary
nitrogen atom of [Ch]" heads, show a peak profile in line with
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Fig. 4 RDF for oxygen—oxygen atom interactions between (a) carboxylate groups of anions (O-0), (b) carboxylate group and [Ch]* cation (O-Oy); (c)
RDF for oxygen—nitrogen atom interactions, between the carboxylate groups of anions and [Ch]* cation (O—N¢) in [Ch][lle], [Ch][Met], and [Ch][Ser] ILs,

respectively.
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Fig. 5 The RDF derived from 40 ns NVT ensemble simulation for (a) Hy—Na, (b) HA—Oy, (c) Ha—Nc, interactions of [Chl]llle], [Ch][Met] and [Ch][Ser] ILs, at

300 K.

cation-anion interactions. In Fig. 5c¢ interactions were seen at
4.5 A with a shoulder at 7 A in the RDF peak.

To summarise the RDF analysis, the major interactions in
[Ch]" cations and amino acids are governed by electrostatic
attraction between quaternary heads and amino acid anions,
and these interactions are stronger in [Ser]” anions compared
to the [Ile]” and [Met]~ anions. The hydroxyl group of the [Ch]"
cationic tail shows significant hydrogen bonding interactions
with the carboxylate group of amino acid anions. This beha-
viour is further characterized through spatial correlations
between ions.

3.3 Spatial distribution function

To interpret the three-dimensional structural features of
[Ch][AA] ILs, the spatial distribution is examined for hydrogen
(H atoms), and oxygen (O atoms) of [Ch]" cations (hydroxyl tail)
around the [Ile]”, [Met] ™, and [Ser]” anions using Travis.”> For
all three ILs, the spatial distribution density for the oxygen
atom is depicted in red and the hydrogen atom in white around
the anions (see Fig. 6). The spatial density distribution map
differentiates the structural signatures of [Ile]” and [Met]™ and
[Ser]” anions. Similar to RDF observations, the distribution of
the cationic tail is found to be around the carboxylate group of
amino acids. In the case of [Ile]” anions, the density maps show
an overlap for oxygen and hydrogen atom distribution (Fig. 6a)

which is more distinct in [Met]™ and [Ser]” anions. Moreover, a
significant distribution density map extension is seen around
the hydroxyl group in [Ser|™ anions. It clearly shows that strong
hydrogen bonding prevails between the hydroxyl groups of the
cations and anions in [Ch][Ser] ILs. Among the three ILs,
[Ch][Ser] demonstrates the most pronounced hydrogen bond-
ing network due to the additional hydroxyl group in the [Ser]”
anions.

3.4 X-ray scattering structure factor

The X-ray scattering structure factor is calculated using g(r) and
the expression’* is given below such as:
Fmax ] sin (qrij)

r[gij(r) — 1

dr 2
0 qrij ( )

Sij(q) = 47TP0J

where S;j(g) is the partial structure factor, defined in terms of an
integral transformation of the RDF g(r), p, is atomic density,
max 1S half the box length of the simulation box to minimize
periodic boundary effects. The total structure factor is calcu-
lated for all three ILs as described previously’> and shown in
Fig. 7.

For all three ILs, a principal peak is obtained in the structure
factor profile within the range 1.35-1.48 A~*. This peak repre-
sents structural correlations arising from inter molecular and
intra molecular nearest-neighbor interactions. The featured

[Ch] [le] b) [Ch] [Met]

c) [Ch] [Ser]

Fig. 6 Spatial distribution density maps calculated for the distribution of oxygen (O) and hydrogen (H) atoms of [Ch]* cations around the (a) [lle]~ anion,
(b) [Met]~ anion and (c) [Ser]~ anions. [Color scheme anions (CPK): C-cyan, O-red, N-blue, S-yellow, H-white; iso-surface of [Ch]* cations: O-red, and H-

white at isovalue 0.006 A3]
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Fig. 7 The total X-ray scattering structure function S(q) calculated for
[Chlllle], [Ch][Met], and [Chl[Ser] ILs at 300 K.

peak for the structure factor profile in the context of amino
acids at 0.55 A~* for [Ch][Ile] and 0.40 A™* for [Ch][Met] ILs, is
considered as a pre-peak (see inset of Fig. 7). This peak is
associated with real-space correlation lengths of 11.4 A and
15.7 A and signifies the presence of intermediate-range order-
ing (IRO) in these ILs. These findings are in close agreement
with the [Ch][Met] IL in an earlier study*> on the structure
factor profile. However, there is no such pre-peak profile seen
in the [Ch][Ser] IL and this is consistent with experiments.”
Furthermore, the molecular peak observed at 3.1 A~* reflects an
effective direct-space correlation length of 2.0 A. This suggests
strong cation-anion interactions which might be facilitated by
hydrogen bonding and this arises due to relatively short dis-
tance intermolecular interactions. These characteristics of
structure factor profiles in [Ch][AA] depict the conformational
equilibrium inherent to the molecular structure.

3.5 Velocity autocorrelation function

The velocity autocorrelation function (VACF) for cation-cation
and anion-anion interactions is calculated to capture insights
into the microscopic dynamics and to the caging of ions. For
the VACF calculation, a 1 ns NVT trajectory was generated at
300 K using a 1 fs time step where the output coordinates are
recorded at 10 fs intervals. The center-of-mass VACF is com-
puted between [Ch]'-[Ch]" cations ([Ch]') and between the

0.9
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anions such as [Ile] -[Ile]”, [Met] -[Met]", and [Ser] —[Ser]”
using eqn (3):"*

Cu(t) = (¥(0)4(2)) 3)

Fig. 8 shows that the depth of VACF for cations in [Ch][Ile]
and [Ch][Met] Ils overlap each other and there is a small
increase in depth for the edge of the [Ch][Ser] IL. The first
minimum in the VACF for the [Ch]"-[Ch]" cations is relatively
more pronounced compared to anion-anion VACFs. This sug-
gest that cage effects and local structural ordering for the
cations is relatively stronger compared to the anions. Moreover,
the VACF decay profile of the [Ile]” and [Met]™ anions show
substantial similarity. There is a slightly deeper decay profile
observed in the case of [Ser]” anions with a relatively shorter
time scale which corroborates with the higher binding energy
and higher possibility of hydrogen boding interactions due to
hydroxyl groups in [Ser]” anions.

3.6 Ionic mobility

To investigate the ionic mobility of [Ch][AA] ILs, the mean
squared displacement (MSD) plot with time is obtained from 40
ns production using the Einstein relation” (see eqn (4)).

DA = & Tim ([Ir() ~ ol (@)

The calculated MSD plots for [Ch]" cations and anions in
[Ch][1le], [Ch][Met], and [Ch][Ser] ILs are shown in Fig. 9. To
calculate the diffusion coefficients from the linear regime of the
MSD plot, the slope of the log-log plot of MSD with time is
examined (Fig. S2 in the ESI{) and found to be ~1 for the 4 ns
to 36 ns time regime. The time-dependent f(¢) plot (f(¢) =
dlog(MSD)/d log(£)) 1’ between 4 ns to 36 ns indicates diffusive
behavior with a f§(¢) value around unity as shown in Fig. S3 in
the ESIL.{ The calculated diffusion coefficients from the linear
regime for cations and anions are provided in Table 2. The
mobility of [Ch]" cations is increased by a factor of 1.22 for the
[Ch][Met] IL and increased by a factor of 1.44 for the [Ch][Ser]
IL, with respect to the [Ch][Ile] IL. The diffusion of [Ile],
[Met]™, and [Ser]” anions is found to be similar. As expected,
the mobility of cation and anions in [Ch][Ser] ILs is found to
be the highest among all three ILs. Further, cation-anion

0.9
o — -0 [Ch][Ile]
o—a [Ch][Met]
A 06 A——4 [Ch][Ser]
S
% 03
<
e | 02 03 04 05
0.0 4§ e T ——
03 | L |
0.0 1.5 2.0

Time (ps)

Fig. 8 The velocity autocorrelation function derived from a 40 ns NVT ensemble simulation for [Ch]llle] IL, [Ch][Met] and [Ch][Ser] ILs at 300 K.
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Fig. 9 MSD plot with time computed from 40 ns production runs for (a)
[Ch]* cation, and (b) for amino acid anions in [Chi[lle], [Ch][Met], and
[Ch][Ser] ILs.

Table 2 Diffusion coefficients (D x 1078 cm? s7) and Nernst—Einstein
conductivity (on_g in pS cm™) calculated from 40 ns production runs

IL D, D_ ON-E OExp.
[Ch][1le] 0.2198 + 0.04  0.2405 + 0.04  71.62  10.61°
[Ch][Met]  0.2703 + 0.03  0.2236 + 0.02  58.70  42.69°*
[Ch][Ser]  0.3172 £0.01  0.2503 £ 0.01  94.71  9.3,** 17.46°

diffusion coefficients are used to compute the Nernst-Einstein

ionic conductivity’®’” (on_g) using eqn (5) such as
& 2 2
ON_E = WBT(nJr@ Di+nz’D_) (5)

where n, and n_ are the number of cation and anions, z, and z_
are the charges on the cation and anions, respectively, in ILs.
The calculated values are provided in Table 2 and compared
with experimental conductivity. The on_g from simulations
overestimates the conductivity and there is significant devia-
tion in the calculated values with experiment. As independent
ionic mobility is expected for on_g calculations and such over-
estimation re-affirms the limitation’® of on.p towards ion
pairing correlations such as that seen in [Ch][AA] ILs.

4 Conclusions

In this work, molecular insights are explored using molecular
dynamics tools for [Ch][AA] ILs at 300 K by analyzing RDFs,
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spatial distribution functions, structure factors, VACFs, MSD
etc. The computed average densities closely resemble experi-
mental results for the [Ch][Ile] IL, [Ch][Met] IL and [Ch][Ser] IL.
Among all three ILs, the calculated binding energy is found to
be the highest for [Ch][Ser] IL. The RDF results offer detailed
insights into the local coordination environment, particularly
highlighting the strong electrostatic interactions between the
quaternary N-atom of [Ch]" cations and amino acid anions. The
carboxylate group exhibits significant hydrogen bonding with
the [Ch]" cation hydroxyl tail. The presence of the hydroxyl
group in the [Ser|” anion further strengthens these hydrogen
bonding interactions. Spatial density distribution maps reveal
the extended distribution of the carboxylate group around the
[Ch]" cationic tail. Both ion-ion interactions and hydrogen
bonding interactions are validated through structure factor
profiles. Results are found to be in close agreement with
experiments and with previous simulation results on amino
acids. The effect of amino acid anions on counter ion [Ch]"
cation mobility is observed and hydrogen bonding interactions
may play a significant role in further fine-tuning of the electro-
Iyte ionic mobility. Overestimation of the Nernst-Einstein con-
ductivity highlights the presence of ion pairing and correlated
motion. In summary, this work attempts to screen the effect of
amino acids as anions on green systems consisting of [Ch]"
cations and develops an understanding of quaternary heads
and tails in recognition of ion-paring of biocompatible electro-
Iyte systems.
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