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A B S T R A C T   

The study of solid/liquid interface is of great significance for understanding various phenomena 
such as the nanostructure of the interface, liquid wetting, crystal growth and nucleation. In this 
work, the nanostructure of the pyridinium ionic liquid [BPy]BF4 on different gold surfaces was 
studied by molecular dynamics simulation. The results indicate that the density of the ionic 
liquids near the gold surface is significantly higher than that in the bulk phase. Cation’s tail (the 
alkyl chain) orients parallel to the surface under all studied conditions. Cation’s head (the pyr-
idine ring) orientation varies from parallel to perpendicular, which depends on the temperature 
and corrugation of the Au(hkl) surface. Interestingly, analysis of simulated mass and number 
densities revealed that surface corrugation randomizes the cations packing. On smooth Au(111) 
and Au(100) surfaces, parallel and perpendicular orientations are well distinguished for densely 
packed cations. While on corrugated Au(110), cations’ packing density and order are decreased. 
Overall, this study explores the adsorption effect of the gold surface on ionic liquids, providing 
some valuable insights into their behavior on the solid/liquid interface.   

1. Introduction 

Ionic Liquids (ILs) are a kind of salt compound with novel properties that exhibit a liquid state at room temperature. They are 
generally composed of highly asymmetric anions and cations, so the melting point is low. Ionic liquids have the advantages such as 
extremely low volatility, wide electrochemical window, being miscible with most inorganic and organic compounds, being reusable 
and environment-friendly [1–3]. As a green solvent that may replace organic solvents, ionic liquids have attracted extensive interest in 
research. In addition, they are also widely used in many heterogeneous systems, such as lubricants, electro-optic and optoelectronic 
materials, electrochemistry and fuel cells [4]. The characteristics of the interface structure of ionic liquids on solids often determine the 
performance of such applications, so it is especially important to explore the structure of ionic liquids on solid surfaces. Therefore, 
many research groups have carried out studies on the solid-liquid interface properties of ionic liquids [5–10]. 

As a transition region for the interaction between liquid and solid, the solid-liquid interface has a complex structure. The study of 
the solid-liquid interface is of great significance for obtaining the nanostructure of the interface and understanding the wetting of the 
liquid, crystal growth and nucleation [11–13]. Specific single-crystal electrodes with ultra-pure ionic liquids are a new type of elec-
trochemical sensor material, and they have a wide range of applications in surface science and electrochemistry due to their 
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advantages, such as a single composition, high purity, good thermal stability, fast electrode response and high sensitivity [14–17]. The 
properties and applications of ionic liquids are deeply affected by the interface structure. Some research groups have used a variety of 
experimental methods to study the structure and kinetics of ionic liquids on solid surfaces, such as atomic force microscope, scanning 
tunneling microscope, Raman spectra, sum frequency spectra, infrared spectra, X-ray diffraction and neutron scattering [18–23]. Mars 
et al. observed the nanostructure of ionic liquid trifluoromethyl sulfonyl [18] by X-ray reflection and grazing incidence experiments, 
and observed the ordered structure of alternating layers composed of polar and non-polar units near the surface of the free liquid. Fang 
et al. studied the properties of Au/ILs solid-liquid interface on the surface of gold electrode and revealed the formation mechanism 
[23]. Due to the need for high vacuum environment, most surface detection techniques can detect gas-liquid interface, but they are not 
completely suitable for solid-liquid interface, and molecular simulation technology could overcome this shortcoming. 

Therefore, besides experimental studies, there are also a considerable number of theories and simulations to study the Au/ILs 
interface, in which molecular dynamics (MD) simulation has been widely used to study various interface phenomena. Previous studies 
have found that water and other liquids form ordered or solid-like layered structures on the substrate of the crystal surface [24]. In the 
aspect of ionic liquids, Wang et al. used potentiostatic method to compare four different gold force fields and a typical carbon force 
field system by molecular dynamics simulation [25]. The ion adsorption behavior of the interface between gold electrode and pyrrole 
ionic liquids was calculated, and the effects of van der Waals interaction, mirror force effect and accumulated ions on the solid-liquid 
interface were explored. Voroshylova et al. used molecular dynamics simulations to study the effect of different gold surfaces on the 
differential capacitance of Au(hkl)/ILs interface [26]. It was found that the capacitance of ionic liquid 1-butyl-3-methylimidazolium 
hexafluorophosphate was relatively high when it was on the rough surface of Au. Sha et al. used molecular dynamics simulations to 
study the electric double layer structure of single crystalline Au(100) electrode in the ionic liquid 1-butyl-3-methyl-imidazolium 
hexafluorophosphate [27]. It was found that the structure of the adsorption layer largely determines the maximum zero charge po-
tential and differential capacitance. 

These experiments and molecular simulation studies have pointed out that cations and anions in ionic liquids gather orderly on the 
solid surface in a certain orientation [28]. The transition of ionic liquids from liquids to solids is probably due to the strong interaction 
between ionic liquids and solid surfaces. In addition to the properties of the liquid, the interaction between the solid surface and the 
liquid is often closely related to the nanostructure of the surface [29]. Nanostructured gold has the characteristics of high density, high 
electrical conductivity and excellent biocompatibility [18], so the gold surface has become a widely studied metal nanomaterial and 
one of the commonly used solid surfaces in self-assembled technology. Compared with imidazolium ionic liquids, there are few studies 
on the solid-liquid interface of pyridinium ionic liquids, especially on the effects of gold surfaces with different crystal structures on the 
adsorption and temperature of pyridinium ionic liquids. Therefore, it is of great significance to further study the nanostructure and 
interaction of pyridinium ionic liquids on the gold surface. 

N-butylpyridinium tetrafluoroborate ([BPy]BF4) is easily soluble in water and completely miscible with most organic solvents. We 
have previously studied its bulk properties through experimental methods and molecular simulations. In this work, the molecular 
dynamics simulation method is used to study the structure and order of [BPy]BF4 on the gold surface, and the effect of temperature on 
the research results is further compared. The mass density and number density distribution of ionic liquids at Au/ILs interface under 
different crystal structures are analyzed in detail, and the effect of gold surface with different crystal structures on the arrangement of 
anions and cations pyridinium ILs is speculated. The results of this work could provide theoretical reference for further experimental 
study of the nanostructure of ionic liquids on the gold surface. 

2. Force field and simulation method 

In this work, the ionic liquid is simulated using the all-atom force field developed by Lopes et al. which is based on the OPLS_AA/ 
AMBER force field [30]. With this force field, the bulk properties of [BPy]BF4 is about 1136 kg/m3 at 300 K [31], which is in good 
agreement with the experimental result, with the error less than 2.0 % [32]. The force field parameters for gold are obtained from 
references [33,34]. The specific expression of the force field of the ionic liquid is shown in formula (1): 
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The total energy of the system is expressed by Vtotal, which includes five parts: bond length, bond angle, dihedral angle, van der 
Waals interaction and electrostatic interaction. Firstly, three gold surfaces are constructed. Au(100) and Au(111) are composed of 
three layer 21 × 21 slab of 1323 Au atoms, and Au(110) is composed of three layer 21 × 15 slab of 945 Au atoms. The final size of Au 
(100) and Au(111) surfaces is 6.06 × 6.06 nm2, while that of the Au(110) surface is 6.12 × 6.06 nm2. Then, a pure [BPy]BF4 system 
consisting of 800 ion pairs is constructed by using the simulation software Packmol [35], which is placed in a box of 6 × 6 × 6 nm3 to 
minimize the energy, and then a molecular dynamics simulation is carried out for 20 ns under the NPT ensemble by using Gromacs 
5.1.4 [36]. Finally, the obtained pure [BPy]BF4 system is placed on gold surfaces along the Z direction, respectively. The gold surface is 
parallel to the XY direction, and the Z-axis direction is the normal direction of the surface. The distance between the ionic liquid and 
the gold surface is about 0.2 nm. 

The final system consists of 800 ion pairs and a gold surface with triple layers of gold sheets, as shown in Fig. 1. At the same time, in 
order to avoid the influence of periodic boundary conditions, we have extended the Z direction of all boxes to 15 nm. In this way, two 
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rectangular box configurations with a box size of 6.06 × 6.06 × 15 nm3 and a rectangle box of 6.12 × 6.06 × 15 nm3 are formed. After 
the energy minimization, simulations for 50 ns have been carried out under the NVT ensemble, and the last 5 ns trajectory is adopted 
for analysis. In the process of simulation, three temperatures are set at 300 K, 500 K and 700 K, the simulation step time is set to 2 fs, 
and every 0.2 ps is sampled. All the simulations are under the periodic boundary conditions, with cut-off radius of 1.3 nm used for the 
coulombic interactions. The temperature of the system is controlled using V-rescale method. The long-range electrostatic interaction is 
treated by PME method, and the bond length constraint is treated by LINCS algorithm. 

3. Results and discussion 

3.1. Mass density distribution of ionic liquids on gold surfaces 

Firstly, the effect of gold surface with different crystal structures on the distribution of pyridinium ionic liquids was studied. Fig. 2 
and Fig. S1 show the total mass density of [BPy]BF4 at 300 K and the mass density distribution of corresponding anions and cations 
along the Z-axis on the surfaces of Au(100), Au(110) and Au(111). From the total mass density shown in Fig. 2(a), it can be seen that 
the pyridinium ionic liquid has a dense layer configuration on the surface of Au(100), and its density is much higher than that of the 
bulk phase of the ionic liquid. Afterwards, another three peaks, which are significantly lower than the dense layer can be observed, and 
then the mass density of ionic liquids tends to be stable, indicating that as the ionic liquids become farther and farther away from the 
surface of Au(100), the effect of this surface on ionic liquids becomes smaller and smaller, and finally tends to the ionic liquid bulk 
phase. 

The corresponding mass density distribution of anions and cations is presented in the illustration of Fig. 2(a). It can be seen that the 
contribution of anions and cations to the mass density of ionic liquids on the gold surface is obviously different. In the first dense layer 
formed on the surface of Au(100), the maximum mass density of the ionic liquid at z = 0.74 nm is 5182.2 kg/m3, of which cations 
(4254.4 kg/m3) account for about 4/5, while the second peak is mainly contributed by anions. It can be seen that the cations formed on 
the surface of Au(100) account for the main contribution. The anions at the corresponding position of the second peak formed by 
cations on the surface of Au(100) also correspond to two peaks. It can be inferred that most of the cations in the aggregation layer tend 
to lie flat on the Au surface [37], which is related to the strong adsorption of ionic liquids on the Au(100) surface, which will be 
described in more detail by number density and angle analysis. 

In order to further understand the effect of gold surfaces with different crystal structures on the structural distribution of ionic 
liquids, we further analyzed the mass distribution of [BPy]BF4 and its corresponding anions and cations along the Z-axis on the surfaces 
of Au(110) and Au(111) at 300 K. Fig. 2(b) shows the total mass density distribution of [BPy]BF4 on the surface of Au(110). It can be 
seen that the dense layer of ionic liquids is also formed on the surface of Au(110). The difference is that the height of this dense layer is 
significantly lower than that of the Au(100) surface. A relatively low and less obvious peak is produced between the first two obvious 
ones, which is related to the different interaction between anions and cations and the surface [38,39]. Fig. 2(b) also shows the mass 
distribution of anions and cations on the Au(100) surface, which is different from that on Au(100). Although the distribution of anions 
and cations tends to be stable, there is a clear oscillation behavior, and the distribution range of anions in the first dense layer is wider 
than that of cations, which is related to the effect of Au(110) surface on ionic liquids. Similarly, the contribution of cations to mass 

Fig. 1. (a) Structure of [BPy]BF4; (b) System of [BPy]BF4; (c) Gold surface; (d) [BPy]BF4 on the gold surface. (For interpretation of the references to 
colour in this figure legend, the reader is referred to the Web version of this article.) 
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density is greater than that of anions. 
Fig. 2(c) shows the total mass distribution of [BPy]BF4 on the surface of Au(111). It can be observed that a peak of mass density 

formed by [BPy]BF4 on the surface of Au(111) is almost the same as the first peak formed on the surface of Au(100). This is because the 
surfaces of both Au(100) and Au(111) are smooth. The mass distribution of anions and cations of [BPy]BF4 on Au(111) surface is 
shown in the illustration of Fig. 2(c) Compared with Au(100) surface, we can find that the effect of Au(100) and Au(111) on anions and 
cations is almost the same, which is due to the small difference in nanostructure between Au(100) surface and Au(111) surface. 

3.2. Number density distribution of some atoms on cations 

In order to study the distribution of the head and tail of cations on the gold surface more clearly, we performed the number density 
analysis, which is more conducive to understanding the nanostructure of the dense layer [40]. The number densities and corresponding 
positions of the nitrogen atom NA and the adjacent carbon atom CA1 on the cationic pyridine ring can be used to speculate the 
distribution of the head of the cation. And the carbon atom CT4 at the end of the alkyl chain can be used to observe the tail distribution 
of the cation. Fig. 3 shows the number density distribution of some representative atoms on the cations on the Au(100) surface along 
the Z-axis. It can be seen that near the Au(100) surface, the number density of CT4 is the highest, that of NA the second, and that of CA1 
is the smallest. After the main peak of number densities, the secondary peaks of atomic number density such as NA, CA1 and CT4 can 
also be observed. The value of each sub-peak is much lower than that of the first peak, and the position of the peak also changes. The 
sub-peak of the NA atom is first observed, followed by the CA1 atom, and finally the CT4 atom at the end of the alkyl chain. 

According to the above observation results, it can be inferred that the distribution of cationic [BPy]+ on the Au(100) surface is 
characterized by the fact that most of the tails are parallel to the surface, while the arrangement of the head is slightly random. From 
the distribution of the secondary peak, it can be inferred that the plane of the pyridine ring at the head of the cation is not completely 
parallel to the surface of Au(100). To illustrate this point, we give a snapshot of the aggregation layer of ionic liquids at a distance of 
0.6 nm from Au(100). As is clearly shown in Fig. 4, most of the alkyl chains tend to lie parallel to the surface, while for the pyridine 
rings, some lie flat, and the others are randomly distributed at certain angle to the Au (100) surface. This will be further discussed by 
angle distribution in section 3.3. 

Fig. 5 shows the number density distribution of some representative atoms on the cations on the Au(110) surface along the Z-axis. It 
can be seen that the number density of CT4 atoms on the surface is the highest, followed by NA atoms, and finally CA1 atoms. Different 
from the distribution of these atoms on the surface of Au(100), the positions of the number density peaks of the three atoms are also 
different. The first is the CT4 atom, the second is the CA1 atom with the lowest number density, and the last is the NA atom. After each 
main peak, we also observe the second peak of the number density, which is opposite to the law of the main peak. The number of CT4 

Fig. 2. Mass density distribution of [BPy]BF4 along the Z-axis and the inset showing the corresponding anion and cation on Au surfaces at 300 K. (a) 
Au(100); (b) Au(110); (c) Au(111). 

Fig. 3. The number density distribution of the upper atoms of [BPy]BF4 cations at 300 K along the Z-axis on Au (100) surface.  
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atoms is the smallest, that of the NA atoms the second, and that of the CA1 atoms is the largest, and they are located in the same 
position. Through the above analysis, it can be predicted that there are a large number of tails of cations on the surface of Au(110), and 
the head is slightly away from the surface relative to the tail. Furthermore, the heads of most cations are perpendicular to the Z-axis, 
equivalent to the plane where the pyridine ring is located parallel to the Au(110) surface. 

Finally, the number density distributions of some representative atoms on the Au(111) surface are shown in Fig. 6. It can be seen 
that the first number density peaks of the above three atoms all appear in the same position, which is consistent with our previous 
conclusion that both the Au(100) surface and the Au(111) surface have similar effects on the pyridinium ionic liquid [BPy]BF4. 
Similarly, the second number density peaks of NA, CA1 and CT4 also appear in turn. 

Fig. 4. A snapshot of the distribution of cations of [BPy]BF4 near Au(100) at 300 K.  

Fig. 5. The number density distribution of the upper atoms of [BPy]BF4 cations at 300 K along the Z-axis on Au (110) surface.  

Fig. 6. The number density distribution of the upper cations of [BPy]BF4 on the Au (111) surface at 300 K along the Z-axis.  
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Through the number density analysis of some representative atoms of cations along the Z-axis, we can draw a conclusion: The 
cations of the pyridinium ionic liquids gather adjacent to the gold surfaces and most of them lie flat on the surface. The difference is 
that the number density of the representative atoms on Au(110) is significantly lower than that on Au(100) and Au(111) surfaces. 
Moreover, the tails of cations gather closer to the Au(110) surface than the heads of them. 

In order to more clearly compare the difference between the nonstructural layer near the surface and the liquid phase region, we 
also give the radial distribution functions (RDFs) of the characteristic atoms in these two regions [41–43]. As shown in Fig. S2 in 
Supporting Information, the RDFs peak value at the interface is much higher than that in the liquid phase region under all conditions, 
indicating that the adsorption of the surface increases the order of ionic liquids. For all three surfaces, as shown in Fig. 7, the RDFs of 
the head (HA1-F) are similar, while the RDFs value of the tail (CT4-CT4) on Au(110) is much lower than that on the other two surfaces, 
indicating that the influence of the Au(110) surface on the tail is more significant, which is consistent with the number density analysis. 

3.3. Angle distribution of cations on the surfaces 

In order to further explore the distribution character of the pyridine ring of cations on the gold surfaces, we have made the 
probability distribution of the angle (θring) between the normal direction of the pyridine ring of cation and the normal direction of the 
gold surfaces (the direction along Z-axis). At the same time, the angle (θalkyl) between the alkyl chain of cation (the vector from atom 
NA to CT4) and the Z-axis was made as a comparison. The schematic diagram about the angle distribution can be referred to Fig. 8. 

We define the maximum peak on the density distribution of ionic liquids as the first layer to study the orientation distribution of 
cations on the gold surface. Specifically, the first layer is determined by the first lowest density position after the maximum peak. For 
example, the boundary of the first layer of ILs on Au(100) is z < 0.9375 nm. The difference in the boundary of the first layer surfaces is 
mainly due to the different structures that determine the heights of the three gold surfaces. 

As shown in Fig. 9(a), it can be seen that the pyridine rings have obvious orientation distributions. For Au(100) and Au(111), most 
of the distribution is in the range of 0◦~30◦ and 150◦~180◦, indicating that the pyridine rings are more likely to lie flat on the gold 
surface. In addition, the part of pyridine rings are also distributed between 60◦ and 120◦. For Au(110), the probabilities in 0◦~30◦

(150◦~180◦) and 60◦~120◦ intervals are roughly equal, indicating that half of the pyridine rings tending to lie flat on the gold surface, 
while the other half standing upright on the surface. 

For the three gold surfaces, the angle between the alkyl chain and the Z-axis is mainly concentrated between 80◦ and 100◦ (Fig. 9 
(b)), indicating that the tails of cations tend to be arranged parallel to the gold surface. The overall distribution on the three gold 
surfaces is similar. However, the distribution on Au(110) is more concentrated, and the orientation distribution of the alkyl chains is 
wider, indicating that the surface type also has a certain impact on the orientation of the alkyl chain. This is similar to the distribution 
of the alkyl chain of the imidazolium ionic liquid on the gold surface [44]. 

The above analysis supports our previous conclusion that the cations of the pyridinium ionic liquid gather near the gold surfaces 
and mainly lie flat on the surface. The tails tend to be arranged parallel to the gold surface. The distribution of pyridine rings on the 
three surfaces is slightly different. Specially, the distribution probability on Au(110) is more extensive. This is due to the different 
interaction between ILs and Au(110), which has a atomically corrugated surface, leading the pyridine ring fall to the grooves on the 
surface [45]. 

3.4. Effect of temperature on the ionic liquids on gold surfaces 

Temperature will have a great influence on the nanostructure of ionic liquids on the solid surface [46]. The study in this aspect is 
also helpful to understand the properties of solid-liquid interface. Fig. 10 and Fig. S3 show the total mass density distribution along the 
normal direction of ionic liquids [BPy]BF4 on Au(100), Au(110) and Au(111) surfaces at different temperatures. It can be seen that 
with the increase of temperature, both the mass density of the dense layer on the surface and the bulk phase density of the ionic liquids 
behind the layer decrease. The effect of temperature on the total mass density is obvious. The decrease of the dense layer indicates that 
the increase of temperature makes the uneven aggregation of ionic liquids smaller and the structure relatively loose, which greatly 
reduces the heterogeneity of the ionic liquids. It can also be seen from Fig. 10 that the mass density of ionic liquids at 700 K tends to be 
stable after several peaks, which indicates that with the increase of the distance to the surface, the interaction between the gold surface 
and ionic liquids can be almost ignored, and the system reaches bulk phase equilibrium. 

Through the above analysis of the mass density of [BPy]BF4 on the gold surface at different temperatures and different gold 

Fig. 7. Radial distribution functions of the cation’s characteristic atoms: a) Head (HA1-F); b) Tail (CT4-CT4).  
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surfaces, we can draw a conclusion that there are similar laws on Au(100), Au(111) and Au(110) surfaces, that is, the mass density of 
pyridinium ionic liquids on the gold surface decreases with the increase of temperature. However, the position of the Z-axis corre-
sponding to the peak of the mass density is almost unchanged. The mass density on the Au(110) surface fluctuates greatly, which is 
related to the great difference in the properties between the Au(110) surface and the other two surfaces discussed earlier. 

To help in rationalizing orientation of cations of [BPy]BF4 on the Au surfaces, the more comprehensive number density distri-
butions including the position of anions, have been provided as Figs. S4–S6 in Supporting Information. The snapshot with anions has 
been also provided in Fig. S7. We can see that a anion laying is presented on the surface, which indicates pyridinium cations have a 
distinct ability to coordinate anions. Except the angular distribution, the pyridine rings standing perpendicular to the Au(110) surface 
could be supported by a more obvious anion laying at the surface which is shown by the B atoms distribution in Fig. S5. 

3.5. Discussion 

In according with some works on Au(hkl)-imidazolium ionic liquid interfaces [45,47], [BPy]BF4 shows a strong layering near the 
surface and the tail tends to be parallel to the surface. This phenomenon also exists at other metal interfaces, for example, experiments 
have confirmed that another similar pyridinium ionic liquid [BMPy]BF4 (1-butyl-4-methylpyridinium tetrafluoroborate) at the Bi(111) 

Fig. 8. A schematic diagram of the angle distribution of cation: (a) θring represents the angle between the normal direction of the pyridine ring and 
the Z-axis; (b) θalkyl represents the angle between the alkyl chain and the Z-axis. 

Fig. 9. (a) θring, (b) θalkyl of cations of the first layer on Au(100), Au(111) and Au(110) surfaces.  
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surface can form a multilayer structure [48]. How to explain this phenomenon? The energy when the tail is parallel to the surface is 
lowest. If we assume the tail is perpendicular, then [BPy]+ cation must stand on H–C bond(s), like a ballerine, which is energetically 
hard. Therefore, most of tails are parallel to the surface. 

Meanwhile, we can see the surfaces do not seem to have obvious effect on the angular distribution orientation of the tails from 
Fig. 9. The RDFs results show that the order of head and tail is significantly increased in the nanostructure regions, indicating that both 
heads and tails of pyridinium cations can take orientations on the gold surface. This is similar to the effect of the imidazolium ionic 
liquid with a solid surface. It has been affirmed that imidazolium heads and tails can take both orientations by plenty of MD and 
experimental data [49–52]. For example, Maier et al. found that the imidazolium cations are adsorbed in a flat geometry on the Au 
(111) surface (<0.5 ML coverage) [49]. The difference is that, in this work, pyridinium cations are parallel to the surface for pure [BPy] 
BF4. 

In addition to well-studied imidazolium-based ionic liquids, we have studied another important ionic liquid family, pyridinium- 

Fig. 10. Mass density distributions of [BPy]BF4 on the gold surfaces along the Z-axis at different temperatures (a) Au(100); (b) Au(110); (c) Au 
(111). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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based, on the surface of gold. For all three gold surfaces, the tails of pyridinium cations lie parallel to the surface. The remarkable 
feature of these cations to keep their neutral tails on the surface should affect the relative permittivity, resulting in decreasing 
capacitance. The same feature could be essential for sensors due to increased adsorption selectivity. These conclusions call for 
computational and experimental confirmation. 

4. Conclusions 

In this work, the effects of the gold surface with different crystal structures and temperature on the distribution of N-butylpyr-
idinium tetrafluoroborate ([BPy]BF4) were studied by molecular dynamics simulation. The mass density results show that the ionic 
liquids will form a dense layer on their surfaces, and the smooth surfaces of Au(100) and Au(111) have similar effects on [BPy]BF4. 
Although the dense layer of ionic liquids is also produced on the rough surface of Au(110), the nanostructure order of ionic liquids near 
the surface decreases, which is different from that of Au(100) and Au(111) surfaces. Furthermore, the tails (alkyl chains) of cation tend 
to be parallel to the surface, while some of the heads (pyridine rings) lie flat on the surface and the others are randomly distributed. 
Increasing temperature does not affect the distance of ILs’ closest approach to the surface, yet expectedly loses the packing density of 
ILs. 
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