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Abstract
This work deals with the determination of several wetting properties (contact angle, surface tension, polarity 
fraction and spreading parameter) of six novel fatty acid anion-based ionic liquids (FAILs): 
methyltrioctylammonium hexanoate [N8881][C6:0], methyltrioctylammonium octanoate [N8881][C8:0], 
methyltrioctylammonium laurate [N8881][C12:0], methyltrioctylammonium palmitate [N8881][C16:0], 
methyltrioctylammonium stearate [N8881][C18:0]  and methyltrioctylammonium oleate [N8881][C18:1]. Surface 
tension was determined at temperatures from 293 to 333 K, exhibiting a linear decrease within the temperature 
range. Contact angle measurements were performed on five different surfaces (steel, aluminum, tungsten 
carbide, cast iron and bronze) using 3 test liquids (water, diiodomethane and ethylenglycol)and each of the 
synthesized FAILs. Polarity fraction (PF) and the spreading parameter (SP) were calculated in order to gain a 
deeper understanding of wetting characteristics of these FAILs. Despite the similarity of the obtained results 
with all FAILs and surfaces, [N8881][C6:0] and [N8881][C8:0] with both cast iron and bronze surfaces were the best 
surface-FAIL combinations regarding wettability.
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1. Introduction

Wettability of solids with liquids is a key factor for many industrial processes involving two different phases, 

such as catalysis, coatings and lubrication, among others. The interaction between phases affects not only the 

product properties, but also the nature of the engineering process [1]. Measuring several physicochemical 

parameters (including surface tension and contact angle) is the ideal way to start the evaluation of the wetting 

ability [2]. 

Ionic liquids (IL), salts which melting point below 100 °C, have attracted attention from both academic and 

industrial sectors as potential candidates for a wide variety of applications [3-14]. This mentioned interest is 

based on their unique properties, such as near-zero vapor pressure, high ionic conductivity, high thermal 

stability, large liquid range and a highly tunable solvating capacity regardless of the polarity of the compound. 

Therefore, the study of their physicochemical properties is important in order to use these substances in a wide 

range of applications [15-19]. One of the key properties of ILs is the fact that a small variation in the chemical 
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composition could drastically change their physicochemical properties, like conductivity, viscosity, melting 

point, density or surface tension, becoming self-tuning compounds with enormous potential in engineering 

applications [20, 21]. That is why, it is necessary to perform an in-depth physicochemical characterization of 

these substances for establishing correlations between structure and performance parameters [22, 23].

Because of the increasing research work using ionic liquids in lubrication in the last 18 years [24-29], it is 

important the study of key properties of these compounds, such us viscosity, density, wettability, thermal 

stability and tribofilm formation, which are closely related with lubrication [30-46]. Therefore, tribology 

research should face the knowledge of wettability parameters with the aim of getting a better design of 

lubrication systems [47-52]. Currently, the synthesis and use of halogen- and metal-free ionic liquids is gaining 

attention in order to develop more sustainable additives and lubricants. In this sense, the goal of this work is the 

characterization of the wetting properties (surface tension, contact angle, polarity fraction and spreading 

parameter) of six ionic liquids obtained from fatty acids without both halogens and metals in their composition 

to be used as lubricant additive.

2. Material and methods

2.1 Surfaces and ionic liquids 

The reagents used in the synthesis of the fatty acid ionic liquids (FAILs) include methyltrioctylammonium 

bromide ionic liquid ([N8881][Br]) (> 97%) as cation precursor; hexanoic, octanoic, lauric, palmitic, stearic and 

oleic acids (natural > 98%) as anion precursors; sodium hydroxide, ethanol solution (70%w/w) and toluene 

(99.8%). All these reagents were provided by Sigma-Aldrich S.A and used without further purification. These 

FAILs were obtained through a salt metathesis reaction, which is explained in a previous research work [53]. 

The FTIR and 1H and 13C NMR analyses were conducted to confirm the molecular structures of the synthesized 

ILs. The NMR spectra were obtained with a Bruker serie Avance AV600 nuclear magnetic resonance 

spectrometer (NMR) using CDCl3 as the solvent. The NMR was operated with a 5 mm broad band probe at 

600.15 and 150.92 MHz resonance frequencies for 1H and 13C NMR, respectively. Tables 1-2 show the chemical 

shifts of 1H NMR and 13C NMR along with their assignments and the molecular structure of the ions. 
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Table 1 Chemical shifts of 1H NMR for the FAILs.

δ(ppm)
Protons

[N8881][C6:0] [N8881][C8:0] [N8881][C12:0] [N8881][C16:0] [N8881][C18:0] [N8881][C18:1]

a N-CH2 3.4 (m, 6H) 3.37 (m,6H) 3.4 (m, 6H) 3.37 (m,6H) 3.4 (m, 6H) 3.3 (m, 6H)

b -CH2-N /  
–CH2-O

1.6 (m, 8H) 1.62 (m, 8H) 1.7-1.6 (m, 8 
H) 1.62 (m, 8H) 1.6 (m, 8H) 1.6 (m, 8H)

c -CH2 1.3 (m, 34H) 1.34-1.24 (m, 
38H)

1.40-1.20 (m, 
46 H)

1.34-1.24 (m, 
54 H)

1.2-1.3 (m, 
58H) 1.3 (m, 56H)

d -CH3 0.85 (m, 12H) 0.84 (m, 12H) 0.9-0.8 (m, 12 
H)

0.84 (m, 12 
H) 0.85 (m, 12H) 0.85 (m, 12H)

e N-CH3 3.3 (s, 3H) 3.28 (s, 3H) 3.3 (s, 3 H) 3.28 (s, 3H) 3.3 (s, 3H) 3.2 (s, 3H)
f -CH2COO 2.15 (t, 2H) 2.14 (t, 2H) 2.15 (t, 2 H) 2.14 (t, 2H) 2.15 (t, 2H) 2.15 (t, 2H)
g - - - - - - -
h -CH2-CH - - - - - 1.95 (m, 4H)
i -CH-CH - - - - - 5.3 (t, 2H)

Anions

                    
C6H11O2

-  : Hexanoate C16H31O2
- : Palmitate

C8H15O2
-  : Octanoate

C18H35O2
-  Stearate 

                     C12H23O2
-  : Laurate                                 C18H33O2

-  : Oleate          
                                      

Cation
C25H54N+  : Methyltrioctylammonium
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Table 2 Chemical shifts of 13C NMR for the FAILs.

δ(ppm)
Carbon

[N8881][C6:0] [N8881][C8:0] [N8881][C12:0] [N8881][C16:0] [N8881][C18:0] [N8881][C18:1]

a N-CH2 61.34 (3C) 61.2 (3C) 61.16 (3C) 61.2 (3C) 61.19 (3C) 61.3 (3C)

b -CH2-N /  
–CH2-O

22.4 (4C) 22.3 (4C) 22.3 (4C) 22.3 (4C) 22.3 (4C) 22.3 (4C)

c -CH2
22.5-32.2 

(17C)
22.5-31.9 

(19C)
22.5-31.9 

(23C)
22.3-31.9 

(27C)
22.5-31.9 

(29C)
22.3-31.6 

(25C)
d -CH3 14-14.1 (4C) 14-14.1 (4C) 14-14.1 (4C) 14-14.1 (4C) 14-14.1 (4C) 14-14.1 (4C)
e N-CH3 48.8 (1C) 48.7 (1C) 48.7 (1C) 48.8 (1C) 48.7 (1C) 49 (1C)
f -CH2COO 38.6 (1C) 39.0 (1C) 39.2 (1C) 39.1 (1C) 38.84 (1C) 38.9 (1C)
g -C 179.35 (1C) 179.5 (1C) 179.63 (1C) 179.67 (1C) 179.44 (1C) 179.8 (1C)

h -CH2-CH - - - - - 27.1-27.2 
(2C)

i -CH-CH - - - - - 129.8-129.9 
(2C)

On the other hand, Fourier-transform infrared spectroscopy (FTIR) of the FAILs were obtained using a Varian 

670-IR FTIR spectrometer with the following experimental setup: 16 scans, 4 cm-1 resolution and aperture open. 

Spectra were recorded between 600 and 4000 cm-1. Finally, Fig. 1 displays the FTIR spectra of the six FAILs. 

Fig. 1 FTIR spectra of the FAILs including the assignments of the peaks:                                                         

a) [N8881][C6:0], b) [N8881][C8:0], c) [N8881][C12:0], d) [N8881][C16:0], e) [N8881][C18:0] and f) [N8881][C18:1].
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A commercial ionic liquid provided by Ionic Liquid Technologies GmbH (Io-Li-Tec) sharing the same 

ammonium-based cation was employed as comparative sample. Table 3 shows the chemical description of the 

ionic liquids.

Table 3 Chemical description of the FAILs used in this work.

IUPAC name Acronym Molecular weight 
(g/mol)

Empirical 
formula

Methyltrioctylammonium hexanoate [N8881][C6:0] 483 C31H65NO2

Methyltrioctylammonium octanoate [N8881][C8:0] 511 C33H69NO2

Methyltrioctylammonium laurate [N8881][C12:0] 567 C37H77NO2

Methyltrioctylammonium palmitate [N8881][C16:0] 623 C41H85NO2

Methyltrioctylammonium stearate [N8881][C18:0] 651 C43H89NO2

Methyltrioctylammonium oleate [N8881][C18:1] 649 C43H87NO2

Methyltrioctylammonium bis 
trifluoromethilsulfonilamide [N8881][NTf2] 648 C27H54F6O4N2S2

In addition, five different surfaces provided by PCS Instruments were employed in this research for contact 

angle measurements. Their main mechanical properties are shown in Table 4.

Table 4 Materials of the discs used in wetting tests.

Materials Roughness*, Ra 
(µm)

Hardness*

Steel AISI 52100 0.018 225 HV0.1

Aluminum 6082 T6 0.025 116 HV0.1

Tungsten Carbide, 6% Cobalt 0.022 1843 HV0.3

Cast Iron BS1452 grade 240 0.053 225 HV0.1

Bronze PB1 BS 1400 0.027 219 HV0.1

* Measured by authors.

2.2 Wetting properties

Surface tension was measured with a KSV Sigma 700 tensiometer according the Du Noüy’s platinum ring 

method. The temperature measuring system uses a Pt-100 probe and a temperature controller integrated in the 

system. The Julabo F12-MV water bath used was controlled through a RS-232 port. The temperature readout 

is in Celsius with 2 decimals and the temperature range was 20-60 ºC, which is within the measurement range 

of the equipment from -5 to 100 ºC [54]. The surface tension ( ) measures the free energy of the minimum 

surface area able to separate liquid and vapor phases. Applying the Gibbs equation [55], the surface tension of 

a homogeneous liquid linearly decreases with a temperature rise (Eq. 1). 
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                            Tba                                                                                 (1)

On the other hand, contact angles of the FAILs were measured using a micrometer syringe through the sessile 

drop methodology in a KSV CAM 200 goniometer [56]. In order to obtain the dynamic advancing contact angle 

(θA), a drop was released at room temperature and recorded through digital images taken in a fixed time interval: 

first 9 images every half second and next 30 ones every 6 seconds. Besides, the contact angle on both sides 

(right and left) was calculated through Laplacian methodology. The reference plane is settled in the three-phase 

line (Fig. 1), so the mathematical methodology is able to calculate the contact angle (θ) using the contact point 

with the drop for each one of the images taken [57]. The surfaces employed in this test were cleaned, before 

and after the assay, using acetone in an ultrasonic cleaning bath at room temperature for 5 min, 100 W and then 

air-dried. Finally, contact angle values reported were obtained from the mean of at least five measurements 

when steady state was reached (relative error less than 10% on each case). In addition, polarity fraction and 

spreading parameter were calculated using surface tension and contact angle measurements.

2.3. Wettability determination

Using the Fowkes approach [58], surface tension can be obtained from two different contributions named 

dispersive (d) and non-dispersive (nd) (Eq. 2). Due to the fact that dispersive interactions are the only ones 

occurring across the interface, these mentioned interactions (Eqs. 3-5) could be related with the contact angle 

(θ), the solid-liquid interfacial tension (γSL) and the adhesion work (WSL), using the Young equation (Eq. 5). 

Fig. 2 showed the relationship between surface tension (γ) and contact angle (θ), where surface free energy 

(γSV) and interfacial tension liquid-vapor (γLV) are normally indicated as γS and γL, respectively.

ndd                                                                                   (2)

 d
L

d
SSLW   2                                                                             (3)

SLLSSL W                                                                           (4)

      cos LSSL                                                                          (5)
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Fig. 2 Surface tension (γ) and contact angle (θ) relationship.

If the surface is homogeneous and flat, interfacial tensions do not change and the contact angle calculated 

through (Eq. 5) could be assumed constant for a given three-phase system [21]. Finally, contact angle and 

surface tension could be linked using the previous equations (Eqs. 2-5) in order to obtain a new equation:  (Eq. 

6). 

                                                                                  (6)  cos15.0 
L

nd

L

nd

S

d

L

d

S

Because of the two unknown parameters γS (non-dispersive and dispersive) appearing in Eq. (6), this formula is 

insufficient to determine the surface free energy (γS) of the solid. Thus, the contact angle has to be measured 

using at least two test liquids with known values of surface tension components [1], which would yield two 

equations in the form of the above mentioned Eq. (6). If one phase (liquid or solid) is mostly considered non-

polar (dispersive), a good approximation of Eq. (6) is shown in Eq. (7):

                                                         
  d

L
d
SL   2cos1

                                                               (7)                                                                                                                        

In order to improve the wettability characterization and considering both surface and liquid effects, Kalin and 

Polajnar developed a new parameter called Spreading Parameter (SP) [47-49]. New equations (Eqs. 8-9) can 

be obtained if Young’s equation is faced in terms of the difference between free energy of adhesion (WSL), 

defined in Eq. (5), and free energy of cohesion (WC), defined in Eq. (10) as the work needed to split isothermally 

a homogeneous liquid (per unit area). 
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CSL WWSP                                                                            (8)

L
nd
L

nd
S

d
L

d
SSP  222                                                          (9)

                                                                                (10)LCW 2

When SP > 0, the contact angle is time-dependent and the liquid spreads completely in order to lower its surface 

energy (high value of γS and a lower value of γL). On the other hand, with negative SP values, the liquid forms 

a spherical equilibrium drop with a given constant contact angle due to cohesion work between ionic liquid 

molecules being higher than the adhesion work in the solid–liquid interface. Therefore, tribology research 

should face the knowledge of wettability parameters with the aim of getting a better design of lubrication 

systems [47-52].

3. Results and discussion

3.1 Surface tension

Average surface tensions of the FAILs and the standard deviation ( ) both obtained from at least 10 

measurements of surface tension ( ) and its corresponding temperature (T). Assuming that standard deviation 

could be the combined standard uncertainty (uc), the expanded uncertainty (U) is obtained by multiplying uc by 

a coverage factor (k). A value of k=2 (defining an interval with a level of confidence of approximately 95 %) 

was chosen to perform the calculations. The results related to surface tension are shown in Table 5. 

The surface thermodynamic relationship was analyzed using Gibbs free energy definition (Eq. 1), which states 

that decreasing the surface area of a mass of liquid is always spontaneous (G < 0). Therefore, in order to increase 

surface area, a certain amount of energy must be added. These data of Table 5 were used to apply Eq. 1(see 

Table 6), where the parameter “a” can be allocated to the surface excess energy or enthalpy (ES), and “b” 

corresponds to the surface excess entropy (SS) [50-52]. In addition, Fig. 3 shows the surface tension-temperature 

relationship of the studied FAILs.
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Table 5 Surface tension data of the fatty acid anion-based ionic liquids (FAILs) studied.

[N8881][C6:0] [N8881][C8:0] [N8881][C12:0]

)(ºCT  𝜸 ± 𝑈(𝒎𝑱/𝒎𝟐) )(ºCT  𝜸 ± 𝑈(𝒎𝑱/𝒎𝟐) )(ºCT  𝜸 ± 𝑈(𝒎𝑱/𝒎𝟐)

25.879  0.045 24.277  0.078 21.113  0.214 23.989  0.060 23.838  0.361 25.698  0.202

30.051  0.169 24.011  0.040 30.204  0.289 23.599  0.060 31.969  0.077 25.192  0.054

39.933  0.156 23.297  0.030 39.600  0.095 23.022  0.030 40.280  0.137 24.556  0.088

49.937  0.363 22.763  0.052 49.441  0.344 22.485  0.050 49.653  0.048 23.736  0.034

60.321  0.253 22.215  0.072 59.721  0.377 21.927  0.068 59.856  0.266 22.942  0.086

[N8881][C16:0] [N8881][C18:0] [N8881][C18:1]
)(ºCT  𝜸 ± 𝑈(𝒎𝑱/𝒎𝟐) )(ºCT  𝜸 ± 𝑈(𝒎𝑱/𝒎𝟐) )(ºCT  𝜸 ± 𝑈(𝒎𝑱/𝒎𝟐)

18.691  0.465 27.984  0.042 20.954  0.118 28.615  0.088 21.073  0.564 28.825  0.126

29.963  0.399 27.118  0.042 30.272  0.278 27.911  0.064 30.091  0.276 27.580  0.048

39.711  0.123 26.419  0.046 39.652  0.093 27.011  0.042 40.100  0.187 26.881  0.078

49.800  0.170 25.550  0.052 49.927  0.143 26.131  0.076 49.959  0.128 26.037  0.038

59.448  0.141 24.770  0.042 60.094  0.187 25.099  0.064 58.843  0.090 25.294 0.040

Table 6 Surface tension measurements of the ionic liquids fitted to Eq. (1).

Ionic liquids ES (mJ/m2) SS 
(mJ/m2·K)

Equation
(γ = ES – SS ·T) R2

[N8881][C6:0] 25.795 0.0602 25.795 - 0.0602T 0.995
[N8881][C8:0] 25.179 0.0543 25.179 - 0.0543T 0.998
[N8881][C12:0] 27.624 0.0778 27.624 - 0.0778T 0.997
[N8881][C16:0] 29.485 0.0789 29.485 - 0.0789T 0.9991
[N8881][C18:0] 30.571 0.0900 30.571 - 0.0900T 0.998
[N8881][C18:1] 30.528 0.0901 30.528 - 0.0901T 0.987
[N8881][NTf2] 31.805 0.0757 31.805 - 0.0757T 0.994
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Fig. 3 Temperature- surface tension relationship of fatty acid-based ionic liquids.

Regarding the dependence of the structure of the FAILs on their surface tension, Fig. 4 shows the relation 

between the length of the chain of the anionic part and the surface tension values at 293 K, calculated using Eq. 

(1) from experimental results.  On viewing these data, the surface tension increases with the chain length. This 

behavior, which is similar to that of the hydrocarbons reported by Almeida et. al. [39], differs from that found 

for other families of ionic liquids, in which the trend is the opposite due to the polar contribution to the surface 

tension [44, 50, 51]. 
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Fig. 4 Structure-surface tension dependence of fatty acid-based ionic liquids and hydrocarbons.
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In addition, only the parts of the molecule at the outer surface contribute to the surface tension values, according 

to the Langmuir’s principle [59]. Therefore, the alkyl chain interactions in the studied FAILs should have a 

main contribution in the surface tension, while the polar groups have a reduced influence. This indicates that in 

this type of ILs, the surface ordering is mainly determined by the aliphatic tails, the contribution of the polar 

moiety being weak [39]. Unfortunately, a lot of discrepancies exist between sets of data from different sources, 

mainly attributed to variations on samples purity and possible presence of impurities that have not properly 

been accounted for [31].

3.2 Contact angle

Fig. 5 shows the variation of contact angle values during 6 different dynamic sessile drop tests (6 liquids in one 

substrate). With the aim of measuring advancing contact angles, the drop was spread on the surface for 

approximately 180 seconds. In view of the results, the steady-state is reached early than expected (in about 50 

seconds). The behavior on four additional substrates (cast iron, bronze, tungsten carbide and aluminum) was 

quite similar. 
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Fig. 5 Advancing contact angle evolution of studied FAILs on the steel surface.

In addition, contact angle measurements using the same dynamic sessile drop assay were conducted with 3 test 

liquids with known surface tension components (see Table 7), in order to calculate the surface free energy of 

the 5 substrates employed [60]. The measurements of steady-state contact angle are shown in Table 8. 
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Therefore, using the data of contact angle from Table 8 with the aim of applying Eq. (6), the values of surface 

free energy of the five surfaces used in this research are shown in Table 9. 

Table 7 Surface tension components of the test liquids found in the literature at 293 K [60]. 

Test liquids  (mJ/m2)L  (mJ/m2)d
L  (mJ/m2)nd

L
Water (W) 72.8 21.8 51.0

Diiodomethane (DIM) 50.8 50.8 -
Ethylene glycol (EG) 48.0 29.0 19.0

Table 8 Steady-state contact angle of the test liquids on five surfaces. 

Water Diiodomethane Ethylene glycol
Surface (deg)  (deg)  (deg) 

AISI 52100 Steel 58.150  1.681 42.412  2.026 57.552  0.945
Aluminun 57.100  2.192 45.260  1.134 54.765  1.871

Tungsten Carbide 58.429  3.110 40.068  0.788 43.977  1.669
Cast iron 52.354  2.232 47.570  2.062 61.640  0.848
Bronze 55.649  2.000 41.410  1.247 66.212  0.870

Table 9 Surface free energy ( ) of the five surfaces employed. S

Surface (mJ/m2)S  (mJ/m2)d
S  (mJ/m2)nd

S
AISI 52100 Steel 52.19 38.38 13.81

Aluminun 52.05 36.87 15.28
Tungsten Carbide 52.92 39.58 13.34

Cast iron 54.18 35.62 18.56
Bronze 54.07 38.89 15.18

On viewing the results from Fig. 5, the steady-state is reached during the advancing sessile drop contact angle 

experiments. Therefore, the final value of each experiment can be taken as the value of the steady state contact 

angle. Table 10 displays the mean steady-state contact angle (adding the standard deviation) for all FAILs used 

on five different surfaces (steel, aluminum, tungsten carbide, cast iron and bronze). 
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Table 10 Experimental steady-state contact angle measurements of FAILs on different surfaces.

Steel Aluminum Tungsten 
Carbide

Cast Iron Bronze
Ionic liquids

(deg)  (deg)  (deg)  (deg)  (deg) 

[N8881][C6:0] 17.626  1.626 18.510  0.713 16.648  1.393 15.398  1.190 16.939  0.333
[N8881][C8:0] 19.098  1.057 14.458  0.905 15.653  0.675 13.374  0.765 13.673  1.133
[N8881][C12:0] 19.477  1.623 18.793  1.550 12.134  0.482 19.161  0.811 15.387  0.634
[N8881][C16:0] 16.840  1.652 14.088  0.660 20.731  1.432 23.933  2.228 12.832  0.070
[N8881][C18:0] 19.952  1.686 22.807  1.457 27.263  2.685 21.487  1.011 23.663  0.952
[N8881][C18:1] 16.216  1.441 18.741  1.098 21.517  2.043 18.809  0.979 19.824  1.902

The highest contact angle values were obtained with [N8881][C18:0] for practically all surfaces studied, possibly 

because of their largest alkyl chain of the anion. On the other hand, [N8881][C6:0] exhibited the more stable 

contact angle values in all surfaces analyzed in this research, probably related to the contribution of the polar 

moiety. In addition, because of the novelty of these synthesized fatty acid-based ionic liquids, there is no data 

of contact angle of these compounds. Besides, contact angle is highly dependent on many parameters, such as 

purity of the samples, height of needle, drop volume, measuring instrument, etc. [61], which can affect 

reproducibility. Finally, because of the contact angles obtained with all FAILs and surfaces are time-dependent, 

it could be claimed that this property cannot be enough to define properly the solid-liquid interaction. With the 

aim of improving the understanding of wetting behavior, additional parameters such as spreading parameter 

(defined in Eq. (9)) [47-51, 62] and polarity fraction [50-52, 63, 64] were calculated.

3.3 Polarity fraction

Using ILs as neat lubricants is usually limited due to cost issues, despite the fact that their excellent tribological 

performance is well known. In order to face this drawback, using ILs as lubricant additive could be the 

preferable/most suitable choice. However, the feasibility of this promising option is limited by its solubility [13, 

14]. Consequently, introducing parameters related to polarity in the characterization of these substances should 

be helpful with the aim of predicting solubility behavior. From Eq. (2) presented in the section 2.3, a new 

parameter called polarity fraction (PF) could be presented as the ratio between the polar component ( ) and nd
L

the total surface tension ( ), Eq. (11). L
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                                                                                                                            (11)
L

nd
LPF






The non-polar component of the surface tension )( d
L was calculated from each surface applying Eq. (7), 

assuming that the polar component )( nd
S is low enough to get a good approximation. Finally, the PF values 

for each FAIL studied is calculated from Eq. (11). Table 11 summarizes the average results obtained and the 

standard deviation.

Table 11 Polarity fraction of the FAILs and the test liquids. 

)/( 2mmJL )/( 2mmJC
d
L   )/( 2mmJnd

L CPF 

[N8881][C6:0] 24.591 15.298  0.689 9.293 0.374  0.028
[N8881][C8:0] 24.093 14.681  0.719 9.412 0.385  0.030
[N8881][C12:0] 26.068 17.169  0.569 8.899 0.338  0.022
[N8881][C16:0] 28.281 19.688  0.778 8.593 0.296  0.028
[N8881][C18:0] 28.771 19.978  1.135 8.793 0.296  0.040
[N8881][C18:1] 28.726 20.784  1.001 7.942 0.273  0.035
[N8881][NTf2] 28.919* 17.939  1.5563* 10.980* 0.380*

Water 72.8** 21.8** 51.0** 0.708**
Diiodomethane 50.8** 50.8** 0** 0**
Ethylene glycol 48.0** 29.0 19.0** 0.396**

*Data obtained from literature [51].
 **Test liquids, data from Table 5.

Due to all FAILs are sharing the same cation, the polarity fraction trend is based on the length of the aliphatic 

chains of the anion. Therefore, [N8881][C6:0] and [N8881][C8:0] exhibited the highest values of the non-dispersive 

component of surface tension, with [N8881][C16:0], [N8881][C18:0] and [N8881][C18:1] showing the lowest ones and 

[N8881][C12:0] exhibiting an intermediate behavior. These results are in agreement with Fig. 4, supporting a 

polarity fraction-structure relationship: where the polarity fraction is inversely proportional to the number of 

carbons in the fatty acid anion-based IL. 

Comparing the results with the test liquids, FAILs should be considered as moderately polar, similar to ethylene 

glycol and far away from the typical polar (water) and non-polar (diiodomethane) substances. Regarding the 

solubility of these FAILs in different base oils, it is expected that those with shorter carbon chain ([N8881][C6:0] 

and [N8881][C8:0]) should be easily miscible in polar base oils and those with longer carbon chain in the anion 
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([N8881][C16:0], [N8881][C18:0] and [N8881][C18:1]) should be easily miscible in non-polar base oils. However, 

additional solubility tests are needed in order to verify this assumption.

3.4 Spreading parameter

Using Eq. (10) presented in the section 2.3, spreading parameter (SP) for 9 different substances (6 FAILs and 

3 test liquids) can be easily calculated. Low values of this parameter would indicate that the substance will not 

spread easily over the surface. If SP is lower than zero, the drop would form an equilibrium sphere with constant 

contact angle due to the high cohesion work between liquid molecules. Fig. 5 exhibited the main results obtained 

regarding spreading parameter. 

In view of the results, time-dependent contact angle, which means SP>0, happens in 35 liquid – surface 

possibilities. All of the 6 FAILs showed SP values greater than 20 mJ/m2 in all surfaces, and ethylene glycol 

showed values barely greater than zero. On the other hand, the other 10 liquid-surface combinations (water and 

diiodomethane on all surfaces) had negative SP values, meaning that drops will not spread over the surface and 

constant contact angle [47-49]. From a wettability point of view, bronze and cast iron surfaces showed the 

highest SP values in all cases making them slightly better than the rest. The [N8881][C6:0] and [N8881][C8:0] 

exhibited the highest values, which is in agreement with the results depicted in Fig. 5 that showed that the 

shorter alkyl chain length the lower surface tension values and, consequently, an improved wetting behavior.

-40.000 -20.000 0.000 20.000 40.000

Steel

Al

WC

CI

Br
W

EG

DIM

[N8881][C16:0]

[N8881][C6:0]

[N8881][C18:0]

[N8881][C12:0]

[N8881][C8:0]

[N8881][C18:1]

SP (mJ/m2)

Fig. 6 Spreading parameter values for 9 liquids on 5 surfaces. 
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3.5 Final remarks

Whenever solid–liquid interface is present in any application, knowing and understanding the wetting behavior 

through the different wetting parameters faced in this research (spreading parameter, polarity fraction, contact 

angle and surface tension) are mandatory in order to obtain a proper characterization of the involved phenomena 

occurring [65-69]. Despite the fact that this wetting study is not always addressed in lubrication science, 

obtaining different wetting parameters is interesting to design tribology contacts adequately [22, 46, 49-51, 64]. 

Finally, regarding tribological importance of these wetting parameters with these specific FAILs, it should be 

noted that:

 Values of the polarity fraction lower than those obtained in the traditional ILs used as lubricant 

additive, should be interesting in order to get a better solubility of these FAILs in traditional non-polar 

base oils.

 A positive spreading parameter is recommended in order to get a proper lubrication. 

4. Conclusions

Some properties related to the wettability behavior of six fatty acids anion-based ILs: methyltrioctylammonium 

hexanoate ([N8881][C6:0]), methyltrioctylammonium octanoate ([N8881][C8:0]), methyltrioctylammonium laurate 

([N8881][C12:0]), methyltrioctylammonium palmitate ([N8881][C16:0]), methyltrioctylammonium stearate 

([N8881][C18:0])  and methyltrioctylammonium oleate ([N8881][C18:1])  on five different surfaces (steel, aluminum, 

tungsten carbide, cast iron and bronze) were measured or calculated in this research work. From the results 

obtained, some conclusions can be drawn:

 [N8881][C6:0] and [N8881][C8:0] exhibited the lower surface tension values of the 6 FAILs studied at room 

temperature. Increasing alkyl chain length caused that surface tension values increased in a similar way that 

hydrocarbons behavior. 

 [N8881][C18:0] exhibited the highest contact angle values in almost all surfaces, possibly because of its longer 

alkyl chain in the anion moiety.

 Polarity fraction (PF) values varied between 0.273 for [N8881][C18:1] and 0.385 for [N8881][C8:0], these results 

being in agreement with polarity fraction-structure relationship; where the longer alkyl chain in the anion, 
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the lower polarity fraction value. These polarity fraction values allowed us to classify this kind of liquids as 

moderate polar substances.

 All 6 studied FAILs on 5 different surfaces presented values of spreading parameter (SP) between                   

20-25 mJ/m2, indicating that all samples wet all surfaces employed. In addition, bronze and cast iron surfaces 

exhibited a slightly better wetting behavior than the other surfaces. 
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Abbreviations

θ Contact angle deg

σ Standard deviation deg or mJ/m2

uc Combined standard uncertainty mJ/m2

U Expanded uncertainty mJ/m2

k Coverage factor -

FAIL Fatty acid ionic liquid -

NMR Nuclear magnetic resonance -

FTIR Fourier-transform infrared spectroscopy -

Br Bronze -

Al Aluminum -

WC Tungsten carbide -
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CI Cast iron -

W Water -

DIM Diiodomethane -

EG Ethylen glycol -

d
S Dispersive (non-polar) component of surface energy mJ/m2

nd
S Non dispersive (polar) component of surface energy mJ/m2

SL Solid-liquid interfacial tension mJ/m2

LVL   Vapor-liquid interfacial tension mJ/m2

ES Surface excess energy mJ/m2

SS Surface excess entropy mJ/m2.K

SP Spreading parameter mJ/m2

PF Polarity fraction -
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