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ARTICLE INFO ABSTRACT
Keywords: The diverse applications of ionic liquids in the fields of chemistry, chemical engineering, medicine, and phar-
1-Ethyl-3-Methylimidazolium Octanoate macy necessitate a more comprehensive comprehension of the thermophysical and toxicological characteristics
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of potential new solvents and engineering fluids. The dissolution of cellulose and its subsequent applications in
the textile industry indicated that [Comim][C;H;5CO0], 1-Ethyl-3-Methylimidazolium Octanoate, and its mix-
tures with water have the potential to be highly efficient solvents with industrial applications.

This paper reports the first measurements of the density, speed of sound, thermal conductivity, and refractive
index of 1-Ethyl-3-Methylimidazolium Octanoate and its mixtures with water in the temperature interval 283.15
< T/K < 348.15, at 0.1 MPa. Because the ionic liquid and water are miscible, the mixture’s whole composition
range was investigated. Derived properties of the mixture, like the thermal expansion coefficient, the isobaric
compressibility, intermolecular free length, and the excess volumes, were obtained and analysed. Results show
similar behaviour with previous studies with other alkylimidazolium cations and anions, suggesting similar
structural arrangements in the aqueous mixtures, with some particularities depending mostly on the anion
chemical structure.

The thermal conductivity of pure ionic liquids and their aqueous mixtures cannot be semi-theoretically esti-
mated using the Bridgman and Filaments model at present, as shown by molecular modelling. An empirical
equation based on the dependence of thermal conductivity on the molecular mass previously developed could
estimate the thermal conductivity of the ionic liquid to within 3.8 %.

The results obtained for the refractive index showed that the binary mixture could be considered ideal within
the measurement uncertainty and that the ideal molar refraction is additive in terms of mole fractions, a result
only demonstrated before for molecules of simple molecular constitution.

The cytotoxicity of this ionic liquid was assessed for the first time through in vitro studies in HepG2 cells, a
human hepatic cell line widely accepted as a relevant model for evaluating the potential toxic effects of chemical
agents and xenobiotics. Results obtained support its classification as a relatively safer imidazolium-based IL. An
LCso value of 9.2 mM was determined in HepG2 liver cells, indicating lower cytotoxicity compared to other ILs
with longer alkyl chains on the cation.

1. Introduction compounds are some of the most promising fluids in chemistry and
various applications. Composed of at least one cation and one anion, ILs

MacFarlane, Kar, and Pringle define ionic liquids (ILs) as “a liquid have some relevant properties, like their high thermal stability, non-
comprised entirely of ions”, being salts in the liquid state. These flammability, high electrical conductivity, and low vapor pressure
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over a wide range of temperatures, in some cases greater than the
normal boiling point of water. The number of combinations of anions
and cations in ILs is immense. As such, the IL can be designed for a
target-oriented purpose. These compounds can be used as heat transfer
and storage fluids, electrolytes in batteries, and as solvents in organic
synthesis, and they can have medicinal and industrial applications
[1-5].

Many authors have described ILs as environmentally friendly sol-
vents [1,2,5-7]. However, several studies have demonstrated the
toxicity of various ILs toward different biological systems, including
animals, plants, and microorganisms, along with the potential to cause
environmental effects on soil and aquatic ecosystems. A recent review
on their toxicity to living organisms [8] shows that the available data is
still scarce, the existing tests incomplete, and conclusions difficult to
harmonize. However, it is now widely recognized that the safety and
environmental impact of ILs depend on the specific nature of the IL and
the conditions of their application [9].

One of the most recent applications of ILs is on the dissolution of
cellulose, the most abundant biopolymer on the planet, and one of the
most important raw materials in the fiber industry [10]. In this review, it
is said that, “based on the limitations of cellulose in terms of dissolution/
processing, and focused on green chemistry, new cellulose production
techniques are emerging, such as dissolution and functionalization in
ionic liquids, in processing cellulose, including pretreatment, hydrolysis,
functionalization, and conversion into bio-based platform chemicals.” 1-
Ethyl-3-methylimidazolium acetate, [Comim][CH3COO], has shown a
good solvent capacity, and some studies show that 1-ethyl-3-methylimi-
dazolium octanoate, [Comim][C7H15COO], can be used to dissolve this
polymer, with the same success [11,12].

Although our group had already studied the properties of [Comim]
[CH3COO] [13], and despite the promising qualities already mentioned,
there have been few experimental measurements of ILs’ thermal prop-
erties, and none for [Comim][C;H;5COO]. Using this compound as a
solvent in any chemical process, like extraction, more data on its ther-
mophysical properties are necessary for a deeper understanding of these
fluids, their molecular interactions in the liquid state, making them a
more viable option for several applications.

New and unique data on the density, speed of sound, refractive
index, and thermal conductivity of the pure ionic liquid [Comim]
[C7H15COO0], and of its mixtures with water for large composition and
temperature ranges, are reported in the present work. Additionally, the
cytotoxicity of this ionic liquid was assessed through in vitro studies in
HepG2 cells, a human hepatic cell line widely accepted as a relevant
model for evaluating the potential toxic effects of chemical agents and
xenobiotics [14].

2. Experimental
2.1. Materials

1-Ethyl-3-methylimidazolium octanoate, [Comim][C;H;5COO],
(CAS N# 1154003-55-0) was purchased from IoLiTec (Product N# IL-
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x (10,000 U/mL penicillin, 10 mg/mL streptomycin, and 25 pg
amphotericin B/mL), (4,5-dimethylthiazol-1-yl)-2,5-diphenylte-
trazolium (MTT) were obtained from VWR (Radnor, PA, USA).

To the best authors’ knowledge, supported by database searches,
there are no literature data sets available for the reported properties of
the “pure” [Comim][C7H;5COO] or its mixtures with water to compare
with, nor has the cytotoxicity of this ionic liquid been assessed through
in vitro studies in HepG2 cells. Therefore, the data reported in this work
are unique, obtained for the first time.

2.2. Sample preparation

The ionic liquid was dried under vacuum, at 70 °C, for 48 h, and
sealed in a flask for further measurements of its properties. The water
content was determined by Coulometric Karl Fischer titration (Metrohm
831). For the preparation by weight of the mixtures with water, the mass
was measured using a Kern AEJ balance with a standard uncertainty of 1
x 107° g, considering the residual water content of the “pure” ionic
liquid in the assignment of the mass/mole fractions of each mixture.
Mixtures were prepared with Milli-Q® water.

Table 2 shows the amount of water in each sample of the pure ionic
liquid, before the measurements, and used for the preparation of the
[Comim][C7H,5CO0] + water mixtures. Although several trials in dry-
ing were made, it was not possible to decrease more the initial water
content of the ionic liquid, except for the refractive index batch,
whereby we achieved a value almost three times smaller than the others,
by using low-volume liquid flasks in the drying rig. The final mole
fraction of the mixtures studied considered this initial water content of
the ionic liquid. The relative combined standard uncertainty in the
mixture composition, expressed in mole fraction, was found to be u;,
(x) = 0.002.

2.3. Methods of measurements

2.3.1. Density and speed of sound

The measurements of density, p, and speed of sound, ¢, were per-
formed with an Anton Paar density and speed of sound meter DSA 5000
M, with an automatic temperature control within +0.001 K and a
standard uncertainty u(T) = 0.01 K, for a temperature range 283.15 < T/
K < 343.15. Due to the high viscosity of the mixtures, density values
were corrected for this extra damping, following the densimeter man-
ufacturer’s recommendations, which estimates the viscosity of the
sample from programmed experiments of overtones detection. As no
measurements of viscosity exist, the manufacturer’s automatic correc-
tion has to be assumed as acceptable. Details of the calibrations per-
formed can be found in recent publications [15-18].

Calibration of the speed of sound cell (frequency of the ultrasound

Table 2
Water content in [Comim][C;H;5COO] samples used for
mixture preparation.

0357-HP), Ionic Liquids Technologies, Germany, and the product spec- Sample W /PP
ifications of the certificate analysis are described in Table 1. Dulbecco’s Density 19,927 + 313
Modified Eagle Medium (DMEM) and fetal bovine serum (FBS) were Speed of sound 19,927 £ 313
btained f Bi T . d ¢l . hased Thermal Conductivity 19,927 + 313
o. tamfe rom Biowest. Trypsin and g utamm.e were purchase 'rom Refractive Index 7,269 + 86
Biowhittaker® Lonza. Phosphate-buffered saline (PBS) was obtained -
from Corning (Corning, NY, USA). Antibiotic-antimycotic solution 100 Batch V001x98.12-CS-1330.
Table 1
Material specifications.
Identity (NMR. IR) Assay (NMR) Cation (IC) Anion (IC) Halides (IC) Water (KF)/ppm" Appearance Date
[Comim][Cy;H;5CO0] pass > 95 % >98 % >98 % <50 ppm 37,000 slightly yellow liquid 2023.05.23

Batch: V001x98.12-CS-1330

# measurement in the laboratory upon reception.
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transducer is close to 3 MHz) was made according to the manufacturer’s
recommendation, and a correction to the values was made as explained
in other works by our group [17-20] and briefly described here. Before
measuring the speed of sound of any mixture, the speed of sound of
water at each temperature, coexp, has been measured at the operating
frequency of the instrument, 3 MHz. As these values do not always
reproduce the reference value cg ref at each temperature, differences (co,
exp - Co,ref) Were estimated and co,ref was added to that difference, thus
eliminating any systematic deviation. The true c¢ value (reported in
Table 7) is then

¢ (T, xw) = (Cexp - Co,exp) + Coref (T, Xw). The possible existence of
ultrasound absorption, which would influence the reproducibility of the
measurements, was not found.

The density of pure water was measured, and the results are
compared with the values present in the literature [21,22]. Data ob-
tained did not deviate from the standard reference data value by more
than 0.05 kg-m ™3, within the uncertainty of the densimeter. The stan-
dard uncertainties of density and speed of sound measurements are then
estimated to be u (p) = 0.30 kg-m_?’ andu(c) =0.5ms", respectively.
The expanded global uncertainty, at a 95 % confidence level (k = 2), is U
(p) = 0.60 kg-m’3 and U (¢) = 1.0 m-s~ L.

2.3.2. Thermal conductivity

The measurements of the thermal conductivity, A,0of [Camim]
[C7H15COO0] and its aqueous mixtures were performed at temperatures
288.15 < T/K < 348.15, at atmospheric pressure, using commercial
equipment from Hukseflux Thermal Sensors TPSYS02 and a Non-Steady-
State Probe (NSSP) TP08, SN# 283, with a temperature standard un-
certainty of u(T) = 0.02 K.

Before the measurements, it was necessary to assess the quality of the
methodology. To do this, the thermal conductivity of the water was
measured, and the results are compared with the values obtained by the
IUPAC SRD correlation [23]. Five experimental values were obtained for
each temperature defined in the exterior thermostat bath. Data obtained
between 280 and 350 K did not deviate from the standard reference data
value by more than 0.6 %. Data for different power inputs showed no
indication of convection in the cell, proving, along with results obtained
for other ionic liquids reported elsewhere [16-18,24-26], that the the-
ory of the transient hot-wire technique [24] could be used to obtain
rigorous values of thermal conductivity of the ionic liquid and its mix-
tures with water. Data obtained have an estimated expanded relative
global uncertainty U, (1) = 0.02, at a 95 % confidence level (k = 2).

2.3.3. Refractive index

The measurements of the refractive index for sodium D line (589.26
nm), n®, were performed at atmospheric pressure, for 283.15 < T/K <
343.15 K, with an Anton Paar (Abbemat 500) refractometer, with direct
experimental values corrected by calibration, described in a previous
publication [13]. This model of refractometer uses only the calibration
at 293.15 K, with data for water. When measuring the refractive index
for higher temperatures, a systematic difference was found, in com-
parison with the reference data of Marsh (1987) [27]. Calibration was
further checked with n-hexadecane, using data from reference [27] and
Sirbu et al. (2019) [28]. The systematic deviations were regressed as a
function of temperature and applied to the current experimental mea-
surements. The corrections have to be applied, especially above 313 K,
as they are bigger than the uncertainty of the refractometer, although
not greater than — 0.0003 RI units, at the highest temperature. Tem-
perature was measured with an uncertainty of 0.03 K, and the expanded
global uncertainty in the refractive index is U (n) = 0.0002, at a 95 %
confidence level (k = 2).

2.3.4. Cytotoxicity

The HepG2 cell line (ECACC catalogue no. 85011430) was obtained
from the European Collection of Authenticated Cell Cultures (ECACC)
biobank and cultured according to the supplier’s guidelines. Cells were
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maintained in DMEM (Dulbecco’s Modified Eagle’s Medium), supple-
mented with 10 % fetal bovine serum (FBS) and 1 % antibiotic-
antimycotic, in a humidified atmosphere with 5 % CO2 at 37 °C. Sub-
culturing was performed when cultures reached 80-85 % confluence,
following the biobank’s instructions. The viability of HepG2 cells was
assessed after 24-h exposure to varying concentrations of [C2mim]
[C7H15COO0], ranging from 3 to 30 mM. The 3-(4,5-dimethylthiazol-2-
yD)-2,5-diphenyltetrazolium bromide (MTT) colorimetric assay was
conducted as previously described protocols [29].

Briefly, 50 x 10% HepG2 cells were seeded per well in 96-well plates
and incubated at 37 °C in an atmosphere with 5 % CO2 for approxi-
mately 48 h until they reached confluence. The medium was then
replaced with various concentrations of the [C2mim][C7H15COOQ] so-
lution in DMEM, along with a negative control group incubated only in
DMEM. Each concentration and control were tested in 6 replicates. After
24 h of incubation under the same conditions, the medium was replaced
with 0.05 mg/mL MTT reagent in DMEM, and the cells were incubated
for an additional 2 h or until the formation of the formazan crystals was
achieved. The MTT solution was removed and replaced with 200 pL of
methanol per well to dissolve the crystals. Absorbance was measured at
595 nm, with a reference wavelength of 630 nm. The percentage of cell
viability for each concentration was calculated, with 100 % viability
corresponding to the control group. The results were expressed as the
percentage of cell death. The concentration of [C2mim][C7H15COO]
that resulted in 50 % cell death (LC50) was estimated.

3. Results
3.1. Density, isobaric thermal expansion and excess molar volume

The values for the density, p, were measured at atmospheric pressure
for 283.15 < T/ K < 343.15, and are shown in Table 3 and represented
in Fig. 1. Density decreases with temperature increase and increases
with the mole fraction of water until x,, ~ 0.86, decreasing as it ap-
proaches the values of pure water. With the data of a previous work from
our group regarding the density of [Comim][CH3COO] [13], it can be
seen that [Comim][C;H;5CO0] has a lower density, suggesting that
density decreases with the increase of the anions’ alkyl chain, as is
predictable. Although it is well established that the increase of the cat-
ions’ alkyl chain decreases the density of the IL [30,31], probably due to
a worse packing efficiency, it is not the case regarding the anions’ alkyl
chain. While some authors state that the density increases with the
molecular weight of the anion [32,33], other studies don’t follow the
same trend [34-36]. In this way, more studies regarding the density of
ILs containing the same cation, namely for [Comim][C,Hz2,.1COO]
systems, are necessary.

The water-free values for the density of [Comim][C;H;5CO0] were
obtained by fitting the four experimental values closer to x = 1 as a
quadratic function of the mole fraction of the ionic liquid, and then by
extrapolating to x;, = 1. The extrapolated water-free values of the
density of the ionic liquid, p,, are also presented in the last line of
Table 3 and shown in Fig. 1. The water-free data can be correlated by Eq.
1):

Pur(kgom™) = a1 +az x (T/K) + a3 x (T/K) 1)

with coefficients a; = (13,357 + 28) kg-m 3, a; = (—1.582 + 0.179)
kg-m’S-K’1 and az = (0.0015 + 0.0003) kg~m’3-K’2. The standard de-
viation of the fit is 0.27 kg-m™~> and no point deviates by more than 0.44
kg-m~3,

It was possible to fit the experimental results, for each temperature,
to polynomial equations of the type of Eq. (2):

P, T) / kgm™ =Y Ta(T)x, @
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Table 3
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Density?, p, for [C;mim][C;H;5C00] + H,0, in the temperature range T = (283.15 to 343.15) K” and P = 0.1 MPa’, as a function of the mass fraction of water, w, and

of the mole fraction of the ionic liquid, xy.

Wy X p/kgm™>
283.15 K 288.15 K 293.15K 298.15 K 303.15K 313.15K 323.15K 333.15K 343.15K

1.000 0.000 999.70 999.10 998.20 997.00 995.70 992.20 988.00 983.20 977.80
0.980 0.001 1000.77 1000.08 999.09 997.85 996.38 992.82 988.52 983.57 978.07
0.950 0.004 1002.58 1001.72 1000.58 999.21 997.61 993.81 989.31 984.18 978.50
0.900 0.008 1005.73 1004.49 1003.01 1001.33 999.46 995.22 990.38 984.98 979.08
0.800 0.017 1009.69 1007.88 1005.93 1003.85 1001.64 996.83 991.54 985.81 979.64
0.650 0.037 1014.62 1012.27 1009.82 1007.28 1004.65 999.14 993.29 987.10 980.59
0.500 0.066 1019.61 1016.75 1013.85 1010.89 1007.88 1001.71 995.33 988.74 981.93
0.300 0.142 1024.65 1021.38 1018.09 1014.79 1011.48 1004.80 998.03 991.17 984.19
0.225 0.196 1024.21 1020.95 1017.65 1014.36 1011.05 1004.42 997.73 990.98 984.17
0.106 0.375 1019.60 1016.47 1013.18 1010.01 1006.83 1000.43 994.02 987.60 981.15
0.050 0.574 1014.35 1011.23 1007.38 1004.29 1001.20 995.05 988.84 982.63 976.44
0.021 0.772 1010.29 1007.18 1003.31 999.98 996.90 990.58 984.44 978.32 972.22
0.000¢ 1.000¢ 1005.97 1002.8 998.56 994.80 991.65 984.95 978.75 972.55 966.38

2 Expanded global uncertainty, U (p) = 0.60 kg-m 3, at a 95 % confidence level (k = 2)

b Standard uncertainty, u(T) = 0.01 K, u(P) = 0.002 MPa
¢ Relative combined standard uncertainty, u .(xy) = 0.002
4 Extrapolated water-free value.

1030
--283.15K
1020 -0-288.15 K
1010 ~0-293.15 K
” 298.15 K

€ 1000
8 -0-303.15K
~ 990 -9-313.15K

Q

980 -0-323.15K
--333.15K

970
-@-343.15K

Fig. 1. Density, p, for the system [Comim][C;H;5COO0] + Hy0 as a function of
Xy, for the temperatures studied.

The value of i was optimized for a minimum standard deviation, and
it was found that i =7 produced the best fit. The values of the co-
efficients and the standard deviation of the fits are presented in Table 4.
No point deviates by more than +0.1 %, around 1 kg-m~°.

Having the data for the variation of the density at different tem-
peratures, as a function of composition, the isobaric thermal expansion
coefficient can be calculated for each composition, ap, according to Eq.
(3). The values can be found in Table 5 and displayed in Fig. 2.

According to Fig. 2, thermal expansion did not exhibit significant
variation with temperature. Regarding the composition dependence, it
stays almost constant up to x, ~ 0.9, where it starts to decrease as the
mixture composition approaches pure water, probably due to a possible
change of structure in the liquid mixture occurring, namely in its
nanoscopic organization, as discussed previously in another study per-
formed by our group [17,18].

It is clear from this figure that the thermal expansion coefficient does
not vary much with temperature, and that the behaviour for water-rich
mixtures does not depend on temperature, as found for previous systems
studied, with the anions [CH3SO3] and [N(CN)2] [17,18]. This might be
a consequence of the fact that the long octyl chain, making the structure
less compact, allows for a better acceptance the presence of water
molecules.

The excess molar volume of the mixtures represents the difference
between the measured molar volume and that expected based on the
simple addition of the two pure components, and can be calculated using
Eq. (4):

Myxy + Myxy M, My,

vE = X T He e, o )
p Pw P

where M; and p; are the molecular weights and density of the pure
components, w for water and IL for [Comim][C;H;5COO]. The values
can be found in Table 6 and displayed in Fig. 3.

For this system, the excess molar volumes are always negative,
decreasing with temperature. A possible (negative) minimum is ach-
ieved between x,, =~ 0.42 (at the higher temperatures) and x,, ~ 0.64 (at
the lowest temperature), temperature dependent. The variation with
composition is more symmetric at higher temperatures (see inset in

ap(T,x) = — 1 (a/’(T7 x) > 3) Fig. 3). The estimated standard uncertainties of the mole fractions and
' p(T,x) aT Px the excess volumes are, respectively, u;,.(x) = 0.002 and u(Vﬁ) =0.02
Table 4
Coefficients of polynomial equations for the density variation with mole fraction and temperature, and the standard deviation, o,of the fits.
T/K 283.15 288.15 293.15 298.15 303.15 313.15 323.15 333.15 343.15
ap 1005.97 1002.78 998.560 994.803 991.654 984.950 978.748 972.549 966.384
a; —1467.95 —1226.71 —937.315 —773.917 —593.834 —389.511 —219.633 —71.3896 63.5711
ay 17,537.4 —1467.95 1005.97 9457.99 7340.46 4933.47 2931.02 1187.69 —397.532
as —80,173.6 —67,252.0 —52,319.4 —43,550.5 —33,888.1 —22,782.3 -13,605.9 —5631.13 1609.39
as 184,823 155,099 121,395 101,082 78,853.9 52,977.9 31,734.7 13,306.7 —3395.30
as —229,215 —192,419 —151,463 —126,161 —98,666.6 —66,232.7 —39,745.7 —-16,816.0 3920.97
ag 146,317 122,876 97,244.1 81,040.0 63,551.3 42,637.5 25,627.8 10,935.6 —2317.23
az —37,826.7 —31,784.7 —25,288.1 —21,091.2 —16,592.5 —11,136.6 —6712.54 —2900.51 527.816
o/ kg-mf3 0.94 0.84 0.78 0.71 0.64 0.54 0.46 0.38 0.31
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Table 5
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Isobaric thermal expansion”, ap, for [Comim][C;H;5COO] + H,0, in the temperature range
T = (283.15 to 343.15) K” and P = 0.1 MPa", as a function of the mole fraction of water, xy".

X dp/dT 10* ap / K !
283.15 K 288.15 K 293.15 K 298.15 K 303.15 K 313.15K 323.15K 333.15K 343.15 K

1.000 -0.37 3.67 3.67 3.67 3.68 3.68 3.70 3.71 3.73 3.75
0.999 -0.38 3.80 3.80 3.80 3.81 3.81 3.83 3.84 3.86 3.88
0.996 ~0.40 4.01 4.02 4.02 4.03 4.03 4.05 4.07 4.09 4.11
0.992 —0.44 4.42 4.43 4.43 4.44 4.45 4.47 4.49 4.52 4.54
0.983 —0.50 4,95 4.96 4.97 4.98 4.99 5.02 5.04 5.07 5.10
0.963 —-0.57 5.58 5.59 5.61 5.62 5.64 5.67 5.70 5.74 5.77
0.934 -0.63 6.15 6.17 6.19 6.20 6.22 6.26 6.30 6.34 6.39
0.858 ~0.67 6.57 6.59 6.61 6.64 6.66 6.70 6.75 6.79 6.84
0.804 —-0.67 6.51 6.53 6.55 6.57 6.60 6.64 6.68 6.73 6.78
0.625 —0.64 6.29 6.30 6.32 6.34 6.36 6.41 6.45 6.49 6.53
0.426 -0.63 6.20 6.22 6.24 6.26 6.28 6.32 6.36 6.40 6.44
0.228 -0.63 6.27 6.29 6.31 6.33 6.35 6.39 6.43 6.47 6.51
0.000¢ —0.66 6.55 6.57 6.60 6.63 6.65 6.69 6.74 6.78 6.82

2 Expanded global uncertainty, U (ap) = 2 x 10°° K’l, at a 95 % confidence level (k = 2)

b Standard uncertainty, u(T) = 0.01 K, u(P) = 0.002 MPa
¢ Relative combined standard uncertainty, u .(xy) = 0.002
4 Extrapolated water-free value.

7.0

‘ . . @283.15 K
4 e®
6.0 4 ! g g ! ©288.15 K
; ' 0 293.15K
- - 298.15 K
o =]

«B >0 1 ©303.15 K
= 4.0 - ©313.15K
. @323.15K
@333.15K

3.0 r . . i !
0.0 0.2 0.4 0.6 0.8 1.0 ®34.15K

XW

Fig. 2. Isobaric thermal expansion, ap, for the aqueous [Comim][C;H;5COO]
system, for the temperatures studied, as a function of x.

cm®-mol L. These negative values are consistent with the excess molar
volumes of other ionic liquids containing the same cation, namely
[Comim][CH3COO] and [Comim][CH3SO3]. Unlike these ionic liquids,
[Comim][N(CN)2] has a positive excess molar volume. A positive or
negative excess molar volume can be due to the intermolecular

interactions between the ions and the water, and a negative value sug-
gests that the ions in the mixture can pack in a more efficient way than in
their pure state, possibly reflecting, as it happens in most cases, an
attractive behaviour between those molecular species [14,17,18]. Only
data on excess enthalpy in this system can prove this assumption
definitively.

The excess volume data (13 data points for each temperature) was
correlated using the Redlich-Kister (RK) fitting method, Eq. (5). Results
are also displayed in Fig. 3 as full lines.

j=23.4

Vi =xu(1-%y) Y Ae(l—2x,) 5)
j=0

The number of A; parameters has been optimized using the F-test,
and they are displayed in Table S1, together with the respective standard
uncertainties and the standard deviation of the fits.

For T = 288.15 and 288.15 K, 3 parameters were used (j = 2), and 4
parameters for the other temperatures (j = 3), except for T=343.15K, 5
parameters were necessary (j = 4). The standard deviation (at 95 %
confidence level) of the fits does not exceed 0.02 cm®mol ™}, with no
point deviating by more than 0.01 cm®mol L.

Table 6

Excess molar volume®, VE, for the aqueous system [Comim][C,H;5COO] from T = (283.15 to 343.15) K®, at P = 0.1 MPa", as a function of the mole fraction of water,

X'
X VE / em®mol !

283.15K 288.15 K 293.15K 298.15K 303.15K 313.15K 323.15K 333.15K 343.15K

1.000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.999 —0.0173 —0.0166 —0.0163 —0.0165 —0.0141 —0.0142 —0.0133 —0.0111 —0.0096
0.996 —0.0484 —0.0459 —0.0447 —0.0439 —0.0402 —0.0379 —0.0344 —0.0297 —0.0253
0.992 —0.1068 —0.0993 —0.0947 —0.0905 —0.0832 —0.0755 —0.0672 —0.0587 —0.0506
0.983 —0.1913 —0.1767 —0.1688 —0.1612 —0.1498 —0.1364 —0.1224 —0.1089 —0.0960
0.963 —0.3344 —0.3133 —0.3043 —0.2939 —0.2772 —0.2562 —0.2332 —0.2114 —0.1906
0.934 —0.5523 —0.5231 —0.5141 —0.5010 —0.4774 —0.4469 —0.4118 —0.3790 —0.3479
0.858 —1.0302 —0.9927 —0.9957 —0.9863 —0.9553 —0.9190 —0.8694 —0.8231 —0.7783
0.804 —1.2309 —1.1970 —1.2153 —1.2164 —1.1873 —1.1605 -1.1138 —1.0710 —1.0301
0.625 —1.4877 —1.4740 —1.5455 —1.5895 —1.5745 —1.5921 —1.5667 —1.5457 —1.5247
0.426 —1.3093 —1.3088 —1.3500 —1.4420 —1.4458 —1.5266 —1.5276 —1.5350 —1.5434
0.228 —0.8772 —0.8897 —0.9508 —1.0348 —1.0462 —1.1254 —1.1440 —1.1693 —1.1959
0.000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

@ Expanded global uncertainty, U (VE) = ecm® mol ™}, at a 95 % confidence level (k = 2)

b Standard uncertainty, u(T) = 0.01 K, u(P) = 0.002 MPa
¢ Relative combined standard uncertainty, u (xw) = 0.002.
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Fig. 3. Excess molar volumes, Vf,, for the aqueous [Comim][C;H;5COO0] system, at the studied temperatures, as a function of x,y. Full lines stand for 3rd-degree
Redlich-Kister fitting curves, except 2nd degree at T = 283.15 K and 288.15 K, and 4th degree, T = 343.15 K.

3.2. Speed of sound and isobaric compressibility. The Intermolecular free
length

The measured values for the speed of sound for the system [Comim]
[C7H15CO0] + water are all shown in Table 7 and displayed in Fig. 4.
The values corresponding to pure water were those obtained for the cell
calibration, based on the NIST Chemistry Webbook [37]. However, the
values for the two lowest temperatures had to be calculated from
Wagner and Kruse IAPWS equation of state [38], by correlating the
difference between the two sets of data between 293 and 343 K and
extrapolating the value to be applied to W&K data to estimate de value
for NIST speed of sound data. More details can be found in the Supple-
mentary Material, Table S2, and Fig. S1. The root mean square deviation
of the fit is 0.11 m~s’1, a value which is commensurate with the un-
certainty of the calibration.

It is possible to observe from Fig. 4 that the speed of sound increases
smoothly with the mole fraction of water until x, ~ 0.9, where it reaches
a maximum and decreases after it, as it approaches the values of pure
water. This maximum is also present on the measurements our group has
performed of the binary systems [Comim][CH3COO] and [Cymim]
[CH3SO3] with water, whereas it is not seen on [Comim][C(CN),] and
[C4mpyr][C(CN)2] and might be due to a given interaction between the
ions and the water molecules [13,16,17,36]. The speed of sound de-
creases with the increase of temperature, as expected and already
explained in another work [22]. There is an inversion of the temperature
coefficient after the maximum, for very diluted concentrations, which
was already noted for all the systems mentioned above and might be due
to a possible change of the molecular structure of the solutions already
discussed. This can be better seen if we plot the speed of sound as a
function of the mass fraction of water, as shown in Fig. S2, where the

Table 7

Speed of sound’, c, for the aqueous system [Comim][C;H;5CO0] from T = (283.15 to 343.15) K®, at P = 0.1 MPa", as a function of the mole fraction of water, x.
X c/ms}

283.15K 288.15K 293.15K 298.15K 303.15K 313.15K 323.15K 333.15K 343.15K

1.000 1447.28 1465.86 1482.30 1496.70 1509.20 1528.90 1542.60 1551.00 1554.70
0.999 1470.69 1487.41 1499.41 1512.89 1524.37 1542.17 1554.34 1561.35 1563.20
0.996 1504.00 1518.27 1527.95 1539.17 1548.69 1563.20 1572.29 1576.48 1575.64
0.992 1553.18 1561.56 1565.95 1572.55 1577.88 1585.33 1589.23 1589.45 1585.52
0.983 1594.52 1597.40 1597.29 1600.04 1601.90 1603.15 1600.95 1596.62 1588.32
0.963 1645.05 1642.64 1637.06 1634.32 1630.80 1621.87 1610.94 1597.96 1582.61
0.934 1689.10 1679.72 1667.63 1658.81 1649.67 1630.76 1611.38 1590.99 1569.30
0.858 1692.68 1678.46 1661.79 1648.70 1635.49 1609.27 1583.53 1557.86 1531.67
0.804 1667.62 1652.83 1634.64 1620.69 1606.80 1579.37 1552.72 1526.32 1499.78
0.625 1633.87 1618.07 1599.37 1585.07 1570.94 1543.27 1516.67 1490.56 1464.43
0.426 1617.19 1600.46 1579.38 1564.34 1549.64 1521.58 1494.74 1468.63 1442.64
0.228 1611.57 1592.74 1571.42 1555.14 1539.75 1510.17 1481.82 1456.49 1430.06
0.000¢ 1603.78 1585.70 1564.28 1548.44 1533.25 1504.17 1476.43 1450.60 1424.41

@ Expanded global uncertainty, U (c) = 1.0 m-s~}, at a 95 % confidence level (k = 2)

b Standard uncertainty, u(T) = 0.01 Ku(P) = 0.002 MPa

¢ Relative combined standard uncertainty, u (xw) = 0.002; d Extrapolated water-free value.
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Fig. 4. Speed of sound, ¢, for the aqueous [Comim][C;H;5COO] system, at the
studied temperatures, as a function of x,.

maximum is displayed at lower values.

The water-free values for the speed of sound of [Comim][C;H;5CO0]
were obtained by fitting the four experimental values of the mass frac-
tion of the ionic liquid, wy, closer to 1, as a linear function of the mass
fraction of the ionic liquid, for each temperature, and then by extrapo-
lating to wy, = 1. The extrapolated water-free values of the speed of
sound of the ionic liquid are also presented in the last line of Table 7 and
Fig. 4. The water-free data can be correlated by Eq. (6):

cur(mes™) =a;+azx (T/K) +as x (T/K)? 6)

with coefficients a; = (3605.7 + 188.6) m~s‘1, a; = (—10.48 + 1.21)
m.s LK1 andas = (0.0121 4 0.0019) m-s~ L. K2, The standard devia-
tion was found to be 1.85 m-s~1, with no point deviating by more than
2.6 ms L.

Knowing the variation of the density and the speed of sound as a
function of the composition, for a given temperature, it is possible to
calculate the isentropic compressibility, ks, using Eq. 7. The values can
be found in Table 8 and displayed in Fig. 5, where it can be seen that
isentropic compressibility decreases slightly as the mole fraction in-
creases, showing the same behaviour for the studied temperatures until
xw =~ 0.98. After this concentration, the isentropic compressibility in-
creases sharply as it reaches the values of pure water, and an inversion of
the temperature coefficient occurs, again suggesting a change in the
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structure of the mixture.

1

w19 = ) (1 @

The concept of intermolecular free lengths was introduced by
Jacobson in 1951 [39] and further developed by himself and co-workers
[40] to study the dependence of several thermodynamic and surface
properties on the intermolecular forces in the liquid state. This concept
is very interesting and has been applied to pure molecular solvents and
ionic liquid systems. The definition of the intermolecular free length L¢
is:

Ly = Cr/ks ®)

Where «g is the isentropic compressibility and Cj is the Jacobsen
constant, with a temperature variation proposed by Srinivasa Reddy
et al. (2016) [41] and recently applied in [42], given by

108¢c 7 = 93.87576 + 0.3757 (T/K). Using the values of the isentropic
compressibility reported in Table 8, it was possible to calculate the
intermolecular free lengths for the pure ionic liquid and water, as well as
their mixtures. These are shown in Table 9 and Figs. 6 and 7, as a
function of temperature and composition.

This variation with temperature for the pure ionic liquid is much
higher than for water, contributing to the inversion of the temperature
dependence in the compressibility for water-rich mixtures.

These figures show that the variation Ly with the mole fraction of
water is structured, starting to be smoothly decreasing with the increase
in water mole fraction. Still, near a mole fraction x,, ~ 0.8, a change in
slope occurs, passing through a minimum, changing to positive in the
water-rich mixtures, as found for the isentropic compressibility. How-
ever, here there is no inversion of the temperature slope. Nevertheless,
the change in the structure of the mixture is also noticed for x,, > 0.95.
The temperature dependence found for the ionic liquid and water is
shown in Fig. 7, and it can be seen that it increases linearly with tem-
perature for the ionic liquid, while it is almost constant with a very weak
negative slope up to 310 K, passing through a minimum, and then
starting to increase with temperature for water. These results support
the expansion of the structure of the ionic liquid with temperature,
creating a loosely packed structure of the available molecules in the
system (more thermal energy, greater free length), and the convergence
of the curves L¢ (x, T) in the mole fraction domain, when pure water is
approached and the weak electrolyte structure starts to be dominant.

The deviation between the mixture intermolecular free lengths, L,
mix>» and the molar average of the pure components, AL;, can be calcu-
lated with Eq. (9):

Table 8

Isentropic compressibility?, ks, of the aqueous system [C,mim][C;H;5CO0] from T = (283.15 to 343.15) K°, at P = 0.1 MPa”, as a function of the mole fraction of water,

X-
X 10 kg/ Pa~!

283.15K 288.15 K 293.15 K 298.15 K 303.15K 313.15K 323.15K 333.15K 343.15K

1.000 4.776 4.658 4.559 4.477 4.409 4.312 4.253 4.228 4.231
0.999 4.620 4.520 4.452 4.378 4.319 4.235 4.187 4171 4.184
0.996 4.410 4.331 4.281 4.224 4.179 4.118 4.089 4.088 4.116
0.992 4.122 4.083 4.066 4.038 4.019 3.998 3.998 4.019 4.063
0.983 3.895 3.888 3.896 3.891 3.891 3.903 3.935 3.979 4.046
0.963 3.642 3.661 3.695 3.717 3.743 3.805 3.879 3.967 4.072
0.934 3.438 3.486 3.547 3.595 3.646 3.754 3.869 3.996 4.135
0.858 3.406 3.475 3.557 3.625 3.696 3.843 3.996 4.157 4.331
0.804 3.511 3.585 3.678 3.753 3.831 3.991 4.157 4.332 4.517
0.625 3.674 3.758 3.858 3.941 4.025 4.197 4.373 4.557 4.753
0.426 3.770 3.861 3.980 4.069 4.159 4.341 4.526 4.718 4.921
0.228 3.811 3.914 4.036 4.135 4.231 4.427 4.626 4.818 5.030
0.000 3.865 3.966 4.093 4.193 4.290 4.487 4.687 4.886 5.100

@ Expanded global uncertainty, U (Ks) = 0.01 x 10'° Pa~!, at a 95 % confidence level (k = 2)

b Standard uncertainty, u(T) = 0.01 K, u(P) = 0.002 MPa
¢ Relative combined standard uncertainty, u, .(xy) = 0.002
d Extrapolated water-free value.
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Fig. 5. Isentropic compressibility, ks, for the aqueous [Comim][C;H;5COO] system, at the studied temperatures, as a function of x,y. The inset shows the inversion of
the variation with temperature near the water-rich mixtures.

Table 9
Intermolecular free lengths, L¢", for the aqueous system [Comim][C;H;5COO0] from T = (283.15 to 343.15) Kb, at P = 0.1 MPa”, as a function of the mole fraction of
water, Xy.

X' 10'° Ly m
283.15K 288.15K 293.15K 298.15K 303.15K 313.15K 323.15K 333.15K 343.15K

1.000 0.438 0.436 0.436 0.436 0.436 0.439 0.444 0.450 0.458
0.999 0.430 0.430 0.430 0.431 0.432 0.435 0.441 0.447 0.456
0.996 0.421 0.421 0.422 0.423 0.425 0.429 0.435 0.443 0.452
0.992 0.407 0.408 0.411 0.414 0.417 0.423 0.430 0.439 0.449
0.983 0.395 0.399 0.403 0.406 0.410 0.418 0.427 0.437 0.448
0.963 0.382 0.387 0.392 0.397 0.402 0.413 0.424 0.436 0.450
0.934 0.371 0.377 0.384 0.390 0.397 0.410 0.423 0.438 0.453
0.858 0.370 0.377 0.385 0.392 0.399 0.415 0.430 0.447 0.464
0.804 0.375 0.383 0.391 0.399 0.407 0.423 0.439 0.456 0.474
0.625 0.384 0.392 0.401 0.409 0.417 0.433 0.450 0.468 0.486
0.426 0.389 0.397 0.407 0.415 0.424 0.441 0.458 0.476 0.494
0.228 0.391 0.400 0.410 0.419 0.427 0.445 0.463 0.481 0.500
0.000 0.394 0.403 0.413 0.422 0.430 0.448 0.466 0.484 0.503

 Relative expanded global uncertainty, U, (Lp) = 0.02, at a 95 % confidence level (k = 2)
b Standard uncertainty, u(T) = 0.01 K, u(P) = 0.002 MPa
¢ Relative combined standard uncertainty, u (xy) = 0.002.
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Fig. 6. Intermolecular free length, L, for the aqueous [Comim][C;H;5CO0] system, at the studied temperatures, as a function of x,.
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Fig. 8. Intermolecular free length deviation function, AL; for the aqueous
[Comim][C;H;5CO0] system, at the studied temperatures, as a function of x,.
The dashed trend lines are drawn just to see the tendencies.

ALy = Ly iy — (x,LL},,L + xwL;_w) 9)

where the asterisk represents the values for the pure components, at the
same temperature and pressure as the mixture. Fig. 8 shows the results
obtained.

This figure is very interesting, as it shows clearly the mixture
behaviour and its temperature dependence. In addition, for the highest
three temperatures, the variation is sigmoid, being positive at low mole
fractions and negative at high mole fractions of water. This signifies a
change in the intermolecular forces and the ease of movement of the
molecules, namely the ionic liquid cation and anion, or clusters, and the
balance of attractive and repulsive interactions (greater at higher
temperatures.

Some authors consider that Eq. (9) defines an excess function, in the
sense of the Gibbsian properties. A recent work [43] clarifies that L}E is
not the same as our deviation function, by defining a new formula for the
intermolecular free length in thermodynamic ideal mixtures, additive in
a new “internal surface fraction” concentration scale. We intend to
pursue this idea for ionic liquids aqueous mixtures, as the estimation
method for the zero-temperature molar volume based on the critical
temperature of the chemical compound cannot be used for these fluids.

Finally, as it is common to say that the shape of ALyis similar to that
of the excess volume, V&, this is not the case for this system, as Figs. 3 and
8 show.
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3.3. Thermal conductivity

The thermal conductivity is one of the most difficult properties to be
measured with accuracy [24]. After the validation of the method as
described above, 5 experimental measurements were obtained for each
power input and cell temperature. There are no sets of available data in
the literature for the thermal conductivity of either “pure” [Comim]
[C7H15C0OO0] or of its mixtures with water to compare with.

The most extensive set of measurements for the thermal conductivity
of [Comim][C7H15CO0] was taken with the “pure” ionic liquid, as
shown in Table 9, and having a water content (19,927 + 313 ppm), a
total of 88 data points. These were grouped into 16 average reference
temperatures, Trer. Table 10 shows the values for batches of 5 points, and
the corresponding values of the averaged thermal conductivity, A.ef, with
the root mean square deviations. The results obtained are displayed in
Fig. 9, along with the root mean square deviation of each thermal con-
ductivity value. Eq. 10 is a linear fit with the coefficients

a; = (0.1733 + 0.0014) W-m 1K}, ay = (7.93x 1075 + 4.49 %
107% W-m 'K 2 The standard deviation of the fit is 0.0003
wm LK (0.2 %), and no point deviates by more than 0.0006
W-m~L.K™!. The Figure shows that the thermal conductivity increases
slightly with temperature, as found for other ionic liquids measured in
this laboratory [3,16-18,25,26].

I(Wem™es™) =a; +a, x (T/K) (10)

As each experimental value has its reference temperature, Tyef, the
data were grouped at nominal temperatures, Tpom, by using Taylor series
expansion (Eq. 11), restricted to the linear variation as the dependence
of the thermal conductivity on temperature is very small and the dif-
ference in temperatures seldom exceeds 2 K.

/‘,'(Tnom) = j~(Tref) + (g%) (Tnom - Tref) (11)

Tref

The value of ((’—‘)

& | was estimated for the mixture, considering the

contributions from both the ionic liquid and the water, using Eq. 12:

aﬁ) ((MW> ((M,L)

= = Xw| = + X | == (12)
<0T Ly Y\ oT Ty oT )y,

where ‘?—;’ was obtained from IUPAC SRD correlation [23], and ’?—’TL was

obtained by the linear regression of the sample experimental values of

Table 10

The thermal conductivity of “pure” [Comim][C;H;5CO0]" (wy, = 0.0199, x,, =
0.2814), from

T = (290.72 to 352.81) K°, at P = 0.1 MPab, as a function of temperature.

Tret / K 6/K Aret / W-m LK ! 6,/ W-m LK1
290.72 0.03 0.1757 0.0003
292.28 0.29 0.1753 0.0006
295.70 0.09 0.1756 0.0003
297.82 0.11 0.1756 0.0007
300.77 0.03 0.1759 0.0002
301.29 0.20 0.1758 0.0005
305.17 0.45 0.1755 0.0002
307.41 0.15 0.1753 0.0005
311.70 0.38 0.1759 0.0002
318.13 0.18 0.1760 0.0008
321.53 0.40 0.1765 0.0004
328.74 0.27 0.1755 0.0006
331.78 0.42 0.1765 0.0007
339.04 0.07 0.1757 0.0004
349.73 0.03 0.1757 0.0004
352.81 0.22 0.1762 0.0011

@ Expanded relative global uncertainty, U, (1) = 0.02 Wm K, ata 95 %
confidence level (k = 2);
b Standard uncertainty, u(T) = 0.01 K, u(P) = 0.002 MPa.



R.M. Almeida et al.

0.178
- 0.177
X
D ®
£ 0.176 -
2
~.
~ 0.175 -
0.174 y . .
280 300 320 340 360

T/K

Fig. 9. The thermal conductivity of “pure” [Comim][C;H;5COO0] (wy = 0.0199,
Xxw = 0.2814), showing the root mean square deviation bar for each experi-
mental averaged point. The straight line reproduces Eq. 10.

with lower water content (19,927 + 313 ppm), Eq. 10. The experimental
data, corrected for the same nominal temperatures, are presented in
Table 11 and Fig. 10.

To obtain water-free values, a linear regression of the experimental
values the sample with lower water content was performed, and the
experimental values for this concentration were corrected for each
nominal temperature. After that, the four experimental values closer to
wy, = 0 were fitted as a linear function of the mass fraction of the ionic
liquid, for each nominal temperature. The water-free values were then
obtained using Eq. 13 to extrapolate the value from the last measured
mass fraction

(wy, = 0.0199) to pure ionic liquid, water-free.

02
(AWf)T = (AT)WW:0A0199 —0.0199 x (_aw ) (13)
w/ T

The water-free values of the thermal conductivity of the ionic liquid
are also presented in the last line of Table 10 and are present in Fig. 10.
Given the fact that the variation with temperature is almost zero, it can
be assumed that the water-free thermal conductivity of the pure ionic
liquid is temperature-independent. For the studied temperature range
(288.15-348.15) K, an average value of

Jwf = 0.1695 & 0.0002 W-m~1-K~! was obtained, consistent with the
correlation of the raw experimental data. From the analysis of Fig. 10,
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thermal conductivity is found to be temperature independent up until
wyw =~ 0.90 (xy =~ 0.61), slowly increasing as the mole fraction increases.
After that, the thermal conductivity increases as it approaches the
thermal conductivity of pure water. The increase of thermal conduc-
tivity as a function of the mole fraction of water and temperature has
been previously reported [44]. At xy =~ 0.998, a possible maximum on
thermal conductivity was found for the highest temperatures, having
average values 5 % higher than those of the pure water (see insert in
Fig. 10). This maximum is also present in other ionic liquid + water
systems studied by our group [17,18] and can be particularly useful for
heat transfer applications.

The thermal conductivity of the mixtures variation with temperature
and composition can be correlated with quadratic functions of the type
given by Eq. 14:

2
Sy (W, T) = D _ (T a4
i=0

The coefficients are given in Table S3, with their standard deviations
and the standard deviation of the fit, for each temperature. Deviations of
each experimental point from the fit can be seen in Fig. S3 and do not
exceed +2 %, except for 4 points for the mass fraction 0.2, which can
reach 2.5 %. These deviations are commensurate with the claimed un-
certainty of our experimental data, 2 %.

The data obtained can be used to calculate the deviation between the
experimental thermal conductivity and the thermal conductivity
calculated from the molar average of the individual contributions of the
ionic liquid and the water, as given by Eq. 15, and the results can be seen
in Fig. 11.

AL = Amix — Xwhw — X1 (15)

As shown in Fig. 11, the deviations are negative in all composition
range, except for very high-water mole fractions, where a temperature
dependence inversion is also found. This fact can be justified by the
presence of a maximum in thermal conductivity, as explained before, for
the compositions near pure water, at higher temperatures. The values
are almost temperature independent, and the minimum is obtained at
about xy =~ 0.86, the same composition where a maximum in density and
speed of sound is found. These results may support the eventual exis-
tence of a change in the molecular structure of this aqueous system, as
previously referred to.

It is interesting to understand the relation of the thermal conduc-
tivity of the pure ionic liquid with other liquid variables, trying to
identify its dependence on molecular structure and molecular in-

Table 11

Thermal conductivity®, 4, of the aqueous system [Comim] [C,H;5COO0] from T = (288.15 to 348.15) K°, at P = 0.1 MPa”, as a function of the mole fraction of water, x.
X Ww 2/ Wm LK?

288.15K 293.15K 298.15 K 303.15K 308.15K 318.15K 328.15K 338.15K 348.15K

1.0000 1.0000 0.5888 0.5936 0.5982 0.6003 0.6037 0.6121 0.6148 0.6215 0.6269
0.9986 0.9800 0.5916 0.5906 0.5974 0.6114 0.6206 0.6378 0.6461 0.6487 0.6729
0.9963 0.9500 0.5702 0.5788 0.5784 0.5846 0.5872 0.5981 0.5969 0.5845 0.6017
0.9922 0.9000 0.5472 0.5457 0.5531 0.5581 0.5526 0.5719 0.5770 0.5620 0.5877
0.9826 0.8000 0.4809 0.4848 0.4888 0.4873 0.4915 0.5170 0.5047 0.5127 0.5261
0.9633 0.6500 0.3998 0.4124 0.4092 0.4092 0.4124 0.4136 0.4207 0.4304 0.4324
0.9339 0.5000 0.3323 0.3324 0.3373 0.3374 0.3381 0.3448 0.3493 0.3509 0.3600
0.9040 0.4000 0.2898 0.2984 0.2938 0.2945 0.2963 0.3007 0.3020 0.3083 0.3102
0.8582 0.3000 0.2548 0.2582 0.2580 0.2577 0.2592 0.2605 0.2627 0.2658 0.2658
0.7606 0.1837 0.2241 0.2243 0.2256 0.2243 0.2253 0.2271 0.2279 0.2303 0.2328
0.6109 0.1001 0.1961 0.1957 0.1961 0.1963 0.1950 0.1981 0.1991 0.2006 0.2013
0.4265 0.0500 0.1837 0.1828 0.1821 0.1829 0.1833 0.1835 0.1837 0.1846 0.1863
0.2814 0.0199 0.1756 0.1751 0.1753 0.1756 0.1749 0.1757 0.1754 0.1760 0.1753
0.0000 0.0000 0.1697 0.1697 0.1695 0.1698 0.1697 0.1695 0.1695 0.1693 0.1692

@ Expanded global uncertainty, U (1) = 0.02 W m~' K1, at a 95 % confidence level (k = 2)
b Standard uncertainty, u(T) = 0.02 K, u(P) = 0.002 MPa

¢ Relative combined standard uncertainty, u, .(xy) = 0.002
d Extrapolated water-free value.
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Fig. 10. Thermal conductivity, 4, for the aqueous [Comim][C;H;5COO] system, at the studied temperatures, as a function of x,,. The inset shows the values for x,, >

0.99, where a maximum near 0.998 is found, increasing with temperature.
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Fig. 11. Thermal conductivity deviations for the aqueous [Comim][C;H;5COO]
system, at the studied temperatures, as a function of the mole fraction of water.

teractions. This problem has been discussed recently in several of our
publications [3,27,45], and the results obtained were very interesting. P.
W. Bridgman, in his pioneer work, developed one of the most relevant
theories to calculate the thermal conductivity of liquids [46]. Bridgman
assumed a cubic arrangement of the molecules and related the molecular
volume (v*) and the speed of sound of a fluid, c, to obtain its thermal

conductivity by Eq. 16:
2 =28ks(v) 3¢ 16)

Where 1 is the thermal conductivity of the liquid, and kg is the

Table 12

Boltzmann constant. This equation is very simple, and when the density,
p, and speed of sound, c, are known, the thermal conductivity of the
ionic liquid is easily computed, as v* = M/(p Ny), Ng being the Avogadro
number.

As discussed in [3], the numerical coefficient was initially 3 but was
empirically modified to 2.8 to secure better agreement with experi-
mental data for molecular and associated liquids, although it has been
questioned by several authors [47-49]. This theory, when applied with
values of density and speed of sound obtained in this work, produced
values almost 80 % inferior to the experimental ones, has it can be seen
in Table 11.

In a recent paper from our group [45], we have discussed the pos-
sibility of obtaining the value of this numerical coefficient, designated
by K, and found that for It is clear that the constant has a linear variation
with temperature, varying between 6 < K < 5.68, much higher than 2.8.
For [Comim][C;H15C0O0], we found the values reported in the last row
of Table 12, also varying with temperature, 4.36 < K < 5.00, confirming
the previous tendency. In this paper, an empirical relation with the
molecular mass, M, at 303.15 K was also proposed, that can lead to a
new estimation method for the ionic liquids’ thermal conductivity in the
future. This easy-to-use empirical relation is given by Eq. 17:

Ar—s0315 k(W em™ e K1) = 2,609 x M(g-mol 1) *° 17)

This equation, although very simple, reduced the deviation from
about 62 % to 3.8 %, which proves that the relation between the
negative square root of the molecular mass and the thermal conductivity
could be useful in future theories to estimate the thermal conductivity of
ionic liquids and even other fluids.

Comparison between the thermal conductivity for [Comim][C;H;5CO0], 4, obtained by the Bridgman Theory using values of density” and speed of sound” obtained in

this work, and the experimental values, from T = (288.15 to 348.15) K".

288.15K 293.15K 298.15K 303.15K 308.15K 318.15K 328.15K 338.15K 348.15K
c/ms7! 1584.31 1566.90 1550.09 1533.88 1518.28 1488.88 1461.88 1437.30 1415.13
p/kgm™> 1002.34 998.72 995.17 991.69 988.29 981.71 975.43 969.44 963.74
2/ W-m LK 0.109 0.107 0.106 0.105 0.103 0.101 0.099 0.097 0.095
Deviation / % —55.81 -57.90 —59.84 —62.15 —64.14 —67.96 -71.77 —75.24 —78.54
K 4.36 4.42 4.48 4.54 4.60 4.70 4.81 4.91 5.00

2 Standard uncertainty, U (p) = 0.27 kg m >
b Standard uncertainty, u(c) = 1.85 K
¢ Standard uncertainty, u(T) = 0.02 K.
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The problem is more complex for mixtures. The presence of unlike
interactions between the ionic liquid and water plays a significant role,
as they can be very different from the pure component interactions, as
already known from previous studies [13,17,18]. Unlike molecular in-
teractions originate additional thermal resistances to heat conduction,
that are dependent on the composition, for a given temperature.

The Filaments Model, introduced by Melkikh and Skripov in 2023
[50], admits that the dependence on concentration of the thermal con-
ductivity of liquid mixtures arises from different thermal resistances,
connected in series, the pure component thermal conductivities, A, and
/1;, the mass fractions of the components in the mixtures, w; and wo =1 -
wi, and a parameter y, dependent on the mass ratio of the two compo-
nents, m; and my. In this model, the thermal conductivity of the mixture,
4, is given by Eq. 16:

llﬂz
_ 18
Wl/‘lz + (1 — Wl)ﬂl ( )
where 1; and A, are the values of the pure components, corrected by the
presence of the other component (in essence correcting the interactions/
thermal resistances by the presence of the different component of the
mixture), given by Eq. 19:

A = Iyfwr + (1-wi)y]

Ao = Ap[(1—wy) +wiy] (19)

The Bridgman model was used to calculate the parameter y to ac-
count for the phonon scattering by the different types of molecules
present in the mixture. The authors calculated y by Eq. 20, as a function
of the mass ratio between the two components, my/mj:

2
(-
r=l-o
(v 1)
In a previous paper [18], we reported the application of the Fila-
ments model to estimate the thermal conductivity of the binary mixture
of the system [Comim[[N(CN).] + water. The results obtained show that
the model underestimates the thermal conductivity of the mixtures by a
large factor in the entire temperature range, namely for 0.2 < wy, < 0.9.
For the system here reported, the obtained results are shown in Fig. 12,
also for the extreme temperatures (other temperatures not displayed for
clarity). It is clear that, also for this system, the Filaments Model un-
derestimates the value of the thermal conductivity of the [Cymim]
[C7H15CO0] aqueous system, the result being almost temperature
independent.
To get a more complete picture of this behaviour for these and other
aqueous studied systems, with different ionic liquids, like [Comim]

(20)

0.80
- ©288.15K
L, 0.60 -
- ©348.15K
€ 0.40 1

= 0.20

0.00 T T T T
0.00 0.20 0.40 0.60 0.80 1.00

L

Fig. 12. Comparison between the experimental results (dots) and the Filaments
Model (lines) for the extreme temperatures, 288.15 K and 348.15 K.
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Table 13
Parameters used for the calculation of the thermal conductivity of the binary
systems.

M / g-mol~! v (ma/my)
[Comim[[N(CN),] 177.21 0.7332 3.1364
[Comim][CH3SO3] 206.26 0.7043 3.3837
[Comim][CH3COO] 170.21 0.7409 3.0738
[Comim][C;H;5CO0] 254.37 0.6640 3.7576
H,0 18.015 - -
0.20
@ [C2min][CH3COO]
@[C2mim][C7H15C00]
@ [C2mim][CH3503]
@ [C2mim][N(CN)2]

0.00 0.20 0.40 0.60 0.80 1.00
WW

Fig. 13. The deviation function A as a function of the mass fraction of water,
Wy, for all systems studied, at T = 293.15 K, except for [Comim[[N(CN),] +
water. The lines are just trend lines to better show the differences.

[CH3COO] [13] and [Comim][CH3SO3] [17], we have calculated, at

293.15 K the deviation function A = lexp - Aril, as a function of the
mass fraction of water, wy, of all four systems. The quantities necessary
for the calculation are displayed in Table 13, designating water as
component 1, and the results obtained are shown in Fig. 13.

From this Fig. 13, we can conclude: First, the deviation A is very
significant for all the systems, being of the order of 0.12 to 0.16 W-
m~ 1K' in the maximum, obtained for 0.7 < wy, < 0.8, 0.96 < Xy <
0.98, and very close to pure water. Secondly, two pairs appear with the
same variation; The higher deviations for [Comim][CH3COO] and
[Comim][C7H15C0O0], and the lowest rim for [Comim[[N(CN);] and
[Comim][CH3SO3]. Thirdly, the different values and mass ratios present
in Table 12 cannot explain this behaviour. The data for [Comim]
[CH3COO] does not cover the highest mass fractions of water. Never-
theless, the fair agreement for all different anions in the lowest mass
fractions is interesting, as the anions are extremely different in size and
mass. The Filaments models’ authors suggested that other effects must
be considered, namely average distances between molecules and
strengths of chemical bonds [50]. However, due to the specific behav-
iour of the IL + water mixtures, we suggest that the difference between
the sizes of molecules and the structure (packing, clusters, strings of
water molecules) is the most probable driver to correct the Filaments
Model.

3.4. Refractive index

The measured values for the refractive index for the system [Comim]
[C7H;5COO0] + water are all shown in Table 14 and displayed in Fig. 14.
The values for the “pure” ionic liquid were corrected to water-free
values, also presented in Table 14, by fitting the three values closer to
Xy = 0 at each measuring temperature, and extrapolating them linearly
for xyy = 0.

The water-free values were fitted to a polynomial Eq. 21:
n® = ho + hy T(K) + ha T(K)? (21)

With a standard deviation of 0.0007, at a 95 % confidence level (k =
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Table 14
Refractive index (sodium D line)?, n°, for [Comim][C;H;5CO0] + water mixtures, from
T = (283.15 to 343.15) K®, at P = 0.1 MPab, as a function of the mole fraction of water.

[ D

Xy n
283.15 K 288.15 K 293.15 K 298.15K 303.15K 313.15K 323.15K 333.15K 343.15K
1.0000 1.33397 1.33398 1.33321 1.33270 1.33212 1.33076 1.32916 1.32736 1.32543
0.9980 1.33796 1.33759 1.33712 1.33657 1.33595 1.33452 1.33287 1.33102 1.32897
0.9960 1.34321 1.34276 1.34223 1.34162 1.34095 1.33941 1.33766 1.33571 1.33358
0.9929 1.34970 1.34914 1.34850 1.34780 1.34532 1.34537 1.34349 1.34145 1.33925
0.9827 1.36784 1.36702 1.36614 1.36521 1.36417 1.36210 1.35962 1.35726 1.35481
0.9624 1.39241 1.39133 1.39022 1.38911 1.38798 1.38561 1.38314 1.38049 1.37773
0.9331 1.41586 1.41460 1.41333 1.41204 1.41075 1.40807 1.40532 1.40251 1.39968
0.9045 1.43089 1.42951 1.42810 1.42671 1.42529 1.42243 1.41952 1.41655 1.41354
0.8579 1.44513 1.44367 1.44219 1.44071 1.43923 1.43623 1.43319 1.43009 1.42697
0.7842 1.46082 1.45931 1.45781 1.45631 1.45482 1.45188 1.44887 1.44585 1.44292
0.6152 1.47356 1.47205 1.47053 1.46903 1.46753 1.46453 1.46160 1.45880 1.45637
0.4160 1.47866 1.47716 1.47566 1.47417 1.47273 1.46980 1.46691 1.46412 1.46142
0.1026 1.48675 1.48520 1.48365 1.48212 1.48060 1.47759 1.47463 1.47172 1.46897
1.0000¢ 1.48939 1.48783 1.48629 1.48475 1.48325 1.48025 1.47729 1.47438 1.47153

@ Expanded global uncertainty, U > = 0.0002, at a 95 % confidence level (k = 2)
b Standard uncertainty, u(T) = 0.03 K, u(P) = 0.002 MPa

¢ Relative combined standard uncertainty, u, .(xy) = 0.002

4 Extrapolated water-free value.

2). No data deviates from the line by more than 0.00001. The co-

1.52 | —— efficients and their standard deviations are hg = 1.59626 + 0.00071,
a ' hi = —4.433x107* 4+ 0.046 x 1074 and hy = 2.326 x 1077 +
1.48 a ﬁ A A 288.15K 0.073 x 1077, The values obtained at each temperature are also shown
° | ﬁ a 293.15 K in Fig. 14. This Figure shows that the refractive index has a monotonic
1.44 - s A variation with the molar fraction of water in the mixture and that the
o LA €298.15K temperature dependence is small.
< 1.40 - .a 303.15 K There are no sets of available data in the literature for the refractive
1.36 - o eHiiis i index of either “pure” [Comim][C;H;5COO0] or of its mixtures with water
: to compare with.
132 4 323.15K The refractive index of an ideal solution can be calculated by Eq. 22
) ©333.15K (511
1.28 oo 0-2 0.4 0-6 018 T ©343.15 K o (¢, T,P) ((ﬂwn‘],)f N (pan})Lz)l/z @2
X where ¢ ; are the volume fractions of component i (w, IL). From that, it is

possible to calculate the excess refractive index given by Eq. 23. For
these calculations, density values obtained in this work were used. The
values of the excess refractive index are shown in Table S4 and displayed
in Fig. 15. It is possible to see that, except for the region near ¢,, = 0, the
excess refractive index is within the uncertainty of the calculation (+

Fig. 14. The variation of the refractive index of the aqueous [Cymim]
[C;H;5COO0] system, as a function of the mole fraction of water, at the different
temperatures.
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w 298.15 K
& 0:000 —e—303.15K
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——323.15K
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Fig. 15. The variation of the excess refractive index of the aqueous [Comim][C;H;5COO] system, as a function of the volume fraction of water, at the different
temperatures. The dashed line represents the standard uncertainty of the excess refractive index calculation, u ((n®»F) = 0.005.
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0.005 at 95 % confidence level), and therefore the mixture can be
considered as “ideal” for this optical property.

(nDz)E _ annix((pf T,P) - (nDid (. T,P) )2

2 2 2
= anix ((/), T1 P) - (‘/]wan + (/)ILnDIL) (23)

Another property that can be derived from the density and refractive
index data is the excess molar refraction, defined by Eq. 24 [52]. The
values are shown in Table S4 and Fig. 16, where it can be seen that this
property has a parabolic shape variation (4th grade) with the mole
fraction of water, with a minimum at x,, ~ 0.4, and is weakly dependent
on temperature. This minimum appears in a much smaller molar fraction
of water compared with the excess volume minimum.

) nDZ 1 nDidz -1 5
RE=Ry R =2V~ (= |V
n” +2 n?" 42

It will be interesting to demonstrate that the ideal molar refraction is
additive. In the past, it has been assumed that this was indeed true for
molecules of simple molecular constitution, which is not the case for an
ionic liquid [53]. We can test its validity by plotting the similarity dia-
gram of the two quantities, Y; and Y5, with the different definitions of
the molar refraction of an ideal solution, Eq. 25 and Eq. 26:

(24)

id2
) P —1) .
Y, = R:ydl = (13“124,-2> Vzl\l/il 25)
n
and
Y, = R:z = XgRmmw + XwRmw (26)

The results obtained for the two extreme temperatures, 283.15 K and
343.15 K, are shown in Fig. 17.

The departure between Y; and Y3 is never greater than 0.014 cm?® -
mol !, which is well within the expanded global uncertainty of the molar
refraction calculation based on the measured refractive indices. This
result proves that the molar refraction is additive and almost tempera-
ture independent in the range studied. We hope to detail identical cal-
culations for other aqueous ionic-liquid systems in order to support this
conclusion.

3.5. Cytotoxicity in vitro against the HepG2 cell line

To evaluate human health risk and identify the safety profile of
[Comim][C7H;5COO0], its cytotoxicity was assessed in vitro using human
HepG2 liver cells. As the liver is the primary organ responsible for the
metabolism and detoxification of xenobiotics and other chemical agents,

0.0 0.2 0.4 0.6 0.8 1.0
XW
0.0 @ . r : .
©283.15 K
® 288.15 K
=02 % "
= 3 293.15 K
£ 298.15 K
m
€ -0.4 4 ©303.15 K
& ©313.15K
S @323.15K
~ -0.6 -
©333.15K
@343.15K
-0.8

Fig. 16. The variation of the excess molar refraction of the aqueous [Comim]
[C7H;5COO0] system, as a function of the mole fraction of water, at the different
temperatures. Dashed lines are trend lines to visualize the tempera-
ture dependence.
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Fig. 17. Similarity plot for the two definitions of molar refraction of an ideal
mixture, calculated for the system [Comim][C;H;5COO] + Hy0. Only 2 tem-
peratures are shown to keep clarity in the plot.

the HepG2 cell line was selected as a relevant model for assessing po-
tential toxic effects of [Comim][C;H;5COOQ] in humans. This human-
derived hepatic cell line is widely used in toxicity evaluation due to
chemical exposure, considering its metabolic activity and similarity to
liver functions [54].

HepG2 cells were exposed for 24 h to different concentrations of
[Comim][C7H,5COO0], between x and y, and cell viability was assessed
using the MTT assay. A dose-response curve was generated by repre-
senting the percentage of cell death as a function of the logarithm of the
[Comim][C7H15C0O0] concentrations tested (Fig. 18). The obtained
sigmoidal dose-response curve demonstrated a clear concentration-
dependent cytotoxic effect of [Cmim][C/H1sCOO], with cell death
increasing progressively from approximately 20 % to nearly 100 %,
across the tested concentration range. A non-linear regression model
was used for analysis, and the data were fitted to a sigmoidal Hill
regression model using GraphPad Prism 5. The model showed a good fit,
with an R? value of 0.9819, indicating a high consistency of the
regression. From the fitted curve, both the LCso value—the concentra-
tion at which 50 % of the cells were non-viable- and the Hill slo-
pe—reflecting the steepness of the response—were determined
(Table 16).

The LCso value obtained for [Comim] [C7H;15CO0] in HepG2 cells was
9.2 mM (equivalent to 2333 mg-L-1), indicating relatively low cytotox-
icity. This value is higher than those reported for several other
imidazolium-based ionic liquids, suggesting that with a higher value
than LC50 values reported for other ILs, suggesting that [Comim]
[C-H1sCOO] may be less harmful than other studied ILs. Although

100

A O ©®
S 9 9

Cell Death (%)

N
i

(=]

05 1.0
log [Comim C;H45COQ0]

Fig. 18. Dose-response curve for [Czmim][C-H1sCOO]-induced cytotoxicity in
HepG2 cells after 24-h exposure. Values represent the mean + standard devi-
ation (n = 6).
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Table 16

Parameters of [Comim][C-H1sCOO] in HepG2 cells obtained from non-linear
regression analysis with the Hill equation (GraphPad Prism 5). Values repre-
sent the best-fit estimates with associated confidence intervals.

C,mim C,H;5C00

mgL} 2,333 + 178"
LCso M 0.0091 + 0.0007°
mM 9.2 4+ 0.7°
HillSlope 3.0+ 06"
R? 0.9819

# Confidence level of 95 %.

literature data on the cytotoxicity of ILs in human cell lines remains
limited, Li et al. [55] reported an LCso of 0.44 mM for [Csmim][Br] in
HepG2 cells after 24 h exposure, while Zhang et al. found LCso values of
0.46 mM and 0.01 mM for [Camim][Cl] and [Cemim][Cl], respectively,
under similar conditions [56]. Compared to these, [Cmim][C7H1sCOO]
exhibits a significantly lower cytotoxic profile.

These differences are likely attributed to the structure of the ILs,
particularly the alkyl chain length on the imidazolium cation. Both
Zhang et al. [56] and Frade et al. [57] observed that increased alkyl
chain length correlates with higher cytotoxicity. Given that [Czmim]
[C7H1sCOO] contains a relatively short ethyl side chain on the cation,
this structural feature may explain its reduced toxicity in comparison to
[Cemim]-based ILs.

This fact is described in the literature with other types of ILs in other
cell lines, and could be the reason why the LC50 values determined in
this work (in ILs with a smaller aliphatic chain in the cation) are higher
than those mentioned previously. [58,59]. Moreover, environmental
considerations may suggest a favorable profile for [Czmim][C7H1sCOO].
Gongalves et al. [8] referenced the toxicity classification scale by Passino
and Smith [60], originally developed to evaluate aquatic toxicity in
Daphnia pulex. According to this scale, chemicals with LCso values above
1000 mg/L are classified as “relatively harmless.” While the present
study does not assess Daphnia pulex directly, the comparatively high LCso
value observed in HepG2 cells, alongside structural factors, suggests that
[Camim][C7H1sCOO] may pose a lower environmental hazard than other
ILs. Nevertheless, further ecotoxicological studies are required to
confirm this inference.

4. Conclusions

The ionic liquid 1-Ethyl-3-methylimidazolium octanoate is an
important chemical for new applications in the fiber industry, namely as
an extractant and additive in process operations.

This paper reports on the first experimental data for density, speed of
sound, thermal conductivity, and refractive index of this ionic liquid and
its mixtures with water, in the full composition range, at

P =0.1 MPa. Values for the “water-free” ionic liquid were calculated.
Considering the potential applications of this IL as a green fluid, the
present study provides a novel quantitative evaluation of [Cmim]
[CsH1sCOO0] cytotoxicity, supporting its classification as a relatively
safer imidazolium-based IL. An LCso value of 9.2 mM was determined in
HepG2 liver cells, indicating lower cytotoxicity compared to other ILs
with longer alkyl chains on the cation.

This mixture has some properties that have some similarity to sys-
tems previously studied [13,16,17], but some discussion is necessary. In
the first place, the density of the pure liquid is very similar to that of
water, varying between 966 and 1005 kg-m ™3, which suggests the same
type of packaging in the liquid state, although molecular masses are very
different, and therefore the molar volumes. The excess volumes are
negative, suggesting an attractive interaction with water, as it was found
for [Comim][CH3COO] and [Comim][CH3SO3], but different than those
for [Comim[[N(CN),], which were found to be positive, an indication of
possible repulsion. Only data on excess enthalpy in this system,
currently not available, can prove this assumption definitively. This
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result also supports better packaging for the mixture.

The thermal expansion coefficient variation with composition and
temperature is similar to previous studies. The speed of sound and the
isentropic compressibility show similar behaviour to the other mixtures,
with the temperature inversion for the highly diluted aqueous solution,
weak electrolyte zone. The evaluation of the Jacobsen intermolecular
free length showed that its variation with temperature for the pure ionic
liquid is much higher than for water, possibly contributing to the tem-
perature inversion in the composition dependence for water-rich mix-
tures’ isentropic compressibility.

Concerning the thermal conductivity of the “water-free” ionic liquid,
it was found to be nearly temperature independent. For the mixture, the
same behaviour as [Comim][CH3SO3] was found, with a maximum,
especially at the higher temperatures, for x,, > 0.998. For the refractive
index, the behaviour is similar to other systems, but shows a nearly zero
excess refractive index for all temperatures and compositions. Very
small values of the excess molar refractions were also found, with a
minimum located at different compositions from those found for the
excess volume.

These results seem to support the previous structural model proposed
earlier [17,18], although data on electrical conductivity, viscosity, and
diffusion are necessary to prove that this system is consistent with the
previous ones, namely in the intermediary mole fraction zone. From
these properties, viscosity is a very demanding property to assess the
quality of a new heat transfer fluid, and for processing fluids in sepa-
ration operations. However, there is no viscosity data for 1-Ethyl-3-
Methylimidazolium Octanoate available in the literature. On handling,
it looks that its viscosity at room temperature is slightly higher than that
of 1-Ethyl-3-Methylimidazolium Acetate (around 198.4 mPa-s at 293.15
K and 25.75 mPa-s at 333.15 K [13]). The viscosity decreases drastically
with small amounts of water, which is a good sign for a potential heat
transfer fluid, and its applications in cellulose dissolving recommend the
use of water mixtures, with lower viscosities also.

Regarding the application of models to estimate the thermal con-
ductivity, namely Bridgman and Filaments model, it was unsuccessful,
although some interesting features were found with the similarity of
behaviour for the systems analysed, the difference between the sizes of
molecules and the structure (packing, clusters, string of water mole-
cules) being most probable drivers to correct the Filaments model. We
hope to pursue this investigation with other IL + water systems in the
future.

Results on refractive index of the mixtures show that it can be
considered an ideal solution in the light of the optical properties
measured and that the ideal molar refraction is additive in terms of the
mole fractions, a result assumed in the past for molecules of simple
molecular constitution, which is not the case for an ionic liquid.

To further evaluate the safety profile of [Camim][C/H1sCOO], it
could be relevant to extend cytotoxicity studies to other human cell lines
such as keratinocytes, which could help evaluate risks related to dermal
exposure during handling. Such studies would complement existing data
and inform safe design practices for ILs with potential industrial appli-
cations, as an environmentally acceptable green fluid.

In conclusion, the properties of 1-Ethyl-3-methylimidazolium octa-
noate, now reported, can pave the way for future applications in cellu-
lose dissolving and extraction, as well as a heat transfer fluid, mixed
with water.
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