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Abstract: Ionic liquids are salts in liquid form that are composed of short-lived ion pairs. They
are the new trend of solvent because of their very low vapor pressure, good chemical and
thermal stability, and melting temperatures lower than 100°C. Pure ionic liquids contain ions
that can conduct electricity or serve as electrolytes. But experimentation using ionic liquids
would be expensive. This study aims to develop a generalized correlation for the electrical
conductivity prediction of pure ionic liquids. The researchers gathered data of pure ionic
liquids that involved the electrical conductivity property from the ThermolL Database. The
collected data were then trimmed based on a developed scheme and classifications. After
trimming the data, the researchers evaluated the data using MATLAB software. The residual
value was calculated, and a parity plot was constructed to test the models’ accuracy. The
researchers gathered 2,425 data points from 310 references and were trimmed to 220 data
points from 21 references. The parity plot and graph of the residuals plotted against pressure
showed that the experimental and calculated values were close. Results showed that the
electrical conductivity of pure ionic liquids could be predicted using a model patterned to Pitzer
correlation with reduced temperature and reduced pressure as variables. Data with two or
more references and low uncertainty made a good result on the models to create a generalized
correlation via curve fitting.
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1. INTRODUCTION

Ionic liquids (ILs) are liquid salts that are
composed of ions and short-lived ion pairs. ILs are
potential substitutes for dangerous solvents for
preparing solutions such as gels, composites, and
polymeric belts (Shakeel et al., 2019). Some of the
interesting properties of ILs include Chemical and
thermal stability, very low vapor pressures, and
melting temperatures below 100°C. In 1914, Paul
Walden was the first to find ILs. Walden was looking
for liquid molten salts at a specific temperature to use
in his equipment without fulfilling any specifications.
The melting point of ethylammonium nitrate
(EtNH3NO3), the first IL found, is 12°C, according to
Walden (Welton, 2018). ILs are also environmentally
friendly, easily recyclable, highly efficient, and
similarly structured to conventional solvents. As a
result, these liquids have become the latest solvent
standard.

The electrical conductivity of ILs is also an
intriguing property. Electrical conductivity (o), also
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known as conductance, is the potential of a material
to bear an electric current (Helmenstine, 2020). Based
on the temperature, each liquid material has a
different  conductance. Electrical conductivity
increases by two to three percent with every one-
degree Celsius increase in temperature. Between
liquid substances, pure water has the lowest
conductivity. That is primarily due to the low number
of ions present in pure water. ILs, in contrast, have
many ions that are essential in conductance. An
aqueous substance’s conductivity increases as the
number of ions present increases, indicating a solid
electrolyte. Thus, ILs are used in commercial devices
as an electrolyte with longer battery life because of
their low vapor pressure.

Conducting experiments or research utilizing
ionic liquids would be expensive. One of the cheapest

IL in the market is the
Trihexyltetradecylphosphonium bis(2,4,4-
trimethylpentyl) phosphinate, which costs $21

(approximately Php 1066.50) for five grams. This is
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the main reason why most researchers do data mining
rather than doing experiments. Data collected by
experimental procedures of previous researchers are
collected and compiled on a database accessed on the
internet. These data, however, are not being utilized
well. Data mining is the process of discovering
correlations, patterns, and trends using pattern
recognition technologies and statistical and
mathematical techniques (Gartner Group, 2014). This
process is an efficient way to utilize available data on
the internet. There are different data mining methods,
and each has different uses depending on the
situation, which can help businesses and researchers
(Loginworks Software, 2014).

This research aims to develop a generalized
correlation for the prediction of the electrical
conductivity of pure ionic liquids. It also seeks to
determine the most suitable data available from
literature (ThermolL. Database) using the data
trimming process and create the generalized
correlation via-curve fitting the data using the
MATLAB Software. This study, on the other hand,
will help other researchers develop their research,
especially those who have similar topics to this study.
Furthermore, manufacturers can also innovate new
products and find an ionic liquid that can serve as an
electrolyte and improve its quality using this
mathematical model.

This study solely aims to create a
correlational model that can help predict the electrical
conductivity of pure ILs. It does not cover the uses of
knowing the electrical conductivity of ILs; it will only
serve as a stepping stone to other researchers that
plan to create commercial applications from pure ILs.
This study will also gather data from the ThermolL
database only. The researchers will be cross-
referencing, and they will use the data to create a
correlational model for predicting pure IL’s electrical
conductivity. The study will not perform any
laboratory experiments to justify the claims. The
study will not include binary mixtures and tertiary
mixtures, and ILs that do not have standard pressure.

2. METHODOLOGY

2.1 Collection of Data from Thermoll

database

The researchers first collected data. These
data were collected from the Thermoll database,
covered pure ionic liquids, and focused on an ionic
liquid’s electrical conductivity property. The
researchers also gathered the chemical structures for
each of the chemical formulas for its visual
representation. Each IL was given codes according to
their cation and anion. The researchers obtained the
International Union of Pure and Applied Chemistry
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(IUPAC) name of the pure IL, molar weight in terms
of grams per mole (g/mol), pressure in terms of
kilopascal (kPa), the temperature range in terms of
Kelvin (K), electrical conductivity range in terms of
siemens per meter (S/m), and its reference.

2.2 Data Trimming

The researchers gathered data of pure ILs
reporting electrical conductivity from all available
literature in the ThermolL. database. All of the data
gathered from experimental procedures have been
assessed carefully to ensure only accurate and reliable
data will be collected and used since this research will
only conduct computational methods. Figure 1 shows
a developed scheme for the data trimming process and
was classified into three categories as follows; (i)
systems with more than two available references, (ii)
systems with two available references, and (iii)
systems with only one reference. Different data
trimming procedures were done in each category. The
data from the systems with more than two references
had been trimmed by only using the most consistent
data with the other references. For systems with two
references, the most accurate between them was
chosen based on the uncertainty reported. Systems
with only one reference had been considered
automatically; however, systems that only have two or
fewer data points were removed and were not
considered. Trimmed data were then investigated to
gather the cations and anions (Soriano, Agapito,
Lagumbay, Caparanga & Li, 2010).

Figure 1. Data trimming flowchart

2.3 Development of Generalized

Correlation for Electrical Conductivity
The researchers created a mathematical
model. It was wused to predict the electrical
conductivity of a pure ionic liquid. The model used is
patterned to the general Pitzer correlation to fit
electrical conductivity, o, as a function of temperature,
T. It is represented as:
=TO0+ T1 (Eq. 1) where o is the acentric factor for the
ionic liquid. For this study, the parameters TO and T1
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were defined as quadratic functions of the
temperature:

To=A1+ A2TTc+ A3TTc2

(Eq. 2)

T1=A4+ A5TTc+ A6TTc2

(Eq. 3)

The ratio of T and Tc is the reduced
temperature, where Tc is the critical temperature of
the ionic liquid. Empirical constants were represented
as An (n =1 to 6), and acentric factors and critical data
were obtained from the paper of Valderrama, Forero,
and Rojas (2012). Pitzer’s equations are used to
describe the activity coefficients of aqueous
electrolytes.

2.4 Testing of Model

The researchers tested the model’s accuracy
by finding the distance between the experimental
(literature) data and calculated (predicted) data. It
was determined using the Residual as follows:

Residual =y -y

(Eq. 4) where y is the experimental electrical
conductivity and y is the calculated electrical
conductivity.

The researchers also created a parity plot, a
plot used to compare experimental or literature values
to the calculated or tabulated values. Its purpose is to
determine whether the obtained values are acceptable
or not.

3. RESULTS AND DISCUSSION

The researchers were able to collect the data
needed in this research from the ThermolL database.
They have collected 2,425 data points from 310
reference studies, which observed the criteria
required. The gathered electrical conductivity of pure
ILs from the database were all under standard
pressure and are in the liquid phase.

The data collected underwent a data
trimming process to remove unnecessary and
insignificant data. ILs were grouped for data
trimming according to the number of references
available. References with less than three data points
were first removed from all the groups of ILs. The data
with only one reference was retained, while for those
with two references, the data with high uncertainty
were removed. The data with more than two
references were plotted in a graph. The data that do
not fit the dataset was then removed. Figure 2 shows
an example of a graph used in the data trimming
process for ILs with more than two references. The
reference that contains the yellow points was removed
from the dataset.

1-butyl-1-methylpyrrolidinium
bis[(trifluoromethyl)sulfonyl]imide

Electrical Conductivity (5/m)

100 20( 300 400 500

Temperature (K)

Figure 2. Example of data trimming for ILs with more than two references

The data trimming process reduced the
number of data points and references to 2,231 and
203, respectively. Due to data unavailability, the
numbers were cut off again after the researchers
gathered the acentric factors and critical constants
needed for the process. ILs with incomplete factors
and constants were removed, decreasing the number
of data points and references to 220 and 21,
respectively. Table 1 shows the summary of the
trimmed data used to develop the generalized
correlation.

In using MATLAB software, equations 2 and
3 were manipulated to reduce the deviation of the
experimental data and calculated data. Equations 5
and 6 show the new equations used in the process with
the addition of pressure and critical pressure values.
Figure 3 shows the parity plot that displays the
relationship between the experimental and calculated
data. It shows that most of the data points are near
the line of equality, indicating that most of the
calculations are close to experimental values.

2 3

o T AN P P .
T :A1+A2(T:)+A3(T:) +A4(P—:)+A5 7;) (Eq. 5)

1_ oE, T LB, &Y
T =4+ 447( T_)+ AE[T{) + .49(P;)+AW(P:) (Eq. 6)

Table L. Summary of the trimmed data nsed in the development of the generalized correlation
IUPAC Name: MW | Acentric | Crifical | Crifical | Pressure | Temp. Electrical Deta Reference
Fector | Temp. | Pressure Range | ConduckvityRange | Points

73 | 08172 | 1975 | 3BT | M35 5 Liuetal, (2015
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The residual, on the other hand, is shown in

Shwpciadiite | TR T | (| el | i a-dsih 5 | Pandeetal (201s) figures 4 and 5, plotted against the reduced pressure
olium 15
B (Pr) and reduced temperature (Tr), respectively. Both
H:“t:lni"r‘r‘:(t:;\n::az 19730 | 078t | 10474 1938 | 101325 | 298, 1155—13] 0642-1362 8 Pandit et ol 2016 figures ShOW the patterned mathematical model iS
Lhutyl3methylimidez | 22829 | Dsz66 | 11851 | 21 | 100325 | 293.5- 1027456 11| Zubeiretal. (2015) approprlate for the dataset. In addltlon, the plOt shows
olium tricysnomethane 37925 . . . .
- that the residuals are not far from zero, indicating
1-butylpyridinium 41635 | 02505 12291 m 101325 283344 0.191-0937 6 Dzida et &1, (2019) . P .
it that the calculated electrical conductivity is close to
oy jimide . . cos
416.35 | 02503 12291 am 101325 275‘15_— 0.1186-5.243 15 Nazet et al. (2017) the experlmental eleCtrlcal conduCtIVIty. It alSO Shows
o that the model has both underprediction and
40533 | ozre | mses | 27 | 100 [28sas38|  0303-082 7 Ppavicet sl Overprediction of the data.
15 (2016]
fonyl]imide
L-ethyl.3-methylimidaz | 170.21 | 0.5889 807.1 219 101 288.15- 0.151.2223 1 Zhang et al, (2017) £ .
olium acetate 35315 £ z
é .o
3 ~ Se
sthyl-3-methyfimidaz | 170.21 | 0.5889 B07.1 219 10 298.15 0.2776 - 6317 13 Nazet etal, (2015) 5 > 4 -
#1815 E *—3 3 ee
L-si:‘.j;:il:;\;\:l:ldiz gron| o | en | e | AW | we | pom 6 roctel ;g ‘ [ | ; > ' 1 I oo ’l l \
1-ethyl-3-methylimidaz | 206.26 | 0.3307 1026 4813 101325 273.15 0.04134 - 1.004 12 Harris et al. (2016) é -
oum 315 : M
thanesulfonste L3
T-ethyl-3-methylimidaz | 260.23 03255 992.30 3584 101325 7315 0.345-3.287 13 Harris et al. (2016)
oum wais Reduced Pressure (Pr)
trifluoromethanesulfon
ate
Loethyl-3-methylimidaz | 260.23 | 03255 99230 3984 101325 | 297.65-304 081-1.14 5 Aranowski et al
T £ 206) Figure 4. Residual plotted against reduced pressure
ae
1-ethyl-3-methylimidaz | 260.23 03255 992.30 3534 m 28215 0.605-2.236 3 Asenbauer et al.
olium 33315 {2m7)
ifluoromethanesulfon
.
.
. .
1-ethylpyridinium 3883 | 0.167 | 1207. | 327 [ 10132 | 303 | 0528 | 5 | Dridaer
bis trifluoromethyljsulfonylJimi 1 a | 5 5 a3 | - al. (2019)
de 1335

1-octyl-3-methylimidazolium 4754 | 0481 | 1317. | 209 101 273.15 | 0030 | 2 Nazet et
bisf (trifluoromethyl)sulfonyllimi | 7 1 8 8 - 2 | 5 |ali2015)
de 468.15 | 4.029

Residual (Experimental - Calculated)

1-octyl-3-methylimidazolium | 475.4 | 0.481 | 1317. | 209 | 100 | 293.15 | 0.106 | 7 | Papovic

bis[(trifluoromethyl)sulfonyljimi 7 1 8 8 etal.
de 323.15 | 0.361 (2016)
Reduced Temperature (Tr)
butylammenium formate 119.1 | 0.518 | 5211 | 346 | 100 | 29315 0.287 | 9 | Weietal.
6 2 6 - (2018)

333.15 | 0.873

Figure 5. Residual plotted against reduced temperature
propylammonium formate | 105.1 | 0.483 | 496.6 | 391 | 10132 | 2035 | 0:31- | 9 | Chhotara

4 9 9 5 - 1 yetal
33315 (2015)

According to Van der Waals’ Corresponding
States Principle, substances behave alike at the same
reduced states. Figure 6 shows the relationship
between reduced pressure and the experimental data.
Different colored lines connect the substances with the
same reduced temperature. The graph for each
reduced temperature follows the same pattern.
However, as the reduced temperature decreases, the
graph will have an inconsistent pattern compared to
the graphs in Figure 6 and more complicated as shown
on the graph of Tr = 0.26.

Experimental Electrical Conductivity

Calculated Electrical Conductivity

Figure 3. Parity plot

Figure 6. Reduced pressure plotied against electrical conductivity
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4. CONCLUSIONS

The researchers have successfully created a
model that can predict the electrical conductivity of
pure ionic liquids. Using data trimming, the
researchers have identified the most suitable data to
be used in the study. Still, the unavailability of
constants needed for the process significantly affected
the number of the data point used in the study. Most
of the calculated data from the model are close to their
respective experimental values. However, there are
some systems that the researchers have
underestimated. Thus, further research should be
conducted to have a more accurate prediction of the
property. The model produced by this study can be
used as a reference model for future studies that will
be conducted. Manufacturers that would use this
model as a basis for their research and innovation of
their products should note some Ionic Liquid system
that has been underestimated to be avoided since it is
not accurate enough compared to other systems.

5. ACKNOWLEDGMENTS

The researchers would like to express their
deepest gratitude to their marvelous adviser, Dr.
Allan N. Soriano, for his guidance in accomplishing
this research. His consideration and patience with his
research mentees were greatly appreciated.

6. REFERENCES
Aranowski, R., Cichowska-Kopczynska, I., Debski, B.,
& Jasinski, P. (2016). Conductivity and
viscosity changes of imidazolium ionic liquids
induced by H20 and Co2. Journal of
Molecular Liquids, 221, 541-546.

Asenbauer, J., Hassen, N. B., McCloskey, B. D., &
Prausnitz, J. M. (2017). Solubilities and
ionic conductivities of ionic liquids containing
lithium salts. Electrochimica Acta, 247,
1038-1043.

Chhotaray, P. K., & Gardas, R. L. (2015). Structural
dependence of protic ionic liquids on
surface, optical, and transport properties. Journal
of Chemical & Engineering Data, 60(6), 1868-
18717.

Dzida, M., Musial, M., Zorebski, E., Zorebski, M.,
Jacquemin, J., Goodrich, P., ... & Paluch, M.
(2019). Comparative study of effect of alkyl chain
length on thermophysical characteristics of five
N-alkylpyridinium
bis(trifluoromethylsulfonyl)imides with selected
imidazolium-based ionic liquids. Journal of
Molecular Liquids, 278, 401-412.

Gartner Group. (2014). Data mining. Retrieved from
https://www.gartner.com/en/information-
technology/glossary/data-
mining#:~text=Data%20mining%20is%20the%2
Oprocess,as%20statistical%20and%20mathemati
cal%20techniques.

Ghasemian, E., Zobeydi, R. (2013). Ionic liquids
surface tension prediction based on enthalpy of
vaporization. Retrieved from
https://www-sciencedirect-
com.dlsu.idm.oclc.org/science/article/pii/S037838
1213004354
?7via%3Dihub&fbclid=IwAR3OIJALZGBZCyW4r
kQnIuDduvQAzVOTvHK_NnSAImv
PgGpevku9eTyw7Ec

Harris, K. R., & Kanakubo, M. (2016). Self-diffusion
coefficients and related transport properties for a
number of fragile ionic liquids. Journal of
Chemical & Engineering Data, 61(7), 2399-
2411.

Helmenstine, A. (2020). Understand
conductivity. Retrieved from
https://www.thoughtco.com/definition-of-
electrical-conductivity-605064

electrical

Iwasaki, K., Yoshii, K., Tsuda, T., & Kuwabata, S.
(2017). Physicochemical properties of phenyl
trifluoroborate-based room temperature ionic
liquids. Journal of Molecular Liquids, 246, 236-
243.

Liu, Q. S., Liu, J., Liu, X. X., & Zhang, S. T. (2015).
Density, dynamic viscosity, and electrical
conductivity of two hydrophobic functionalized
ionic liquids. The dJournal of Chemical
Thermodynamics, 90, 39-45.

Loginworks Softwares. (2014). Data mining and its
importance. Retrieved from
https://www.loginworks.com/blogs/217-data-
mining-and-its-importance/

Nazet, A., Sokolov, S., Sonnleitner, T., Friesen, S., &
Buchner, R. (2017). Densities, refractive indices,
viscosities, and conductivities of non-imidazolium
ionic liquids
[Et3SI[TFSI],[Et2MeS][TFSI], [BuPy] [TFSI],[N88
81][TFAl, and [P14][DCA]. Journal of Chemical
& Engineering Data, 62(9), 2549-2561.

Nazet, A., Sokolov, S., Sonnleitner, T., Makino, T.,
Kanakubo, M., & Buchner, R. (2015). Densities,
viscosities, and conductivities of the imidazolium
ionic liquids

MATERIALS ENGINEERING



QLAAAM

3R0 DLSU SENIOR HIGH SCHOOL

ESEARCH CONGRESS

MATERIALS ENGINEERING

[Emim][Ac],[Emim][FAP],[Bmim][BETI],[Bmim]
[FSI],[Hmim][TFSI], and [Omim][TFSII.
Journal of Chemical & Engineering Data, 60(8),
2400-2411.

Nazet, A., WeiB, L., & Buchner, R. (2017). Dielectric
relaxation of nitromethane and its mixtures with
ethylammonium nitrate: Evidence for strong ion
association induced by hydrogen bonding. Journal
of Molecular Liquids, 228, 81-90.

Oliveira, F. S., Rebelo, L. P., & Marrucho, I. M. (2015).
Influence of different inorganic salts on the
ionicity and thermophysical properties of 1-ethyl-
3-methylimidazolium acetate ionic liquid. Journal
of Chemical & Engineering Data, 60(3), 781-789.

Papovié, S., Gadzuric, S., Bester-Rogac, M., & Vranes,
M. (2016). Effect of the alkyl chain length on the
electrical conductivity of six (imidazolium-based
ionic liquids+ y-butyrolactone) binary mixtures.
The Journal of Chemical Thermodynamics, 102,
367-3717.

Sattari, M., Kamari, A., Mohammadi, A,
Ramjugernath, D. (2016). On the prediction of
critical temperatures of  ionic
liquids: Model development and evaluation.
Retrieved from
https://www-sciencedirect-
com.dlsu.idm.oclc.org/science/article/pii/S037838
1215302302
?7via%3Dihub&fbclid=IwAR19SbM443XduRS3Xt
kkwm2YINsmtZJJL,_gwmVzVvOB-J
GzFqn7hvkWin88

Shakeel, A., Mahmood, H., Ullah, Z., Yasin, S., Igbal,
T., Chassagne, C. & Moniruzzaman, M. (2019).
Rheology of pure ionic liquids and their complex
fluids: a review. Retrieved
fromhttps://pubs.acs.org/doi/abs/10.1021/acssusc
hemeng.9b02232?tbclid=IwAR1Hw5
h12e4_SLADAnN3-
C1D4783q39gX9DyywvumKun4et-
OUMCbUXnjH-tg

Soriano, A., Agapito, A., Lagumbay, L., Caparanga, A.,
& Li, M. (2010). A simple approach to predict
molar heat capacity of ionic liquids using group-
additivity method. Journal Of The Taiwan
Institute Of Chemical Engineers, 41(3), 307-314.
doi: 10.1016/j.jtice.2009.11.003

Valderrama, J. O., Forero, L. A., & Rojas, R. E. (2012).
Critical properties and normal boiling
temperature of ionic liquids. Update and a new

284

consistency test. Industrial & engineering
chemistry research, 51(22), 7838-7844.

Welton, T. (2018). Ionic liquids: a brief history.
Biophysical reviews, 10(3), 691-706.

Zhang, Q., Cai, S., Zhang, W., Lan, Y., & Zhang, X.
(2017). Density, viscosity, conductivity, refractive
index and interaction study of binary mixtures of
the ionic liquid 1-ethyl3—methylimidazolium
acetate withmethyldiethanolamine. Journal of
Molecular Liquids, 233, 471-478.

Zubeir, L. F., Romanos, G. E., Weggemans, W. M.,
Iliev, B., Schubert, T. J., & Kroon, M. C. (2015).
Solubility and diffusivity of CO2 in the ionic
liquid 1-butyl-3-methylimidazolium
tricyanomethanide within a large pressure range
(0.01 MPa to 10 MPa). Journal of Chemical
& Engineering Data, 60(6), 1544-1562.



