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In recent years, a new class of solvent called ionic liquids had successfully demonstrated potential appli-
cations in industrial chemistry and chemical technology due to its desirable properties. To this end, un-
derstanding their physico-chemical properties is of high importance. The current study presents a model
for predicting the refractive index of binary ionic liquid system containing alcohol (methanol or ethanol
or 1-propanol) using the artificial neural network (ANN) algorithm. The refractive index data were corre-

Keywords: lated as function of temperature, mole fraction, number of carbon atoms in the cation, number of atoms
Artificial neural network in the anion, number of hydrogen atoms in the anion and number of carbon atoms in the alcohol. Re-
Ethanol fractive index data from ThermolL Database were used. Using ANN, a total of 752 data points were used
lonic liquid in the calculation and to obtain the optimum neural network parameters. The 6-6-9-1 neural network
’;’lle)trg;r:’nlol architecture was found to be the best network using two hidden layers as shown by mean absolute error

of 0.00783 and an overall average percentage error of 0.55%. The obtained correlation satisfactorily rep-

Refractive index . oo . . .
resents the experimental refractive index data and can be reliably used to predict the refractive index of

other binary systems containing the considered cation and anions and the studied alcohols.
© 2016 Taiwan Institute of Chemical Engineers. Published by Elsevier B.V. All rights reserved.

1. Introduction

Novel solvent called ionic liquids (ILs) had been the interest of
some researchers in recent years due to their desirable properties
such as negligible vapor pressure, non-flammability, large range of
densities and viscosities, high potential for recycling, and highly
solvating capacity for organic, inorganic and organometallic com-
pounds [12]. ILs have found their possible applications in industrial
chemistry and chemical technology as solvents for chemical syn-
thesis and catalysis, gas-liquid absorption, liquid membrane sepa-
rations, fuel and solar cells, nanomaterial technologies, preparation
of polymer-gel catalytic membranes, and generation of high con-
ductivity materials [11]. These applications resulted to the need of
understanding the properties of these solvents; properties as ba-
sic as density, refractive index, viscosity, heat capacity, etc. Knowl-
edge of these properties is required in both physical chemistry and
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chemical engineering calculations involving fluid flow and heat and
mass transfer analysis [15].

Experimental studies seem to be expensive as the prices of
most ILs are still high so the best options to study its properties is
via computer simulation. Predictive computing is one way of eval-
uating these properties using available experimental data from re-
liable database in generating model for predicting these properties
[13] and studying their molecular behaviors [14]. In these calcula-
tions, one of the essential factors to consider is the choice of com-
puter algorithm such as the artificial neural network (ANN). The
ANN algorithm has been used extensively for several applications,
e.g. electronics [9,26,32], forecasting [2,10,28], pharmaceutical re-
search [1], financial institutions [39], etc. but limited use of such
algorithm has been made for chemical engineering applications.

The ability to predict the physical properties of ionic liquids
is extremely important for the rational design of proper ionic
liquids with specific properties. In practice, processes involving
ionic liquids are usually mixed with one or more compounds
to enhance their properties. Therefore, in addition to pure com-
ponent properties, knowledge of the physical properties of bi-
nary or ternary mixtures is also crucial for various applications.

1876-1070/© 2016 Taiwan Institute of Chemical Engineers. Published by Elsevier B.V. All rights reserved.
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Nomenclature

A parameter of Eq. (11) which is a func-
tion of weights and bias weights

B, parameter of Eq. (11) which is a func-
tion of weights and bias weights

Cn parameter of Eq. (11) which is a func-
tion T, X, NCC, NA, NH, NCA

E experimental or actual value

MAE mean absolute error

MSE mean square error

n number of nodes in the hidden layer 2

N number of nodes in the hidden layer 1

NA number of atoms in the anion

NCA number of carbon atoms in the alco-
hol

NCC number of carbon atoms in the cation

NH number of hydrogen atoms in the an-
ion

T absolute temperature (K)

(Wp_p, Wp_,y» OF Wyy) empirical parameters of ANN called
bias weights

(Wp_p» Wpp_ys OF W) empirical parameters of ANN called
weights

X mole fraction of the IL

Y, predicted value

Y/ output node

Lashkarblooki et al. [27] have proposed a neural network model
able to well predict the ternary viscosity data points by us-
ing the predicted values of boiling temperatures of ionic liquids
with considerably high accuracy (AARD% =1.94%, MSE=2.45x10"8,
AAD%=0.87% and R2=0.9998 for all data points). In other pub-
lication, Hezave et al. [22] have investigated the applicability of
the ANN tool to predict the electrical conductivity of the ternary
mixtures of 1-butyl-3-methylimidazolium hexafluorophosphate
([bmim][PFg])+ water + ethanol and [bmim][PFg]+ water +acetone
in the temperature range from 288.15 K to 308.15 K. Results showed
a very good agreement between the experimental data points and
the predicted values by the optimum network (AARD%=1.44%,
MSE=2.87 x 102 and R?=0.9981). The succeeding year, the same
group correlated the bubble points of several ternary mixtures con-
taining an ionic liquid using an artificial neural network modeling
approach. The overall average absolute relative deviation (AARD%),
mean square error (MSE), maximum deviation (Emax), minimum
deviation (E;,) and correlation coefficient (R2) were calculated to
be 0.20%, 0.9953, —0.97, 0.87 and 0.95, respectively [23].

Although the properties of some ILs and ILs mixtures were re-
ported in the literature, but the data points measured using exper-
imental methods are still not fulfilling the requirements for their
broad application, especially, due to the lack of data of IL homologs
which would be helpful to improve the selection of more appropri-
ate test candidates for different applications. Besides, experimental
measurements are not always possible, in some cases they are time
consuming and relatively expensive especially if they are needed
as function of temperature. To overcome this problem, estimation
methods have been developed using limited available data points.
With the advancement of technical computing and in conjunction
with the fast growing number of binary systems containing ILs
with organic solvents, it is required to correlate or predict some
important thermophysical properties of ILs. Thus, it is the main
aim of this work to develop a model for predicting the refractive
index of binary ionic liquid system containing alcohol (methanol or
ethanol or 1-propanol). Specifically, it determines the best neural

architecture using the ANN along with the parameters associated
with it, and it predicts the refractive index of the studied systems
from the calculated empirical parameters.

2. Methods

The conceptual framework of the study leading to the predic-
tion of refractive index is shown in Fig. 1. The details of each block
were briefly discussed in the succeeding paragraphs.

2.1. Data gathering and data trimming

Since this work is purely computational, all data (experimental)
needed for the calculations were taken from ThermolL Database.
The ions comprising the considered ionic liquids are presented in
Tables 1a and 1b. A total of 806 experimental data points for re-
fractive index were gathered in which the details are presented in
Tables 2-4, including the temperature range, pressure, mole frac-
tion range, number of data points and the references. The gath-
ered data were then trimmed (removal of inaccurate and unreli-
able data). The details of the data trimming process applied were
adopted from previous works [33,34].

2.2. Artificial neural network (ANN) algorithm

Fig. 2 shows the architecture used for the ANN algorithm. The
architecture consists of one input layer followed by hidden layer/s
and an output layer being the last layer. The nodes in every layer
were connected by weights (wy_,, w,_.,, or w,) as well as bias
weights (Wp_,, Wy_s, OF Wy, y) where the first subscript represents
the source node and the second subscript represents the destina-
tion node. Aside from temperature, T, and mole fraction of the IL,
X, structure-related parameters such as number of carbon atoms in
the cation, NCC, number of atoms in the anion, NA, number of hy-
drogen atoms in the anion, NH and number of carbon atoms in the
alcohol, NCA, was also considered in the input layer [35,37]. A max-
imum number of two hidden layers and a maximum of 10 nodes
per hidden layer were imposed and that there is only one expected
output per neural network architecture, i.e., the refractive index.

2.3. Determination of the parameters of the model

In this study, the basis for determining the best neural network
architecture is the one having the lowest mean absolute error, MAE
as in Eq. (1) and corroborated with the percentage error as in Eq.
(2). In Egs. (1) and (2), L is the total number of data points, Y,
is the predicted value and E, is the experimental or actual value.
The calculation flow diagram for choosing the best neural network
architecture is shown in Fig. 3.
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MAE:Z;|Y,—E,| (1)

Percentage Error = lE’E;Yl' x 100% (2)
I

The mathematical relationship between inputs, hidden layers
and outputs is described by weights, bias weights, and transfer
functions as follows [30]:
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