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Abstract. By using a model called density functional theory, the toxicity of ionic liquids can 

be predicted and forecast. It is a theory that allowing the researcher to have a substantial tool 

for computation of the quantum state of atoms, molecules and solids, and molecular dynamics 

which also known as computer simulation method. It can be done by using structural feature 

based quantum chemical reactivity descriptor. The identification of ionic liquids and its 

Log[EC50] data are from literature data that available in Ismail Hossain thesis entitled 

“Synthesis, Characterization and Quantitative Structure Toxicity Relationship of Imidazolium, 

Pyridinium and Ammonium Based Ionic Liquids”. Each cation and anion of the ionic liquids 

were optimized and calculated. The geometry optimization and calculation from the software, 

produce the value of highest occupied molecular orbital (HOMO) and lowest unoccupied 

molecular orbital (LUMO). From the value of HOMO and LUMO, the value for other toxicity 

descriptors were obtained according to their formulas. The toxicity descriptor that involves are 

electrophilicity index, HOMO, LUMO, energy gap, chemical potential, hardness and 

electronegativity. The interrelation between the descriptors are being determined by using a 

multiple linear regression (MLR). From this MLR, all descriptors being analyzed and the 

descriptors that are significant were chosen. In order to develop the finest model equation for 

toxicity prediction of ionic liquids, the selected descriptors that are significant were used. The 

validation of model equation was performed with the Log[EC50] data from the literature and 

the final model equation was developed. A bigger range of ionic liquids which nearly 108 of 

ionic liquids can be predicted from this model equation. 

 

1.   Introduction 
Salts which have a melting point temperature below the boiling point of water is also known as ionic 

liquids(ILs) which is now nearly 108 [1, 2]. Usually, ILs consist of an organic cation and combine with 

some inorganic anion such as Cl-, BF4
-, PF6

- which will be matching to the organic cation. Since the 

ionic liquids have high capability to be used in many applications in the world such as fuel cells [3, 4], 

batteries [5-7], sensors [8-10], extractants [11, 12], capacitors [13, 14], ionogels and solvents [11, 15-

19] in analysis, synthesis [15, 20, 21], catalysis and separation [22], they have been one of the interest 

in the industry. Most of the ionic liquids can be considered as a “green”, but nowadays the 

development of these compounds also may cause some accidental discharge and immoral pollution 

[16, 23]. 
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The definition of toxicity is the measure of its harmful effects on living organisms and it can be 

classified into three categories which are chemical toxicity, biological toxicity and physical toxicity. 

Recently, the toxicity of ILs has been given more consideration. Studies have shown that ILs do give 

harmful effect to human [16, 23], fish [20, 24], bacteria [25, 26] and many more. Therefore, ionic 

liquids are not so being considered as a naturally “green” [2, 16, 18, 24, 26]. Since the interest on ILs 

has raised, it’s only feasible to come up with a solution to measure its toxicity without the sacrifice of 

animals as lab tests. This could be done by a computational approach towards the properties of the 

ionic liquids and developing a model to analyze the toxicity levels of the liquid. The most important 

theory that needs to be implemented in this research paper will be the Density Functional Theory [27-

29]. The density functional theory is used to compute the descriptors such as chemical potential, 

ionization potential, electrophilicity index, as well as electron affinity of those ionic liquids [30-32]. 

All these properties are later compared with the different experimental data done on laboratory 

animals. From these validation, the toxicity with just the information needed from the density 

functional theory can be determined. 

In this project, the main apprehension will be to develop the theoretical model based toxicity 

descriptors such as HOMO, LUMO, electrophilicity index, electronegativity, refractive index, 

enthalpy, entropy, Gibbs free energy, polarization and dipole moment so that observation can be done 

on the characteristics of these descriptors and compare the results obtained with toxicity through 

experimentation. The objective of this research is to develop a theoretical model equation to predict 

the toxicity ILs based on Daphnia Magna. The scope of this project is to identify the theoretical model 

using density functional theory in Material Studio software specifically using a Dmol3 modules 

calculation for ILs based on Daphnia Magna. 

2.   Materials and methods 
2.1.   Dataset 

Ionic liquids based on Daphnia Magna with different head group of cations such as (Imidazolium, 

Pyridinium, Ammonium, Sulfonium), there were 31 ionic liquids have been chosen. The log[EC50] is 

considered as the direction for the toxicity which also being used for the model equation to develop.  

2.2.   Computational Methods 

Determination of interaction between the cation and anion in term of geometric optimizations and 

electronic structure calculations were made through a density functional theory computations using 

DMol3 module of Materials Studio software [33]. First, full structural optimization for cations and 

anions for each ILs were carried out; the generalized gradient approximation (GGA) and Perdew and 

Wang functional 91 (PW91) exchange-correlation functional in Dmol3 module calculation [34]. The 

basis set in Dmol3 module is set to the Double numerical plus polarization function (DNP) [35]. A 

real-space orbital global cut off of 3.7 Å was used for the geometry optimization and the self-

consistent field (SCF) convergence was set to 106. The convergence calculation conditions were 

compute as follows: energy = 1x10-5 Ha; Force = 2x10-3 Ha/ Å; displacement = 0.005 Å. The 

calculation process includes both geometry optimizations and energy calculation. 

At the PW91/GGA level of theory in Dmol3 module, the HOMO and LUMO were calculated from 

density functional theory results. The other molecular descriptor which are Electrophilicity Index (ω), 

Energy Gap (∆E), Chemical Potential (μ), Electronegativity (ᵡ), and Hardness (η), were obtained 

basically from the formulas that involve HOMO and LUMO value as shown in Table 1. 
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Table 1. Descriptors Calculation 

Descriptors Formula 

Energy Gap (∆E) 
∆E = ELUMO – EHOMO 

Chemical Potential (μ) 
μ = (EHOMO + ELUMO) / 2 

Hardness (η)  

η = (ELUMO – EHOMO) / 2 

 

η = (∆E) / 2 

Electrophilicity Index (ω) 
ω = (μ2) / (2η) 

Electronegativity (ᵡ) 
ᵡ = (– EHOMO - ELUMO) / 2 

2.3.   Statistical Analysis 

To develop a model equation for ILs, a data analysis known as multiple linear regressions (MLR) were 

conducted on selected descriptors that are significant to the Log10[EC50] from literature data. The 

reason in doing this MLR is because to obtain the best correlation between one dependent Log10[EC50] 

quantity (toxicity) with selected significant descriptors as variables. The multiple linear regressions 

(MLR) were conducted using the Data Analysis in Microsoft Excel 2016. Toxicity prediction model 

was developed based on the statistical information from the data analysis. 

2.4.   Data Training and Test Sets 

To develop a precise and accurate model equation, all the molecular descriptors were performed by 

MLR and from the results of MLR, the best correlated descriptors were selected. 80% of the ILs from 

based on Daphnia Magna were randomly picked to develop the MLR model and another 20% of ILs 

were used for the validation of the model. Flow chart below in Figure 1 shows the details of the model 

development. 
 

 

 

 

 

 

 
 
 
 
 
 
 
 

Figure 1 : Flow chart of methodology 
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3.   Results and discussion 
The studied descriptors were lowest unoccupied molecular orbital energy (ELUMO in kJ/mol), highest 

occupied molecular orbital energy (EHOMO in kJ/mol), hardness (η in kJ/mol), chemical potential (μ in 

kJ/mole), electrophilicity index (ω in kJ/mol), energy gap (∆E in kJ/mol), and electronegativity (ᵡ in 

kJ/mol). After the optimization of crystals structure of 31 ILs based on Daphnia Magna in Material 

Studio software, all the descriptors have been calculated after the HOMO and LUMO value was 

obtained from the computation of Dmol3 module in Material Studio software. 

3.1.   Statistical Analysis 

3.1.1 Multiple Linear Regressions (MLR) 

All the data sets consist of 14 descriptors were subjected to multiple linear regressions (MLR) to 

develop the model equation and the best relationship between one dependent variable log[EC50] and 

significant variables (descriptor) has been made for ILs based on Daphnia Magna. The significant 

descriptors were HOMO and LUMO for both cation and anion, and the electrophilicity index (ω in 

kJ/mol) of cation. The correlation is a linear equation is shown in Table 2. 

Table 2. Model Equation 

Category of ILs Equation of the model 

Daphnia Magna log[EC50] = - 1.1263 - 0.00991(EHOMO, cation) + 

0.0039995(ELUMO, cation) + 0.00005(ω, cation) + 

0.00535(EHOMO, anion) - 0.004511(ELUMO, anion) 
 

 

The computation of 14 descriptors were done after division of the descriptors for cations and 

anions. Therefore, there were 7 descriptors for cations and 7 descriptors for anions. The subject that 

being focused on is the log[EC50]. From MLR, Anova results produced and from it, the descriptors that 

significant to the log[EC50] from literature data can be determined. As can be seen in Table 2, the 

model equation, there are some descriptors that are correlated with log[EC50] and significant. The 

descriptors that significant to the log[EC50] of Daphnia Magna are 5 descriptors which are HOMO and 

LUMO of cation and anion, and electrophilicity index of cation. Only these 5 descriptors are 

significant to the log[EC50] of literature data, while the other 9 descriptors are not significant and 

correlated. 

For the organism, the HOMO and LUMO energy level feature to the pattern of reactivity and to the 

liability of electrons sharing in the ionic liquids. The lower the toxicity if the HOMO and LUMO 

value are lower. While for the electrophilicity index, it indicates the ability of ILs to accept electrons 

which means the lower the value of electrophilicity index, the lower the toxicity. The ILs which can be 

categorized as hard ILs also have a lower value of electrophilicity index.  

After the result of MLR, the final equation for toxicity prediction of ILs based on Daphnia Magna 

was produced. By using this equation, the validation of the value of log[EC50] for the ILs were done. 

As shown in Figure 2, the predicted log[EC50] are the value of log[EC50] by using the model equation 

and the experimental log[EC50] are the value of log[EC50] from the literature data. 
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Figure 2 : Graphical representation of experimental vs predicted toxicity of ILs (Daphnia Magna) 

 

Figure 2 shows graphical representation of experimental Log10[EC50] data from literature against 

predicted log10[EC50] from the model equation developed of Daphnia Magna. This graph plotted to 

show the consistency of the predicted data with the experimental data from literature. If the 

experimental data and predicted data lies on y=x line, it means that the predicted data are align and 

accurate with the experimental data from the literature. As can be seen in the graphs that, there are 

some inconsistency of predicted data against experimental data. This is because of there are some 

literature data that have different value of log[EC50] because it is from lot of reference. These outliers 

may be due to variability in the measurement or it may indicate as an experimental error.  

4.   Conclusion 
The toxicity prediction technique without experimental work based on density functional theory on 

ionic liquids based on Daphnia Magna help to find risk of ionic liquids that have high toxicity to 

environment and human. The discovery of this density functional theory based determination on 

toxicity prediction of ionic liquids based on Daphnia Magna can be used to design ILs for wide 

applications such as (solvents, catalyst etc. that harmful as toxic for environment and human) without 

sacrificing animals, plant, fish and some sort of experimental organism. A lot of sets of data can also 

be featured and computed in the future works. 
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