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Abstract

Ionic liquids (ILs) have many advantages. At the same time, the factors
affecting their melting points (Tm) are still obscure. Moreover, the synthesis in
order to generate new ILs is still within the term of trial and error. Therefore, the
present study concerning with the development of new theoretical models using
quantum mechanical calculations based on density functional theory
(DFT/B3LYP) in order to find an idea about the relationship between the
experimental Tm of ILs with their physical properties which might be helpful for
understanding the factors influencing the Tm of ILs. Thus, in this work 80 ILs of
different sets have been theoretically investigated which can be classified into four

categories:

Set A : Alkylammonium formate (RAF), includes nine ion pairs.

Set B : Alkylammonium nitrate (RAN), seven ion pairs.

Set C : Alkyl imidazolium bromide (RIMBr), includes fourteen ion pairs.
Set D : Tetra alkylammonium bromide (TRABr), includes fifty ion pairs.

Computational chemistry has been adopted for estimation the physical properties of
these ILs including more than ninety parameters in order to examine the
relationships between of these calculated properties with the Tm of sets A, B, C
and D together while boiling point (B.p) of ILs for set A only. Statistical methods
based on quantitative structure—property relationships QSPR have been performed
for finding and understanding the factors that influencing the Tm and B.P of the
presented ILs.

The effect of the basis sets on the calculated charges of Ethylammonium
formate and 1-ethyl-2-methylimidazolium bromide ILs has been explored using
three methods including Mulliken charges (Qwm), Natural population analysis (NPA)

and charges from electrostatic potentials using ChelpG method for ethyl
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ammonium formate (EAF) only. These methods based on DFT / B3LYP using 15

different basis sets. The results indicate that the NPA is less basis set dependent in
contrast to other methods. Interestingly, such achievement could reduce
significantly the consumed time of calculation through using a small bases set
which gives a considerable advantage to DFT method as becomes comparable to
that of semi-empirical from time consuming point of view.

The results indicate that the Tm of set A ILs are depended mainly on the
difference between total polar positive charge and total polar negative charge in ion
pair (AQtP) with correlation coefficient (r) equal to 0.84 5 and 0.808 using NPA and
Mulliken methods respectively. The model based of AQ¢P has been improved
through adding gamma effect (y) and the effect of presence of isopropyl group
(ISOG) which gives r values 0of 0.971 and 0.962 using NPA and Mulliken methods
respectively. While, the total charges on the methylene in alpha site (Qa-CHz)based
on the NPA gives best relationship with r equal to -0.862, and r=0.701 with
Mulliken method. The interaction energy (Ein) between cation and anion in set A
also has a significant predicting power with Tm as r =-0.750 and becomes r=-0.805
when using the corrected interaction energy (Ec). Addition y and ISOG effect to the
last parameter makes r equal to 0.930. The results showed that the values of frontier
energies HOMO and LUMO and properties which that derivative form them do not
affected by the changes in the basis sets. The electronegativity parameter as derived
from the frontier energies gave the good relationship (r=0.824) with Tm which
improved to become r= 0.894 through adding methyl group in the beta site in cation
as a correction factor. The results showed that the influence of the high occupied
molecular orbital (nenomo) for amines which is considered as neutral species of the
cations in the Tm of alkylammonium formate of r equal to -0.856. The results
exhibit that the total charges on the tail (Qntail) and the highest charge on the anion
(QnHA) of ILs are influenced on the boiling point of RAF with r equal to -0.867

and r equal to -0.700 respectively. The combination of those two parameters
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improve the relation significantly which give r equal to -0.950. The interaction

energy after correction Ec also give a good relationship with boiling point of ILs in
set A with r equal to 0.809.

For alkylimidazolium bromide (RIMBr) ILs, the charge on the carbon of a
position (Qa-C) shows the most predominance in the relation with their Tm of
r equal to 0.929 followed by the total valence connectivity, TVC of r equal to
0.796. The suggested packing parameter(ILp) which firstly employed in such
studies gives r equal to 0.742. Emerging Qa-C and the charge on the Br anion
parameters as Q(a-C/Br~) parameter gives a very good result with r equal to 0.946.
Furthermore the statistical functions are improved when combination the Qa-C
with QN*, QBr ~, ILp and distance between cation and anion to becomes r equal to

0.954, 0.951, 0.949 and 0.938 respectively.

Finally the theoretical investigation of fifty ILs of the type TRABr based on NPA
method. The result generally indicate that the charge distribution and steric factor
playing a major role in determining the Tm of these ILs. Two models for predicting
the Tm having physical significance have been developed. The first is of simple
regression with Qn-CHnnpa which gives r and SD equal to 0.721 and 55.4°C
respectively. This relationship is improved slightly when adding total connectivity
(TC) parameter to the Qn-CHnpa with r of predicting significance equal to 0.76 0
and 0.733 when combining Qn-CHypa with a-CHj;, B-CH; and Y-CHj;. While,
Connolly Solvent Excluded Volume (CSEV) gives the best relationship with r
equal to -0.766. The multiple linear regression with CSEV, a-CH3, B-CH; and Y-
CHj; which have r for prediction equal to -0.842. In general, it has been concluded
that the charge distribution in ILs molecules can be considered as the one of the
main factors that influencing the Tm of these salts. Finally the presented

investigations have been successfully employed for predicting two new ILs.



