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Introduction

Ionic liquids (ILs) are fascinating ionic materials that have attracted considerable attention due to their unique properties, which can be tailored for specific applications ranging from chemical synthesis and separation processes to media for electrochemical devices [START_REF] Rogers | Ionic liquids--solvents of the future?[END_REF][START_REF] Sundstrom | Demonstrating a separation-free process coupling ionic liquid pretreatment, saccharification, and fermentation with Rhodosporidiumtoruloides to produce advanced biofuels[END_REF][3].

Imidazolium-based ILs are very popular due to their chemical and thermal stability, wellestablished structural characterization, low viscosity, and their widespread potential applications [START_REF] Elgharbawy | Ionic liquids as a potential solvent for lipase-catalysed reactions: a review[END_REF][START_REF] Welton | Ionic liquids: a brief history[END_REF]. For example, varying the substituents of the imidazolium ring drastically changes the physical properties of these ILs [START_REF] Oster | Further development of the predictive models for physical properties of pure ionic liquids: Thermal conductivity and heat capacity[END_REF]. The attractive and potentially tunable properties of these fascinating materials make them not just replacements for conventional solvents, but open up opportunities to use them as new platforms for advanced multipurpose materials [START_REF] Ali | Hydrodynamic modeling of ionic liquids and conventional amine solvents in bubble column[END_REF][START_REF] Shamshina | Ionic Liquid Platform for Spinning Composite Chitin-Poly (lactic acid) Fibers[END_REF], for example by combining them with nanostructured materials [START_REF] Vazquez-Santos | TiO 2 Nanostructures as Anode Materials for Li/Na-Ion Batteries[END_REF]. Very recently, it has been pointed out that the chemical and physical properties of imidazoliumbased ILs are determined by the interactions between the counter-ions. In addition, the ability to control and varying the substitutes of these ionic materials drastically changes the physical properties [START_REF] Haddad | New dicationicpiperidiniumhexafluorophosphate ILs, synthesis, characterization and dielectric measurements[END_REF][START_REF] Haddad | Bis-methyl imidazoliummethylidenebis (trifluoromethanesulfonyl) imide, crystal structure, thermal and dielectric studies[END_REF][START_REF] Kaczmarek | Dicationic ionic liquids as new feeding deterrents[END_REF]. Further, studying DILs is another highly active area of research that aims at understanding the structure-property relationships. Despite the wealth of papers on DILs and their applications [START_REF] Patil | Dicationic ionic liquid thermal decomposition pathways[END_REF][START_REF] Gurung | Optical Kerr effect spectroscopy of CS2 in monocationic and dicationic ionic liquids: insights into the intermolecular interactions in ionic liquids[END_REF], there are a few experimental and computational studies on DILs to understand their structure-property relationships and NLO properties [START_REF] Águila | Theoretical study of the second-order nonlinear optical properties of ionic liquids[END_REF][START_REF] Castellanos-Águila | Tuning the nonlinear optical properties of the [alkyl-Py[END_REF][START_REF] Severiano-Carrillo | Studies of optical nonlinear properties of asymmetric ionic liquids[END_REF].

Studies of NLO properties of DILs are very important due to their potential applications in photonics and telecommunication, because each combination of anion and cation gives different value of NLO properties depending on the weak interaction of coupled cations with anions [START_REF] Castellanos-Águila | Tuning the nonlinear optical properties of the [alkyl-Py[END_REF].

One of the major positive points in ionic compounds in the NLO behavior is the possibility of alignment of ionic chromophores, which can be controlled by changing the counter ion [START_REF] Severiano-Carrillo | Studies of optical nonlinear properties of asymmetric ionic liquids[END_REF].

Moreover, such behavior depends on various parameters, such as the dispersion forces, the magnitude of interaction energy, and the hydrogen bonding interactions, the orientation and the predominant long-range coulombic forces [START_REF] Trejo-Durán | Nonlinear optical phenomena in Bi-ionic Liquids[END_REF]. From an experimental point of view, it is known, that the Z-scan technique is used to determine the NLO properties such as the nonlinear absorption and the index nonlinear refraction, due to its unpretentiousness [START_REF] Anandhi | Hyperpolarizability and two photon observation of imidazoliumpicrate[END_REF]. It is also reported that change of the refractive index can induce variations of the heat conduction process, which is directly related to the nonlocal character of the optical nonlinearity [START_REF] Williams | Nonlinear optical properties of organic and polymeric materials[END_REF].

Several theoretical studies [START_REF] Souza | Nonlocal optical nonlinearity of ionic liquids[END_REF][START_REF] Kodikara | Computational studies of the nonlinear optical properties of organometallic complexes[END_REF][START_REF] Marino | Second-harmonic generation from hyperbolic plasmonicnanorodmetamaterialslab[END_REF] showed that large second-order NLO responses in ILs could increase the response time of electro-optic switching elements for optical information processing and telecommunications. In order to determine the relation between NLO properties of ILs, Águila et al. [START_REF] Águila | Theoretical study of the second-order nonlinear optical properties of ionic liquids[END_REF] indicated that these ILs are good candidates for the development of NLO devices. Ostroverkhova et al. [START_REF] Ostroverkhova | Organic photorefractives: mechanisms, materials, and applications[END_REF] showed that ILs can be used in materials for optical holographic recording, in catalysis [START_REF] Song | Enantioselective chemo-and bio-catalysis in ionic liquids[END_REF] and for electrical-controlled memory systems [START_REF] Bugaychuk | Nonlinear optical properties of composites based on conductive metal-alkanoate liquid crystals[END_REF]. It is possible to increase the NLO response of ILs, with the increase of the π-conjugation group and introduce strong anion. In our DILs, the opportunity to change the anion ( and ) play a crucial role to increase the NLO response. To provide a more detailed understanding of the effect of chloride ( ) and hexafluorophosphate (PF 6 -) anion in these two DILs (bisImCl and bisImPF 6 ) based with xylene spacer group on physical and electronic properties, TGA, NMR and Raman spectroscopic techniques are employed to characterize those two DILs. In addition, the NLO properties of two DILs (bisImCl and bisImPF 6 ) were analyzed by calculating their polarizability, anisotropy of polarizability and first hyperpolarizability by performing DFT calculation using different functionals.

Materials and Methods

2.1.Synthesis and chemicals characterization

The reagents used in this study, 1-methyl-1H-imidazole (>99%), α,α′-dichloro-p-xylene (98%), diethyl ether and N,N-dimethylformamide, potassium hexafluorophosphate (99.5%)

were purchased from Fluka and used as received. Deionized water was obtained with a Millipore ion-exchange resin deionizer.

Synthetic procedure of DILs:

BisImCl DIL is synthesized in the same ways as reported in our previous work [START_REF] Haddad | Para-xylyl linked bis-imidazolium ionic liquids: A study of the conformers of the cation and of the anion-cation hydrogen bonding[END_REF]. As mentioned in the Scheme After drying, the samples were handled under argon atmosphere. The yield of obtained bisImPF 6 was 76%. The structures of obtained DILs are confirmed by using 1 H, 13 C, 19 F, 31 P-NMR and FTIR spectroscopy, in order to check the occurrence of the expected chemical reactions and confirm the absence of any impurities. The NMR analysis of both DILs is described in Section 3.3. Also, the 13 C, 19 F, 31 P-NMR spectroscopic data are given in Supporting Information (Figure S1-S2).

Instrumentation

NMR Spectroscopy:

1 H-NMR (500 MHz), 13 C-NMR (125.75 MHz), 19 F-NMR (470.62 MHz) and 31 

FTIR (bisImCl) : (  ~/cm -1 ): 3032 [ν(=C-H) Arom ], 2874[ν (C-H)], 1560[ν(C=C)], 1442 [δ(C- H)], 1081 [ν(C-N)], 742 [ν(C-H)].

3,3'-dimethyl-

(C-C),1451[δ(C-H)], 1081 [ν(C-N)], 822 [ν(P-F)], 612 [ν(C-H)].

FT-IR and FT-Raman spectroscopy

Preliminary IR spectra were recorded on a FT-IR Perkin-Elmer Spectrum BX spectrophotometer with a resolution of 4 cm -1 in the range 4000-650 cm -1 in order to check the occurrence of the expected chemical reactions and the production of the DILs.

The FT-RAMAN spectra were acquired on a Vertex 70-RAM II Bruker FT-Raman spectrometer. This instrument is equipped with a Nd:YAG laser (yttrium aluminium garnet crystal doped with triply ionized neodymium) with a wavelength of 1064 nm and a maximum power of 1.5 W. The measurement accessory is pre-aligned: only the Z-axis of the scattered light is adjusted to set the sample in the appropriate position regarding the local measurement point. The RAM II spectrometer is equipped with a liquid nitrogen cooled Ge detector. FT-Raman spectra [45-4000 cm -1 ] were collected with 1 cm -1 resolution by co-adding 128 scans

for each spectrum at room temperature. The OPUS 6.0 software was used for the spectral acquisition, manipulation and transformation.

Thermal analysis

Concomitant thermogravimetric analysis (TGA) and differential thermal analysis (DTA) measurements were performed by means of a Setaram Setsys Evolution 1200 TG System. For each sample, a mass of ~15 mg was used; the heating rate temperature was fixed at 5 °C/min and the measurements were performed under a dynamical helium flux of 60 ml/min.

Quantum Chemical Calculation

The DFT/B3LYP level having 6-311++G(d,p) basis set were employed to optimize the geometries of both DILs in gas phase. This level was also used for predicting the interactions between cation and anion in DILs by using the AIM 2000 program at the same level of theory [START_REF] Bader | AIMPAC: a suite of programs for the theory of atoms in molecules[END_REF][START_REF] König | AIM2000-a program to analyze and visualize atoms in molecules[END_REF]. Then, the scaled quantum mechanical force field (SQMFF) approach and the Molvib program were employed in the vibrational analysis together with the normal internal coordinates [START_REF] Pulay | Combination of theoretical ab initio and experimental information to obtain reliable harmonic force constants. Scaled quantum mechanical (QM) force fields for glyoxal, acrolein, butadiene, formaldehyde, and ethylene[END_REF][START_REF] Rauhut | Transferable scaling factors for density functional derived vibrational force fields[END_REF][START_REF] Sundius | Scaling of ab initio force fields by MOLVIB[END_REF]. In the assignments process only those potential energy distribution (PED) contributions  10 % have been considered. The mean polarizability , anisotropy polarizability , the hyper-Rayleigh scattering (HRS) first hyperpolarizability and the depolarization ratio (DR) are reported and interpreted for these DILs. These calculations are performed using selected exchange-correlation (XC) DFT functionals, B3LYP and CAM-B3LYP at the 6-311+G(d) and aug-cc-pVDZ basis sets. The Gaussian 09 suite of programs [START_REF] Frisch | Gaussian09, revisions D. 01 and B. 01[END_REF] was used for all calculations. The GaussView 5.1 program [START_REF] Dennington | [END_REF] was used to visualize the structures and the frontier molecular orbitals HOMOs and LUMOs. The dispersion effects were taken into account using the CAM-B3LYP functional with 6-311++G (d,p) basis set [START_REF] Becke | Density-functional exchange-energy approximation with correct asymptotic behaviour[END_REF]. The Moldraw program was used to visualize the cationsanions interactions in both DILs and to calculate the volumes of cations and both DILs [START_REF] Ugliengo | Moldraw Program[END_REF].

Results and discussion

Optimized structures of DILs

Optimized structures of BisIm cation, and ionic liquids BisImCl and BisImPF 6 in gas phase by using B3LYP/6-311++G** calculations can be easily seen in Figure 1 while in Figure 2 are shown the intermolecular cations-anions contacts by using the same level of theory with the Moldraw program [START_REF] Ugliengo | Moldraw Program[END_REF]. R1 and R2 are designed to the five member's rings while R3 is named to six members ring. In BisImCl it is possible to observe monodentate ccordinations of Cl atoms with C-H bonds of imidazolium groups while in bisImPF 6 only a PF6 group is in monodentate coordination with the C-H bond corresponding to cation. This fact implies that the Cl atoms have higher facility to interaction with the H atoms of C-H bonds than the PF 6 . In Table 1 are summarized calculated and corrected by ZPVE total energies, dipole moments and volumes of cation and ionic liquids bisImCl and bisImPF 6 in gas phase by using B3LYP/6-311++G** calculations. The ionic liquid bisImCl presents the higher dipole moment value probably due to great size of Cl atoms while the higher volume is observed for bisImPF 6 . Note that the energies values have lower values when they are corrected by ZPVE, as also was observed in the ionic liquid 1-Ethyl-3-methylimidazolium hexafluorophosphate [START_REF] Boumediene | Bidentatecation-anion coordination in the ionic liquid 1-ethyl-3-methylimidazolium hexafluorophosphate supported by vibrational spectra and NBO, AIM and SQMFF calculations[END_REF]. 

AIM studies

The Bader's theory is a tool very attractive to know the characteristics of different interactions by means of the topological properties by using the AIM 2000 program and the molecular graphics obtained accordingly [START_REF] Bader | AIMPAC: a suite of programs for the theory of atoms in molecules[END_REF][START_REF] König | AIM2000-a program to analyze and visualize atoms in molecules[END_REF]. For both bisImCl and bisImPF 6 the corresponding molecular graphics in gas phase by using B3LYP/6-311++G** calculations are given in Figures 3 and4, respectively. 

C2-H15•••F427, C2-H15•••F47, C6-H10•••F43, C34-H37•••F44, C31-H35•••F467, C19- H23•••F50, C26-H28•••F50, C30-H33•••F50, C30-H33•••F54 and C36-H38•••F54.
In this ionic liquid there are thirteen new RCPs. Hence, these studies suggest a high stability for bisImPF 6 , as compared with bisImCl due to high number of H bonds interactions.

NMR Spectroscopy

The above studies have allowed observing that probably the different interactions in DILs and the nature of anion would significantly affect the 1 H-NMR chemical shifts when these

ILs have strongly coordinating anions. For these reasons, the NMR spectroscopy has been widely used to elucidate the structure and cation-anion interactions in ILs [START_REF] Noack | The role of the C2 position in interionic interactions of imidazolium based ionic liquids: a vibrational and NMR spectroscopic study[END_REF][START_REF] Headley | The effect of the anion on the chemical shifts of the aromatic hydrogen atoms of liquid 1-butyl-3-methylimidazolium salts[END_REF][START_REF] Rigby | Assessment of atomic partial charge schemes for polarisation and charge transfer effects in ionic liquids[END_REF][START_REF] Blundell | Tuning cation-anion interactions in ionic liquids by changing the conformational flexibility of the cation[END_REF][START_REF] Hunt | The structure of imidazolium-based ionic liquids: Insights from ion-pair interactions[END_REF][START_REF] Tsuzuki | Theoretical analysis of the hydrogen bond of imidazolium C 2-H with anions[END_REF][START_REF] Cremer | Towards a Molecular Understanding of Cation-Anion Interactions-Probing the Electronic Structure of Imidazolium Ionic Liquids by NMR Spectroscopy, X-ray Photoelectron Spectroscopy and Theoretical Calculations[END_REF].

For investigating intermolecular interactions and effect of anion on ),

suggesting that the anion plays a major role in determining the C 2 -H chemical shift.

In our case, the finding clearly indicates that the chloride anion has the ability to form a tighter interaction with the hydrogen atoms C 2 -H position of the imidazolium cation than PF 6 , as observed in figure 2. On the other hand, the charge transfer between cations and anions plays a crucial role in the interionic interactions. Our results agree very well with previously published works [START_REF] Ibrahim | Synthesis and characterization of imidazolium salts bearing fluorinated anions[END_REF][START_REF] Haddad | Influence of methyl and propyl groups on the vibrational spectra of two imidazolium ionic liquids and their non-ionic precursors[END_REF]. It is also reported that the charge transfer in the case of the chloride anion is considerably higher than that of the hexafluorophosphate anion [START_REF] Haddad | para-Xylyl bis-1-methylimidazolium bis (trifluoromethanesulfonyl) imide: Synthesis, crystal structure, thermal stability, vibrational studies[END_REF].

Chemical shifting towards upfield region values from chloride anion to PF 6 , can be explained on basis of basicity nature and coordinating behaviour of anion. It is considered that PF 6 anion acts as one of the least basic anions, larger and weaker coordinating anion, supported by previous work [START_REF] Haddad | Synthesis, conductivity, and vibrational spectroscopy of tetraphenylphosphonium bis (trifluoromethanesulfonyl) imide[END_REF][START_REF] Boumediene | Synthesis, thermal stability, vibrational spectra and conformational studies of novel dicationic meta-xylyl linked bis-1-methylimidazolium ionic liquids[END_REF]. investigated meta -xylyl linked ionic liquids [START_REF] Boumediene | Synthesis, thermal stability, vibrational spectra and conformational studies of novel dicationic meta-xylyl linked bis-1-methylimidazolium ionic liquids[END_REF]. In case of 31 P-NMR spectrum, signal of P atom is appeared -144.3 ppm with coupling constant (J P-F ) 711.13 Hz [START_REF] Boumediene | Synthesis, thermal stability, vibrational spectra and conformational studies of novel dicationic meta-xylyl linked bis-1-methylimidazolium ionic liquids[END_REF]. Again, these values were found to be in good agreement with published data for related compounds [START_REF] Boumediene | Bidentatecation-anion coordination in the ionic liquid 1-ethyl-3-methylimidazolium hexafluorophosphate supported by vibrational spectra and NBO, AIM and SQMFF calculations[END_REF][START_REF] Haddad | Effects of C(2) Methylation on Thermal Behavior and Interionic Interactions in Imidazolium-Based Ionic Liquids with Highly Symmetric Anions[END_REF][START_REF] Moumene | Vibrational Spectroscopic Study of Imidazolium Dicationic Ionic Liquids: Effect of Cation Alkyl Chain Length[END_REF].

Vibrational study

B3LYP/6-311++G** calculations have optimized the structures of two DILs (bisImCl and bisImPF 6 ) and the corresponding to cation in gas phase with C 1 symmetries, for which, all modes are IR and Raman active. The number of vibrations modes expected for cation, bisImCl and bisImPF 6 are respectively 114, 120 and 154. Here, the SQMFF methodology, transferable scaling factors and normal internal coordinates were used together with the Molvib program to compute the harmonic force fields for cation and bisImCl while for bisImPF 6 only the bands predicted in the 4000-2000 cm -1 region due to the annharmonicity predicted were considered by using recommended scaling factors [START_REF] Pulay | Combination of theoretical ab initio and experimental information to obtain reliable harmonic force constants. Scaled quantum mechanical (QM) force fields for glyoxal, acrolein, butadiene, formaldehyde, and ethylene[END_REF][START_REF] Rauhut | Transferable scaling factors for density functional derived vibrational force fields[END_REF][START_REF] Sundius | Scaling of ab initio force fields by MOLVIB[END_REF]. In figure 6, ).The Raman spectra of both DILs were measured over the frequency range 45-4000 cm -1 . In figures S3, S4 and S5 are presented comparisons between the predicted infrared and Raman spectra of cation, bisImCl and bisImPF 6 . In Table 2 are summarized observed and calculated wavenumbers (cm -1 ) and assignments for cation and ionic liquids bisImCl and bisImPF 6 in gas phase by using B3LYP/6-311++G** calculations. The Raman spectra predicted in activities were converted to intensities. The detailed of the vibrational assignments are given below.

Table 2.

Observed and calculated wavenumbers (cm -1 ) and assignments for bisIm cation, and ionic liquids bisImCl and bisImPF 6 in gas phase by using B3LYP/6-311++G** calculations. 

C=C, C-C and C-N vibrations

The C=C vibrational frequencies are the significant characteristic bands in the vibrational spectra of phenyl and imidazolium rings, hence, the observed Raman bands at 1616, 1583, 1559 and 1550 cm -1 are assigned to C=C vibrations for bisImCl, and at 1618 and 1607cm -1 in bisImPF 6 (Figure 7). This is in excellent agreement with the values predicted in our previous works [START_REF] Haddad | Influence of methyl and propyl groups on the vibrational spectra of two imidazolium ionic liquids and their non-ionic precursors[END_REF][START_REF] Boumediene | Synthesis, thermal stability, vibrational spectra and conformational studies of novel dicationic meta-xylyl linked bis-1-methylimidazolium ionic liquids[END_REF]. In the cation, the C-C, C-N stretching and in-plane N-C-H bending, related to the imidazole ring and the C-C aromatic stretching vibrations covering the spectral range from 1500 to 1110 cm -1 . The calculations predict the N-C stretching modes in the bisImCl at 1530, 1525, 1341, 1339, 1306, 1297, 1145 and 1143 cm -1 , hence, they can be assigned in these regions while in bisImPF 6 these modes are predicted at higher wavenumbers. Thus, these modes can be assigned to the Raman bands observed in those regions predicted by calculations. The C2-H15 and C30-H33 bending modes in the cation are predicted at 1267 and 1257 cm -1 while the presence of Cl atoms in bisImCl produces a shifting of C2-H15 and C30-H33 bending modes toward higher wavenumbers. Hence, these two modes in the chlorinated ionic liquid are predicted at 1279 and 1271 cm -1 while in bisImPF 6 both are predicted at 1176 and 1174 cm -1 .

For these reasons, the Raman bands observed in these regions can be easily attributed to these vibration modes.

The SQM calculations predict the C-N stretching modes corresponding to N-CH 2 (N26-C26 and N3-C7) in bisImCl at 1145 and 1143 cm -1 while in bisImPF 6 these modes are predicted at higher wavenumbers. Thus, those modes can be assigned accordingly and, as supported by literature data [START_REF] Endo | NMR Study of Cation Dynamics in Three Crystalline States of 1-Butyl-3-methylimidazolium Hexafluorophosphate Exhibiting Crystal Polymorphism[END_REF][START_REF] Talaty | Raman and infrared spectra and ab initio calculations of C2-4MIM imidazolium hexafluorophosphate ionic liquids[END_REF]. The C-C stretching vibrations of bisImCl are found at 1288, 1193, 1172 and 827 cm -1 while in bisImPF 6 these modes are predicted in approximately the same regions but strongly mixed with bending modes of both five members rings and are in good agreement with those found in the characteristic group frequency tables [START_REF] Haddad | Influence of methyl and propyl groups on the vibrational spectra of two imidazolium ionic liquids and their non-ionic precursors[END_REF][START_REF] Boumediene | Synthesis, thermal stability, vibrational spectra and conformational studies of novel dicationic meta-xylyl linked bis-1-methylimidazolium ionic liquids[END_REF]. have been found to be very strong in the Raman spectra and these appear in the range 900-700 and 600-200 cm -1 (Figure 8). The antisymmetric P-F stretching modes are assigned at 843 and 836 cm -1 while the symmetric stretching mode is assigned to the Raman band at 806 cm -1 , as was observed in [EMIM + ][PF 6 -] [START_REF] Boumediene | Bidentatecation-anion coordination in the ionic liquid 1-ethyl-3-methylimidazolium hexafluorophosphate supported by vibrational spectra and NBO, AIM and SQMFF calculations[END_REF]. The group of bands at 548 and 532 cm -1 can be easily assigned to F-P-F deformations or scissors mode of PF 6 while the bands at 471, 469 and 451 cm -1 are assigned to torsions of PF 6 anion. The bands at 298, 296 and 291 cm -1 are assigned to rocking modes of these groups while the Raman band at 282 cm -1 is assigned to waging modes of these groups [START_REF] Boumediene | Bidentatecation-anion coordination in the ionic liquid 1-ethyl-3-methylimidazolium hexafluorophosphate supported by vibrational spectra and NBO, AIM and SQMFF calculations[END_REF]. Assignments of the P-F stretching modes have been reported over the range by Talaty et al. [START_REF] Talaty | Raman and infrared spectra and ab initio calculations of C2-4MIM imidazolium hexafluorophosphate ionic liquids[END_REF]. 

Force fields

Scaled internal force constants for [bisIm + ] cation and ionic liquid [bisImCl] were calculated because these parameters are useful to predict the forces of different bonds. Thus, the harmonic force fields were used to computed those constants by using B3LYP/6-311++G** calculations. Comparisons of scaled internal force constants obtained for [bisIm + ] cation and ionic liquid [bisImCl] in gas phase can be seen in Table 3 compared with those reported for

[EMIM + ][PF 6 -
] [START_REF] Boumediene | Bidentatecation-anion coordination in the ionic liquid 1-ethyl-3-methylimidazolium hexafluorophosphate supported by vibrational spectra and NBO, AIM and SQMFF calculations[END_REF]. The comparisons between the force constants for cation and [bisImCl] show that the incorporations of two Cl atoms to cation generate differences important in the f(C-H) R5 and f(C=C) R5 force constants and affect slightly to f(CH 2 ) constants. Obviously, the Cl atoms due to its electronegativities are coordinated to cation by C-H•••Cl bonds producing decreasing in the f(C-H) R5 values while increase the values of f(C=C) R5 force constants. Note that the cation-anion coordination is slightly higher in the ionic liquid

[EMIM + ][PF 6 -
] increasing the f(C-H) R5 constant value to 5.41 mdyn Å -1 and of the f(C-N) R5 constant to 6.70 mdyn Å -1 [START_REF] Boumediene | Bidentatecation-anion coordination in the ionic liquid 1-ethyl-3-methylimidazolium hexafluorophosphate supported by vibrational spectra and NBO, AIM and SQMFF calculations[END_REF]. 

Thermal properties

The thermal behavior of bisImCl and bisImPF 6 was investigated by means of concomitant TGA/DTA measurements. The experimental DTA data of bisImCl and bisImPF 6 DILs are shown in figure9. Concerning the melting process, it was observed in bisImPF 6 by an endothermic peak at ~230°C, as result of a change from thermograms baseline. In the case of bisImCl, the DTA peak at the lowest temperature (~ 280 °C) seems to correspond to the first step of decomposition rather than to the melting process (see TGA results of figure10). From experimental results, it is clear that bisImCl and bisImPF 6 DILs are thermally stable at least up to 200°C and exhibit two different decomposition temperature values, which are included in the 280-400 °C range. The decomposition temperature of bisImCl is less than bisImPF 6 DIL. Nature of decomposition of bisimCl is different from bisImPF 6 . From above experimental results, it is clear that the anion can affect significantly on decomposition of these DILs and can be explained on basis of intermolecular interaction and coordinating nature of anion. Due to highly coordinating nature of PF 6 anion, the decomposition temperature of bisImPF 6 is higher than bisImCl DIL.

Electrical properties

The HRS first hyperpolarizability (β HRS )can be deduced from electric field-induced second harmonic generation (EFISHG) measurements. Here, the β HRS is related to the HRS intensity for non-polarized incident light and observation of plane-polarized scattered light made perpendicularly to the propagation plane. By using the HRS method, we can obtain several independent tensors for β calculation, which is not possible by EFISHG [START_REF] Castet | Reference molecules for nonlinear optics: A joint experimental and theoretical investigation[END_REF].In HRS, the depolarization ratios (DR) can also be calculated. For a non-polarized incident signal, and for the reason that both polarizations are detected with equal sensitivity, the orientational average over is:

(

The full expressions of and can be obtained from previously reported work [START_REF] Bersohn | Double-quantum light scattering by molecules[END_REF].The associated DR is defined as:

(2)

These two terms are orientational averages of the β ijk tensor. All 10 calculated hyperpolarizability β ijk contributions can be deduced from the direct hyperpolarizability calculations. These HRS invariants are calculated without assuming Kleinman's conditions.

TheB3LYP and CAM-B3LYP functionalswere adopted for calculating the polarizability α, and first hyperpolarizability β, at the 6-311+G(d) and aug-cc-pVDZ basis sets. The results of the calculation after geometry optimization are reported in Table4. Both DFT functionals showed high β HRS values for both the bisImCl and bisImPF 6 DILs (Table 4). The results

show in first the high values of the average polarizability obtained by the B3LYP and CAM-B3LYP functionals. The maximum value of in bisImPF 6 is 294.8 a.u. using CAM-B3LYP/6-311+G(d) calculation. Small differences in these values are obtained with different functionals and basis sets; however, the observed differences are insignificance.It must be noted that the average polarizability is mostly driven by the DILs size while the polarizability anisotropy presents more subtle variations as a function of these DILs. DFT/B3LYP calculation gives the highest β HRS values for bisImCl DIL, the CAM-B3LYP functional shows satisfactory hyperpolarizability results (Table 4and Figure 12). From our previous studies [START_REF] Hadji | Theoretical study of nonlinear optical properties of some azoic dyes[END_REF][START_REF] Hadji | Molecular structure, linear and nonlinear optical properties of some cyclic phosphazenes: A theoretical investigation[END_REF][START_REF] Hadji | Structural, optical and nonlinear optical properties and TD-DFT analysis of heteroleptic bis-cyclometalated iridium (III) complex containing 2phenylpyridine and picolinate ligands[END_REF],it can be state that the CAM-B3LYP functional has shown to predict reliable hyperpolarizability of different compounds.In case of the presence of the , and using the6-311+G(d) and aug-cc-pVDZbasis sets, the B3LYP functional givesthe lowest values of the mean polarizabilities . On the other hand, the bisImClshows the highest β HRS values (β HRS = 516.6 a.u.) using the B3LYP/6-311+G(d) calculation. Shkir et al. [START_REF] Shkir | First principal studies of spectroscopic (IR and Raman, UV-visible), molecular structure, linear and nonlinear optical properties of l-arginine p-nitrobenzoate monohydrate (LANB): a new non-centrosymmetric material[END_REF]showed that the hyperpolarizability in ILs strongly depend on cation-anion interactions. In our ILs, the β HRS of bisImClis 474.5 a.u. and for the bisImPF 6 , the β HRS is 122.3 a.u. using B3LYP/aug-cc-pVDZ calculation. Therefore, the effect of the anion on the first hyperpolarizabilities values is crucial. This is maybe due to the stronger Coulombic interactions and the weaker van der Waals interactions in the case of bisImCl ion-pairs, whereas in the bisImPF 6 ion-pairs, the charge is more dispersed reported by Raabe et al. [START_REF] Raabe | Thermodynamical and structural properties of imidazolium based ionic liquids from molecular simulation[END_REF].This interaction plays an important role to affect the NLO properties. The understanding of these interactions is a challenge in particular for ILs.

Bishopet al. [START_REF] Bishop | Dipole, quadrupole, octupole, and dipole-octupole polarizabilities at real and imaginary frequencies for H, HE, and H 2 and the dispersion-energy coefficients for interactions between them[END_REF] had compared first hyperpolarizabilities (β) of ions and showed that the chloride ion ( ) had a strong first hyperpolarizabilities (β) compared to the ions studied in their paper.Also, the high hyperpolarizability of bisImCl can be related to the high binding energy between the and the cation [START_REF] Khan | Effect of the cation on the interactions between alkyl methyl imidazolium chloride ionic liquids and water[END_REF]. We can calculate this energy by doing the differences between the total energies of the ion pairs and the separated ions. Zhang et al. [START_REF] Zhang | Binding energy and the third-order nonlinear optical susceptibility of an exciton in GaAs/AlGaAs core/shell spherical quantum dot[END_REF] showed that the binding energies are depended dramatically on the second hyperpolarizability. On the other hand, Rodriguez etal. [START_REF] Rodriguez | Local structure in ionic liquids investigated by hyper-Rayleigh scattering[END_REF]showed in their study of the β HRS in ILs using DFT calculations, that the presence of anion in their series of ILs reduces the β HRS values compared to BF 4 and TFSI anions. Similar findings are observed in our present work. The β HRS of each DILs studied in this work is affected by the cation-anion interaction, the cation-anion association result electron charge redistribution, which characterise by a predominant dipolar nature. Indeed, the DR values show the dipole character for these DILs (Table 4 and Figure 11), their values are range from 7.1 to 7.5 using CAM-B3LYP calculations. The HRS value of bisImPF 6 isobtained at the B3LYP functional is same to the PF 6 anion-based imidazolium IL (bmimPF 6 ) [START_REF] Rodriguez | Local structure in ionic liquids investigated by hyper-Rayleigh scattering[END_REF]. The first hyperpolarizabilityβ of these DILs is more than five times higher than the urea [START_REF] Sakthi | A Complete DFT, TD-DFT and Non-Linear Optical Property Study on 6-Amino-2-Methylpyridine-3-Carbonitrile[END_REF][START_REF] Ledoux | Influence of the molecular environment in solution measurements of the second-order optical susceptibility for urea and derivatives[END_REF] using B3LYP/aug-cc-pVDZ. From theoretical results, it can be stated that these DILs have shown very good NLO activity.

Figure 11.

and DR for bisImCl (7a) and bisImPF 6 (7b) obtained at different levels theory.

Frontier molecular orbitals (FMOs)

The energy difference (Δε) between the HOMO and LUMO orbitals of these DILs can explain the eventual charge transfer interaction taking place between the cation and anion.

The ability to donate an electron is due to the HOMO orbital while the ability to obtain an electron is due to the LUMO. The B3LYP/6-311+G(d) calculations show that Δε varied from 1.96 eV in bisImCl to 3.56 eVinbisImPF 6 (Table 4 andFigure 12), which implies that the bisImClhas low Δε values to transfer electrons between the occupied and unoccupied orbitals. Figure 13 shows that the isodensity surface of the HOMO orbital of these two ILs predicted by the two functionals B3LYP and CAM-B3LYP with the two basis sets 6-311+G(d) and aug-cc-pVDZ are similar. The two DFT levels show that these FMOs are π-orbitals originated from p atomic orbitals. The HOMO orbital for the bisImCl is centred in the anion, while the LUMO orbital is delocalized in the imidazolium ring. This segment shows the positive charge density. In the case of bisImPF 6 , the HOMO orbital is delocalised in the imidazolium ring. Unlike bisImCl DIL, the CAM-B3LYP functional using the two basis sets 6-311+G(d) and aug-cc-pVDZ shows that the HOMO in bisImPF 6 is mainly localized on the phenyl moiety and not in the anion. This fact suggests a weak charge transfer and therefore low hyperpolarizabilities values compared to those obtained for the bisImCl(Table 4). The LUMO shows an electron density delocalized over the cation group.

In present work, HOMO orbital of bisImPF 6 is delocalised in the imidazolium ring segment and not in the PF 6 .Supported by previously reported work [START_REF] Yousefi | Imidazolium-based ionic liquids as modulators of corrosion inhibition of SDS on mild steel in hydrochloric acid solutions: experimental and theoretical studies[END_REF]. From these analyses, it can be said that it is reasonable to assume that the imidazolium ring in the case of the bisImPF 6 DIL acts as the main site to donate electrons.

For the bisImClDIL using the B3LYP/6-311+G(d) calculation, the Δε is 1.96 eV as shown in results for the bisImClindicate that the bisImCl is easier to polarize, whereas, the bisImPF 6 carries a good resistance for polarization. The high value of gap predicted for bisImPF 6 (3.19 eV) as compared to value obtained for bisImCl (1.96 eV) suggest a high reactivity of bisImCl. Here, the ten H bonds interactions predicted for BisImPF 6 together with the thirteen new RCPs by AIM calculations justify clearly the low reactivity of this ionic liquid.

An inverse relationship has been found between the gaps and  HRS . Indeed, high values of first hyperpolarizabilities HRS were obtained for low Δε values. The same observation has been reportedin our recent study on the hyperpolarizabilitiesofthediphenylferrocenylbutene derivatives using theoretical calculations [START_REF] Hadji | First theoretical study of linear and nonlinear optical properties of diphenyl ferrocenyl butene derivatives[END_REF].

4.Conclusions

In the present work, two new di-cationic ionic liquids, namely 3, (α) and the static first hyperpolarizabilities (β) compared to bisImPF 6 . The β values for bisImPF 6 using B3LYP/aug-cc-pVDZ level are more than 5 times of that of urea and bisImCl. However,depolarization ratios (DR) remain constant for these DILs.It is also observed an inversed correlation between the predicted β value and the HOMO-LUMO energy difference (Δε) from two state models. The AIM calculations suggest a high stability of bisImPF 6 , as compared to bisImCl DIL which is supported by the high gap value predicted for this ionic liquid. Hence, a higher reactivity is revealed for bisImCl DIL.

The complete assignments for cation, bisImCl and bisImPF are here reported together with a set of harmonic scaled force constants calculated for cation and bisImCl.

  P-NMR (202.47 MHz) spectra were recorded on a Bruker DRX 500 MHz spectrometer. Spectra were recorded in dimethylsulfoxide (DMSO-d 6 ), using the DMSO residual peak as the 1 H internal reference (δ = 2.5 and 3.3), and the central peak of DMSO-d 6 at δ = 39.5 for the 13 C reference. Chemical shifts (δ) are given in ppm and referred to the internal solvent signal, namely TMS, H 3 PO 4 and CFCl 3 , respectively.

Figure 1 .

 1 Figure 1. Optimized structures of bisIm cation, and ionic liquids bisImCl and bisImPF 6 in gas phase by using B3LYP/6-311++G** calculations.

Figure 2 .

 2 Figure 2. Optimized structures of ionic liquids bisImCl and bisImPF 6 in gas phase showing the intermolecular cations-anions contacts by using B3LYP/6-311++G** calculations.

Figure 3 .

 3 Figure 3. Molecular graphic of bisImCl in gas phase showing the intermolecular interactions by using B3LYP/6-311++G** calculations.

Figure 4 .

 4 Figure 4. Molecular graphic of bisImPF 6 in gas phase showing the intermolecular interactions by using B3LYP/6-311++G** calculations.

Figure 5 .

 5 Figure 5. 1 H-NMR spectra of bisImCl and bisImPF 6 in DMSO-d 6 . The experimental 13 C-NMR spectra of bisImCl and bisImPF 6 in DMSO-d 6 are presented in ESI-FigureS1. In 13 C-NMR spectrum, seven signals were observed for both DILs. For the bisImCl, DIL,C 4 and C 5 carbons of imidazolium give signals and appeared at δ c = 122.5, 124.4 ppm, respectively; while, the chemical shift of the C 2 signal is located at 137.2 ppm. In the other side, the aromatic phenyl carbons (-C aro -) are highly electronegative and decrease the electron density at the ring carbon. Therefore, they show very high chemical shifts values observed at 129.40, 135.8 ppm. The peak for methylene (-C methylene -) carbonis appeared at

  and the carbon of N-methyl (C methyl ) has peak at 36.2 ppm. Similarly, the13 C-NMR signals of bisImPF 6 are approximately constant compared within the whole carbon groups in bisImCl and changes are very small. Both 1 H and13 C-NMR results are in good agreement with those obtained from same analogues DILs with bromide anion published by Ibrahim et al.[START_REF] Ibrahim | Synthesis and characterization of imidazolium salts bearing fluorinated anions[END_REF]. Finally, the19 F of bisImPF 6 showed two signals at -70.8 and -69.3 ppm from coupling between six equivalent fluorine nuclei and phosphorus nucleus with coupling constant 711 Hz and septet (Figure.S2), both signals are very similar to those reported in our

7 and 8

 8 are presented the comparisons between the experimental Raman spectra in different wavenumbers regions. Our investigated DILs are composed of two cations bis-imidazolium linked with xylene spacer and two anions of chloride (Cl -) and hexafluorophosphate (PF 6 -

Figure 7 .

 7 Figure 7. Experimental Raman vibrational spectra of bisImCl and bisImPF 6 in the frequency range 500-1800 cm -1 .

  311++G** calculations have clearly predicted the vibrations modes of both PF6 groups of bisImPF6. The observed bands of the P-F stretching vibrations in bisImPF 6 DIL

Figure 8 .

 8 Figure 8. Experimental Raman vibrational spectra of bisImPF 6 in the frequency range 300-1000 cm -1 .

Figure 9 .

 9 Figure 9. Heat flow (DTA) curves for the investigated bisImCl and bisImPF 6 DILs as a function of temperature. Additionally, the TGA curve shows a multistep degradation process associated with the thermal decomposition of the PF 6 anion in the temperature range of 280-380 °C and the release next to bisIm cation in the temperature range 380-500 °C, respectively. The TGA study exactly fits and confirms the DTA study.

Figure 10 .

 10 Figure 10. Thermal gravimetric analysis (TGA) for the investigated bisImCl and bisImPF 6 DILs.

Figure 12 .

 12 Figure 12.Evolution of the andΔε for bisImCl (upper panel) and bisImPF 6 (lower panel) determined at different levels of approximation.

Figure 13 .

 13 Figure 13.HOMO and LUMO orbitals of bisImCl and bisImPF 6 DIL and theirΔε (in eV) estimated by B3LYP and CAM-B3LYP functionals at 6-311+G(d) and aug-cc-pVDZ basis sets.

Figure 12and Table 4 .

 4 Figure 12and Table 4.On the other hand, for the bisImPF 6 DIL, the Δε value was 3.19 eV, which is higher than in bisImClDIL. The high polarizability and first hyperpolarizability

  3'-dimethyl-1,1'-(1,4phenylenedimethylene)-bis(1H-imidazolium) dichloride (bisImCl) and 3,3'-dimethyl-1,1'-(1,4-phenylenedimethylene)-bis(1H-imidazolium) bis(hexafluorophosphate) (bisImPF 6 ) were successfully synthesized. Both ionic liquids have been characterized by FT-Raman and 1 H-and 13 C-NMR spectroscopies. Monodentatecordinations of Cl atoms with C-H bonds of imidazolium groups were predicted for BisImCl by B3LYP/6-311++G** calculations while in BisImPF 6 only a PF6 group is in monodentate coordination with the C-H bond corresponding to cation. The thermal behavior confirmed that bisImCl and bisImPF 6 have shown good thermal stability. The p-xylyl group plays important role on intermolecular interaction among cationanion and cation-cation pair. The decomposition temperature of bisImCl is lower than bisImPF 6 DIL. From experimental results, it is clear that the anion can affect significantly on decomposition of these DILs. From Raman vibrational spectra of these DILs, the imidazolium ring vibration modes (C 4 -H/C 5 -Hand C 2 -H)are significantly altered depending of nature of anion. The chemical shift of C 2 -H proton is more downfield for bisImCl compared to bisImPF 6 DIL. The chemical shifts were strongly influenced in the case of chloride anion and their local environment. Further, higher polarizability (α) and the static first hyperpolarizabilities (β) of these ILs are observed from DFT calculation using different functionals to understand origin of NLO properties. BisImCl has shown higher polarizability

  

  

3,3'-dimethyl-1,1'-(1,4-phenylenedimethylene)-bis(1H-imidazolium) dichloride

  

1 H-NMR (bisImCl) : (DMSO-d 6 ):δ H (ppm) 9.48 (s, NCHN, 2H), 7.85 (s, NCHC, 2H), 7.74 (s, NCHC, 2H), 7.51 (s, -C 6 H 4 -, 4H), 5.47 (s, -CH 2 -, 4H), 3.86 (s, 2×CH 3 , 6H); 13 C-NMR (DMSO-d 6 ):(δ ppm) 36.34, 51.67, 122.66, 124.62, 129.40, 135.73, 137.22.

Table 1 .

 1 Calculated and corrected by ZPVE total energies (E), dipole moments (µ) and

	volumes (V) of 3,3'-dimethyl-1,1'-(1,4-phenylenedimethylene)-bis(1H-imidazolium) cation
	[bisIm + ] and ionic liquids 3,3'-dimethyl-1,1'-(1,4-phenylenedimethylene)-bis(1H-
	imidazolium) dichloride [bisImCl] and 3,3'-dimethyl-1,1'-(1,4-phenylenedimethylene)-
	bis(1Himidazolium) bis(hexafluorophosphate) [bisImPF 6 ] by using B3LYP/6-311++G**
	calculations.				
	Species	E (Hartrees)	ZPVE (Hartrees)	µ (D)	V (Å 3 )
		B3LYP/6-311++G** Method		
	[bisIm + ]	-840.4608	-840.1189	2.78	305.3
	[bisImCl]	-1761.4232	-1761.0823	10.25	359.7
	[bisImPF 6 ]	-2722.5778	-2722.1967	8.91	470.0
		Zero point vibrational energy (ZPVE)		

Table 3 .

 3 Comparisons of scaled internal force constants for [bisIm + ] cation and ionic liquid [bisImCl] in gas phase by using B3LYP/6-311++G** calculations.

		B3LYP/6-311++G**Method	
	Force constants	[bisImCl] a	[bisIm + ] a	[EMIM + ][PF 6 -] b
	f(C-H) Hbond	5.04	5.08	5.45
	f(C-H) R5	4.97	5.39	5.41
	f(CH 2 )	4.70	4.86	4.87
	f(CH 3 )	4.92	4.96	4.89
	f(C-N) R5	6.53	6.57	6.70
	f(C-N)	4.32	4.13	4.34
	f(C=C) R5	7.65	7.59	7.63
	f(C=C) R6	6.34	6.33	
	f(CH 2 )	0.75	0.76	0.76
	f(CH 3 )	0.55	0.54	0.54
	Units are mdyn Å -1 for stretching and mdyn Å rad -2 for angle deformations

a This work, b From Ref

[START_REF] Boumediene | Bidentatecation-anion coordination in the ionic liquid 1-ethyl-3-methylimidazolium hexafluorophosphate supported by vibrational spectra and NBO, AIM and SQMFF calculations[END_REF]

.

Table 4 :

 4 B3LYP

		and CAM-B3LYP calculations of α ,	β HRS , DR in (a.u.) and Δε in
	eVusing 6-311+G(d) and aug-cc-pVDZbasis sets for bisImCl and bisImPF 6 DILs.	
					bisImClDIL		
					β HRS	DR	Δε
		6-311+G(d)	252.74	85.54	516.69	7.43	1.96
	B3LYP						
		aug-cc-pVDZ	266.34	90.33	474.55	7.49	1.99
		6-311+G(d)	243.49	77.73	211.08	7.17	2.87
	CAM-B3LYP						
		aug-cc-pVDZ	257.59	82.98	183.77	7.15	2.94
				bisImPF 6 DIL		
					β HRS	DR	Δε
		6-311+G(d)	249.88	36.77	145.76	7.57	3.19
	B3LYP						
		aug-cc-pVDZ	261.53	37.71	122.30	7.43	3.56
					115.70 a	7.10 a	
	CAM-B3LYP	6-311+G(d)	294.80	34.24	127.74	7.51	3.37
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Abbreviations: , stretching; wag, wagging; , torsion; , rocking; w, twisting; , deformation; a, antisymmetric; s, symmetric; a, antisymmetric; s, symmetric; (A 1 ), Ring 1; (A 2 ), Ring 2, (A 3 ), Ring 3. a This work; b From scaled quantum mechanics force field B3LYP/6-311++G** method

C-H vibrations

Then C-H stretching modes are predicted by SQM calculations in the cation between 3158 and 3036 cm -1 while in bisImCl the C2-H15 and C30-H33 coordinated to the Cl atoms are predicted in the IR spectra intense at 2653 and 2603 cm -1 different from bisImPF 6 which are predicted at higher wavenumbers. In the Raman spectrum that C-H stretching mode in bisImCl is observed with lower intensity (Figure S4). As shown in Figure 6, the symmetric modes at 2817 and 2876 cm -1 in bisImCl and at 2844 and 2895 cm -1 for bisImPF 6 were assigned to the methyl group attached to the imidazolium rings N + -(CH 3 ) [START_REF] Haddad | Para-xylyl linked bis-imidazolium ionic liquids: A study of the conformers of the cation and of the anion-cation hydrogen bonding[END_REF][START_REF] Haddad | para-Xylyl bis-1-methylimidazolium bis (trifluoromethanesulfonyl) imide: Synthesis, crystal structure, thermal stability, vibrational studies[END_REF]. The bands at 2948, 2981 , 2989 cm -1 for bisImCl and at 2965, 2981, 3007 cm -1 for bisImPF 6 corresponding to the methylene group (-CH 2 -) [START_REF] Haddad | Para-xylyl linked bis-imidazolium ionic liquids: A study of the conformers of the cation and of the anion-cation hydrogen bonding[END_REF]. While, the anti-symmetric modes of methyl group N + -(CH 3 ) attached to the imidazolium rings appeared at 3013, 3029, 3043 cm -1 for bisImCl and at 3023, 3046 cm -1 for bisImPF 6. Thus, the C-H stretching in imidazole ring are viewed experimentally by the presence of the bands from 3059 to 3153 cm -1 for bisImCl and from 3023 to 3180 cm -1 for bisImPF 6 . The vibrational bands at lower wavenumbers can be referred to C(2)-H stretching modes, whereas those at higher wavenumbers can be assigned to the C(4,5)-H stretching modes [START_REF] Haddad | Para-xylyl linked bis-imidazolium ionic liquids: A study of the conformers of the cation and of the anion-cation hydrogen bonding[END_REF][START_REF] Haddad | Influence of methyl and propyl groups on the vibrational spectra of two imidazolium ionic liquids and their non-ionic precursors[END_REF][START_REF] Boumediene | Synthesis, thermal stability, vibrational spectra and conformational studies of novel dicationic meta-xylyl linked bis-1-methylimidazolium ionic liquids[END_REF]. The detailed attributions of these bands for both investigated DILs are reported in Table 2. The C2-H15, C4-H9, C5-H8, C30-H33, C31-H35 and C34-H37 stretching vibrations corresponding to imidazole ring in cation, bisImCl and bisImPF 6 are predicted in expected regions [START_REF] Haddad | Influence of methyl and propyl groups on the vibrational spectra of two imidazolium ionic liquids and their non-ionic precursors[END_REF][START_REF] Boumediene | Synthesis, thermal stability, vibrational spectra and conformational studies of novel dicationic meta-xylyl linked bis-1-methylimidazolium ionic liquids[END_REF]. On the other hand, the aromatic C17-H20, C18-H22, C19-H23 and C21-H24 modes of phenyl ring are predicted in the region of higher wavenumber for cation but for the two ionic liquids are predicted mixed among other stretching modes as observed in Table 2. The vibrational modes corresponding to two methyl groups (N-CH 3 ) are identified as (C6) and (C36) and
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