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Introduction

Dipolar aprotic solvents such as propylene carbonate (PC) and γ-butyrolactone (GBL) find ubiquitous applications in various branches of chemical industry and research. In particular, they have a number of attractive properties like wide a electrochemical window, a relatively high dielectric constant and moderate viscosity and are fully miscible with ionic liquids. Similar to other dipolar aprotic solvents,_ENREF_1 the high electric dipole moment of GBL/PC molecules suggests a considerably organized network because of dipole-dipole interactions [START_REF] Wang | Associations of Alkyl Carbonates: Intermolecular C-H•••O Interactions[END_REF][START_REF] Silva | Structural and thermodynamic properties of liquid ethylene carbonate and propylene carbonate by Monte Carlo Simulations[END_REF][START_REF] Kollipost | Dimers of cyclic carbonates: chirality recognition in battery solvents and energy storage[END_REF][START_REF] Aparicio | Characterization of two lactones in liquid phase: an experimental and computational approach[END_REF][START_REF] Vaz | C≡H ⋅s O Hydrogen Bonds in Small Ring Carbonyl Compounds: Vibrational Spectroscopy and Ab initio Calculations[END_REF][START_REF] Hesse | On the low volatility of cyclic esters: an infrared spectroscopy comparison between dimers of [gamma]-butyrolactone and methyl propionate[END_REF][START_REF] Marekha | Intermolecular interactions, ion solvation, and association in mixtures of 1-n-butyl-3-methylimidazolium hexafluorophosphate and γ-butyrolactone: insights from Raman spectroscopy[END_REF][START_REF] Masia | Computational Study of γ-Butyrolactone and Li+/γ-butyrolactone in Gas and Liquid Phases[END_REF][START_REF] Delavoux | Intermolecular structure and hydrogen-bonding in liquid 1,2-propylene carbonate and 1,2-glycerol carbonate determined by neutron scattering[END_REF][START_REF] Perelygin | Spontaneous raman spectroscopic study of the association of liquid γbutyrolactone molecules[END_REF]. Furthermore, it was pointed out that PC and GBL associate mainly through the C-H•••O intermolecular interactions between the carbonyl/ester oxygen of one molecule as proton acceptor and the C-H group of another molecule as proton donor [START_REF] Wang | Associations of Alkyl Carbonates: Intermolecular C-H•••O Interactions[END_REF][START_REF] Silva | Structural and thermodynamic properties of liquid ethylene carbonate and propylene carbonate by Monte Carlo Simulations[END_REF][START_REF] Kollipost | Dimers of cyclic carbonates: chirality recognition in battery solvents and energy storage[END_REF][START_REF] Aparicio | Characterization of two lactones in liquid phase: an experimental and computational approach[END_REF][START_REF] Vaz | C≡H ⋅s O Hydrogen Bonds in Small Ring Carbonyl Compounds: Vibrational Spectroscopy and Ab initio Calculations[END_REF][START_REF] Hesse | On the low volatility of cyclic esters: an infrared spectroscopy comparison between dimers of [gamma]-butyrolactone and methyl propionate[END_REF][START_REF] Marekha | Intermolecular interactions, ion solvation, and association in mixtures of 1-n-butyl-3-methylimidazolium hexafluorophosphate and γ-butyrolactone: insights from Raman spectroscopy[END_REF].

Such interactions have been quite an active topic in recent years because of their widespread occurrence in gas and liquid phases of important biological systems and even in crystalline environments [START_REF] Wang | Associations of Alkyl Carbonates: Intermolecular C-H•••O Interactions[END_REF][START_REF] Logan | The non-coincidence effect in the raman spectra of polar liquids[END_REF][START_REF] Xu | Study on the noncoincidence effect phenomenon using matrix isolated Raman spectra and the proposed structural organization model of acetone in condense phase[END_REF][START_REF] Giorgini | Solvation Structure around the Li+ Ion in Mixed Cyclic/Linear Carbonate Solutions Unveiled by the Raman Noncoincidence Effect[END_REF].

Therefore, several experimental and theoretical studies have been carried out in order to understand their microscopic organization and thereby explain their macroscopic properties. The balance between the weak hydrogen-bonding (H-bonding) and the dipole-dipole interactions and its influences regarding the orientation of the molecules in the system is an aspect of particular scientific interest.

Complementary experimental techniques such as spectroscopic (IR, Raman, X-ray, neutron scattering, NMR, etc.) and dielectric relaxation enable to inspect the microscopic structure organization in these dipolar solvents. Indeed, by studying the non-coincidence effect (NCE) [START_REF] Logan | The non-coincidence effect in the raman spectra of polar liquids[END_REF], it was found that dipolar orientation in aggregates of aprotic dipolar solvents (particularly, in carbonyl [START_REF] Xu | Study on the noncoincidence effect phenomenon using matrix isolated Raman spectra and the proposed structural organization model of acetone in condense phase[END_REF][START_REF] Giorgini | Solvation Structure around the Li+ Ion in Mixed Cyclic/Linear Carbonate Solutions Unveiled by the Raman Noncoincidence Effect[END_REF][START_REF] Giorgini | The influence of alkaline earth ions on the structural organization of acetone probed by the noncoincidence effect of the [small nu](C[double bond, length as m-dash]O) band: experimental and quantum chemical results[END_REF][15][START_REF] Giorgini | The non-coincidence effect in N,N-dimethylformamide-CCl4 highly diluted binary mixtures. Experimental and theoretical results[END_REF][START_REF] Fini | Evidence for short-range orientation effects in dipolar aprotic liquids from vibrational spectroscopy. Part 1.-Ethylene and propylene carbonates[END_REF][START_REF] Shelley | The noncoincidence effect in N,N-dimethylformamide -a comparison of theoretical predictions and experimental results[END_REF] and sulfoxide [START_REF] Czeslik | Effect of Pressure on Local Order in Liquid Dimethyl Sulfoxide[END_REF][START_REF] Czeslik | Raman frequency noncoincidence effect of confined liquid dimethyl sulfoxide[END_REF][START_REF] Upadhyay | Solvent dependent frequency shift and Raman noncoincidence effect of SO stretching mode of Dimethyl sulfoxide in liquid binary mixtures[END_REF][START_REF] Fini | Short-range orientation effects in dipolar aprotic liquids -III. Intermolecular coupling of vibrations in sulfoxides, sulfones, nitriles and other compounds[END_REF] compounds, where NCE effect is more evident [START_REF] Fini | Short-range orientation effects in dipolar aprotic liquids -III. Intermolecular coupling of vibrations in sulfoxides, sulfones, nitriles and other compounds[END_REF]) is typically characterized by the favorable antiparallel dipolar orientation that gives rise to a positive NCE value. Similar conclusions on the orientation in these dipolar liquids were reached by using X-ray [START_REF] Soetens | Molecular dynamics simulation and X-ray diffraction studies of ethylene carbonate, propylene carbonate and dimethyl carbonate in liquid phase[END_REF][START_REF] Onthong | X-ray and neutron diffraction studies and molecular dynamics simulations of liquid DMSO[END_REF] and neutron diffraction [START_REF] Onthong | X-ray and neutron diffraction studies and molecular dynamics simulations of liquid DMSO[END_REF][START_REF] Soper | Orientation of Water Molecules around Small Polar and Nonpolar Groups in Solution: A Neutron Diffraction and Computer Simulation Study[END_REF] measurements as well.

Numerous studies focusing on the dielectric properties of dipolar solvents such as acetonitrile [START_REF] Srinivasan | The pressure dependence of the dielectric constant and density of acetonitrile at three temperatures[END_REF][START_REF] Bakshi | Thermodynamic Behavior of Mixtures. 3. Mixtures of Acetonitrile with Dimethylacetamide, Dimethyl Sulfoxide, Nitrobenzene, and Methanol at 25 °C[END_REF][START_REF] Jellema | Ion-ion, ion-solvent and solvent-solvent interactions in electrolyte solutionsDielectric relaxation of acetonitrile-water mixtures[END_REF][START_REF] Stoppa | Dielectric response and collective dynamics of acetonitrile[END_REF], dimethylsulfoxide [START_REF] Bakshi | Thermodynamic Behavior of Mixtures. 3. Mixtures of Acetonitrile with Dimethylacetamide, Dimethyl Sulfoxide, Nitrobenzene, and Methanol at 25 °C[END_REF][START_REF] Kaatze | Dielectric spectrum of dimethyl sulfoxide/water mixtures as a function of composition[END_REF][START_REF] Vechi | Collision-Induced Effects on the Dielectric Properties of Liquid Dimethylsulfoxide[END_REF][START_REF] Amey | Extent of association in liquid dimethyl sulfoxide[END_REF][START_REF] Hunger | Relative Permittivity of Dimethylsulfoxide and N,N-Dimethylformamide at Temperatures from (278 to 328) K and Pressures from (0.1 to 5) MPa[END_REF][START_REF] Barthel | Dielectric spectra of some common solvents in the microwave region. Dipolar aprotic solvents and amides[END_REF], ethylene carbonate [START_REF] Payne | Dielectric properties and relaxation in ethylene carbonate and propylene carbonate[END_REF][START_REF] Sagawa | A Dielectric Spectroscopic Study of Ethylene Carbonate in Solution[END_REF] and propylene carbonate [15,[START_REF] Barthel | Dielectric spectra of some common solvents in the microwave region. Dipolar aprotic solvents and amides[END_REF][START_REF] Payne | Dielectric properties and relaxation in ethylene carbonate and propylene carbonate[END_REF][START_REF] Simeral | Dielectric properties of liquid propylene carbonate[END_REF][START_REF] Świergiel | Charge Relaxation and Stokes-Einstein Relation in Diluted Electrolyte Solution of Propylene Carbonate and Lithium Perchlorate[END_REF] are characterized by notable discrepancies in the assessment of the type of dipolar orientation derived through the Kirkwood correlation factor [START_REF] Kirkwood | The Dielectric Polarization of Polar Liquids[END_REF]. A typical example is the study by Świergiel et al. [START_REF] Płowaś | Dipolar Self-Assembling in Mixtures of Propylene Carbonate and Dimethyl Sulfoxide as Revealed by the Orientational Entropy[END_REF][START_REF] Świergiel | On investigation of aggregation of molecular dipoles in liquids[END_REF][START_REF] Świergiel | Orientational entropy and dipolar aggregation in mixtures of propylene carbonate + N,N-dimethylacetamide[END_REF] of PC, and where two Kirkwood factor values at room temperature were obtained depending on the selected values of the high-frequency permittivity, ε∞. The first value was found to be 1.23 (indicating a collinear dipolar association or a "head-to-tail" geometry) and the second one -0.57 [START_REF] Barthel | Dielectric spectra of some common solvents in the microwave region. Dipolar aprotic solvents and amides[END_REF] (indicating a rather strong association with antiparallel oriented molecular dipoles).

Several types of arrangements of GBL and PC have been proposed. Commonly it implies the stacked antiparallel configuration caused by strong dipole-dipole interactions that are additionally stabilized by the intermolecular H-bonding. However, there are some discrepancies among the configurations obtained by using the quantum-chemical approach and those inferred from molecular dynamics (MD) simulation studies on GBL/PC. Indeed, using quantum-chemical calculations Aparicio and Alcalde [START_REF] Aparicio | Characterization of two lactones in liquid phase: an experimental and computational approach[END_REF] founded that the cyclic in-plane structure of GBL is energetically more favorable than the antiparallel one. However, the existence of such configuration has been refuted in the further MD simulation analysis. Similar conclusions were drawn by Vaz and Ribeiro-Carlo [START_REF] Vaz | C≡H ⋅s O Hydrogen Bonds in Small Ring Carbonyl Compounds: Vibrational Spectroscopy and Ab initio Calculations[END_REF] who suggested the occurrence of the rotated stacked and the cyclic in-plane configurations in addition to the antiparallel one.

Besides, Hesse and Suhm [START_REF] Hesse | On the low volatility of cyclic esters: an infrared spectroscopy comparison between dimers of [gamma]-butyrolactone and methyl propionate[END_REF] reported a series of stacked rotated configurations of GBL with an asymmetric H-bonded monomers involving both carbonyl and ester oxygen atoms. Combining Raman spectroscopy and quantum calculations, similar structures also were reported in our previous study of mixtures of GBL with BmimPF6 [START_REF] Marekha | Intermolecular interactions, ion solvation, and association in mixtures of 1-n-butyl-3-methylimidazolium hexafluorophosphate and γ-butyrolactone: insights from Raman spectroscopy[END_REF]. Based on MD simulations of the pure GBL, Masia and Rey [START_REF] Masia | Computational Study of γ-Butyrolactone and Li+/γ-butyrolactone in Gas and Liquid Phases[END_REF] came to the conclusion that the preferential orientation is not pronounced in this liquid since the radial distribution functions between carbonyl groups atoms have no distinct maxima.

Owing to the chirality of PC, it is capable to form two main groups of configurations, homochiral and heterochiral [START_REF] Kollipost | Dimers of cyclic carbonates: chirality recognition in battery solvents and energy storage[END_REF]. The former group includes the interactions between the identical types of isomers, e.g RR-or SS-configuration, whereas the latter one implies configuration formed by the R-and S-isomer.

Wang and Balbuena [START_REF] Wang | Associations of Alkyl Carbonates: Intermolecular C-H•••O Interactions[END_REF] showed that the antiparallel oriented PC molecules are associated mainly through H-bonding interactions between the oxygen atom of carbonyl group and hydrogen of CH group, whereas Silva and Freitas [START_REF] Silva | Structural and thermodynamic properties of liquid ethylene carbonate and propylene carbonate by Monte Carlo Simulations[END_REF] discover another type of homochiral antiparallel stacked configuration with a contact between the carbonyl oxygen and the CH3 group. It was noted, however, that antiparallel orientation of the dipoles is not predominant in the liquid PC and such arrangement corresponds to the most energetically favorable in the gas phase. Kollipost et al. [START_REF] Kollipost | Dimers of cyclic carbonates: chirality recognition in battery solvents and energy storage[END_REF] also confirmed the antiparallel alignment of the molecular dipoles in PC with a favorable heterochiral configuration that involves both molecules in the equatorial orientation. Soetens et al. [START_REF] Soetens | Molecular dynamics simulation and X-ray diffraction studies of ethylene carbonate, propylene carbonate and dimethyl carbonate in liquid phase[END_REF] using MD simulations reached to similar results on the favorable antiparallel orientation of molecular dipoles, which were later confirmed by You et al. [START_REF] You | Interfaces of propylene carbonate[END_REF]. However, a recent computational study [START_REF] Wang | Surface Structure of Organic Carbonate Liquids Investigated by Molecular Dynamics Simulation and Sum Frequency Generation Spectroscopy[END_REF] on PC suggests an appreciable contribution of parallel oriented molecular configurations along with antiparallel ones. In another work, the authors combined neutrons scattering experiments with the Empirical Potential Structure Refinement (EPSR) approach and concluded that PC exhibits a strong orientational correlation in the liquid state associated with the C-O•••H-C "head-to-tail" H-bonded chains [START_REF] Delavoux | Intermolecular structure and hydrogen-bonding in liquid 1,2-propylene carbonate and 1,2-glycerol carbonate determined by neutron scattering[END_REF]. These orientations are similar to those suggested for GBL molecules based on experimental measurements [START_REF] Perelygin | Spontaneous raman spectroscopic study of the association of liquid γbutyrolactone molecules[END_REF]. Finally, it should be mentioned that, as a consequence of these dipole-dipole interactions, many experimental [START_REF] Kollipost | Dimers of cyclic carbonates: chirality recognition in battery solvents and energy storage[END_REF][START_REF] Aparicio | Characterization of two lactones in liquid phase: an experimental and computational approach[END_REF][START_REF] Vaz | C≡H ⋅s O Hydrogen Bonds in Small Ring Carbonyl Compounds: Vibrational Spectroscopy and Ab initio Calculations[END_REF][START_REF] Hesse | On the low volatility of cyclic esters: an infrared spectroscopy comparison between dimers of [gamma]-butyrolactone and methyl propionate[END_REF][START_REF] Marekha | Intermolecular interactions, ion solvation, and association in mixtures of 1-n-butyl-3-methylimidazolium hexafluorophosphate and γ-butyrolactone: insights from Raman spectroscopy[END_REF][START_REF] Perelygin | Spontaneous raman spectroscopic study of the association of liquid γbutyrolactone molecules[END_REF] and theoretical [START_REF] Wang | Associations of Alkyl Carbonates: Intermolecular C-H•••O Interactions[END_REF][START_REF] Silva | Structural and thermodynamic properties of liquid ethylene carbonate and propylene carbonate by Monte Carlo Simulations[END_REF][START_REF] Kollipost | Dimers of cyclic carbonates: chirality recognition in battery solvents and energy storage[END_REF][START_REF] Aparicio | Characterization of two lactones in liquid phase: an experimental and computational approach[END_REF][START_REF] Vaz | C≡H ⋅s O Hydrogen Bonds in Small Ring Carbonyl Compounds: Vibrational Spectroscopy and Ab initio Calculations[END_REF][START_REF] Hesse | On the low volatility of cyclic esters: an infrared spectroscopy comparison between dimers of [gamma]-butyrolactone and methyl propionate[END_REF][START_REF] Marekha | Intermolecular interactions, ion solvation, and association in mixtures of 1-n-butyl-3-methylimidazolium hexafluorophosphate and γ-butyrolactone: insights from Raman spectroscopy[END_REF][START_REF] Masia | Computational Study of γ-Butyrolactone and Li+/γ-butyrolactone in Gas and Liquid Phases[END_REF][START_REF] Delavoux | Intermolecular structure and hydrogen-bonding in liquid 1,2-propylene carbonate and 1,2-glycerol carbonate determined by neutron scattering[END_REF] studies on GBL/PC have suggested their self-association.

These results demonstrate that a local structure (radial and orientational contribution) in dipolar liquids, and particularly in GBL/PC solvents, is defined by a balance between the dipole-dipole and Hbonding interactions. An accurate description of the dipole orientation requires taking into account collective effects. Unfortunately, such effects cannot be accounted in quantum calculations, where the most probable orientation is associated with the minimum energy of a dimer or at best of small size clusters. From another side, MD simulation is an effective tool that allows getting the statistically averaged results during the trajectory of rather larger systems. Despite an unprecedentedly detailed description of various structural properties that can be accessible from molecular simulations, the description of the molecular local structure is very often based solely on the pair radial distribution functions (RDFs) between the certain sites of interest. However, the possible orientations between molecules cannot be inferred unambiguously using only the RDFs. Therefore, in this paper we consider in details all the orientational aspects in two molecular solvents, GBL and PC, in terms of the nearest neighbors approach [START_REF] Idrissi | Nearest neighbor assessments of spatial distribution in CO2: A molecular dynamics analysis[END_REF][START_REF] Idrissi | The Effect of Urea on the Structure of Water: A Molecular Dynamics Simulation[END_REF][START_REF] Idrissi | The local environment of the molecules in water-DMSO mixtures, as seen from computer simulations and Voronoi polyhedra analysis[END_REF][START_REF] Idrissi | Local structure of dilute aqueous DMSO solutions, as seen from molecular dynamics simulations[END_REF][START_REF] Idrissi | The study of correlations between hydrogen bonding characteristics in liquid, sub-and supercritical methanol. Molecular dynamics simulations and Raman spectroscopy analysis[END_REF][START_REF] Idrissi | Assessment of the Spatial Distribution in Sub-and Supercritical CO2 Using the Nearest Neighbor Approach: A Molecular Dynamics Analysis[END_REF][START_REF] Idrissi | Local structure in sub and supercritical ammonia: a molecular dynamics analysis[END_REF][START_REF] Idrissi | On the Characterization of Inhomogeneity of the Density Distribution in Supercritical Fluids via Molecular Dynamics Simulation and Data Mining Analysis[END_REF][START_REF] Marekha | Local Structure in Terms of Nearest-Neighbor Approach in 1-Butyl-3-methylimidazolium-Based Ionic Liquids: MD Simulations[END_REF][START_REF] Vyalov | Investigation of the Local Structure in Sub and Supercritical Ammonia Using the Nearest Neighbor Approach: A Molecular Dynamics Analysis[END_REF], since it helps to unambiguously describe the local arrangement of molecular liquids.

Despite the fact that even the crudest MD potential models estimate the bulk thermodynamic properties of these liquids relatively well, most of the aforementioned computational studies devoted to neat GBL and PC are directly connected to calibration of parameters for all-atom models. Commonly, this implies revision of the electrostatic component using varying levels of theory and accuracy. Nonetheless, among the published potential models, the model for GBL developed by Masia and Rey [START_REF] Masia | Computational Study of γ-Butyrolactone and Li+/γ-butyrolactone in Gas and Liquid Phases[END_REF] should be highlighted. Apart from the electrostatic component, all the intramolecular parameters were refitted to reproduce correctly the intramolecular vibrations. Thus, in the framework of classical MD simulation one can deduce the demand for such a potential model that is able to reproduce correctly both the intramolecular degrees of freedom and maximum possible set of macroscopic properties in a wide temperature range.

Here we present a systematic MD simulation study on the local microscopic structure in liquid GBL and PC (see Figure 1 for the molecular structures), by studying different radial and various angular distributions describing the dipole-dipole orientations, H-bonding interactions and packing structure. Our goal is to systematize previous results on related systems and quantify the contribution of dipole-dipole and H-bonding interactions on the resultant local and spatial arrangement in GBL and PC. To solve this task, we optimized the intra-and intermolecular interactions parameters of previously developed potential models of GBL and PC by using a coherent set of inter-and intramolecular parameters for the two systems. We considered potential models that were able to reproduce correctly various experimental thermodynamic and the transport properties in a wide temperature range of a liquid state. The paper is organized as follows: in the first part the methodology to develop the new potential model parameters is explained and details on the simulations are given; the obtained results are discussed firstly by comparing the experimental physicochemical properties with the calculated ones and with the previously published potential models as well; and secondly, by discussing the local structure in terms of radial, spatial and orientational distributions of the nearest neighboring molecules, H-bonding interactions and Kirkwood correlation factor; finally conclusion are given. 

Methodology and computational details

Potential models of molecular solvents based on the OPLS/AA [START_REF] Jorgensen | Development and Testing of the OPLS All-Atom Force Field on Conformational Energetics and Properties of Organic Liquids[END_REF][START_REF] Jorgensen | Potential energy functions for atomic-level simulations of water and organic and biomolecular systems[END_REF] force field generally provide quite good convergence with experimental physicochemical properties and are therefore widely used. However, in the framework of OPLS/AA the derived intra-and intermolecular parameters are the result of numerous assumptions and approximations on various molecular systems. For our study, we decided to derive specific OPLS/AA potential model parameters for GBL and PC molecules. As a first step, the stretching and bending parameters were recalculated. To take in account the local organization in the condensed phase, the short-range non-bonded interactions parameters were recalculated and tuned.

This step was followed by the reparameterization of dihedral potentials. The latter was performed by taking the difference of the total OPLS/AA dihedral energy and 1-4 energy contribution from the revised non-bonded parameters. Finally, the resulting models were tested to reproduce the experimental thermodynamic and the transport properties and compared to the ones available in literature.

Model parameterization

Ab initio calculations of each single molecule were carried out in gas phase. The optimal geometry was obtained under very tight optimization convergence criteria as implemented in Gaussian 09 program, and tested to be true minima by the absence of imaginary frequencies in the corresponding vibration spectra. The geometry optimization was followed by the determination of the force constants associated with the bond lengths, angles and dihedral angles in a framework of relaxed potential energy surface (rPES) scanning concept. Starting from the optimized structures, rPES scans were performed for all internal coordinates simultaneously optimizing all the unconstrained degrees of freedom, so that the minimum total energy is obtained along the chosen internal coordinate. For each coordinate, 18 scans configurations were computed with a step of 0.0002 nm for bonds and 0.5 degree for angles and improper dihedrals, respectively. The calculations were carried out by using the Gaussian09 program suite [START_REF] Frisch | Gaussian 09[END_REF] at MP2/6-311++G(d,p) level of theory. The selection of this level of theory was dictated by the rather successful results on parameterization of GBL [START_REF] Masia | Computational Study of γ-Butyrolactone and Li+/γ-butyrolactone in Gas and Liquid Phases[END_REF] that were able to reproduce correctly the intramolecular vibrations along with accounting for polarization effects in condensed phase. The following functional form has been used for the intramolecular potential:
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where U(r, θ, ψ) is a sum over the internal terms as a function of atomic coordinates represented by bond distances (r), angles (θ), and dihedrals (ψ). The parameters kn and Cn are the respective force constants and the variables with the subscript "0" are the corresponding equilibrium values. An example of the energy profiles for stretching and bending parameters is presented in Figure S1 of the Supporting Information. The obtained results for stretching and bending intramolecular parameters are presented in Table 1.

Table 1. The stretching and bending intramolecular parameters obtained from the gas phase ab initio calculations with MP2/6-311++G(d,p) level of theory for GBL and PC. The intermolecular potential energy was reproduced by the sum of the Lennard-Jones potential and Coulombic term. Partial atomic charges were obtained by fitting the electrostatic potential energy surface according to the Merz-Singh-Kollman scheme at the same level of theory. Computed values of the total molecular dipole moment in gas phase are slightly overestimated for both GBL and PC compared to experimental ones (4.708 and 5.600 D versus the experimental values of 4.27 [START_REF] Durig | Spectra and structure of small ring compounds[END_REF] and 4.90 [START_REF] Kempa | The dipole moments of some cyclic carbonates[END_REF] for GBL and PC, respectively). It is expected that these higher values should describe the considerable polarization of the PC and GBL molecules in the condensed phase.
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The initial Lennard-Jones parameters, well depth (σ) and separation distance (ε), for GBL and PC were taken from OPLS/AA force field [START_REF] Jorgensen | Development and Testing of the OPLS All-Atom Force Field on Conformational Energetics and Properties of Organic Liquids[END_REF][START_REF] Caleman | Force Field Benchmark of Organic Liquids: Density, Enthalpy of Vaporization, Heat Capacities, Surface Tension, Isothermal Compressibility, Volumetric Expansion Coefficient, and Dielectric Constant[END_REF][START_REF] Jorgensen | Optimized intermolecular potential functions for liquid hydrocarbons[END_REF] and tuned in order to reproduce the experimental values of both thermodynamic and transport properties according to the procedure described in our previous work [START_REF] Koverga | A new potential model for acetonitrile: Insight into the local structure organization[END_REF]. To reach the experimental values of self-diffusion coefficients, the main changes were associated with tuning of εH. For this purpose, we set εH equal to 0.04 and 0.03 kJ mol -1 for GBL and PC, respectively. Then, to stabilize the values of density, the εO for carbonyl and ester oxygen was mainly tuned, while the σH was slightly decreased. All obtained intermolecular parameters are listed in Table 2.

Table 2. Intermolecular parameters for GBL and PC. The partial atomic charges were obtained from the gas phase ab initio calculations at MP2/6-311++G(d,p) level of theory, while the Lennard-Jones potentials were tuned according to the procedure described in ref. [START_REF] Koverga | A new potential model for acetonitrile: Insight into the local structure organization[END_REF]. The 1-4 interactions (expressed as a sum of Coulomb and Lennard-Jones with a corresponding scaling factors) represent interactions between two atoms separated by three covalent bonds. Since the effect of reparameterization of nonbonded short range interactions affect the 1-4 energy, the dihedral potentials involved into these interactions required an additional tuning. For the latter, we followed the described earlier methodology [START_REF] Mondal | Quantitative Prediction of Physical Properties of Imidazolium Based Room Temperature Ionic Liquids through Determination of Condensed Phase Site Charges: A Refined Force Field[END_REF], while the initial dihedral parameters were taken from OPLS/AA force field. Thus, the refined dihedral energy can be represented as:

GBL PC Atom q / e σ / nm ε / kJ mol -1 σ / nm ε / kJ mol -1 q / e O 1 O 2 O 3 C 1 C 2 C 3 C 4 H 2 H 3 H 4 -0.
refined OPLS/AA OPLS/AA OPLS/AA refined refined dihedral dihedral 1 4,LJ 1 4,Coulomb 1 4,LJ 1 4,Coulomb U U U U U U - - - - = + + - - (2) 
where the Coulombic and Lennard-Jones contribution to the 1-4 interactions are scaled by a factor 0. with Coulomb potentials the Lennard-Jones parameters for some atoms were also altered a special attention was paid to the reparameterization of the dihedral angles involving atoms with the most significant changes. As it can be seen from the comparison of

C i -C i -C i -H i and H i -C i -C i -H i dihedral
energy profiles (Figure S2 of SI), the difference in dihedral energy can be explained by the different contribution of 1-4 energies. Thus, along with reparameterization of the short-range interactions it is important to adapt the respective dihedral potentials. The refined dihedral parameters for GBL and PC are presented in Table 3. All the intra-and intermolecular parameters in GROMACS file format are given in the SI. 
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Simulation parameters

Simulations were carried out using the GROMACS MD software package, version 4.5.5 [START_REF] Hess | GROMACS 4: Algorithms for Highly Efficient, Load-Balanced, and Scalable Molecular Simulation[END_REF]. The initial systems comprising 512 molecules were generated by Packmol [START_REF] Martínez | PACKMOL: A package for building initial configurations for molecular dynamics simulations[END_REF] and placed randomly in a cubic simulation box. The potential model parameters were tested with respect to their ability to reproduce the experimental thermodynamic and transport properties at room temperature and within the temperature range of the liquid state (238.15-478.15 K for GBL and 238.15-518.15 K for PC). For each temperature, the system was equilibrated in an isothermal-isobaric (NpT) ensemble during 500 ps. After equilibration, thermodynamics properties were determined. This step was followed by five consequent trajectories of 1000 ps performed in a canonical (NVT) ensemble that was used to obtain reliable averages for the self-diffusion coefficients. The temperature was kept constant by applying a velocity-rescaling thermostat and the pressure kept fixed at 1 bar using the Berendsen barostat set, with coupling constants of 0.1 ps and 0.5 ps, respectively. The Verlet leap-frog algorithm was used to integrate the equations of motion, with a time-step of 0.5 fs. The electrostatic long-range interactions within the cutoff range of 1.4 nm were accounted by the computationally efficient Particle-Mesh-Ewald (PME) algorithm, using a similar cut-off distance for the real-space component. The 12-6 Lennard-Jones interactions were treated by the conventional shifted force technique with a switch region between 1.2 and 1.3 nm. Cross interactions between different atom types were derived using the standard Lorentz-Berthelot combination rule. All the structure properties presented here were derived from 500 ps trajectory in a NVT ensemble and analyzed by using the TRAVIS-1.14.0 code [START_REF] Brehm | TRAVIS -A Free Analyzer and Visualizer for Monte Carlo and Molecular Dynamics Trajectories[END_REF].

Validation procedure

The aim of the parameterization procedure is to reproduce as accurate as possible the thermodynamic (density, ρ, enthalpy of vaporization, ΔHvap, surface tension, γ, volumetric expansion coefficient, αP, isothermal compressibility, κT) and the transport properties (as representative characteristics here we present the results for the self-diffusion coefficient, D) of neat GBL and PC. The details of the calculation of each property are described elsewhere [START_REF] Koverga | A new potential model for acetonitrile: Insight into the local structure organization[END_REF][START_REF] Ferreira | Improved Force Field Model for the Deep Eutectic Solvent Ethaline: Reliable Physicochemical Properties[END_REF]. To test the performance of our potential models, the computed properties were compared to the experimental ones. Additionally, the previously published potential models for GBL and PC were used for the comparison of the ability to reproduce the same set of properties. The calculated macroscopic properties of liquid GBL and PC at room temperature are summarized in Table 4 together with experimental data.

From Table 4, for thermodynamic properties computed for both dipolar liquids with the new potential parameters are in good agreement with experimental measurements, as well as with the results obtained with previously published potential models, except the isothermal compressibility, which is notably lower for OPLS-based potential models, particularly for GBL, and for most of the PC potential models. Aa regards the self-diffusion coefficients, the values calculated with the new potential parameters are in excellent agreement with experimental results and with OPLS-based model taken from ref. [START_REF] Caleman | Force Field Benchmark of Organic Liquids: Density, Enthalpy of Vaporization, Heat Capacities, Surface Tension, Isothermal Compressibility, Volumetric Expansion Coefficient, and Dielectric Constant[END_REF]. Furthermore, we tested the ability of the new potential parameters to reproduce the experimental thermodynamic and transport properties within the temperature range of the liquid state. For this purpose we decided to analyze the behavior of both the density and self-diffusion coefficient. As illustrated in Figure 2, for both GBL and PC, the calculated densities reproduce quite well the experimental results at low temperatures compared to the ones of temperature range above 350 K. In addition, the experimental increase in the self-diffusion coefficients is roughly followed.

Proceeding from the abovementioned, by using the new potential models it is possible to reproduce reliably both the thermodynamic properties and self-diffusion coefficients at room temperature and describe correctly their temperature dependence compared with the other available in literature potential models. 

Results and discussion

The general pattern of the local structure organization in both dipolar liquids may be described by the spatial distribution of the corresponding sites of interest around the considered molecules. Here we present the calculated spatial distribution functions (SDFs) of the oxygen atoms, O i (i = 1-3), around the reference molecules and the centers of the rings (CoRs) as well. As it is clearly seen, in both cases all the oxygen atoms tend to be localized above and below the ring planes. Moreover, in the case of carbonyl oxygen atoms, O 1 , such distributions are less diffuse, which is obviously a sign of stronger localization in comparison to other oxygen atoms (Figure 3). According to numerous theoretical works [1-3, 5-7, 23, 43], the most energetically favorable dimer configurations of GBL and PC are stacked above/below with antiparallel orientation of the dipoles. Here we found the same isosurface distributions above/below the reference molecules. Additionally, the presented distributions also indicate a certain probability of the inplane orientation of the rings with respect to the reference ones. Insights into the specific interactions can be obtained by analyzing the site-site RDFs between oxygen atoms and existing hydrogen atoms, and between the CoRs of GBL and PC as well. As it can be seen in Figure 4, there are similarities in the RDFs between the two studied systems. Particularly, all the

O i •••H i (i = 1-4)
RDFs have the shortest distance position of the first peak at almost the same distances of ca. 0.23-0.26 nm for both molecules, which is in excellent agreement with the previous computational studies on GBL [START_REF] Aparicio | Characterization of two lactones in liquid phase: an experimental and computational approach[END_REF][START_REF] Hesse | On the low volatility of cyclic esters: an infrared spectroscopy comparison between dimers of [gamma]-butyrolactone and methyl propionate[END_REF] and PC [START_REF] Wang | Associations of Alkyl Carbonates: Intermolecular C-H•••O Interactions[END_REF][START_REF] Silva | Structural and thermodynamic properties of liquid ethylene carbonate and propylene carbonate by Monte Carlo Simulations[END_REF][START_REF] Kollipost | Dimers of cyclic carbonates: chirality recognition in battery solvents and energy storage[END_REF][START_REF] Delavoux | Intermolecular structure and hydrogen-bonding in liquid 1,2-propylene carbonate and 1,2-glycerol carbonate determined by neutron scattering[END_REF]. The occurrence of these peaks was interpreted in previous studies as H-bonding formation between these atoms. By comparing the shape and intensity of the first peak for each system, one can suggest that the interactions between O 1 •••H i (Figure 4) are much stronger compared to the O 2,3 •••H i ones (Figure S3 of SI). The respective coordination number of the carbonyl oxygen does not exceed 6 neighbors, while for the rest of oxygen atoms it considerably varies. Moreover, we also found some discrepancies between the shape and positions of the O 1 •••H i peaks in our study with those reported by Masia and Rey [START_REF] Masia | Computational Study of γ-Butyrolactone and Li+/γ-butyrolactone in Gas and Liquid Phases[END_REF], where various shoulders and humps were reported at distances around 0.40 nm. We suppose that such a difference may be related to a significant contribution of the intramolecular interactions between the corresponding pairs of atoms in the RDFs reported in ref. [START_REF] Masia | Computational Study of γ-Butyrolactone and Li+/γ-butyrolactone in Gas and Liquid Phases[END_REF]. The CoR•••CoR RDFs for both solvents are located at the same distances with a well-defined first coordination shell, featuring a maximum at 0.54 nm and a first minimum at 0.74 nm. These values are similar to those previously obtained for tetrahydrofuran molecule [START_REF] Bowron | The Structure of Liquid Tetrahydrofuran[END_REF][START_REF] Bowron | Structural Characteristics of a 0.23 Mole Fraction Aqueous Solution of Tetrahydrofuran at 20 °C[END_REF]. However, a shoulder clearly appears around the first peak in PC while it is not resolved in the GBL. This result may be assigned to a difference in the packing density in two liquids. The coordination numbers of GBL and PC RDFs at the first minimum are essentially identical and give approximately 12 neighbors.

H-bonding interactions

As mentioned above, the H-bonding interactions in dipolar liquids is one of the factors that determine the local structure and orientation of the molecules. Nonetheless, the importance of this contribution to the overall pattern of intermolecular interactions still requires additional clarification. The In order to assess the extent of the H-bonds in GBL and PC, we analyzed the behavior of the two

characteristic distances O i •••C i and O i •••H i (i = 1-4
) between the reference and neighboring molecules by using the criteria proposed by Jeffrey [START_REF] Jeffrey | An Introduction to Hydrogen Bonding[END_REF]. According to these criteria, the H-bonds exist when the distances A•••H and A•••D are less than 0.32 and ~0.40 nm, respectively, and the interaction energy, UHⁱ•••Aⁱ, is less than 17 kJ mol -1 . Thus, by following these criteria it is clearly seen from the Figure 5a that both liquids are able to form weak H-bonds. Among the existing H-bonds, the stronger ones involve the carbonyl oxygen, O 1 . Several features of the H-bonds are apparent. Namely, in GBL the relative strength of interactions between all the H i atoms and one type of oxygen, while in PC the H-bonds for H 2,4 are evidently stronger compared to the ones at the H 3 site. For interactions with other oxygen atoms, O 2 and O 3 , the difference in strength between the H-bonds becomes less noticeable.

Our findings can be further confirmed by estimating the respective interaction energies of these Hbonds, UOⁱ•••Hⁱ. Since the origin of the stabilization of the weak H-bonds is mostly electrostatic, we have estimated the electrostatic energy between the aforementioned groups of atoms, O i •••H i , according to a procedure described in previous work [START_REF] Ferreira | New Force Field Model for Propylene Glycol: Insight to Local Structure and Dynamics[END_REF]. By considering hydrogen atoms belonging to CHi group as equivalent, primarily, we estimated the average electrostatic energy for each of the H-bonding groups with the radial cutoffs criteria not exceeding the average H-bonding distances between H i and O i . Next, to assess the interaction energies for each separate hydrogen atom within the CHi group, we estimated the average number of H-bonds using the radial and angular cutoffs obtained from the analysis of the geometrical characteristics for each type of H-bond. Therefore, to estimate the interaction energy of the H-bond between one hydrogen atom of CHi group the obtained electrostatic energy was divided by the number of H-bonds (e.g., for O 1 ••• H 2 interactions the H-bonding energy would be -173.5 / 266 = -1.30 kJ mol -1 ). The resulting interaction energies (Table 5) are in good agreement with the tendency of the above considered geometrical characteristics and lie between -1.30-3.02 kJ mol -1 for the H-bonds involving the carbonyl oxygen, O 1 , and -1.02-1.25 kJ mol -1 for the remaining H-bonds. Additionally, to confirm our findings we also estimated H-bonding energies by using an empirical equation proposed by Another information about the nature of H-bonding interactions in GBL and PC may be obtained within the Bader's "Quantum Theory of Atoms in Molecules" (QTAIM) [START_REF] Bader | A quantum theory of molecular structure and its applications[END_REF]. According to QTAIM [START_REF] Grabowski | What Is the Covalency of Hydrogen Bonding?[END_REF] several practical criteria to consider H-bonding formation can be used: i) an existing a bond critical point (BCP) between the hydrogen atom and the hydrogen bond acceptor and of the corresponding bond path which connects the hydrogen and acceptor atoms; ii) a low value of the electron density, ρ BCP , in this BCP -0.002-0.034 a.u., and iii) a low positive value of the Laplacian of the electron density, ∆ρ BCP , -0.024-0.139 a.u. In order to access reliable values of ρ BCP and ∆ρ BCP , we first determined the series of dimer configurations that statistically satisfy averaged geometrical (double radial and angular as well)

characteristics of H-bonding interactions considered above. Next, for the selected configurations, single point quantum-chemical calculations at MP2/6-311++G(d,p) level were performed to estimate the electron density distribution and to analyze it in terms of QTAIM by using the AIMALL [START_REF] Keith | AIMAll (Version 17.11.14[END_REF] package (see Figure 5b). According to the obtained results (Table 5), among all the analyzed critical points O i •••H i one can notice that for both liquids where H-bonds involve carbonyl oxygen atoms in PC and GBL are rather weak, while no H-bonds are formed with ester oxygen atoms. This observation correlate well with the results discussed above. 

•••H 2 O 1 •••H 3 O 1 •••H 4 O 2 •••H 2 O 2 •••H 3 O 2
•••H 2 O 1 •••H 3 O 1 •••H 4 O 2 •••H 2 O 2 •••H 3 O 2 •••H 4 O 3 •••H 2 O 3 •••H 3 O 3

Packing structure and dipole-dipole orientation

As was shown above, the difference in strength of H-bonding formation also defines the difference in the mutual orientation for the neighboring molecules. In order to study these orientational aspects in detail and to determine the most probable configuration of the neighboring molecules in GBL and PC, we calculated a series of angular distributions with the distance criteria corresponding to the nearest neighboring CoRs. The schematic representation of the geometric parameters used for the description of the relative orientation in GBL and PC are defined in Figure 6. The first two investigated angles, designated here as α and β, are intended to demonstrate the orientation of the ring planes, while the third angle, designated here as ψ, describe the relative orientation of molecular dipoles with respect to the reference molecule. The first investigated angle α, is the angle between the normal vector, n1, of the GBL/PC ring plane of the reference molecule and the distance vector connecting the ring centers, r, of the As it can be seen from the resulting distributions of the angles α, β and ψ, the first nearest neighbor is characterized by the high probability of above/below plane-parallel packing structure of the two closest molecules with antiparallel alignment of the molecular dipoles. The antiparallel dipole orientation is stronger in GBL than in PC, while in both liquids, the contribution of the parallel alignment molecules also occurs, however with less probability than the antiparallel one. In both systems, as follows from the p(β), for the second neighbors the packing structure becomes randomly organized and then proceeds to a T-shaped orientation for the next neighbor. The evolution of the p(β) also provokes the respective changes for p(α) and p(ψ). Thus, the behavior of p(α) also undergoes the displacement of the distributions to lower and higher angular values for the nearest neighbors of higher orders. Like the considered distributions, the evolution of the p(ψ) indicates that starting from the second neighbor both contributions of distorted antiparallel and parallel aligned molecules become loose. Finally, for the farther neighbors the packing structure becomes almost randomly organized with respect to the reference molecule.

Kirkwood correlation factor

Our findings on the dipole-dipole orientation and packing structure in both liquids may be helpful to discuss the Kirkwood correlation factor that reflects the spatial correlations of the dipoles of the nearest neighbors around the chosen molecule in the framework of the Onsager-Kirkwood-Fröhlich (OKF) theory [START_REF] Fröhlich | Theory of dielectrics: dielectric constant and dielectric loss[END_REF]. As it has been reported in the literature, a rather strong dispersion in the corresponding values leaded to a controversial enough picture of the dipolar orientation in PC [START_REF] Świergiel | On investigation of aggregation of molecular dipoles in liquids[END_REF][START_REF] Świergiel | Orientational entropy and dipolar aggregation in mixtures of propylene carbonate + N,N-dimethylacetamide[END_REF] and in GBL [START_REF] Świergiel | Temperature Behavior of Electric Relaxational Effects due to Ionic Conductivity in Liquid Lactones[END_REF].

The Kirkwood correlation factor, K g , values are related to the dipole-dipole orientation between a reference molecule and its first nearest neighbors through the relation [START_REF] Fröhlich | Theory of dielectrics: dielectric constant and dielectric loss[END_REF] 1 cos

K g z ψ = + < > (3) 
where, ψ, is the angle between the dipole axes of a reference molecule and neighboring ones and z is the average number of the considered nearest neighbor molecules around a given reference molecule. The case of K g < 1 corresponds to the preferential antiparallel orientation of the neighboring molecules and the static permittivity of a given liquid, while the case K g > 1 reflects the parallel correlation of the neighboring dipoles. The value of the Kirkwood correlation factor is one of the main outcomes of the dielectric measurements, though, it suffers from the inability to estimate reliably the number of neighbors z that should be taken into account for the direct application of equation 3.

Recently we have proposed a rigorous way to calculate the Kirkwood correlation factor in the framework of the nearest neighbor approach [START_REF] Koverga | A new potential model for acetonitrile: Insight into the local structure organization[END_REF]. Having the angular nearest neighbor distribution (see Figure 6 for example), it is possible to calculate the Kirkwood correlation factor ( ) When considering only the first neighbor, the K g value is slightly less than unite. This is the result of the averaging between the antiparallel aligned molecules, occurring with highest probability (that gives negative contribution) and the parallel one, occurring with low probability (giving positive contribution to the final K g (n = 1) value). Hence, the increase in K g indicates the dominance of parallel orientation of neighbor molecules in PC, while distorted antiparallel and parallel ones coexist in GBL (with a dominance of the first one). For the n > 8, the parallel configuration start to dominate in GBL.

To estimate the real number of the nearest neighbor that define the value K g in liquid PC and GBL, one should compare the ( ) 

B M K V A k TV g N ε ε ε ε µ π ε ε ∞ ∞ ∞ - + = + , (5) 
where VM, µV, ε and ε∞ are the molar volume, molecule dipole moment in vacuum, macroscopic dielectric constant and dielectric constant at infinite frequency of a solvent, respectively. The dielectric constant of the solvents was calculated by the equations 6 and 7 for the PC and GBL, respectively 

from the experimental data [START_REF] Chernozhuk | Dielectric properties of gamma-butyrolactone in the temperature range 5-125 °C[END_REF][START_REF] Otleikina | Dielectric properties of propylene carbonate in the temperature range 238[END_REF]. The values of the ε∞ at 2918. 15 = -+ , assuming that the deformation polarization P is temperature independent. The experimental value of the Kirkwood factor for PC and GBL are also shown in Figure 7 as horizontal dashed lines.

Figure 7 clearly demonstrates that the dipole correlation spheres include ~8-9 neighboring molecules for GBL and ~5-6 molecules for PC, respectively. Unlike PC, the dominance of the dipoledipole antiparallel configuration in GBL indicates is a more ordered packing.

Conclusions

In the present study, by using classical MD simulation we analyzed the local structure organization and the orientation aspects in two dipolar liquids, GBL and PC. Particular attention was paid to the relationship between the packing ability and dipole-dipole orientation, as well as to the extent of Hbonding interactions. For this purpose, and for the sake of homogeneity of the inter-and intramolecular parameters of the used potential models, we developed a new set of parameters based on the methodology described in our previous work. The new potential parameters were adopted with respect to their ability to reproduce series of the thermodynamic and transport properties in the temperature range of liquid state. In the refinement procedure, the effective stage was the tuning of the Lennard-Jones parameters of hydrogen and oxygen atoms to fit the available experimental data. Furthermore, the validity of the improved potential models was examined by computing the same set of physicochemical properties by using existing models for GBL and PC coming from the literature. Our results showed that the refined potential models reproduce better both thermodynamic and transport properties in comparison with such models.

Based on geometrical and energy criteria as well as on a QTAIM analysis, we suggest that both liquids tend to form weak H-bonds involving mainly carbonyl oxygen atoms. Although, the interactions involving ester oxygen atoms satisfy geometrical and energy criteria, according to QTAIM analysis, they cannot be considered as H-bonds.

The analysis of the local environment within the first coordination shell shows that for both liquids the packing density decays with the increase of the temperature, and the packing of GBL is notably denser relative to PC. The mutual orientation between the reference and observed molecules varies with the distance, from the above/below plane-parallel configuration with antiparallel aligned molecular dipoles to in-plane T-shaped configurations with parallel dipolar orientation.

Finally, based on the nearest neighbors' approach, we estimated the behavior of the correlation Kirkwood factor within the first coordination shell of both molecular liquids. Our results suspect that in order to reproduce the experimental values of K g at room temperature, it is necessary to take into account a maximum of ~5-6 nearest neighboring molecules for PC and of ~8-9 molecules of GBL. As the temperature increases, the respective number of nearest neighbors also increases as well within experimental gK values due to results of weakening of molecular association.

Figure 1 .

 1 Figure 1. Molecular structures of γ-butyrolactone (GBL) and propylene carbonate (PC) with atomic labeling used throughout this work.

  5 according to the OPLS/AA framework. To get the dihedral potential parameters Cn (see equation 1) we primarily plotted the dihedral energy profiles, O P L S / A A d ih ed ral U , for each type of dihedral angle. In this procedure, the positions of the first and last atoms of all the dihedral angles were stored with a step size of 5° over the range -180° to +180°. Then, at each step, the re fin e d d ih e d ra l U energy was calculated. Since along

Figure 2 .

 2 Figure 2. Densities (top) and self-diffusion coefficient (bottom) calculated in the temperature range 238.15-478.15 K for neat GBL ( ) and 238.15-518.15 K for PC ( ) in comparison with experimental measurements for GBL ( [4]) and PC (-----[93] and [94]), respectively.

Figure 3 .

 3 Figure 3. Spatial distribution functions with 80% density probability of the CoR and oxygen atoms, O i (i = 1-3), around the reference GBL (top) and PC (bottom) molecules.

Figure 4 .

 4 Figure 4. Site-site radial distribution function, g(r), of pure GBL () and PC (---) between the center of rings (CoRs), carbonyl oxygen O 1 and the corresponding hydrogen atoms H i calculated at 298.15 K, where i = 1-4.

  existence of H-bonding interactions may be considered via certain criteria, based on either the interaction energy or on the radial, H or D•••A, and angular cutoffs for the pseudovalent H-bond angle, A•••H-D (where D and A stand for the H-bond donor and acceptor site, respectively)[START_REF] Arunan | Defining the hydrogen bond: An account (IUPAC Technical Report)[END_REF]. Taking into account the geometrical features of H-bonds, the latter may be also expressed through the dual radial cutoffs for A•••D and A•••H. Thus, in the case of a linear H-bond, which is qualified as strong one, the A•••D distance is equal to the sum of the intramolecular H-D and intermolecular A•••H distances. On the other hand, in the case of a strongly bent, weaker H-bond, the D•••A distance is noticeably shorter than the sum of the H-D and A•••D distances, and the H-bond angle can be estimated from the law of cosines. Some theoretical works devoted to the study of H-bonding interactions have also revealed the importance of dual radial cutoffs in properly describing H-bonds[START_REF] Skarmoutsos | Hydrogen Bonding in 1-Butyl-and 1-Ethyl-3-methylimidazolium Chloride Ionic Liquids[END_REF][START_REF] Lehmann | On the physical origin of the cation-anion intermediate bond in ionic liquids Part I. Placing a (weak) hydrogen bond between two charges[END_REF].

Espinosa

  et al.[START_REF] Espinosa | Hydrogen bond strengths revealed by topological analyses of experimentally observed electron densities[END_REF]. Based on these results, one can see that both criteria, geometrical and energetical, correlate well within each other, and the H-bonding angle plays an important role for classifying of the strength of H-bonding formation in comparison with the H-bonding distance. Further, the obtained results are in line with previous theoretical and experimental studies on both liquids[START_REF] Kondrin | Dielectric spectroscopy and ultrasonic study of propylene carbonate under ultra-high pressures[END_REF][START_REF] Danilov | Vivid Manifestation of Nonergodicity in Glassy Propylene Carbonate at High Pressures[END_REF][START_REF] Eckstein | X-ray scattering study and molecular simulation of glass forming liquids: Propylene carbonate and salol[END_REF].

Figure 5 .

 5 Figure 5. a) Average distances characterizing H-bonding interactions between H i or C i atoms of the reference molecule and the neighboring atom O i in GBL, and PC at 298.15 K, where θ denotes the values of the pseudovalent H-bond angle O i •••H i -C i and i = 1-4. b) Example of the GBL (top) and PC (bottom) dimer configurations forming the strongest Hbonds, O 1 •••H 2 (left), O 1 •••H 3 (middle) and O 1 •••H 4 (right), including relevant bond critical points (blue spheres) and bond paths (dashed line). Ring critical points and ring paths are not plotted for the sake of simplicity.

  reference and observed molecules. Thus, positions above/below the reference molecule would correspond to α angle around 0° and 180°, while perfect in-plane arrangement of the observed molecules to α values close to 90°. The second investigated angle β is formed by the two normal vectors, n1 and n2, of the ring planes between the reference and observed molecules. As in the previous case a perfectly plane-parallel arrangement corresponds to β values of 0° and 180°, whereas the values around 90° are indicative of a Tshaped relative arrangement of the two rings. The third angle, ψ, is formed by the two vectors, a1 and a2, and is oriented along C=O bonds in the reference and observed molecules. ψ values close to 0° and 180° indicate a parallel and antiparallel orientation, respectively.

Figure 6 .

 6 Figure 6. Schematic representation of the GBL/PC dimer with geometric characteristics used for description of the mutual orientation of the molecules in neat liquids and corresponding angular distribution functions for n nearest neighbors for the three representative angles α (left), β (middle) and ψ (right) calculated at 298.15 K for GBL (top) and PC (bottom).

  a function of nearest neighbors are given in Figure7for both molecular liquids at four different temperatures, 278.15, 298.15, 328.15 and 478.15 K. 

Figure7.

  Figure7. Dependence of Kirkwood correlation factor, gK, with respect to the number of neighbors, n, for GBL (top) and PC (bottom) along with experimental data represented as horizontal lines at 278.15 ( ,), 298.15(◇, ------), 328.15 ( ,-•-•-•) and 478.15 K (△, -••-••).

K g n

  dependence with experimental values of the Kirkwood factor calculated from the OKF theory

  C i , O i and H i correspond to any type of carbon, oxygen or hydrogen atoms.
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Table 3 .

 3 The refined dihedral parameters for GBL and PC refitted according to the equation 2.

	GBL

  C4 and C5 dihedral parameters are set to be zero; b improper dihedrals are derived in the same way as bending force constants.

	0.6777	1.8791	0.0000	-2.5203	0.4303	1.9099	0.0000	-2.5598
	0.3244	1.9355	0.0000	-2.5425	0.1142	1.9548	0.0000	-2.5409
	1.7158	1.6125	0.0000	-2.4303	27.3443	-0.9452	-20.6117	-0.1185
	2.0673	1.6495	0.0000	-2.4700	-0.4055	1.8691	0.1052	-2.4496
	-1.3461	-0.6120	0.2416	0.6460				
	-6.6842	1.9402	0.3105	-1.8599				
					-7.3530	1.9398	0.7245	-2.1776
					0.9576	0.2788	2.3915	-3.3349
	2.4721	0.2169	0.4947	-1.3041				
					4.5114	2.4859	0.4121	-4.0231
					0.6577	2.9753	0.5631	-4.6738
					10.9012	1.1386	0.7734	-4.1295
	1.2135	2.7091	0.4153	-4.1920				
	2.3909	-0.2833	0.0595	-0.1027				
	-10.9417	-23.7039	0.0000	66.8413				
	1.5550	-3.6172	0.7326	4.7705				
					-41.1453	8.6464	0.0000	-5.0454
	8.3710	-0.5747	-4.7210	-0.0273				
	-3.7321	2.3437	2.0678	-4.9503				
					-6.7273	-15.5893	11.3103	15.6681
	-19.8861	-24.3060	0.0000	35.9376				
					-62.8226	0.0000	-79.9811	-65.7103
					-62.8226	0.0000	-79.9811	-65.7103
					85.4398	-11.4812	0.0000	0.0000
	29.8686	-9.2191	-21.1670	0.2012				
	14.9446	0.0000	-20.4939	0.0000				
					11.9043	-1.8661	-15.9841	-2.5246
					11.9043	-1.8661	-15.9841	-2.5246
					58.2485	13.6115	28.3743	30.5712
					58.2485	13.6115	28.3743	30.5712
	53.5980	0.0000	0.0000	53.5980				
					79.5277	0.0000	0.0000	-79.5277

a 

Table 4 .

 4 Density, ρ, enthalpy of vaporization, ΔHvap, surface tension, γ, volumetric expansion coefficient, αP, isothermal compressibility, κT and self-diffusion coefficient, D, calculated at 298.15 K for GBL and PC potential models in comparison with previously published models and experimental measurements.

	Properties	this work	OPLS/AA a	Ref. [8]	experimental this work OPLS/AA a	Ref. [68]	experimental
				GBL				PC	
	ρ / g cm -3	1.1286	1.1313[4]	1.1305	1.1212[4]	1.2001	1.2238[81]	1.1906	1.1978[82]
			1.1078[60]		1.1234[69]		1.1432[60]		1.200[83]
					1.1243[70]				1.1995[69]
									1.1999[84]
	ΔHvap / kJ mol -1	48.71	57.42[4]	62.71	48.0[71]	56.94	67.01[81]	57.28	61.5[85]
			49.35[60]		48.9[72]		62.44[60]		
					54.4[73]				
	γ / mN m -1	35.93	39.22[4]	60.89	45.2[74]	37.63	43.69[81]	52.09	34.6[86]
			45.69[60]				41.91[60]		41[87]
	αP 10 3 / K -1	1.18	1.06[4]	0.82	0.75[75]	1.10	0.92[81]	0.77	0.91[88]
			0.96[60]		0.86[76]		0.97[60]		0.85[89]
					0.89[77]				
					0.94[4]				
	κT / GPa -1	0.48	0.07[4]	0.35	0.61[76]	0.45	0.70[81]	0.03	
			0.05[60]		0.46[78]		0.02[60]		
	D 10 5 / cm 2 s -1	0.86	0.52[4]	0.64	0.83 300 K [79]	0.52	0.40[81]	0.10	0.49[90]
			0.80[60]		0.9 303 K [80]		0.31[60]		0.52[91]
									0.55 303 K [92]
									0.57[68]
									0.58 303 K [80]
									0.62 300 K [79]

a Models based on OPLS/AA force field with some minor modifications.

Table 5 .

 5 Average H-bonding distance, <rOⁱ•••Hⁱ> and pseudovalent H-bond angle Oi •••H i -C i , θ (i = 1-4), average number of Hbonds and H-bonding interaction energy, UHⁱ•••Oⁱ, estimated by means of MD simulation and by empirical equation proposed by Espinosa et al.[START_REF] Espinosa | Hydrogen bond strengths revealed by topological analyses of experimentally observed electron densities[END_REF] (in brackets), electronic density, ρ BCP , and electronic density Laplacian, ∆ρ BCP , estimated by means of QTAIM analysis for GBL and PC at 298.15 K. Note, that each H i •••O i group summarized the average number interactions involving all hydrogen atoms in position i (see Figure1).

	Type of H-bond <rOi•••Hi> / nm	∠θOi•••Hi-Ci / deg	No. of H-bonds	UOi•••Hi / kJ mol -1	ρ BCP / a.u.	∆ρ BCP / a.u.
			GBL			
	O 1					

  K was calculated by the relation

	equation	( ( ) ( ) 1 ) ( P V t M t ε ∞	ε	∞	( ) 2 t	)

2 1.1 D n ε ∞ = ⋅ ( D n (PC)=1.419, D n (GBL)=1

.434

[START_REF] Marcus | The properties of solvents[END_REF]

, at other temperatures from the Clausius-Mosotti
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