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In the present investigation, an attempt has been made to evaluate internal pressure [image: image], energy [image: image], and enthalpy of vaporization [image: image] along with excess entropy [image: image] and excess isothermal compressibility [image: image] for binary solutions of alkanones (2-propanone, 2-butanone, and 2-heptanone) and aromatic amines (aniline, N-methylaniline, and pyridine) at 293.15, 298.15, and 303.15 K, respectively. The cohesive energy density (CED) and solubility parameter [image: image] are studied to understand the strength of molecular interactions. The coefficient of thermal expansion [image: image] and isothermal compressibility [image: image] have also been investigated using empirical equations and have been employed to understand the molecular interactions. All the evaluated properties have been used to understand the nature and extent of intermolecular interactions taking place. The observed trends in the properties and their variations have been discussed in terms of varying chain lengths of the alkyl group and the hydrogen bonding capability of the components. The findings show that the extent of interactions follows an order: aniline > NMA > pyridine, keeping the alkanone constant at all the temperatures under study.
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INTRODUCTION
Volumetric, acoustic, and thermophysical properties of nonaqueous binary mixtures provide valuable information about molecular interactions in systems resulting from solute–solute, solvent–solvent, solute–solvent interactions, structural effects, molecular orientation, energy changes, and free volume (Hemmat et al., 2017; Shakila et al., 2020; Jóźwiak et al., 2021). Knowledge of these properties has considerable significance in theoretical and applied areas of research (Rehman et al., 2020; Ezazi et al., 2021; Li et al., 2021; Nain, 2021; Sharma et al., 2021; Wan et al., 2021). Over the past several decades, internal pressure has played a key role in the study of the thermodynamics of liquid mixtures as it provides insights into the internal structure, clustering, structure making, and breaking along with various intermolecular interactions, namely, ionic, dipole–dipole interaction, and dipole-induced dipole attraction. (Marcus, 2013).
Two more significant thermophysical parameters, namely, the energy of vaporization [image: image] and enthalpy of vaporization [image: image], have also been studied in the present investigation. Internal pressure can be used to evaluate the energy of vaporization (Pandey et al., 2020). Energy and enthalpy of vaporization coupled with the entropy of liquid mixtures provide an in-depth understanding and knowledge about the behavior of the system. Further insights and a deeper understanding of molecular interactions are provided by the knowledge of the corresponding excess parameters, that is, [image: image] (Hildebrand, 1947; Nain, 2008).
Alkanone and amine mixtures help us to gain insights into interactions in the amide solution due to the presence of carbonyl and amine groups in the component molecules. It is a well-known fact that proteins and amino acids are linked to each other by peptide bonds. For a better knowledge of biologically complex molecules, the first step involves understanding the intermolecular interactions in the liquid mixtures involving the amide functional group (Alonso et al., 2010a). Aniline is used in the manufacture of polyurethanes and in the pharmaceutical industry to produce drugs such as paracetamol. Aniline is also used in the synthesis of dyes, rubber, etc. N-Methylaniline (NMA) is used as an intermediate for dyes, agrochemicals, and other organic products. It is also used as a coupling solvent. Pyridine, an important raw material of chemical industries, is used as a precursor for the synthesis of various organic products in pharmaceutical and agrochemical industries (Alonso et al., 2011a; Kijevčanin et al., 2013). The increase in atmospheric CO2 due to the increase in fossil fuel combustion is one of the factors affecting global climate change. Newly developed modes of CO2 capture can help reduce atmospheric CO2 concentration significantly over traditional modes. Solvents and solid sorbents such as supported amine, ammonium material, and metal–organic frameworks (MOFs) are widely used for the process (Sanz -Pérez et al., 2016). The combination of aqueous alkanolamine solution with ionic liquid has reported anticorrosion protection property and acts as a better CO2 capture solvent (Bernard et al., 2016; Varghese and Karanikolos, 2020). Also, alkanolamine and room temperature ionic liquid emulsions are practicable to capture CO2 through crystallization of CO2-captured products (Hasib-ur-Rahman et al., 2012). The carbonated aqueous mixtures of alkanolamines and ionic liquids are also studied to understand the carbon steel corrosion behavior (Ali et al., 2012). A comprehensive review of the literature reveals that there is scarcity, pertaining to the thermophysical properties of these industrially significant binary mixtures, which has prompted the present work.
In the present investigation, internal pressure [image: image], energy [image: image], enthalpy of vaporization [image: image], cohesive energy density (CED), solubility parameter [image: image], free volume [image: image], excess entropy [image: image], and excess isothermal compressibility [image: image] have been evaluated at three different temperatures, that is, 293.15, 298.15, and 303.15 K, for alkanones and aromatic amine mixtures. The experimental data required for the evaluation of the aforementioned properties have been taken from the literature and listed in Supplementary Table S1 (Alonso et al., 2010a; Alonso et al., 2010b; Alonso et al., 2011a).
The investigated systems comprise binary mixtures of the following:
1. 2-Propanone + (aniline/N-methylaniline/pyridine).
2. 2-Butanone + (aniline/N-methylaniline/pyridine).
3. 2-Heptanone + (aniline/N-methylaniline/pyridine).
THEORY
The change in intermolecular interactions upon mixing of the liquids is directly affected by the change in the volume and internal energy of the liquid mixture. Internal pressure can be interpreted as the volume derivative of internal energy [image: image] in a constant temperature process, that is, [image: image]. Internal pressure [image: image], a well-defined thermodynamic property of pure liquids, mixtures, and solutions, is derived from the thermodynamic equation of state through an expression that employs isothermal compressibility [image: image] and the coefficient of thermal expansion [image: image], two very significant thermophysical parameters (Suryanarayana, 1986; Marcus, 2013).
Internal pressure [image: image] (Marcus, 2013; Almasi, 2020a) has been evaluated with the help of the following equation:
[image: image]
where [image: image] is the coefficient of thermal expansion, [image: image] is the isothermal compressibility, and P is the atmospheric pressure. The high magnitude of the first term in the right-hand side of Eq 1 renders the value of ‘[image: image]’ to be considered negligible. The values of the coefficient of thermal expansion [image: image] and isothermal compressibility [image: image] have been evaluated by the method given elsewhere (Alonso et al., 2010b).
The internal pressure consists of attractive and repulsive forces between molecules. It is observed that when internal pressure is plotted against volume for a typical liquid at high volume (low P, high T), the attractive forces dominate [image: image], and it can be represented by the attraction coefficient of the van der Waals equation only (Barton, 1975). Hence, the attractive part of the internal energy [image: image] is equal to the energy of vaporization [image: image] at low gas pressure, that is, [image: image] (Barton, 1975; Rastogi and Misra, 1995).
The energy of vaporization [image: image] is the energy required to break all the forces associated with 1 mol of liquid during the removal of that mole from liquid to vapor state. The energy of vaporization [image: image] (Pandey et al., 2020) is obtained by the following expression:
[image: image]
where [image: image] is the molar volume.
Enthalpy of vaporization [image: image] is the sum of internal energy and pressure–volume work performed by the system (Levine, 2011). The enthalpy of vaporization (Pandey et al., 2020) is given by the following equation:
[image: image]
where all the symbols have their usual meaning.
Excess entropy is calculated from free volume [image: image] (Hildebrand, 1947; Nain, 2008) using the following equation:
[image: image]
where [image: image] and [image: image] are mole fractions, and [image: image] are the free volumes of the constituent pure components that have been calculated by making use of the equation (Nain, 2008; Almasi, 2020a; Almasi, 2020b):
[image: image]
Since P is very small as compared to Pi, it is neglected in Eq 5.
Free volume [image: image] represents the existing free space between the molecules in the liquid, and it is a measure of cohesion and the degree of interaction in liquid mixtures (Rehman et al., 2020).
The cohesive energy density (CED) represents the total cohesion per volume of the liquid, and it occurs due to the intermolecular forces present within the liquid (Dack, 1975). The cohesive energy density (CED) (Dack, 1975; Almasi, 2020a; Marcus, 2020) has been evaluated using the energy of vaporization [image: image] and molar volume [image: image] given by the following equation:
[image: image]
The solubility parameter (δ) represents the strength of intermolecular interactions between solvent molecules (Weerachanchai et al., 2012; Marcus, 2020). It is given by Pandey et al. (2020):
[image: image]
The coefficient of thermal expansion [image: image] and isothermal compressibility [image: image] have been calculated using the following empirical equations (Shukla et al., 2011; Nanda et al., 2012):
[image: image]
[image: image]
where [image: image] is the ultrasonic velocity, [image: image] is the density, and [image: image] is the temperature in Kelvin. The experimental data of ultrasonic velocity and density required for evaluation have been acquired from the literature (Alonso et al., 2010a; Alonso et al., 2010b; Alonso et al., 2011a).
RESULTS AND DISCUSSION
The binary systems comprising alkanones and aromatic amines have been studied at three different temperatures (293.15, 298.15, and 303.15 K). Internal pressure, energy, and enthalpy of vaporization together with excess entropy have been evaluated employing thermodynamic properties to understand the intermolecular interactions present in the systems under investigation. All the requisite thermophysical properties of the pure components have been taken from the literature (Alonso et al., 2010a; Alonso et al., 2010b; Alonso et al., 2011a).
The coefficient of thermal expansion [image: image] and isothermal compressibility [image: image] are two critical thermodynamic properties to understand the nature and extent of the interactions taking place in the liquid mixtures. The evaluated values of both properties at 298.15 K are recorded in Supplementary Table S2 (Alonso et al., 2010a; Alonso et al., 2010b; Alonso et al., 2011a). The coefficient of thermal expansion [image: image] is defined as the relative change in the volume with the temperature under isobaric conditions, and it is expressed in the study by Rama Rao et al. (2021):
[image: image]
The [image: image] values in the present investigation have been evaluated from the [image: image] values obtained from the literature (Alonso et al., 2010a; Alonso et al., 2010b; Alonso et al., 2011a). It is observed that the [image: image] values show an increasing trend with the increase in the concentration of the alkanones for all the systems. The variation in the [image: image] values, as seen from the literature (Alonso et al., 2010a; Alonso et al., 2010b; Alonso et al., 2011a), clearly indicates a higher degree of interactions existing between the unlike molecules.
Isothermal compressibility [image: image] is the relative change in the volume with pressure under isothermal conditions. It is expressed in the study by Rama Rao et al., (2021):
[image: image]
In the present investigation, isothermal compressibility [image: image] has been evaluated using the following expression (Alonso et al., 2010a):
[image: image]
Excess isothermal compressibility has been evaluated using the following expression (Alonso et al., 2010a):
[image: image]
where [image: image] is volume fraction, and [image: image] is the isothermal compressibility of constituent components.
The required experimental data of isentropic compressibility [image: image], molar volume [image: image], isobaric heat capacity [image: image], and thermal expansivity [image: image] for evaluation of [image: image] are obtained from the literature (Alonso et al., 2010a; Alonso et al., 2010b; Alonso et al., 2011a). It is seen that [image: image] values increase with the addition of alkanone, indicating that liquid mixtures have become more compressible (Supplementary Table S2). Both [image: image] and [image: image] expressions relate to the volume of the liquid components. With liquids being an intermediate phase between solids and gases, the expansion and compression studies play a vital role in understanding the molecular behavior and structural effects in the liquids.
The internal pressure [image: image] has been evaluated by Eq. 1 (Marcus, 2013; Almasi, 2020b; Rehman et al., 2020) using the knowledge of two significant parameters, namely, the coefficient of thermal expansion [image: image] and isothermal compressibility [image: image], and is presented in Table 1 for 298.15 K. The values of [image: image] for all the systems under consideration tend to decrease with an increase in the mole fraction of the first component, that is, alkanone. The [image: image] values are seen to range from 534.90 to 345.08 MPa for 2-propanone systems, 542.42 to 338.10 MPa for 2-butanone systems, and 520.42 to 329.87 MPa for 2-heptanone systems at 298.15 K. Figure 1A exhibits the variation in the internal pressure values for the alkanone + aniline systems at 298.15 K over the entire mole fraction range. A look at Figure 1A indicates a decreasing trend in the [image: image] values for alkanone + aniline systems with an increase in the mole fraction of the alkanones. On average, the highest [image: image] values are seen to be those of 2-propanone + aniline and the lowest are those of 2-heptanone + aniline, with the 2-butanone + aromatic amine mixtures giving intermediate values.
TABLE 1 | Thermodynamic properties of alkanones + aromatic amines at 298.15 K (Alonso et al., 2010a; Alonso et al., 2010b; Alonso et al., 2011a).
[image: Table 1][image: Figure 1]FIGURE 1 | (A) Internal pressure of alkanone + aniline at 298.15 K. (B) Internal pressure of alkanone + N-methylaninline at 298.15 K. (C) Internal pressure of alkanone + pyridine at 298.15.
Figures 1B, C show a similar trend in the [image: image] values for both alkanone + N-methylaniline (NMA) and alkanone + pyridine at 298.15 K with the increase in the mole fraction of the corresponding alkanone. Figure 1C shows that the initial values of [image: image] for alkanone + pyridine are lower than those of the other alkanone + aromatic amine systems. The [image: image] values for all the systems with pyridine show relatively less variation with values tightly bunched together.
The internal pressure of a liquid accounts for the change in internal energy with volume under isothermal conditions and arises due to the presence of various forces such as repulsion, dispersion, and ionic and dipole interaction, which contribute to the overall cohesion in the liquid system. The decrease in [image: image] for all systems indicates the presence of strong adhesive forces (Saini et al., 2021; Baluja et al., 2010). The variation in [image: image] values of alkanone with aniline and NMA points toward specific interactions taking place with strong adhesion. The smaller variation in the [image: image] values of alkanone with pyridine indicate relatively less interactions taking place. An overview of Figures 1A–C reveals that the extent of interactions follows an order: aniline > NMA > pyridine, keeping the alkanone constant at 298.15 K. The trends observed in [image: image] values of alkanone + aromatic amine systems at 298.15 K and their values at equimolar concentration are in good agreement with the literature data (Alonso et al., 2011b).
A plot of excess isothermal compressibility [image: image] in Figure 2 encompasses all the systems, and these values are found to be negative over the entire composition range (Nain, 2013). The highest negative values of excess isothermal compressibility are observed between 0.5000 and 0.7000 mol fraction range for all the alkanone + aromatic amine mixtures at 298.15 K, indicating the presence of strong interactions in this composition range. The highest negative value of [image: image] is observed to be that of 2-propanone + aniline and the least for 2-heptanone + pyridine with all other systems lying between them. It is observed that alkanone + pyridine systems show lower values of Pi than alkanone + aniline and alkanone + NMA systems. Figure 2 implies that the molecular interactions occurring in the liquid mixture follow the order: aniline > NMA > pyridine for a particular set of alkanones at 298.15 K. The higher negative trend in the values of excess isothermal compressibility points toward a higher extent of the interactions between the unlike molecules resulting from the good geometrical fitting of the constituent components. The excess molar volume [image: image] and excess isentropic compressibility [image: image] values reported in the literature are found to be showing similar trends and validate the observations (Alonso et al., 2010a; Alonso et al., 2010b; Alonso et al., 2011a).
[image: Figure 2]FIGURE 2 | Excess isothermal compressibility at 298.15 K.
The values of energy of vaporization [image: image] recorded in Table 1 are found to decrease with the increment of the alkanone concentration for all the systems except for 2-heptanone + pyridine, where the values are seen to increase. The decrease in [image: image] values for alkanone + pyridine systems is seen to be lower than that of the other alkanone + aromatic amine mixtures at 298.15 K. The enthalpy of vaporization [image: image] shows similar trends for all alkanone + aromatic amine systems over the entire mole fraction range. The decreasing trend in both the thermodynamic properties suggests a decrease in the cohesive forces with the addition of the first component. The exception observed in 2-heptanone + pyridine may be resulting from relatively fewer interactions arising due to the presence of dominating cohesive forces.
The cohesive energy density (CED) and solubility parameter (δ) are evaluated using Eqs. 8, 9 (Almasi, 2020a; Almasi, 2020b) at 298.15 K and are recorded in Table 1. The cohesive energy density represents the total cohesion per volume of the liquid. Cohesion in a liquid is a resultant of the intermolecular forces, especially attractive forces evolving from hydrogen bonding and dipole–dipole and dispersion interactions. The cohesion creates around 1,000–10,000 atm pressure within the liquid. A solute molecule experiences this pressure when dissolved in the solvent, which increases as the interaction between solute–solvent molecules increases. This implies that the solution exists under higher internal pressure than the pure solvent. Even though [image: image] and CED values are almost similar, they do not reflect the same physical property of the liquid. The internal pressure is a measure of nonspecific interaction energy within the liquid while the CED measures the total intermolecular interaction energy, which includes both specific and nonspecific interaction energies within the liquid mixture (Dack, 1975). The CED values (Table 1) lie between 541.36 J-mol−1-cm−3 and 348.41 J-mol−1-cm−3 and tend to decrease with the addition of alkanone for all systems at 298.15 K. The decrease in the CED indicates a reduction in the cohesive forces present in the liquid mixtures (Suryanarayana, 1986; Levine, 2011). The solubility parameter developed by Hildebrand and Scott (1950) and Dack (1975) is a square root value of CED. It indicates the strength of intermolecular interactions between solvent molecules (Weerachanchai et al., 2012). Both solvent and solute molecules must overcome the cohesion present in the liquid in order to dissolve into the liquid. The solubility of components is possible when interactive forces between components or cohesive energy values of the components are similar (Welker, 2012). The solubility parameter values presented in Table 1 show a decrease in the δ values with an increase in the alkanone component. Alkanone + aniline systems show relatively higher solubility parameter values, followed by alkanone + NMA and alkanone + pyridine systems at 298.15 K.
Free volume [image: image] represents the existing free space between the molecules in the liquid, and it depends on the internal pressure of the liquid. It is a measure of cohesion and degree of interaction in liquid mixtures. The presence of attractive forces between the solute and solvent molecules causes an increase in unoccupied space or volume in the liquid mixture (Rehman et al., 2020). Free volume [image: image] is evaluated using Eq 5 (Nain, 2008; Almasi, 2020a; Almasi, 2020b), and the values are recorded in Table 1. A gradual increase in the [image: image] values is noted with the increase in the alkanone concentration for all the alkanone + aromatic amine systems at 298.15 K. This signifies an increase in the molecular association causing less cohesion in the mixtures (Baluja et al., 2010; Saini et al., 2021). It can be seen from Table 1 that alkanone + aniline systems have relatively more variations in the values of the properties than NMA and pyridine systems at 298.15 K.
The thermal expansivity [image: image] and isothermal compressibility [image: image] have also been evaluated using two well-known empirical equations (Eqs. 8, 9) (Shukla et al., 2011; Nanda et al., 2012). Both experimental and computed values are tabulated in Supplementary Table S2, and [image: image] is graphically represented for 2-butanone + aromatic amine systems in Figures 3A–C. It can be seen from Figures 3A–C and Supplementary Table S2 that the computed values of [image: image] and [image: image] are in good agreement with the experimental values at 298.15 K. The close agreement with the literature value at 298.15 K prompted the usage of the empirical equations (Eqs. 8, 9) at 293.15 and 303.15 K temperatures. These two parameters have then been utilized to compute internal pressure, energy and enthalpy of vaporization, free volume, cohesive energy density, solubility parameter, and excess entropy and are listed in Supplementary Tables S3, S4. A perusal of Supplementary Tables S3, S4 shows that all the alkanone + aromatic amine systems exhibit similar trends in these properties at 293.15 and 303.15 K as it has been observed at 298.15 K. A similar trend is observed at all three temperatures which follow the order: aniline > NMA > pyridine, for a similar set of alkanones.
[image: Figure 3]FIGURE 3 | (A) Isothermal compressibility of 2-butanone + aniline at 298.15 K. (B) Isothermal compressibility of 2-butanone + N-methylaniline. (C) Isothermal compressibility of 2-butanone + pyridine at 298.15 K.
Excess entropy [image: image] (Hildebrand, 1947; Nain, 2008) evaluated at 298.15 K has been recorded in Table 1. A perusal of Table 1 shows that 2-propanone and 2-butanone systems have positive excess entropy values whereas the 2-heptanone systems have negative values. The highest value of [image: image] for the 2-propanone + aniline system at 298.15 K is seen to be 0.5426 J/(mol-K) at the mole fraction (x1 = ) 0.5035 of the first component. At the same temperature, the lowest value of SE is −0.3440 J/(mol-K) when x1 is 0.4537 for 2-heptanone + aniline, whereas the excess entropy values for other systems lie in between them.
The excess entropy [image: image] have also been evaluated by making use of the Pi values obtained through [image: image] and [image: image] from the empirical equations at 298.15 K. Figure 4 depicts the computed [image: image] values, and it is seen that trends similar to those of the experimental values of [image: image] are observed at 298.15 K. The decrease in [image: image] may be ascribed to weakening of the interaction between unlike molecules. The negative [image: image] values of heptanone + aromatic amine systems show the least interactions between unlike molecules, which may have occurred due to structural effects.
[image: Figure 4]FIGURE 4 | Excess entropy (comp.) at 298.15 K.
The evaluated values of [image: image] and Pi at the remaining two temperatures have been utilized to express [image: image] at 293.15 K and 303.15 K and are represented graphically in Supplementary Figure S1, S2. The positive values of [image: image] are observed for 2-propanone + aromatic amines and 2-butanone + aromatic amine systems while the 2-heptanone + aromatic amine systems show negative values at 293.15 and 303.15 K similar to the 298.15 K observations, as seen in Figure 4 and Table 1. With the increase in temperature, the excess entropy values tend to increase as the disorder is more in liquid systems at higher temperatures. In 2-heptanone systems, the negative values of excess entropy may be attributed to fewer interactions present in the systems.
An overview of the plots in Figures 1A–C; Table 1; and Supplementary Tables S2, S3 reveals that while keeping alkanone constant, the extent of interactions follows the order: aniline > N-methylaniline > pyridine. These results are in excellent agreement with the [image: image] values reported in the literature (Alonso et al., 2010a; Alonso et al., 2011a; Alonso et al., 2010b). The aforementioned order of interactions can also be attributed to the fact that alkanone + aniline interactions occur more readily than alkanone + N-methylaniline or alkanone + pyridine interactions due to the ability of aniline to form a hydrogen bond easily (Alonso et al., 2010a) as it is a primary amine whereas N-methylaniline and pyridine are secondary and tertiary amines, respectively. The chemical structures of constituent components are represented in Figure 5. Pyridine is freely soluble in water whereas aniline and NMA are slightly soluble in water (Kim et al., 2016). The solubility of alkanones in the aqueous phase is observed to be high for 2-propanone, followed by 2-butanone and then 2-heptanone (Kim et al., 2016).
[image: Figure 5]FIGURE 5 | Chemical structures of components.
The strong ability of aniline to form a hydrogen bond arises due to the presence of strong dipolar interactions among the aniline molecules (González et al., 2005) The presence of strong interactions between polar molecules is also observed by miscibility gaps between the upper critical solution temperatures (UCSTs) in liquid–liquid equilibria curves (Alonso et al., 2010b). For systems such as aniline + hexane and aniline + heptane, UCSTs are 342.7 and 343.11 K, respectively, while for pyridine systems, UCSTs with hexane and heptane are 252.1 and 255.2 K, respectively, which indicates the ability of aniline to have strong interactions with corresponding molecules (Alonso et al., 2010b). Aniline and NMA are self-associated liquids via hydrogen bonds in the pure state, and this self-association decreases when it is mixed with other alkanones (Alonso et al., 2010b). The structural effects are understood by the contribution to HE for a system that includes positive values due to the breaking of propanone–propanone and aniline–aniline interactions while negative values are due to propanone–aniline interactions (Alonso et al., 2010b). The higher negative [image: image] values of alkanone + aniline suggest that more negative contribution is added due to the interactions between unlike molecules compared to alkanone + NMA as the amine group in NMA is more sterically hindered (Alonso et al., 2011c).
The variation in molecular interactions when alkanone is varied and aromatic amines being kept constant follows the order: 2-propanone > 2-butanone > 2-heptanone. This may be attributed to the fact that as the chain length increases, the ability of amines to form a hydrogen bond with the oxygen atom of alkanone decreases. The C=O group in 2-propanone is more polar than that in 2-butanone or 2-heptanone, which makes it easier for 2-propanone to form a hydrogen bond with aniline. This fact is also supported by the dipole moment of the alkanones wherein 2-propanone has the highest dipole moment (2.88D) and 2-heptanone has the least (2.59 D) (Haynes, 2013). It is pertinent to point out that the steric restriction to the approaching alkanone molecule would be very high when the H atoms of the amino group in aniline are substituted by the methyl group (Nakanishi and Touhara, 1986).
It is evidenced from Figures 1A–C that the variation in the internal pressure values for an amine with the common alkanone exhibits a decreasing trend with the increase in temperature. The energy and enthalpy of vaporization values listed in Table 1 and Supplementary Tables S3, S4 show an increase with the change in temperature for an amine with a set of alkanones. It is observed that CED and solubility parameter values tend to decrease with an increase in temperature. Figure 4 and Supplementary Figures S1, S2 show that excess entropy values are increasing with the rise in temperature, indicating an increase in a disorder with the temperature in the liquid system.
CONCLUSION
In the present investigation, internal pressure [image: image], energies and enthalpies of vaporization [image: image], cohesive energy density (CED), solubility parameter (δ), excess isothermal compressibility [image: image], and excess entropy [image: image] have been evaluated. Due to the strong ability of aniline to form a hydrogen bond with the C=O group of alkanones, the systems containing aniline show maximum interactions. The highest interactions among all the systems are shown by 2-propanone + aniline, and this may be attributed to the higher polarity of 2-propanone. The presence of nitrogen in the pyridine ring lowers the tendency of forming hydrogen bonds; therefore, it results in systems with pyridine showing the least intermolecular interaction. Therefore, it can be concluded that thermophysical parameters coupled with excess properties can be used as a powerful tool for predicting the extent and nature of molecular interaction in the systems.
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