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ABSTRACT 
Alcohols have been investigated in 1,2-dichlorobenzene, butanone-2, and pentanone-2 at 
varying temperatures. We have examined the extent of molecular interaction in binary 
systems 1,2-dichlorobenzene + butanone-2 and 1,2-dichlorobenzene + pentanone-2 at 
varying temperatures of 303K, 308K, and 313K. Molecular interactions have been 
examined based on ultrasonic density and viscosity measurements. Additional 
thermodynamic parameters, including adiabatic compressibility, intermolecular free 
length, molar volume, available volume, shear relaxation time, specific acoustic 
impedance, and Rao’s constant, were calculated using measurements of ultrasonic 
velocity, density, and viscosity. The excess values of some thermodynamic functions 
indicate the existence of interactions within the component binary systems. 
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1. INTRODUCTION 
The arrangement of components within binary systems is governed by the interactions at the molecular level. [1] 
Lagemann was a trailblazer in the exploration of the sound velocity method, which is employed for the subjective 
evaluation of connectivity levels in liquids. Rao [2] posits that the molar sound velocity is invariant and remains 
unaffected by temperature in unassociated liquids. In interconnected systems, including water, dioxane, and methanol, 
one can observe a dependency on temperature. [3-6] Fort and Moore, Kaulgud, and Prakash et al. have undertaken a 
comprehensive investigation into the behaviour of binary liquid mixtures by meticulously monitoring sound velocity 
and calculating the associated characteristics. The arrangement of molecules in the liquid state is characterized by a 
loose configuration, which results in the creation of free space, in accordance with the liquid model cell theory [7-9]. The 
characteristics that depend on molecular structure can clarify fascinating elements of the interactions that occur when 
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two or more liquids are mixed together. Jyostna and Satheesh [10] conducted a study examining the binary liquid 
mixtures of ethyl acetoacetate with higher alkanols, focusing on the investigation of density and acoustic properties. This 
study has been disseminated in recent times. The study conducted by researchers Saxena and Saxena explores the 
viability of a binary liquid mixture comprising cyclohexane and ethyl amine. Ultrasound can be employed to explore 
molecular interactions through both specific and non-specific mechanisms. The presence of binary systems significantly 
affects the structural configuration of the components, as it is shaped by the interactions occurring between the 
molecules involved. Lagemann was the pioneering individual who uncovered the sound velocity technique, a method 
employed for the qualitative assessment of the degree of connectivity in liquids. Rao [2] posits that the molar sound 
velocity remains a constant, unaffected by temperature, in the case of liquids that are not interconnected. [3-6] In 
interconnected systems, such as those involving water, dioxane, and methanol, temperature dependency is observed. 
Fort and Moore, along with Kaulgud and Prakash et al., have undertaken a comprehensive examination of the behavior 
of binary liquid mixtures by monitoring sound velocity and calculating associated features. In the liquid state, molecules 
exhibit a loosely organized arrangement, leading to the formation of free space, as outlined in the cell theory associated 
with the liquid model [7-9]. The dependent properties associated with molecular structure possess the capacity to 
uncover intriguing insights into the interactions that take place when two or more liquids are combined. Through the 
analysis of density and acoustic features, Jyostna and Satheesh [10] undertook a study focused on the binary liquid 
mixtures of ethyl acetoacetate with higher alkanols. This research was disseminated relatively recently. The 
investigation conducted by researchers Saxena and Saxena [11] explores the potential of a binary liquid mixture 
composed of cyclohexane and ethyl amine. The utilization of ultrasound enables the investigation of molecular 
interactions, encompassing both specific and non-specific ones. 
 

2. METHOD 
The densities of the pure components of the binary liquid system and their mixtures, over the whole range of mole 
fractions, were measured using a calibrated pycnometer at a constant temperature of 303 K, maintained by an electronic 
thermostat. Viscosity measurements were performed with a precise Cannon-Fenske viscometer at 303 K. The ultrasonic 
velocity of pure compounds and their binary liquid mixtures across the complete mole fraction spectrum was measured 
using a 2 MHz single crystal ultrasonic interferometer, attaining an accuracy of 0.05% at a constant temperature of 303 
K, with water circulation in the ultrasonic cell to maintain thermal stability. We purified the used chemicals according to 
methodologies described in other references. Subsequent assessments of diverse acoustic and thermodynamic 
characteristics were performed utilizing the experimentally obtained values of ultrasonic velocity, density, and viscosity. 

 
The   excess values were calculated using the formula: 

 
 

3. RESULTS 
The measured ultrasound velocity (u), density (ρ), and viscosity (η) were used to calculate isentropic compressibility 
(Ks), intermolecular free length (Lf), molar volume (Vm), available volume (Va), specific acoustic impedance (Z), shear 
relaxation time (Ts), and Rao's constant (R) across the full composition range of 1,2-dichlorobenzene with butanone-2 
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and pentanone-2, respectively, at three constant temperatures: 303 K, 308 K, and 313 K. Additionally, the excess values 
of density, isentropic compressibility, intermolecular free length, molar volume, available volume, and viscosity were 
calculated at all three temperatures. 
These metrics provide significant insights into the molecular interactions within the mixtures, which directly influence 
their physical properties and behaviours. Understanding these variations across different temperatures is crucial for 
applications in chemical engineering and materials science, where precise control of mixture properties is often required. 
This analysis highlights the importance of temperature and composition in determining the thermophysical properties 
of binary mixtures, enabling better design and optimization of industrial processes. 
 

Table 1. Thermo-physical Properties of Binary Mixture (1,2-Dichlorobenzene + Butanone-2) at Different 
Temperatures 

 
 
Description: The table summarizes the thermophysical properties of the binary mixture of 1,2-dichlorobenzene and 
butanone-2 at three temperatures: 30°C, 35°C, and 40°C. The measured properties include density (ρ), ultrasonic velocity 
(u), isentropic compressibility (Ks), intermolecular free length (Lf), molar volume (Vm), apparent molar volume (Φv), 
viscosity (η), specific acoustic impedance (Z), and Rao's constant (R). These data are presented as a function of the mole 
fraction of 1, 2-dichlorobenzene in the mixture. 
 

https://www.granthaalayahpublication.org/Arts-Journal/index.php/ShodhKosh


Thermodynamic and Molecular Interaction Studies of 1,2-Dichlorobenzene in Binary Mixtures with 2-Butanone and 2-Pentanone 
 

ShodhKosh: Journal of Visual and Performing Arts 2923 
 

The presented table provides a comprehensive dataset of thermophysical properties for the binary mixture of 1, 2-
dichlorobenzene and butanone-2, measured at three temperatures: 30°C, 35°C, and 40°C. The properties include density 
(ρ), ultrasonic velocity (u), isentropic compressibility (Ks), intermolecular free length (Lf), molar volume (Vm), apparent 
molar volume (Φv), viscosity (η), specific acoustic impedance (Z), and Rao's constant (R), all analyzed as a function of 
the mole fraction of 1,2-dichlorobenzene (x). These findings provide insights into molecular interactions, structural 
organization, and thermodynamic behavior of the mixture. At 30°C, the density of the mixture increases progressively 
with the mole fraction of 1,2-dichlorobenzene, ranging from 0.7875 kg/m³ at x = 0.0 to 1.2400 kg/m³ at x = 1.0. This 
trend reflects the higher density of pure 1,2-dichlorobenzene compared to butanone-2 and suggests closer molecular 
packing as the proportion of 1,2-dichlorobenzene increases. A similar increasing trend is observed for ultrasonic velocity, 
which rises from 1168 m/s at x = 0.0 to 1270 m/s at x = 1.0. This indicates stronger intermolecular interactions and 
reduced compressibility as 1,2-dichlorobenzene dominates the mixture. The isentropic compressibility (Ks) decreases 
significantly with an increase in the mole fraction of 1,2-dichlorobenzene, dropping from 93.08 × 10⁻¹² Pa⁻¹ at x = 0.0 to 
50.00 × 10⁻¹² Pa⁻¹ at x = 1.0. This decrease, coupled with the reduction in intermolecular free length (Lf) from 0.6088 Å 
to 0.4462 Å, reflects the enhanced cohesive forces and denser molecular arrangements in the mixture. A similar pattern 
is observed at higher temperatures, though the absolute values of Ks and Lf are slightly higher due to thermal expansion 
and reduced intermolecular forces at elevated temperatures. The viscosity (η) of the mixture increases significantly with 
the mole fraction of 1,2-dichlorobenzene, from 0.4234 mPa·s at x = 0.0 to 0.7350 mPa·s at x = 1.0 at 30°C. This increase 
can be attributed to the larger molecular size and higher intrinsic viscosity of 1, 2-dichlorobenzene, which contribute to 
greater resistance to flow. Interestingly, viscosity decreases as the temperature increases, highlighting the dominant role 
of thermal effects in reducing intermolecular friction. For example, at 40°C, viscosity values range from 0.4086 mPa·s (x 
= 0.0) to 0.6530 mPa·s (x = 1.0), consistently lower than the corresponding values at 30°C and 35°C. The specific acoustic 
impedance (Z), which depends on both density and ultrasonic velocity, increases with the mole fraction of 1,2-
dichlorobenzene, from 919.8 × 10³ kg/m²·s at x = 0.0 to 1283.9 × 10³ kg/m²·s at x = 1.0 at 30°C. This reflects the greater 
rigidity and reduced compressibility of the mixture as the heavier and less compressible 1,2-dichlorobenzene becomes 
more prominent. Similarly, Rao’s constant (R), indicative of molecular interactions and cohesive forces, increases with x, 
reaching a maximum of 40.074 at x = 1.0 at 30°C. A comparison of the data across temperatures reveals that all properties 
exhibit temperature dependence. Density, viscosity, ultrasonic velocity, and specific acoustic impedance decrease with 
increasing temperature for any given composition, while isentropic compressibility and intermolecular free length 
increase. These trends underscore the influence of temperature in weakening intermolecular interactions and enhancing 
molecular mobility. In summary, the findings highlight significant variations in thermophysical properties with 
composition and temperature, reflecting the interplay between molecular structure, intermolecular forces, and thermal 
effects. These results provide valuable insights into the molecular dynamics and potential applications of the binary 
mixture in industrial and chemical processes. (Table 2, Figure 2) 
Table 2: Thermophysical Properties of Binary Mixture (1,2-Dichlorobenzene + Pentanone-2) at 30°C, 35°C, and 

40°C 
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Description: Table displaying the thermophysical properties of the binary mixture of 1,2-dichlorobenzene and 
pentanone-2 at three temperatures (30°C, 35°C, and 40°C). The properties include density (ρ), ultrasonic velocity (u), 
isentropic compressibility (Ks), intermolecular free length (Lf), molar volume (Vm), apparent molar volume (Φv), 
viscosity (η), specific acoustic impedance (Z), and Rao’s constant (R). Data are presented as a function of the mole fraction 
of 1,2-dichlorobenzene in the mixture, providing insight into the compositional and thermal effects on the mixture's 
physical characteristics. 
The presented table outlines the thermophysical properties of the binary mixture of 1,2-dichlorobenzene and 
pentanone-2 at three different temperatures: 30°C, 35°C, and 40°C. These properties include density (ρ), ultrasonic 
velocity (u), isentropic compressibility (Ks), intermolecular free length (Lf), molar volume (Vm), apparent molar volume 
(Φv), viscosity (η), specific acoustic impedance (Z), and Rao's constant (R), measured as a function of the mole fraction 
of 1,2-dichlorobenzene in the mixture. At 30°C, the density (ρ) increases steadily with the mole fraction of 1,2-
dichlorobenzene, ranging from 0.7927 kg/m³ at x = 0.0 to 1.2400 kg/m³ at x = 1.0. This increase is attributed to the 
higher molecular weight and greater packing density of 1,2-dichlorobenzene compared to pentanone-2. Similar trends 
are observed at 35°C and 40°C, though the densities are slightly lower at higher temperatures, reflecting the thermal 
expansion of the mixture. Ultrasonic velocity (u), which depends on the rigidity and compressibility of the medium, also 
increases with the mole fraction of 1,2-dichlorobenzene. At 30°C, u rises from 1310 m/s at x = 0.0 to 1270 m/s at x = 1.0. 
This trend indicates enhanced intermolecular interactions and reduced compressibility as the mixture becomes more 
dominated by 1,2-dichlorobenzene. A similar increase is noted at 35°C and 40°C, with slightly lower values at elevated 
temperatures due to decreased molecular cohesion. The isentropic compressibility (Ks) decreases significantly with the 
mole fraction of 1,2-dichlorobenzene, indicating increased rigidity and decreased molecular spacing. At 30°C, Ks reduces 
from 70.62 × 10⁻¹² Pa⁻¹ at x = 0.0 to 50.00 × 10⁻¹² Pa⁻¹ at x = 1.0. The intermolecular free length (Lf) follows a similar 
decreasing trend, dropping from 0.5289 Å to 0.4462 Å over the same range. These results suggest that the introduction 
of 1,2-dichlorobenzene promotes stronger intermolecular forces and tighter molecular packing. Molar volume (Vm) 
decreases with an increase in the mole fraction of 1,2-dichlorobenzene, reflecting the compact nature of its molecular 
structure. At 30°C, Vm drops from 108.65 cm³/mol at x = 0.0 to 50.00 cm³/mol at x = 1.0. Apparent molar volume (Φv) 
also decreases consistently, further emphasizing the dominant influence of 1,2-dichlorobenzene on the mixture’s 
structural properties. Viscosity (η) increases significantly with the mole fraction of 1,2-dichlorobenzene, rising from 
0.4546 mPa·s at x = 0.0 to 0.7350 mPa·s at x = 1.0 at 30°C. This increase highlights the larger molecular size and higher 
cohesive forces of 1,2-dichlorobenzene, which contribute to greater resistance to flow. As temperature rises, viscosity 
decreases across all compositions due to the weakening of molecular interactions. For instance, at 40°C, η ranges from 
0.4396 mPa·s (x = 0.0) to 0.6530 mPa·s (x = 1.0). Specific acoustic impedance (Z), a product of density and ultrasonic 
velocity, increases with the mole fraction of 1,2-dichlorobenzene, from 1.0622 × 10³ kg/m²·s at x = 0.0 to 1.5748 × 10³ 
kg/m²·s at x = 1.0 at 30°C. This reflects the enhanced rigidity and reduced compressibility of the mixture. Similarly, Rao’s 
constant (R), indicative of molecular interaction strength, increases from 39.044 to 40.074 across the same range, 
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signifying greater cohesive forces. Across all mole fractions, increasing temperature results in lower densities, ultrasonic 
velocities, viscosities, specific acoustic impedance, and Rao’s constants, while Ks and Lf increase slightly. For instance, at 
x = 0.0, Ks increases from 70.62 × 10⁻¹² Pa⁻¹ at 30°C to 79.47 × 10⁻¹² Pa⁻¹ at 40°C, highlighting the reduction in 
intermolecular forces due to thermal agitation. The thermophysical properties of the binary mixture vary significantly 
with both composition and temperature. The results demonstrate the dominant influence of 1,2-dichlorobenzene in 
enhancing molecular rigidity and cohesion while reducing compressibility. The observed trends provide valuable 
insights into the molecular interactions and physical behaviour of the mixture, with potential implications for its use in 
industrial and chemical applications. (Figure 2, Table 2) 
 

Figure 1: Excess Thermophysical Properties of Binary Mixture (1,2-Dichlorobenzene + Butanone-2) at 30°C, 
35°C, and 40°C 

 
 
Figure Caption: Graphs showing the excess thermophysical properties of the binary mixture of 1,2-dichlorobenzene 
and butanone-2 as a function of the mole fraction of 1,2-dichlorobenzene at three temperatures (30°C, 35°C, and 40°C). 
The properties include excess isentropic compressibility (top-left), excess molar volume (top-right), excess 
intermolecular free length (bottom-left), and excess viscosity (bottom-right). These excess properties reveal the non-
ideal behaviour of the mixture and highlight the influence of molecular interactions and temperature on the physical 
properties of the system.  
The figure depicts the excess thermophysical properties of the binary mixture of 1,2-dichlorobenzene and butanone-2 
as a function of the mole fraction of 1,2-dichlorobenzene at 30°C, 35°C, and 40°C. Excess isentropic compressibility (Eᵏₛ) 
shows a U-shaped curve with negative values, reaching a minimum of -7.5 × 10⁻¹² Pa⁻¹ at x = 0.5 at 30°C. This minimum 
becomes less pronounced at 35°C (-7.0 × 10⁻¹² Pa⁻¹) and 40°C (-6.5 × 10⁻¹² Pa⁻¹), reflecting weaker intermolecular forces 
at higher temperatures. Excess molar volume (Eᵛₘ) exhibits a positive peak, with maximum values of 3.5 cm³/mol at 
30°C, 3.2 cm³/mol at 35°C, and 3.0 cm³/mol at 40°C, indicating structural rearrangements and increased free volume 
upon mixing. Excess intermolecular free length (Eᶠₗ) follows a similar U-shaped trend with minimum values of -0.018 Å, 
-0.016 Å, and -0.014 Å at 30°C, 35°C, and 40°C, respectively, reflecting enhanced molecular packing at lower 
temperatures. Excess viscosity (Eη) peaks at 0.035 mPa·s at x = 0.5 at 30°C, decreasing to 0.032 mPa·s at 35°C and 0.030 
mPa·s at 40°C, indicating reduced resistance to flow due to thermal effects. These trends highlight the significant non-
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ideal behaviour of the mixture, with deviations most prominent around x = 0.5, and demonstrate the role of temperature 
in weakening molecular interactions. 
 

Figure 2: Excess Thermophysical Properties of Binary Mixture (1,2-Dichlorobenzene + Pentanone-2) at 30°C, 
35°C, and 40°C 

 
 
Figure Caption: Graphs illustrating the excess thermophysical properties of the binary mixture of 1,2-dichlorobenzene 
and pentanone-2 as a function of the mole fraction of 1,2-dichlorobenzene at three temperatures (30°C, 35°C, and 40°C). 
The properties include excess molar volume (top-left), excess isentropic compressibility (top-right), excess viscosity 
(bottom-left), and excess intermolecular free length (bottom-right). These excess properties highlight the non-ideal 
behaviour of the mixture, reflecting the impact of molecular interactions and temperature variations on the system's 
thermophysical characteristics.  
The figure illustrates the excess thermophysical properties of the binary mixture of 1,2-dichlorobenzene and pentanone-
2 as a function of the mole fraction of 1,2-dichlorobenzene at 30°C, 35°C, and 40°C. The excess molar volume (Eᵛₘ) shows 
a peak at 2.0 cm³/mol at 30°C, decreasing to 1.8 cm³/mol at 35°C and 1.6 cm³/mol at 40°C, with a maximum around x = 
0.5. The excess isentropic compressibility (Eᵏₛ) displays a U-shaped curve, reaching a minimum of -3.0 × 10⁻¹² Pa⁻¹ at 
30°C, which increases to -2.8 × 10⁻¹² Pa⁻¹ at 35°C and -2.6 × 10⁻¹² Pa⁻¹ at 40°C.  
The excess viscosity (Eη) peaks at 0.035 mPa·s at 30°C, reducing to 0.032 mPa·s and 0.030 mPa·s at 35°C and 40°C, 
respectively, indicating weaker intermolecular cohesion with increasing temperature. The excess intermolecular free 
length (Eᶠₗ) shows a minimum of -0.0045 Å at 30°C, which rises to -0.0040 Å at 35°C and -0.0035 Å at 40°C, reflecting 
increased molecular spacing at higher temperatures. These results highlight significant non-ideal behaviour in the binary 
mixture, with pronounced deviations around x = 0.5, driven by strong intermolecular interactions. The reduction in the 
magnitude of these properties with increasing temperature underscores the role of thermal energy in weakening 
molecular cohesion and altering the physical behaviour of the system. 
The data indicates that density increases with the mole fraction of 1,2-dichlorobenzene in both ketones. Ultrasonic 
velocity increases in butanone-2 but decreases in pentanone-2 as the mole fraction of 1,2-dichlorobenzene rises. 
Calculated parameters, such as specific acoustic impedance and Rao’s constant, also increase with an increasing mole 
fraction of 1,2-dichlorobenzene. However, Shear’s relaxation time does not exhibit a clear trend. Excess values of critical 
parameters, including excess isentropic compressibility (Eᵏₛ), excess molar volume (Eᵛₘ), excess apparent molar volume 
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(Eᶠₐ), and excess intermolecular free length (Eᶠₗ), have been calculated across the full mole fraction range of 1,2-
dichlorobenzene. 
 
The decreasing trend in compressibility and the increasing trend in viscosity indicate specific molecular interactions in 
the binary mixtures. For the 1, 2-dichlorobenzene + butanone-2 system, the excess isentropic compressibility (Eᵏₛ) 
becomes less negative with rising temperature. The minimum Eᵏₛ value is -7.34 × 10⁻¹² Pa⁻¹ at a mole fraction of 0.4358, 
while the maximum is -2.03 × 10⁻¹² Pa⁻¹ at 0.0790. In the 1,2-dichlorobenzene + pentanone-2 system, Eᵏₛ ranges from -
2.79 × 10⁻¹² Pa⁻¹ at 0.4782 to -0.78 × 10⁻¹² Pa⁻¹ at 0.0924. A similar trend is observed for excess viscosity (Eη), which 
highlights strong molecular interactions. 
The negative variation in excess intermolecular free length (Eᶠₗ) further corroborates the presence of specific interactions 
between the components in the binary mixtures. Additionally, the surplus values of molar and accessible volumes 
support the degree of interaction among the molecules. The observed trends suggest that molecular interactions are 
specific and distinct, and their extent increases with temperature, leading to greater deviation from ideality in these 
binary systems. 
 

4. CONCLUSION 
This study provides a detailed analysis of the thermophysical and excess properties of binary mixtures of 1,2-
dichlorobenzene with butanone-2 and pentanone-2 at 303 K, 308 K, and 313 K. Key derived parameters, including 
isentropic compressibility, intermolecular free length, molar volume, and viscosity, reveal significant non-ideal 
behaviour driven by molecular interactions, particularly at intermediate compositions. Temperature variations further 
emphasize the role of thermal energy in modulating these interactions and properties. These findings offer valuable 
insights into the molecular dynamics of binary mixtures, providing a robust foundation for applications in chemical 
engineering and materials science. The study highlights the importance of understanding composition and temperature 
effects for precise control and optimization of mixture properties in industrial and scientific processes. 
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