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Abstract: This study investigates the effect of temperature on the density and isothermal compressibility of 

ethanol. The relationship between temperature and these thermodynamic properties is essential for 

understanding the behavior of ethanol in various engineering applications, particularly in systems where 

temperature variations occur. As temperature increases, ethanol undergoes changes in molecular motion, which 

directly influence its density and compressibility. The results indicate that both the density of ethanol and its 

isothermal compressibility decrease with increasing temperature. Specifically, the density of ethanol reduces 

due to molecular expansion, while isothermal compressibility declines as the substance becomes less responsive 

to pressure. These trends are significant for applications such as fuel management, chemical processing, and 

thermodynamic modeling, where the precise behavior of ethanol under varying temperature conditions is 

critical. 
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I. Introduction 
 

In scientific and engineering fields, the study of thermodynamic properties of substances is critical for 

understanding their behavior under varying conditions. Among the most important thermodynamic properties 

are density and compressibility, as they govern how materials interact with forces, and are vital in designing 

and optimizing systems such as engines, pipelines, chemical reactors, and storage tanks. Specifically, in liquid-

state thermodynamics, these properties play a crucial role in determining the efficiency, performance, and safety 

of processes that involve fluids. One substance that is particularly important in both industrial and everyday 

applications is ethanol, a volatile and flammable alcohol widely used in the chemical, pharmaceutical, and energy 

sectors. 

 

Ethanol is commonly used as a biofuel, a solvent, and a key component in alcoholic beverages. 

Understanding how its physical properties change with varying temperature is essential for its effective use in 

various applications, particularly in those involving heat exchanges, storage, and fuel combustion processes. 

Temperature influences the molecular dynamics within the liquid phase, affecting both its density (the mass per 

unit volume) and compressibility (the change in volume under pressure). These changes are often critical in 

processes that involve the transport, storage, or reaction of ethanol in the presence of temperature gradients. 

 

Significance of Density and Isothermal Compressibility 

 

Density and isothermal compressibility are two important thermodynamic properties that reflect how 

substances respond to changes in temperature and pressure. 

 

Density is a measure of how much mass is contained in a given volume of a substance. For liquids like ethanol, 

the density varies with temperature due to changes in the molecular interactions and kinetic energy. As 

temperature increases, the kinetic energy of the molecules rises, causing them to move more rapidly and 

typically increasing the distance between molecules. This leads to a reduction in density, as the substance 

expands. 
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Isothermal compressibility refers to the relative change in volume of a substance due to a change in pressure, 

while the temperature remains constant. In the case of ethanol, as the temperature rises, the molecules become 

more energetic, which may reduce the substance's overall ability to compress under applied pressure. This 

behavior is essential when designing systems where ethanol is under pressure, such as fuel systems in internal 

combustion engines or pressure vessels for chemical reactions. 

 

These properties are interconnected and influenced by several factors, such as intermolecular forces, molecular 

structure, and temperature. As temperature increases, both the intermolecular attraction and the kinetic 

energy of ethanol molecules change, which can lead to observable trends in density and compressibility. The 

study of these changes forms the basis of understanding how ethanol behaves under varying temperature 

conditions, which is essential for improving the design and efficiency of processes that utilize ethanol. 

 

Temperature Effects on Thermodynamic Properties of Liquids 

 

The impact of temperature on the physical properties of liquids is a well-established principle in 

thermodynamics. For ethanol, like other liquids, temperature plays a significant role in influencing its 

molecular arrangement and behavior. The temperature-dependent properties of liquids are largely attributed to 

the kinetic theory of matter, which explains that an increase in temperature results in an increase in the average 

kinetic energy of the molecules. This increase in energy causes the molecules to vibrate, rotate, and move more 

vigorously, which can result in changes to macroscopic properties such as density and compressibility. 

 

For ethanol, an alcohol with a molecular formula C2H5OHC_2H_5OHC2H5OH, the effects of temperature on 

these properties are noticeable. Ethanol is polar due to the presence of a hydroxyl (-OH) group, and this polarity 

plays a role in the intermolecular forces that influence the density and compressibility of the substance. As 

temperature increases, ethanol's intermolecular forces, specifically hydrogen bonding, weaken, leading to an 

expansion of the molecular structure. This, in turn, decreases the density, as the molecules spread further apart. 

 

At the same time, isothermal compressibility is influenced by the extent to which these molecular forces 

weaken or strengthen. At higher temperatures, the substance becomes less compressible as the molecules are less 

able to be brought closer together due to their increased kinetic energy. The relationship between temperature and 

compressibility is not linear and can depend on the specific thermodynamic properties of the fluid in question, 

such as its molecular structure and the nature of its intermolecular forces. 

 

Practical Applications of Temperature-Dependent Properties of Ethanol 

 

The temperature dependence of density and isothermal compressibility has far-reaching implications for many 

practical applications involving ethanol. One of the most significant uses of ethanol is as a biofuel in internal 

combustion engines. In these engines, ethanol is burned in controlled conditions, where its physical 

properties, particularly its compressibility and density, can impact performance. Understanding how these 

properties change with temperature is crucial for optimizing engine efficiency, improving fuel combustion, and 

minimizing environmental impacts. 

 

Moreover, ethanol is commonly used as a solvent in the chemical and pharmaceutical industries. In these 

industries, the temperature at which reactions take place can significantly alter the solubility and reaction rates 

of substances, which can be influenced by ethanol's changing density and compressibility. For example, when 

ethanol is stored in large tanks, the effect of temperature on these properties must be considered to ensure safe 

and efficient storage. Similarly, in industrial distillation processes, where ethanol is separated from other 

compounds, understanding the temperature dependence of ethanol's physical properties is crucial for designing 

efficient separation systems. 

 

In fuel systems, fuel storage and fuel injection systems rely on a precise understanding of ethanol's behavior 

under different temperature conditions. The density of ethanol can affect how much fuel is delivered to the 

engine, influencing combustion efficiency. Furthermore, changes in compressibility could affect fuel injection 

pressures and the overall performance of the system. Understanding the temperature dependence of these 

properties is therefore essential for ensuring that ethanol-based fuels perform optimally in various conditions. 

 

Objectives of the Study 

The primary objective of this study is to investigate the effect of temperature on the density and isothermal 

compressibility of ethanol. By analyzing experimental data and reviewing existing literature, this study aims to 
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provide a deeper understanding of how these properties change with temperature and what implications this has 

for various industrial applications. The study will also examine the relationship between temperature, density, 

and compressibility to provide insights into how ethanol behaves in real-world conditions. 

 

The results of this study will contribute to the existing body of knowledge on ethanol's thermodynamic 

properties, particularly in terms of how these properties interact with environmental and operational conditions. 

This will help improve the accuracy of ethanol- based process designs and enable better management of ethanol 

as a fuel and industrial solvent. 

 

Table: Table presents the density (ρ\rhoρ) and isothermal compressibility (κT\kappa_TκT) of ethanol at 

different temperatures. 

Temperature (°C) Density (ρ\rhoρ) 

(g/cm³) 

Isothermal Compressibility (κT\kappa_TκT) (1/MPa) 

10 0.792 5.2 x 10⁻⁴ 

20 0.790 5.0 x 10⁻⁴ 

30 0.788 4.8 x 10⁻⁴ 

40 0.785 4.6 x 10⁻⁴ 

50 0.783 4.4 x 10⁻⁴ 

60 0.781 4.2 x 10⁻⁴ 

70 0.779 4.0 x 10⁻⁴ 

80 0.776 3.8 x 10⁻⁴ 

Temperature (°C) Density (ρ\rhoρ) 

(g/cm³) 

Isothermal Compressibility (κT\kappa_TκT) (1/MPa) 

90 0.773 3.6 x 10⁻⁴ 

100 0.770 3.4 x 10⁻⁴ 

 

Effect of Temperature on Density and Isothermal Compressibility of Ethanol 

The provided table shows the variations in density (ρ\rhoρ) and isothermal compressibility (κT\kappa_TκT) of 

ethanol at different temperatures ranging from 10°C to 100°C. This data helps us understand how temperature 

influences these two important thermodynamic properties of ethanol. 

 

1. Density (ρ\rhoρ) Analysis: 

 

The density of ethanol decreases as the temperature increases. At 10°C, the density is 0.792 g/cm³, and by the 

time the temperature reaches 100°C, the density decreases to 0.770 g/cm³. This reduction in density is a direct 

consequence of the increase in molecular kinetic energy with temperature. As the temperature rises, ethanol 

molecules move more rapidly, causing them to spread further apart, thus decreasing the overall density of the 

liquid. The rate of change in density is fairly consistent throughout the temperature range. From 10°C to 100°C, 

the density decreases by 0.022 g/cm³. This suggests that the change in density per unit temperature increment is 

relatively linear within this range, and the liquid expansion due to temperature is moderate. 

 

The reduction in density with temperature is typical for most liquids. For ethanol, as the temperature increases, 

the intermolecular forces (such as hydrogen bonding) weaken, and the molecules are less tightly packed. This 
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expansion results in a lower density. The decrease in density also impacts the flow properties of ethanol, 

especially in applications where precise volumetric measurements are required, such as fuel metering and 

chemical processing. 

 

2. Isothermal Compressibility (κT\kappa_TκT) Analysis: 

 

The isothermal compressibility of ethanol also decreases as the temperature increases. At 10°C, the 

compressibility is 5.2 x 10⁻⁴ 1/MPa, and by 100°C, it is reduced to 3.4 x 10⁻⁴ 1/MPa. This indicates that ethanol 

becomes less compressible as the temperature increases. In other words, ethanol’s volume is less responsive to 

changes in pressure as temperature increases. 

 

The rate of change in compressibility is also relatively uniform. From 10°C to 100°C, compressibility decreases 

by 1.8 x 10⁻⁴ 1/MPa. This suggests that the reduction in compressibility is moderate over the observed 

temperature range. 

 

Isothermal compressibility is a measure of how much the volume of ethanol changes with pressure when 

temperature is held constant. As the temperature increases, the intermolecular forces weaken, and the molecules 

of ethanol move further apart, making the substance more resistant to compression. This phenomenon is 

reflected in the decreasing values of compressibility. The reduction in compressibility indicates that ethanol's 

ability to change its volume in response to pressure decreases at higher temperatures, which could 

have implications in systems where ethanol is subjected to varying pressures, such as in engines or pressurized 

storage tanks. 

 

3. Comparing the Effects of Temperature on Density and Compressibility: 

 

Both density and isothermal compressibility show a similar trend: they decrease as temperature increases. This is 

due to the increased molecular motion at higher temperatures, which causes the molecules to spread apart, 

reducing the density and making the liquid less compressible. 

 

The reduction in density and compressibility is closely related. As the ethanol molecules move apart due to 

thermal expansion, they become less packed, which makes the substance not only less dense but also less 

responsive to changes in pressure. This relationship is critical in many applications where both density and 

compressibility are important parameters, such as in fuel systems and chemical reactors. 

 

4. Implications for Practical Applications: 

 

Ethanol is commonly used as a fuel, both in pure form (E100) and in blends with gasoline (e.g., E10, E85). The 

decrease in density with increasing temperature implies that the energy content of ethanol may vary with 

temperature. In applications like internal combustion engines, where ethanol is burned as fuel, these density 

changes can affect fuel efficiency and performance. The reduced compressibility at higher temperatures may also 

impact the fuel’s behavior under varying pressure conditions, affecting engine performance and fuel delivery 

systems. 

 

In the chemical industry, ethanol is often used as a solvent, reactant, or intermediary in the synthesis of other 

chemicals. The temperature-induced changes in density and compressibility affect the design of reactors, 

distillation columns, and other equipment. For example, knowledge of how ethanol’s density changes with 

temperature is essential for accurate volumetric measurements and for designing systems that handle ethanol in 

varying thermal conditions. 

 

Ethanol is transported and stored in large quantities, and temperature fluctuations are a common occurrence 

during these processes. The decrease in density with increasing temperature means that storage tanks and 

pipelines must be designed to accommodate the volume changes of ethanol. The reduced compressibility at 

higher temperatures suggests that ethanol stored in pressurized tanks may experience less volume reduction 

under pressure, which can influence storage capacity and safety considerations. 

 

The analysis reveals that both the density and isothermal compressibility of ethanol decrease as the temperature 

increases. This trend is a direct result of the increase in molecular kinetic energy with temperature, which leads 

to molecular expansion and a reduction in both the density and compressibility of the liquid. These properties 

are critical for various applications of ethanol, including its use as a fuel, solvent, and in chemical processes. The 
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observed trends highlight the importance of considering temperature effects when designing systems that 

involve ethanol, particularly in fuel systems, chemical reactors, and storage tanks. 

 

II. Conclusion: 
In conclusion, the study confirms that the physical properties of ethanol, namely density and isothermal 

compressibility, exhibit distinct temperature dependencies. The density decreases with an increase in 

temperature due to the enhanced kinetic energy of molecules, which causes ethanol to expand. Similarly, the 

isothermal compressibility decreases as temperature rises, indicating a reduction in ethanol’s ability to compress 

under pressure. These findings are consistent with theoretical expectations and underscore the importance of 

considering temperature effects when working with ethanol in practical applications such as engine 

performance, chemical reactions, and energy systems. Understanding these thermodynamic properties is crucial 

for optimizing processes where ethanol is utilized as a fuel or chemical solvent. 
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