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Abstract:  

 Internal pressure and enthalpies have been calculated from observed ultrasonic velocities, densities and viscosities of 

binary mixtures of ethyl acetate with methanol, ethanol, 1-propanol, 2-propanol, t-butanol, at 298.15 K, 303.15 K and 308.15 K. 

The calculated excess internal pressure and enthalpy have been used to discuss the results in terms of intermolecular interactions 

between the components of binary liquid mixtures. 

 

Introduction 

 Internal pressure () is a fundamental property of liquid. It is a measure of cohesive forces acting in a liquid. It gives the 

resultant forces of attraction and repulsion between molecules. Therefore, many workers extended internal pressure studies to 

binary, ternary multi component liquid mixtures to predict intermolecular interactions. Enthalpy (H) of liquid is related to its 

internal pressure. Hence in the recent past many researchers studied excess internal pressure and excess enthalpy of mixture of 

liquid molecules to understand molecular processes [1-5]. 

 A survey of the literature indicates that, studies of excess thermodynamic parameters such as excess internal pressure 

(E) and excess enthalpy (HE) in order to understand the molecular interaction in binary mixtures of ethyl acetate with alkanols 

(C1-C4) are not done so far. Therefore internal pressure and enthalpy studies of these systems are made by measuring ultrasonic 

velocities, viscosities and densities of these binary mixtures. Since internal pressure of a liquid is sensitive to temperature, 

concentration and external pressure, studies are made on mixture of ethyl acetate with alkanols (C1-C4) over entire composition 

range and at various temperatures [6,7]. 

Materials and methods: 

 The methods of measuring density, viscosity and ultrasonic velocity were same as earlier [8-10]. Ultrasonic velocity, 

viscosity and density of these mixtures have been measured in a thermostatic water bath of thermal stability   0.01 K using 

Mittal’s F-18 ultrasonic interferometer operating at a fixed frequency of 2 MHz, Ostwald viscometer and bi-capillary 

pycnometer with an accuracy of  0.03%,  0.1% respectively. The flow time for viscosity measurement were measured with a 

stopwatch correct to 0.01 second.  All liquids were used after purification. The purity of liquid was checked by a comparing their 

experimental density values [11, 12]. Liquid mixtures over entire composition range were prepared in glass stopper bottle by 

mixing accurately weighted amount of easter anal alkanols. Every care was taken to avoid contamination and evaporation during 

mixing.  The accuracy in mole fraction was better than 104. 

 

Results: 

The internal pressure of the liquids and liquid mixtures are obtained using the experimental ultrasonic velocity (U), density () 

and viscosity () using equation [13]: 
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where i is internal pressure, b stands for the cubic packing which is assumed to be 2 for all liquids and solutions, k the 

temperature independent constant = 4.28109, R is gas constant. U is ultrasonic velocity,  is viscosity, T is absolute 

temperature,  is density of liquid and M is molecular weight of liquid. For liquid mixtures M is replaced by average molecular 

weight as,  

 

 M= M1X1+M2X2  

 
(2) 

 In above equation, M1, X1 and M2, X2 are molecular weight and mole fraction of components 1 and 2 of liquid mixture. 

Enthalpies (H) of liquids are calculated by using the equation 

 Hi= ivi (3) 

 

 In above equation vi is molar volume of liquid. 

 The excess internal pressure and enthalpy of binary liquid mixtures are obtained using the following equations: 

 E =  (mix)  (X11+X22) (4) 

 

and 
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 HE = (mix) v(mix)  (X11v1+X22v2) (5) 

 

 Symbols of equations (4) and (5) have their usual meaning. 

The variation of E and HE with mole fraction of ethyl acetate (X1) at 298.15 K is shown in figure 1 and 2 respectively. Similar 

plots are obtained at other temperatures. 

 

 
Figure 1: Variation of πE with mole fraction (X1) 

 

 
 

Figure 2: Variation of enthalpy (HE) with mole fraction (X1) of ethyl acetate. 

Discussions and conclusion: 

 The calculated internal pressure and enthalpy in all binary mixtures decreases with addition of ethyl acetate. Ester is 

proton acceptor, weakly polar and non-associating in nature [14]. Alkanols pure state or associated through hydrogen bonding 

[15].  When a small quantity of ester is added, the alkanols clusters are broken, resulting in dense packing of molecules inside 

the shield, which is responsible for the continuous decrease in internal pressure and enthalpy values in all binary mixtures. This 

process of declustering of alkanols with the addition of ester takes place rapidly at higher temperatures. Therefore, lower values 

of internal pressure and enthalpy are observed at higher temperatures.  Excess internal pressure values of all binary mixtures are 

negative suggesting weak intermolecular interactions (figure 1). E values of n-alkanols follow the order as methanol ethanol 

propan-1-ol butan-1-ol. This suggests that intermolecular interaction decreases with chain length of alkanols, probably due to 

less proton donating tendency of higher alkanols. Similarly branched alkanols have lower values of E than their straight chain 

homologues. This suggests that branched alkanols render more steric hindrance towards intermolecular interactions [16]. 

 The observed HE values may be analysed in terms of the formation of intermolecular hydrogen bonding and the 

breaking of associated structure of the alkanols.  The HE values are negative in all binary mixtures (figure 2) indicating the 

presence of exothermic molecular interactions through dipole-dipole interactions between free electrons of carboxylic group and 

proton from alkanols. The low values of HE in higher and branched alkanols may be due to the weaker self-association and 

breaking up of alkanols structure on addition of ester. The higher values of HE in lower alkanols may be interpreted in terms of 

higher tendency of complex formation between the molecules.  
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