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Acoustic thermodynamic analysis in the present work is an investigation of excess parameters and respective 

Redlich Kister coefficients at temperatures of 303.15K to 318.15K in liquid mixtures containing three different 

functional material groups of combinations such as benzene with toluene, benzene with o-xylene and benzene with 

mesitylene. The obtained corresponding excess acoustic parameters such as Gibbs free energy excess value (G*E), 

enthalpy excess value (HE) and internal pressure excess value (πE) were computed from experimentally measured 

data. The results were helpful to obtain Redlich-Kister coefficients from a polynomial equation. Thermo acoustic 

excess parameters are discussed along with Redlich-Kister coefficients generally for investigating interactions among 

the molecules of liquid species. 
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INTRODUCTION 

Clearly, the study of thermos-acoustic excess 

parameters is a highly important instrument in 

understanding interactions between molecules in a 

liquid mixture [1-9]. Molecular interactions 

frequently impact the study of shape and size. 

Research on the speed of sound and the 

corresponding thermo acoustic properties of liquids 

and liquid mixtures may help to understand 

molecular activity and their normal behavior [10-

14]. The authors’ purpose in this research is to study 

alterations in functional materials in three liquid 

compounds with binary combinations of thermo 

acoustic excess variables, Gibbs free energy (G*E), 

enthalpy (HE), and internal pressure (πE) at four 

known temperatures ranging from 303.15K to 

318.15K in liquid mixtures, namely, benzene with 

toluene, benzene with o-xylene, and benzene with 

mesitylene. Benzene may be used in glues, 

adhesives, cleaning products, paint strippers. xylene 

is also widely used as a cleaning agent, a thinner for 

paint, and in varnishes. Mesitylene is used in the 

laboratory as a specialty solvent. In the electronics 

industry, mesitylene is used as a developer for 

photopatternable silicones due to its solvent 

properties. Toluene is useful in paints, chemical 

reactants, rubber, adhesives (glues) and as a 

disinfectant. The irregularities of investigation 

indicate the presence of molecular interactions 

between the combination of distinct liquid 

molecules. Finally, the Redlich-Keister equation is 

allowed to apply. These findings were discussed in 

terms of molecular interactions along with the 

coefficients of thermo-acoustic parameters of their 

respective liquid mixture [15-17]. 

EXPERIMENTAL  

To measure ultrasonic speeds, the ultrasonic 

pulse echo interferometer (Mittal Enterprises, India) 

was utilized; The measurements were made at a 

frequency of 3 MHz. The temperature was 

controlled using a thermal bath. For the research of 

liquid combination densities, a 10 mL specific 

gravity container was employed. To measure loads 

of liquid mixes, a computerized Shimadzu AUY220 

(Japan) weight balance with an accuracy of + 0.1 mg 

was used. An Ostwald's viscometer was utilized for 

evaluating the viscosities of liquid mixtures. 

THEORY 

Internal pressure excess value (πE), Gibbs free 

energy excess value (G*E), and excess enthalpy HE 

were determined for the following individual 

combinations: 

πE= πexp – (x1π1 + x2π2)     Joule/mole 

Internal pressure excess value is represented by 

πE in this equation, π1 and π2 indicate the internal 

pressures of each pure liquid, respectively, whereas 

x1 and x2 represent the mole fractions of the first 

liquid and second liquid, respectively.  

G*E= Gexp – (x1G1 + x2G2)     Joule/mole 
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G*E represents excess Gibbs free energy where 

G1, G2 are the free energies of the molecule of each 

pure liquid, and x1 and x2 are the mole fractions of 

the first liquid and second liquid, respectively. 

HE = Hexp – (x1H1 + x2H2) J/mole 

where HE stands for excess enthalpy. H1, H2 are 

the enthalpies of each pure liquid and the x1 and x2 

are mole fractions of the first liquid and second 

liquid, respectively. 

All of the following thermo-acoustic properties 

are allowed to fit the Redlich-Kister equation [18]. 
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The Redlich-Kister equation's coefficient is Ai. 

The least squares approach was used to compute the 

coefficients. These coefficients are essential for 

improving excess parameter fit. 

In addition, the standard deviation for each 

excess parameter YE was computed. 
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The sign of an excess thermo-acoustic parameter 

was utilized to analyze molecular interactions 

between the component molecules of liquid 

mixtures. 

RESULTS AND DISCUSSION 

The excess parameters πE, G*E, and HE computed 

from the basic measurements and their Redlich-

Kister coefficients, in benzene with toluene, benzene 

with o-xylene and benzene with mesitylene) are 

presented in Tables 1-3. The variations of these 

excess parameters with the mole fraction of benzene 

are presented in Fig, 1(a,b,c) to Fig. 3(a,b,c). 

Figure 1 shows the variations in excess internal 

pressure (πE) with mole fraction of benzene at four 

different temperatures. Excess internal pressure 

variations show a positive trend up to 0.8 mole 

fraction of benzene and negative trend above 0.8 

mole fraction. It's worth noting that only the binary 

liquid mixture combination benzene and toluene has 

both positive and negative variations. That means 

both positive and negative trends for benzene and 

toluene liquid mixtures, whereas the other two 

binary liquid mixture combinations only have 

positive trends. The mixed trend of positive and 

negative variations in benzene-toluene combinations 

is caused by dispersive forces and dipole-induced 

dipole type interactions. 

Table 1. Redlich-Kister coefficient values for a binary 

liquid mixture of benzene and toluene at four known 

temperatures: 303.15 K, 308.15 K, 313.15 K, and 318.15 

K. 

 
Table 2. Redlich-Kister coefficient values for a binary 

liquid mixture, benzene mixed with o-xylene, at four 

different temperatures: 303.15 K, 308.15 K, 313.15 K, 

and 318.15 K. 
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Table 3. Redlich-Kister coefficient values for a binary 

liquid mixture of benzene and mesitylene at four known 

temperatures: 303.15 K, 308.15 K, 313.15 K, and 318.15 

K. 

 

Positive excess internal pressure values indicate 

the presence of a strong type of interactions between 

component molecules of the liquid mixture, whereas 

negative values indicate the presence of weak type 

interactions [19, 20]. Figure 2 depicts the changes in 

excess Gibbs free energy  

with mole fraction of benzene for all three functional 

materials combinations of liquid mixtures. For all 

three combinations, Fig. 2, variations are positive. 

Gibbs free energy function, which is confirmed by 

positive Redlich-Kister coefficients [21, 22], 

indicates the presence of strong molecular 

interactions among liquid mixture molecules. Excess 

enthalpy (HE) changes in all three functional 

materials liquid mixtures of binary combinations 

with benzene mole fraction are presented in Fig. 3, 

according to which HE values in the benzene-toluene 

combination are positive up to 0.8 mole fraction and 

negative for the remaining mole fraction ranges of 

benzene. The HE values for the other binary 

combinations, on the other hand, are all positive. 

When compared to other pure fluids, the results 

show that the molecules in binary compounds 

interacted. It is also suggested that the most desirable 

types of interactions, such as hydrogen bonding, 

dipole-dipole type interchanges in excess actions, 

and others, take place between component molecules 

[23-25]. Redlich-Kiester coefficients and standard 

deviations follow the same pattern for benzene 

functional binary material combinations with 

toluene. Redlich-Kiester coefficients and standard 

deviations study at four known temperatures 

supports the latter two binary functional material 

combinations, with benzene-o-xylene and benzene-

mesitylene liquid mixtures [26]. 

 

  
Fig. 2(a). Excess Gibbs free energy of activation (G*E) varying with benzene mole fraction in the binary 

combination benzene mixed with toluene) 
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Fig. 2(b). Excess Gibbs free energy of activation (G*E) varying with benzene mole fraction in the binary 

combination benzene mixed with o-xylene 

 
Fig. 2(c). Excess Gibbs free energy of activation (G*E) varying with benzene mole fraction in the binary 

combination benzene mixed with mesitylene  

 
Fig. 3(a). Excess enthalpy (HE) variations with benzene mole fraction in a binary combination of benzene 

mixed with toluene 

 
Fig. 3(b). Excess enthalpy (HE) variations with benzene mole fraction in a binary combination of benzene 

mixed with o-xylene 
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Fig. 3(c). Excess enthalpy (HE) variations with benzene mole fraction in a binary combination of benzene 

mixed with mesitylene 

CONCLUSION 

Thermo-acoustic excess factors, namely excess 

free Gibbs energy (G* E), excess internal pressure 

(πE) and excess enthalpy (HE), were determined 

across the total mole fraction of benzene at four 

known temperatures ranging from 303.15K to 

318.15K. These findings show that interactions are 

strong in all three binary combinations of functional 

materials and become weak as temperature rises. 

The Redlich-Kister coefficient fluctuations and 

standard deviations back up these conclusions.   

REFERENCES 

1. G. V. Rama Rao, A Viswanatha Sarma, C. Rambabu, 

Indian J. Pure & Appl. Phys., 42, 820 (2004). 

2. T. Sumathi, S. Govindarajan, Int. J. Bio. Pharm. 

Allied Sci. 1(8), 1153 (2012). 

3. M. Eswari Bai, M. C. S. Subha, G. Narayana Swami, 

K. Chowdoji Rao, J. Pure Appl. Ultrason., 26, 79 

(2004).  

4. M. Alculea Palofax, Indian J. Pure Appl. Phys. 31, 

90 (1993).  

5. S. C. Bhatia, R. Rani, R. Bhatia, H. Anand, J. Chem. 

Thermodyn., 43, 479 (2011). 

6. R. J. Fort, W. R. Moore, Trans. Faraday Soc., 61, 

2102 (1965). 

7. V. D. Bhandakkar, Sh. Rode, S. Jajodia, Archives of 

Applied Science Research, 5 (4), 12 (2013). 

8. C. Yang, Z, Liu, H. Lai, P. Ma, J. Chem. Eng. Data, 

51, 457 (2006). 

9. T. Yang, Sh. Xia, Sh. Song, X. Fu, P. Ma, J. Chem. 

Eng. Data, 52, 2062 (2007). 

10. G. V. Rama Rao, A. Viswanatha Sarma, D. 

Ramachandran, C. Rambabu, Indian J. Chem. 46A, 

1972 (2007). 

11. L. Palanippan, R. Thiyagarajan, Ind. J. Chem. 47 B, 

1906 (2008). 

12. S. Oswal, M. V. Tathnam, Can. J. Chem., 62, 2851 

(1984). 

13. A. Misra, I. Vibhu, R. K. Singh, M. Gupta J. Shukla, 

Phys, Chem. Liq., 45, 93 (2007). 

14. E. Dixon Dikio, Orient. J. Chem. 30(3), 953 (2014). 

15. T. M. Reed, T. E. Taylor, J. Phys. Chem., 63, 58 

(1959). 

16. Ch. Saxena, A. Saxena, N. Kumar Shukla, Chem. Sci. 

Trans., 4, 955 (2015).  

17. S. Kumar, P. Jeevanandham, J. Mol. Liq., 174, 34 

(2012). 

18. O. Redlich, A. T. Kister, Indian Eng. Chem., 40, 345 

(1948). 

19. M. V. Rathnam, S. Mohite, M. S. S. Kumar, Indian J. 

Chem. Tech., 15, 409 (2008).  

20. M. Chorazewski, J. Chem. Eng. Data, 52, 154 (2007). 

21. P. Narayani, R, P. K. Ray, K. Mano, J. Pure Appl. 

Ultrason., 36, 97 (2014). 

22. A N. Prajapati, Indian J. Pure Appl. Phys., 55, 297 

(2017). 

23. R. Mehra, M. Pancholi, Indian J. Phys., 80 (3), 253 

(2007).  

24. S. Chauhan, V K. Syal, Indian J. Pure Appl. Phys., 

32, 187 (1994). 

25. V. K. Syal, S. Chauhan, U. Kumari, Indian J. Pure 

Appl. Phys., 43, 844 (2005). 

26. N. Y. Reddy, P. S. Naidu K. R. Prasad, Indian J. Pure 

Appl. Phys., 32, 958 (1994). 

 

0

10

20

30

40

0,0 0,2 0,4 0,6 0,8 1,0

Ex
ce

ss
 E

n
th

al
p

y

Mole fraction of benzene

T=303.15K
T=308.15K
T=313.15K
T=318.15K


