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Abstract 

The speed of sound, of binary mixtures of ethylene glycol, diethylene glycol and triethylene 

glycol are measured at different temperatures and at frequency of 2 MHz over entire range 

of mole fraction. The variation of the speed of sound with the molality of solute in the 

solvent depicts the nature of the intermolecular interactions taking place inside the 

mixture. The deviation of the experimental values with the increase in the molar mass of 

glycols is interpreted in terms of molecular interactions among the components of the 

binary mixtures. 

 

Introduction 

For determination of physicochemical behavior of liquid mixtures, the measurement of 

ultrasonic velocities plays a major role [1, 2]. An ultrasonic velocity propagating in a medium 

is related to the binding force of among the molecules of the mixture. As per liquid model’s 

concept, the molecules in liquid state are loosely packed, leaving free space among the 

molecules. The intermolecular free space and its derived properties, reveal some information 

regarding the interaction occurring in the mixture as consequence of mixing of liquids 

together [3-5].  

The theoretical evaluation of ultrasonic velocity in liquids and liquid mixtures as a function 

of composition is of great interest. A comparison of theoretically obtained velocity with those 

of experimentally obtained velocity data has been found to be beneficial in understanding the 

thermodynamics of liquid mixtures and gives the better means to check the validity of various 

empirical relations [6-9]. Liquid mixtures containing polar and non-polar group are of 

significance importance in understanding intermolecular interactions among the molecules of 

the mixture and find extensive applications in several industrial and technological processes. 

The aim of the present study is to obtain the speed of sound experimentally in the binary 

liquid mixtures of Ethylene Glycol (EG), Diethylene Glycol (DEG) and Triethylene Glycol 

(TEG) with glycerol and discuss the intermolecular interactions occurring in studied binary 

mixtures [10-16].  

 

Materials and Methods 

Ethylene Glycol (EG), Triethylene Glycol (TEG), Glycerol attained from Loba Chemie Pvt. 

Ltd. and Diethylene Glycol (DEG) acquired from SD Fine Chem. Ltd, India have been used 

in the present investigation. All the chemicals are having mass fraction purity greater than 

0.99. The speed of sound for liquid mixtures has been measured with Mittal enterprises 

ultrasonic interferometer at frequency of 2 MHz. 

Results and Discussion 

 The ultrasonic velocities for three binary systems EG + Glycerol, DEG + Glycerol and TEG 

+ Glycerol has been measured experimentally at different temperatures T=(298.15, 303.15, 
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308.15, 313.15) K, are given in Table 2 and are graphically represented in Figure 1, Figure 

2 and Figure 3 respectively.  

Table 2: Ultrasonic velocities for binary liquid mixtures of Glycols and Glycerol at different 

temperatures. 

Mole fraction  

of EGs 

CEXP (m·s-1) 

T= 298.15 K T= 303.15 K T= 308.15 K T= 313.15 K 

EG + Glycerol 

0.0000 
1920.0 1885.2 1851.0 1836.4 

0.0958 1911.6 1875.6 1840.8 1823.7 

0.1858 1902.3 1866.1 1830.7 1812.4 

0.4259 1872.6 1837.3 1802.1 1780.4 

0.4973 1856.7 1823.6 1790.6 1767.3 

0.6290 1812.3 1780.8 1752.8 1730.3 

0.6900 1787.4 1758.1 1732.9 1712.2 

0.8558 1717.6 1695.1 1678.6 1661.3 

0.9061 1695.9 1676.9 1662.5 1646.1 

1.0000 1656.2 1643.8 1632.6 1616.8 

DEG + Glycerol 

0.0000 
1920.0 1885.2 1851.0    1836.4 

0.1178 1892.3 1857.3 1824.9 1807.8 

0.1783 1877.5 1843.6 1811.2 1793.6 

0.4316 1816 1784.6 1751.8 1731.2 

0.4979 1797 1766.2 1733.7 1713.1 

0.6345 1740.8 1714.6 1686.7 1667.8 

0.7047 1709.5 1686.3 1661.5 1643.7 

0.8494 1645.3 1627.7 1609.2 1593.7 

0.9240 1612.8 1597.5 1582.3 1567.8 

1.0000 1579.8 1567.2 1555.1 1541.9 

TEG + Glycerol 

0.0000 
1920.0 1885.2 1851.0 1836.4 

0.1178 1897.2 1862.9 1829.7 1814.6 

0.1783 1884.8 1850.9 1818.1 1802.8 

0.4316 1828.6 1795.6 1765.2 1747.3 

0.4979 1812.2 1779.6 1749.9 1730.9 
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0.6345 1768.5 1739.8 1712.8 1693.2 

0.7047 1741.2 1715.5 1690.5 1671.6 

0.8494 1680.8 1660.4 1640.4 1622.8 

0.9240 1647.3 1629.6 1612.1 1595.4 

1.0000 1611.3 1596.7 1581.4 1565.8 
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 Figure1 : Variation of experimental speed of sound with molality for (Ethylene glycol 

+ Glycerol) at T= (298.15 - 313.15) K. 
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 Figure 3: Variation of experimental speed of sound with molality for 

(Triethylene glycol + Glycerol) at T= (298.15 - 313.15) K. 

Figure 2: Variation of experimental speed of sound with molality for (Diethylene 

glycol + Glycerol) at T= (298.15 - 313.15) K. 
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The experimental values are decreasing along with the temperatures and the molar mass of 

glycols in Glycerol. This occurs due to 3-D network of the intermoleculer H-bonds in solute – 

solvent molecules and intramoleculer hydrogen bonding in solute molecules, thus indicates 

the high combination rate of the molecules inside the solutions. Also, the upsurge in the 

values of speed of sound along with the molality of glycols attributes the hydrogen bond 

network in solvent with aqueous Glycerol molecule [17-23].  

Conclusions 

From the values of experimental speed of sound values, it is observed that there exists strong 

intermolecular hydrogen bond among the molecules of aqueous glycerol with three different 

glycols i.e. Ethylene glycol, Diethylene glycol and Triethylene glycol. Due to this the solute-

solvent interaction inside the solution increases with the increase in the molar mass of 

glycols. The molecular interaction upsurges from ethylene glycol to diethylene glycol to 

triethylene glycol but decreases with the temperature. 
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