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ABSTRACT 

Ultrasonic velocity (U), density (ρ) and viscosity (η) for the 

ternary liquid mixtures of equimolar ethylene glycol and 

glycerol (EG+Gly), ethyl alcohol and glycerol (EA+Gly), 

ethyl alcohol and ethylene glycol (EA+EG) systems with 

EA, EG and Gly , respectively have been measured as a 

function of the composition at 303.15, 308.15 and 313.15 

K. The experimental data have been used to calculate some 

excess thermodynamical parameters, such as viscosity (ηE), 

adiabatic compressibility   (βE), free length (Lf
E), free 

volume (Vf
E), internal pressure(πi

E) and Gibb’s free 

energy(ΔGE). The viscosity data have been correlated by 

Grunberg and Nissan correlation equation. The results have 

been used to discuss the nature and strength of 

heterogeneous H-bond interactions in the presence of  

mono, di and tri hydric alcohol constituent of the mixture. 
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Ultrasonic velocity,  Adiabatic 

compressibility, Free length, Free 

volume, Gibb’s free energy 

INTRODUCTION 

Ultrasonic studies have found wide applications 

owing to their ability to characterize the physico-

chemical behavior of solutions. The knowledge of 

physico-chemical properties of non –aqueous ternary 

liquid mixtures has relevance in theoretical and 

applied area of research and such results are 

frequently used in design process (flow, mass transfer 

or heat transfer calculations) in many chemical and 

industrial process (1). Studies of thermodynamic 

properties of ternary mixture are of considerable 

interest in the fundamental understanding of the 

nature of interactions between          the unlike 

molecules. In recent years, the theoretical and 

experimental investigations of excess and deviation 

functions are taken as interaction parameters to 

improve the results (2). Our research is concerned to 

the systematic study of molecular  interactions in the 

ternary mixtures,  which  are  important   in many 

fields of industrial and biological processes.  Mixed 

solvents find practical applications as they provide 

wide range of mixtures with desired properties (3). 

The formation of molecular clusters and network 

structures due to strong intermolecular interactions 

through H-bonds in alcohols results in their 

complicated molecular structures in liquid state. The 

liquids were selected on the basis of their industrial 

use (4). Alkanol molecules are polar and self-

associated through hydrogen bonding of their 

hydroxyl groups (5), where as alkanediol molecules 

are self-associated through inter and intra hydrogen 

bonding. Ethyl alcohol is an important ingredient and 

has widespread use as a base chemical for other 
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organic compounds. It is also used in medical wipes 

and alcoholic beverages. Ethylene glycol are 

important liquids which find a variety of applications 

in pharmaceuticals, cosmetics etc. Glycerol is used in 

industry and in many other applications, including 

antifreeze, detergents, cosmetics and pharmaceutical 

products. It also serves in research as a biological 

cryoprotectant (6).In last two decades, the 

characterization of heterogeneous interactions 

between associating polar liquids in binary mixtures 

over the entire concentration range using other 

studies have been the subject of several investigations 

(7,8). The H-bond has a considerable effect on the 

excess thermodynamical parameters of the ternary 

mixtures of the associating molecules. The evaluation 

of excess thermodynamical parameter properties over 

the entire concentration range provides information 

about the formation of heterogeneous molecular 

interaction and also about the molar ratio 

corresponding to the formation of the strongest H-

bonded interactions between the mixture constituents. 

In the present work, density , viscosity and ultrasonic 

measurements on the binary and ternary mixtures of 

mono-,di-,and trihydric aliphatic alcohol at different 

temperatures were carried out, inorder to get ideas 

about the formation of the strongest H-bonded 

structure with increases in the number of hydroxyl 

group over the entire concentration variation of the 

mixture constituents. 

To the best of our knowledge no literature data are 

available for the densities, viscosities and ultrasonic 

velocities of the binary and ternary mixtures reported 

here and at different temperatures. 

MATERIALS AND METHODS 

All the chemical used are of analytical reagent (AR) 

and spectroscopic reagent (SR) without further 

purification. The purities of the above chemicals 

were checked by density determination at 303.15, 

308.15, 313.15 ± 0.1 K, which showed an accuracy 

of ±1×10
– 4

 gcm
–3

 with the earlier values (26-36) . 

The ternary liquid mixtures of different known 

compositions were prepared in stopper measuring 

flasks.  The density, viscosity and velocity were 

measured as a function of composition of the ternary 

liquid mixture at 303.15,308.15 and 313.15  K  for  

mixed solvent systems in which Ethyl alcohol, 

Ethylene glycol and Glycerol were added to the 

equimolar  EG+Gly, EA+Gly and  EA+EG binary 

mixtures.  The density was determined using a 

specific gravity bottle by relative measurement 

method with an accuracy of ±0.01 kgm
–3

.  The 

weight of the sample was measured using electronic 

digital balance with an accuracy of ±0.1mg 

(Model:SHIMADZU AX-200).  An Ostwald’s 

viscometer (10ml) was used for the time flow 

measurement.  Efflux time was determined using a 

digital chronometer within±0.01 s.  An ultrasonic 

interferometer having the fixed frequency of 3MHz 

(Mittal Enterprises, New Delhi, Model: F-81) with an 

overall accuracy of ±0.1% has been used for velocity 

measurement.  An electronically digital operated 

constant temperature bath (RAAGA Industries) has 

been used to circulate water through the double 

walled measuring cell made up of steel containing the 

experimental solution at the desired temperature.  

The accuracy in the temperature measurement is 

±0.1K. 

THEORY 

                                                                                                                                                                            

Various acoustical and thermodynamical parameters 

calculated from the measured data are as follows: 

Adiabatic compressibility                          

 β=
1

U2ρ
                                                      (1)              

Intermolecular free length 

Lf=Kjβ
1 2 

                             (2)   

where Kj is temperature dependent constant. Its value 

is 631×10
–6 

and 636×10
–6

and 642×10
–6

, respectively 

at 303.15, 308.15 and 313.15 K. 

Free volume 

 V= 
М

eff U

kη
 3 2 

(3)  

where Meff is the effective molecular weight (Meff =


i

ii X M in which Mi and Xi are the                                                                      

molecular weight and the molefraction of the 

individual constituents respectively). k is a 

temperature independent constant which is equal to 

4.28×10
9 
for all liquids. 

Internal Pressure 

 πi=bRT 
kη

U
 

1/2

 
ρ2/3

М
𝐞𝐟𝐟7/6

                           (4)            
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where b is the cubic packing which is assumed to be 

2 for all liquids, R is the universal gas constant and T 

is absolute temperature. 

Gibb’s free energy 

∆G=KBTln  
KB T𝜏

h
                                      (5) 

where KB is Boltzmann’s constant  (1.38×10
–23

JK
−1

), 

h the Planck’s constant (6.626×10
–34 

Js) and 𝜏is the 

relaxation time (𝜏 = (
4

3
)ηβ). 

Excess values of the above parameter can be 

determined using 

A
E
=Aexp–Aid                                             (6)              

where Aid=
i

ii X A , Ai, is any acoustical 

parameters and Xi the molefraction of the liquid 

component.                                      

    Grunberg and Nissan (9)formulated the following 

relation between the viscosity of a binary liquid 

mixture and pure components. 

 lnηmix = X1lnη1+X2lnη2+ X1X2d               (7)                               

on applying to a ternary liquid mixture, this equation 

takes up the form 

 lnηmix=X1lnη1+X2lnη2+X3lnη3+X1X2X3d (8)                         

where d is an interaction parameter regarded as a 

measure of the strength of molecular interactions 

between the mixing components.    

  

RESULTS AND DISCUSSION 

The values of density (ρ), viscosity (η) and ultrasonic 

velocity (U) of pure liquids and liquid mixtures at 

303.15, 308.15 and 313.15 K are given in Tables 1 - 

2.  The values of excess viscosity (η
E
), excess 

adiabatic compressibility (β
E
), excess free length 

(Lf
E
), excess free volume (Vf

E
), excess internal 

pressure (πi
E
), excess Gibb’s free energy(∆G

E
) and 

Grunberg’s interaction parameter(d) have been 

calculated and presented in Tables 3 - 4.  Further, the 

variation of Vf
E
 with mole fractions of  X3 at 

303.15,308.15 and 313.15 K are shown in Fig. 1 and 

the curves are drawn using least square fitting.  

 The excess thermodynamic properties of mixtures 

which correspond to the difference between the 

actual property and the property if the system 

behaves ideally and, thus are useful in the study of 

molecular interactions and arrangements in the 

mixtures.  In particular, they reflect the interactions 

that take place between solute - co-solute and solute-

solvent species.  The effects which are expected to 

operate between the component molecules under 

study are, (i) structural effect which is due to the 

differences in shape and size of the component 

molecules (ii)  re-orientational effect between 

component molecules and (iii) energetic effect, i.e., 

molecular interaction that can be weakened or 

destroyed or established during the mixing 

process(10). The excess viscosity (Table 3) is 

negative through the whole range of concentration in 

all the three systems.  From the analysis and close 

observation it is found that they increase with 

increase in mole fraction of X3 and also with the 

rising of temperature in systems I and II, but it 

decreases with increasing the concentration of X3 in 

system III.  This observed behaviour shows that the 

existence of molecular interaction between the 

components of mixture for all the systems studied.   

The β
E 

(Table 3) values are negative, and these values 

are increasing with increase in mole fraction of X3, 

but it decreases with rising of temperature in all 

systems studied.  However the values of  β
E 

are 

decreases with increasing the concentration of EA in 

system I.  The observed β
E 

values depend upon 

several contributions, which are of physical and or 

chemical nature (11-12).  The physical contributions 

comprise of dispersion forces and non specific 

physical (weak)  
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Table 1. Comparison of experimental and literature values of density (), viscosity () and ultrasonic velocity 

(U) of pure liquids at 303.15, 308.15 and 313.15 K 

 1 – Bhuiyan et.al., (2007)                      2 – Anil Kumar Nain et.al., (2008 )  3 – Saeid Azizion et.al., (2005) 

 4 – Timmermans et.al., (1935)   5 – Vijayakumar Naidu et.al., (2003)  5 – Tongfan Sun et.al., (2003) 

 6 – Jerome et.al., (1968)    7 – Cezary M. Kinart et.al., (2009)  8 – Diana M. Cristancho et.al., (2011) 

 9 – John A. Dean    10 – Davis et.al., (1912) 

Table 2. Values of density (ρ), viscosity () and ultrasonic velocity (U) at 303.15, 308.15 and 313.15 K for 

Molefraction 

(X3) 

ρ / (kg m-3)  / (10-3 Nsm-2) U /(m.s-1) 

303.15 K 308.15 K 313.15 K 303.15 K 308.15 K 313.15 K  303.15 K 308.15 K 313.15 K 

 System – I : Ethylene glycol (X1) + Glycerol (X2) + Ethyl alcohol  (X3) [(X1)/(X2)=1:1] 

0.0000 1202.4 1200.2 1198.9 42.4115 35.0401 29.7558 1763.4 1753.2 1752.5 

0.0199 1199.3 1196.9 1193.2 38.8937 31.6523 27.1709 1760.4 1749.5 1747.2 

0.0409 1197.2 1193.2 1190.3 37.7220 30.9086 26.2824 1739.7 1735.8 1730.6 

0.0597 1185.7 1184.9 1179.3 34.6444 29.4285 25.9319 1736.4 1733.4 1729.2 

0.0800 1184.7 1183.7 1177.4 33.1950 28.2449 25.0303 1728.6 1725.6 1720.7 

0.1000 1179.5 1176.0 1171.0 31.8064 27.9534 24.0972 1718.1 1714.4 1710.1 

 System – II : Ethyl alcohol (X1) + Glycerol (X2) + Ethylene glycol (X3) [(X1)/(X2)=1:1] 

0.0000 1045.4 1043.2 1040.5 11.7719 10.4705  8.8721 1489.8 1484.4 1471.8 

0.0199 1049.6 1047.3 1044.0 12.2259 10.5177  9.0789 1497.6 1491.3 1485.9 

0.0402 1053.9 1051.1 1046.4 12.4997 10.6528  9.2903 1501.2 1492.7 1487.0 

 0.0601 1055.9 1053.9 1048.6 12.6330 10.7766  9.3856 1506.5 1498.8 1496.7 

0.0804 1059.2 1057.7 1053.9 13.1099 10.9223  9.4791 1512.1 1509.6 1506.4 

0.0998 1063.2 1060.8 1056.5 13.6608 11.0121  9.5187 1517.4 1513.0 1511.8 

  System – III : Ethyl alcohol (X1) + Ethylene glycol (X2)  + Glycerol (X3) [(X1)/(X2)=1:1] 

0.0000   965.5   960.9 956.8 3.6372 3.2751 2.9022 1495.1 1492.6 1489.2 

0.0201   978.4   976.3 974.5 4.1976 3.7816 3.3272 1491.6 1488.0 1480.2 

0.0399   981.1   980.1 979.5 4.2199 3.8096 3.3489 1487.5 1480.7 1472.2 

0.0601   993.7   990.8 987.4 4.8018 4.2506 3.7628 1481.7 1473.2 1466.5 

0.0801   999.2   996.1 994.9 5.1824 4.6242 4.0118 1475.2 1468.2 1459.8 

0.1006      1004.8 1002.1 999.7 5.6007 4.9470 4.3280 1464.0 1460.1 1450.4 

 

Organic liquids T/K / (kg m-3) / (10-3 Nsm-2)   U /(m.s-1) 

Experimental Literature Experimental Literature Experimental Literature 

 

Ethyl alcohol 

303.15 785.4 0.78341 1.0272 0.99442 1140.4 1132.22 

308.15 780.6 0.77901 0.9927 0.90972 1125.2 1117.02 

313.15 776.1 0.77461 0.8985 0.83062 1110.1 1102.82 

 

 
 

 

Ethylene glycol 

      1654.37 

 (298.15K) 

303.15 1114.1 1.10643 12.9760 13.15444 1648.8  

308.15 1108.8 1.10283 10.2820 10.505 1633.2  

313.15 1104.1 1.09843 9.0230 9.745  

9.13166 

1628.4  

 

Glycerol 

303.15 1257.7 1.254958 618.9236 6229 1819.3  

308.15 1254.3  262.4170 266.61010 1774.8  

313.15 1251.1  194.1140  1766.4  
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Table 3. Excess values of viscosity (η
E
), adiabatic compressibility (β

E
), free length (Lf

E
) and   free volume (Vf

E
) 

at 303.15, 308.15 and 313.15 K for 

Molefraction (X3) 
-ηE / (10-3Nsm-2) -βE /(10-12m2N-1) -Lf

E /(10-10m) -Vf
E / (10-9m-3mol-1) 

303.15K 308.15 K 313.15 K 303.15 K 308.15 K 313.15 K 303.15 K 308.15 K 313.15 K 303.15 K 308.15 K 313.15 K 

System – I : Ethylene glycol (X1) + Glycerol (X2) + Ethyl alcohol  (X3) [(X1)/(X2)=1:1] 
0.0000 273.53 101.31 71.81 11.75 24.54 27.29 3.04 4.36 4.90 0.61 0.92 1.06 

0.0199 270.87 101.99 72.38 30.01 36.96 39.26 4.55 5.85 6.26 1.33 1.61 1.85 

0.0409 265.63 100.03 71.36 36.97 46.10 48.22 5.05 6.72 7.05 2.12 2.41 2.75 

0.0597 262.41 98.80 69.60 47.11 57.70 60.08 6.17 8.07 8.40 2.83 3.17 3.67 

0.0800 257.56 97.28 68.48 58.21 69.20 71.74 7.47 9.39 9.71 3.59 3.94 4.55 

0.1000 252.65 94.86 67.40 67.37 77.92 81.53 8.41 10.21 10.68 4.36 4.76 5.43 

System – II : Ethyl alcohol (X1) + Glycerol (X2) + Ethylene glycol (X3) [(X1)/(X2)=1:1] 
0.0000 298.20 121.26 88.63 178.65 197.43 207.21 16.62 19.09 19.95 17.74 17.87 19.91 

0.0199 291.81 118.78 86.66 179.24 197.24 210.86 16.91 19.26 20.72 17.53 17.68 19.61 

0.0402 285.60 116.22 84.68 177.74 193.72 206.30 16.82 18.93 20.24 17.25 17.52 19.36 

0.0601 279.59 113.67 82.81 175.57 192.42 206.60 16.74 18.94 20.34 16.98 17.28 18.99 

0.0804 273.11 111.09 80.95 174.35 194.05 207.99 16.76 19.41 20.97 16.70 16.82 18.63 

0.0998 266.61 108.57 79.14 173.19 191.24 205.81 16.79 19.20 20.87 16.48 16.60 18.24 

System – III : Ethyl alcohol (X1) + Ethylene glycol (X2)  + Glycerol (X3) [(X1)/(X2)=1:1] 
0.0000 3.36 2.36 2.06 191.25 207.85 222.30 20.22 22.17 23.76 10.07 9.24 9.86 

0.0201 15.42 6.99 5.42 186.92 203.93 216.46 19.65 21.67 22.97 11.76 11.46 12.23 

0.0399 27.25 12.10 9.18 177.37 192.73 205.03 18.29 20.09 21.37 11.23 10.79 11.67 

0.0601 38.92 16.79 12.55 171.36 184.63 196.41 17.46 18.97 20.18 12.40 11.92 13.17 

0.0801 50.77 21.56 16.08 161.57 175.51 186.91 16.07 17.10 18.87 12.75 12.49 13.57 

0.1006 62.59 26.37 19.55 148.82 164.71 174.33 14.26 16.18 17.10 13.07 13.03 14.09 

Table 4. Excess values of internal pressure (πi
E
) Gibb’s free energy (∆G

E
) and Grunberg’s interaction 

parameter (d) at 303.15, 308.15 and 313.15 K for 

Molefraction (X3) 
-πi

E /(108Nm-2) ∆GE /(10-21KJ mol-1) d 

303.15 K 308.15 K 313.15 K 303.15 K 308.15 K 313.15 K 303.15 K 308.15 K 313.15 K 

 System – I : Ethylene glycol (X1) + Glycerol (X2) + Ethyl alcohol  (X3) [(X1)/(X2)=1:1] 

0.0000 33.62 16.18 12.96 3.36 2.01 1.85 3.99 2.57 2.36 

0.0199 33.66 16.77 13.43 3.43 2.18 1.98 155.21 88.67 79.96 

0.0409 32.49 15.98 12.85 3.19 1.97 1.81 74.50 49.15 43.81 

0.0597 32.61 15.78 12.23 3.22 1.91 1.59 51.48 34.95 28.72 

0.0800 31.74 15.27 11.73 3.09 1.81 1.47 37.55 27.29 22.21 

0.1000 30.91 14.36 11.32 2.94 1.54 1.34 29.09 21.06 18.29 

 System – II : Ethyl alcohol (X1) + Glycerol (X2) + Ethylene glycol (X3) [(X1)/(X2)=1:1] 

0.0000 40.51 22.45 18.78 3.80 2.47 2.39 3.47 1.73 1.59 

0.0199 39.32 21.94 18.24 3.61 2.46 2.32 147.97 87.32 76.45 

0.0402 38.25 21.32 17.61 3.47 2.35 2.17 73.26 43.14 36.51 

0.0601 37.36 20.75 17.18 3.37 2.28 2.12 49.14 28.44 24.04 

0.0804 36.14 20.18 16.70 3.17 2.22 2.09 35.50 20.94 17.79 

0.0998 34.86 19.62 16.29 2.95 2.15 2.04 26.99 16.66 14.29 

 System – III : Ethyl alcohol (X1) + Ethylene glycol (X2)  + Glycerol (X3) [(X1)/(X2)=1:1] 

0.0000 2.45 1.83 1.77 0.20 0.86 0.95 0.02 0.10 0.08 

0.0201 3.36 2.02 1.83 0.78 0.59 0.68 7.68 16.75 14.85 

0.0399 5.47 3.33 2.96 1.10 0.84 0.92 6.56 3.75 0.79 

0.0601 6.43 3.77 3.23 0.94 0.68 0.71 2.56 1.59 1.92 

0.0801 7.88 4.45 3.89 0.96 0.62 0.72 3.56 1.01 0.30 

0.1006 9.28 5.23 4.45 0.95 0.61 0.64 4.22 0.18 0.17 
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interactions that lead to positive β
E
 values; physical 

contribution is also due to geometrical effect allowing 

the fitting of molecules of different size into each 

other’s structure resulting in negative β
E 

values. 

Chemical contributions involve breaking up of the 

hydrogen-bonded structure (s), resulting in positive β
E
 

values and specific interactions such as the formation 

of hydrogen bonds, formation of charge transfer 

complex and strong dipole-dipole interactions 

between component molecules resulting in negative 

β
E 

values.  Mixing of  EA with binary mixture of 

(EG+Gly) would induce mutual dissociation of the 

hydrogen-bonded structures present in pure liquids 

with subsequent formation of (new) H-bonds between 

EA and (EG+Gly)  molecules in the mixture (13-14), 

resulting to decrease in the compressibility of the 

mixture, and hence negative β
E
 values.  

 From the variation of excess free length (Table 3) it 

was observed that the Lf
E
 values are negative over the 

entire mole fraction range and even with rising of 

temperature.  The Lf
E
 value are increases with 

increasing of the concentration of EG and Gly but it 

decreases with increasing the concentration of EA as 

well as temperature in all system studied.  According 

to Kannappan et al., (15) negative value of Lf
E 

 

indicates that sound waves cover longer distances due 

to decrease in intermolecular free length ascribing the 

dominant nature of hydrogen bond interaction 

between unlike molecules.  Fort et al., (14)indicated 

that the positive excess values of free length should be 

attributed to the dispersive forces and negative excess 

values should be due to charge transfer and hydrogen 

bond formation.  In the present study, it is found that 

the negative contribution of Lf
E
 in all the three 

systems prevails with the existance of strong H-bond 

interaction.  The magnitude of Lf
E
values follows the 

sequence: EA>EG>Gly. Fig. 4 shows qualitative 

picture of the excess free volume for the three ternary 

liquid systems.  

The Vf
E
 (Fig.1) values for all the three systems are 

found to be negative.  These values are decreases with 

increasing the mole fractions of EA and Gly as well 

as temperature in all systems studied, but it found to 

increase with the addition of EG.  These  results can 

be explained in terms of molecular interaction, 

structural effect and interstitial accommodation along 

with changes in free volume.  The sign Vf 
E 

depends 

upon the relative strength between the contractive 

forces and expansive forces.   
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Fig.1. Variation  of excess  freevolume (vf
E) of  (EG+Gly)  ,  (EA+Gly)  

and   (EA+EG)  equimolar   solvent  system  with mole fraction of 

mono, di and trihydric alcohols  at  ∎ 303.15, (•)308.15 and  (  

)313.15 K . 

The factors that cause expansion in volume are 

following: 

(i) dispersion force. 

(ii) steric hindrance of component 

molecules. 

(iii) unfavorable geometric fitting. 

(iv) electrostatic repulsion, etc., 

The negative part of Vf
E
 curves of the system asserts 

that the combined effect of the factors responsible for 

volume contraction out weigh the combined effect of 

the factors causing volume expansion and vice-versa 

(16).  Adgaonkar etal.,(17) showed positive value of 

Vf
E
, indicating the existence of weak molecular 

interaction in the liquid mixtures.  Fort et al., (14) 

noticed that negative excess free volume tends to 

decrease as the strength of the interaction between 

unlike molecules increases although they are not 

parallel with the excess compressibilities.  However, 

in the present study the observed behavior of Vf
E 

shows that the strength of molecular interaction 

increases with increasing of mono, di and trihydric 

alcohols, but it is lesser with increasing of 

temperature. 
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In the study of liquid mixtures the variation of internal 

pressure may give some reliable information 

regarding the nature and strength of the forces 

existing between the molecules.  When two 

interacting molecules are having some sort of 

attractive forces like that of hydrogen bonding, the 

result in the increase of internal pressure.  In fact, 

theinternal pressure is a broader concept and is a 

measure of the totality of forces of the dispersion, 

ionic and dipolar interaction that contribute tooverall 

cohesion of the liquid system.  In all the three systems 

the variation of excess internal pressure (Table 4) are 

negative and it  found to  increase with increasing the 

mole fraction of EA and EG  as well as temperature 

too but  it  decreases with increasing of Gly 

concentration.  The negative values of πi
E
, indicate 

that only dipolar forces areoperating between the 

unlike molecules.  Further the observed behavior of  

πi
E
 values reveals that the strengthening of cohesive 

forces results perhaps due to making up the structure 

of the solvent.  

 

 The values of excess Gibb’s free energy (Table 4) are 

found to be positive and these values are decreases 

with increasing the molefraction of X3 and also with 

rising of temperature in all systems studied.  

According to Reed et al.,(18) the positive ∆G
E 

may be 

attributed to specific interactions like hydrogen 

bonding and charge transfer, while negative values 

may be ascribed to the dominance to dispersion forces 

(19).  In the present study the observed behavior of  

∆G
E
 shows that the formation of H-bond 

heterogeneous interactions between the components 

of unlike molecules. EA, EG and Gly molecules exist 

in self-associated structures through H-bonds with 

parallel (same direction) dipole alignment in their 

pure liquid state (20). Self-association depends not 

only on the steric arrangement of the respective 

groups, but is also sensitive to the size and shape of 

the polar molecules.  The ethyl alcohol molecule has 

one –OH group but forms higher order self-associated 

structures, which results the linear polymeric 

structures with a switch-over type of molecular 

reorientation throughout their homogeneous structures 

(21-22). The molecules of ethylene glycol have at 

both ends hydroxyl groups with a gauche 

conformation, which results in intra molecular H-

bonding, and hence probably only one –OH group of 

the EG molecule can interact with neighboring 

molecules through a H-bond (23).  The glycerol 

molecule contains two primary alcohol groups and 

one secondary alcohol group, but the H-bond 

formation through the secondary alcohol group results 

in the cross linkage H-bonded structures (three-

dimensional structures) in the pure liquid state of 

glycerol (24). 

 

 The interaction parameter‘d’ in Grunberg  et al., (9) 

equation is a measure of the strength of interaction 

between the mixing components.  d-values were said 

to indicate various types of interaction (25) as 

follows:  Large and positive d-value indicated strong 

specific interaction; small positive value indicated 

weak specific interaction and large negative value 

indicated no specific interaction.  It is evident from 

Table 4 that d-values are positive in all the three 

systems studied.  It is seen that the values of‘d’ 

increase with the increasing of mole fraction of X3 for 

every mixtures and the same decrease with rising of 

temperature.  Further the increasing behavior of d-

values exhibits the increasing the strength of 

molecular interaction between the unlike molecules.  

But, however, the strength of interaction gets 

weakened with the rising of temperature which may 

be due to decreasing behavior of d-values for all 

systems studied.  The magnitude of‘d’ is in order: 

EA>EG>Gly. 

 
CONCLUSION 

A systematic study of ternary mixture of equimolar 

EG+Gly, EA+Gly and EA+EG systems with EA, EG 

and Gly, respectively have been carried out at 

different concentrations and at different temperatures 

using ultrasonic measurements.  The ultrasonic 

velocity data and other acoustical parameters give 

valuable information to understand the solute-solvent 

interactions in the mixtures.  The investigated 

mixtures were chosen in order to obtain information 

about the molecular interactions between their 

components.  The variations in excess acoustical 

parameters with composition indicate the specific H-

bond heterogeneous interactions in these mixtures, 

which decrease with rise in temperature.  The strength 

of interactions tends to be weaker with rising of 

temperature due to the presence of weak 

intermolecular forces and thermal dispersion forces. 

Further, it is observed that the order of interactions in 

these mixtures depends upon the number of hydroxyl 

groups.  The self association through H-bonds in EA, 

EG and Gly very anomalously with increase in the 

number of hydroxyl groups in the alcohol molecules.  

From the magnitude of ‘Lf
E
’ and ‘d’  it can be 

concluded that the strength of interactions is in the 

order: EA>EG>Gly. 
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