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Abstract - Thermo acoustical & excess parameters obtained from experimental measurements and derived parameters at a 
particular temperature in binary liquid mixtures provide valuable information; to reveal the strength and nature of molecular 
interactions in the mixture.  A brief explanation on the computational approach on thermo acoustical and excess parameters 
using C-program.    
 
Keywords - Acoustical, Excess parameters, binary liquid mixture, THP, 1-Hexanol, C-program.  
 
I. INTRODUCTION 
 
Uniqueness of the C-language in its simplicity, 
compactness, versatility is effectively utilized here, in 
writing an efficient program for the computation of 
the thermo acoustical and excess parameters values of 
certain binary liquid mixtures. In the present study, 
the author has chosen the Tetrahydropyran (THP) 
with 1-Hexanol has been measured at 298.15 K using 
Anton Paar.  THP widely used in polymerization 
processes [1], is a cyclic monoether, an excellent 
solvent very often used in the manufacture of special 
chemicals and      1-Hexanol is an organic alcohol, 
with a six carbon chain and is a clear colour less 
liquid that is very slightly soluble in water. It is used 
in the perfume industry and is believed to be a 
component of the odour of freshly mown grass.   
 
From the experimental data, one can calculate the 
thermo acoustical and excess parameters such as 
sound velocity (U), density (ρ), isentropic 
compressibility (κs), molar volume (Vm), 
intermolecular free length (Lf), acoustic impendence 
(Z) and deviations in isentropic compressibility (∆κs), 
excess molar volumes (Vm

E), excess free length (Lf
E),  

excess acoustic impedance (ZE) for the binary 
mixture are estimated using standard equations that 
are reported by several authors [2-4].  The systematic 
investigations of these excess properties are therefore 
of great importance.  The values of ‘∆κs and Vm

E’ 

which can be measured with great accuracy reflect 
the degree of deviation from ideality.  The deviations 
from ideal behaviour have been widely used for the 
study of structural variations and molecular 
interactions of mixtures.   
 
II. EXPERIMENTAL DETAILS 
 
THP, 1-Hexanol were purchased from Sigma Aldrich 
chemical company with purities >0.998, the purities 
of the purified liquids were checked by measuring 
their sound velocity, densities [recorded in Table 1] 

using Anton Paar DSA 5000M at T=298.15 K.  The 
measurements are based on measuring the period of 
oscillation of a vibrating U-shaped hollow tube filled 
with the sample. The calibration of the apparatus was 
carried out with the double distilled water & acetone 
before each series of measurements. The mole 
fraction of mixture was obtained with uncertainty of 1 
× 10−4 from the measured apparent masses of the 
components. All the mixtures were weighed on an 
electric balance Sartorius, model CPA225D.  
 

Mixture   THP 1-hexanol 
Temp (K)   298.15 298.15 
U (ms-1) Observed 1269.3 1303.7 
  Literature 1269.3 [5] 1303.0 [8] 
ρ (kgm-3) Observed 879.4 816.1 
  Literature 879.1 [6,7] 816.2 [9] 
Table 1 – Comparison of experimental values with literature 

values at T=295.15K 
 
III. THEORY 
 
From the experimental data, the following 
expressions are used for extract the various thermo 
acoustical (U, ρ, κs, Vm, Lf, Z) and excess parameters 
(∆κs, Vm

E, Lf
E, ZE) using C-program listed given 

below;  
 
Isentropic compressibility  κs =

2

1
U

                  (1) 

Molar volume   MV


  (
1 1 2 2M M X M X  )      (2) 

Intermolecular free length   Lf = K (κs)1/2 
           

(3)
             (where K is Jacobson’s constant, temperature     

dependent) 
Specific acoustic impedance   Z = U ρ                (4) 
The excess thermodynamic properties    

)( 2211 yxyxYY mix
E                                     (5)                 

where x1 and x2 are mole fractions of THP and      1-
hexanol. 
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/* Computation of Thermo Acoustical & Excess 
parameters using C-program */ 
#include<stdio.h> 
#include<math.h> 
main( ) 
{ 
int i; 
float 
x1[11],U[11],ρ[11],mw[11],κs[11],Vm[11],Lf[11],Z[1
1]; 
float T,mw1,mw2; 
float EP_κs[11], EP_Vm[11], EP_Lf[11], EP_Z[11]; 
clrscr( ); 
printf("\n Enter mw1 value:"); 
scanf("%f",&mw1); 
printf("\n Enter mw2 value:"); 
scanf("%f",&mw2); 
printf("\n Enter T value:"); 
scanf("%f",&T); 
printf("\n Enter x1 values:"); 
for(i=1;i<=11;i++) 
scanf("%f",&x1[i]); 
printf("\n Enter U values:"); 
for(i=1;i<=11;i++) 
scanf("%f",&U[i]); 
printf("\n Enter ρ values:"); 
for(i=1;i<=11;i++) 
scanf("%f",&ρ[i]); 
for(i=1;i<=11;i++) 
{ 
mw[i]=(x1[i]*mw1)+((1-x1[i])*mw2); 
κs[i]=(1/(ρ[i]*U[i]*U[i]))*pow(10,10); 
Vm[i]=(mw[i]/ρ[i])*pow(10,1); 
Lf[i]=(((93.875)+(0.375*T))*pow(10,-     
                 8))*(sqrt(κs[i]))*pow(10,6); 
Z[i]=(ρ[i]*U[i]*pow(10,-6)); 
} 
printf("\n x1[i] \t U[i] \t  ρ[i] \t mw[i] \t κs[i] \t    vm[i]  
\t Lf[i]   \t Z[i]"); 
printf("\n-----------------------------------------------"); 
for(i=1;i<=11;i++) 
printf("\n %.4f  %.4f  %.4f  %.4f  %.4f  %.4f  %.4f         
%.4f",x1[i],U[i],ρ[i],mw[i],κs[i],Vm[i],Lf[i],Z[i]); 
for(i=1;i<=11;i++) 
{ 
EP_κs[i]= κs[i]-(x1[i]* κs[11]+((1-x1[i])* κs[1])); 
EP_Vm[i]=Vm[i]-(x1[i]*Vm[11]+((1-1[i])*Vm[1])); 
EP_Lf[i]=Lf[i]-(x1[i]*Lf[11]+((1-x1[i])*Lf[1])); 
EP_Z[i]=Z[i]-(x1[i]*Z[11]+((1-x1[i])*Z[1])); 
} 
printf("\n EP_κs[i] \t EP_Vm[i] \t  EP_Lf[i] \t 
EP_Z[i]"); 
printf("\n-----------------------------------------------"); 
for(i=1;i<=11;i++) 
printf("\n %.4f \t %.4f \t %.4f \t %.4f    
",EP_κs[i],EP_Vm[i],EP_Lf[i],EP_Z[i]); 
getch( );       
} 

 
 

x1 
U  

(ms-1) 
ρ 

 (kgm-3) 
0.0000 1303.7 816.1 
0.1335 1299.4 822.2 
0.2445 1295.7 828.1 
0.3547 1291.3 834.2 
0.4506 1286.1 839.3 
0.5620 1283.5 846.8 
0.6602 1279.8 853.2 
0.7436 1278.9 860.1 
0.8447 1274.2 866.6 
0.9073 1272.4 871.7 
1.0000 1269.3 879.4 

Table 2 - Experimental data (U, ρ) for 
THP + 1-hexanol mixture at T=298.15 K 

 
κs*10-10  
m2N -1 

Vm * 10-4 

m3 mol -1 
Lf*10-6 

m 
Z*106  

kgm-2s -1 
7.2094 1.0554 5.5226 1.0639 
7.2034 1.0736 5.5203 1.0684 
7.1930 1.0875 5.5163 1.0730 
7.1891 1.1007 5.5148 1.0772 
7.2033 1.1123 5.5203 1.0794 
7.1685 1.1236 5.5069 1.0869 
7.1559 1.1336 5.5021 1.0919 
7.1085 1.1401 5.4838 1.1000 
7.1073 1.1502 5.4834 1.1042 
7.0857 1.1550 5.4750 1.1092 
7.0581 1.1618 5.4643 1.1162 

Table 3 - Derived parameters (κs, Vm, Lf ,Z) for THP + 1-
hexanol mixture at T=298.15 K 

 

 
Fig. 1 - Variation of  κs, Vm, Lf, Z  with mole fraction of THP + 

1-hexanol binary mixture at 298.15K 
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Δκs*10-10  
m2N -1 

Vm
E

 * 10-4 

m3 mol -1 
Lf

E*10-6 

m 
ZE*106  

kgm-2s -1 
0.0000 0.0000 0.0000 0.0000 
0.0142 0.0040 0.0055 -0.0026 
0.0205 0.0060 0.0079 -0.0038 
0.0334 0.0076 0.0129 -0.0053 
0.0621 0.0090 0.0239 -0.0081 
0.0441 0.0084 0.0171 -0.0065 
0.0464 0.0080 0.0179 -0.0065 
0.0116 0.0055 0.0045 -0.0028 
0.0258 0.0049 0.0100 -0.0039 
0.0137 0.0031 0.0053 -0.0022 
0.0000 0.0000 0.0000 0.0000 

Table 4 - The derived excess parameters (∆κs, Vm
E, Lf 

E, ZE) for 
THP + 1-hexanol mixture at 298.15 K 

 

 
Fig. 2 - Variation of ∆κs, Vm

E, Lf 
E, ZE  with mole fraction of 

THP + 1-hexanol binary mixture at 298.15K 
 
IV. RESULTS AND DISCUSSIONS 
 
The values of sound velocities (U), densities (ρ) for 
pure liquids which are experimentally measured are 
compared with that of literature values shows good 
agreement with each other and are illustrated in the 
table-1.  The experimental data related sound 
velocity, density, isentropic compressibility, molar 
volume, free length, acoustic impedance with their 
excess parameters are given in tables 2 and 3, it is 
clear to say the parameters such as U decreases, ρ,Vm, 
Z increases & κs, Lf  both with positive and negative 
slopes are observed in figure 1 with respective 
increase of mole fraction of THP in the mixture.   
Table 3 shows positive values for ∆κs, Vm

E, Lf 
E 

where as ZE values are negative with respective to 
change in mole fraction of THP.   According to R J 
Fort, and A Ali et al., [10,11] the sign and magnitude 
of ∆κs and Vm

E play a vital role in assessing the 
molecular interactions in the liquid mixtures.  In 
general negative values of ∆κs and Vm

E indicates 
strong interaction in the mixture which include 
charge-transfer, dipole-dipole, dipole-induced_dipole 

interactions and interstitial accommodation of the 
smaller molecules into the spaces created by bigger 
molecules, while positive signs of these parameters 
are indicative of weakening of interactions between 
the component molecules.  
 
On close inspection of table 3 the values of ∆κs, Vm

E, 
Lf

E (figure:2) are positive at T= 298.15 K for the 
whole mole fraction range of THP.   An increase of 
∆κs, Lf

E denotes weakening of inter-molecular 
interactions. It will lead to increase in volume of the 
cluster i.e. excess molar volume (Vm

E) will be 
positive.  i.e. hexanol-THP interactions not only 
disturb the homo molecular (hexanol-hexanol, THP-
THP) interactions in components liquids, but also 
cause re-arrangement in the geometry of the clusters 
in such a way volume of the cluster increases.  
Further, in the present mixture as ∆κs and Lf

E slopes 
are positive and negative suggesting dispersive and 
attractive forces are present in the mixture [12]. This 
is well supported by the calculated values of excess 
acoustic impedance of the binary mixture.   The ZE 
negative suggests, rupture of the hydrogen bonded 
chain of 1-hexanol dominating over that of the 
hydrogen bond formed between the unlike molecules  
this shows weak molecular interactions between the 
components of the mixture exists. 
 
CONCLUSION 
 
The developed C-program for computing the thermo 
acoustic and excess parameters of binary liquid 
mixture in evaluating and interpreting the inter 
molecular interactions in a mixture.                 The 
calculated excess parameters are discussed and 
concluded the presence of weak dispersion forces in 
the mixture.   
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