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Abstract 
With the help of the measured ultrasonic velocity (u), viscosity(η) and density (ρ), the properties 
likeacoustic impedance (Z), intermolecular free length (Lf ) adiabatic compressibility(β),  free 
volume(Vf)viscous relaxation time, Leonard jones potential, Gibbs free energy and  internal pressure have been 
calculated for the ternary liquid mixtures of NNDMF,   1 Pentanol and n Hexane at various temperatures 
viz., 303 K,308 K and 313 K at constant frequency2 MHz. for different concentrations ranges from 0.001M 
to 0.01M and fitted to the Redlich-Kister polynomial equation. The excess ultrasonic velocity, excess 
acoustic impedance, excess intermolecular free length,excess adiabatic compressibility, excess free 
volumeand excess internal pressure werealso computed from the normal acoustical parameters and the 
corresponding values were plotted against the various concentrations of the mixture at different 
temperatures. The strength and the nature of the molecular interactions among the constituents present in 
ternary system have been discussed under the influence of ultrasonic sound. 
Key words: molecular interactions, ultrasonic velocity, ternary liquid mixture, excess adiabatic 
compressibility, internal pressure, excess acoustic impedence. 
 
I. Introduction 
 

The physical or chemical nature and the corresponding strength of the molecular interaction between 
the components of the ternary liquid mixtures have been successfully investigated by the ultrasonic method 
[1-3]. The measurement of ultrasonic velocity suggests the accurate determination of some useful acoustical 
and thermodynamic parameters and their excess functions which are highly sensitive to molecular 
interactions in liquid mixtures [4,5]. Thermodynamic and transport properties of binary and ternary mixtures 
with different organic liquids have been studied by many authors[6-8]. Although a large number of 
investigations are carried in liquid mixtures having cyclo hexane (or) benzene as one of the components, it is 
found that no work has been made so for to measure the ultrasonic velocity of the ternary mixtures of 
NNDMF, 1 Pentanol and n Hexane.  
 

For many practical purposes it is necessary to predict the excess properties of a multicomponent 
liquid mixture from the properties of the pure components. Investigation into the possible change of the 
thermodynamic properties of a mixture and their degree of deviation from ideality has been found to be a 
qualitative and quantitative way to elicit information about the molecular structure and intermolecular forces 
in liquid mixtures. In recent years, the measurements of the ultrasonic velocity have been adequately 
employed for understanding the nature of molecular systems and physio-chemical behaviour in liquid 
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mixtures. A number of empirical, semi-empirical, and statistical theories have been developed by several 
workers. N, N-Dimethlformamide is a non-aqueous solvent which has no hydrogen bonding in pure 
state.Therefore it acts as an aprotic, protophilic medium with high dielectric constant. N,N DMF is a polar 
molecule having a dipole moment, when it is associated with 1 pentanol, the dipolar-dipolar interaction 
dominates the dipolar-induced dipolar interaction. The relatively small size of N,N-DMF and its linear 
aliphatic configuration may be the factor contributing to the volume contraction of the mixture. 1 pentaol is 
relatively a linear molecule, and its non-ideality in all probabilities may be due to the polarity arising out of 
C-N and O-H bonds. As far as the O-H group is concerned, it rotates freely along the C-N axis which is 
likely to give more flexibility to the interaction arises due to polar O-H bond [9-12]. n Hexane belongs to the 
aliphatic hydrocarbon. It is highly inert towards an electrophile or nucleophile at ordinary temperature. n 
Hexane being non polar is not expected to be involved in any strong interaction with the other components 
of the mixture. However, dispersive types of interactions are possible between them. 
 
 Alcohols are associated organic liquids and are widely used as basic organic compounds for the 
synthesis of other organic compounds. In this present study, this paper reports the excess ultrasonic velocity 
(UE), excess acoustic impedance (ZE), excess intermolecular free length (LE

f ),excess adiabatic 
compressibility(βE), excess free volume(LE

v )and excess internal pressure(πE
i)for ternary mixture 

ofNNDMF, 1 Pentanol and n Hexane at various temperatures viz., 303 K,308 K and 313 K at constant 
frequency2 MHz. The objective of this study is to analyze the disruption or self association in 1-Pentanol 
and the breaking of the dipole-dipole interactions of NNDMFalong with the interaction between the 
hydroxyl group of alcohol molecule. n-Hexane  is a good  non polar solvent, used in the separation 
techniques, preparation of organolithiums etc., since it is very difficult to deprotonate.Therefore, the present 
study has been taken by the authors to provide useful informations regarding the molecular interactions 
possessed in the system ofNNDMF, 1 pentanol and n- hexane at different temperatures 
 
II. Methods and Materials 

The mixture (NNDMF+1 Pentanol+n Hexane) of various equimolar concentrations were prepared by 
taking analytical reagent grade and spectroscopic reagent grade chemicals with minimum assay of 99.9% 
and obtained from E.Merck Ltd (India). All the component liquids were purified by the standard methods. 
The density, viscosity, and ultrasonic velocity were measured for various concentrations as prepared above 
at different temperatures viz 303 K, 308 K, and 313 K keeping constant frequency of 2 MHz. Ultrasonic 
velocity measurements were made using an ultrasonic interferometer (Model F-81, supplied by M/S Mittal 
Enterprises, New Delhi)  with the accuracy of ±0.1m·s−1. Water at desired temperature is circulated through 
the outer jacket of the double-walled measuring cell containing the experimental liquid. The densities of the 
mixture were measured using a 10-ml specific gravity bottle by relative measurement method with an 
accuracy of ±0.01 kg·m−3. An Oswald viscometer (10 ml) with an accuracy of ±0.001 Ns·m−2 was used for 
the viscosity measurement. The flow time was determined using a digital racer stopwatch with an accuracy 
of ±0.1s.  
 
III. Theory and Calculations 
Intermolecular free length (Lf), is calculated using the standard expression 
Lf  = KT β1/2   (1)  
 
Where KT is a temperature dependent constant known as Jacobson constant {K = (93.875 + 0.375 T) × 10-8 } and β is 
the adiabatic compressibility that can be calculated from the speed of sound (U) and the density of the medium (ρ) as    
β =  (u2ρ)-1     (2)  
 
The relation for free volume in terms of ultrasonic velocity and the viscosity (η) of liquid as   
 Vf = (Meff U/ kη)1/2   (3)  
 
Expression for the determination of internal pressure πi by the use of free volume as  
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 πi = bRT(Kη/U)½(ρ2/3/M7/6
eff)         (4)  

 
Where b stands for cubic packing which is assumed to be 2 for liquids and K is a dimensionless constant independent 
of temperature and nature of liquids and its value is 4.281x109, T is the absolute temperature and Meff is the effective 
molecular weight of the mixture. The viscous relaxation time was obtained by using the relation   
 τ =  (4/3) β η    (5)  
Gibbs free energy is calculated from the relation  
∆G = KTln (KTτ/h)      (6)  
 
Where τ is the viscous relaxation time, K the Boltzman constant, T, the absolute temperature and h is the Plancks 
constant.   
The acoustic impendence is given by,  
 Z = Uρ       (7) 
 
Where U and ρ are the velocity and density of liquid respectively.  
 
In order to study the non-ideality of the liquid mixtures, namely excess parameters (AE) of all the acoustic 
parameter were computed by  
 AE = Aexp - Aid   (8)  
Where Aid = ∑nAiXi, 
Where Ai is any acoustical parameters and Xi is the mole fraction of the liquid componentsi.e., the excess 
parameters of the ultrasonic velocity, acoustic impedance, and intermolecular free length were calculated 
using the equations 
𝑈 = 𝑢 − (𝑥 𝑢 + 𝑥 𝑢 + 𝑥 𝑢 ) (9) 
𝑍 = (𝜌𝑢) − (𝑥 𝑢 𝜌 + 𝑥 𝑢 𝜌 + 𝑥 𝑢 𝜌 ) (10) 
 

𝐿 =
( ) ⁄ − ⁄ + ⁄ + ⁄    (11) 

 
where u and ρ denote the ultrasonic velocity and density for the mixture, u1u2 and u3 and ρ1ρ2and ρ3 denote 
the ultrasonic velocities and densities for the pure components.  
k is Jacobson’s constant  
The values of 𝑈 , ZE, and 𝐿  for each mixture have been fitted to the Redlich – 
Kister polynomial equation  
 
𝑌 = 𝑥(1 − 𝑥)∑ 𝑎 (1 − 2𝑥)   (12) 
The values of the coefficients ai were calculated by the method of least squares along with the standard 
deviation σ(YE). The coefficients i is an adjustable parameter for the best fit of the excess functions. 
 

𝜎(𝑌 ) =
∑( ) ⁄

   (13) 

where n is the number of experimental points, p is the number of parameters, and Yexpt and Ycal are 
theexperimental and calculated excess parameters. 
The values of 𝑉  is calculated using the following relation 

𝑉 = 𝑥 𝑀 − +𝑥 𝑀 − +𝑥 𝑀 −     (14) 

Where 𝑥 𝑀 , 𝑥 𝑀 , 𝑥 𝑀  are mole fractions and molecular weights of components (NNDMF,1 pentanol and 
n hexane respectively) and ρ1ρ2ρ3are densities of pure components (NNDMF,1 pentanol and n hexane 
respectively) and ρ is the density of the system under investigation. 
The values of 𝛽  is calculated using the following relation 
𝛽 = 𝛽 -(𝑥 𝛽 + 𝑥 𝛽 + 𝑥 𝛽 )    (15) 
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Where 𝑥 ,𝑥 , 𝑥 , are mole fractions, 𝛽 𝑖𝑠𝑡ℎ𝑒excess adiabatic compressibility, 𝛽 , 𝛽 , 𝛽 are the adiabatic 
compressibilities of pure components (NNDMF,1 pentanol and n hexane respectively)𝛽  is the adiabatic 
compressibility of the mixture. 
Similarly excess internal pressures will also be calculated using the following relation. 

𝜋 = 𝑏𝑅𝑇 𝐾η/𝑈
𝜌

𝑀
 

− 𝑏𝑅𝑇 𝐾η/𝑈 + 𝑏𝑅𝑇 𝐾η/𝑈 + 𝑏𝑅𝑇 𝐾η/𝑈  (16) 

Where U 𝜌 M are velocity, density and molecular weight of the system respectively.   
 
and U1𝜌1 M1, U2𝜌2 M2, U3𝜌3 M3 are velocity, density and molecular weight of the pure components 
respectively. 
 
IV. RESULTS AND DISCUSSIONS 

The experimentally measured values of density, viscosity and ultrasonic velocity for the mixture at 
303, 308 and 313 K were presented in Table-1. Table-2 represents the excess values of acoustic impedence, 
adiabatic compressibility and free volume. SimilarlyTable-3 depicted the excess values of free length, 
ultrasonic velocity and internal pressure for the mixtures. 
From the Table-1,  
it was observed that the ultrasonic velocity and viscosity of the ternary liquid mixtures decreases with 
increasing temperature of the mixture with particular concentration while at the same temperature it is 
observed that both theultrasonic velocityand viscosity increases with respect to increase in concentration of 
the mixture.Howeverdensity is found to be increase with increasing the concentration and decreases with 
increase in temperature.In order to understand more about the interaction between the components of liquid 
mixtures, it is necessary to discuss the same in terms of excess parameters rather than the normal parameters 
like acoustic impedence, free length, adiabatic compressibility etc., those were calculated from the 
experimental values. They(excess parameters) can yield an idea about the non- linearity of the system as 
association or other type of interactions. It can be seen from Table-2 and Table-3. 
From theTable-2, 
The acoustic impedance decreases with increasing the concentration of the mixture for the particular 
temperature and the sameacoustic impedance decreases with rise in temperature irrespective of 
concentration of the mixture. This decrease in specific acoustic impedance indicates significant interaction 
between the component molecules. The corresponding plot is given in fig 1. 
The excess adiabatic compressibility increases(considering the magnitude alone) with increase in 
concentration at particular temperature and thenegative excess values are due to strong interaction between 
the molecules,the negative excess compressibility values havebeen due to closed packed moleculesSimilar 
conclusions were also arrived by Islam and Quadri [13]. Simillarly when the temperature increases, at 
particular concentration the excess compressibility values increases, this shows that there is stronger 
interaction. exists due to thermal agitation. The corresponding plot is given in fig 2. 
There is an uneven trend is observed for free volume irrespective of temperatures while the concentration of 
the mixture increases and at particular concentration increase in temperatures shows decrease in free 
volume.The decrease in free volume shows that the strength of interaction increases gradually with the 
increase in concentration. It represents that   there is weak interaction between the constituent molecules. 
The corresponding plot is given in fig 3. 
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From the Table-3, 
Excess free length increases with increase ofconcentration that predicts the presence of specific molecular 
interaction between the molecules of the liquid mixture. The adiabatic compressibility and free length are 
the deciding factors of the ultrasonic velocity in liquid systems. The values of excess inter molecular free 
length follows the same trend as that of βE.The values of excess inter molecular free length (LfE) are 
negative. The negative deviation of excess free length is an indication of the existence of strong interaction 
between the components. And at the same time for a particular concentration, the free lengthincreaseswith 
increasing in temperature. This also supports the existence of strong interaction between the components[14-
16]. The corresponding plot is given in fig 4. 
It is noticed that the values of excess ultrasonic velocity decreases (considering the magnitude alone) with 
increase in temperatures under which investigation is done irrespective of the concentration of the mixture 
Similarly the velocity increases with increase in concentration at all thetemperatures of the mixtures. It 
predicts the linear behaviour of the system and moderatetostrong interactions exhibits by the system which 
may be attributed to the negative values. The corresponding plot is given in fig 5.The internal pressure is 
important factor in deciding the thermodynamic properties of liquids[17-19]. The internal pressure is the 
cohesive force, which is a resultant of force of attraction and force of repulsion between the molecules [20]. 
Internal pressure also gives an idea of the solubility characteristics. Dissolved solutes exist under the internal 
pressure of the medium and their interactions with the solvent arise through hydrogen bonding, charge 
transfer, Columbic (or) Vanderwaal’s interaction.  
The internal pressure is the single factor which varies due to all type of interactions. In the present study the 
negative excess internal pressure πi

E over the entire range of concentration of the system with respect to 303 
K and 308 K also supports the presence of stronger interaction.But at 313 K, the positive πi

Evalues for 
concentrations from 0.001 to 0.007 support the weaker interactions. The corresponding plot is given in fig 6. 
 
 
Table-1 
Experimental values  of   Velocity, Viscosity and Density for  NNDMF+1 pentanol+n hexane at 303 K, 308 K & 
313 K
Sl. 
No. 

Conc. 
(M) 

Velocity (U) ms-1 at Viscosity (η)Nsm-2X10-7at Density (ρ) Kgm-3 at 
303 K 308 K 313 K 303 K 308 K 313 K 303 K 308 K 313 K 

1 0.001 1044.00 1029.16 1010.80 4.635 4.74 5.03 806 801 798 
2 0.002 1046.10 1029.72 1011.14 4.644 4.75 5.04 806 801 798 
3 0.003 1047.83 1030.15 1011.68 4.695 4.77 5.06 806 801 798 
4 0.004 1049.16 1031.08 1012.28 4.704 4.78 5.10 806 801 798 
5 0.005 1051.13 1031.33 1012.93 4.708 4.87 5.15 806 801 798 
6 0.006 1052.12 1032.73 1013.17 4.726 4.91 5.18 807 801 798 
7 0.007 1053.66 1032.89 1013.29 4.747 4.92 5.19 807 802 799 
8 0.008 1054.72 1033.25 1013.43 4.765 4.95 5.21 807 802 799 
9 0.009 1055.63 1034.62 1013.58 4.792 4.97 5.26 808 802 799 
10 0.010 1056.80 1034.88 1013.66 4.813 5.01 5.32 808 802 799 
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Table-2 
Computed values of  Excess Acoustic Impedence, Excess Adiabatic Compressibility and Excess Free Volume 
 for  NNDMF+1 pentanol+n hexane at 303 K, 308 K & 313 K
S.No. CONC.(M) 

 
Excess Acoustic Impedence(ZE) 

Kg/(m2s) 
Excess Adiabatic 

Compressibility(βE) 
x10-7N-1m2 

Excess Free Volume(Vf
E) 

x10-8 (m3/mol) 

Temperature (K) Temperature (K) Temperature (K) 
303 308 313 303 308 313 303 308 313 

1 0.001 119726 66944 78926 -0.35 -0.46 -0.58 12.9 10.8 6.77 
2 0.002 72641 412 23592 -0.71 -0.94 -1.18 9.22 7.57 4.53 
3 0.003 29379 -61861 -27433 -1.07 -1.43 -1.80 8.40 7.00 4.01 
4 0.004 -11490 -118465 -73632 -1.45 -1.94 -2.44 8.53 7.11 3.87 
5 0.005 -49333 -171906 -117420 -1.84 -2.46 -3.10 8.59 6.37 3.55 
6 0.006 -83467 -220620 -157155 -2.25 -3.00 -3.78 8.12 5.76 3.03 
7 0.007 -116166 -265984 -194144 -2.67 -3.56 -4.48 8.63 6.32 3.56 
8 0.008 -146668 -308325 -229657 -3.10 -4.13 -5.21 8.78 6.36 3.74 
9 0.009 -174181 -347930 -262927 -3.55 -4.73 -5.96 7.86 5.54 2.67 

10 0.01 -200888 -386050 -294161 -4.01 -5.34 -6.74 7.72 5.23 2.31 
 

  
Table-3 
Computed values of  ExcessFree length, Excess ultrasonic velocity and Excess Internal Pressure for  NNDMF+1 
pentanol+n hexane at 303 K, 308 K & 313 K
 
 
S.No. CONC.(M) 

 
Excess Free length 
(LE

f ) (m3)x10-10 
Excess ultrasonic velocity(UE) 

(m/s) 
Excess Internal Pressure 

(Nm-2)x10+7 
Temperature (K) Temperature (K) Temperature (K) 

303 308 313 303 308 313 303 308 313 
1 0.001 -6.31 -6.50 -6.70 -108.798 -59.935 -44.892 -2.28 -1.51 0.467 
2 0.002 -5.97 -6.20 -6.43 -154.085 -91.258 -65.957 -2.22 -1.25 0.135 
3 0.003 -5.66 -5.91 -6.18 -196.085 -120.227 -85.155 -2.68 -1.68 0.932 
4 0.004 -5.37 -5.65 -5.95 -234.870 -146.493 -102.812 -3.19 -2.17 0.742 
5 0.005 -5.10 -5.41 -5.74 -270.254 -171.473 -119.101 -3.67 -2.33 0.480 
6 0.006 -4.85 -5.18 -5.54 -303.763 -193.544 -134.618 -4.01 -2.65 0.244 
7 0.007 -4.61 -4.97 -5.35 -334.994 -215.273 -149.193 -4.43 -2.95 0.030 
8 0.008 -4.39 -4.77 -5.18 -364.029 -235.375 -162.790 -4.72 -3.21 -0.163 
9 0.009 -4.19 -4.59 -5.01 -390.784 -253.175 -175.510 -4.98 -3.56 -0.338 

10 0.01 -4.00 -4.41 -4.86 -416.428 -270.911 -187.512 -5.22 -3.69 -0.396 
 
 
 
 
 
 
 
 
 
 
 
 
 

ISSN NO: 0972-1347

http://ijics.com71

INTERNATIONAL JOURNAL OF INFORMATION AND COMPUTING SCIENCE

Volume 6, Issue 6, June 2019



Fig 1 

 
Plot betweenconc.(M) Vs excess acoustic impedence forNNDMF+1 Pentanol+n Hexane at 303 K,308 K& 313 K 
 
Fig 2 

 
Plot between conc.(M) Vs excess adiabatic compressibility for NNDMF+ 1 Pentanol+ n Hexane at 303K, 308K& 313 
K 
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Fig 3 
 

 
Plot between conc.(M) Vs excess free volume forNNDMF+1 Pentanol+n Hexane at 303 K, 308 K& 313 K 
 
 
 
 
 
 
Fig 4 
 

 
 
 
Plot between Conc.(M) Vs excess free length forNNDMF+1 Pentanol+n Hexane at 303K, 308 K &313 K 
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Fig 5 

 
 
Plot between conc.(M) Vs excess ultrasonic velocity forNNDMF+1 Pentanol+ n Hexane at 303k 308K& 313 K. 
 
Fig 6 
 

 
 
Plot between conc. Vs excess internal pressure for NNDMF+1Pentanol+ n Hexane at 303 K, 308K&313 K 
  
V. CONCLUSIONS 
 
The following conclusions are drawn:  

1. The increase in temperature due to thermal agitation, resulting in a decrease in ultrasonic velocity. 
An increase in viscosity with increase in concentration suggests that molecular interactions are 
increasing in thickness of the liquid mixture and molecular size and shape of the elements that play 
an equally important role.  

2. The adiabatic compressibility suggests that the lack of interaction between unlike molecules that 
have the minimum declarations.  

3. The weak interactions provide positive higher values, while the dipole-dipole, dipole-induced dipole, 
charge transfer and hydrogen bonding are attributed to the negative values. From the magnitude of 
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velocity, there is molecular interactions in the mixture, which are linked to the C=O group of 
NNDMF resulting in a weak bonding between them. 

4. The molecular association arises due to dipole-dipole interaction and the polar nature of different 
molecular entities in the mixture. In this system, molecular association is proposed for nearly equal 
in ratio of NNDMF and 1 Pentanol in n Hexane. 
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