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Abstract-The experimental data of ultrasonic 
velocity, density, viscosity has been obtained for - 
Al2O3 at different temperature in aqueous solution of 
conc. range of (0.05 to 0.25) mol Kg-1. The derived 
parameters such as apparent molar volume of solute 
(Фv), limiting apparent molar volume of solute (Ф0v), 
and Jones-Dole viscosity coefficient ( A & B) were 
obtained using the density and viscosity results. The 
variations of these properties with concentration give 
the information about the various types of molecular 
interactions like dipole-dipole, or other dispersive 
forces occurring in the solutions. The study also gives 
the information about the structure making and 
breaking tendency of solutes in the solvent. 
 
Keywords: Density, sound velocity, Apparent Molar 
Volume, Limiting Apparent Molar Volume, 
molecular free length, apparent molar 
compressibility. 
 
INTRODUCTION 
 
Ultrasonic imaging (sonography) is used in both 
veterinary medicine and human medicine. In the non 
destructive testing of products and structures, 
ultrasound is used to detect invisible flaws. 
Industrially, ultrasound is used for cleaning and for 
mixing, and to accelerate chemical processes. 
Organism such as bats and porpoises used ultrasound 
for locating prey and obstacles [1]. For interpreting 
solute-solvent, ion-solvent interaction in aqueous and 
non-aqueous medium was helpful from ultrasonic 
velocity measurements in recent year [2-3]. Recently, 
the acoustical properties of amino acid in aqueous 
magnesium acetate at constant  temperature were 
studied from the measurement of ultrasonic velocity 
and density [4]. The study of the determination of 
densities, viscosities, refractive indices of organic 
liquid mixture are reported by many workers [5-6]. 
The study of the acoustical properties and viscosity 
coefficient of substituted heterocyclic drugs have in 
studied under suitable condition [7-8]. The ultrasonic 
method plays an important role in understanding the 
physico-chemical behaviour  of liquids. The velocity 
gives information about the bonding between the 
molecule and formation of complexes at various 
temperatures through molecular interactions [9-10]. 
Various workers have studied the acoustical 

properties of binary liquid mixtures [11-12], non 
aqueous solutions [13] aqueous solution [14-15] and 
electrolytes [16-19]. However, little work has been 
done for the solutions of drugs [20-23]. 
Nanoparticles are of great scientific interest as they 
are, in effect, a bridge between bulk materials and 
atomic or molecular structures. A bulk material 
should have constant physical properties regardless of 
its size, but at the nano-scale size-dependent 
properties are often observed. Thus, the properties of 
materials change as their size approaches the 
nanoscale and as the percentage of atoms at the 
surface of a material becomes significant. Aluminum 
oxide catalysis a variety of reactions that are useful 
industrially. In its largest scale application, aluminum 
oxide is the catalyst in the Claus process for 
converting hydrogen sulfide waste gases into 
elemental sulfur in refineries. It is also useful for 
dehydration of alcohols to alkenes. Aluminum oxide 
serves as a catalyst support for many industrial 
catalysts, such as those used in some Ziegler-Natta 
polymerizations. Aluminum oxide flakes are used in 
paint for reflective decorative effects, such as in the 
automotive or cosmetic industries. Aluminum oxide 
is widely used to remove water from gas streams. 
In the present research work, the acoustical properties 
of Al2O3 in sodium hydroxide at temperature. 

 
MATERIALS AND METHOD 
Alumina was synthesized as per the reported method 
by earlier researcher [24-25]. In  sol-gel synthesis  
AlCl3 (p.a., Fluka) is used as precursor. 0.1 M AlCl3 
is prepared in pure  ethanol. By adding a 28% NH3 
solution (p.a. Fluka) a gel was formed. The gel was 
let to maturate for 30 hours at room temperature and 
then dried at 100ºC for 24 hours. 
Density measurements were made by Density bottle. 
The accuracy in density measurement was found to 
be ±0.0001g. To get the accurate results, three sets of 
density measurements of different volumes were 
standardized. The solvents used were of AR grade 
and doubly distilled water was used. Weighing was 
made on digital balance (±0.0001 g). Densities of 
solutions were determined by density bottle. For each 
measurement, sufficient time was allowed to attain 
thermal equilibrium in thermostat.Viscosity of the 
liquid mixtures was measured by an Ostwald’s 
viscometer. Ostwald’s viscometer is a U-shaped glass 
tube. In one arm, to bulb is attached to a capillary 
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tube and a storage bulb in the second arm. Two marks 
are drawn above and below the first bulb. The time 
required to flow a given volume of a liquid is a 
measure of its viscosity. Ultrasonic velocity 
measurement were mede by variable path single 

crystal interferrometer (Mittal enterprises F-81) at 3 
MHz with accuracy of ±0.03 %.  
 
EXPERIMENTAL AND COMPUTED DATA  

 
Table 1: Values of velocity (U), Viscosity (η), Adiabatic compressibility (β), Intermolecular Free Length (Lf), 
Relative Association (RA), Specific Acoustic Impedance (Zs), Apparent molar compressibility (фK),  Apparent 
molar Volume (фV) and solvation number (Sn)  at 303 K, 313 K, 323 K in sodium hydroxide.  
 

  
 

 

Table 2: Values of velocity  Sk, Ф0K, Sv, Ф0v, B and A at 303 K, 313 K, 323 K in sodium hydroxide. 

 
RESULT AND DISCUSSION 
Ultrasonic velocity (U) : 
 The ultrasonic velocity , ‘U’ depends on the 
wavelength, ‘λ’ of the sound wave. Since the 
frequency (3MHz) is constant, λ increases with 
increase in the concentration as depicted in table I . 
The ultrasonic velocity in medium depends inversely 
on density and adiabatic compressibility of the 
medium. For nanoparticle data revels increase in 
ultrasonic velocity (U) increases with increasing 
concentration of solute as shown in figure -1. This 
suggest presence of solute solvent interaction [26-27].  

 
The increase suggest a structure making capacity of 
nanoparticle in solution. More over the increase in 
ultrasonic velocity indicates the possibility of H- 
bond formation between solute and solvent. There is 
also and indication of greater association among the 
molecules 
Viscosity (η) : 
Viscosity of solvent or solution is a measure of 
cohesiveness or rigidity present in between either 
solute-solute or solute-solvent or solvent-solvent 
molecules in a solution. As density and viscosity of 
any solution or solvent are directly related to each 
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other, the measured value shows similar trends. From 
the computed data given in table-I, viscosity increases 
with concentration of solute. This may be due to the 
formation of cage like structure during solute –
solvent interaction. Again the increase suggest the H- 
bond forming tendency of the solute. 
Adiabatic compressibility (βs): 
 When an ion is added to a solvent is attract certain 
solvent molecule to words itself by wrenching the 
molecule species from the bulk of the solvent. Hence, 
less number of solvent molecules will be made 
available for the next incoming species this is known 
as compression. Every solvent has a limit for 
compression and is known as limiting 
compressibility. 
Relative association (RA) : 
Relative association is influence by two important 
factor: 

1) Breaking up of the associated solvent 
molecule on addition of solute into it. 

2) The solvation of solute molecules that is 
simultaneously present [28].  

The variation of RA values with increase in 
concentration is shown in table- 1. It depicts that 
relative association (RA) increase in concentration. 
This increase indicates solvation of solute molecule. 
A similar increase in the value of RA has been found 
in case of sucrose solution by Syal et al [29]. 
Moreover RA decreases with rise in temperature. The 
interaction tends to be weaker due to the presence of 
weak intermolecular forces and thermal dispersive 
forces with elevation of temperature.  
Acoustic impedance (Zs): 
 Acoustic impedance is the product of ultrasonic 
velocity and density. As density and velocity increase 
with increase in concentration for the Zs value also 
increases as shown in table-1 which indicates the 
interaction between the solute and solvent molecules.  
Intermolecular Free Length (Lf): 
Intermolecular free length (Lf) depends on the 
intermolecular attractive and repulsive forces. The 
attractive force depends on the distance between the 
centres of attraction of the molecules whereas the 
repulsive force depends on the distance between the 
surfaces of the molecule. Out of these two, distance 
between the surfaces of the molecule has a clear 
physical significance. As concentration increases, 
number of ions or particles increase in a given 
volume leading to decrease in the gap (intermolecular 
free length) between two species. Also, the decreased 
compressibility brings the molecules to a closer 
packing resulting in decrease in intermolecular free 
length. Similar type of trend was also observed by 
Vasantharans et al.[30].  
Apparent molar compressibility (Φk):  
Apparent molar compressibity Φk, was calculated by 
using the following equation [31-32]: 

    

   
The calculated values are shown in Table–I. In the 
above equation, all the terms are constant, except 
concentration C and compressibility βs. Hence, 
Gucker[33] suggested the equation, Φk = Φ0

k + Sk C1/2 
on the basis of Debye–Huckel theory. The limiting 
molar compressibility Φ0

k and the slope Sk are 
obtained from the linear plot of Φk Vs C1/2 and the 
resultant values are shown in Table–II.  Sk and Φ0

k 
represent the measure of solute-solute and solute-
solvent interactions[34] respectively. 
The comparative high values of Φ0

k may be due to 
local compressibility of solvent near solute. Solute-
solvent interaction predominates solute-solute 
interaction which is refllected from the lower values 
of Sk.  
Apparent Molar Volume ((Φv): 
 Apparent molar volume Φv, is the practically 
available molar volume of the solute, that is molar 
volume of the solute density per unit 
concentration[35–36]. This was calculated using the 
following equation:  

                    
In above equation, all the terms are constant for a 
given system, except the concentration and density. 
These two are interrelated by the linear equation Φv = 
Φo

v + Sv C1/2, proposed by Masson[37]. Φo
v gives the 

information about solute-solvent interactions. 
Table−II reveals that Φ0

v values are positive and 
large, indicating the presence of strong solute-solvent 
interactions.  
 
Solvation Number (Sn): 
 The solvation number Sn is a measure of 
structure-forming or structure-breaking tendency of 
solute in a solution. The increase in Sn values 
indicates the structure-forming tendency of solute 
whereas decrease in Sn indicates structure-breaking 
tendency of solute.  Solvation Number is the number 
of solvent molecules attached to the central 
ion/species by surrounding their translational degree 
of freedom. But, the present solute did not give any 
ion on dissolving it with the solvent studied. 
Therefore, the solvation number of the solute was 
calculated[38] in place of an ion.  
Thus Sn values obtained from ultrasonic 
measurement give extent of solvation in primary and 
secondary sheath of solvation[39].  Moreover, 
solvation number increases with increase in 
concentration which suggests the structure forming 
tendency of the solutes. This is in accordance with 
earlier findings [40].  
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