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ABSTRACT 
In this paper we have considered two basic amino acids and obtained the physical 

          property like ultrasonic velocity. Though the main focus of the paper is ultrasonic 
velocity, but other physical parameters like adiabatic compressibility, apparent molal 

       compressibility, apparent molal volume, limiting apparent molal compressibility, 
limiting apparent molal volume and their constants, transfer adiabatic compressibility, 
transfer volume, and viscosity B-coefficient of Jones-Dole equation are obtained in 

             sodium acetate solution. From our study, it is quite clear that temperature has a 
significant effect on the structure of the amino acids. We have considered two basic 
amino acids, namely, L-leucine and L-glutamine under the influence of five different 
temperatures as 300K, 305K, 310K, 315 and 320K. 
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1. INTRODUCTION 
Since last few years, basic structure of proteins is in the focus. As it is not easy to study the 
structure of protein directly, it is more convenient to examine simpler amino acids as they are 
the basic components of protein. The study of different physical structures can lead to the more 
clear understanding of the structure and also the changes and evolution of protein -2] [1

L-leucine and L-glutamine both are essential alpha amino acid i.e. both of them contain an 
alpha  
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Amino group and an alpha carboxylic acid group [3]. In order to study or examine the amino 
acids directly; we used sodium acetate solution to produce aqueous solution of the amino acids  

               [4]. The main focus of our study is to examine the ultrasonic velocity but other physical 
characteristics like adiabatic compressibility, apparent molal compressibility, apparent molal 

  volume, limiting apparent molal compressibility, limiting apparent molal volume and their 
constants, transfer adiabatic compressibility, transfer volume, and viscosity B-coefficient of 
Jones-Dole equation will also be studied in five different temperatures as 300K, 305K, 310K, 
315K and 320K of two basic amino acids L-leucine and L-glutamine. 

2. EXPERIMENTAL DETAILS 
The spectroscopic regents and analytical grade with a least assay of 99.9 percent were used in 
this paper and obtained from E-Merck, Germany and Sd Fine chemicals; India. The used water 
was distilled, de ionized and degassed for better experimental result. The required amount of n-
propanol solution were taken at a concentration range of 0.2 - 0.4 mol/dm3. The amino acids, 
L-leucine and L-glutamine were dissolved in the solutions. Digital electronic balance (Model: 
Shimadzu Ax - 200) was used with a precision of ± 1×10-4g to measure the reagent. 

       An Ost he viscosity and the density was wald’s viscometer (5ml) was used to measure t

measured by using a specific gravity bottle using the relative measurement method.  
A digital chronometer within ± 0.01 s was used to determine the Efflux time. Ultrasonic 

interferometer having a frequency of 3 MHz with an accuracy of 0.1% was used for velocity 
measurements and also a digital electronic constant temperature with ± 0.1 K accuracy was 
used for experimental purpose. 

3. RESULT AND DISCUSSIONS 
Ultrasonic velocity, adiabatic compressibility, apparent molal compressibility, apparent molal 

  volume, limiting apparent molal compressibility, limiting apparent molal volume and their 
constants, transfer adiabatic compressibility, transfer volume, and viscosity B-coefficient of 
jones-Dole equation are obtained and reported in different following tables for five different 
temperatures 300K, 305K, 310K, 315K and 320K for . 

The adiabatic compressibility is given by the equation, 


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Where, U= ultras  onic velocity, ρ=density.

The apparent molal compressibility is, 
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Where β, ϕv, ϕk,, ϕ°v, ϕ°k, m and Mw corresponds to the value of adiabatic compressibility, 
  apparent  molal  volume,  apparent  molal  compressibility, limiting  apparent  molal volume, 

limiting apparent molal compressibility, the molal concentration and the molecular weight of 
the solute respectively. φk is the function of M as shown by Gucker (1933)[5], 
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Where, φo
k is the limiting apparent molal compressibility and Sk is a constant. The apparent 

molal volume φv can be written as, 
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Using Masson’s empirical relation one can have [6], 
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Where, φo
v is the limiting apparent molal volume and Sv is a constant. The viscosity data 

can be analyzed using Jones-Dole semi empirical equation [7], 
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Where A and B are the coefficients of viscosity, η is the viscosity of the solution and ηo is 
the viscosity of the solvent. 

Table 1 Density (ρ), viscosity ( ) and ultrasonic velocity (U) for L-leucine with the temperature 
varying 300K, 305K, 310K, 315K and 320K for all the three columns.  

 
It can be seen from Table 1 that the density increases with the increase of the molality of L-

leucine amino acid for every individual temperature 300K, 305K, 310K, 315K and 320K but 
the density decreases as the temperature increases. Exactly same observation can be seen for 
viscosity i.e. viscosity decreases with temperature and increases with density. On the other 
hand, the ultrasonic velocity increases with the increase of the temperature and also increases 
with the increase of density. 
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Table 2 Density (ρ), viscosity ( ) and ultrasonic velocity (U) for L-glutamine with the temperature 
varying 300K, 305K, 310K, 315K and 320K for all the three columns. 

 
We have calculated the data related to density, viscosity and the ultrasonic speed of the 

solution with the alteration in the molality of L-glutamine amino acid and produces them in 
Table 2 for the temperatures 300K, 305K, 310K, 315K and 320K. It can be seen, just like L-
leucine, the density increases with the increase in the molality and decreases with the increase 

           in temperature. Similarly, the viscosity decreases with temperature and increases with the 
increase of molality. The ultrasonic velocity also increases with the increase of molality and 
also increases with the increase of the temperature. Our study was found to be consistent with 
the one reported by Mirikar et al., where it was reported that density and ultrasonic velocity is 
dependent on temperature [8]. Sumathi et al., reported that the ultrasonic velocity, density and 
viscosity increases with the increased amino acid concentration in all the systems [9]. 

It is quite clear that if we increase the concentration, the density will automatically increase. 
But the viscosity is also increase with the increase of molality. The reason for that may be, to 
maintain the structure of the solution. The increase in concentration of the solute may lead to 

          the formation of increased hydrogen bonding among the solute-solvent. This increased 
hydrogen may affect the overall structure of the solution and also the solute-solvent interaction. 
When the amino acids are dissolved in the water, it gives rise to the cohesion of the solution 
and this cohesion may be the reason for increased ultrasonic velocity. When the concentration 
of the solute increased, it gives rise to more cohesion which directly may lead to the increased 
ultrasonic velocity. One interesting thing is that the ultrasonic velocity also increases with the 
increase of the temperature. This may happened due to the increased kinetic energy of the ions 
with the increased temperature. These explanations are true for both the amino acids (L-leucine 
and L-glutamine) we have taken in account. 
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Table 3 Values of adiabatic compressibility (β), apparent molal compressibility (φk) and apparent 
molal volume (φv) of L-leucine with the temperature varying 300K, 305K, 310K, 315K and 

320K. 

 
In Table 3 we have produced the data of the adiabatic compressibility, molal compressibility 

and the apparent molal volume with respect to the increase of the molal concentration of the L-
leucine amino acid and increase of the temperature with respect to five different temperatures 
300K, 305K, 310K, 315K and 320K. From the table it is quite clear that all these three quantities 
increase with increase of temperature but decrease with the increase of molality. The molal 
compressibility and the apparent molal volume are negative for L-leucine amino acid. 

Table 4 Values of adiabatic compressibility (β), apparent molar compressibility (φk) and apparent 
molal volume (φv) of L-Glutamine with the temperature varying 300K, 305K, 310K, 315K and 320K. 

 
Table 4 describes the changes in the adiabatic compressibility, molal compressibility and 

the apparent molal volume with the increase of the molal concentration of the L-glutamine 
amino acid for five different temperatures 300K, 305K, 310K, 315K and 320K. The adiabatic 
compressibility for the L-glutamine amino acid decreases with the increase of the molality.  

Just like L-leucine, the molal compressibility and apparent molar volume of the L-glutamine 
amino acid are also observed negative. The molal compressibility, molar compressibility and 
apparent molal volume of the L-glutamine amino acid have been seen to increase with the 
increase of temperature. The molal compressibility is found to be decreased with the increase 
molality of L-glutamine amino. On the other hand, the apparent molar volume increases with 

            the increase of molality. Hedaoo et al., reported that the increased apparent molal 
compressibility was found to decrease with the creased concentrations of the amino acids in

            indicating a weak electrostatic force in the ionic environment leading to the electrostatic 
             salvation of ions [10 The hydrophilic interaction leads to the negative values of molal ]   
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compressibility and apparent molar volume for both the amino acids L-leucine and L-glutamine 
[11]. The temperature has a very affective role on both these physical characteristics of the 
amino acids. 

Table 5 Values of limiting apparent molal volume (φov) and constant Sv with the temperature varying 
from 300K, 305K, 310K, 315K and 320K.  

Amino 
acids 

limiting apparent molal volume φo
v /(x 10-8 m2  

N-1) constants Sv /(x 10-8 m-1 N-1 mol -1) 

Temperature(K) Temperature(K) 
300 305 310 315 320 300 305 310 315 320 

L-leucine -
209.030 

-
209.035 

-
209.04 

-
209.045 

-
209.050 336.60 336.65 336.75 336.65 336.57 

L-
Glutamine -297.60 -297.65 -297.7 -297.75 -297.80 0.6242 0.6246 0.6254 0.6247 0.6240 

Table 5 represents the values of the limiting apparent molal volume and the constants Sk for 
L-leucine and L-Glutamine amino acids. The limiting apparent molal volume of the L-leucine 
and L-Glutamine amino acids can be observed to be increase with temperature. Similarly the 
constants Sv for L-leucine and L-glutamine amino acids are increases with temperature then 
decreases with further increase of temperature. 

Table 6 Values of limiting apparent molal volume (φok ), their constant Sk with the temperature 
varying 300K, 305K, 310K, 315K and 320K.  

Amino 
acids 

limiting apparent molal compressibility 
φo

k /(x m3 mol-1) constants Sk /(x m-1 N-1 mol-1) 

Temperature(K) Temperature(K) 
300 305 310 315 320 300 305 310 315 320 

L-leucine -
2.7638 

-
2.7630 

-
2.7621 

-
2.7613 

-
2.7601 3.4966 3.4964 3.4966 3.4968 3.4970 

L-
Glutamine 

-
3.9061 

-
3.9000 

-
3.8987 

-
3.8960 

-
3.8940 7.1843 7.1950 7.2800 7.2930 7.2710 

Table 6 shows the limiting apparent molal compressibility and the constants for L-leucine 
      and L-glutamine amino acids. The limiting apparent molal compressibility and the related 

constant of the L-leucine and the L-glutamine amino acids decreased with the increase of the 
temperature.  

Again the negative values of limiting apparent molal compressibility and limiting apparent 
molal volume re confirm our previous conclusion of hydrophobic and ionic reactions for both 
the amino acids. 

4. CONCLUSION 
The study concluded that the molal compressibility, molar compressibility and apparent molal 
volume of the L-glutamine and L-leucine amino acid increased with the increase of temperature. 
The limiting apparent molal compressibility and the related constant of the L-leucine and the 
L-glutamine amino acids also decreased with the increase of the temperature. The increased 

         temperature was observed to decrease the molal compressibility, apparent  molar volume, 
limiting apparent molal compressibility and volume of both the L-glutamine and L-leucine 
amino acids as a result of the decreased ionic interactions among the solutes due to increased 
temperature. The ultrasonic velocities of the L-glutamine and L-leucine amino acids were found 
to increase with the increased concentration and temperature of the amino acids in the solutions. 
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