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Abstract-: 

 When acoustic waves are propogated through a liquid, dissipe tion of energy in sound waves takes place , 

the study of molecular interactions in various organic liquids and liquid mixtures is of considerable  importance in 

recent years. 4-amino salicylic acid is most commonly used in the  treatment of tube rculosis,known as Para- Amino 

Salicylic acid (PAS) . It is antibiotic drug always used as Pro-drug. It is the most important member in the treatment 

of multidrug resistant treatment with few side e ffects. In the present work, ultrasonic velocity, density and viscosity 

of aqueous solutions of sodium salt of 4-amino salicylic acid have been measured experimentally using ultrasonic 

interferometer with 4 MHz frequency over entire  range  of concentration at temperatures 298K,303K and 308K. From 

this experimental data, other physical parameters such as acoustical impedance(Z), adiabatic compressibility (β), 

intermolecular free  length (Lf), free  volume (Vf), Rao ҆s constant (R),Wada ҆s constant (W) have been de termined for 

each composition. The computed acoustical paramete rs and their values point to the presence of specific molecular 

interaction in the mixtures and has been interpreted in light of solute-solvent interactions. Hence it is concluded 

that the association in these mixtures is the result of Hydrogen bonding in Binary liquid mixtures. The  results may 

be  helpful to understand the exact mode of action of the drug in vivo. 

Keywords:- Ultrasonic velocity,  free volume(Vf),  Rao ̓s constant (R),Wada ̓s constant (W). 

Introduction:-  

The study of intermolecular interactions plays an 

important role in the development of molecular 

sciences. A large number of studies have been 

made on the molecular interaction in liquid 

system by various physical methods like 

Infrared1,2 , Raman e ffect3,4, Nuclear magnetic 

resonance, Die lectric constant5, Ultraviole t 

spectroscopy6 and Ultrasonic method7,8 In recent 

years, Ultrasonic technique has become a 

powerful tool in providing information regarding 

the molecular behavior of the 

medium.Ultrasonic’s is an area of intense 

scientific and technological research. Science 

and technology of ultrasonic is wide ly sought in 

the recent years for industrial and medical 

application. Research and development in 

ultrasonic’s have  also maintained a steady pace 

for the past several decades to meet intense 

demands. The  change  in the wavelength of 

ultrasound waves in different media is due to the 

elastic properties and the induced particles 

vibrations in the  medium. Further the 

wavelength of ultrasonic wave  is small and hence 

it exhibits some unique phenomenon in addition 

to the  properties of sound waves. The study of 

propagation of ultrasonic wave in liquid systems 

and solid is now rather well established. The 

ultrasonic wave  is an effective means for 

examining certain physical properties of the 

material. The ultrasonic ve locity and density 

measurement of certain die lectric liquids can be 

used to compute  acoustical parameters such as 

adiabatic compressibility, free length, Acoustic 

impedance, Rao ҆s Constant, and Wada ҆s 

constant9,10. The present investigation deals with 

the  study of molecular interaction in Sodium 4-

Amino-Salicylate dihydrate in water at 

298K,303Kand 308 K. further the  data has been 

obtained at diffe rent concentration with a view to 

understand the  effect of temperature on these 

properties 

 
Sodium 4-Amino Salicylate di hydrate 

Experimental Section:- 

Materials:- 

 Analytical Range  (AR)  Sodium 4-Amino 

Salicylate di hydrate is used in the present work. 

The solutions were prepared by using double 

distilled water as solvent. The concentration 

range se lected was 0.1M,0.01M and 0.001M. 

Methods:- 

 All the weighings was done  on digital 

e lectronic balance Model-CB/CA/CT-Series 

Contech having accuracy ± 0.0001g. 
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The densities of the solutions were measured 

accurately using digital densitometer (Model-

DMA Anton Paar). Viscosity of the solutions was 

measured by Ostwald’s viscometer which was 

calibrated with benzene and double distilled 

water at all three temperatures. The values are 

accurate to ± 0.001 cp. 

The ultrasonic velocity was measured by 

using ultrasonic multi frequency interferometer 

(Mode l- M-83) supplied by Mittal Enterprises New 

Delhi, operating at 4MHz frequency with an 

accuracy of ± 2 m/s. The principle used in the 

measurement of ultrasonic ve locity through 

medium is based on the accurate determination 

of wavelength of ultrasonic waves of known 

frequency produced by quartz crystal in 

measuring cell. The temperature of the solution 

was maintained by circulating water through the 

jacket of doubled walled cell. Measurements were 

made using constant temperature bath within ± 

0.01K.   

RESULTS AND DISCUSSION: 

The experimentally measured values of density, 

viscosity and sound speed of solutions of 4 -

amino salicylic acid sodium salt at 298K, 303K 

and 308K are given in Table 1. 

The acoustical parameters were  calculated from 

v, η and ρ values using standard formulae, and 

given in Table 2,3 and 4. 

 

1) Adiabatic Compressibility  - β =  1/v2 ρ    …(1) 

2) Intermolecular free length  - Lf  =  K  βS    …(2) 

3) Specific acoustic impedance   - Z  =  vs . ρ    …(3) 

4) Rao’s Constant   - R = (Meff / ρ) × v1/3    …(4) 

5) Wada’s Constant   - W = (Meff / ρ) × β -1/7   …(5) 

6) Relative Association    - RA   = ρS  / ρO [ vo /  vs ]1/3  …(7) 

7) Relaxation time    - � =  4/3 β × η    …(8) 

8) Free Volume    -             Vf = Meff × vs /k× η   ….(9) 

Where k = 4.28×109, Temperature Independent Constant for all liquids. 

9) Molar Conductance     - µv= Kc[1000/M]             ….(10) 

 

Table 1: Density, Ve locity and Viscosity at 298, 303, 308 K (At Frequency-4MHz) 

Sr. 
No. 

Temperature (K.) Concentration(M) 
Density(ρS) 
(Kg/m3) 

Velocity(vs)(m/s) 
Viscosity(ƞ)  
(Pa.S.) or  

Kg m-1 s-1 

1 298 0.1 1005 9105.44 8.93E-04 

2  0.01 998.6 9991.6 8.64E-04 

3  0.001 997.4 10812.23 8.39E-04 

4 303 0.1 1004.7 9444.4 8.46E-04 

5  0.01 998.3 10500.5 8.02E-04 

6  0.001 997.01 11312.26 7.70E-04 

7 308 0.1 1003.5 9754.9 7.42E-04 

8  0.01 997.7 11091.16 7.16E-04 

9  0.001 996.6 12015.26 6.64E-04 

 

Table 2 :-  Adiabatic Compressibility, Acoustic impedance and Free  length at .298, 303, 3080 K. 

Sr.No. 
Temperature       

(K) 

Concentration    

M 

Adiabatic 

Compressibility (βS) 

Pa-1 

Acoustic 

Impedance Z 

x(Kgm-2S -1) 

Free length   

Lf  (m) 

1 298 0.1 1.2E-11 9150967 6.81E-12 

2  0.01 1.00E-11 9977612 6.23E-12 

3  0.001 8.58E-12 10784118 5.76E-12 

4 303 0.1 1.12E-11 9488789 6.61E-12 

5  0.01 9.08E-12 10482649 5.97E-12 

6  0.001 7.84E-12 11278436 5.54E-12 

7 308 0.1 1.05E-11 9789042 6.48E-12 

8  0.01 8.15E-12 11065650 5.71E-12 

9  0.001 6.95E-12 11974408 5.28E-12 
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Table 3 : Relative  association,and relaxation time 

Sr. No. Temperature(K) Concentration(M) Relative Association (RA) Relaxation Time τ 
1 298 0.1 8.45E-01 1.43E-14 

2 
 

0.01 0.83926 1.16E-14 

3 
 

0.001 0.791 9.59E-15 

4 303 0.1 0.85143 1.26E-14 

5 
 

0.01 0.813319 9.71E-15 

6 
 

0.001 0.793701 8.04E-15 

7 308 0.1 0.859373 1.04E-14 

8 
 

0.01 0.815329 7.78E-15 

9 
 

0.001 0.793701 6.15E-15 

 

Table 4 : Rao’s Constant, Wada’s Constant, Free  volume and Molar  conductance. 

Sr.No. Temperature(K) Concentration(M) Rao’s 

Constant 
(R) 

Wada’s 

Constant 
(W) 

Free 

Volume(V f) 

µ=Kc*(1000/M)mhos 

mol. 

1 298 0.1 2.08E-03 3.61E-03 3.67E-06 5.10E+04 

2 
 

0.01 0.00215 3.72E-03 4.43E-06 1.06E+05 

3 
 

0.001 2.21E-03 3.81E-03 5.20E-06 2.04E+05 

4 303 0.1 2.10E-03 3.65E-03 4.20E-06 5.51E+04 

5 
 

0.01 2.19E-03 3.77E-03 5.33E-06 1.33E+05 

6 
 

0.001 2.24E-03 3.86E-03 6.33E-06 2.60E+03 

7 308 0.1 2.13E-03 3.68E-03 5.37E-06 6.28E+04 

8 
 

0.01 2.23E-03 3.83E-03 6.85E-06 1.52E+05 
9 

 
0.001 2.29E-03 3.93E-03 8.65E-06 3.50E+04 

 

 

    
Figure -1 Ve locity vs conc.           Figure -2 Adiabatic compressibility vs conc. 

 

     
       Figure -3 Acoustic Impedance vs conc.  Figure -4 Free  length vs conc. 
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Figure -5 Relative  association vs conc.   Figure -6 Relaxation time vs conc. 

 

 

     
Figure -7 Rao’s Constant vs conc.   Figure -8 Wada’s Constant vs conc. 

 

      
Figure -9 Free  volume vs conc.     Figure -10 Molar conductance vs conc. 

 

This paper deals with the  study of 

molecular interaction in binary liquid mixtures of 

Sodium 4-amino salicylate dihydrate at 298K, 

303K and 308K. We have reported ultrasound 

velocity (Vs), density (ρ S) and viscosity (ƞ ) of 

binary liquid mixture. With the  help of 

experimental data, the  thermodynamic and 

acoustic properties like  adiabatic compressibility 

(βs ), intermolecular free  length (Lf), free volume 

(Vf),  and the ir excess values have been computed 

at three diffe rent temperatures 298K,303K, 308K 

. The  above functions and their excess values are 

tabulated and graphS in figures. The  4-amino 

salicylate in water acts as polar molecule.  

 The adiabatic compressibility is the  

fractional decrease of volume per unit increase  of 

pressure , when no heat flows in or out. These 

changes are related to the compressibility of the 

medium by thermodynamic relation 

                             β =  1/v2 ρS 

From the Table.1  it is noted that the  density and 

viscosity  decreases with decrease in 

concentrationfor all the cases. Ultrasonic velocity 

decreases with increase  in concentration (Fig.1) 

ofthe solute in all the  systems. The  decrease in 

ve locity may be due to the increase in free  length 

and adiabatic compressibility of the liquid 

mixtures ( Fig.2 and 4) which shows the change 

in the  structural arrangement of the molecules in 

the mixture as stated in some other aqueous 

binary mixtures11,12. The adiabatic 

compressibility and free length increases with 

increase in concentration for all the  systems. This 

may lead to 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 

ve locity in liquid systems.  
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 According to Eyrings liquid state theory, the 

acoustic wave, which was excited in the liquid, is 

transmitted momentarily to the intermolecular 

free length and the  rate  process in liquids is 

determined by the  free volume. So free  volume 

plays an important role  in ultrasound wave 

propogation. The values are  reported in Table 

4.Free volume decreases with increasing 

concentration at constant temperature . 

.       The decrease in free volume shows that 

the strength of interaction decreases gradually 

with the increase in solute  concentration. It 

represents that there  is weak interaction between 

the solute and solvent molecules. Acoustic 

impedance decreases with increase of 

concentration  for all the three  systems.(Fig. 3) 

The relaxation time (ι) increases with increasing 

concentration for all the  three systems.(Fig.6) 

The dispersion of the ultrasonic velocity in the 

system should contain information about the 

characteristic time  of the re laxation process that 

causes dispersion. The re laxation time which is 

in the order of 10-14 sec is due to structural 

relaxation process13 and in such a situation it is 

suggested that the  molecules get rearranged due 

to co-operative process 14. 

 Rao’s Constant and Wada’s Constant decreases 

with increase in concentration at all 

temperatures. The variation of molar sound 

ve locity or Rao’s Constant and molar 

compressibility or Wada’s Constant are found to 

be  linear (Table.4 and Fig. 7 and 8). It shows the 

presence of solute-solvent interaction.15 

The relative association depends on either the 

breaking up of the solvent molecules on addition 

of solute to it or the salvation of ions that are 

present. In the  present case re lative  association 

increases with increase in concentration (Fig.5) 

which indicates prominent solute –solvent 

interaction. 

Conclusion:- 

The computed acoustical parameters and their 

values point to the presence  of specific molecular 

interaction in the  mixtures. Hence it is concluded 

that the association in these mixtures is the 

result of Hydrogen bonding in Binary liquid 

mixtures. 
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