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Abstract :  The drug is a single active chemical moiety which is found in a medicine and used for diagnosis, prevention, 

treatment and cure of disease. Drugs are substances meant for treatment, mitigation or prevention of diseases in human beings or 

other animals [1].  In view of pharmaceutical applications, physicochemical properties of drug Lamivudine in aqueous solutions 

were measured at different temperature in the wide range of concentration. In the present work density, Refractive Index, Surface 

Tension and Conductivity drug Lamivudine in aqueous solvent having different concentrations was measured at different 

temperatures.  An attempt has been made in this paper to understand the modification in water structure due to the addition of 

drug molecules.  
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I. INTRODUCTION 

 

The solute structures in a solvent media can be substantially different from their structures in their pure form (either in solid, 

liquid, or gas phase). The structural changes are primarily due to some interactions occurring between solvent-solvent, solute-

solvent and solute-solute molecules. The greater the interactions, the more non-ideal the system behaves. These interactions can 

be noticed from the measurements of some bulk physico-chemical properties such as volume, refractive index, relative 

permittivity, enthalpy, viscosity, surface tension, speed of sound, dipole moment, etc. Physico-chemical properties provide 

important information for the design of industrial process and to improve our understanding of the molecular interactions existing 

in liquid mixture. 

 Number of researchers have worked on physico-chemical properties to study the solute-solvent interaction. Few attempts 

[2-3] have been made to study the viscosities of binary liquid mixtures containing esters.  Rosal et al.[4] studied the viscosities and 

densities for binary mixtures of cresols in the temperature range 313.15–333.15K. 

The interaction of drug molecules with water is not only in terms of interaction between the functional groups with water 

but it is highly orientation dependent. Thus the precise spatial arrangement of the various functional groups has a pronounced 

influence on the nature and the extent of solute – solvent interactions.The details of these interactions are very sensitive to spacing 

and orientations of the hydroxy groups of solute molecules[5]. 

II. EXPIRMENTAL 

Materials: 

Drug Lamivudine of high purity was obtained from pharmaceutical industries. Double distilled water was used for the 

preparation of solutions of different concentration (0.02, 0.04, 0.06, 0.08, 0.1M). The precision of balance used was ± 0.0001g. 

In the present work density, Refractive Index, Surface Tension and Conductivity drug Lamivudine in aqueous solvent 

having different concentrations was measured at different temperatures.  

Density measurements:  

Densities of solution at different temperatures were measured with Anton Paar Densitometer [Model no-DMA603] at 

School Of Chemical Sciences, North Maharashtra University, Jalgaon. This is the most convenient and accurate method for 

measurement of density. The Anton-Paar densitometer gives accuracy upto 1 X 10-6 g.cm-3. 
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Refractive Index measurements:  

 Refractive Indices measurements were made on Abbe refractometer [Make-optics technology, sl. no-3364]. The 

instrument is capable of determining refractive indices in the range of 1.300 to 1.700. The temperature was maintained by 

circulating water through jacket round the prisms of refractometer from an electronically controlled JULABO thermostatic water 

bath (NOVA NV-8550 E). The uncertainty of temperature was ± 0.01oC. 

Surface Tension measurements: 

In the present work, Pendant Drop Number (PDN) method is used to measure the surface tension of aqueous solution of 

drug molecules. To have more accuracy in the PDN measurements, the specially designed Mansing Survismeter from Central 

University Gujrat, Gandhinagar was used. The temperature was maintained by circulating water through Mansing Survismeter 

from an electronically controlled JULABO thermostatic water bath (NOVA NV-8550 E). The uncertainty of temperature was ± 

0.01oK. From PDN measurement the surface tension of drug solution were measured by using following equation--- 

γ2 =
n1

𝑛2

×
ρ2

𝜌1

× 𝛾1  

Where, γ2 = Surface tension of drug, γ1 = Surface tension of standard liquid (water),  n1= PDN of water,  n2= PDN of drug 

solution, ρ1 = Density of water, ρ2 = Density of drug solution.  

Conductivity measurements: 

 Conductance of some drug molecules was measured in aqueous solution of different. The solutions of different 

concentrations were prepared for drug Lamivudine in double distilled water and the conductance of each solution was measured 

by using Elico-Conductivity Meter (Model No.CM-180 ) having cell constant 1.0cm-1. The calibration of conductivity meter was 

done by measuring the conductivity of 0.1N KCl and compared it with literature values. 

 The measured values of different physicochemical properties are listed in table no-1. 

Table No.1: Density, Refractive Index, Surface Tension and Conductance of Lamivudine at different temperatures. 

Sr. No. Physico-Chemical Properties  Temp.(K) →     298.15 303.15 308.15 313.15 

Concn(M)  ↓     

1. Density (gm.cm-3) 0.02 0.999091 0.997672 0.996253 0.994196 

0.04 0.999698 0.99828 0.996861 0.995442 

0.06 1.003204 1.001785 1.000366 0.998946 

0.08 1.004514 1.003098 1.001676 0.999257 

0.1 1.005054 1.003572 1.002672 0.999987 

2. Refractive Index 0.02 1.33385 1.33275 1.3321 1.33125 

0.04 1.3339 1.3328 1.33215 1.3313 

0.06 1.33395 1.33285 1.3322 1.33135 

0.08 1.334 1.3329 1.33225 1.3314 

0.1 1.33405 1.33295 1.3323 1.33145 

3. Surface tension  

( dyne.cm-1) 

0.02 67.21192 67.0465 66.82637 66.54074 

0.04 66.79842 66.20463 66.00436 65.79133 

0.06 66.13885 66.00284 65.81184 65.20783 

0.08 65.78663 65.6602 65.47829 64.82795 

0.1 64.96158 64.84903 64.71895 64.47986 

4. Conductivity  0.02 1.12 1.45 1.87 1.98 

0.04 2.93 2.98 3.17 3.28 

0.06 3.71 3.84 3.96 4.12 

0.08 4.62 4.81 4.98 5.12 

0.1 5.91 6.12 6.28 6.64 

It is evident from tables that, all the values of physic-chemical properties are increases with increase in concentration of 

solution. Similar type of observations of densities are reported  by Oana Ciocirlan [6]. 

Refractive index data is used to calculate molar refraction and Specific refraction. To calculate the molar refraction of solutions, 

the following equation was used--- 

 

MR = [
𝑛2 − 1

𝑛2 + 1
]  [

X1  M1 + X2  M2

ρ
  

] 

Where, n = Refractive index of solution. 
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           Ρ = density of solution.                  

          X1 =  mole fractions of solvent. 

          X2 =  mole fractions of solute. 

          M1 =  molecular weight of the solvent .  

          M2 =  molecular weight of the solute .  

Specific Refraction = [
𝑛2 − 1

𝑛2 + 1
] X

1

ρ
 

The calculated values of molar and specific refraction are mentioned in table no-2. 

Table no-2. Molar and specific refraction for all drug molecules 

Sr.No Physico-chemical Properties Temp.(K)→     298.15 303.15 308.15 313.15 

Concn(M)  ↓   

1. Molar refraction 0.02 19.29301 19.28927 19.2871 19.28429 

0.04 19.3692 19.36557 19.36353 19.36078 

0.06 19.44438 19.44087 19.43894 19.43631 

0.08 19.51992 19.51653 19.51471 19.51252 

0.1 19.59514 19.59189 19.58997 19.58809 

2. Specific refraction 0.02 0.20636 0.206035 0.205962 0.205909 

0.04 0.206262 0.205938 0.205865 0.205679 

0.06 0.205569 0.205245 0.205172 0.204986 

0.08 0.205329 0.205004 0.204931 0.20495 

0.1 0.205247 0.204935 0.204756 0.204828 

 

Molar refraction increases with the increase in concentration. As refractive index and molar refraction depends not only 

upon atomic refraction but also upon single, double or triple bonds, these parameters are affected by the type of interactions like 

aggregation or hydrogen bonding  taking place in solution. Further, bond polarity also causes change in molar refraction. Type of 

solvent also affects the refractive Index and molar refraction of a solute. 

III. CONCLUSION 

The primary intention with which the work started was to understand the solute-solvent interaction of the drug molecules. It has 

been observed that there exist strong solute–solvent interactions in these systems, which increases with increase in drug 

concentration. Overall, strong drug-solvent interactions with significant structural changes in pure and mixed solvents have been 

confirmed.  
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