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 ABSTRACT: 

The viscosity coefficient or simply the viscosity of a liquid, a measure of transfer of linear 

momentum down a velocity gradient, depends on the spacing between imaginary layers of the liquid and 

on the intermolecular / interionic forces operative in it.  

 Consequently, in this chapter of study, the viscosities of ternary systems, (amino acids / di-peptide 

+ salt +water): L-serine / L-isoleucine + 1.5 M NaCl / NaNO3 +water have been measured as functions of 

concentration of amino acids / di-peptide and temperature. The measured data have been used to compute 

the relative viscosity, specific viscosity and β-coefficients for the said systems. The results have been 

discussed in the light of solute-solute and solute-solvent interactions and structural effects of solute in 

solutions.  

 Keyword:  L-serine, L-isoleucine, ternary systems, relative viscosity, specific    viscosity and 

intrinsic viscosity.  

INTRODUCTION 

Viscosity measurement provides valuable information about the size and state of solvation of 

molecules in solution. Viscometric studies have been used to draw important conclusions regarding 

protein unfolding and the extent of hydrophobic interactions of non-polar side chains. The viscosities of 

amino acids / peptides-aqueous / mixed aqueous solution depend on the relative magnitude of 

electrostriction caused by the polar end groups, structure-enforcing influence of the hydrophobic alkyl 

groups, and the extent of interaction between the hydrophilic and hydrophobic groups. Furthermore, the 

knowledge of viscosity is also helpful in the process of separation of amino acids and peptides.   

RESULTS AND DISCUSSION 

 The experimental viscosity data () for L-serine / L-isoleucine - 1.5M / 2.0M aqueous NaCl / 

NaNO3 systems as functions of amino acids / di-peptide concentration and temperature have been 

presented in Table 1.  An examination of Table 1 reveals that the viscosity values, for each of the systems 

under investigation, increase with increase in concentration of amino acids / di-peptide. This increasing 

trend of variation of  values with solute concentration may be attributed to corresponding increase in 

intermolecular / interionic interactions in solution, which in turn, may cause more frictional resistance to 

the flow of solutions.  

 The viscosity value for L-serine / L-isoleucine– 1.5M aqueous NaCl solution has been found to be 

higher than that for L-serine / L-isoleucine – 1.5M aqueous NaNO3 solution at constant temperature. This 

behaviour may be explained in terms of the relative tendancy of interaction of ions (Na+, Cl- and NO3
-) 

with the zwitterionic terminal groups (NH3
+, COO-) and with peptide bond (-NHCO-) of glycylglycine. 

The larger viscosity values in aqueous NaCl solution than those in aqueous NaNO3 solution may be 

attributed to the smaller size of Cl- ion than that of NO3
- ion. The magnitude of electrostatic interactions 

between smaller Cl- ion with zwitterionic centers as well as with water dipoles seem to be larger in 

comparison to the magnitude of electrostatic interactions of larger NO3
- ion. The viscosity values for all 

the systems under investigation have been found to be decreasing with increase in temperature.  This 

decrease in  values may be attributed to an overall increase in kinetic energy of amino acid / di-peptide 

https://ijvra.org/


INTERNATIONAL JOURNAL OF VERSATILE RESEARCH AND ANALYSIS (IJVRA) 
© 2026 IJVRA | Volume 4, Issue 3, March 2026 | ISSN: 2984-8903 | IJVRA.ORG 

 

IJVRA2603398 International Journal of Versatile Research and Analysis (IJVRA) (www.ijvra.org)  
 

70 

molecules (zwitterions) and ions present in solutions, which in turn, may cause a decrease in the 

intermolecular / interionic forces operative in solutions.  

            The relative viscosities (r) for all the systems under investigation have been calculated by 

employing the following equation, 

                 r = /o                                                     [1] 

where  and o are the viscosity values of solution and solvent, respectively. The computed values of r 

have been summarized in the Table 4. The r values have been found to be increasing with successive 

increase in concentration of amino acids / di-peptide in aqueous electrolyte solutions.  However, the 

relative viscosity values show an irregular trend of variation with temperature.  The specific viscosity (sp) 

values have been calculated using the following expression,  

                                  sp = ( - o) / o                                                                [2] 

 where the terms have their usual meaning. The computed values of sp are listed in Table 5. sp 

represents the relative increase in the viscosity of solution on successive increase of  amino acid / di-

peptide concentration in solutions.  The values of sp increase with increase in solute concentration in all 

the systems under investigation. On the other hand, the values show an irregular trend of variation with 

temperature similar to the trend shown by r values. 

         The semi-empirical Jones-Dole equation given below has been employed to analyze the dependence 

of relative viscosity of solutions on solute concentration,  

     /o   = 1+ BC                                            [3] 

where B and C are the Jones-Dole coefficient and molar concentration of solution, respectively. The β-

coefficients, characteristic of solute-solvent interaction, have been evaluated by linear least-squares fitting 

the relative viscosity data with molar solute concetration. The observed β- coefficient values have been 

listed in Table 6. The β- coefficient values for all the systems under investigation have been found to be 

positive, indicating the strong solute-solvent interactions. The observed values of β-coefficient have been 

compared to the corresponding literature values. The reported values of β- coefficients for L-serine are 

0.217 at 303.15K, 0.248 and 0.237 at 308.15K and 0.264 at 313.15K; and 0.326 in aqueous CaCl2 at 

308.15K, 0.285 in aqueous Urea at 308.15K. The observed values for L-serine in 1.5M aqueous NaCl 

solution are 0.389 at 303.15K, 0.347 at 308.15K, 0.284 at 313.15K, 0.314 at 318.15K, and 0.340 a 

323.15K whereas in 1.5M aqueous NaNO3 solution the values are 0.410 at 303.15K, 0.414 at 308.15K, 

0.392 at 313.15K, 0.347 at318.15K, and 0.363 at 323.15K. The cause of higher values of β-coefficient in 

aqueous electrolyte solutions in comparison to water may be attributed to the enhancement of solvent 

structure by the ions.  

Table 1: Viscosity values (x104, Nm-2s) as functions of concentration and temperature 

(i) L-serine in 1.5M aqueous NaCl solution 

Conc / mol kg-1 Temperature / K 

303.15 308.15 313.15 318.15 323.15 

0.0000 

0.0283 

0.0473 

 0.0663 

0.0853 

0.1044 

0.1235 

0.1427 

0.1620 

8.894 

8.999 

9.056 

9.113 

9.178 

9.248 

9.324 

9.402 

9.484 

8.110 

8.234 

8.303 

8.366 

8.430 

8.487 

8.539 

8.583 

8.628 

7.350 

7.478 

7.539 

7.596 

7.645 

7.689 

7.720 

7.750 

7.769 

6.765 

6.848 

6.891 

6.933 

6.976 

7.020 

7.063 

7.105 

7.142 

6.176 

6.245 

6.287 

6.328 

6.370 

6.413 

6.455 

6.497 

6.539 
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(ii) L-serine in 1.5M aqueous NaNO3 solution 

Conc / mol kg-1 Temperature / K 

303.15 308.15 313.15 318.15 323.15 

0.0000 

0.0279 

0.0465 

0.0652 

0.0840 

0.1027 

0.1216 

0.1405 

0.1594 

8.519 

8.612 

8.667 

8.731 

8.801 

8.871 

8.941 

9.025 

9.096 

7.835 

7.912 

7.965 

8.015 

8.072 

8.142 

8.212 

8.286 

8.366 

7.107 

7.178 

7.220 

7.270 

7.319 

7.375 

7.431 

7.500 

7.569 

6.539 

6.596 

6.632 

6.669 

6.711 

6.754 

6.803 

6.859 

6.915 

6.007 

6.063 

6.092 

6.122 

6.163 

6.205 

6.247 

6.295 

6.382 

                         

(iii) L-isoleucine in 1.5M aqueous NaCl solution 

Conc / mol kg-1 Temperature / K 

303.15 308.15 313.15 318.15 323.15 

0.0000 

0.0284 

0.0474 

0.0665 

0.0857 

0.1050 

0.1244 

0.1438 

0.1634 

8.894 

9.034 

9.098 

9.124 

9.184 

9.259 

9.332 

9.407 

9.504 

8.110 

8.277 

8.318 

8.338 

8.464 

8.586 

8.647 

8.751 

8.843 

7.350 

7.591 

7.651 

7.719 

7.789 

7.851 

7.942 

8.088 

8.153 

6.765 

7.021 

7.098 

7.162 

7.237 

7.308 

7.393 

7.518 

7.583 

6.176 

6.432 

6.509 

6.573 

6.648 

6.719 

6.804 

6.929 

6.994 

 

              (iv) L- isoleucine in 1.5M aqueous NaNO3 solution 

Conc / mol kg-1 Temperature / K 

303.15 308.15 313.15 318.15 323.15 

0.0000 

0.0279 

0.0466 

0.0654 

0.0843 

0.1033 

0.1223 

0.1414 

0.1606 

8.519 

8.645 

8.701 

8.759 

8.828 

8.933 

8.990 

9.074 

9.160 

7.835 

7.961 

8.017 

8.075 

8.144 

8.249 

8.306 

8.390 

8.476 

7.107 

7.331 

7.387 

7.445 

7.514 

7.619 

7.676 

7.760 

7.846 

6.539 

6.663 

6.719 

6.797 

6.846 

6.919 

6.962 

7.017 

7.098 

6.007 

6.210 

6.265 

6.321 

6.394 

6.489 

6.557 

6.648 

6.723 
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Table 2: Relative viscosity values (r) as functions of concentration and temperature 

(i) L-serine in 1.5M aqueous NaCl solution 

 

Conc / mol kg-1 Temperature / K 

303.15 308.15 313.15 318.15 323.15 

0.0283 

0.0473 

 0.0663 

0.0853 

0.1044 

0.1235 

0.1427 

0.1620 

1.011 

1.018 

1.025 

1.032 

1.040 

1.048 

1.057 

1.066 

1.015 

1.024 

1.032 

1.039 

1.047 

1.053 

1.058 

1.064 

1.017 

1.026 

1.034 

1.040 

1.046 

1.050 

1.054 

1.057 

1.012 

1.019 

1.025 

1.031 

1.038 

1.044 

1.050 

1.056 

1.011 

1.018 

1.024 

1.031 

1.038 

1.045 

1.052 

1.059 

                        

(ii) L-serine in 1.5M aqueous NaNO3 solution 

Conc / mol kg-1 Temperature / K 

303.15 308.15 313.15 318.15 323.15 

0.0279 

0.0465 

0.0652 

0.0840 

0.1027 

0.1216 

0.1405 

0.1594 

1.011 

1.017 

1.025 

1.033 

1.041 

1.050 

1.059 

1.068 

1.009 

1.016 

1.023 

1.030 

1.039 

1.048 

1.058 

1.067 

1.010 

1.015 

1.022 

1.029 

1.038 

1.046 

1.055 

1.065 

1.008 

1.014 

1.020 

1.026 

1.033 

1.040 

1.049 

1.058 

1.009 

1.014 

1.019 

1.026 

1.033 

1.039 

1.048 

1.062 

                      

(iii) L-isoleucine in 1.5M aqueous NaCl solution 

Conc / mol kg-1 Temperature / K 

303.15 308.15 313.15 318.15 323.15 

0.0284 

0.0474 

0.0665 

0.0857 

0.1050 

0.1244 

0.1438 

0.1634 

1.016 

1.023 

1.026 

1.033 

1.041 

1.049 

1.058 

1.069 

1.021 

1.026 

1.028 

1.044 

1.059 

1.066 

1.079 

1.090 

1.033 

1.041 

1.050 

1.059 

1.068 

1.081 

1.100 

1.109 

1.038 

1.049 

1.059 

1.070 

1.080 

1.093 

1.111 

1.121 

1.012 

1.054 

1.064 

1.076 

1.088 

1.102 

1.122 

1.132 
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(iv) L- isoleucine in 1.5M aqueous NaNO3 solution 

Conc / mol kg-1 Temperature / K 

303.15 308.15 313.15 318.15 323.15 

0.0279 

0.0466 

0.0654 

0.0843 

0.1033 

0.1223 

0.1414 

0.1606 

1.015 

1.021 

1.028 

1.036 

1.049 

1.055 

1.065 

1.075 

1.016 

1.023 

1.031 

1.039 

1.053 

1.060 

1.071 

1.082 

1.032 

1.039 

1.048 

1.057 

1.072 

1.080 

1.092 

1.104 

1.019 

1.028 

1.040 

1.047 

1.058 

1.065 

1.073 

1.086 

1.034 

1.043 

1.052 

1.064 

1.080 

1.092 

1.107 

1.119 

 

 

Table 3: Specific viscosity values as functions of concentration and temperature 

(i) L-serine in 1.5M aqueous NaCl solution 

Conc / mol kg-1 Temperature / K 

303.15 308.15 313.15 318.15 323.15 

0.0283 

0.0473 

 0.0663 

0.0853 

0.1044 

0.1235 

0.1427 

0.1620 

0.011 

0.018 

0.025 

0.032 

0.040 

0.048 

0.057 

0.066 

0.015 

0.024 

0.032 

0.039 

0.047 

0.053 

0.058 

0.064 

0.017 

1.026 

0.034 

0.040 

0.046 

0.050 

0.054 

0.057 

0.012 

0.019 

0.025 

0.031 

0.038 

0.044 

0.050 

0.056 

0.011 

0.018 

0.024 

0.031 

0.038 

0.045 

0.052 

0.059 

 

(ii) L-serine in 1.5M aqueous NaNO3 solution 

Conc / mol kg-1 Temperature / K 

303.15 308.15 313.15 318.15 323.15 

0.0279 

0.0465 

0.0652 

0.0840 

0.1027 

0.1216 

0.1405 

0.1594 

0.011 

0.017 

0.025 

0.033 

0.041 

0.050 

0.059 

0.068 

0.009 

0.016 

0.023 

0.030 

0.039 

0.048 

0.058 

0.067 

0.010 

0.015 

0.022 

0.029 

0.038 

0.046 

0.055 

0.065 

0.008 

0.014 

0.020 

0.026 

0.033 

0.040 

0.049 

0.058 

0.009 

0.014 

0.019 

0.026 

0.033 

0.039 

0.048 

0.062 
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(iii) L-isoleucine in 1.5M aqueous NaCl solution 

Conc / mol kg-1 Temperature / K 

303.15 308.15 313.15 318.15 323.15 

0.0284 

0.0474 

0.0665 

0.0857 

0.1050 

0.1244 

0.1438 

0.1634 

0.016 

0.023 

0.026 

0.033 

0.041 

0.049 

0.058 

0.069 

0.021 

0.026 

0.028 

0.044 

0.059 

0.066 

0.079 

0.090 

0.033 

0.041 

0.050 

0.059 

0.068 

0.081 

0.100 

0.109 

0.038 

0.049 

0.059 

0.070 

0.080 

0.093 

0.111 

0.121 

0.012 

0.054 

0.064 

0.076 

0.088 

0.102 

0.122 

0.132 

                          

(iv) L- isoleucine in 1.5M aqueous NaNO3 solution 

Conc / mol kg-1 Temperature / K 

303.15 308.15 313.15 318.15 323.15 

0.0279 

0.0466 

0.0654 

0.0843 

0.1033 

0.1223 

0.1414 

0.1606 

0.015 

0.021 

0.028 

0.036 

0.049 

0.055 

0.065 

0.075 

0.016 

0.023 

0.031 

0.039 

0.053 

0.060 

0.071 

0.082 

0.032 

0.039 

0.048 

0.057 

0.072 

0.080 

0.092 

0.104 

0.019 

0.028 

0.040 

0.047 

0.058 

0.065 

0.073 

0.086 

0.034 

0.043 

0.052 

0.064 

0.080 

0.092 

0.107 

0.119 

 Table 4: β (molar-1) coefficients of the equation, /o   = 1+ BC for amino acids / di-peptide as a 

function of temperature. 

 

           

    

 

 

 

 

Amino acid / di-

peptide 

   

Solvent Temperature / K 

 303.15 308.15 313.15 318.15 323.15 

L-serine 
aq. NaCl 

aq. NaNO3 

0.389 

0.410 

0.347 

0.414 

0.284 

0.392 

0.314 

0.347 

0.340 

0.363 

L-isoleucine 
aq. NaCl 

aq. NaNO3 

0.371 

0.437 

0.527 

0.476 

0.554 

0.525 

0.598 

0.464 

0.655 

0.625 
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Fig.1:  Plots of relative viscosity versus concentration of L – serine 

in aqueous 1.5M NaCl  solution. 
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Fig.2:  Plots of relative viscosity versus concentration of L – serine 

in 1.5M aqueous NaNO 3  solution. 
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Fig.3:  Plots of relative viscosity versus concentration of  L -  isoleucine 

in 1.5M aqueous NaCl solution. 
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Fig.4:  Plots of relative viscosity versus concentration of L - isoleucine 

in 1.5M aqueous NaNO 3  solution. 
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CONCULUSION: 

              The viscosity and its derived parameters such as relative viscosity, specific viscosity and intrinsic 

viscosity provide valuable information about the size and the state of solvation of molecules in solution. 

In addition, the relative viscosity data have been analyzed to obtain the viscosity β- coefficient which 

depends on the strength and extent of the solute-solvent interactions as well as on the shape, size and 

charge of the solute molecules.  
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