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Abstract: -  
Apparent molar volumes, V2,  of glycine, DL-α-alanine, DL-α-amino-n-butyric acid, L-valine and L-leucine in water and 

in (0.25, 0.5, 0.75, 1.0, 1.5, 2.0) molkg-1 aqueous potassium nitrate solutions have been determined at T= 298.15 K from 

density measurements. The standard partial molar volumes at infinite dilution, V2
0 obtained from V2,  , have been used 

to calculate the corresponding volumes of transfer, tV0 from water to aqueous potassium nitrate solutions. The hydration 

number, nH, side chain contributions and volumetric interaction coefficients of these amino acids have also been 

calculated. The tV0 values for the studied amino acids are positive, and these values increase with an increase in the 

concentration of NaNO3 .  

  

Index terms: - Amino acids; Sodium nitrate; Partial molar volumes.  
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I. INTRODUCTION  

The interactions of water with the various functional groups of proteins play crucial role in determining the conformational 

stability of proteins (Chalikian et al.,1994, Murphy et al. 1998 & Sorenson et al., 1999). Due to the complex 

conformational and configurational threedimensional structures of proteins direct investigations of the solute / solvent 

effect on these biological macromolecules are very challenging. However the amino acids, peptides and their derivatives 

which are building blocks of proteins and mimic some aspects of proteins have been extensively used to characterize the 

detailed interactions of the atomic groups that comprise proteins. Thus, in order to gets an idea about the role of hydration 

in protein folding / unfolding, it is necessary to study both the native and denatured states of a protein. Therefore the 

physicochemical properties of amino acids and peptides in aqueous solutions remain a subject of extensive investigations 

(Zhao, 2006).   

      Salt solutions greatly influence the structure and properties of proteins including their solubility, denaturation, 

dissociation into subunits and the activity of enzymes (Von Hippel et al. 1969, Jencks et al. 1969). Bhat et al. (1987) from 

volumes and heat capacities of some amino acids and peptides in aqueous NaCl and CaCl2 solutions have concluded that 

CaCl2 acts as a strong destabilizer of protein conformation as compared to NaCl solutions at the same concentration. Wadi 

et al. (1990, 1992, 1997) reported the apparent molar volumes, viscosities and adiabatic compressibilities of some amino 

acids in aqueous NH4Cl, KSCN and Na2SO4 solutions at different temperatures. Soto et al. (1999) have reported partial 

molar volumes of glycine in aqueous NaNO3 solutions only at 298.15K. Therefore, we (Dhir & Grewal) have undertaken 

a systematic study on the volumes of some -amino acids in aqueous KNO3 solutions at different temperatures. 

Consequently, in the present paper, the apparent molar volumes, V2,,, of glycine, DL- -alanine, DL- -amino-n-butyric 

acid, L-valine and L-leucine in water and in aqueous sodium nitrate solutions (0.25, 0.5, 0.75, 1.0, 1.5, 2.0) molkg-1 have 

been determined by measuring the densities using a vibrating-tube digital densimeter at T= 298.15 K. From these data, 

the partial molar volumes at infinite dilution, V2
0, hydration number, nH, side chain contributions of amino acids, 

expansibilities and interaction coefficients have been obtained. These parameters have been rationalized in terms of 

various interactions occurring in these solutions. The concentration effect of sodium nitrate on these parameters has also 

been discussed.   

 

II. EXPERIMENTAL SECTION  

Glycine (G-7126, 99 %), DL-α-alanine (A-7502, 99 %), DL-α-amino-n-butyric acid (A-1754, 98 %), Lvaline (V-0500, 

99 %), L-leucine (L-8000, 98 %) from Sigma Chemical Co. and sodium nitrate (AR, Thomas Baker, India), were used 

without further purification, however these were dried over anhydrous CaCl2 in a vacuum desiccator before use. 

Deionized, doubly distilled degassed water with a specific conductance less than 1.3 ×10-6 Ω1cm-1 was used for the 

measurements. All solutions were prepared by mass using a Mettler balance with an accuracy of ± 0.01 mg.  The solution 

densities were measured using a vibrating-tube digital densimeter (model DMA 60/602, Anton paar), having a precision 

of   110-3 kg and an accuracy of ± 3 x10-3kgm-3. 

The temperature of water around the densimeter cell was controlled within ± 0.01K. The densimeter was calibrated by 

using pure water and dry air. All the density measurements were made with reference to pure water. Working of the 

densimeter was checked by measuring the densities of aqueous sodium chloride solutions, which agreed well with the 

literature values (Archer, 1992).   

 

III. Results and discussion  

The densities, ρ, and apparent molar  

volumes, V2,  , of amino acids in water and in aqueous sodium nitrate solutions of various molalities (ms, molality of 

sodium nitrate solutions, molkg-1) at T=318.15 K are given in table 1. Apparent molar volumes of amino acids have been 

calculated as follows:    

V2,= M /-[(-0)/m0], 

where M is the molar mass of the amino acid, m (molkg-1) is the molality of amino acid, and  and 0 are the densities of 

solution and solvent  

(water or water + sodium nitrate), respectively. The values of uncertainty in apparent molar volumes arising from various 

experimental measured quantities are of the order of 0.083  10-6 and 0.035  10-6 at low and high concentrations 

respectively of amino acids studied. At infinite dilution, the apparent molar volumes, V2
0
,  and partial molar volumes, V2

0 

are  

identical (V2
0
, = V2

0). In the case of negligible concentration dependence of V2, , V2
0  was determined by taking the average 

of all the data points. However, where finite concentration dependence was observed, V2
0 was determined by least-squares 

fitting of the data using the following equation.  

 
Where  Svis    the    experimental    slope.    The experimental values of V20 for the amino acids in water  agreed  well  

with  those  reported  in  the literature (Wadi  et  al.,  1992,  Soto  et  al.,  1999, Bhat et al., 1985, Kharakhoz 1989, Millero 

et al., 1974, Hakin et al., 1995 & Hepler 1976).  

                 The   standard   partial   molar   volumes   of transfer, ΔtV0,  at  infinite  dilution  from  water  to aqueous  

potassiumnitrate  solutions  have  been evaluated as follows: 

      ΔtV0= V20(in aqueous  potassium nitrate) –V2 0 (in water)   
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The  ΔtV0values   for   the   amino   acids   are illustrated in figure 1. The ΔtV0values  for  the studied  amino  acids  are  

positive  and  increase with  the  increase  in  concentration  of  aqueous KNO3solutions.Therefore   from   the   above 

observed  effects  of  salts  on  the  partial  molar volumes  of  amino  acids,  it  may  be  concluded that  the  salts effect  

the V20values  according  to Hofmeister  series  when  hydrophobic  effect  is more   (as   in   case   of   L-va line   and   

L-leucine) whereas it is not when hydrophilic effect is more (as  in  case  of  glycine,  DL--alanine  and  DL--amino-

n-butyric  acid).  This  is  also  an  indication about the    importance    of    the    role    of hydrophobic  effect  in  the  

stability  of  proteins, although     more     studies     are     needed     for strengthening this point.  

 
Figure 1. Standard partial molar volumes of transfer, ∆t V0, of some amino acids vs. different molalities, ms, of  

potassiumnitrate solutions: ∆, glycine; ■, DL-- alanine; ▲, DL--amino-n-butyric  acid; , L-valine; , L-leucine at T 

= 298.15 K. 

 

 
Figure 2. Contributions of :()  NH3+, COO-; (■) -CH2; (▲)-CHCH3; () -CHCH2CH3; (∆) –CHCH(CH3)2;   

(•)CHCH2CH(CH3)2groups    to standard partial molar volumes of transfer,    ∆t V0vs. different molalities, msof 

potassium nitrate solutions at T= 298.15 K. 

 

 
Figure 3. Partial specific volumes, 20, of amino acids vs.   different   molalities, ms, of   potassiumnitrate solutions: (), 

glycine; (), DL--alanine; (▲), DL--amino-n-butyric acid; (), L-valine; (), L-leucine at (a) 288.15 K; (b) 298.15 K; 

(c) 308.15 K; (d) 318.15 k. 
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