
© 2019 JETIR June 2019, Volume 6, Issue 6                                                         www.jetir.org (ISSN-2349-5162) 

JETIR1906232 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 602 
 

STUDIES ON MOLECULAR INTERACTION 

OF L-SERINE IN MAGNESIUM CHLORIDE –

WATER MIXTURE AT VARIOUS 

TEMPERATURES. 
 

N.Sundaramurthy1st , S.Rajalakshmi2nd 

 

1Department of Physics,Annamalai University,Annamalai Nagar. 
1stPost Graduate and Research Department of Physics, Thiru Kolanjiappar Government Arts College, Vriddhachalam, 

606001. 
2ndDepartment of Physics, University College of Engineering Panruti, Anna University. 


 

 

Abstract :    Densities and ultrasonic velocities of L-Serine  in aqueous  MgCl2 ( 0.08 M) solutions have 

been measured at various temperature. From these experimental data adiabatic compressibility, apparent 

molar volume, apparent molar adiabatic compressibility, limiting apparent molar volume and limiting 

apparent molar adiabatic compressibility and their constants were calculated for  the ternary systems. The 

data have been interpreted in terms of solute–solute and solute–solvent interactions. These results show that 

various interactions operating in these systems. 
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I.Introduction: 

Amino acids and peptides have been taken up as modal compounds for understanding the behavior of more 

complex protein molecules in solutions. Amino acids in aqueous solution are ionized and can act as acids or 

bases. Knowledge of acids-base property of amino acids is extremely important in understanding many 

properties of proteins (Badrayani and Kumar,2003a). Ultrasonic and thermodynamic properties of these 

model compounds (amino acid) in aqueous electrolytes media provide information of solute–solvent and 

solute–solute interactions (Bai and Yan,2003,Ali et al,2005a,Akthar,2004). Metal ions have been reported 

(Badrayani and Kumar,2002 Badrayani and Kumar,2003bAli et al,2005b) to play an important role in 

biological system and the presence of the magnesium amino acids complexes in  human serum enhances the 

uptake of Magnesium. It is very important for the normal functioning of cells, nerves, muscles, bones, and 

the heart. Usually, a well-balanced diet provides normal blood levels of magnesium. Therefore, knowledge of 

water–amino acid interaction and the effect of inorganic ions on such interaction are necessary to understand 

several biological processes occurring in living organisms. There has been an increased interest in 

physicochemical properties of amino acids in aqueous and aqueous electrolytes media (Banipal and 

Singh,2000, Yan et al,2002). Amino acids have zwitterion and are the constituents of the most important 

class of biopolymers, i.e. proteins. Derangement of water and electrolyte balance in living systems causes a 

wide variety of health problems. Ultrasonic velocity measurements have been successfully employed to 

detect and assess weak and strong molecular interactions. 

 

The density and ultrasonic velocity and its derived parameter are sensitive to structural changes that occur in 

solutions and to any interactions between solvent and solute . The adiabatic compressibility studies of amino 

acids in salts solutions are few (Nithiyanantham and Palaniappan,2008,Natarajan et al,1990).In the present 

paper, we report that densities, and ultrasonic velocities of L-Serine (0.0 – 0.5 M) in aqueous MgCl2 (0.08 

M) were measured at different temperatures. From these experimental data, a number of thermodynamic 

parameters namely, adiabatic compressibility (β), apparent molar volume(φv ), apparent molar adiabatic 

compressibility(φk),  limiting apparent molar volume (φv
0),and limiting apparent molar adiabatic 
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compressibility(φk
0) have been calculated. These parameters were utilized to study various interactions 

taking place in the solutions of electrolyte ( MgCl2) and the amino acid (L-Serine). 

 
II.MATERIALS AND METHODS: 

 

L-serine (Sigma Chemicals Co.) and Magnesium chloride are obtained from sd Fine Chemicals, 

India, which are used as such without further purification. Water used in the experiment was deionised, 

distilled and degassed prior to making solutions. Solutions of aqueous Magnesium chloride (0.8 mol.dm-3)  

were prepared by  volume  and  used  on  the  day  they  were  prepared. . Aqueous solutions of MgCl2 (0.00 

and 0.05 M) were prepared and these were used as solvents to prepare the L.Serine solutions on mass on the 

molarity concentration scale with precision electronic digital balance (Model: SHIMADZU AX-200). The 

density was determined using a specific gravity bottle by relative measurement method with an accuracy of 

± 0.01 kgm-3. An ultrasonic interferometer having the frequency of 2 MHz (MITTAL ENTERPRISES, New 

Delhi, Model: F-81) with an overall accuracy of ± 0.1% has been used for velocity measurement. An 

electronic digital operated constant temperature bath (Raaga Industries, Model: ULTRA COLD 

CHAMBER-437) has been used to circulate water through the double walled measuring cell made up of 

steel containing the experimental solution at the desired temperature. The accuracy in the temperature 

measurement is ± 0.1 K. 

 
III.RESULTS AND DISCUSSION: 
           The densities, viscosity and ultrasonic velocities of the  MgCl2 and their ternary mixtures with            

L-serine  as a third component were determined at 298.15,303.15,313.15 and 323.15K and are recorded in 

Table 1 .  

 
Molality DENSITY VISCOSITY VELOCITY 

(mol.Kg-

1) 

ρ(kg/m3) η(×10-3 NSm-2) U/ms–1 

  Temperature (K)  

  298.15 303.15 313.15 323.15 298.15 303.15 313.15 323.15 298.15 303.15 313.2 323.15 

0 1015.6 1014.3 1013.3 1011.1 0.9572 0.8554 0.7233 0.7187 1519.8 1526.7 1537.6 1549.6 

0.1 1018.9 1017.5 1015.2 1014.2 0.9784 0.8733 0.7811 0.7273 1525.1 1534.2 1549.2 1561.6 

0.2 1022.2 1020.7 1018.3 1016.8 0.9896 0.8832 0.7989 0.7335 1530.4 1541.7 1560.8 1573.6 

0.3 1025.5 1023.9 1021.9 1019.4 0.9898 0.8931 0.8067 0.7467 1535.7 1549.2 1572.4 1585.6 

0.4 1028.8 1027.1 1024.5 1022.0 0.9928 0.9193 0.8245 0.7629 1541.5 1556.7 1584.3 1597.6 

0.5 1032.2 1030.3 1027.0 1024.5 1.0903 0.9229 0.8423 0.7901 1546.3 1564.2 1595.6 1609.6 

 
Table-1: Values of density (ρ), viscosity (η) and ultrasonic velocity (U) of amino acid in aqueous Magnesium chloride at various 

temperatures 

The values of velocity and density increase with increase in concentration of amino acids in all the 

ternary systems under investigation, which appear to be due to hydrophobic properties of solutes i.e. H-bond 

forming the variation of ultrasonic velocity with the concentration of serine can be shown to depend upon 

the concentration derivations of the density and adiabatic compressibility of the system investigated. This 

makes positive, showing that velocity increases with the concentration of serine in the systems serine MgCl2 

+ water which is in good agreement with the results reported for adenosine mono,di and tri phosphates + 

dixane– H2O (Rodriguez  et al,2003). 

 

The adiabatic compressibility of the serine + MgCl2 + water mixture was determined at 298.15, 

303.15, 313.15 and 323.15K from the density and velocity data. The adiabatic (compressibility were 

calculated by this relation 

β=1/u2ρ  -------1 
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The observed values of the adiabatic compressibility, (β) Table 2 are found to decrease with 

the concentration of serine in the ternary systems. This clearly suggested that the strength of 

interaction (hydration of the serine molecules) in the systems decreases with increasing concentration 

of electrolyte in the solution. The compressibility behavior of serine molecules in the present systems 

can be explained by considering the strong electrostrictive compression of the solvent produced by 

NH 
3 and COO ends of the serine dipolar molecules ( Pal and Kumar,2005). The decrease in adiabatic 

compressibility is attributed to the influence of the electrostatic field of ions (NH3+ and COO-) on the 

surrounding solvent molecules (Mg2+) called electrostriction. 

 

Molality L-Serine 

(mol.Kg-

1) 
adiabatic compressibility 

Change in adiabatic 

compressibility 

Relative change in adiabatic 

compressibility 

  () (–) (–/0) 

  Temperature (K) 

  298.15 303.15 313.15 323.15 298.15 303.15 313.15 323.2 298.15 303.15 313.2 323.15 

0 4.3970 4.3520 4.2860 4.2110 
… … … … … … … … 

0.1 4.3810 4.3230 4.2300 4.1590 0.8830 0.8728 0.8570 0.9040 2.0543 2.0574 2.0542 2.2044 

0.2 4.3640 4.2940 4.1800 4.1060 1.3875 1.4111 1.3890 1.3420 3.2282 3.3262 3.3294 3.2707 

0.3 4.3480 4.2660 4.1330 4.0550 1.8880 1.9347 1.9117 1.7730 4.3925 4.5604 4.5820 4.3214 

0.4 4.3330 4.2380 4.0830 4.0040 2.3767 2.4646 2.4251 2.1980 5.5296 5.8096 5.8126 5.3567 

0.5 4.3170 4.2110 4.0340 3.9540 2.8604 2.9701 2.9295 2.7220 6.6549 7.0011 7.0218 6.6349 

 
Table-2: Values of adiabatic compressibility, Change in adiabatic compressibility and Relative change in adiabatic 

compressibility of amino acid in aqueous Magnesium chloride at various temperatures 

 

Amino acids molecules in the neutral solution exist in the dipolar form and thus have stronger  

interaction with the surrounding water molecules. The increasing electrostrictive compression of water 

around the molecules results in a large decrease in the compressibility of the solutions. The interaction 

between the solute and the water molecules present in the solvent can be termed as hydration. (Franka and 

Wen ,1957). 

 

The following observation has been made on φK and φV (Table-3) of the  amino acid in aqueous 

Magnesium chloride solutions at 298.15, 303.15, 313.15 and 323.15K  

 

 1 .   The values of φK  and φV are all negative over the entire range of the molarity. 

 

2.  The negative values of φK and φV increase with the increase in concentration of Serine, but it is  

found to decrease with increasing the temperature. 

 

Molality Apparent molal compressibility Apparent molal volume 

m (mol.Kg-1) –φk(×10-8 m2 N-1) -φv(×m2 mol-1) 

  Temperature (K) 

  298.15 303.15 313.15 323.15 298.15 303.15 313.15 323.15 

0.1 10.183 10.039 10.112 10.293 11.1612 11.279 11.2934 11.3711 

0.2 8.2011 8.274 8.1462 8.5678 11.4252 11.475 11.5396 11.5951 

0.3 7.5277 7.6435 7.6226 7.8266 11.4596 11.524 11.6142 11.6364 

0.4 7.1553 7.339 7.4929 7.5942 11.4737 11.533 11.6291 11.6571 

0.5 6.9141 7.1991 7.2199 7.5259 11.4986 11.556 11.6462 11.672 
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Table-3: Values of  apparent molar compressibility (φK  ), and apparent molar volume (φV  ) of amino acid in aqueous 

Magnesium chloride at various temperatures. 

 The values of Sv of amino acids are found to be less negative suggesting strong solute–solute 

interactions. The values of Sv indicating the solute–solvent interactions are greater than the solute–solute 

interactions. Table 4(A,B) shows the less negative values of (φk
0)   which indicates strong solute–solvent 

interactions. The apparent molar adiabatic compressibility of serine as a function of MgCl2 + water 

solutions. The φk
0  and φv

0 values can also be explained on the basis of co-sphere overlap 

model(Gurney,1953) in terms of solute-co-solute interactions. According to this model, ion-ion and ion-

hydrophilic group interactions contribute positively, whereas ion-non-polar group interactions contribute 

negatively to the φk
0  and φv

0 values. 

where φk
0  is the limiting apparent molar compressibility  It provides information regarding solute–

solvent interaction. The calculated values of φk
0   and SK are also included in Table 4 along with the values 

of φv
0 and Sv. Appreciable negative values of φk

0   for the systems strengthen our view that strong solute–

solvent interaction. 

 

            The above observation clearly suggests that the negative values of φk
0  in the systems indicate the  

presence of ion-solvent interactions. The increases in φV
0 is due to strong ion-ion interaction and vice-versa. 

The Positive values of φV
0 indicate electrostrictive solvation of ions (owaga et al,1954,Wadi and 

Goyal,1992).  

 

Amino 

Acid 

–φk
0(×10-8 m2 N-1) SK / (×10–8 N–1  m–1 mol–1) 

Temperature (K) 

298.15 303.15 313.15 323.15 298.15 303.15 313.15 323.15 

L-

Serine 1.3348 1.2176 1.198 1.2898 8.2897 7.4372 7.313 8.6999 

Table 4A 

 

 

Amino 

Acid 

φv
0(×m3 mol-1) SV / (N–1 m–1 mol–1) 

Temperature (K) 

298.15 303.15 313.15 323.15 298.15 303.15 313.15 323.15 

L-

Serine 11.580 11.180 11.320 11.490 7.157 -3.235 -3.853 -3.680 

Table 4B 

Table-4 A, B Values of limiting apparent molar compressibility, limiting apparent molar volume, and their constants SK and Sv 

of amino acid in aqueous Magnesium chloride at various temperatures. 

Conclusion: 

 

      The result of the present investigation volumetric and compressibility    L-serine in aqueous Magnesium 

chloride at various temperature were obtained using density, viscosity and ultrasonic velocity data and the 

results have been used to study the existence of ion-solvent interactions. From the k
0 and  v

0 , it can be 

concluded that L-serine possesses strong ion-solvent interaction.  
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