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Abstract-It is interesting to investigate interactions of amino acids and chitosan because of its biological 
importance which further may also lead to substantial changes in protein conformation.These interactions 
explain the behavior of solute-solvent interactions i.e. attractive or repulsive interactions may occur.Thus 
thermodynamic properties of amino acids are strongly affected by the presence of solutes. Because of direct 
solute-solute and solute-solvent interactions, the solutes can change many properties of amino acids such as 
their hydration, solubility and activity.In present work standard partial molar volumes of transfer(∆tr,V

o), 
hydration numbers (Nh) for Glycine in aqueous solution of chitosan were calculated by density measurements at 
temperature ,T = (293.15, 298.15, 303.15, 308.15, 310.15, 313.15, 318.15) K. 
 
Index Terms-Purification, Hydration Number, deacetylation 
 

1. INRODUCTION 

Chitosan is a cationic biopolymer that has many 
potential applications in food, cosmetics, agriculture 
and pharmaceutical industry1-5. Chitosan is a (1→4)-
linked 2 amino-2-deoxy-β-D-glucan. It can be 
converted into Chitosan by enzymatic means or by 
alkali deacetylation, with the latter being the most 
utilized method6. Chitosan is typically water-soluble 
at pH under 5.5 due to the ionization of the amino 
groups in the repeat unit of polymer chain7. At 
relatively low pH, Chitosan is positively charged and 
tends to be soluble in aqueous solutions. The 
properties of Chitosan in aqueous solutions depend on 
its molecular weight, degree of deacetylation, solution 
pH and ionic strength8.  
               Proteins are large biomolecules which are 
made up of small molecules called amino acids. 
Amino Acids are building blocks of the proteins. 
Their study provides important information which can 
be related to the behavior of biomolecules such as 
proteins. They differ from one another in terms of 
alkyl group9. The functional properties of proteins 
depend upon the three-dimensional structure. The 
three dimensional structures of proteins arise due to 
particular sequences of amino acids in a polypeptide 
chain to generate, specific structures. Due to the 
complex conformational and configurational factors 
affecting the structure of proteins, it is very difficult to 
understand directly the properties of proteins. The 
solvents interact with proteins through different 
interactions. The influence of ions on proteins is an 
important topic. The hydration of amino acid is an 
important process that is responsible for stabilizing 
the structure of amino acids in aqueous solutions. 

Studies on the effect of concentration of amino acid 
and biomolecules on the thermodynamic properties of 
aqueous amino acid solution have been proven to be 
very useful in elucidating the various interactions10. 
Since amino acids are zwitter ions in aqueous 
solutions, volumetric properties of amino acids and 
solvent solutions provides information for various 
types of interactions occurring in the system, as these 
interactions are very important. These interactions 
explain the behavior of solute-solvent interactions i.e. 
attractive or repulsive interactions may occur. The 
volumetric studies of amino acids in aqueous 
solutions have been employed to understand the 
nature of interactions operative in solutions. These 
solutions are stabilized by electrostatic, ion-dipole and 
hydrophobic interactions. There are two types of 
interactions: solute-solute interactions and solute-
solvent interactions. These two interactions affect 
several non-covalent interactions including hydrogen 
bonding, electrostatic and hydrophobic interactions. 
For this reason the thermodynamic properties of 
amino acids are strongly affected by the presence of 
solutes. Because of direct solute-solute and solute-
solvent interactions, the solutes can change many 
properties of amino acids such as their hydration, 
solubility and activity11-13.  

2. EXPERIMENTAL  

This chapter deals with the information related to the 
materials used and the experimental techniques 
employed for the determination of the thermodynamic 
properties of different concentrations of Glycine with 
aqueous Chitosan at temperatures, T = (293.15, 
298.15, 303.15, 308.15, 310.15, 313.15, 318.15) K. 



ISSN NO. 2456-3129  
 

International Journal of Engineering, Pure and Applied Sciences,  
Vol. 1, No. 3, Dec-2016 

 

20 
 

 
Purification / Preparation of materials. 
Accurate and reliable experimental data can be 
obtained when the solute and solvent of high purity 
are devoid of foreign materials. However, highly pure 
materials also contain contaminates that cannot be 
detected analytically and hence identification seems 
difficult. 
Water (H2O): 
Water required for the calibration of the density was 
doubly distilled and de-gassed. The Chitosan of purity 
grade (�99%) procured from Sigma Chemical 
Company, USA and Glycine of purity grade (�99%) 
procured from Sd Fine was used without further 
purification. However, the amino acid was dried in a 
vacuum oven before used. 
All the solutions were prepared on weigh basis. The 
materials were weighed on digital balance ATX 224, 
Shimadzu, Japan with an accuracy of ± 0.01 mg. The 
solutions were prepared in 10 ml standard volumetric 
flask. All the flasks were cleaned with freshly 
prepared chromic acid followed by washing with 
distilled water and then dried overnight in oven.  
 
Standard Partial Molar Volumes of Transfer 
(∆∆∆∆tr,V

o)   
Another important parameter usually used in the 
analysis of data is the standard partial molar volumes 
of transfer (∆tr,V

o) which is defined as the difference 
between standard partial molar volume in solution to 
that in pure water. ∆tr,V

o have been calculated by 
using following equations and are summarized in 
 
∆tr,V

o(water→ aqueouschitosan)= V2
o(in 

chitosan- amino acid in water)    
 
Table 7:- Standard partial Molar volumes of transfer (∆∆∆∆tr,V2

o)of 
Glycine from water to Chitosan at various temperatures, T = 

(293.15, 298.15, 303.15, 308.15, 310.15, 313.15, 318.15) K. 

 
Temperature 

(K) 
0.01
mM 

0.02m
M 

0.03m
M 

0.04m
M 

293.15 0.08 -0.07 -0.12 -0.34 
298.15 0.04 -0.14 -0.19 -0.27 
303.15 0.15 -0.06 -0.19 -0.19 
308.15 0.22 -0.02 -0.22 -0.22 
310.15 0.22 -0.07 -0.18 -0.20 
313.15 0.05 -0.01 -0.18 -0.16 
318.15 0.19 -0.05 -0.20 -0.20 

 
∆tr,V

o values for Glycine are positive at 0.01mM 
chitosan at all the temperatures studied i.e. from 
293.15 K to 318.15 K whereas the ∆tr,V

o values for 
Glycine are negative and almost decreases with 
increase in concentration of chitosan as well as with 
increase in temperature. If the ∆tr,V

o is positive value, 
it indicates that the hydration number of amino acid is 

reduced by addition of co-solutes1. Therefore the high 
value of transfer means that the Glycine may be more 
dehydrated in solutions whereas negative transfer 
values shows that Glycine may be strongly hydrated. 
Further the co-sphere overlap model can be used to 
rationalize the transfer values in terms of   solute-
cosolute interactions. The volume change during 
transfer is a good indicator of the released water 
molecules due to different types of overlap among 
hydration spheres2. According to this model, when 
two solute particles come sufficiently close together 
so that there co-sphere overlap, some co-sphere 
material is displaced and this is accompanied by the 
change in thermodynamic parameters3. In ternary 
systems (Glycine + Chitosan + water) the overlap of 
co-solute ions and amino acid comes into play 
because of interactions between (1) the charged ends 
(NH3

+, COO- ) of amino acids and ions of co-solute, 
called as ion-charged/hydrophilic group or ion-ion 
interactions (2) the hydrophobic parts of amino acids 
and co-solute ions or charged ends/hydrophilic parts 
of amino acids and the hydrophobic parts of co-
solutes called ion-hydrophobic group interactions (3) 
the hydrophobic parts of amino acids and 
hydrophobic parts of ions of co-solutes called 
hydrophobic-hydrophobic group interactions. 

 
6: Ion-hydration co-sphere overlap adopted from Krishnan et 

al. 20094. 
 

According to this model, the overlap of co-sphere of 
two ions or polar groups or ion with that of 
hydrophilic group always results in positive transfer 
values, whereas the overlap of co-sphere of an ion 
with that of hydrophobic group results in negative 
transfer values. The presently observed positive 
values at low concentration of chitosan results from 
ion-ion and ion hydrophilic group interactions, 
whereas with the increase in concentration of 
chitosan, the negative transfer values shows the 
dominance of ion-hydrophobic group interactions. 
The decrease in magnitude of volume transfer values 
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with increase in temperature can be attributed due to 
the increased thermal agitation and weakening of 
various interactions involving ions resulting in the 
relaxation to bulk more of the electrostriction water 
molecules for the mutually interacting regions. The 
smaller and negative values of transfer show that ions 
are strongly hydrated. Further the positive values 
indicate that the hydration number of amino acid is 
reduced by the addition of co-solute. The volume 
change during transfer is a good indicator of released 
water molecule due to different types of overlap 
among hydration sphere. 

Hydration Number (Nh) 
The hydration numbers (Nh) reveals the degree of 
hydration of solute in water and were calculated by 
using. The standard partial molar volume can be 
divided into parts5: 
φv

o = φv int + φv elect                                                                     (4) 
Where φv int is the intrinsic molar volume of solute and 
φv elect is the electrostriction partial molar volume due 
to the hydration of the solute. 
Millero6 et al. reported a relation between the 
electrosctriction volume and the hydration number as: 
φv elect = Nh . (φv e - φv b)                                    (5) 
where φv e is the molar volume of electrostricted water 
and φv b the molar volume of bulk water. If one mol of 
water molecules moves from the bulk to solvation 
sphere,  the volume change is (φv e - φv b). The 
literature values have been taken for two temperatures 
i.e. -(3.3 cm3.mol-1) at     T = 298.15 K and -(4.0 
cm3.mol-1) at T = 308.15 K6,7,8,.     
 
Table 8:- The hydration number (Nh) of Glycine in aqueous 
chitosan solutions for the various temperatures at T = (298.15 
and 308.15) K 
 

Temperature (K) 298.15 308.15 

5% Aqueous 
Acetic Acid 

3.349 2.765 

0.01mM 3.427 2.710 
0.02mM 3.482 2.770 
0.03mM 3.497 2.820 
0.04mM 3.521 2.820 

 
The Nh values increases with increase in concentration 
of chitosan whereas it decreases with increase of 
temperature. The increase in Nh with increase of 
concentration for solution of chitosan shows that the 
number of water molecules hydrating amino acids 
increases which further weakens the predominance of 
ion-hydrophilic interactions in the studied system i.e. 
due to interactions of charged end groups and ions 
water is relaxed in the bulk state and increase in 
temperature reduces the electrostriction and hence 
increases partial molar volumes. The reduction in the 
electrostriction with increase in temperature is 

confirmed by the decreased Nh values with 
temperature. 
 
3. CONCLUSION 

It is interesting to investigate interactions of amino 
acids and chitosan because of its biological 
importance which further may also lead to substantial 
changes in protein conformation. These interactions 
explain the behavior of solute-solvent interactions i.e. 
attractive or repulsive interactions may occur. Thus 
thermodynamic properties of amino acids are strongly 
affected by the presence of solutes. Because of direct 
solute-solute and solute-solvent interactions, the 
solutes can change many properties of amino acids 
such as their hydration, solubility and activity. In 
present work standard partial molar volumes of 
transfer (∆tr,V

o), hydration numbers (Nh) for Glycine 
in aqueous solution of chitosan were calculated by 
density measurements at temperature ,T = (293.15, 
298.15, 303.15, 308.15, 310.15, 313.15, 318.15) K. 
The presently observed positive values at low 
concentration of chitosan results from ion-ion and ion 
hydrophilic group interactions, whereas the increase 
in concentration of chitosan, the negative transfer 
values shows the dominance of ion-hydrophobic 
group interactions. The decrease in magnitude of 
volume transfer values with increase in temperature 
can be attributed due to the increased thermal 
agitation and weakening of various interactions 
involving ions resulting in the relaxation to bulk more 
of the electrostriction water molecules for the 
mutually interacting regions. The smaller and 
negative values of transfer show that ions are strongly 
hydrated. Further the positive values indicate that the 
hydration number of amino acid is reduced by the 
addition of co-solute. The increase in Nh with increase 
of concentration for solution of chitosan shows that 
the number of water molecules hydrating amino acids 
increases which further weakens the predominance of 
ion-hydrophilic interactions in the studied system i.e. 
due to interactions of charged end groups and ions, 
water is relaxed in the bulk state and increase in 
temperature reduces the electrostriction and hence 
increases partial molar volumes. The hydration 
numbers of Glycine studied decreases with 
temperature and this causes a de-hydration effect on 
the Glycine. The satisfactory experimental results 
obtained in this work can contribute for understanding 
of these complex systems and also to those containing 
proteins, peptides which will provide new insight for 
applications in the industry. 
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