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The paper presents the results of rheological study 

on chitosan chloride solutions, forming gels under the 

establish the basic parameters specifying phase trans-

ition: gelation temperature and the energy needed for 

conducting this transition. This study is significant due 

to the possibility of applying such systems as scaf-

folds for tissue engineering or drug delivery systems.  

The research was conducted for chitosans of various 

origin: crab, shrimp and of various molecular weights. 

For each chitosan, research was conducted in two 

variations of the solutions of chitosan chloride, with 

-

estimated by measurements of rheological properties, 

conducted in a cone-plate system of a rotational rheo-

meter. Moreover, the pH value of the solutions and the 

evolution of storage modulus G’ and loss modulus G’’ 

in the function of temperature increase were determi-

impact of pH on the gelation point temperature was 

observed. The conducted rheological measurements 

allowed to estimate three characteristic regions of 

the gelation process: (1) area of viscoelastic liquid, 

-

was determined.

Keywords: chitosan, hydrogel, gelation point, sol-gel 

phase transition, activation energy

Chitosan is a semi-crystalline amino-polysaccharide ob-

tained through deacetylation of chitin. Interest in this polymer 

is large, and the perspectives of use so vast that chitosan 

has been called a polymer of the 21st century [1,2]. The 

structure of chitosan is close to the structure of cellulose. 

The difference occurs in the pyranose ring, at the second 

–NH2. Due to its physicochemical properties, chitosan has 

a variety of applications in sewage treatment processes 

(chelating properties), food industry and biomedicine – in 
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The wide application of chitosan results, apart from the 

unique physicochemical properties, also from the ease of 

transforming it into useful forms such as powders, micro-

pellets, gels, sponges or membranes.

Chitosan is solved in low concentrated solutions of organ-

ic and non-organic acids in which it forms salts with solvent 

ions. In an acidic environment the H+ –NH2 

group in the pyranose ring [5,6]. Chitosan properties change 

from hydrophobic to hydrophilic and a colloidal system is 

created in which the polymer chains remain dispersed in  

a continuous medium – acid solution. Such a system shows 

a possibility for a sol-gel phase transition. Chitosan hydro-

gels may form as a result of increasing the concentration 

of the polymer (gelation induced by concentration) [7,8], 

through the change of pH of the solution or through heating it  

-

and mutual interactions among the functional groups of the 

polymer chains (in particular the –NH2 groups) are formed. 

The point of this transition (gelation point temperature) 

depends on the type of solvents and the presence of other 

causes a reduction of the phase transition temperature [9]).

One of the most frequently used chitosan solvents is the 

-

loidal system created in this manner remains in the form of 

sol at room temperature, but it undergoes a phase transition 

of forming a gel from solutions of chitosan salts in the pres-

causes the release of protons from the chitosan molecule 

(–NH + –NH2 + H+). The effect of neutralisation of the 

positively charged chitosan molecule is the disappearance 

of repulsion electrostatic forces, the polymer molecules 

change their properties from hydrophilic to hydrophobic. 

as a result of the domination of attraction forces among the 

polymer molecules.

The aim of this study was to create hydrogels sensitive 

to temperature changes from low-concentration solutions 

describe the phase transition by determining the gelation 

point and activation energy.

For the research on chitosan hydrogels three types of 

The basic physicochemical parameters as an average mo-

lecular weight (Mw) and the degree of deacetylation (DD) 
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The average molecular weight (Mw) was determined by 

 

a solvent. For each type of chitosans two solutions were 

-

dispersion, the container with the sample was covered 

(in order to prevent vaporisation) and left for 24 h at room 

-

The measurements of rheological properties of the chi-

tosans solutions were conducted in a cone-plate system 

 

The plate of the measuring system was equipped with  

accurate regulation of the desired measurement tempera-

tested sample.

-

-1 to 
-1. The measurements of viscoelastic properties of 

low concentrated chitosan solution were made in the linear 

was conducted in non-isothermal conditions. Chitosan so-

-

ing the gelation process the rheological properties of the 

of the storage modulus G’ and loss modulus G’’ curves, the 

chitozanu 
Chitosan 
samples

molecular weight
Degree of 

deacetylation
DD [%]

crab 81.8

shrimp 862
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two types of samples were very similar to each other. For 

.sn
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The changes in pH values for different temperatures of 

solutions are presented in FIG. 1. From FIG. 1 it can be 

seen that the pH value (the number of H+ ions connected 

with –NH2 

temperature, and the pH of the solution is close to neutral 

the pH values are lower. The lowest pH of the solution is 

-

 

 

–NH2 groups was probably not ionized. It suggests 

that this chitosan in the solution forms entangled and 
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The pH of solutions from chitosans with greater molecular 

weight is higher than the pH of the solvent, which indicates 

that H+ 
2 groups. The 

greater the average molecular weight, the higher the pH. 

 

The evolution of storage modulus G’ and loss modulus 

G’’ as a function of temperature increase is shown in FIG. 2  

respectively. On the graphs three characteristic regions 

can be observed. In region 1, the chitosan samples show  

a typical behaviour for a viscoelastic liquid. In this area the 

loss modulus (representing the viscous properties of the 

medium) dominates over the storage modulus (represent-

general dependency of viscosity decrease of liquid with the 

the storage modulus and the loss modulus rise rapidly.  

 

the loss modulus was also observed. The value of the 

elastic properties begin to dominate over the viscous prop-

proceeds more slowly. This results from large viscosity 

values of the medium, slowing down the diffusion of the 

molecules. The character of the forming structure changes 

The courses of the curves in FIG. 2 also indicate a dif-

the position of the gelation point, i.e. the phase transition 

temperature which is determined by the intersection of 

moduli G’ and G’’. Comparing the two types of solutions 

 

a lower gelation temperature for solutions containing 

as a buffer and neutralizes the pH of the sample (FIG. 1). 

In the initial phase of the process in both types of solutions 

the main factor responsible for the hydrophilic properties 

(and thus the stability of the solutions) is the presence of 

positively charged –NH + groups in chitosan chains. With the 

increasing temperature (input of energy) the amino groups 

of the chitosan molecules from hydrophilic to hydrophobic.  

-

lution in the form dissociated Na+ 2- ions causes 

a faster neutralisation of H+ protons and allows the hy-

drophobic forces (responsible for the attraction between 

the polysaccharide chains – gel formation) to reach an 

causes an increase in the gelation temperature of this type 

-

nomenon between the two types of solutions is revealed in 

solutions containing the buffer can be observed.
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and the time-temperature relationship allow to determine the 

activation energy for the gelation process [14-16]. For the 

(1)

where:

n – reaction speed rate

t – time [s]

Ea – process activation energy [J mol-1]

R – gas constant [J mol-1 -1]

n indicates the dimension of the growing crys-

tals r and the type of nucleation s (n = r + s

r

s 

(predetermined nucleation), or 1 for systems with a nuclea-

tion cores growing with time [17]. In the calculations param-

eter n = 2 was adopted on the basis of research presented 

was made from data of modulus G’ as a function of time t, 

-
n

of activation energy Ea

ln (
1

  
dG’

 )  + (
Ea )

G’n dt RT
ln (

1
  

dG’
 )  + (

Ea )
G’n dt RT
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samples of the same type in two versions (with and without 

structure is more energetically advantageous for solutions 

easier. However, as it was mentioned above, the gelation 

process in this region is highly restricted by diffusion due 

the most input heat energy.

-

tion. The solutions requiring the least activation energy for 

energy values Ea -

spectively. The sample which required the largest amount of 

is probably related with the entangled and rigid form of this 

chitosan and dominance of hydrophobic groups outside the 

in polymer molecules during the mechanical deformation 

methods (Fourier transform infrared spectroscopy – FTIR, 

colloidal systems of chitosan chloride, regardless of the 

 

a sol-gel transition under the effect of a temperature in-

crease.

Gelation point – the temperature of sol-gel transition 

depends on the pH value of the solution (degree of dis-

of the polymer [12].

Chitosan samples
Ea

-1] Gelation time
tgel [s]

Temperatura 

Gelation temperature
Tgel

Region 2

729 26.6

crab 661

shrimp 269

1198 448

1916 2249
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Monolithic gelation of chitosan solutions via enzymatic hydrolysis 

 

properties of chitosan solutions: Effect of concentration and ionic 

 

-

glycerophosphate concentration dependence of solution behaviour 

and gel point using small amplitude oscillatory rheometry. Food 

The processes of sol-gel phase transition of chitosans 

chloride solutions under the effect of constant heating rate 

revealed in three characteristic regions: (1) the solutions 

From the viewpoint of medical use, the systems with the 

phase transition temperatures of these systems are near 

gelation process was determined. It was stated that phase 

transition processes of chitosan chloride solutions with 

The work was conducted within Grant NCN UMO-

of phase transition of chitosan systems sensitive to a tem-

perature increase’.


