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a b s t r a c t

A viscometric study was carried out at 25 ◦C to assess the physical–chemical behavior in solution and
the mean viscometric molar mass (M̄v) of chitosan solutions with different deacetylation degrees, in two
solvent mixtures: medium 1—acetic acid 0.3 mol/L and sodium acetate 0.2 mol/L; and medium 2—acetic
acid 0.1 mol/L and sodium chloride 0.2 mol/L. Different equations were employed, by graphical extrapola-
tion, to calculate the intrinsic viscosities [�] and the viscometric constants, to reveal the solvent’s quality:
Huggins (H), Kraemer (K) and Schulz–Blaschke (SB). For single-point determination, the equations used
were SB, Solomon–Ciuta (SC) and Deb–Chanterjee (DC), resulting in a faster form of analysis. The values
of −M̄v were calculated by applying the equation of Mark–Houwink–Sakurada. The SB and SC equations
were most suitable for single-point determination of [�] and −M̄v and the Schulz–Blachke constant (kSB),
equal to 0.28, already utilized for various systems, can also be employed to analyze chitosan solutions
under the conditions studied.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Chitosan is a linear polysaccharide obtained by alkaline deacety-
lation of chitin. Chitin is a linear homopolymer composed
poly-[ → 4)-N-acetyl-�-D-glucosamine-(1→] (Rinaudo, 2006). Chi-
tosan is a cationic linear polysaccharide composed essentially of
(1 → 4)-linked �-D-glucosamine units together with some propor-
tion of N-acetyl-�-D-glucosamine units (Peniche, Arguelles-Monal,
Peniche, & Acosta, 2003), i.e. chitosan is derived from chitin by (par-
tial) deacetylation. The two biopolymers are distinguished from
each other mainly by their solubility in acidic aqueous solutions. An
important parameter of the molecular structure of these materials
is the deacetylation degree, or the percentage of glucosamine units
in the chitosan molecule. The copolymer is generally accepted as
being chitosan when the deacetylation degree is greater than 50%
(Rinaudo, 2006).

The efficacy of chitosan depends on its molar mass and polydis-
persion. If the molar mass is known and there is good understanding
of the conformation of the polymer in the solvent medium, the
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rheological and mechanical properties can be estimated (Kassai,
2007).

In infinitely diluted solutions, the polymer–solvent interactions
can provide information on the hydrodynamic volume of the chain
in the solvent and the dimensions of the macromolecule. Capil-
lary viscometry is an easily executed but laborious experimental
method that supplies this information. Hence, there is strong inter-
est in developing experimental and mathematical methods that
can simultaneously reduce the time of experimental determination
of these parameters and provide results with small error margin
(Delpech, Coutinho, Souza, & Cruz, 2007; Delpech & Oliveira, 2005;
Delpech, Coutinho, & Habibe, 2002a; Delpech, Coutinho, & Garcia,
2002b; Mello, Delpech, Fernanda, & Albino, 2006, 2005; Silva, Mello,
Delpech, & Costa, 2013).

The intrinsic viscosity [�] is considered a measure of the vol-
ume of a single polymer molecule in an ideal condition. Therefore,
the mean viscometric molar mass (−M̄v) is determined from the
intrinsic viscosity [�], which in turn can be obtained by graphical
extrapolation, in an infinite dilution model, by applying various
mathematical equations, like those developed by Huggins (H),
Kraemer (K) and Schulz–Blaschke (SB) (Eqs. (1)–(3), respectively).
(Huggins, 1942; Kraemer, 1938; Schulz & Blaschke, 1941).

�sp

c
= [�]h + kh[�]2

hc (1)
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ln�r

c
= [�]k − kk[�]2

kc (2)

�sp

c
= [�]sb + ksb[�]sb�sp (3)

where �r = relative viscosity or viscosity ratio (�r = t/to, being
to the efflux time of the solvent and t the efflux time of the
solution in a given concentration), �r − 1 = �sp (�sp = specific
viscosity), �sp/c = �red = reduced viscosity or viscosity number,
c = concentration, [�]h = limc → 0 �sp/c = intrinsic viscosity or limiting
viscosity number of Huggins, [�]k = limc → 0 ln�r/c = intrinsic viscos-
ity or limiting viscosity number of Kraemer, [�]SB = lim�sp → 0
�sp/c = intrinsic viscosity or limiting viscosity number of
Schulz–Blaschke, and kh, kk and kSB = coefficients of Huggins,
Kraemer and Shulz–Blaschke, respectively.

Experimental results show that kh < 0.50 and kk < 0 indicate good
solvents, while kh > 0.50 and kk > 0 indicate poor solvents (Delpech
et al., 2007, 2002a, 2002b; Delpech & Oliveira, 2005; Mello et al.,
2006, 2005; Silva et al., 2013).

Combining Eqs. (1) and (2) and starting from the premise
that kh + kk = 0.5, Solomon and Ciutǎ (1962) obtained Eq. (4) to
determine the intrinsic viscosity by a single point, using a single
concentration value.

[�]sc =
[
2
(

�sp − ln �r

)]1/2

c
(4)

Eq. (5) was proposed by Deb and Chanterjee (1968) as an expres-
sion of intrinsic viscosity, also determined from a single point.

[�]dc =
((

3ln�r + 3
)

/
(

2�2
sp − 3�sp

))1/3

c
(5)

Eqs. (4) and (5) are therefore independent of constants, unlike
Eqs. (1)–(3), allowing direct calculation without the need for vari-
ous concentration values for extrapolation. Eq. (3) (Shulz–Blaschke)
also is widely used for single-point determination, using the
fixed value of 0.28 for kSB, which according to the literature is
adequate for many polymer–solvent–temperature systems (Abdel-
Azim, Atta, Farahat, & Boutros, 1998; Delpech et al., 2007, 2002a,
2002b; Delpech & Oliveira, 2005; Khan, Gupta, & Bhargava, 1983;
Mello et al., 2005, 2006; Schoff, 1999; Silva et al., 2013).

Using a single concentration value substantially reduces the
time necessary to conduct the experiment, making the applica-
tion of these equations very attractive both among researchers
and industrial technicians, for quality control. However, for the
results of intrinsic viscosity measurements using equations with
a single point to be validated, the polymer–solvent–temperature
system first needs to be studied by graphical extrapolation. The
single-point equations are then employed, choosing the lowest
concentration value, i.e., the one nearest zero concentration. An
error analysis based on the percentage difference between the
values obtained by graphical extrapolation and by single-point
determination is then carried out to choose the best equation. The
equation of Huggins is generally employed as the base for the cal-
culations (Delpech et al., 2007, 2002a, 2002b; Delpech & Oliveira,
2005; Mello et al., 2006, 2005; Silva et al., 2013).

The intrinsic viscosity of a polymer in a given solvent increases
with the polymer’s molar mass. This relation is the base for the
viscometric method to assess the molar mass of a polymer from
the equation of Mark–Houwink–Sakurada (MHS):

[�] = K
(

M̄v
)a

(6)

Here −M̄v is the mean viscometric molar mass while K and a
are the viscometric constants, which vary in function of the nature
of the solvent, temperature and chemical structure of the poly-
mer (Matusinovií, Rogošić, & Mencer, 2005; Moreira, Silva, Wang, &

Balogh, 2004; Robinson, Holladay, Hash, &Puettl, 1982; Simionescu,
Loan, & Simionescu, 1987).

Various parameters affect the intrinsic viscosity of chitosan,
such as concentration, molar mass, solvent, temperature, shear
rate, chemical structure of the polymer and deacetylation degree
of the chitosan. In the case of polyelectrolytes, as is the case of chi-
tosan in acidic media, the degree of dissociation of the ionic groups
also is an important factor that must be considered. For chitosan
in solution and polyelectrolytes in general, the presence of ionic
groups in their structures leads to expansion of the polymer chains
due to the electrostatic repulsions, causing in increase in viscosity.
However, the addition of a salt to the aqueous solution of polyelec-
trolytes triggers a reduction of the electrostatic repulsion, leading
to a conformation that is neither excessively extended nor exces-
sively entangled, diminishing the viscosity (Cho, Heuzey, Bégin, &
Carreau, 2006; Desbrières, Martinez, & Rinaudo, 1996).

The literature describes the use of different dilution media and
the importance of determining the molar mass to estimate the
rheological and mechanical properties of chitosan. Kassai (2007)
calculated the viscometric constants K and a of the MHS equation
for chitosan samples in different solvents and at varied temper-
atures, while Canella and Garcia (2001), Chen, Liu, Chen, and
Chen (2008) and Yomota, Miyazaki, and Okada (1993) determined
the intrinsic viscosity of chitosan by extrapolation of data on
viscosity at infinite dilution, according to the equation of Hug-
gins and the mean viscometric molar mass (−M̄v), through the
Mark–Houwink–Sakurada equation.

Physical–chemical studies of the solvent quality and determi-
nation of the best equation to calculate the intrinsic viscosity and
molar mass from a single point have been described for various
polymer–solvent–temperature systems (Delpech et al., 2007,
2002a; 2002b; Delpech & Oliveira, 2005; Mello et al., 2006, 2005;
Silva et al., 2013). To the best of our knowledge, there are no
reports in the literature of this type of study of polymers based
on chitosan. Therefore, the aim of this work was to investigate
the viscosimetry, at 25 ◦C, of chitosan samples with different
acetylation degrees to verify the quality of the solvent medium and
to ascertain the best equation to calculate the both the intrinsic
viscosity and mean viscometric molar mass from a single point. We
used two aqueous media as solvents. These aqueous media were
selected because they are most commonly found in the literature.
Medium 1 was composed of a mixture of acetic acid 0.3 mol/L and
sodium acetate 0.2 mol/L while medium 2 consisted of acetic acid
0.1 mol/L and sodium chloride 0.2 mol/L (Canela & Garcia, 2001).

2. Experimental

2.1. Purification of the chitosan

Approximately 1 g of commercial chitosan sample (acquired
either from Polymar, deacetylation degree 85%—sample C1, or from
Aldrich, deacetylation degree 93%—sample C2) was dispersed in
300 mL of an aqueous solution of acetic acid (Vetec Química Fina
Ltda.) at 0.5 mol/L and the system was kept under stirring for 24 h.
The resulting solution was filtered through Whatman no. 40 fil-
ter paper (8 �m) and then through a cellulose acetate membrane
with 0.45 �m pores (Millipore), under low pressure. An aqueous
solution of 10% sodium hydroxide (Vetec Química Fina Ltda.) was
then added to the filtered solution until precipitation of the chi-
tosan. The precipitated polymer was separated by centrifugation
and was washed repeatedly with distilled water until neutral pH.
Then it was washed with mixtures of water and ethanol (Vetec
Química Fina Ltda.) in proportions of 3:1, 1:1, 1:3 and also in abso-
lute ethanol (Vetec Química Fina Ltda.). The product obtained was
dried in an oven at 60 ◦C for 48 h (Canela & Garcia, 2001).
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Fig. 1. Log �sp versus log c[�] for chitosan C1 in (a) CH3COOH 0.1 mol/L/NaCl 0.2 mol/L and (b) CH3COOH 0.3 mol/L/CH3COONa 0.2 mol/L. Log �sp versus log c[�] for chitosan
C2 in (c) CH3COOH 0.1 mol/L/NaCl 0.2 mol/L and (d) CH3COOH 0.3 mol/L/CH3COONa 0.2 mol/L.

2.2. Determination of viscosity and molar mass

To determine the intrinsic viscosity, [�], the chitosan samples,
identified as C1 and C2, were dissolved in an aqueous medium
(medium 1) of acetic acid and sodium acetate (Vetec Química
Fina Ltda.) (CH3COOH 0.3 mol/L/CH3COONa 0.2 mol/L) or another
aqueous solution (medium 2) of acetic acid and sodium chloride
(Merck S.A.) (CH3COOH 0.1 mol/L/NaCl 0.2 mol/L), to obtain a chi-
tosan concentration of 0.003 g/mL. While preparing the solution,
the polymer was kept under stirring for approximately 18 hours
to assure complete solubilization of the macromolecules in the
medium employed. The solvents were then filtered through a cellu-
lose acetate membrane with pore size of 0.45 �m and the chitosan
solution was filtered through Whatman no. 40 filter paper (8 �m)
and then a cellulose acetate membrane with the same pore size.

The viscometric parameters were measured at 25 ± 0.05 ◦C
using a Ubbelohde C529 capillary viscometer with capillary diam-
eter of 0.63 mm, in a ThermoHaake DC30 temperature controlled
bath apparatus. The experimental determination of the intrinsic
viscosity, by extrapolation, was performed by timing the flow of
the solvents (to), and the flow of the initial stock solution and of
five dilutions from it. The flow time values, employed to determine
intrinsic viscosities values employing Eqs. (1)–(3), corresponded
to the average of at least five time measurements with variation
lower than 0.09%. In the single-point determinations (Eqs. (3)–(5)),
the solution with lowest concentration was chosen (Delpech et al.,
2002a, 2002b).

3. Results and discussion

Fig. 1 presents the ratio between log �sp and log c[�] obtained
for chitosan samples C1 and C2, respectively, in the two media
studied, at 25 ◦C, applying the intrinsic viscosity value provided
by Huggins’ equation. The parameter c[�] (dimension with the

lowest coil overlap parameter, where c is the concentration) can be
defined as the total volume occupied by novel polymers, i.e., c[�]
is the fraction, by volume, of the polymer present in the solution.
This parameter is independent of the polymer’s type and molar
mass. We observed a linear relation for all the samples analyzed,
indicating that all determinations were obtained in a Newtonian
regime, a range in which the viscosimetry data are valid (Mello
et al., 2006, 2005; Silva et al., 2013).

Table 1 reports the intrinsic viscosity values related to all the
equations and Table 2 shows the viscometric constants obtained
for the two chitosan samples (C1 and C2).

The values of kh for chitosan C1 in both media fit in the range
of good solvents. In counterpart, the values of kh for chitosan
C2 indicate stronger polymer–polymer interaction and weaker
polymer–solvent interaction. Unlike flexible polymers, polysac-
charides have more rigid structures, so the values of kh are normally
higher (Wang & Xu, 1994). This difference in the Huggins’ constant
values can be explained by the structural differences between the
chitosan samples (C1 and C2). Chitosan C2 has a deacetylation
degree (DD) of 93% while the degreed of chitosan C1 is 85%.
Chitosan is a cationic electrolyte, and in an acidic solution the
charge density along the main chain increases with rising DD,
resulting in a more expanded conformation of the chain with a
smaller number of entanglements, making it stiffer. The movement
of the individual chains is restricted with the increase in the num-
ber of entanglements. As the polymer’s concentration increases,
the disentangled chains cannot form new entanglements due to
their lack of mobility. The reduction of viscosity in the presence
of NaCl can be explained by the fact that sodium acetate already
greatly diminishes the electrostatic repulsion (Brant, 2008).

The values found for the constant kk were negative for the
two chitosan samples, indicating there was good solubilization
of the polymer chains. However, the values of kh + kk for chi-
tosan C2 tended to be higher than 0.5 for the two media studied,
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Table 1
Intrinsic viscosity values for chitosan samples C1 and C2 in the systems CH3COOH 0.3 mol/L/CH3COONa 0.2 mol/L (medium 1) and CH3COOH 0.1 mol/L/NaCl 0.2 mol/L (medium
2).

Medium �d (mol/L) Intrinsic viscosity [�] (mL/g)

Ha Ka SBa SBb SCc DCc

Chitosan C1
1 0.2 44.97 44.69 46.23 45.26 44.85 46.44
2 0.2 20.53 21.16 21.58 21.99 21.80 22.46

Chitosan C2
1 0.2 101.29 131.31 157.56 140.31 146.37 161.71
2 0.2 34.84 40.34 46.62 42.89 43.76 47.46

a H = Huggins; K = Kraemer; M = Martin; SB = Schulz–Blascke-calculated by graphical extrapolation.
b SB = Schulz–Blascke (kSB = 0.28)-calculated by single-point determination.
c SC = Solomon–Ciuta; DC = Deb–Chanterjee-calculated by single-point determination.
d � = Ionic force (Kassai, 2007).

Table 2
Viscometric constants calculated for chitosan samples C1 and C2 in the systems
CH3COOH 0.3 mol/L/CH3COONa 0.2 mol/L (medium 1) and CH3COOH 0.1 mol/L/NaCl
0.2 mol/L (medium 2).

Medium Viscometric constants

kh kk ksb kh + kk

Chitosan C1
1 0.33 −0.15 0.23 0.48
2 0.59 −0.07 0.35 0.65

Chitosan C2
1 1.21 −0.08 0.19 1.28
2 1.19 −0.09 0.21 1.28

kh—Huggins’ constant; kk—Kraemer’s constant; kSB—Shulz–Blaschke constant.

providing evidence of poor solubilization and that the media used
did not have sufficiently high polarity to overcome the effects of
interaction among the chains of this polymer.

For single-point determination we used the equations of
Solomon–Ciuta (SC) and Deb–Chanterjee (DC) (Eqs. (4) and (5),
respectively). We also performed a test using Eq. (3), from
Shulz–Blasche (SB), in this case attributing the value of 0.28 to
the respective constant (kSB) (Abdel-Azim et al., 1998; Delpech
& Oliveira, 2005; Delpech et al., 2002a, 2002b; Khan et al., 1983;
Schoff, 1999).

The SC and DC equations have been used based on the premise
that kh + kk = 0.5 (Abdel-Azim et al., 1998). However, as shown in
Table 2, in this work kh + kk varied from 0.2 to 1.28. Nevertheless,
the values found for [�]SC were near those obtained by graphical
extrapolation ([�]h, [�]k and [�]SB) (Table 1).

Table 3 presents the percentage differences (�%) calculated
for the intrinsic viscosity values obtained from the equations of
Kraemer, Schulz–Blascke, Solomon–Ciuta and Deb–Chanterjee,
when compared with those produced by the equation of Hug-
gins, i.e., how much these former values deviated from the base
value, chosen from Huggins’ equation, most often used for these

Table 3
Percentage differences (�%) obtained for the intrinsic viscosity values calculated
by graphical extrapolation: equations of Kraemer (K) and Schulz–Blaschke (SB);
and by single-point determination with the equations of Schulz–Blaschke (SB),
Solomon–Ciuta (SC) and Deb–Chanterjee (DC), employing as reference the intrinsic
viscosity of Huggins [�]h .

Medium Graphical extrapolation Single-point determination

K SB SB SC DC

Chitosan C1
1 −0.62 2.80 0.64 −0.27 3.27
2 3.07 5.11 7.11 6.19 9.40

Chitosan C2
1 29.23 55.55 38.52 44.51 59.65
2 15.79 33.81 23.11 25.60 36.22

calculations (Abdel-Azim et al., 1998; Delpech et al., 2007, 2002a,
2002b; Delpech & Oliveira, 2005; Mello et al., 2006, 2005; Khan
et al., 1983; Schoff, 1999).

�% =
[

100

(
[�]
[�]h

)]
− 100

For the values obtained in medium 1 (CH3COOH
0.3 mol/L/CH3COONa 0.2 mol/L) and medium 2 (CH3COOH
0.1 mol/L/NaCl 0.2 mol/L), comparison of the intrinsic viscos-
ity values obtained from the equations of Schulz–Blascke (SB) and
Solomon–Ciuta (SC), employed in the single-point determination
method, showed a tendency to lower percentage differences in
relation to the values obtained from the Schulz–Blascke (SB)
equation by graphical extrapolation, although the employment of
the SB equation is connected to the value of a constant (kSB = 0.28).
It can be seen in Table 3 that the SB equation in general produced
the smallest deviations from the values obtained by extrapolation
with Huggins’ equation, producing a better result and making its
application more advisable for the systems studied, in both solvent
systems, a finding that also validates the use of the constant 0.28.

It is also important to observe that the sum kh + kk = 0.5 did not
occur for either of the samples analyzed (Table 3), principally for
chitosan C2. Nevertheless, both [�]SC and [�]DC presented values
near [�]h, [�]k and [�]SB, which were obtained by graphical extrap-
olation, with the lowest percentage differences being for sample C1.
Therefore, the application of the SC and DC equations for this chi-
tosan in the two solvents systems analyzed is not restricted to this

Table 4
Values of K and ˛ found in the literature for the solvent systems CH3COOH
0.3 mol/L/CH3COONa0.2 mol/L (medium 1) and CH3COOH 0.1 mol/L/NaCl 0.2 mol/L
(medium 2) (Canella & Garcia, 2001; Campana-Filho et al., 2007; Kassai, 2007; Moura
et al., 2011; Mutalik et al., 2006; Qun & Ajun, 2006; Santos et al., 2003).

Solvent K (mL/g) ˛

Medium 1 0.93 0.76
Medium 2 1.81 × 10−3 0.74

Temperature: 25 ◦C.

Table 5
Mean viscometric molar mass for chitosan samples C1 and C2 in CH3COOH
0.3 mol/L/CH3COONa 0.2 mol/L (medium 1) and CH3COOH 0.1 mol/L/NaCl 0.2 mol/L
(medium 2).

Medium � (mol/L) pH Molar mass (g/mol)

Chitosan C1
1 0.2 4.7 1.6 × 102

2 0.2 2.9 3.0 × 105

Chitosan C2
1 0.2 4.7 4.8 × 102

2 0.2 2.9 6.1 × 105
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Table 6
Intrinsic viscosity of Huggins [�]h and molar mass (expressed in g/mol) of chitosan obtained by viscometry.

Medium [�h] (mL/g) Mean viscometric molar mass (g/mol)

M̄vh
M̄vk

M̄vSB M̄vSB M̄vSC M̄vDC

Chitosan C1
1 44.97 1.6 × 102 1.6 × 102 1.7 × 102 1.7 × 102 1.6 × 102 1.6 × 102

2 20.53 3.0 × 105 3.1 × 105 3.2 × 105 3.3 × 105 3.2 × 105 3.4 × 105

Chitosan C2
1 101.29 4.8 × 102 6.7 × 102 8.9 × 102 7.4 × 102 7.8 × 102 8.9 × 102

2 34.84 6.1 × 105 7.5 × 105 9.3 × 105 8.2 × 105 8.3 × 105 9.3 × 105

sum. However, all the percentage differences for chitosan C2 were
very high, suggesting that the viscosity and flow properties of the
solutions differ with the deacetylation degree (DD) of chitosan. The
deacetylation degree of chitosan is an important molecular struc-
ture parameter, because the viscometric constants in the equations
can change when the DD changes. The viscosity of chitosan C2, with
DD of 93%, is higher than that of chitosan C1, with DD of 85%.

The mean viscometric molar mass of chitosan samples C1 and
C2 in media 1 and 2 were calculated from the Mark–Houwink–
Sakurada equation (Eq. (6)). The values of the constants K and ˛
found in the literature for the solvents used here, at 25 ◦C, are pre-
sented in Table 4 (Campana-Filho et al., 2007; Canella & Garcia,
2001; Kassai, 2007; Moura, Moura, Soares, & Pinto, 2011; Mutalik
et al., 2006; Qun & Ajun, 2006; Rinaudo & Domard, 1989; Rinaudo,
Milas, & Dung, 1993; Santos, Soares, Dockal, Campana Filho, &
Cavalheiro, 2003).

The mean viscometric molar mass values determined for chi-
tosan samples C1 and C2 in media 1 and 2 are reported in Table 5.

The results found suggest that the two solvent systems have
different solubilization power. The mean molar masses are higher
for the solvent system CH3COOH 0.1 mol/L/NaCl 0.2 mol/L (medium
2), suggesting stronger polymer–polymer interaction and weaker
polymer–solvent interaction in CH3COOH 0.3 mol/L/CH3COONa
0.2 mol/L (medium 1). The higher molar mass values in medium
2 suggest that the secondary forces between chitosan samples C1
and C2 and the molecules of this medium are strong. In other
words, it is a better solvent. This can be explained by the vari-
ation of pH, because the ionic forces of the two solvents are
equal. Comparison of the viscosity in function of pH (pH of 2.9
for CH3COOH 0.1 mol/L/NaCl 0.2 mol/L and pH of 4.7 for CH3COOH
0.3 mol/L/CH3COONa 0.2 mol/L) shows that in increase in pH of the
medium reduces the polymer’s molar mass. Chitosan contains a pri-
mary amino group and two free hydroxyl groups for each C6 unit.
Due to the easy availability of free amino groups in chitosan, this
polymer is positively charged at acidic pH values. At low pH, these
amino groups are protonated and become positively charged, mak-
ing chitosan a water-soluble cationic polyelectrolyte. The increase
in pH diminishes the cationic characteristic, leaving chitosan less
protonated and consequently with smaller hydrodynamic volume.
When the pH increases above 6, chitosan’s amino groups are depro-
tonated and the polymer loses its charge, becoming insoluble. The
soluble-insoluble transition occurs at pH values near the its pKa
value, around 6 or 6.5 (Dash, Chiellini, Ottenbrite, & Chiellini, 2011).
The number of positive charges ( NH3

+) in chitosan will be higher
in a medium with lower pH, because the chains are more extended,
increasing the hydrodynamic volume and hence the molar mass.

Table 6 presents a comparison between the molecular weight
values for chitosan obtained by viscometry using the intrin-
sic viscosity values obtained from the equations of Huggins
(H), Kraemer (K) and Schulz–Blaschke (SB) and by single-point
determination employing the equations of Schulz–Blaschke (SB),
Solomon–Ciuta (SC) and Deb–Chanterjee (DC). The mean molar
masses are higher when using medium 2 (CH3COOH 0.1 mol/L/NaCl
0.2 mol/L), suggesting stronger polymer–polymer interaction and

Table 7
Percentage differences (�%) obtained for viscometric molar mass values calculated
by graphical extrapolation: equations of Kraemer (K) and Schulz–Blaschke (SB); and
by single-point determination: equations of Schulz–Blaschke (SB), Solomon–Ciuta
(SC) and Deb–Chanterjee (DC), employing as reference the intrinsic viscosity of
Huggins (M̄vh

).

Medium Graphical extrapolation Single-point determination

K SB SB SC DC

Chitosan C1
1 4.06 6.8 9.5 8.2 12.6
2 0.84 3.80 0.87 0.36 4.44

Chitosan C2
1 21.3 46.7 31.5 35.0 50.2
2 42.0 82.0 55.3 64.5 88.2

weaker polymer–solvent interaction in medium 1 (CH3COOH
0.3 mol/L/CH3COONa 0.2 mol/L).

The percentage differences (�%)obtained for the viscometric-
molecular weights are presented in Table 7. These values were
calculated with M̄v determined by using Huggins’ equation as refer-
ence. A decreasing trend of the �% values can be noted for chitosan
C1, for which the viscometric molar mass is lower. Among the
molar mass values obtained from a single point, the three equations
applied (SB, SC and DC) presented results are not very different from
those obtained by graphical extrapolation. The Schulz–Blaschke
equation (SB) by a single point again presented the lowest per-
centage differences, making that equation more suitable for rapid
determination in the systems analyzed.

4. Conclusion

The kh + kk values of medium 1 (acetic acid 0.3 mol/L and sodium
acetate 0.2 mol/L) were higher than 0.5 for the two samples studied,
providing evidence of poor solubilization of the samples and that
this solvent system does not have sufficiently high polarity to over-
come the effects of the interaction among the polymer chains. The
results suggest stronger polymer–polymer interaction and weaker
polymer–solvent interaction in medium 1. In turn, the higher molar
mass values in medium 1 (acetic acid 0.3 mol/L and sodium acetate
0.2 mol/L) suggests that the secondary forces between chitosan
samples C1 and C2 and the molecules of this medium are strong,
meaning it is a better solvent. The results indicate that the viscosity
and flow properties of the solutions differ with the deacetylation
degree (DD) of chitosan.

For media 1 and 2 (acetic acid 0.3 mol/L/sodium acetate
0.2 mol/L and acetic acid 0.1 mol/L/sodium chloride 0.2 mol/L,
respectively), comparison of the values obtained from the
equations of Schulz–Blascke (SB), Solomon–Ciuta (SC) and
Deb–Chanterjee (DC), employed in the single-point determination
method, showed a tendency for lower percentage differences of
the intrinsic viscosity values obtained by the SB equation than
those obtained by graphical extrapolation, validating the use of the
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constant 0.28 for both systems. The SC equation also presented
small percentage differences, so it is also suitable for the calculation.
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