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Characterization of Thin
Chitosan/Polyacrylamide Blend Films

KATARZYNA LEWANDOWSKA∗

Nicolaus Copernicus University, Faculty of Chemistry, 7 Gagarin Street, 87-100
Torun, Poland

The structure and surface properties of blends containing chitosan (Ch) and partially
hydrolyzed polyacrylamide (HPAM) were analyzed by contact angle measurements and
atomic force microscopy (AFM). The results of contact angle and the surface free energy
revealed that HPAM films are more polar than chitosan films. In the case of Ch/HPAM
blends, the values of surface free energy and polar component are reduced significantly
compared with pure polymers. This behavior indicates rather hydrophobic character of
this surface. The roughness of the blends increases with the increase of Ch content. This
may indicates a strong interaction between the polymeric components.

Keywords chitosan; polymer blend; thin film; partially hydrolyzed polyacrylamide;
surface properties

1. Introduction

The physico –chemical properties of polymer blends are important from both scien-
tific and practical points of view [1–3]. Chitosan - poly[β-(1→4)-2-amino-2-deoxy-D-
glucopyranose] is copolymer of D-glucosamine and N-acetyl-D-glucosamine. This polysac-
charide is a modified natural polymer, non-toxic, bioactive, biodegradable, derived by
deacetylation of chitin [1–3]. This biopolymer is often combined with the synthetic, water-
soluble polymers. It is, for example, mixed with PVP [4–6], starch [7–8], PVA [9–11] etc.
The structure and properties of blends of chitosan with other polymers depend mainly on
the molecular weight, and on the blend composition [3,6,11]. HPAM is also copolymer
of acrylamide and sodium acrylate. It is a synthetic, an anionic polyelectrolyte and water-
soluble polymer [12–14]. The blends composed of chitosan with polyacrylamide (PAM)
or partially hydrolyzed polyacrylamide (HPAM) at various component ratios have been
prepared as material designed for various applications such as food and cosmetic industries
or biomedical. The aim of this study was to evaluate the physico –chemical properties of
chitosan differing in molecular weight with partially hydrolyzed polyacrylamide on the
basis of measurements of contact angles and atomic force microscopy.

∗Corresponding author, Katarzyna Lewandowska. Tel.: +48 56 611 4551, Fax: +48 56 654 24
77. E-mail: reol@chem.uni.torun.pl

[436]/186

D
ow

nl
oa

de
d 

by
 [

X
ia

n 
Ji

ao
to

ng
 U

ni
ve

rs
ity

] 
at

 1
3:

22
 1

1 
D

ec
em

be
r 

20
14

 



Characterization of Chitosan/Polyacrylamide Films [437]/187

Table 1. Values of contact angles (deg), surface free energy (γ s) and its polar (γ s
d) and

dispersive (γ s
p) components for Ch I, HPAM and their blends (wCh –weight fraction of

chitosan)

Contact angle (◦)
γ s γ s

d γ s
p

wCh G D (mJ/m2) (mJ/m2) (mJ/m2)

0.0 49.9 ± 1.6 59.3 ± 2.2 42.9 ± 0.7 18.8 ± 1.5 24.1 ± 2.2
0.2 55.5 ± 2.7 60.4 ± 1.7 37.1 ± 1.2 17.8 ± 1.5 19.0 ± 2.0
0.5 63.9 ± 0.9 57.0 ± 0.3 36.3 ± 0.1 23.8 ± 1.1 12.4 ± 1.0
0.8 65.5 ± 1.2 56.8 ± 1.9 35.0 ± 1.1 23.2 ± 0.9 11.9 ± 0.4
1.0 61.3 ± 4.6 52.7 ± 0.4 38.2 ± 1.1 24.8 ± 0.7 10.4 ± 0.2

G – glycerol, D – diiodomethane.

2. Experimental

Materials

Partially hydrolyzed polyacrylamide is a commercial polymer from Aldrich company with
the degree of hydrolysis DH = 20% and a viscosity average molecular weight of 230 000.
Chitosan samples have a degree of deacetylation of 86% with a viscosity average molecular
weight of 470 000 for Ch I and of 880 000 for Ch II. Both chitosan samples were supplied
by Aldrich. The viscosity average molecular weight of chitosan and HPAM was measured
with the Ubbelohde viscometer and calculated from the viscosity of solutions according to
the Mark–Houwink–Sakurada equation [15,16]:

[η] = KM̄a
v (1)

using K and a values equal to 0.00181 and 0.93 for Ch [17] and 0.0063 and 0.82 for partially
hydrolyzed polyacrylamide [18], respectively.

Ch/HPAM blends were prepared from mixed polymer solutions in aqueous
0.1 mol·dm−3 acetic acid. The composition of Ch/HPAM was 80/20, 50/50 and 20/80.
Polymer films were obtained by casting solution onto glass plate at room temperature. The
films were dried in the vacuum oven.

Glycerol (glycerin, propane-1,2,3-triol) and diiodomethane (POCh and Aldrich, re-
spectively, analytical grade) were used as test liquids for contact angle measurements.

Measurements of Contact Angle

The measurements of contact angles (�) by the sessile drop method were performed at the
room temperature using the DSA10 goniometer of Krüss GmbH (Germany), equipped with
software for the drop shape analysis. The droplets of probe liquid (high purity, volume of
3 μl) were deposited on studied surface by a microsyringe. The drop image was recorded by
video camera and digitalized. The drop shape was solved numerically and fitted by means
of the mathematical functions using instrument software. Each value of contact angle is an
average of 10 measurements.
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Table 2. Values of contact angles (deg), surface free energy (γ s) and its polar (γ s
d) and

dispersive (γ s
p) components for Ch II, HPAM and their blends (wCh – weight fraction of

chitosan)

Contact Angle (◦)
γ s γ s

d γ s
p

wCh G D (mJ/m2) (mJ/m2) (mJ/m2)

0.0 49.9 ± 1.6 59.3 ± 2.2 42.9 ± 0.7 18.8 ± 1.5 24.1 ± 2.2
0.2 59.7 ± 0.7 58.7 ± 0.2 37.2 ± 0.4 20.8 ± 0.2 16.5 ± 0.5
0.5 61.4 ± 0.9 55.9 ± 1.3 37.2 ± 0.7 22.9 ± 0.6 14.3 ± 0.2
0.8 63.8 ± 1.2 56.4 ± 1.9 35.9 ± 1.1 23.0 ± 0.9 12.9 ± 0.3
1.0 59.9 ± 2.9 53.3 ± 1.4 38.7 ± 1.1 24.2 ± 0.7 14.5 ± 0.6

Atomic Force Microscopy (AFM)

Topographic imaging was performed using a multimode scanning probe microscope with
a Nanoscope IIIa controller (Digital Instruments Santa Barbara, CA) operating in the
tapping mode, in air, at room temperature. Surface images, using scan widths ranging from
1 μm to 5 μm, with a scan rate of 1.97 Hz were acquired at fixed resolution (512 ×
512 data points). Commercial silicon tips with spring constant 2-10 N/m were used. The
roughness parameter such as the root mean square (Rq) was calculated from scanned area
(2 μm × 2 μm) using Nanoscope software. The AFM images and roughness calculations
were obtained for different sample places and the most typical areas are presented.

3. Results and Discussion

Tables 1 and 2 give the values of contact angles, surface free energy and its polar and
dispersive components for polyacrylamide and two different samples of chitosan and their
blends. As it can be observed, the surfaces of chitosan and Ch I/HPAM blends with wCh

≥ 0.5 (weight fraction of chitosan) were rather hydrophobic as the values of glycerol
contact angles were higher than the values of diiodomethane contact angles. Glycerol
interacts with the surface by polar forces but diiodomethane interacts with the surface by
dispersion forces [19]. The lowest value of glycerol contact angle is found for HPAM
film, which suggests that the surface is the most hydrophilic. The blend with wCh = 0.2
is the most hydrophilic surface for the Ch I/HPAM blends. Owens – Wendt method was
used to calculate the surface free energy [19,20]. The surface free energy as well as its
polar and dispersive components indicates that the HPAM film has the highest polarity
among the investigated systems because it has the highest polar component of surface
free energy. The lowest polarity is characteristic for Ch/PAM blend films with wCh ≥ 0.5.
This behaviour indicates some interactions between polymer components in the blend.
Thus, the functional groups of polymers are be hidden below the surface of the film.
Similar direction of changes is observed for the Ch II/HPAM blends shown in Table 2.
In the case of Ch II/PAM blends, the values of surface free energy and polar component
are reduced significantly compared with pure polymers, especially for the blends with
wCh ≥ 0.5.

The morphology of investigated films is presented in Figs. 1 and 2. The AFM images
show difference in surface properties films for the homopolymers and their blends. The
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Figure 1. AFM images: A. chitosan I, B. chitosan II C. HPAM.
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Figure 2. AFM images of Ch /HPAM blends: A. Ch I/HPAM blends, B. Ch II/HPAM blends.

surface morphology of pure Ch films is considerably rough, which can result from the
crystalline of the sample. A previous study [21] showed the similar morphology of chitosan
sample. In the case of HPAM sample, the film has a relatively flat and smooth surface, which
is the consequence of its amorphous state. Figure 2 shows the topography of blend films.
As it can be observed the surface morphology of blend depends on its composition. The
surface of blends is slightly more folded than the surface of chitosan film. The observed
changes in morphology are related to the interactions between polymeric compounds.
Table 3 gives the values of the roughness parameters for the investigated samples. As it
can be observed the roughness of the blends increases with the increase of Ch content. The
value of the roughness of the Ch II/HPAM blend with wCh = 0.5 is the lowest (Table 3).
This may indicate an increase in the homogeneity of this blend in comparison to other
compositions.
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Table 3. The roughness parameters (Rq) for films of Ch/HPAM blends of different
composition

Ch I/HPAM Ch II/HPAM

wCh Rq (nm) wCh Rq (nm)

0.0 1.9 0.0 1.9
0.2 1.8 0.2 3.5
0.5 5.1 0.5 1.3
0.8 4.2 0.8 2.7
1.0 1.8 1.0 1.5

4. Conclusions

1. The surfaces of Ch and Ch/HPAM blends have similar values of surface free energy.
2. The highest polarity of surface is characteristic of partially hydrolyzed polyacry-

lamide film.
3. Ch/HPAM blends have significantly less polarity of surface. The exception is the

Ch I/PAM mixture with wCh = 0.2.
4. In the case of Ch/HPAM blends, the surface free energy and its polar component

decreases with the increase of Ch content which indicates that between functional
groups of Ch and HPAM are the interactions particularly in the bulk of the blend.

5. The surface of HPAM is a relatively flat and smooth.
6. AFM images show differences in surface properties between HPAM films and films

made of blend of chitosan and HPAM. The surface roughness of blends increases
with the increase of Ch content.
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