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ABSTRACT: This work aimed at controlling the size of chitosan nanoparticles that were prepared by the ionotropic
gelation method. Quantities of chitosan and sodium tripolyphosphate (STPP) were optimized to obtain a fine size and
narrow size distribution of the nanoparticles. X-ray diffraction and selected area electron diffraction patterns indicated
the existence of both crystalline and amorphous phases of chitosan. Particle size and size distribution were determined
using transmission electron microscopy and dynamic laser scattering techniques. The size of the chitosan particles
decreased with a reduction in STPP content due to a decrease in cross-link bonding and the formation of aggregate
particles. Using this facile approach, the finest particles of chitosan were obtained in a range of 3–6 nm.
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INTRODUCTION

Chitosan is a biopolymer obtained through the
deacetylation of the chitin polysaccharide found
in the exoskeletons of crustaceans. This biopoly-
mer recognized as a cationic polymer consisting of
β-(1-4)-D-glucosamine and N-acetyl-D-glucosamine
groups [1, 2] exhibits biocompatible, biodegrad-
able, non-toxic, antimicrobial, adsorptive, and envi-
ronmentally friendly properties [3–6]. These prop-
erties have made chitosan a widely investigated and
developed material for use in a variety of fields, in-
cluding pharmaceuticals, agriculture, biomedicine,
and the chemical industry [4, 7–9].

The properties of chitosan depend on its molec-
ular weight, degree of polymerization, degree of
deacetylation, and particle size [3, 10]. In regards
to particle size, nanoscale chitosan particles exhibit
remarkable properties in its application such as high
adsorption capacity [6], increase cellular uptake
and drug release [11] and alleviate toxicological
effect [12]. Previously, chitosan nanoparticles were
synthesized using various methods, namely self-
assembly [11, 13], microemulsion [14], ultrafine
milling [12] and ionotropic gelation [2, 15, 16].
The latter has been known as a simpler technique
used for natural polymer nanoparticles preparation
compared to others that require multi-experimental
steps and use many harmful chemicals to assist

preparation processes [11, 17], or are hard to con-
trol the chitosan particle size [18–20]. In the
ionotropic gelation method, chitosan nanoparticles
are prepared through the formation of cross-linked
bonds between amino groups and the phosphate
ions (HPO–

4) from sodium tripolyphosphate (STPP).
STPP is a non-toxic compound that forms a gel that
has desirable properties [1]. This method can be
performed without the need for organic solvents
and does not require the use of high temperatures,
and so molecular damage can be avoided [5, 10].
However, the challenge that arises in nanoparticle
preparation lies in the ability to obtain small-sized
particles [17, 21] and to control their homogene-
ity [6, 10]. It is well-known that, at the nanoscale
level, particle size is among one of the main factors
that determine the properties of a material. This pa-
per reports on a successful approach for controlling
the size and size distribution of chitosan particles.
The resulting approach produced very fine particle
sizes with a narrow size distribution.

MATERIALS AND METHODS

The chitosan nanoparticles were synthesized
through an ionic gelation method using chitosan
powder supplied by BATAN (The National Nuclear
Agency of Indonesia) and STPP purchased from
PT. Merck Indonesia. The amounts of chitosan and
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STPP used for each reaction were varied to observe
the effects that different quantities had on the size
and homogeneity of the chitosan nanoparticles. For
this purpose, five different solution concentrations
of each substance were prepared. STPP solutions
were set with concentrations of 0.1, 0.25, 0.5,
0.75, and 1% w/v, while the chitosan solutions
each contained 0.2 g, 0.5 g, 1.0 g, 1.5 g and 2.0 g.
The dissolution of the chitosan was performed in
200 ml of 1.0% v/v acetic acid by stirring at a
speed of 1300 rpm at 50 °C for 2 h. The solution
was left for 24 h at room temperature. The STPP
solution was then added gradually to the chitosan
solution. This mixture was placed in a freezer
for 24 h, and afterwards, it was allowed to melt
and then centrifuged at 6000 rpm for 15 min
to separate the water contained in the chitosan
nanoparticles. Finally, the chitosan nanoparticles
were freeze-dried for 4 days to obtain chitosan
nanoparticle powder.

The prepared chitosan nanoparticles were char-
acterized by a Shimadzu Prestige-21 Fourier trans-
form infrared (FTIR) spectrometer to examine the
occurrence of crosslinks between the phosphate ions
of the STPP and the amino groups of the chitosan
and to discover other functional chitosan groups. X-
ray diffraction (XRD) analysis was performed using
an EMPYREAN PANalytical diffractometer. Parti-
cle size measurements were determined using a
Malvern Zetasizer ZSP dynamic laser scattering par-
ticle size analyser (PSA). To further confirm the
particle sizes, the samples were also analyzed by a
transmission electron microscope (TEM). This TEM
was also used to obtain a selected area electron
diffraction (SAED) pattern to further confirm the
crystalline phase of the nanoparticle chitosan.

RESULTS AND DISCUSSION

Fig. 1 shows the FTIR spectra of both the chitosan
and chitosan nanoparticles. From the spectrum
of the chitosan, the absorption band at wavenum-
ber 3412 cm−1 is associated with the stretching
of −NH2 and −OH [6, 22, 23], at 2924 cm−1 with
C−H stretching [23], and at 1745 cm−1 with the
stretching of C−−O from a carbonyl group [6]. The
identification of this carbonyl group indicates the
existence of an acetyl group, which shows that the
degree of deacetylation was less than 100%. The de-
gree of the deacetylation of the chitosan in this study
was 94.50%, indicating its purity and related prop-
erties [6]. The other absorption bands observed at
wavenumber of 1639 cm−1, 1463 cm−1, 1317 cm−1,
1159 cm−1 and 890 cm−1 are associated to a primary
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Fig. 1 (a) FTIR spectra of the raw chitosan and the
prepared chitosan nanoparticles (NPs). (b) The structure
of raw chitosan and ionic cross-linking configuration in
chitosan nanoparticles.

amide bending group −C−−O− [10, 22], CH group
bending [6], stretching of tertiary amides [6, 10],
the presence of amino NH2, and C−H [22], respec-
tively.

In the FTIR spectrum of the chitosan nanoparti-
cles, several absorption bands at 3425, 2924, 1303
and 890 cm−1 were found to be slightly shifted
as compared to the ones observed in the chitosan
powder. In addition, the band at wavenumber
1745 cm−1 disappeared due to the formation of a
cross-link between the phosphate ion from the STPP
and the amino group from the chitosan [6]. A
band at wavenumber 1115 cm−1 also shows a cross
bond between a negative phosphate group from the
STPP with a positively charged amino group from
the chitosan, which is in this case, the oxygen of
the phosphate group acting as a bridge between
the nitrogen from an amino group and the phos-
phorous from a phosphate group [2, 10, 24]. The
formation of a cross-link bond was also confirmed
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Fig. 2 XRD patterns of the raw chitosan and prepared
chitosan Nps.

by the appearance of two new absorption bands at
wavenumber of 1651 cm−1 and 1554 cm−1, which
are associated with−CONH2 and N−H, respectively.
These two bands also indicate an increase in the
inter- and intra-molecular forces in the chitosan
nanoparticles [1, 8, 22, 24]. One other peak ob-
served at wave number 1099 cm−1 is associated with
C−N stretching [22].

The XRD diffraction patterns of the chitosan and
chitosan nanoparticles are shown in Fig. 2 Diffrac-
tion peaks at 2θ of 10.18° and 20.26° were ob-
served in the chitosan powder, each of which is a
reflection of the (020) hydrated crystalline structure
and (110) crystalline structure of anhydrous α-
chitin [25]. The two diffraction peaks were also
observed in the chitosan nanoparticles diffraction
pattern. This indicates the presence of a crystalline
phase in the synthesized chitosan nanoparticles.
The SAED pattern taken using TEM (Fig. 4c) fur-
ther confirms this crystalline phase. Meanwhile,
the amorphous chitosan phase was detected with
the appearance of broad peaks at 2θ of 22°. By
comparing the XRD peaks, it can be seen clearly
that the peaks in intensity of the chitosan nanopar-
ticles are lower than that of the chitosan powder.
Besides being due to the refining of particle size,
the decrease in peak intensity also indicates the oc-
currence of the cross-linking between chitosan and
STPP, which results in modifications to the molecular
arrangement of the crystal lattices [24, 26, 27].

Furthermore, to determine the influence of the
chitosan and STPP compositions on particle size,
the size of the chitosan nanoparticle was measured
using the PSA. Fig. 3a shows the particle size dis-
tribution of the chitosan nanoparticles that was
obtained by varying the content of chitosan with
a fixed STPP concentration at 0.5% w/v. Based
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Fig. 3 Particle size distribution of the chitosan nanopar-
ticles prepared by varying (a) the mass of chitosan (0.2,
0.5, 1.0, 1.5 and 2.0 g) and (b) the content of STPP (0.10,
0.25, 0.50, 0.75 and 1.00% w/v).

on the five different chitosan amounts studied in
this work, the finest particle size was obtained with
1.0 g of chitosan. The curve shows that the pre-
pared chitosan particles were in the range of 20–
70 nm. This measurement result agrees with the
TEM micrographs shown in Fig. 4a-b. From the PSA
curve, it can also be clearly seen that there is a
narrow size distribution based on a polydispersity
index (PdI) of 0.3, indicating a homogeneous size
of the particles. PdI is a value that describes the
distribution of particle size and is calculated using
the following equation: PdI = (σ/d)2, where σ is
standard deviation and d is diameter.

Homogeneous particles are indicated by a PdI
value between 0 and 0.5, while values greater than
0.5 represent heterogeneous particle sizes [28, 29].
At the lower chitosan content levels, 0.2 and 0.5 g,
there was no significant change in particle size as
compared to that obtained from the 1.0 g composi-
tion. However, very large size particles (>2000 nm)
were observed in samples obtained with higher chi-
tosan content levels, namely 1.5 and 2.0 g. These
results indicate an increase in cross-linking forma-
tion and particle aggregation with higher chitosan
content, thus increasing particle size [30].

Fig. 3b shows the particle size distribution of
the chitosan nanoparticles prepared with different
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Fig. 4 (a,b) TEM micrographs and (c) SAED pattern of nanoparticle chitosan prepared with a method containing 1.0 g
of chitosan and 0.5% w/v of STPP.

STPP concentrations using a solution containing
1.0 g of chitosan. The distribution curves show that
the particle size became smaller with decreasing
concentrations of STPP. In this study, the smallest
particles sizes were in the range of 3–6 nm and
were obtained with the lowest concentration of
STPP, namely 0.1% w/v. At this concentration,
a very narrow size distribution is represented by
the close values of Dv10, Dv50, and Dv90 (Dv =
volume based distribution) for 3.72, 4.57 and 5.55,
respectively. The decrease in STPP concentration
has a role in reducing inter- and intramolecular
bonds, and so this may reduce the occurrence of
the formation of larger particles. Since the chitosan
nanoparticles formed through cross-linking forma-
tion between phosphate ion (HPO–

4) from STPP
structure and chitosan protonated amino group, low
concentration of STPP prevented the particles from
growing. In addition, a lower concentration of STPP
may also minimize the aggregation that contributes
to the formation of larger particles. Hence low
concentration produced finer chitosan nanoparticles
compared to those obtained from high concentra-
tion of STPP [2, 8, 30, 31]. This result shows that the
applied approach was beneficial to produce very fine
nano-sized particles (3–6 nm) compared to those
previously reported that range from 105–615 nm
prepared by ionotropic gelation method [17, 21],
and from 210 nm to micro-sized particles prepared
by other methods [19, 20, 23].

CONCLUSION

The chitosan nanoparticles were successfully syn-
thesized by varying chitosan and STPP composition
using an ionotropic gelation method. To produce
very small chitosan particles, the chitosan and STPP
compositions were varied. The results show that the
particle size and their distribution were controlled

through the adjustment of chitosan and STPP com-
positions. Through this approach, fine particles with
a very narrow size distribution range of 3–6 nm were
successfully prepared. The quantity of both chitosan
and STPP have been shown to play a very impor-
tant role in controlling particle size. The optimum
amount of chitosan to obtain small size particles was
1.0 g. Meanwhile, a lower concentration of STPP
resulted in finer chitosan particles due to a decline
in the cross-link bonding is responsible for particle
formation as well as particle aggregation.
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