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Abstract—The effect of different volumes of tripolyphosphate
(TPP) on the synthesis of chitosan nanoparticles (NPs) was
evaluated. The synthesis was performed using the ionic gelation
method with a 0.5% chitosan solution and 1% TPP. A particle
size analyser (PSA) was used to obtain the size of the chitosan
NPs while a Fourier Transform Infrared (FTIR)
spectrophotometer was utilized to explore the functional groups
of the NPs. The results showed that the average size of chitosan
NPs were 648.2 nm (20:4), 515.7 nm, 648.2 nm, 515.7 nm, and
340.3 nm for different volume ratios of 20:4, 20:3, and 20:2,
respectively. Less TPP volume was added, the smaller the
particle size will be produced. The chitosan NPs have several
functional groups including —OH, amines, -CH alkanes, -C=0
groups, amides, P-O groups, and P=0 groups, indicating that the
synthesis product corresponded to the chitosan-TPP compound.
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I. INTRODUCTION

Langsa city has many marine resources including fish, crab,
and shrimp. After consuming the crab and shrimp, their shells
are usually disposed as a waste. The outer shells of crab and
shrimp can be used as a source of chitosan as a natural
biopolymer [1]. In previous study, chitosan has been produced
from white shrimp shells [1]. Chitosan substance can be
converted into chitosan NPs with many advantages. Chitosan
NPs can be used as a delivery agent for drugs [2,3], proteins [4]
and antigens [5]. They also have antifungal [6] and
antimicrobial activity [7]. Besides, chitosan NPs have been
applied for the removal of metal ions and could serve as a
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promising adsorbent in wastewater treatment [8]. Therefore, it
is important to study several parameters that can affect the
characteristics of the chitosan NPs.

The NPs can be synthesized through two approaches; top-
down and bottom-up approaches [9]. The top-down approach
reduces the size of bulk materials to nanoscale by grinding or
etching while the bottom-up approach is the synthesis of
nanoparticles involving chemical reactions from small
(bio)molecules [10]. Based on previous studies, there were
several methods involving chemical reactions in the
preparation of the NPs. They are sonochemical method [11,12],
ionic gelation method [13,14] and polyelectrolyte
complexation method [14]. In this study, chitosan NPs were
prepared using ionic gelation method with various volume
ratios of chitosan/TPP to evaluate the effect of TPP solution in
the synthesis of chitosan NPs.

Il. MATERIALS AND METHODS

A. Equipments

The equipment used in this research were glassware,
centrifuge, hotplate, analytical balance, magnetic stirrer,
Fourier Transform Infrared (FTIR) spectrophotometer, and
Particle Size Analyzer (PSA).

B. Materials

Sodium tripolyphosphate (NaTPP) and acetic acid
(CH3COOH) were purchased from CV. Multi Kreasi Bersama,
Medan, Indonesia. Chitosan was used as a starting material.
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The distilled water and universal indicator pH 0-14 were used
for the entire experiments.

C. Synthesis of Chitosan NPs

The chitosan NPs were prepared using the ionic gelation
method with 0.5% chitosan and 1% TPP. 0.5% chitosan was
prepared by dissolving 5 g of chitosan in 1.0 L of 1% acetic
acid. 1% TPP was made by dissolving 2.5 g of TPP in 250 mL
distilled water. Three different volume ratios of chitosan: TPP
were made to obtain chitosan NPs. They were 400 mL: 80 mL
(volume ratio 20:4), 400 mL: 60 mL (volume ratio 20:3) and
400 mL: 40 mL (volume ratio 20:2). The synthesis of the
chitosan NPs was started by adding 80 mL 1% TPP solution
while stirring drop by drop into a beaker containing 400 mL of
0.5% chitosan solution. After it was completed, the stirring
process was maintained for 1 h at room temperature. These
steps were repeated for volume ratios of 20:3 and 20:2. Then,
the pH of each suspension was measured.

D. Characterization of Chitosan NPs

The chitosan NPs were characterized by PSA to determine
the particle size distribution. For FTIR characterization, each
suspension was re-dispersed in water and drained of the liquid.
This process was repeated several times to remove the traces of
acetic acid. Then, the suspension was centrifuged at 4000 rpm
for 10 min to separate the product and liquid. Subsequently, the
resulting solid was dried. The solid product of chitosan-TPP
was characterized using FTIR to determine their functional
groups. Chitosan and TPP as starting materials were also
characterized by FTIR.

I1l. RESULTS AND DISCUSSION

The synthesis of chitosan NPs was carried out using the
ionic gelation method with a chitosan and TPP solutions [15],
[16]. At this stage, the effect of the volume of the TPP solution
on the size of the chitosan NPs was evaluated. Chitosan NPs
were synthesized using 5% chitosan and 1% TPP. The volume
ratios of chitosan and TPP in this study were 400 mL: 80 mL
(20: 4), 400 mL: 60 mL (20:3), and 400 mL:40 mL (20:2).

The TPP solution serves as a crosslinking agent. The
addition of the TPP solution was carried out slowly drop-by-
drop into the 0.5% chitosan solution so that the crosslinking
process took place perfectly. The chitosan solution was clear
and then turned white with the addition of the TPP solution.
The obtained white solution indicated the successful formation
of chitosan NPs (chitosan-TPP).

Chitosan and TPP were initially in the form of solutions
where the particle size was <1 nm. Meanwhile, after mixing a
suspension, the chitosan NPs (chitosan-TPP) were formed due
to the crosslinking process between chitosan and TPP. This
suspension will settle after being left idle. The suspension has a
particle size > 100 nm. The resulting suspensions were
characterized using PSA to see the size of the particles
produced. The results of PSA characterization can be seen in
Table 1.
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TABLE I. THE DISTRIBUTION OF PARTICLE SIZE
Volume Ratio of Particles Differential
Chitosan: TPP Size, d (nm) Number, f (%)

20:4 531 28
572 21
616 15
664 11
715 8
771 6
830 4
895 3
964 2
1038 1
1119-1750 <1

20:3 434 34
470 23
509 15
551 10
596 7
645 4
698 3
755 2
817 1
884-1419 <1

20:2 283 32
307 22
332 15
360 10
390 7
422 5
457 3
495 2
536 1
580-935 <1

Based on Table 1, the volume ratio of chitosan-TPP (20:4)
resulted in non-uniform particle sizes. Likewise, the volume
ratios of chitosan: TPP (20:3) and chitosan: TPP (20:2) also did
not produce uniform particle sizes. Based on the data, it can be
concluded that the smaller the chitosan: TPP ratio, the smaller
the resulting particle size. The distribution of the average
particle size in different volume ratios of chitosan: TPP can be
seen in Table 2.

TABLE Il

THE AVERAGE PARTICLE SIZE OF CHITOSAN NPS

Volume Ratio of
Chitosan: TPP

Particle Size (nm)

Polydispersity Index (PI)

20:4 648 0.380
20:3 516 0.566
20:2 340 0.426

Based on Table 2, the greater the volume ratio of chitosan:
TPP, the larger the particle size produced, which has influenced
by the TPP volume. At a small volume of TPP, the particles
produced will be smaller. The presence of large amounts of
TPP will cause precipitation because the interaction with
chitosan occurs easily. Therefore, the probability of the
resulting particle size will be greater. The resulting particle size
distribution was also indicated by the polydispersity index
value (PI). The PI value below 0.05 indicates a highly
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monodispersed system and above 0.70 indicates a very broad
particle size distribution [17]. The lower PI value shows the
particle size with more uniform size [15]. The polydispersity
index also shows the stability of a suspension. The smaller the
PI value, the more stable the dispersion system will be [3]. The
smallest polydispersity index was in the ratio of 20:4 with a
value of 0.38.

TABLE III. THE MASS OF OBTAINED CHITOSAN-TPP
Volume Ratio of pH of Mass (g)
Chitosan: TPP Suspension 1 2
20:4 4 0.67 0.69
20:3 4 0.36 0.30
20:2 4 0.18 0.05

The resulting solid of chitosan-TPP can be seen in Table 3.
The greater the TPP volume added, the more mass of chitosan-
TPP produced will be. Furthermore, the chitosan-TPP was
characterized by FTIR, and the result was depicted in Figure 1.
The FTIR spectrum showed the presence of functional groups
such as —OH and amines (3420 cm), C-H alkanes (2926 cm™),
and —C=0 groups and amides (1638 cm™). The absorption
band at 1537 cm indicated the presence of —~NH deformation
[5,15]. In addition, the absorption bands at 894 cm™ and 1077
cm? indicated the existence of P-O and P=0 groups [15,18].
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Fig. 1. The FTIR spectrum of chitosan-TPP product.

Based on the analysis of the presence of functional groups,
it is known that the synthesized product was a chitosan-TPP
compound derived from chitosan, which has undergone a
cross-linking process with TPP. The ammonium groups of
chitosan have been linked with tripolyphosphoric groups of
TPP [5]. The chitosan-TPP particles are insoluble either in
water (H20) or in acetic acid (CH3COOQOH). It may be caused by
amine groups of chitosan that have been linked with
tripolyphosphoric groups of TPP so that it is may not possible
to form hydrogen bonds. The structure of chitosan-TPP can be
seen in Figure 2.
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Fig. 2. The structure of chitosan-TPP [17].

The synthesized chitosan-TPP NPs were also shown by the
combined FTIR spectral pattern. The FTIR spectrum of the
synthesized product has a similar pattern to the standard
chitosan, especially in the fingerprint area (around 400 cm--
2000 cm?). Also, the region from 2000 cm* to 4000 cm™? has
the same spectral pattern. The spectral pattern of the
synthesized chitosan-TPP is different from the TPP’s FTIR
spectrum pattern either in 400 cm™-2000 cm™ or in 2000 cm-
4000 cm™. The combined FTIR spectrum between standard
chitosan, chitosan-TPP, and TPP can be seen in Figure 3.
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g.3. FTIR spectra of TPP, chitosan and chitosan-TPP.

IV. CONCLUSIONS

Based on the research results that have been done, it can be
concluded that chitosan NPs have been successfully
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synthesized using the ionic gelation method. The volume ratios
between chitosan and TPP affected the average particle size of
chitosan NPs. The more TPP has added the bigger size of
chitosan NPs will be formed.
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