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ABSTRACT 

Chitosan nanoparticles (ChNPs) have been extensively examined for various biomedical applications due to 

their advantages include large surface area, biodegradability, and biocompatibility. The purpose of this 

research was to synthesize ChNPs using a simple ionic gelation technique by the interaction of low molecular 

weight chitosan (LMWC) and sodium tripolyphosphate (TPP) as a cross-linking agent. ChNPs, TPP, and 

LMWC were analysed by X-ray diffraction (XRD) and Fourier transforms infrared (FTIR) spectra that 

indicated the formation of ChNPs, attributing to the rearrangement of the nanoparticles after adding the TPP 

cross-linker into the LMWC solution. XRD analysis exhibited that ChNPs were amorphous, due to the effect 

of TPP cross-linker. Dynamic light scattering showed the nano-dimension of ChNPs with a hydrodynamic 

size of 68.50 nm. Thus, the obtained results indicated that the properties of chitosan were improved through 

converting it into nanoparticles using TPP initiated ionic gelation procedure. 
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1. Introduction 1 

Various types of nanostructures are frequently used in preclinical biomedical analysis [1]. 2 

However, it was proven that some nanoparticles (NPs) (such as metal NPs) have led to issues for 3 

human health because they might cause risks of neurotoxicity and cytotoxicity [2]. Therefore, the use 4 

of non-toxic, biodegradable, and biocompatible nanomaterials such as biopolymer can tackle the 5 

above problems [2-7]. In this manner, chitosan NPs (ChNPs) are extensively popular for many 6 

biomedical applications. It is the most important derivative of chitin obtained from the shells of 7 

mailto:kamyarshameli@gmail.com
https://doi.org/10.37934/jrnn.3.1.4652


Journal of Research in Nanoscience and Nanotechnology  

Volume 3, Issue 1 (2021) 46-52 

47 
 

insects and crustacean such as prawns or crabs, as well as the cell walls of fungi [8]. Many studies 1 

have used chitosan and various cross-linker to fabricate chitosan-based NPs with high 2 

biocompatibility, nontoxicity, biodegradability, and colloidal stability [8, 9]. Ionic gelation, reverse 3 

micellar method, emulsification solvent diffusion are the popular method for fabrication of ChNPs 4 

[10]. Among them, ionic gelation is the simplest method free from using organic solvents [9]. This 5 

technique is based on electrostatic interaction between positively charged amino groups of chitosan 6 

and the negatively charged groups of sodium tripolyphosphate (TPP) as a cross-linking agent [11]. 7 

The size of ChNPs must be concerned, which is related to the factors of the synthesis process, 8 

including stirring rate, temperature, and chitosan and TPP concentration [12]. Although, many 9 

researchers have fabricated ChNPs with TPP cross-linking following the pioneering work of Calvo et 10 

al and to evaluate the possible pharmaceutical applications, optimization of the synthesis parameters 11 

and the required characteristics of the resultant ChNPs is still an ongoing vital matter in this area [9, 12 

13]. These conditions not only affect the colloidal stability, drug loading, and release manner but also 13 

it can domain the level biocompatibility and toxicity of the particles in the biological tissues and 14 

environment. It was reported in a study [14] that the chitosan and TPP with a ratio around 1:2 could 15 

cause the successful synthesis of ChNPs with desirable physicochemical and morphological 16 

characteristics. The presence of hydrogen and Van der Waals forces in ChNPs could trigger 17 

intermolecular interactions in the NPs. In addition, cationic groups of chitosan (NH3
+) can react with 18 

phosphoric ions in the TPP cross linker to form the deprotonation of ChNPs. 19 

This current study aimed to fabricate ChNPs using the ionic gelation method through the 20 

interaction of low molecular weight chitosan (LMWC) and the sodium tripolyphosphate (TPP) cross-21 

linker. The physiochemical characteristics of the fabricated ChNPs, LMWC, and TPP were evaluated 22 

by X-ray powder diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR), and dynamic 23 

light scattering (DLS) analysis. 24 

2. Materials and Methods  25 

2.1. Materials 26 

Acetic acid glacial (CH3COOH) (98%), chitosan (low molecular weight, 190,000–310,000 degree of 27 

acetylation), Tween-80, and TPP were all purchased from Sigma Aldrich (St. Louis, MO, USA). All 28 

the reagents used were of analytical grade and used without further purification. All glassware used 29 

was washed with deionized water and dried before used.  30 

2.2. Synthesis of Chitosan Nanoparticles (ChNPs) 31 

ChNPs were prepared based on ionic gelation method. The ratio between LMWC to TPP cross-32 

linker was optimized as 1:2 (v/v). First, 250 mL beaker contained 80 mL mixture solution of 1.0% 33 

acetic acid and 0.250 g of LMWC powder (low molecular weight). 2 drops of Tween 80 were added 34 

to the solution. TPP was dissolved in deionized water at concentration of 100 mg/ml and it was added 35 

dropwise to the LMWC solution under the continuously vigorous stirring of the homogenizer (9000 36 

rpm) for 45 min at room temperature. The mixture solution was washed with distilled water and 37 

centrifuged three times at 2500 rpm for 7 min at 25 °C. Finally, the ChNPs sample was freeze-dried 38 

for 16 h and stored at 4 °C for further analysis. 39 

 40 

 41 
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2.3. Characterization 1 

XRD (Philips, X’pert, Cu Ka) at an ambient condition was used to evaluate the structure of the 2 

samples. The sample was compressed between two smooth glass films and the XRD analysis was 3 

carried out in dispersion 2 angles of 5°– 80° at a step size of 0.02° with 2 s/step as scanning rate using 4 

a voltage of 45 kV, a Ni-filtered Cu K radiation (=1.5406 A)° and a filament current of 40 mA. FTIR 5 

spectroscopy (ThermoNicolet, Waltham) determined the chemical and super-molecular structural 6 

analysis of the samples under an ambient condition. First, crushing and mixing of the sample with 7 

KBr at a ratio of 1:100 w/w to prepare a transparent pellet and the spectra of the plate was evaluated 8 

under a transmittance mode in a range between 4000 cm−1 to 400 cm−1 with a 4 cm−1 resolution and an 9 

accumulation of 128 scans. For DLS analysis, an Anton Paar instrument (Litesizer 500, Graz, Styria, 10 

Austria) was used to measure the hydrodynamic size of the synthesized samples in disstiled water at 11 

25°C. 12 

3. Results and Discussion 13 

Scheme 1 shows the potential interactions between active functional groups of LMWC and TPP 14 

in the fabrication of ChNPs. The ionic gelation technique and TPP is responsible for the improved 15 

degree of cross-linking and formation of ChNPs. With adjusting the crosslinking degree of TPP and 16 

LMWC to synthesize ChNPs, improved properties of the NPs can be obtained for various 17 

applications. The optimized ratio between the LMWC to TPP cross-linker was 1:2 (v/v) as stated in 18 

our previous study [9]. Also, a separate study [8] used this ratio between TPP and chitosan, along 19 

with 1.0% acetic acid, and 2% (v/v) Tween-80 in the chitosan solution to synthesize ChNPs with 20 

suitable physiochemical characteristics. During the synthesis of ChNPs, cationic groups of chitosan 21 

(NH3
+) could react with phosphoric ions in the TPP solution to trigger intermolecular interactions and 22 

the deprotonation of LMWC. 23 

 24 

Scheme 1. The potential interactions between active functional groups of LMWC and TPP in the fabrication of 25 
ChNPs. 26 
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3.1. X-ray Powder Diffraction Analysis 1 

XRD was used to assess the crystallographic structure of LMWC, TPP, and ChNPs. As seen in 2 

Figure 1, LMWC indicated peaks related to a crystalline structure approximately at 2θ = 17° and 20°. 3 

The XRD spectra of ChNPs does not show these peaks due to cross-linking with TPP, indicating the 4 

formation of the NPs. The crosslinking degree can act as a vital parameter for the chitosan 5 

crosslinking synthesis.  The ChNPs showed a decrease in the intensity of the XRD peaks related to 6 

crystallinity because of the presence of the TPP cross-linker. ChNPs indicated a pattern related to 7 

cross-linked chitosan with peaks approximately at 2θ = 22° and 15°, which is in good agreement with 8 

the JCPDS card no. 04-0784. The XRD results, thus, could show the successful fabrication of ChNPs 9 

cross-linked with TPP. 10 

 11 
Figure 1. XRD spectra of LMWC, TPP, and ChNPs. 12 

3.2. Fourier-Transform Infrared Spectroscopy 13 

FTIR can indicate variations in the chemical structure of the sample by producing an infrared 14 

absorption spectrum. Figure 2 shows FTIR spectra of LMWC, TPP, and ChNPs. For the FTIR spectra 15 

of TPP, a sharp peak at 1209 cm-1 corresponds to the stretching vibration of P=O. The peak at 1157 cm-16 
1 was attributed to the symmetric and asymmetric stretching vibrations in the PO2 group. The 17 

presence of symmetric and anti-symmetric stretching vibration of O-P=O was confirmed by the bands 18 

at around 1136 cm-1. The peak at 889 cm-1 was attributed to the asymmetric stretching vibration of the 19 

P−O−P bridge.  ChNPs indicated the peak at 3676 cm-1 assigned to -OH stretching vibration. The band 20 

at 3360 cm-1 was attributed to the stretching vibration of N−H as overlapped with O–H because of the 21 

amino groups of LMWC and the phosphate groups of TPP. This indicated the interactions between 22 

LMWC and TPP during synthesis of ChNPs. These results have been attributed to the cross-linking 23 

between amino groups of LMWC and phosphate groups of TPP. Is worth to mention that the freeze-24 

drying procedure could moderate vaporization of the bound water and also offer the ice crystals over 25 

ChNPs to enhance the –OH groups and synthesize white fluffy NPs [15]. Thus, the above FTIR results 26 

indicated the chemical structure related ChNPs cross-linked with tripolyphosphate. 27 
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 1 
Figure 2. FTIR results of LMWC, TPP, and ChNPs. 2 

3.3. Dynamic Light Scattering (DLS) Analysis 3 

DLS analysis is based on the Brownian motion of particles in a dispersion. When the suspension 4 

of particles is exposed to a monochromatic wave of light, the wavelength of the light will change after 5 

hitting the particles, and a detector will detect the signal. As indicated in Figure 3, the hydrodynamic 6 

particle size of ChNP was found to be 68.50 nm. When TPP concentration reached a certain value, the 7 

sizes of NPs started to increase due to the particle aggregation. The phenomenon of the electrostatic 8 

interaction between TPP and LMWC can impact the crosslinking strength and size of ChNPs. DLS 9 

results indicated that ChNPs has a desirable nano-dimension to be used in various biomedical 10 

applications. 11 

 12 
Figure 3. DLS size distribution of ChNPs. 13 
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4. Conclusions 1 

The development in nanoscience has significantly increased the application of nano-polymers in 2 

medical science. ChNPs was successfully synthesized through the ionic gelation method and TPP as 3 

a cross-linking agent that Tween-80 and acetic acid were acted as a stabilizer and hydrogen ion 4 

formation, respectively. XRD analysis showed that the cross-linked ChNPs were amorphous due to 5 

TPP cross-linked chitosan. The FTIR results indicated the functional groups related to the formation 6 

of ChNPs. From results of DLS analysis, the hydrodynamic size of the ChNPs was estimated to be 7 

68.50 nm. Therefore, this study indicated the successful fabrication and characteristics of ChNPs 8 

cross-linked with TPP. 9 
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