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(FTIR) 
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Abstact. This study aims to synthesize and characterize chitosan beads using the Fourier 

Tranform Infra Red (FTIR) spectrophotometer. The test was carried out by making chitosan 

beads by mixing chitosan and 0.1 M acetic acid and dropping it into 0.1 M NaOH solution to 

form gel beads. Based on the results of the study obtained the value of the degree of deacetylation 

of chitosan by 76.85% and chitosan beads by 89.32%. While the characterization of chitosan 

beads based on FTIR spectrophotometer showed a difference in the peak absorption of NH3 at 

wave number 1450.47 cm-1 with a slightly wider band on the chitosan beads while the sharp NH2 

absorption band appeared in the region of 1435.04 cm-1 in chitosan. And there is an absorption 

peak in the region of 570.93 cm-1 which is the KBR absorption peak used as pellets in chitosan 

samples. 

 

 

1.Introduction 

Patani is a coastal village in North Maluku, Indonesia, located on the eastern peninsula of Halmahera. 

It is located within the Central Halmahera Regency. Geographically, Patani  is at the far end and dealing 

directly with Raja Ampat Regency, West Papua. Patani has a good fishery climate where a large number 

of coconut crabs are found on this island, so that the Central Halmahera Regency Government is used 

as a breeding place for coconut crabs. Coconut crabs that are bred into fishery commodities are very 

promising. The potential of coconut crabs on Yoi Island is estimated at 3,513,600-5,270,400 tails (per 

station) or 4,522,133 tails (total stations). To avoid mortality which is quite high in nature, the crab is 

quite suitable for cultivation include magrove [1]. Coconut crabs are sold to restaurant entrepreneurs 

and some are even exported to neighboring countries. The meat is consumed, the skin is left to be 

worthless waste [2]. 

One source of chitosan comes from waste such as; shrimp shells, crab shells and so on. In 

Indonesia as an exporting country of crab resources, based on the data from Directorate General of 

Strengthening Competitiveness of Marine Products and Fisheries in 2019, the total volume of origin of 

Indonesian raw material exports of crab and crab in frozen, fresh and processed forms is 27,367,452 

with an export value of (U$) 411,361,616 with America, Japan and China as the main export destination 

countries. However, not a few problems that arise due to these crabs. In 2000 the Ministry of Maritime 

Affairs and Fisheries released the export of canned crabs by 4000 tons, and produced skin as waste by 

1000 tons. Thus the need for crab management produces waste in the form of shells that cannot disturb 

the environment. Chitosan is a natural polymer compound from the deacetylation process to remove the 

acetyl group in chitin. 

According to  [3][4] the results of chitosan research from catfish and mackerel obtained a degree 

of deacetylation of 61.08% while chitosan in tiger shrimp shells  [5][6] obtained degrees of deacetylation 

of  81.11% a degree of deacetylation was obtained at 77.84%. Chitosan is a cationic polymer that is non-

toxic and has biodecrading and biocompatible properties that chitosan possesses. Chitosan can be used 

Indonesia 

E-mail: zulkifli.zamzam@unkhair.ac.id 

https://en.wikipedia.org/wiki/North_Maluku
https://en.wikipedia.org/wiki/Halmahera
https://en.wikipedia.org/wiki/Central_Halmahera_Regency


ICOPAMBS 2020
Journal of Physics: Conference Series 1832 (2021) 012014

IOP Publishing
doi:10.1088/1742-6596/1832/1/012014

 2  
 

in various industrial fields such as pharmaceutical, food, textile, biochemistry, cosmetics, nutrition, 

paper and health [7].Modification of chitosan has NH2 group and can provide a pair of free and reactive 

electrons to other compounds because chitosan is easy to be modified into beads so that the structure of 

chitosan is more ordered [8][9][10]. Chitosan can be made into chitosan beads, so it does not dissolve 

easily in acids and will be used more widely. Because dilute weak acids in the chitosan beads matrix 

will cause the NH2 chitosan beads group to have a higher affinity than chitosan. Chitosan beads are 

modifications of the chitosan matrix so that they can expand gradually and will expand in acidic media. 

One of the beads is obtained from a hydrophobic surface to avoid the dispersion of chitosan in the 

medium. 

 

2.Research Methods 

Research scope, Observational and experimental research which included the production of chitosan 

compounds (through the stages of chitin) from coconut crab shells and characterization of chitosan 

beads. The study was conducted at the Environmental Laboratory, Faculty of Teacher Tranining and 

Ecucation, Khairun University. Material and Tools, For materials, among others; coconut crabs shells, 

CH3COOH, NaOH, aquades, filter paper, and pH indicator paper, NaOCl, AgNO3 and iodione salt. The 

tools used include magnetic stirrers, pH meters, anillitic procedures, a set of glassware, dropper pipettes, 

funnels, stirring rods, shakers, ovens and Infrared Spectrophotometers (FTIR). Chitosan production 

stages from coconut crabs skins. Wash crab skin with clean water, then stir in the sun. After that, the 

crab shell waste can be mashed to get a size of 50 mesh. Deproteination, Crab skin powder is mixed 

with a solution of NaOH at a ratio of 1:10 (g/mL), heated at 65oC. After chilling filtered and neutralized 

with distilled water to neutral pH. The solids are dried in an oven at 80oC for about 5 hours. After that 

it is weighed to a constant weight [11]. Demineralization Deproteination powder was mixed with 1.5 M 

HCl solution at a ratio of 15: 1 (g/mL) [12] [13]. Then the mixture is stirred for about 1.5 hours and 

rinsed with distilled water to neutral pH. Identification of Cl- solution was tested using AgNO3 solution 

to see the formation of white precipitate, if the white precipitate was absent then the Cl- ion was lost. 

The solid is stirred in an oven at 65oC for about 5 hours. After that it is weighed to a constant weight. 

Depigmentation, Demineralization powder was mixed with 3% NaOCl solution at a ratio of 1:10 (g / 

mL) [14]. The mixture is stirred for 1.5 hours without heating, the mixture is filtered and rinsed with 

distilled water to neutral pH. The solids are dried in an oven at 65oC for about 5 hours. After that it is 

weighed to a constant weight to obtain a sample in the form of napkin. The powder obtained is Chitin 

powder. Then the chitin obtained was characterized by the Van Wesslink color reaction, reacting the 

dry powder obtained above with iodine salt (KI-12) 1.5%, if positive containing chitin would give a 

brown color. The next step was tested using FTIR. 
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Figure 1. FTIR spectra of chitin coconut crab from pigmentation results. 

Chitosan was made through the process of deacetylation of chitin by following the Knorr method, 

namely by adding 60% NaOH at a ratio of 10: 1 (g/mL) and put into the extractor at 80oC for 1 hour. 

After chilling is filtered and the solids obtained are neutralized with distilled water. The solid is then 

dried in an extractor without solution at 80oC for 5 hours and chitosan is ready to be analyzed. 

Furthermore, the chitosan obtained was analyzed using the FTIR method to determine the degree of 

deacetylation (DD) [15]. To determine DD used the line method by Moore and Robert. The sample is 

made of pellets in KBr powder and then the spectrum is determine𝑑 [16][17][18]. The formula of Degree 

of Deacetylation DD as follow: 

 

DD = [1 [
𝐴1588

𝐴3410
 𝑥 

1

1,33
]] 𝑥 100%  

Annotation: 

A   =  log (Po/P) = absorbance 

A1588   = Absorbance at wavelength of 1588 cm-1 for absorption of amide/acetamide groups 

(CH3CONH-) 

A3410   = Absorbance at wavelength 3410 cm-1 for absorption of hydroxyl groups (OH-) 

 

 

3.Results and Discussion 

3.1. Identification coconut crubs from Patani Central Halmahera 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Coconut crubs from Patani Central Halmahera 

 

Coconut Crubs or known as Birgus Latro [19] [20] [21]. Generally its sizes up to 40 cm and 

streshes up to 220 cm. Moreover it divided into the head and chest with 10 legs and the abdomen. The 

colour is generally blue-purpule-brown, also having hands with shreds of powder used to scratch, peel 

coconut, lifting objects even up to 30 kg. In addition, Coconut Crubs also have several pairs of legs 

whichs are used to help them hold things and climbs trees to a height of 10 m, so that they can climb 

coconut trees to take fruit using shreds and take coconut meat to eat. 

This research has been carried out making chitosan from coconut crab shells and characterization 

of chitosan beads. Some of the stages that will be discussed in this study are; First, explain the principle 

of the procedure for making chitosan beads until the target product is formed. Second, explaining 

qualitatively the quality of chitosan beads formed through a FTIR characterization method so that it can 

be ensured that the starting material (chitosan powder) has been converted at a certain level of DD 

percentage into a target product (chitosan beads). 
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Figure 3. Standard data on chitosan beads 

 

3.2 Chitosan powder in acetic acid solution 

Making chitosan beads by dissolving chitosan into acetic acid (CH3COOH) to remove inorganic salts in 

chitosan. After that it can form O2 gas in the form of air bubbles when acetic acid is added to the sample, 

and initially chitosan and acetic acid (CH3COOH) are mixed together using a shaker at a stirring speed 

of 150 rpm, a time of 30 minutes. So that the chitosan solution can be mixed perfectly. acetic acid 

(CH3COOH) as a solvent and has an H+ group and can break the long chain bonds of chitosan polymers 

into smaller polymers. 

3.3 Formation of beads with NaOH solution 

NaOH solution is made by dissolving NaOH in water. In the solution ionic compounds will become ions 

so that NaOH will also become sodium ions (Na+) and hydroxide ions (OH-). Because chitosan has the 

ability to ensnare other compounds. At this stage the viscous chitosan solution in acetic acid that has 

been obtained, is taken with a dropper dropper and dipped dropwise into a glass beaker containing NaOH 

solution at 50oC and kept temperature for approximately 1 hour. So that the solution formed will 

coagulate and form beads [22]. Preparations were made with several variations on the component beads 

to find chitosan beads in terms of shape and size. After 1 hour the beads formed are separated from the 

solution and dried using filter paper. After washing the beads, it is heated in the oven for 30 minutes to 

a constant. After that, the beads that are formed are prepared to be carralized with FTIR. 

3.4 Characterization of chitosan and chitosan beads using FTIR 

Several research results have been published [23] [24] [25]shows that chitosan and chitosan beads 

do not show significant differences. This result is indicated through FTIR analysis that the change in the 

structure of chitosan to chitosan beads hardly changes the position of the functional group at all, but 

only a shift of several wavelength values (within a certain range) and changes in intensity. Regarding 

the arguments above, the author will present data on the results of the characterization of FTIR chitosan 

and chitosan beads seen in the following spectra: 
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Figure 4. FTIR spectra of chitosan coconut crab 

 

In figure 4 (chitosan) and 5 (chitosan beads) there are differences. Based on FTIR data, in general 

the absorption band can be divided into three regions. First, the absorption band in the region (3000-

3700) cm-1 is a stretching band for the -OH group and the -NH group. Second, the absorption band in 

the region (1400-4000) cm-1 is a special absorption band to identify various functional groups; and third, 

the area to the right of 1400 cm-1 is the fingerprint region. In this fingerprint area, absorption bands often 

experience a high level of complexity due to the mode of vibration stretching and bending/bending 

vibrations that occur overlapping or overlapping[26][27]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. FTIR spectra of coconut crab chitosan beads 

 

FTIR data also shows that the absorption band width in the area of 3448.72 cm-1 is clearly the OH 

absorption band, but two weak absorption bands between 3748.82-3873.06 cm-1 in chitosan can be 

believed to be a possible absorption band -NH originating from the amide group, it's just that it has 

shifted from 3700 cm-1 because it might be influenced by solvent factors  [28]. After adding 0.1 M acetic 

acid in 0.1 M NaOH (as a process of forming beads), there was a weak absorption in the area of 3748.82 

cm-1, followed by an area of 3116.97 cm-1, then in the area of 2137, 13 cm-1 and 2044.54 cm-1. The loss 
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of absorption peaks is marked by the loss of a small portion of NH- group absorption (from amide, 

3748.82 cm-1), stretching vibration -CH (3116.97 cm-1), and loss of a small amount of stretching 

vibration of the -N≡ group C- (2137.13-2044.54 cm-1) [29]  contained in the chitosan content [30].  

On the other hand, the appearance of weak absorption bands in the area of 2592.33 cm-1 on 

chitosan beads can be indicated as the emergence of stretching vibrations - N-CH2 [31]. In addition, 

there has been a change in the strong absorption band in chitosan (two peaks) in the area of 1064.71 cm-

1 and 1033.85 cm-1 in chitosan to a weak absorption peak in chitosan beads in the area of 1072.42 cm-1. 

This could indicate that some amide groups were converted to amine groups (arrow 1) and some protons 

(from acetic acid) had been added as an advanced mechanism to convert to -NH2 groups .  

The loss of stretching vibration -CH in the region of 3116.97 cm-1 may be influenced by bond 

polarization due to the degree of polarity of acetic acid so that it shifts to a lower wave number and 

appears in the region of 1450.47 cm-1 with the band slightly wider than the chitosan band. 

On the other hand, sharp absorption peaks in the area of 1064.71 cm-1 and 1033.85 cm-1 in chitosan 

show typical absorption of the -CO group on CH2-OH and overlap with the -CO group on the ether -

COC- bond (pyranose ring) . This absorption becomes weak and only one peak in the area of 1072.42 

cm-1 (arrow 6) on chitosan beads due to the influence of the formation of hydrogen bonds from NH3. 

Typical absorption bands of the sharp -NH2 group appear in the region of 871.82 cm-1, both in chitosan 

and chitosan beads. The addition of acetic acid in NaOH causes the loss of absorption band in the region 

of 570.93 cm-1 in chitosan (arrow 7) and the absorption peak in the region of 401.19 cm-1 in chitosan 

beads is slightly sharper than the absorption peak in chitosan. It can be believed that the absorption peak 

in the region of 570.93 cm-1 is the peak of KBr absorption which is used as a pellet in chitosan samples 

[32]  and disappears due to the possible influence of hydrogen bonds formed (in NH3
+) so as to increase 

the intensity at area of 401.19 cm-1 in chitosan beads [31]. 

 

4.Conclusion 

1. The DD values of chitosan from coconut crab shell of patani variety is 76.85% and 

chitosan beads are 89.32%. 

2. The FTIR values of characterization chitosan beads c shows the difference in the NH3 

absorption peak in the 1450.47 cm-1 wave with a slightly wider band on the chitosan 

beads. Meanwhile a sharp NH2 absorption band in the 1435.04 cm-1 area of chitosan. The 

absorption peak in the area of 570.93 cm-1 is the peak absorption of KBR used as a pellet 

in the chitosan. 
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