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Abstract: Chitin and its derivatives have been of interest to researchers for many years. However, due to its 
poor solubility, it is challenging to use chitin in various applications, and therefore, the search continues for 
ways to obtain soluble chitin derivatives. This study aimed to synthesise chitin esters, which could later be 
used to produce antibacterial materials. The esterification of chitin was carried out using butyric anhydride, 
succinic anhydride and methanesulfonic acid as catalysts. The products were analysed using FTIR ATR, 1 H 
NMR and TGA techniques. The different ratios of the butyric and succinic acid groups enable the control of 
the surface properties of the copolymer-made films.  
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1. Introduction 

Chitin is a natural polymer that belongs to the group of polysaccharides. It is the main 
component of invertebrate exoskeletons and occurs in the cell walls of fungi and yeasts [1–3]. It is an 
easily accessible by-product of shellfish production [4–6]. Currently, this polymer is increasing in 
popularity. However, it possesses outstanding properties predisposing chitin to medical 
applications, including non-toxicity [7–9], biodegradability [10–12], gel-forming ability [13–15] and 
antibacterial properties [16–18]. Chitin is an intervening polysaccharide also due to the presence of 
(acetyl)-amine and hydroxyl functional groups, which can be modified to produce new materials 
with assumed properties and functions. However, the insolubility of chitin in common organic 
solvents is an obstacle to its commercial use [10,14,17]. The solubility, and thus the processability, can 
be improved by using modifications, including a deacetylation process [19–21]. During the 
deacetylation of chitin, the acetyl group (C2H3O) is removed, resulting in the formation of an amino 
group (NH2) [22,23]. This process starts first in the amorphous regions of the chitin material and then 
in the crystalline parts [22,24]. Through modification of hydroxyl groups, it is possible to obtain chitin 
derivatives [25,26]. Their physical and chemical properties will differ from the initial polymer. Many 
attempts have been made over the years to modify the hydroxyl groups. One of the derivatives 
obtained is acetylchitin [21,27,28]. It was acquired by esterification with acetic anhydride. A mixture 
of 1,2-dichloroethane and trichloroacetic acid was used as solvents for chitin. However, the strongly 
acidic solvent system used to perform this reaction resulted in the significant degradation of chitin. 
Bourne [29–32] developed a trifluoroacetic acid and organic acid composition, which could also be 
used to esterify chitin. The reaction yielded chitin monoesters and copolyesters, with acetylchitin as 
the significant component. Using the solvent combination proposed by Bourne, it was also possible 
to obtain butyryl derivatives [33,34]. Draczynski et al. [35,36] also created a way to produce mixed 
chitin esters. The butyryl-acetyl-chitin esterification reaction was carried out using perchloric acid as 
a catalyst and a mixture of acetic and butyric anhydrides in an equal molar ratio. Bhatt et al. [19] used 
trifluoroacetic anhydride (TFAA), benzoic acid and phosphoric acid to produce chitin benzoic acid 
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esters. The synthesis of chitin butyrate in the presence of TFAA/H3PO4 by reacting chitin with butyric 
acid has also been reported [37]. 

The objective of the study was to determine the effect of the ratio of butyric anhydride to succinic 
anhydride on the properties of the chitin derivative. 

2. Materials and Methods 

2.1. Materials 

Chitin made from shrimp shells in coarse flakes was used as a commercial product of Sigma-
Aldrich (Burlington, Massachusetts, United States). Methanesulfonic acid (min. 98%), butyric 
anhydride (min. 98%) and succinic anhydride (min. 99%) were purchased from Pol-Aura (Morąg, 
Poland). 

2.2. Synthesis of the butyric-succinic derivative of chitin (BSC) 

The chitin used for the synthesis was ground with a ball mill for more rapid and efficient 
reactions. The grinding speed was 600 rpm, and its one cycle lasted 300 seconds. This process was 
repeated several times to achieve a more homogenous polymer. 

To carry out the syntheses, 25 g of chitin, 100 cm3 of methanesulfonic acid and succinic and 
butyric anhydrides in different molar ratios were used (Table 1). The substrates were introduced into 
a cooled reactor, followed by adding the pre-cooled catalyst. The reactions proceeded for 4 hours 
under controlled conditions at a temperature not exceeding 4°C. Frequent stirring was applied to 
prevent localised overheating of the reaction mixtures. Upon completion of the reaction, the products 
were neutralised using a 5% aqueous ammonia solution. Subsequently, the materials were rinsed 
thoroughly with distilled water until the wash water reached a neutral pH, indicating the removal of 
residual methanesulfonic acid from the synthesised polymers. 

Table 1 The amount of butyric and succinic anhydride used in each synthesis 

 Butyric anhydride (mol) Succinic anhydride (mol) 
BSC 90/10 0.9 0.1 
BSC 80/20 0.8 0.2 
BSC 70/30 0.7 0.3 
BSC 60/40 0.6 0.4 

 

 
Figure 1. The butyric-succinic derivative of chitin (BSC). 

2.3. Fourier Transform Infrared Spectroscopy (FTIR ATR)  
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Samples of synthesised polymers in powder form were examined with FTIR ATR analysis to 
confirm changes in their chemical structure. The study was conducted with the Thermo Scientific, 
Nicolet 6700 (Waltham, Massachusetts, US), using a resolution of 4 nm; each spectrum was at an 
average of 64 scans.  

2.4. Proton nuclear magnetic resonance ( 1H NMR) 

Analysis using 1H NMR Avance II plus (Bruker BioSpin, Billerica, Massachusetts, US) operating 
at the 1H frequency 700 MHz was performed to analyse the chemical structure of the synthesised 
polymers. The powder-form polymer was dissolved in deuterated DMSO to conduct the study. Based 
on the measurements, the intensity of selected peaks was determined using the equation below, and 
these measurements determined the theoretical degrees of substitution: 

𝐷𝑆ெ =
1
3ൗ 𝐼ఊ஼ுయ

1
6ൗ 𝐼ுమିுల

 (1) 

Where: 𝐼ఊ஼ య
- integer value of signal intensity, originating from protons in methyl group of 

butyric/ succinic acid residue; 𝐼ுమିுల- the integral value of signal intensity in the range of 3.0-4.2 ppm 
originated from H2 - H6 protons in the glucosamine moiety of the polymer 

2.5. Thermogravimetry (TG) 

 Thermal characterisation tests were performed by differential scanning calorimetry with a 
thermowell using TG Labsys Evo 1150 (Setaram, France). The tests were performed in a nitrogen 
atmosphere using a heating rate of 10°C/min over a temperature range of 20°C - 600°C.  

2.6. The contact angle 

To evaluate the surface properties of the materials, films were prepared from the resulting 
polymer by casting thin films from a 5% polymer solution in alcohol. This method facilitated the 
formation of uniform films suitable for subsequent surface characterisation and analysis. The contact 
angle of copolyester-made polymer films was measured using a Rame-Hart Model 90 goniometer 
(Rame-Hart, Succasunna, USA) and DROPImage Pro software version 3.19.12.0 (Rame-Hart, 
Succasunna, USA). Distilled water was used for measurement, and ten repeats were performed for 
each sample tested. 

3. Results 

The spectrum (Fig. 2) shows significant differences between chitin and the chitin esters obtained. 
The spectral analysis of chitin reveals distinct signals corresponding to its functional groups, 
providing insights into structural modifications induced by chemical reactions. In the 4000–3000 cm⁻¹ 
range, bands associated with hydroxyl (-OH) and amide/amine (-NH) stretching vibrations are 
prominent. A reduction in the intensity of these bands in synthesised products highlights a decrease 
in -OH and -NH₂ groups, attributed to esterification reactions and reduced hydrogen bonding from 
introducing ester groups. 
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Figure 2. FTIR ATR spectra of BSC in the range 4000-400 cm-1. 

The 3000–2800 cm⁻¹ region corresponds to -CH stretching vibrations. Enhanced definition of 
these bands in the modified polymers indicates successful alkyl group incorporation from butyric 
and succinic anhydrides. Additionally, amide group signals in chitin, including a strong band at 1656 
cm⁻¹ (amide I) and another at 1554 cm⁻¹ (amide II), partially diminish in synthesised products, 
evidencing amide group modification and confirming structural alteration in the resulting 
copolyesters (Fig. 3). 

The 1200–900 cm⁻¹ region, associated with the glycosidic ring, shows minimal spectral changes. 
Vibrations linked to glycosidic oxygen bridges (C-O-C) at 1150 cm⁻¹ and C-O vibrations at 1030–1100 
cm⁻¹ remain intact, indicating retention of the glycosidic ring's structure post-synthesis. Overlapping 
signals in this range, including new ester bond bands at 1100–1000 cm⁻¹, confirm the integration of 
ester groups while preserving the fundamental chitin structure. 

Notably, the spectra of the synthesised products exhibit new intense bands at 1740–1730 cm⁻¹, 
corresponding to carbonyl groups (C=O) characteristic of esters. This observation validates the 
efficiency of esterification using butyric and succinic anhydrides, demonstrating successful chemical 
modification of chitin into functionalised copolyesters. 

 

 
 

Figure 3. FTIR ATR spectra of BSC in the range 1780-1400 cm-1. 
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Besides FTIR ATR analysis, the obtained chitin esters were analysed by NMR. In the 1H NMR 
spectra (Fig. 4-5) shown, the following proton signals can be identified: 

• NH2 in chitin at 7.8 ppm 
• CH2 group of succinic acid at 2.2-2.4 ppm 
• Beta-CH2 group of butyric acid at 2.3–2.1 ppm 
• Gamma-CH2 group of butyric acid 1.7–1.6 ppm 
• CH2 group on C6 atom of sugar ring 1.47 ppm  
• CH3 group of butyric acid 0.9 ppm 0.84 ppm 
 

  
Figure 4. 1H NMR spectra for synthesis I (90/10) and II (80/20). 

  
Figure 5. 1H NMR spectra for synthesis III (70/30) and IV (60/40). 

Based on 1H NMR analysis, it is possible to determine the degree of substitution with butyryl 
and succinyl groups (Table 2). The degree of substitution (DS) for BSC 90/10 copolymer was 1.8 for 
groups derived from butyric acid anhydride, corresponding to the theoretical maximum DS. 
Similarly, for groups derived from succinic acid anhydride, the DS calculated from ¹H NMR spectra 
was 0.2, aligning with the theoretical expectation. 

In the BSC 80/20 copolymer, the DS with butyric acid anhydride groups reached the theoretical 
maximum of 1.6. The substitution level for succinic acid anhydride groups also matched the 
theoretical value, confirming consistent reactivity. 

However, in BSC 70/30 and 60/40 copolymers, deviations were observed. For BSC 70/30, the DS 
for butyric acid anhydride groups was 1.2, lower than the theoretical value of 1.4, while the DS for 
succinic acid anhydride groups was 0.8, exceeding the theoretical value of 0.6. These variations are 
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attributed to steric hindrance, where the larger succinic acid anhydride groups restrict access to 
reactive sites for the smaller butyric acid groups. 

The higher theoretical substitution of succinic acid anhydride groups is linked to its symmetrical 
structure and higher reactivity, facilitating nucleophilic attack. Additionally, the four-membered ring 
structure of succinic acid anhydride generates ring strain, making its bonds more prone to cleavage 
during reactions. On the other hand, the lack of ring strain in butyric acid anhydride results in its 
lower reactivity. 

 

Table 2. Degree of substitution with butyric groups and with succinic groups. 

 

The ratio of reagents in the 
mixture (mol) 

Degrees of substitution 
determined by 1H NMR 

Theoretical degrees of 
substitution 

Butyric 
acid 

anhydride 

Succinic acid 
anhydride 

DSB DSS DSB DSS 

BSC 90/10 0.9 0.1 1.8 0.2 1.8 0.2 
BSC 80/20 0.8 0.2 1.6 0.4 1.6 0.4 
BSC 70/30 0.7 0.3 1.2 0.8 1.4 0.6 
BSC 60/40 0.6 0.4 1.2 0.8 1.2 0.8 

Where: DSB- degree of substitution with butyric groups succinic groups and DSS- degree of substitution with 
succinic groups 

 
The thermal decomposition of the samples begins at approximately 50°C, with the most 

significant weight loss occurring between 80.0–83.5°C and concluding between 96.7°C and 103.1°C, 
varying by sample (Table 3). This initial weight loss, ranging from 3.1–3.5%, is attributed to the 
evaporation of water and residual solvents.  

The primary thermal degradation phase commences at significantly higher temperatures, 
between 289.7°C and 291.1°C. The temperature at which the most substantial weight loss occurs is 
recorded between 314°C and 322.6°C, with the degradation process concluding at a peak temperature 
of 340°C to 351.4°C. A distinctive mass loss of 81.1–83.8% is observed during this stage, signalling 
extensive material decomposition. Stawski et al. [40] demonstrated that the thermal degradation 
range of chitin varies between 300°C and 460°C, depending on its source. The degradation 
temperatures of the synthesised copolyesters align with this range, which suggests that the 
modifications made during synthesis did not significantly alter the thermal stability of the obtained 
derivative. 

Table 3. Characteristic temperatures and mass loss of BSC from thermogravimetric analysis. 

Sample 
Stage 1 Stage 2 

T1 
(°C) 

T2 

(°C) 
T3 

(°C) 
Weigh loss 

(%) 
T1 

(°C) 
T2 

(°C) 
T3 

(°C) 
Weight loss 

(%) 
BSC 90/10 54.5 81.1 103.1 -3.5 300.5 320.7 340.3 -82.6 
BSC 80/20 50.3 80.0 96.7 -3.1 291.1 322.6 351.4 -83.8 
BSC 70/30 53.5 79.7 101.4 -3.2 290.6 319.4 347.4 -81.1 
BSC 60/40 51.5 83.5 99.4 -3.3 289.7 314.1 346.1 -81.6 

Where: T1- the temperature of the initial weight loss, T2- midpoint temperature, T3- maximum degradation 
temperature 

 
The highest water contact angle was observed for the film derived from BSC 90/10, indicating 

its pronounced hydrophobicity relative to other samples (Table 4). This is attributed to its higher 
content of butyryl groups, which consist of short, aliphatic chains exhibiting hydrophobic 
characteristics. The film obtained from synthesis product 2b exhibited a slightly reduced contact 
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angle, likely due to the increased content of succinic groups within the polymer matrix. Succinic acid 
anhydride-derived groups contain carbonyl and hydroxyl functionalities, imparting a mild 
hydrophilic character. The film synthesised from BSC 70/30 demonstrated a more hydrophilic nature 
than those from BSC 90/10 and BSC 80/20, reflecting a higher content of succinic groups in its 
structure. The lowest contact angle was measured for the sample derived from BSC 60/40, indicating 
the highest hydrophilicity among the tested materials. Such changes emphasise the direct 
relationship between the proportion of succinic groups in the polymer and the increasing 
hydrophilicity of the film. 

 

Table 4. Water contact angle for the films from BSC. 

BSC 90/10 BSC 80/20 BSC 70/30 BSC 60/40 
75.62±4.56 72.46±2.83 68.45±0.82 65.45±1.44 

4. Discussion 

This study synthesised a novel chitin derivative, butyric-succinic chitin, using methanesulfonic 
acid as a catalyst. Structural analysis through FTIR ATR confirmed significant modifications in the 
chemical structure of the synthesised copolyesters, evidenced by the weakening of hydroxyl and 
amine bands (3600–3000 cm⁻¹) and the emergence of bands corresponding to alkyl (3000–2800 cm⁻¹) 
and carbonyl (1740–1730 cm⁻¹) groups. Specifically, preserving the characteristic glycosidic ring 
demonstrated that the basic structure of chitin remained intact after esterification. 

The degree of substitution of butyric and succinyl groups was determined by ¹H NMR 
spectroscopy, and it aligned closely with theoretical values for most samples. The hydrophilicity of 
the copolyesters was shown to increase with succinic anhydride content due to the presence of polar 
groups. Furthermore, incorporating butyryl and succinyl groups into the structure of the polymer 
provides the possibility for further chemical modifications. These modifications may enable the 
addition of bioactive or reactive active substances, opening the way to developing novel biomaterials 
with customisable properties. 
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