
 

 

_________________________________________________________________________________________________ 

*Corresponding author e-mail: ahmed_saeed@azhar.edu.eg.; (Ahmed Muhammed Saeed). 

Receive Date: 29 October 2023, Revise Date: 15 November 2023, Accept Date: 06 December 2023 

DOI: 10.21608/EJCHEM.2023.245428.8796 

©2024 National Information and Documentation Center (NIDOC) 
 

 

Egypt. J. Chem. Vol. 67, No. 6 pp. 269 - 275 (2024) 

 

                                                                                                                      

Synthesis, characterizations of chitosan-pyridoxal aldehyde polymer derivatives for 

ammonia sensing 
 Ahmed M. Saeed1*, Mohamed K. Hussein2, Ahmed G. Taha2, Hemat M. Dardeer2, Moustafa. F. Aly 2* 

1 Department of Chemistry, Faculty of Science, Al-Azhar University (Boys), Cairo, 11884, Egypt  

2 Department of Chemistry, Faculty of Science, South Valley University, Qena, 83523, Egypt. 

Abstract 

In the present work, some new chitosan polymers were prepared as a potential sensor for toxic gas. Chitosan (Chs) was reacted with pyridoxal 
(pyr) to give the corresponding Schiff-base, which was introduced into β-Cyclodextrin (β-CD) to form the inclusion complex 

(pseudopolyrotaxane) Chs-Pyr/β-CD. The modification and enhancement of the synthesized Schiff-base polymer was achieved by doping with 

ZnO NPs to form Chs-Pyr/ZnO composite. The chemical structure of the obtained polymers was confirmed by FT-IR spectra. The phase 
structure, crystallinity value and crystal size of chitosan and Chs-Pyr polymers were examined by XRD technique and indicated that crystallinity 

was enhanced from 5 to 13 % in Chs-Pyr, and Chs-Pyr/β-CD, respectively. In addition, the morphological structure of the prepared polymers 

was investigated by SEM analysis. The optical analysis was studied to confirm the difference in optical properties between the polymers, as 
well as changes in the energy gaps. Thermal stability studies indicated enhancement of T50 values to be 271, 291, and 299.8 C for Chs-Pyr 

Schiff base, Chs-Pyr/-CD, and Chs-Pyr/ZnO NPs, respectively. It was noticed that the prepared Chs-Pyr/ZnO NPs composite has high sensitivity 

for the detection of NH3 vapor from 10 to 100 ppm due to the bulky structure of the pyridoxal molecule which produces porous structure. Also, 
Chs-Pyr/ZnO composite has high response and quick recovery time (589 s and 264 s) towards the detection of NH3 vapors down to 10 ppm 

concentration.  
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1.Introduction                                                                                                                                                                   

Chitosan is a natural amino polysaccharide [1] and it is 

considering the second one maximum example natural 

polymer after cellulose. It can be produced from shrimp 

[2], aspergillus [3] and chemically from eht acetylation of 

chitin. Chitosan is used in various areas like wastewater 

treatment [4], food [5], medicine [6], cosmetics [7], 

biotechnology [8] and agriculture [9].  The chemical 

reactions of the amino group of chitosan with carbonyl 

compounds lead to the formation of Schiff bases [10]. 

Numerous of searches pumped from literature about 

modifications of chitosan polymers through insertion of 

it into β-Cyclodextrin (β-CD) and doping of metal oxide 

nanoparticles in chitosan polymer chains to improve their 

properties [11].  β-CD is a kind of heterocyclic 

oligosaccharide formed from seven glucopyranosyl units 

[12] and it has a cavity shape, in which the outer floor is 

hydrophilic, however the indoor floor is hydrophobic.  

The hydrophobic inner part of β -CD may be linked to 

organic, inorganic and/ or natural compounds to form 

inclusion complex [13-15]. Recently many scientists 

enhanced the chitosan polymer by doping it with gold 

nanoparticles to improve the electrical properties [16]. 

Synthesis of doped polymer has many properties such as 

electrical, optical, and catalytic process [17-19]. The 

improved polymers have a huge ability to be used in a 

different application [20-23].  Chitosan is significant as a 

natural polymer with numerous benefits, such as 

cleanliness, environmental preservation, non-toxicity, the 

ability to take the form of a gel, and the simplicity of 

using interactive functional groups for chemical changes. 

This makes it an intriguing sensor material among 

varieties that have derived nanoparticles from chitosan 

polysaccharides [24]. Furthermore, chitosan, which is 

categorized as an anionic in nature and chelates resinous 

materials, has been used as an ionophore in the 

development of surface-fabricated sensors for detecting 

anions [25-26]. From this point, this study aims to 

synthesis of Chs-Pyr polymer and modification of the 

physicochemical properties for this polymer to use in 

environmental applications such as gas sensors. The 

improvement occurs by two methods, firstly, by inserting 

the polymer through β -CD to form the inclusion polymer 

complex (Chs-Pyr/ β-CD).  Secondly, by doping with 

ZnO NPs to afford the polymer composite Chs-Pyr/ZnO. 

    

2. Materials and methods                                                           

2.1. Materials     

Chitosan with a deacetylation degree above 85%, 

pyridoxal aldehyde hydrochloride 99%, and β-CD were 

purchased from Merck co., Germany. Aldrich, 

Milwaukee, Wisconsin, USA, provided ZnO NPs (purity 

>97%, >50 nm), glacial acetic acid, and 

dimethylformamide (DMF). Ammonia solution (30 % 
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(V/V) was obtained from ADWIC Company for 

chemicals, Egypt)All compounds were used exactly as 

supplied, with no further purification. 

 

2.2 Synthesis of Chs-Pyr polymer   

 In 100 mL of glacial acetic acid, the chitosan polymer 

(1.0 g) was dissolved to prepare and was stirred for 30 

minutes at room temperature to form chitosan gel. After 

this, pyridoxal aldehyde was added dropwise (0.3g in 

20ml DMF) while stirring for 30 minutes. Then the 

temperature was raised to 100 °C for 6 hours, Scheme 1. 

Petri dishes were coated with Chs-Pyr polymer hydrogel, 

and the solvent evaporated at room temperature. 

 
Scheme 1. Synthesis of Chs-Pyr polymer 

 

2.3 Synthesis of pseudopolyrotaxane (Chs-Pyr/ β-CD) 

Chs-Pyr polymer (1.0 g) and β-CD (3g) were mixed in 

DMF (25ml) at room temperature for 18 hours to form 

the inclusion complex, Scheme 2. It was obtained in the 

form of faint yellow powder after the precipitate was 

filtered out under a vacuum and dried at room 

temperature. 

 

Scheme 2. Synthesis of of pseudopolyrotaxane (Chs-

Pyr/ β-CD) 

 

2.4 Synthesis of Chs-Pyr/ZnO composite 

Chs-Pyr polymer (1.0 g) and ZnO NPs (0.1g) were mixed 

in DMF (20ml) for 24 hours at room temperature to yield 

composite polymer, Scheme 3.  It was produced as a 

yellow powder after the generated precipitate was filtered 

out under a vacuum and dried at room temperature. 

 

 

Scheme 3. Synthetic method for the preparation of 

Chs-Pyr/ZnO NPs composite 

2.5 Characterizations 

X-ray diffraction spectra were taken using a powder 

diffractometer (Brucker D8 Advance, Germany) with a 

Cu K radiation source, =1.5406 A, and 2 in the range (5-

80°) to examine the phase structure and crystallite size of 

the materials. By employing an infrared spectrometer 

(Jasco Model 4100 - Japan) at room temperature, the 

chemical structures of the synthesized derivatives were 

investigated using FT-IR spectroscopy in the wave 

number range of 4000 - 400 cm1. Using an accelerated 

voltage of 10 kV, a scanning electron microscope (SEM) 

(JEOL SEM model JSM - 5500 - Japan) was used to 

examine the morphological structures of the produced 

derivatives. A UV-visible spectrometer was used to 

examine the produced polymers' optical characteristics. 

The UV-visible spectra were obtained using quartz cells 

with 1 cm path length and a UV-vis spectrophotometer 

(PG Instruments, model T80, UK) in the wavelength 

range of 270 to 600 nm. To change the baseline, DMF 

was utilized as a blank. The thermal stability of the 

synthesized derivatives was evaluated using TGA (SDT 

Q600 V20.9 Build 20, New castle, USA) at a heating rate 

of 15 °C/min up to 300 °C. 40 ml/min flow of nitrogen 

gas. The thermal analyzer has a data management and 

acquisition mechanism (TA-50WSI). The gas-sensing 

behavior of Chs-Pyr/ZnO NPs composite was 

accomplished utilizing a static homemade device 

comprising 5 L glass chamber and acquisition system 

containing digital multimeter interfaced laptop (Scheme 

4) [27,28]. The sensor layer was fabricated by drop 

casting the composite suspension on interdigitated 

electrodes (5 cm×4 cm×2 cm) and allowed to dry for 24 

h at 45 oC. The liquid analyte was injected in definite 

volumes to obtain the corresponding vapor 

concentrations [29]. The composite sensor's response was 

determined using the relation Ra / Rg, where Ra and Rg 

are the sensor's resistances in air and vapour, respectively 

[30]. The reaction and recovery times are the times 

required to achieve 90% of the final value [31]. 

 

 
 

Scheme 4. Gas sensing setup 

3. Results and discussion 

3.1 XRD analysis 

Chitosan, Chs-Pyr polymer, polymer composite, and 

pseudopolyrotaxane phase structures, crystallinity values 

and crystal sizes were determined and presented by XRD 

analysis Fig. 1. XRD examination Fig. 1 shows the XRD 

spectra obtained at 25 ºC in the range 5º−60º. Chitosan 

diffraction peaks were found at 8.6o and 20o, indicating 

its semi-crystalline structure due to hydrogen bonding 



Synthesis, characterizations of chitosan-pyridoxal aldehyde polymer derivatives for ammonia sensing 

______________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 67, No. 6 (2024) 

 

271 

between hydroxyl, amino, and acetanilide groups [32]. 

XRD analysis for Chs-Pry polymer showed only one 

single broadening peak at 20.6° and slightly shifted from 

the chitosan peak. The pseudopolyrotaxane XRD pattern 

revealed a new peak at 11.8° and a small shift in 18.8°. 

Furthermore, increasing the intensity of the final peak 

increased the crystal size and crystallinity of 

pseudopolyrotaxane owing to hydrogen bonding between 

primary and secondary alcoholic -OH, which ascribed to 

β-CD cavity (Chs-Pyr /β-CD) polymer [33]. Chs-Pyr 

polymer and pseudopolyrotaxane have crystallinity 

values of 5% and 13%, respectively. In XRD 

examination, the addition of ZnO NPs to the Chs-Pyr 

polymer produced a distinct pattern. The Chs-Pyr/ZnO 

overseas peak became less intense and had distinct peaks 

at 28°, 31°, 35°, and 45°. The synthesis of these polymers 

was demonstrated by the change in XRD spectra of 

chitosan and other polymers. 

 
Fig. 1. XRD patterns of pure chitosan, Chs-Pyr 

polymer, Chs-Pyr/β-CD inclusion complex and Chs-

Pyr ZnO NPs composite polymer. 

 

3.2. Fourier-transform infrared spectroscopy (FT-

IR) 

The hydrocarbon bond C-H appeared at 2921 cm-1, and 

the -OH group characteristic peak in chitosan appeared at 

3300 cm-1, superimposed over the N-H stretching band. 

In addition, the peaks of -C=O, amide, and –NH2 were 

observed at 1657 cm-1 and 1598 cm-1. FT-IR pattern of 

pure chitosan showed two transmission bands of 

asymmetric C-O-C and glucosamine C-O-C group at 

1147 and 1071 cm-1, respectively, Table 1. The spectrum 

of Chs-Pyr polymer showed C=NH band at 1643 cm-1, 

these results confirmed the formation of Chs-Pyr after the 

condensation between the –NH2 of Chs and the C=O of 

Pyr, Scheme 1. The stretching vibration peaks of C-C 

bonds on the aromatic ring and the stretching vibration 

peak of C=O of Pyr appeared at 1490 and 1250 cm-1, 

respectively [34-36]. The differences between 

absorbance bands of chitosan and Chs-Pyr polymer are 

summarized in Table 1. 

Additionally, the absorption band of the hydroxyl group 

in Chs-Pyr/ β-CD is slightly higher and more intense than 

the Chs-Pyr. Furthermore, the ν[C–O–C] and ν[CH2-O] 

bending vibrations were shifted to lower frequencies at 

1050 and 1180 cm-1, respectively. Moreover, -C-H, -NH 

bands appeared at 2908 and 1580 cm-1, respectively. 

These results confirmed the formation of 

pseudopolyrotaxane polymer through the insertion of 

Chs-Pyr polymer into β-CD. Table 2 illustrates the 

differences in absorption bands between pure β-CD, Chs-

Pyr polymer, and pseudopolyrotaxane polymer, 

respectively. 

 

Table 1: Main functionalities of Ch and Chs-pyr 

obtained by FT-IR 

Δν = ν (Chs-pyr polymer) – ν (Chs). 

Table 2: Main functionalities of Chs-pyr, 

pseudopolyrotaxane, and β-CD obtained by FT-IR 

Δν3 = ν (pseudopolyrotaxane) – ν (Chs-pyr polymer), 

Δν4 = ν (pseudopolyrotaxane) – ν (β-CD 

 
Fig. 2. FTIR spectra of pure chitosan (Chs) polymer, 

pyridoxal (Pyr) and Chs-Pyr Schiff-base polymer. 

 
Fig. 3. FTIR spectra of pure β-CD, Chs-Pyr Schiff-

base polymer and Chs-Pyr/ β-CD polymer. 

Functional 
group 

Wavenumber, cm−1 

Δν 
Chs     

Chs-pyr 

polymer 

ν[OH, NH] 
symmetric 

ν[CH-

aliphatic] 
ν[C=O] 

ν[C=N] 

ν[CH2-OH] 
ν[C-O-C] 

 

3334 
2978 

1657 

– 
1378 

1068 

3383 
2919 

1617 

1569 
1414 

1074 

+49 
-59 

-40 

- 
+36 

+6 

Functional 

group 
Δν3 

Wavenumber, cm−1 

Δν4 Chs-pyr 

polymer   

 

pseudopolyrotaxane β-CD 

ν[OH, NH] 
symmetric 

ν[CH-

aliphatic] 
ν[C=O] 

ν[CH2-OH] 

ν[C-O-C] 

+12 
 

-11 

+36 
-18 

+73 

3383 
 

2919 

1617 
1414 

1074 

3395 
 

2908 

1653 
1396 

1147 

   
3389 

 

2925 
- 

1159 

1028 

+6 
 

-17 

- 
+237 

+119 

https://en.wikipedia.org/wiki/Fourier-transform_infrared_spectroscopy
https://en.wikipedia.org/wiki/Fourier-transform_infrared_spectroscopy
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The Chs-Pyr/ZnO composite polymer was formed by 

doping of Schiff-base with ZnO NPs. The FT-IR pattern 

of this polymer showed a broad absorption band at 3449 

cm-1 corresponds to the stretching vibrations of hydroxyl 

(OH) groups. The absorption band located at 2888 cm-1 

is attributed to symmetric stretching of aliphatic C–H 

groups of Chs in polymer blend [37], which is slightly 

shifted and decreased in intensity upon doping of ZnO 

NPs. The absorption band located at 1553 cm−1 is 

assigned to free C=O stretching vibration [38]. The 

absorption bands at 1606 and 1395 cm−1 corresponding 

to the polymer (C=N) group bending and stretching 

vibrations of the (CH2-OH) group were pushed towards 

higher wave numbers and decreased in intensity. The 

band at 1070 cm−1 is attributed to C–O-C stretching 

becoming less intense and shifted to a lower 

wavenumber. Furthermore, the band at 660 cm−1 reveals 

the presence of ZnO hexagonal phase in Chs-Pyr/ZnO 

composite polymer. The differences between the 

absorption bands of the Chs-pyr polymer and the Chs-

Pyr/ ZnO NPs are summarized in Table 3.  

 

Table 3 

Main functionalities of Chs, Chs-pyr, Chs-pyr/ZnO NPs composite, and ZnO NPs obtained by FT-IR 

 

Δν1 = ν (Chs-pyr/ZnO NPs) – ν (Chs-pyr polymer), Δν2 

= ν (Chs-pyr/ZnO NPs) – ν (ZnO NPs). 

Fig. 4. FTIR spectra of all prepared polymers 

3.3. SEM measurement 

Chitosan, pyridoxal aldehyde, Chs-Pyr polymer, 

pesedopolyrotaxane, ZnO NPS, and composite polymer's 

morphological structures were analyzed using SEM (Fig. 

5 a-f). Pure chitosan is exceedingly homogeneous, level, 

normal, and smooth, without any pores or fissures (Fig. 

5-a). SEM analysis revealed the morphological structure 

of the Chs-Pyr polymer as a black, uniform, and dense 

clouds with few corrugations and no fissures. (Fig. 5-c), 

and the surface pyridoxal aldehyde is very smooth with a 

tiny grey rock [39]. The morphological structure of 

pesedopolyrotaxane (Fig. 5-d) cite to snowflakes of β-CD 

coated gray clouds polymer indicates the penetration of 

Schiff-base polymer into β-CD, while (Fig. 5-e) alludes 

to morphological arrangement of pure ZnO NPs which 

developed on coral reefs. Ergo Chs-Pyr and ZnO NPS 

morphological organization appears as an ice cube on the 

cloudy skies belonging to Chs-Pyr polymer's surface 

(Fig. 5-f). 

 
 

Fig. 5. SEM images of a) Pure Chitosan, b) 

pyridoxal, c) Ch-Pyr, d) Chs-Pyr/ βCD, e) ZnO NPs 

and f) Chs-Pyr / ZnO NPs 

3.4. Optical analysis 

UV-visible spectroscopy of the Chs-Pyr polymer, Chs-

Pyr/β-CD polymer, Chs-Pyr/ZnO NPs composite and 

chitosan were observed to be in the range of 225–600 nm 

at 25 °C. Fig. 6. The characteristic peak of chitosan 

appears at wavelength 280 nm due to the transition of the 

electrons which staying in the carbonyl group (>C=O) by 

𝜋- 𝜋 ∗ transition. The Chs-Pyr polymer recorded the very 

broading band at 292 nm due to presence of 𝜋 bond in 

Schiff-base (-CH=N-). The modification of Chs-Pyr 

polymer with β-CD leads to the absorption peak rang 

change from 292 nm to 296 nm, this red shift due to 

hydroxyl groups which are present in β-CD.  When ZnO 

NPs were added to the Chs-Pyr polymer, shifted (red 

shift) and very broad peak at wavelength 297 nm. All the 

shifted values indicated the formation of Chs-Pyr 

polymer, Chs-Pyr/β-CD polymer and Chs-Pyr/ZnO NPs 

composite. Furthermore, using Tauc's formula, the 

Functional group Δν1 

Wavenumber, cm−1 

Δν2 Chs     Chs-pyr 

polymer 

Chs-pyr/ZnO NPs 

composite 

ZnO NPs 

 
ν[OH, NH] symmetric 

ν[CH-aliphatic] 

ν[C=O] 
ν[NH-bending] 

ν[CH2-OH] 

ν[C-O-C] 

 

+66 

 
-31 

+10 

-18 
+16 

+3 

 

3334 

 
2978 

1657 

– 
1378 

1068 

 

3383 

 
2919 

1617 

1569 
1414 

1074 

 

3449 

 
2888 

1627 

1551 
1394 

1079 

 

3333 

 
- 

- 

1553 
1395 

1090 

 

+11 

 
6 

- 

-2 
-1 

-11 

a b 

c d 

e f 
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energy gap of the synthesized polymers was computed 

based on the UV-visible absorption spectra. For the Chs-

Pyr polymer, Chs-Pyr/β-CD polymer, and Chs-Pyr/ZnO 

NPs composite, the corresponding values of Eg were 2.95 

ev, 3.03 ev, and 3.09 ev. 

 

 
 

Fig. 6. UV-vis spectral of all prepared polymer  

3.5. Thermal analysis (TGA) 

The TG-DTG analysis in the temperature range of 20 to 

600 °C under nitrogen (N2) environment was utilized as 

a straightforward, affordable, and accurate analysis. The 

temperature range and three different weight loss phases 

were observed in the Chs-pyr TG curve. Due to the 

hydrophilicity of the chitosan molecule, the first weight 

loss reflects the removal of water molecules that were 

physically associating with the Schiff-base polymer. 

However, the following stage of loss of weight involves 

the decomposition of glycosidic bonds along the Chs-Pyr 

chain, the breakdown of amino groups, and 

depolymerization. In addition, the third weight loss phase 

involves the breaking down of saccharide units, the 

disintegration of condensed chitosan units, and the 

disbandment of pyridoxal rings. Differential thermal 

analysis provided additional details regarding the stages 

of thermal deterioration of the polymers (DTG). It was 

observed that Chs-Pyr polymer modifications that 

involved encapsulating it in β-CD hydrophobic cavity 

and coordinating it with ZnO NPs resulted in a 

comparatively increased thermal stability of the Schiff 

base. T50 provided confirmation of these findings. (The 

temperature at which the polymers lose half of their 

weight). T50 was determined to be 271, 291, and 299.8 C 

for Chs-Pyr Schiff base, Chs-Pyr/-CD, and Chs-Pyr/ZnO 

NPs, respectively. 

3.6 Gas sensing performance  

(Fig. 8A) represent the dynamic response of the polymer 

composite sensor towards different NH3 concentrations 

at room temperature. The prepared Chs-Pyr/ β-CD/ZnO 

NPs polymer composite gained high sensitivity for NH3 

from 10 to 100 ppm. It was observed that the resistance 

of the sensor was decreased by increasing concentration 

of the NH3 analyte, and then recovered again by 

removing the analyte vapor, as an indication of reversible 

response characteristics. Also, the response of the 

composite sensor was increased as NH3 concentration 

was increased (Fig. 8B, 8C).  

As the bulky Schiff base polymer has a porous structure, 

it may provide efficient sensing properties. Pyridoxal has 

bulky structure, which make globular head in Schiff base 

that provides porosity and sufficient space for adsorption 

of vapor leading to high sensitivity of the prepared Chs-

Pyr/ β-CD/ZnO  composite [40]. On one hand, ZnO NPs-

based sensor play important rule in NH3 vapor sensing 

due to adsorption–desorption process of the reducing 

NH3 gas on the surface of ZnO NPs which decreasing the 

resistance of the sensor according to the mechanism 

reported by Anshika Nagar et. al [7]. The sensor response 

and recovery times were 589 s and 264 s, respectively 

(Fig. 8D) indicating that Chs-Pyr / β-CD/ZnO NPs 

composite is suitable for gas sensing applications [27].  

 
 

Fig. 7. (A) and (B): TGA and DTG diffractograms of 

all prepared polymers. 

 

Fig. 8. Dynamic response of Chs-Pyr / β-CD/ZnO NPs 

composite toward different NH3 concentrations (A), 

maximum response of the composite different NH3 

concentrations (B), Sensing response versus different 

NH3 concentrations (C), and response and recovery 

times of the composite at 100 ppm NH3 (D) 

 

https://www.sciencedirect.com/science/article/pii/S0022286021007584#fig0010
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Conclusions 

Chitosan was reacted with pyridoxal to afford Chs-Pyr 

polymer. By modification of Chs-Pyr polymer via 

insertion it into β-CD and doping it with ZnO NPs gave 

Chs-Pyr/β-CD polymer and Chs-Pyr/ZnO NPs, 

respectively. All these polymers were characterized by 

XRD, FT-IR, TGA, SEM analysis and optical analysis 

and the Chs-Pyr/ZnO composite was tested as toxic 

vapors. The formation of porous structure in the Chs-

Pyr/ZnO composite provides sufficient molecular space 

to facilitate housing of the analyte molecules and 

resulting high vapor sensitivity. The Chs-Pyr/ ZnO 

composite was evaluated as a sensor for aliphatic amine 

vapor, such as ammonia at room temperature in 

concentrations ranging from 10 ppm to 100 ppm. The 

composite is effective for detecting NH3 vapors with 

quick response and recovery time indicating that the 

composite can be utilized in toxic vapors sensing devices. 
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