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ABSTRACT  

Carboxymethyl cellulose (CMC) is a polysaccharide polymer derived from plant fibrous tissues, while 

chitosan (CS) is a biopolymer obtained from chitin present in the exoskeletons of crustaceans and insects, as 

well as fungal cell walls. This study focuses on the synthesis and characterization of CMC, CS, and their 

composite films (CMC–CS), with emphasis on how material integration influences structural and electrical 

properties. The films were fabricated using a solution casting technique followed by a triple-cycle freeze-thaw 

process to enhance structural stability and reduce solubility. Fourier Transform Infrared (FTIR) analysis 

confirmed successful interaction between the polymers, evidenced by a peak shift to 3346 cm-1 for the CMC-

CS composite, indicating strong intermolecular hydrogen bonding between hydroxyl (OH) and amino (NH2) 

groups. Additionally, the merging of peaks at 1560 cm-1 suggests electrostatic attraction between the anionic 

carboxylate groups of CMC and the cationic amino groups of CS. This interaction contributes to improved 

compatibility and structural integrity of the composite films. Electrical characterization demonstrated that the 

CMC-CS composite films exhibited the highest electrical conductivity, with conductivity increasing linearly as 

a function of applied current. In contrast, pure CMC showed the highest resistivity. The enhanced electrical 

performance of the composite is attributed to synergistic interaction between CMC and CS, which facilitate 

more efficient charge transport pathways. Overall, the findings indicate that CMC–CS composite films possess 

promising potential for applications in conductive biopolymer systems, particularly in environmentally 

friendly and flexible electronic materials. 
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INTRODUCTION  

Carboxymethyl cellulose (CMC) known as polysaccharide polymer made of plant fibrous tissues. The 

properties that are contained in CMC are soluble in water, able in forming film, biocompatible, non-toxic, and 

many carbon functional groups (Akhlaq et al.,2023). The addition of the carboxymethyl group (CH2COONA) 

into the cellulose molecule is the main reason for the production of CMC (Yildirim-Yalcin et al., 2022). Zhao 

et al (2022) stated CMC also had many active-oxygen containing groups which are carboxyl (C=O) and 

hydroxyl (OH) that made easier modification when combined with other materials. Beghetto et al (2026) has 

mentioned CMC can be obtained by etherification of alkali-catalyzed with ethylene oxide and chloroacetic 

acid. Chitosan (CS) is a biopolymer which is derived from chitin and can be found in crustacean’s exoskeleton 

such as crab, shrimp, and lobster, insects, and fungi cell walls (Khubiev et al., 2023). CS also can be obtained 

by partial chitin deacetylation which is made the N-acetyl-glucosamine and D-glucosamine biopolymer 

(Kumar et al., 2020). Barik et al (2024) mentioned CS had various properties such as biodegradable, 

biocompatible, non-toxic, hydrophobic that is insoluble in aqueous and organic solvents but soluble in organic 

and inorganic acids due to the presence of OH groups and reactive amino (NH2) groups that made solubility of 

water low. The ability of CS in forming the film was also discovered by previous studies (Zehra et al., 2020 & 

Kaczmarek-Szczepanska et al., 2025). 
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The synthesis of carboxymethyl cellulose–chitosan (CMC–CS) composites has been widely reported due to 

their enhanced structural and functional properties. Previous studies have shown that combining CMC and CS 

leads to the formation of improved network structures, resulting in greater stability of the composite material 

(Nguyen et al., 2026). This observation is supported by He et al. (2015), who highlighted that the integration of 

CMC and CS is an effective approach for strengthening polymer structures. The compatibility between these 

materials is attributed to their structural similarity, which promotes strong intermolecular interactions. This is 

further evidenced by the formation of a homogeneous and stable interface without visible phase separation, 

cracking, or shrinkage when CMC and CS are blended in solution (Li et al., 2023). In addition to structural 

compatibility, the formation of CMC–CS composites is driven by electrostatic interactions between oppositely 

charged functional groups. CMC is a naturally occurring anionic polymer due to its carboxylate (–COO⁻) 

groups, while CS is a cationic polymer containing amino (–NH₂) groups (Muñoz-Tebar et al., 2023). The 

electrostatic attraction between these functional groups plays a crucial role in maintaining the integrity and 

stability of the composite structure (Altam et al., 2022; López-Manzanara Pérez et al., 2023). Therefore, this 

paper aims to describe the preparation of CMC, CS, and CMC–CS composite films, as well as to investigate 

their structural and electrical properties. 

METHODOLOGY  

Preparation of CMC film 

The preparation of the CMC film was carried out using a solution casting method. First, 4 g of sodium 

carboxymethyl cellulose (CMC-Na) was dissolved in 200 ml of distilled water, followed by the addition of 1.2 

g of glycerol. This mixture was stirred and heated at 90°C for 20 minutes until homogeneous and transparent 

solution was obtained as shown in Figure 1(a). Subsequently, 0.75 ml of 1.0 M H2SO4 was added to the 

solution under continuous stirring. A glass substrate was then dip-coated in the prepared solution to form a 

hydrogel layer. The resulting hydrogel was subjected to three freeze-thaw cycles, each consisting of freezing at 

-17°C for 8 hours followed by thawing at room temperature to Afterward, the hydrogel was rinsed with 

deionized water to remove any residual acid. Finally, the film was dried at room temperature for two days to 

obtain an insoluble CMC film. 

Preparation of CS film 

Briefly, 1 g of CS was dissolved in 100 ml of a 1% (v/v) acetic acid solution and stirred at 80°C for 40 minutes 

until homogeneous solution was obtained as shown in Figure 1(b). Glycerol was then added as a plasticizer 

and the mixture was further stirred for an additional hour to ensure uniform dispersion. A clean substrate was 

subsequently dip-coated in the prepared solution to form a CS hydrogel layer. The resulting hydrogel 

underwent three freeze-thaw cycles comprising 8 hours of freezing at -17°C and 3 hours of thawing at room 

temperature to achieve structural stability. Afterward, the hydrogel was rinsed in deionized water to remove 

any residual acid. Finally, the material was dried at room temperature for two days, yielding a stable and 

insoluble CS film. 

Preparation of CMC-CS film 

Preparation of CMC-CS film was synthesized by dissolving 1 g of CS in 100 ml of 1% (v/v) acetic acid and 1 

g of CMC-Na in 100 ml of distilled water. The CMC solution was then added dropwise into the CS solution 

and stirred at 80°C for 30 minutes, followed by the addition of glycerol as a plasticizer and an additional hour 

of stirring. Figure 1 © shows the solution of CMS-CS film. Glass substrates were dip-coated in the resulting 

mixture to form hydrogels, which were then stabilized through three freeze-thaw cycles comprising 8 hours of 

freezing at -17°C and 3 hours of thawing at room temperature. To remove any residual acid, the hydrogels 

were immersed in deionized water three times for 5 minutes each before being dried at room temperature for 

two days to obtain an insoluble CMC-CS film. 
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Figure 1. Solution of (a) CMC, (b) CS, and (c) CMC-CS Films 

   

(a) (b) (c) 

RESULTS AND DISCUSSIONS 

Structural Properties 

FTIR analysis of CMC, CS, and CMC-CS films have been identified by observing Figure 2. All three samples 

have shown a deep "valley" centered peak around 3300 to 3400 cm-1 which are 3376 cm-1 for CMC, 3368 cm-1 

for CS, and 3346 cm-1 for CMC-CS. Next, the small peaks were appearing around 2850 to 2950 cm-1 for all 

three materials. Around 1400 to 1650 cm-1, CMC showed a sharp peak near to 1602 cm-1, CS displayed a 

distinct peak at 1585 cm-1, and CMC-CS indicated the merging or shifting peaks at 1560 cm-1. There are the 

strongest peaks that have been detected and located near 1030 to 1060 cm-1. 

The appearance of deep "valley" peaks represented between the stretching vibration of OH and NH. Wang et al 

(2021) has reported there was a broad peak appeared in CMC around 3600 to 3200 cm-1 which is at 3270 cm-1 

that assigned as stretching vibration of OH. The intermolecular and intramolecular of hydrogen bonding also 

present (Priyadarshi et al., 2021). CS also showed the broad peak around 3400 to 3100 cm-1 at 3279 cm-¹ 

which indicated the OH and NH stretching vibration (Riccardo., 2024). Yu et al (2025) mentioned CMC-CS 

had a broad and intense peak due to containing both OH and NH groups that intermolecular hydrogen bonding 

occurred. Therefore, the interaction of physical hydrogen bonding became stronger. The peaks located 2850 to 

2950 cm-1 represented the stretching vibration of CH in all sample materials (Frick et al., 2017, Lombo Vidal 

et al., 2020 & Putranti & Nugraheni, 2023). These CH groups came from methyl groups in carboxymethyl side 

chains of CMC and from any residual acetyl units of CS.  

Other than that, the sharp peak of CMC and distinct peak of CS have denoted the appearance of carboxylate (-

COO) group and bending of the NH group by the studies of Qin et al (2023) and Stanicka et al (2021). The 

interaction between negative charge -COO of CMC and positive charge NH of CS has created a 

polyelectrolyte complex by electrostatic attraction both polymers is a reason of shift wavenumber for CMC-

CS. This statement has been proved by the study of Gonzalez et al (2025). The appearance of strongest peaks 

has been assigned as the presence of C-O-C stretching (Abdulhameed et al., 2019, Tangthuam et al., 2020, 

Abdou et al., 2024 & Saadi et al., 2025) which the peaks showed maintain in sharp, prominent in composite, 

and remain intact both CMC and CS. 
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Figure 2. FTIR Analysis of CMC, CS, and CMC-CS Films 

  

Electrical properties 

Resistivity and electrical conductivity of CMC, CS, and CMC-CS films have been determined with applied 

current of 100, 200, 300, 400, and 500 nA. For resistivity, all sample materials were shown the decreasing 

pattern according to the increasing current applied as shown in Figure 3. CMC film exhibited the higher 

resistivity compared to the CS film while CMC-CS had the lowest of resistivity. Meanwhile, Figure 4 shows 

the electrical conductivity of CMC, CS and CMC-CS composite films. The electrical conductivity represented 

inversely proportional to the resistivity. The pattern of electrical conductivity increased linearly by enhancing 

the current. CMC-CS was obtained the highest of electrical conductivity which is in range 45 to 232 (Ω.cm)-1 

while CMC is 21 to 109 (Ω.cm)-1 lower compared to CS which is 24 to 120 (Ω.cm)-1. The value of electrical 

conductivity was indicated reciprocal or inversely proportional to the value of resistivity (Ali Elgheryani, 

2024). 

Nasution et al (2018) stated CMC was restricted to the movement of electrons due to property of plasticizer 

that made less conductive meanwhile the bonding of hydrogen from amino groups and oxygen has formed 

hydrogen bonding which produced easier for electrons to move and generate the electrical conductivity. 

Therefore, CMC-CS was the highest electrical conductivity due to intermolecular interaction of hydrogen 

bonding which enhanced compatibility and led charge transfer became efficient. The formation of hydrogen 

bonds increased when more hydrophilic functional groups such as OH, COOH, and NH2 (Susi et al., 2025) 

contained in CMC-CS composite. CMC has combined with poly(Aniline) (PANi), poly(Pyrrole) (PPy), 

poly(Thiophene) (PTh) (Demirci et al., 2020 & Salem et al., 2023), chromium chloride (CrCl3) (A. Hameed & 

Hussein, 2024), and graphene nanoplatelet (Mergen & Arda, 2023) which are showed better electrical 

conductivity than pure CMC. This is because of energy barrier is low that made the charge carriers number to 

be higher (Alharbi et al., 2023). The previous studies have approved that combination of materials in 

increasing the electrical conductivity performance is an effective method.  

The value of electrical conductivity obtained from this work has been compared to the other biopolymer 

composite materials. Abdo et al (2017) has discovered electrical conductivity of several biopolymer 

composites such as poly(caprolactone) with carbon nanotubes and silver nanoparticles (PCL-CNT/Ag) is 

approximately 1x10-3 S/m, PPy with poly(ethyleneglycol) (PEG) in 90 S/cm, iron (III) chloride (FeCl3) in 1.66 

S/cm and ammonium persulfate ((NH4)2S2O8) in range 0.15 to 0.2 S/cm, PANi with silver nitrate (AgNO3) is 1 

x 103 S/cm, poly(3,4-ethylenedioxythiopene): poly(styrene sulfonate) (PEDOT:PSS) in 0.8 S/cm, PTh with 
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titanium dioxide (TiO2) in approximately -3.90 (Ω cm)-1, and poly-acetylene with single-walled carbon 

nanotubes (PAc:SWCNT) in range 1023 to 1024 S/cm. This showed the electrical conductivity value of 

sample materials is relevant and acceptable range with the other biopolymer composites. Even, the sample 

materials contained a higher value of electrical conductivity compared to most of biopolymer composites 

stated.  

Figure 3. Resistivity of CMC, CS, and CMC-CS Films 

  

Figure 4. Electrical Conductivity of CMC, CS, and CMC-CS Films 

  

CONCLUSION  

CMC, CS, and CMC-CS films was successfully achieved through a controlled freeze-thaw and drying process, 

resulting in stable and insoluble materials. Structural analysis via FTIR confirmed the presence of key 

functional groups, with all samples displaying deep "valley" peaks between 3300 and 3400 cm-1 corresponding 
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to OH and NH stretching vibrations. The successful formation of the CMC-CS polyelectrolyte complex was 

highlighted by the shifting of peaks to 1560 cm-1, driven by the electrostatic attraction between the differently 

charged polymers. Regarding electrical performance, the CMC-CS composite demonstrated superior 

properties, achieving the highest electrical conductivity compared to pure CMC and CS films. Experimental 

data showed that as the applied current increased from 100 to 500 nA, the resistivity of all films decreased, 

while electrical conductivity increased linearly. Ultimately, the integration of CMC and CS proved to be an 

effective method for strengthening film structure and enhancing electrical performance due to improved 

intermolecular hydrogen bonding and efficient charge transfer. 
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