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Abstract  
The development of graphene-based biopolymer composites has attracted considerable interest owing to 
their potential applications in environmental remediation, catalysis, and adsorption technologies. 
However, most reported methods rely on graphene oxide (GO) as a precursor, which increases 
production costs and introduces additional synthesis steps. In this study, a facile two-step covalent 
functionalization strategy was developed to graft chitosan directly onto graphene through diazonium-
mediated radical chemistry. Initially, aminobenzoic acid-derived diazonium salts were used to 
introduce aryl carboxylic acid functionalities onto graphene surfaces. Subsequently, amidation and 
esterification reactions between the introduced carboxylic groups and the amino and hydroxyl groups 
of chitosan produced stable graphene─chitosan composites. FTIR analysis, UV–Visible spectroscopy, 
powder X-ray diffraction (PXRD), scanning electron microscopy (SEM), and thermogravimetric 
analysis (TGA). FTIR results of the two and three component systems showed additional peaks at 1170 
cm-1 and 3638 cm-1 suggesting esterification reaction, other additional characteristic peaks were found 
at 1097 cm-1 and 1670 cm-1 due to amidation reaction between the ─COOH of the GP-ArCOOH and 
the ─NH2 of the chitosan . UV–Vis spectroscopy revealed enhanced optical absorption and improved 
dispersion stability following chitosan grafting. PXRD patterns showed the emergence of diffraction 
peaks associated with both benzoic acid functionalitie in GP-ArCOOH graph at 18.4o and 87.4o , while 
TGA demonstrated significant thermal behaviour changes attributable to covalent modification. The 
developed method provides an economical and scalable alternative to GO-based approaches and 
represents one of the first reports of direct radical covalent functionalization of pristine graphene with 
chitosan. 
 
Keywords: Graphene, Chitosan, Radical Functionalization, Diazonium Chemistry, 
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INTRODUCTION 
Graphene has emerged as one of the most promising nanomaterials owing to its exceptional 
electrical conductivity, mechanical strength, thermal stability, and large specific surface area. 
Despite the unique properties of graphene and its potential applications, it is important to 
note that the inertness of graphene to chemical reaction and its zero-band gap, limits the 
potential of graphene in many fields including, but not limited to, semiconductors, sensors, 
catalysis [Geokilas  et al 2012, Dimitri, et al, 2007, Geim  & Novoselov,  2007, Geim et al, 2012,  
Rao  et al 2009]. For this purpose, and by virtue of its great advantage of large surface area, 
the limitation in graphene can be addressed by chemical modification or functionalization 
with organic and inorganic materials through covalent interaction [J. Park & M. Yan 2013, 
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Huang X. et al, 2011]. Covalent functionalization of graphene can be achieved in two routes; 
i. free-radical and dienophile functionalization of pristine graphene, and ii. Covalent 
functionalization of GO with organic functional groups.. Covalent functionalization of 
pristine graphene typically requires reactive species that can form covalent adducts with the 
sp2 carbon structures in graphene. Functionalization can occur on the surface, at the edges 
and at the defect sites [Dimitri. V. p., et al, 2007]. By virtue of its hydrophilicity due to presence 
of hydroxyl (-OH), epoxide (-O-) groups, GO can be easily modified to suit a desired 
application [ Jingfu J. et al 2016] such as biomedical applications [Ying, W. et al 2010], waste 
water treatment [Chaoke Bulin, 2023]. The hydrophilic nature of GO induces stable dispersion 
of GO in water, making post adsorption recovery quite troublesome [Chaoke Bulin, 2023] . In 
this regard, modifying GO with polymer has proven to be effective  adsorbent for water 
treatment [Omar A.M. et al, 2023] 
  
Diazonium chemistry provides an effective route for covalent modification of graphitic 
materials through the formation of strong carbon–carbon bonds. Aryl diazonium salts can 
generate highly reactive radicals capable of grafting functional groups onto graphene surfaces 
under mild conditions. By introducing carboxyl-functionalized aryl linkers onto graphene, 
subsequent coupling with chitosan can be achieved through amidation and esterification 
reactions [Belanger, D., & Pinson, J., 2011, Pinson, J.  & Podvorica, F., 2005, Delamar M., et al, 
1992, Hirsch, A. & Hauke, F., 2018 ]. 
 
This study stands out because it used chitosan as the functionalizing agent, a choice that offers 
several unique advantages over previously reported efforts. Unlike many synthetic polymers 
or small organic molecules used in earlier studies, chitosan is a natural biopolymer that 
provides a unique combination of properties. Accordingly, backbone of chitosan is rich in 
highly reactive amino (-NH₂) and hydroxyl (-OH) groups [Kyzas, G. Z., & Bikiaris, D. N. 2015, 
Crini, G., & Lichtfouse, E. 2019, Elsabee, M. Z., & Abdou, E. S. 2013, Wang, J., & Zhuang, S. 
2022 ].  
 
Additionally, chitosan is characterized by biocompatibility and biodegradability, since it is 
non-toxic and biodegradable, making it an environmentally friendly choice compared to 
many synthetic chemical alternatives [Crini, G., & Lichtfouse, E. 2019, Wang, J., & Zhuang, S. 
2022]. This is a significant value proposition for applications in biomedical, environmental, 
and food-related fields. Beyond mere functionalization, the inherent properties of chitosan 
such as its ability to form gels and films and its high density of functional groups make it 
more than just a surface modifier [Kyzas, G. Z., & Bikiaris, D. N. 2015, Crini, G., & Lichtfouse, 
E. 2019]. It becomes an active component in the final composite. Therefore, with utilization of 
chitosan in this synthetic method, this study not only overcomes the poor dispersibility and 
inertness of graphene but also impregnates the final composites with the valuable properties 
of chitosan itself, creating a more sophisticated and versatile material than those achieved 
with conventional methods.   
 
Most reported graphene–chitosan composites are synthesized using graphene oxide (GO) 
because its oxygen-containing functionalities facilitate covalent attachment. However, GO 
synthesis often involves harsh oxidizing agents, generates chemical waste, and increases 
production costs. Direct functionalization of pristine graphene remains challenging due to its 
relatively inert surface [Dreyer, D. R., et al 2010, Pei, S., & Cheng, H. M. 2012, Chen, D., Feng, 
H., & Li, J., 2012]. 
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The present study investigated a two-step diazonium-mediated radical functionalization 
strategy for the direct covalent attachment of chitosan onto graphene. The approach 
eliminates the need for graphene oxide while enhancing dispersibility and introducing 
abundant functional groups beneficial for environmental applications. The structural, optical, 
and thermal properties of the synthesized composites were systematically evaluated.  
 
 
MATERIALS AND METHODS 
Graphene nanoparticles (500 m2/g), Chitosan (110kDa), 4-aminobenzoic acid, sodium nitrite 
(NaNO₂), tetrafluoroboric acid (HBF₄), chitosan, acetic acid, ethanol, and deionized water 
were used without further purification. Characterization Included ATR-FTIR, UV-Vis, TGA 
and SEM. 
 
A solution of 80 mg aminobenzoic acid in 100 mL ethanol was prepared and treated with 5 
mL HBF₄ under stirring. Subsequently, 40 mg NaNO₂ was added at 0°C to generate the 
corresponding diazonium salt. After 30 min, 100 mg graphene nanoparticles were introduced, 
and the mixture was irradiated using white LED light (2,500 lm) for 2 h clamped 30cm on top 
of the reaction mixture in the 250mL volumetric flask at 25°C. The resulting functionalized 
graphene was washed repeatedly with deionized water and dried under vacuum at 50°C 
overnight [Magaji, A., et al 2024].  
 
The functionalized graphene (100 mg) was dispersed in 50 mL deionized water and sonicated 
for 5 min. Chitosan (80 mg) dissolved in 50 mL of 1% acetic acid solution was added and the 
mixture stirred at 80°C for 3 h. The product was washed repeatedly and vacuum-dried at 
50°C overnight.  
 
The functionalization process proceeds through the generation of aryl radicals from 
diazonium salts, which covalently graft onto graphene surfaces. The resulting aryl carboxylic 
acid groups subsequently react with amino and hydroxyl functionalities of chitosan through 
amidation and esterification pathways. This two-step mechanism enables stable attachment 
of chitosan without requiring oxidation of graphene to graphene oxide as demonstrated in 
the proposed reaction mechanism below. 
 
RESULTS AND DISCUSSION 
This study characterized the functionalised graphenes in two component system (GP-
ArCOOH) and three component system (GP-ArCO-OCHT/GP-ArCO-NHCHT) using FTIR, 
UV-Vis, XRD, SEM and TGA. 
 
In figure 1, the FTIR spectra confirmed successful functionalization of graphene. The 
appearance of a strong absorption band at approximately 1041 cm⁻¹ in GP-ArCOOH due to 
functionalization of the sp2 – sp2 (C = C) to sp3 – sp3 (C–C) with the carboxylic functionalities 
[Magaji, A.,  et al 2024, Magaji, A., et al 2026]. Following chitosan incorporation, additional 
bands at 1170 cm⁻¹ and 3638 cm⁻¹ corresponding to ester C–O stretching and O–H/N–H 
vibrations were observed [C.S. Caetano et al 2013].. The presence of characteristic peaks at 
1097 cm⁻¹ (C-N) and 1670 cm⁻¹ (C=O) [T. Taubner et al 2020]suggests that amidation occurred 
between graphene-bound carboxyl groups and chitosan amino groups. Other additional 
Characteristic chitosan peaks at at 3214 cm⁻¹ and 2958 cm⁻¹  were also observed, which  further 
verified successful grafting [Rashid A., et al 2015,.Ali M. E. A., et al 2018]. 
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UV–Visible spectra in figure 2 revealed significant enhancement in absorption intensity after 
functionalization. GP-ArCOOH exhibited stronger absorption near 270 nm, confirming 
successful aryl grafting. Chitosan-modified graphene displayed reduced baseline scattering, 
indicating improved dispersibility and reduced aggregation [Magaji, A.,  et al 2024]. A weak 
absorption band around 340 nm suggested successful incorporation of chitosan onto the 
graphene surface.  
 
PXRD results demonstrated clear structural modifications following functionalization in 
figure 3. Additional diffraction peaks observed at 18.3° and 87.4° were attributed to benzoic 
acid functionalities introduced through diazonium chemistry. Furthermore, the emergence of 
a peak near 21.2° confirmed the presence of chitosan within the composite matrix [Magaji, A., 
et al 2026]. These observations provide strong evidence of successful surface modification 
while preserving the graphitic framework.  
 

TGA demonstrated pronounced differences between pristine and modified graphene in 
figure 4. Functionalized samples exhibited multiple degradation stages attributable to linker 
molecules and chitosan. GP-ArCO-NHCht displayed a characteristic decomposition peak 
near 303°C associated with chitosan degradation, while graphene-related decomposition 
occurred at higher temperatures. The shift of thermal degradation events toward lower 
temperatures compared to pristine graphene indicates successful covalent modification and 
increased defect density [Magaji, A., et al 2026]. Improved dispersibility resulting from 
chitosan incorporation was also evidenced by reduced aggregation-related decomposition 
temperatures.  
 

Further analysis based on the 1st derivative of TGA figure 4(b) shows only one significant 
region for graphene with the inflection temperature of 637oC. The degradation of the modified 
graphene GP-ArCOOH (red) has two significant temperatures: (Ti) 610oC (due to defected 
graphene) and (Ti) 760oC (due to aggregated graphene). Similarly, GP-ArCO-NHCht (blue) 
prepared in a two-step process reveals a broad peak at (Ti) 303oC due to chitosan, a peak at 
(Ti) 603oC due to residual chitosan and defected graphene and a peak at (Ti) 668oC (aggregated 
graphene). A slight shift towards lower temperature from 610oC in GP-ArCOOH to 603oC for 
the pyrolysis of GP-ArCO-NHCht is likely due to the overlap between the processes of 
carbonisation of chitosan and pyrolysis of graphene, which occur in the similar temperature 
range. A lower temperature of the final stage (668oC) as opposed to 760oC in GP-ArCOOH is 
due to an improved dispersibility of graphene platelets and a reduced aggregation leading to 
smaller stacks. This is also confirmed in directly by UV-Vis spectroscopy where a low 
background absorption is recorded indicating better dispersibility of the material in the 
solution. 
 

SEM micrographs revealed layered graphene structures before and after modification in 
figure 5. Although no substantial morphological changes were observed at the microscale, the 
preservation of graphene morphology indicates that the functionalization process did not 
significantly damage the graphitic architecture 
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Figure 1: FTIR spectra of pristine graphene (black), GP-ArCOOH (red) and GP-ArCO-NHCht (blue). 
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Figure 2: UV-Vis spectra of pristine graphene (black), GP-ArCOOH (red) and GP- ArCO-NHCht (blue) 
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Figure 3: PXRD spectra of pristine graphene (black), GP-ArCOOH (red) and GP- ArCO-NHCht (blue) 
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Figure 4: (a) Weight loss (%) against temperature and (b) normalized 1st derivatives thermogravimetric analysis of 
graphene (black), Gr-ArCOOH composite (red), Gr-ArCO-cht composite (blue)  
 

  
Figure 5: SEM images of GP-ArCOOH (left) and GP-ArCO-NHCht (right). 
 

Conclusion 
A novel two-step diazonium-mediated radical functionalization approach was successfully 
employed to covalently graft chitosan onto pristine graphene. FTIR analysis, UV–Visible 
spectroscopy, powder X-ray diffraction (PXRD), scanning electron microscopy (SEM), and 
thermogravimetric analysis (TGA). FTIR results of the two and three component systems 
showed additional peaks at 1170 cm-1 and 3638 cm-1 suggesting esterification reaction, other 
additional characteristic peaks were found at 1097 cm-1 and 1670 cm-1 due to amidation 
reaction between the ─COOH of the GP-ArCOOH and the ─NH2 of the chitosan UV–Vis 
spectroscopy revealed enhanced optical absorption and improved dispersion stability 
following chitosan grafting. PXRD patterns showed the emergence of diffraction peaks 
associated with both benzoic acid functionalitie in GP-ArCOOH graph at 18.4o and 87.4o , 
while TGA demonstrated significant thermal behaviour changes attributable to covalent 
modification. The developed method provides an economical and scalable alternative to GO-
based approaches and represents one of the first reports of direct radical covalent 
functionalization of pristine graphene with chitosan 
 
Reference 
A. Magaji, N.N. Sergeeva, H. Adamu, Z.U. Zango, Material Letters, 2026, 421, 141041.  
A.K Geim & K. S Novoselov, 2007, The Rise of Graphene, Nature Materials, 6, 3, 183 -191 
Belanger, D.  & Pinston, J., Electrografting: A powerful method for surface modification.  

Chemical Society Review, 2011, 40, 3995 – 4048. 



Facile Diazonium-Mediated Radical Grafting of Chitosan onto Pristine Graphene for Environmental 

Remediation Applications 

 

A. Magaji et al, DUJOPAS 12 (3a): 287-293, 2026                                                                                       293   

 

C. N. R. Rao, A.K. Sood, K. S. Subrahmanyam, A. Govindaraj, 2009, Graphene: The Two-
Dimensional Nanomatereial, Angewandte Chemie International Edition, 48, 42, 7752-
7777. 

C. S. Caetano, M. Caiado, J. Frinha, I.M. Fonseca, A. M. Ramos, J. Vital, J.E. Castanheiro, 
Chemical Engineering Journal, 2013, 230, 567 – 572. 

Chaoke Bulin, 2023, Adsorption Mechanism and removal efficiency of magnetic graphene 
oxide-Chitosan hybrid on Aqueous Zn(II), International Journal of Biological 
Macromolecules, 241, 124588. 

Chen, D., Feng, H.  & Li., J. Graphene oxide: Preparation, functionalization and 
electrochemical applications.  Chemical Reviews, 2012, 112, 11, 6027 – 6053.A. Magaji, 
D.P. Martin, L. Li-Shang, S.A. Krasnikov, A. Kulak, Z. Aslam, R. Drummond-Brydson, 
N. N. Sergeeva, Journal of Photochemistry and Phobiolog, A: Chemistry, 2024, 457, 115884. 

Criani, G. & Lichtfouse, E.  Advantages and Disadvantages of techniques used for waste water 
treatment, Environmental Chemistry Letters, 2019, 17, 145-155. 

Delamar, M., Hitmi, R., Pinson, J.  & Saveant, J. M., Journal of American Chemical Society, 1992, 
114, 14, 5883 – 5884. 

Dreyer, D.R., Park, S., Bielawski, C.W.  & Rouff, R. S. The chemistry of graphene oxide, 
Chemical Society Review, 2010, 39, 228 – 240. 

Elsabee, M.Z.  &. Abdou, E.S, Chitosan based edible films and coatings: A review, Material 
Sciences and Engineering, 2013, 33, 4, 1819 – 1841. 

Hirch, A. & Hauke, F., Post-graphene 2D chemistry: The functionalization of graphene and 
related materials,  Angewandte Chemie International Edition, 2018, 57. 16, 4338 – 4354. 

Huang, X., Yin, Z., Wu, S., Qi, X., He, Q., Zhang, Q., Yan, Q., Boey, F., Zhang, H., 2011, 
Graphene-Based Materials: Synthesis, Characterization, Properties and Applications,  
Small, 14, 1876-1902. 

J. Park, M. Yan,  2013, Covalent Functionalization of Graphene with Reactive Intermediates, 
Accounts of Chemical Research, 46, 181-189.  

Jingfu, J,, Yanzhe, G., Wucong, W,, Yaping, Z., 2016, Green synthesis of biocompatiable 
chitosan–graphene oxide hybrid nanosheet by ultrasonication method Ultrasonic 
Sonochemistry, 32, 300 – 306. 

Kyzas, G. Z., & Bikiaris, D. N., Recent modification of chitosan for adsorption of chitosan for 
adsorption applications: A critical and systematic review, Marine Drugs, 2015, 13, 1, 
312 – 337. 

M.E.A. Ali, M.M.S. Aboelfadl, A. M. Selim, H. F. Khalil, G. M. Elkady, Sep. Sci. Technol., 2018, 
53, 18, 2870 – 2881. 

Novoselov, K. S., Fal’ko, V.I., Colombo, L., Gellert, P.R., Schwab, M.G. & Kim, K., 2012, 
Roadmap for Graphene, Nature, 490, 192 - 200. 

Omer, A. M., El-sayed, M., Abd El-Moneim E. M., El-Subruiti G. M., Eltaweil A. S., 2023, 
Graphene Oxide@Fe2O3-decorated iota-carrageenan composite for ultra-fast and 
highly efficient adsorption of lead (II) from water,  International Journal of Biological 
Macromolecules, 253, 127437. 

Pei, S., & Cheng, H. M., The reduction of graphene oxide, Carbon, 2012, 50, 9, 3210 – 3228. 
Pinson, J. & Podvorica, F.,Attachment of organic layers to conductive surfaces by reduction 

of diazonium salts, Chemical Society Reviews, 2005, 34, 5, 429 – 435. 
S. Rashid, C. Shen, X Chen, S. Li, Y. Chen, Y. Wen, J. Liu, RSC Advances, 2015, 5, 110, 90731 – 

90741 
T. Taubner, M. Mauranek, A. Synytsya, International Journal of Biological Macromolecules, 2020, 

163, 1433 – 1443. 
Visilios G., Michal. O., Athanasios, B. B., Vimlesh, C., Namdong, K., K. Christian. K, Pavel H, 

Radek. Z., Kwang.S. K.,, 2012, Functionalization of Graphene: Covalent and Non-



Facile Diazonium-Mediated Radical Grafting of Chitosan onto Pristine Graphene for Environmental 

Remediation Applications 

 

A. Magaji et al, DUJOPAS 12 (3a): 287-293, 2026                                                                                       294   

 

covalent approaches, Derivatives and Applications. Chem. Rev., 112, 6156-6214. 
Dmitrii. V. P., Alexander. N. C., Olga. V. M., Victor. Y. A., Dmitry. E. M., Dmitry. A. 
S., Anna. A. M., Brian. W., Kuanysh Z., Killian. W., Igor. V. S.,  Anka, S. C., Maxim. K. 
R., Nikolav. V. U., Marina. V. B., Pavel. N. B., Sergeui. L. M., 2022, Surface 
Functionalization of few-layer graphene on SiC-001 BY Neutral Red Dye. App. Surface 
Sci., 585, 152542.  

Wang, J., & Zhuang, S., Chitosan-based materials for environmental remediation: A review, 
Carbohydrate Polymers, 2022, 292, 119689. 

Ying, W., Zhaohui, L., Dehong H., Chiann-Tso, L., Jinghong,L., Yuehe L., 2010, 
Aptamer/Graphene Oxide Nanocomplex for in Situ Molecular Probing in Living Cell, 
Journal of American Chemical Society, 132, 27, 9274 – 9276. 


