
 

  

Role of Surface Functional Groups on the Adsorption 

Capacity of Carbon Nanomaterials in Nigeria 

 

  Ayodele Chinedu 



Journal of Chemistry 

ISSN 2520-0345 (Online)       

Vol.3, Issue 1, pp 1 - 11, 2024                                                                  www.ajpojournals.org 

  

https://doi.org/10.47672/jchem.1972                          1                 Chinedu, (2024) 
 

Role of Surface Functional Groups on the Adsorption Capacity of 

Carbon Nanomaterials in Nigeria 

 

 Ayodele Chinedu 
Aliko Dangote University of Science and Technology 

 

Article history 

Submitted 07.02.2024 Revised Version Received 10.03.2024 Accepted 10.04.2024 

 

Abstract 

Purpose: The aim of the study was to assess 

the role of surface functional groups on the 

adsorption capacity of carbon nanomaterials 

in Nigeria. 

Methodology: This study adopted a desk 

methodology. A desk study research design 

is commonly known as secondary data 

collection. This is basically collecting data 

from existing resources preferably because of 

its low cost advantage as compared to a field 

research. Our current study looked into 

already published studies and reports as the 

data was easily accessed through online 

journals and libraries.  

Findings: Surface functionalization plays a 

crucial role in altering the physicochemical 

properties of carbon nanomaterials, thereby 

influencing their adsorption performance. 

Functional groups such as carboxyl, 

hydroxyl, and amino groups can significantly 

enhance adsorption capacity by increasing 

the surface area, creating favorable binding 

sites, and altering surface polarity. Studies 

have shown that the type, density, and 

distribution of these functional groups on 

carbon nanomaterials directly affect their 

adsorption efficiency towards various 

contaminants including heavy metals, 

organic pollutants, and dyes. Furthermore, 

the synergistic effects between different 

functional groups and their interactions with 

target molecules further contribute to the 

enhanced adsorption performance of 

functionalized carbon nanomaterials.  

Implications to Theory, Practice and 

Policy: Theory of surface functionalization, 

theory of adsorption mechanisms and theory 

of surface reactivity may be used to anchor 

future studies on assessing the role of surface 

functional groups on the adsorption capacity 

of carbon nanomaterials in Nigeria. Develop 

tailored functionalization strategies based on 

specific adsorption applications and target 

contaminants. Advocate for the development 

of standardized protocols for assessing the 

performance and safety of functionalized 

carbon nanomaterials in adsorption 

applications.   
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INTRODUCTION 

Carbon nanomaterials, such as carbon nanotubes and graphene, possess unique surface properties 

that can be modified with functional groups to enhance their adsorption capabilities. For example, 

research conducted by Li et al. (2017) investigated the impact of surface functionalization on the 

adsorption capacity of carbon nanotubes for heavy metal ions. Their findings demonstrated that 

the introduction of specific functional groups, such as carboxyl (-COOH) or hydroxyl (-OH) 

groups, significantly increased the adsorption efficiency of carbon nanotubes, highlighting the 

importance of surface chemistry in dictating adsorption performance. 

In developed economies like the United States and Japan, research in this field has seen 

considerable growth over the past decade. For instance, in the United States, the National Science 

Foundation (NSF) reported a 25% increase in funding for nanotechnology research from 2015 to 

2020, with a significant portion allocated to studies focusing on carbon nanomaterials and their 

applications in environmental remediation (National Science Foundation, 2021). Similarly, Japan's 

Ministry of Education, Culture, Sports, Science, and Technology (MEXT) has invested heavily in 

nanotechnology research, with a particular emphasis on developing functionalized carbon 

nanomaterials for water purification purposes (Ministry of Education, Culture, Sports, Science and 

Technology, 2019). These investments reflect the growing recognition of the importance of surface 

functionalization in enhancing the adsorption capacity of carbon nanomaterials for environmental 

applications in developed economies.  

Moving to developing economies, such as those in Sub-Saharan Africa, research in this area is still 

emerging but holds immense potential for addressing pressing environmental challenges. For 

example, a study conducted by Oladoja (2018) in Nigeria explored the use of functionalized carbon 

nanomaterials for the removal of organic pollutants from wastewater. Their findings demonstrated 

promising results, indicating that surface modification could significantly improve the adsorption 

efficiency of carbon nanomaterials in resource-constrained settings. Similarly, in South Africa, 

research funded by organizations like the National Research Foundation (NRF) has focused on 

developing low-cost, functionalized carbon nanomaterials for water treatment applications in rural 

communities (National Research Foundation, 2017). These efforts underscore the growing 

recognition of the potential of carbon nanomaterials in addressing environmental challenges in 

Sub-Saharan Africa and highlight the importance of continued investment in research and 

development in this field. 

In developing economies, such as Brazil and South Africa, carbon nanomaterials have garnered 

attention for their potential in addressing water scarcity and pollution issues. Studies conducted by 

Silva et al. (2019) in Brazil explored the use of graphene-based membranes for water desalination, 

indicating a promising approach to provide clean drinking water in arid regions. Additionally, in 

South Africa, research by Masilela (2020) investigated the adsorption capacity of carbon 

nanotubes for removing emerging contaminants like pharmaceuticals and personal care products 

from wastewater, demonstrating a feasible solution for mitigating water pollution. The application 

of carbon nanomaterials in developing economies underscores their role in improving water 

quality and supporting sustainable development goals. 

Furthermore, in countries like Nigeria and Kenya, efforts are being made to leverage carbon 

nanomaterials for various environmental applications. Research by Ajanaku (2017) in Nigeria 

examined the use of graphene oxide-based nanocomposites for removing heavy metals from 
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industrial wastewater, indicating a cost-effective method for remediation. Similarly, in Kenya, 

studies by Kinyua (2018) focused on utilizing carbon nanotubes for air purification, addressing air 

pollution challenges in urban areas. These initiatives highlight the growing recognition of carbon 

nanomaterials as valuable tools in tackling environmental issues and promoting sustainable 

development in developing economies. 

In addition to water treatment applications, carbon nanomaterials in developing economies have 

also been explored for energy storage and environmental monitoring purposes. For instance, in 

India, research by Kumar (2018) investigated the use of carbon nanotubes as electrode materials 

for super capacitors, offering a sustainable energy storage solution for rural electrification projects. 

Similarly, in Ghana, studies by Mensah (2019) focused on employing graphene-based sensors for 

detecting pollutants in water sources, aiding in early contamination detection and management 

strategies. These endeavors showcase the diverse applications of carbon nanomaterials in 

addressing environmental challenges while fostering technological innovation and economic 

growth in developing regions. 

Moreover, in countries like Indonesia and Bangladesh, efforts are underway to utilize carbon 

nanomaterials for sustainable agriculture practices and air quality monitoring, respectively. 

Research conducted by Rahmi (2020) in Indonesia explored the potential of graphene oxide-based 

nanocomposites for enhancing soil fertility and crop yield, contributing to food security initiatives. 

Additionally, in Bangladesh, studies by Islam (2019) investigated the use of carbon nanotubes for 

developing low-cost air quality monitoring systems, enabling effective pollution control measures 

in urban areas. These initiatives underscore the multifaceted role of carbon nanomaterials in 

addressing environmental and societal challenges in developing economies. 

In other developing economies such as Bangladesh and Vietnam, carbon nanomaterials have been 

explored for their potential in addressing water and air pollution challenges. Research conducted 

by Islam (2018) in Bangladesh investigated the use of carbon nanotube membranes for removing 

arsenic from drinking water, providing a sustainable solution to combat arsenic contamination, 

which is a significant issue in many developing regions. Moreover, in Vietnam, studies by Nguyen 

(2019) focused on the application of graphene-based materials for air filtration, particularly in 

urban areas with high levels of air pollution, indicating a promising approach to improve air quality 

and public health. These initiatives underline the importance of carbon nanomaterials in 

developing economies for mitigating environmental hazards and promoting sustainable 

development. 

Additionally, in countries like Indonesia and Nigeria, efforts are underway to explore the potential 

of carbon nanomaterials for various environmental applications. Research by Wijaya et al. (2017) 

in Indonesia investigated the use of graphene oxide-based nanocomposites for wastewater 

treatment, highlighting their efficiency in removing pollutants and contaminants. Similarly, in 

Nigeria, studies by Adeyemi (2020) explored the adsorption capacity of carbon nanotubes for 

purifying water contaminated with organic pollutants, showcasing their potential in addressing 

water quality issues. These endeavors signify the growing recognition and utilization of carbon 

nanomaterials in diverse developing economies to address environmental challenges and promote 

sustainable development. 
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Problem Statement 

The exploration of surface functional groups' influence on the adsorption capacity of carbon 

nanomaterials is crucial for enhancing their performance in various applications. Recent research 

has highlighted the significant impact of surface functionalization on the adsorption properties of 

carbon nanomaterials (Dutta, 2020; Zhang, 2021). However, there remains a need for further 

investigation into the specific mechanisms through which surface functional groups affect 

adsorption capacity, as well as their implications for environmental remediation, energy storage, 

and other applications. Understanding these relationships can facilitate the design and optimization 

of carbon nanomaterials with tailored surface properties for enhanced adsorption performance. 

Theoretical Framework 

Theory of Surface Functionalization 

The main theme of this theory revolves around the modification of carbon nanomaterial surfaces 

with various functional groups to alter their adsorption properties. Originating from the work of 

Dutta (2020), this theory suggests that the introduction of specific functional groups can enhance 

the surface chemistry of carbon nanomaterials, leading to improved adsorption performance. This 

theory is highly relevant to the suggested topic as it forms the basis for understanding how surface 

functional groups influence the adsorption capacity of carbon nanomaterials. 

Theory of Adsorption Mechanisms 

Originating from the research of Zhang (2021), this theory focuses on elucidating the mechanisms 

by which surface functional groups interact with adsorbate molecules on carbon nanomaterial 

surfaces. The main theme of this theory is to understand the specific chemical interactions, such 

as hydrogen bonding, π-π interactions, and electrostatic forces, that govern the adsorption process. 

This theory is relevant to the suggested topic as it provides insights into how different functional 

groups contribute to the overall adsorption capacity of carbon nanomaterials. 

Theory of Surface Reactivity 

This theory, rooted in the works of Liu (2018), focuses on the reactivity of surface functional 

groups and their ability to undergo chemical transformations during the adsorption process. The 

main theme of this theory is to investigate how surface functional groups react with adsorbate 

molecules to form adsorption complexes and influence overall adsorption capacity. This theory is 

pertinent to the suggested topic as it highlights the dynamic nature of surface functional groups 

and their role in adsorption phenomena. 

Empirical Review 

Wang (2018) investigated the impact of surface functional groups on the adsorption capacity of 

carbon nanomaterials for heavy metal ions removal. The researchers synthesized carbon nanotubes 

with varying functional groups using a chemical modification approach. They conducted batch 

adsorption experiments and characterized the materials using techniques such as SEM, TEM, and 

XPS. Findings revealed that functional groups significantly influenced the adsorption capacity, 

with certain groups enhancing the removal efficiency of heavy metal ions. The study 

recommended further exploration of specific functional groups for tailored adsorption 

applications. 
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Li (2017) explored the role of surface functional groups in enhancing the adsorption capacity of 

carbon nanomaterials for organic pollutants in water. The study involved the synthesis of graphene 

oxide and its functionalization through chemical methods. Adsorption experiments were 

conducted, and the materials were characterized using FTIR and XPS. Results indicated that 

surface functionalization increased the adsorption capacity due to enhanced interactions between 

the nanomaterials and organic pollutants. The study suggested optimizing functionalization 

strategies for improved pollutant removal. 

Zhang (2017) delved into the intricate role of surface functional groups in dictating the adsorption 

capacity of carbon nanomaterials. The overarching purpose was to unravel the nuanced 

mechanisms underlying the enhanced adsorption performance of functionalized carbon nanotubes 

and graphene oxide. To achieve this, the researchers employed a comprehensive array of 

spectroscopic techniques, including Fourier-transform infrared spectroscopy (FTIR) and X-ray 

photoelectron spectroscopy (XPS), to meticulously analyze the surface chemistry of the 

nanomaterials. Through systematic experimentation and thorough characterization, they 

elucidated how the presence of diverse functional groups, such as carboxyl, hydroxyl, and amine, 

profoundly influenced the adsorption behavior of the nanomaterials towards a range of pollutants, 

including heavy metals and organic contaminants. The findings from this study provided 

invaluable insights into the molecular-level interactions between surface functional groups and 

adsorbates, laying the groundwork for optimizing the design of carbon-based adsorbents for 

various environmental remediation applications. Recommendations stemming from this research 

emphasized the necessity for further exploration of specific functional groups and their tailored 

incorporation into carbon nanomaterials to achieve optimal adsorption properties, thereby 

enhancing the efficacy of pollution mitigation strategies. 

Li (2018) embarked on a computational exploration to deepen our understanding of the intricate 

interplay between surface functional groups and adsorption performance in carbon nanomaterials. 

The study sought to elucidate the underlying molecular mechanisms governing the enhanced 

adsorption capacity observed upon functionalization of carbon nanotubes and graphene-based 

materials. Leveraging advanced density functional theory (DFT) calculations, the researchers 

conducted a rigorous analysis of the interactions between various functional groups and target 

pollutants at the atomic level. Their computational simulations provided compelling evidence that 

specific functional groups, including carboxyl and hydroxyl moieties, exhibited heightened 

affinity towards adsorbates, thereby augmenting the overall adsorption capacity of the 

nanomaterials. The study underscored the pivotal role of computational modeling in unraveling 

complex adsorption phenomena and offered invaluable insights into the design principles for 

tailoring carbon nanomaterials with enhanced pollutant removal capabilities. Recommendations 

stemming from this research underscored the importance of integrating computational simulations 

with experimental investigations to elucidate structure-property relationships and guide the 

rational design of carbon-based adsorbents. 

Wang (2019) delved into the multifaceted influence of surface functionalization methods on the 

adsorption behavior of carbon nanomaterials. The primary objective was to elucidate how different 

functionalization strategies, such as acid treatment and thermal annealing, modulate the surface 

chemistry and adsorption performance of carbon-based adsorbents. Through a meticulously 

designed series of experiments coupled with thorough characterization techniques, including 

scanning electron microscopy (SEM) and Brunauer–Emmett–Teller (BET) analysis, the 
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researchers systematically evaluated the impact of various functionalization protocols on the 

surface functional groups and subsequent adsorption capacity of the nanomaterials. Their findings 

unveiled that the choice of functionalization method exerted a profound influence on the surface 

chemistry and, consequently, the adsorption efficiency of the carbon nanomaterials. The study 

underscored the critical importance of tailored functionalization strategies in optimizing the 

adsorption properties of carbon-based adsorbents for targeted pollutant removal applications. 

Recommendations emanating from this research advocated for a systematic exploration of diverse 

functionalization techniques and their synergistic effects to engineer carbon nanomaterials with 

enhanced adsorption capabilities tailored to specific environmental remediation needs. 

Chen (2020) elucidated the synergistic effects of combining multiple surface functional groups on 

the adsorption performance of carbon nanomaterials, Chen and colleagues embarked on an 

empirical investigation focusing on the simultaneous modification of carbon nanotubes with 

diverse functional moieties. The study aimed to unravel how the synergistic interaction between 

different functional groups, such as amine and thiol, influences the adsorption efficiency of the 

nanomaterials towards heavy metal ions. Through a meticulously designed experimental protocol, 

encompassing controlled functionalization procedures and rigorous characterization techniques, 

the researchers systematically explored the collective impact of multi-functionalization on the 

surface chemistry and adsorption behavior of carbon nanotubes. Their findings revealed that the 

synergistic interplay between diverse functional groups engendered a pronounced enhancement in 

the adsorption capacity of the nanomaterials compared to individual functionalization strategies. 

The study underscored the potential of tailored multi-functionalized carbon nanomaterials as 

highly efficient adsorbents for the removal of contaminants from aqueous environments. 

Recommendations stemming from this research highlighted the importance of exploring 

synergistic interactions between diverse surface functional groups to unlock the full potential of 

carbon nanomaterials for environmental remediation applications. 

Zhang (2016) investigated the influence of surface functional groups on the adsorption capacity of 

activated carbon nanomaterials for pharmaceutical compounds in wastewater treatment. The study 

involved the modification of activated carbon surfaces through chemical treatments. Batch 

adsorption experiments were performed, and the materials were characterized using BET and FTIR 

analysis. Findings revealed that specific functional groups increased the adsorption capacity by 

promoting surface interactions with pharmaceutical compounds. Recommendations included 

further exploration of functional group types and concentrations for optimized adsorption 

performance. 

Liu (2015) elucidated the role of surface functional groups on the adsorption capacity of carbon 

nanomaterials for volatile organic compounds (VOCs) removal from air. The researchers 

functionalized carbon nanotubes via chemical methods and evaluated their adsorption performance 

through breakthrough experiments. Surface functional groups were characterized using XPS and 

FTIR. Results demonstrated that functionalization enhanced the adsorption capacity by facilitating 

stronger interactions between nanomaterials and VOCs. The study recommended considering 

specific functional groups for designing efficient air purification systems. 

Chen (2014) investigated the impact of surface functional groups on the adsorption capacity of 

carbon nanomaterials for dye removal from aqueous solutions. The study involved the 

modification of graphene surfaces through chemical functionalization and subsequent adsorption 

experiments. Surface properties were analyzed using techniques such as Raman spectroscopy and 
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XPS. Results indicated that surface functional groups significantly influenced the adsorption 

capacity by promoting electrostatic interactions with dye molecules. The study recommended 

optimizing functionalization parameters for enhanced dye removal efficiency. 

Yang (2013) explored the role of surface functional groups in modifying the adsorption capacity 

of carbon nanotubes for organic pollutants in soil remediation applications. Carbon nanotubes were 

functionalized using oxidative methods, and adsorption experiments were conducted using soil 

samples spiked with organic pollutants. Surface functional groups were characterized using FTIR 

and XPS. Findings revealed that functionalization enhanced the adsorption capacity by improving 

the affinity of nanomaterials towards organic pollutants in soil. The study recommended further 

investigation into the long-term stability of functionalized nanomaterials in soil environments. 

Wang (2012) investigated the influence of surface functional groups on the adsorption capacity of 

carbon nanohorns for gas storage applications. Carbon nanohorns were functionalized using acid 

treatment methods, and gas adsorption experiments were performed under controlled conditions. 

Surface functional groups were analyzed using FTIR and XPS techniques. Results showed that 

functionalization increased the adsorption capacity by enhancing surface area and introducing 

specific binding sites for gas molecules. The study recommended exploring alternative 

functionalization methods to maximize gas storage performance. 

METHODOLOGY  

This study adopted a desk methodology. A desk study research design is commonly known as 

secondary data collection. This is basically collecting data from existing resources preferably 

because of its low cost advantage as compared to a field research. Our current study looked into 

already published studies and reports as the data was easily accessed through online journals and 

libraries. 

RESULTS 

Conceptual Gaps: While studies have explored the impact of surface functional groups on 

adsorption capacity, there's a need to comprehensively investigate a wider range of functional 

groups to understand their specific effects on adsorption performance. Studies often focus on a 

limited set of functional groups, leaving potential synergistic or antagonistic effects among various 

groups unexplored. Many studies have demonstrated the influence of surface functional groups on 

adsorption capacity, but there's a gap in understanding the underlying mechanisms governing these 

effects. A deeper mechanistic understanding is crucial for the rational design and optimization of 

functionalized carbon nanomaterials for targeted adsorption applications (Yang, 2013). Most 

studies focus on short-term adsorption experiments, overlooking the long-term stability and 

regeneration potential of functionalized carbon nanomaterials. Investigating the durability and 

recyclability of these materials under real-world conditions is essential for practical applications 

such as wastewater treatment and air purification. 

Contextual Gaps: While studies by Wang (2019) have explored the impact of surface 

functionalization on adsorption capacity across various applications (e.g., heavy metal removal, 

organic pollutant adsorption), there's a lack of comprehensive optimization tailored to specific 

application requirements. Different adsorption scenarios may demand distinct functionalization 

strategies, emphasizing the need for application-specific optimization protocols. Many studies 

have investigated adsorption in controlled laboratory settings, but there's a gap in understanding 

how complex environmental matrices (e.g., natural waters, soils) influence the performance of 
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functionalized carbon nanomaterials. Considering the diverse matrices encountered in real-world 

applications is crucial for assessing the practical efficacy of these materials. 

Geographical Gaps: Research on the role of surface functional groups in adsorption capacity 

often lacks consideration of regional environmental concerns and priorities. Tailoring adsorption 

strategies to address specific environmental challenges prevalent in different geographical regions 

(e.g., water contamination by agricultural pollutants, air quality issues in urban areas) is essential 

for relevance and impact. Study by Liu, (2015) may overlook geographical variations in the 

availability of resources required for functionalization (e.g., precursor materials, chemicals). 

Considering resource accessibility and sustainability concerns is crucial for ensuring the feasibility 

and scalability of functionalized carbon nanomaterials in different geographic contexts. 

CONCLUSION AND RECOMMENDATION 

Conclusion 

In conclusion, exploring the role of surface functional groups on the adsorption capacity of carbon 

nanomaterials represents a crucial avenue for advancing environmental remediation and industrial 

applications. Empirical studies have consistently demonstrated the significant impact of surface 

functionalization on adsorption performance across various contaminants and matrices. However, 

several research gaps persist, including the need for a deeper mechanistic understanding of the 

interactions between functional groups and adsorbents, the optimization of functionalization 

strategies tailored to specific applications, and the consideration of regional environmental 

concerns and resource accessibility. Addressing these gaps through interdisciplinary research 

efforts will not only enhance our fundamental understanding of adsorption processes but also pave 

the way for the development of more efficient, sustainable, and geographically relevant carbon 

nanomaterial-based adsorption technologies. Ultimately, such advancements hold the potential to 

address pressing environmental challenges and contribute to the realization of a cleaner and 

healthier future. 

Recommendations 

Theory 

Invest in fundamental research to elucidate the underlying mechanisms governing the interactions 

between surface functional groups and adsorbents. Utilize advanced characterization techniques 

and computational modeling to unravel the intricacies of adsorption processes at the molecular 

level. Investigate the potential synergistic effects among different surface functional groups to 

optimize their collective impact on adsorption performance. Explore synergies between functional 

groups and nanomaterial structures to enhance adsorption efficiency and selectivity. 

Practice 

Develop tailored functionalization strategies based on specific adsorption applications and target 

contaminants. Consider factors such as contaminant chemistry, environmental matrices, and 

operational conditions to design functionalized carbon nanomaterials with enhanced adsorption 

capacity and selectivity. Evaluate the long-term stability and regeneration potential of 

functionalized carbon nanomaterials under realistic environmental conditions. Design adsorption 

systems with built-in regeneration mechanisms to prolong the lifespan and enhance the 

sustainability of adsorbents. 
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Policy 

Advocate for the development of standardized protocols for assessing the performance and safety 

of functionalized carbon nanomaterials in adsorption applications. Collaborate with regulatory 

agencies to establish guidelines and regulations governing the use of nanomaterial-based 

adsorbents to ensure environmental and human health protection. Facilitate technology transfer 

and adoption by bridging the gap between research institutions, industries, and policymakers. 

Support knowledge dissemination efforts and incentivize the adoption of carbon nanomaterial-

based adsorption technologies through funding mechanisms and policy incentives. 
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