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ABSTRACT 

Wastewater has continued to pose environmental pollution as various industrial and domestic processes 

effluents are released daily. As man’s activities increase daily, the possibility of facing water scarcity is 

imminent, coupled with the climate impacts of wastewater on aquatic lives, soil microorganisms, and 

agricultural produce. Therefore, several innovative developments have considered using carbon-based 

nanomaterials like carbon quantum dots (CQDs) to treat and recycle wastewater before they are discharged. 

These CQDs, just like activated carbon, possess adsorptive abilities that can remove heavy metals, solid 

pollutants, and foul odors from wastewater. However, they are more unique and effective than the traditional 

adsorbents because they display quantum effects, fluorescence, high stability, tough compatibility, water 

solubility, little toxicity, easy to produce, and affordable. This review discusses the nature of CQDs, their 

chemistries, adsorption abilities, limitations, and recommendations for future application and innovation for 

economical uses.  
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INTRODUCTION 

Carbon quantum dots (CDQs) are nanomaterials with a high 

tendency to spearhead massive development in 

nanotechnology. They have led to groundbreaking 

innovations and developments in solving environmental 

problems caused by the discharge of wastewater into the soil 

and water bodies. Moungi G. Bawendi, Louis E. Brus and 

Aleksey Yekimov were bestowed the Nobel Prize in 

Chemistry 2023 for the innovation and synthesis of quantum 

dots. CQDs are recent thrilling carbon-based nanoparticles 

that are beginning to have varied applications in fields like 

biomedicine, engineering, agriculture and health. They 

possess exceptional features like large surface area and 

fluorescence that allows them to be impeccable materials for 

the adsorption and treatment of wastewater in industries 

(Papaioannou et al., 2018). 

According to Joshi et al. (2018), CQDs are fluorescent 

nanomaterials because they possess potent quantum 

confinement influence and extremely adjustable photo 

optoelectronic and luminescent characteristics. To display the 

quantum confinement effects, the oxygenated functional 

groups on the surfaces of CQDs have changed the particle 

sizes and surface configurations of CQDs. In addition, CQD 

reservoir characteristics and electron transfers may be used to 

isolate photo-generated electrons (Liang et al., 2018). Since 

they have high steadiness, tough biocompatibility, little 

toxicity, high water solubility, cheap manufacturing cost, and 

unique photo-stability (Das et al., 2018), they offer 

remarkable potential in wastewater treatment (Lim et al., 

2018). Based on their optical stability qualities and quantum 

confinement effect, CQDs exhibit robustness, chemical 

inertness, moderate photoluminescent signal, and strong 

fluorescence (Shi et al., 2019; Saud et al., 2015). 

According to Fig. 1, CQDs would become bright blue 

fluorescent when subjected to UV light irradiation. Certain 

CQDs electrons can be stimulated into greater energy states 

when their surfaces are exposed to UV light. Rajabi et al. 

(2013) state that a photon is released as a luminous blue when 

electrons come back to their ground state. The tiny particle 

sizes of CQDs could be to blame for this phenomenon.  

However, the reflective qualities of the carbon originators 

utilized as the starting material also impact the fluorescent 

qualities of CQDs. According to Gyulai et al. (2019), many 

carbon precursors may be used to create photo-luminescent 

CQDs. A variety of raw materials with a high concentration 

of carbon precursors, including citric acid, sugars, and 

carbohydrates, have been utilized in the past to create CQDs 

because of their intricate organic structures (Papaioannou et 

al., 2018; Dong et al., 2012). Because of their band gaps, 

which perfectly match the irradiation light spectrum and 

render them active when exposed to UV light, CQDs may thus 

be used as effective photo-catalysts.
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Figure 1: CQDs solution exposed to UV-light irradiation and daylight 

(Reproduced with permission from (Shi et al., 2019) copyright 2019, Elsevier). 

 

This review aims to report the recent findings accompanying 

the use of CQDs for treating wastewater, and their adsorption 

mechanism. Future insights have been made based on the 

identification of research gaps from the literature and other 

possible exciting opportunities in the utilization of CQDs for 

wastewate treatment. 

 

Configuration of CQDs 

Tang et al. (2012) found that CQDs had core-shell structures 

that may be both amorphous (a mixture of sp2 and sp3 carbon) 

or graphitic crystalline (made chiefly of sp2 carbon) 

depending on the amount of sp2 carbon present in the core. 

Multiple studies by (Hola et al., 2014; Sciortino et al., 2016; 

Dager et al., 2019) have documented graphitic crystalline 

(sp2) cores. The cores are very tiny, ranging from 2 to 3 

nanometers, and their lattice spacing is around 0.2 

nanometers, as reported by Zhang et al. (2015).. 

The cores are classified based on the production process, the 

precursors utilized, and other synthetic factors such as 

temperature, time, pH, etc. (Martindale et al., 2017). 

Typically, a graphitization (sp2) structure formation occurs at 

reaction temperatures over 300 ◦C. However, unstructured 

cores are formed at lesser temperatures unless sp2/sp3-

hybridized carbon is existent in the initial substance (Tingting 

et al., 2018). 

To ascertain the fundamental arrangement of CQDs, diverse 

analytical methods, including Scanning Electron Microscopy 

(SEM), X-ray diffraction (XRD), Transmission Electron 

Microscopy (TEM) or High Resolution (HR) TEM, and 

Raman spectroscopy are used. To define the dimensions and 

structure of the CQDs, SEM or TEM analysis is conducted 

(Haitao et al., 2012). The SAED patterns indicate whether the 

CQDs are amorphous or crystalline (Zheng et al., 2015). The 

XRD pattern is used to ascertain the crystal arrangement of 

CQDs. The presence of a broad peak at 2θ 23◦ suggests that 

the CQD is amorphous, whereas the appearance of two broad 

peaks at 2θ 25◦ and 44◦ implies a low-graphitic carbon 

structure similar to the diffraction patterns of (002) and (100) 

planes (Hou et al., 2015). The identification of the overall 

arrangement and various functional groups on the surface of 

CQDs is accomplished through the utilization of XPS, FT-IR 

spectroscopy, Elemental analysis (EA), and nuclear magnetic 

resonance (NMR) techniques (Semeniuk et al., 2019; Bomben 

et al., 2019). The surface area of the carbon nanoparticles is 

determined using nitrogen sorption analysis (Semeniuk et al., 

2019). To determine the optical features and qualitative data 

related to the existence of C=C and C=O in CQDs, researchers 

conducted UV-Vis absorption spectroscopy (Zhou et al., 

2017). To ascertain the polarity of the surface charge on 

CQDs and the magnitude of the electrostatic interface amid 

them, the zeta potential is measured (Kolanowska et al., 2022; 

Qiang et al., 2022). 

Figure 2 depicts the standard arrangement of CQDs, 

illustrating several functional groups (such as CHO, CO, OH, 

COOH, NH2, etc.) on the surface of CQDs. The identification 

of these functional groups was verified using analytical 

methods such as FTIR and XPS (Gayen et al., 2019).

 

 
Figure 2: Characteristic configuration of CQDs with diverse 

functional groups on the surface (Yadav et al., 2023) 
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Synthesis of CQD 

Since their discovery, various efficient methods for producing 

CQDs have developed. These methods are easy and 

affordable, allow size control, and enable large-scale 

manufacturing. The production of CQDs involves using two 

main approaches: top-down and bottom-up (Figure 3). CQDs 

may be generated using either the bottom-up or the top-down 

technique. The bottom-up approach is superior due to its 

ecological sustainability and economic feasibility, while it 

exhibits limited precision in regulating the size of CQDs. 

Conversely, the top-down approaches are costly. Biological 

and chemical precursors are utilized in the production of 

CQDs and they have impressive optical characteristics and 

demonstrate exceptional water solubility, little toxicity, 

compatibility with biological systems, and environmentally 

pleasant qualities (Yadav et al., 2023). 

While the synthesis of CQDs is relatively easy, specific 

difficulties associated with their production include the 

tendency of nanomaterials to aggregate, the need to adjust 

surface qualities, and the control of size and homogeneity 

(Kaur et al., 2022). In order to boost the performance of 

CQDs, post-treatment may be carried out using one of the two 

techniques to modify the functional groups existing on the 

surface. The quantum yields (QYs) of CQDs may be 

increased by surface passivation, which removes the emissive 

traps on the surface. For example, Wang and Wu (2014) 

reported that cadmium quantum dots (CQDs) that have been 

doped with heteroatoms, namely nitrogen (N) and phosphorus 

(P), or metals like gold (Au) or magnesium (Mg). They 

exhibit enhanced electrical conductivity and solubility. The 

production of CQDs has used both the top-down and bottom-

up methodologies. However, the bottom-up, environmentally 

friendly and cost-effective strategy is the most often utilized 

method (Sofia et al., 2016).

  
Figure 3: Typical methods for the synthesis of CQDs 

 

Top-Down Approach 

The more considerable carbon materials, such as fullerene, 

carbon nanotubes, graphene, carbon soot, graphite, activated 

carbon, etc., are fragmented into reduced components using 

various techniques, including laser ablation, electrochemical 

methods, and arch discharge in a top-down method (Chae et 

al., 2017; Liu et al., 2020; Li et al., 2018; Zhao et al., 2019). 

Carbon structures exhibiting sp2 hybridization and lacking 

adequate energy or band gaps are often used as initial 

materials for top-down processes. While the top-down 

approach is beneficial and appropriate for microsystem 

industries, it has certain limits. For instance, obtaining pure 

nanomaterials directly from the significant carbon precursor 

is impossible. The purification process is expensive and needs 

to allow accurate control over CQDs' morphology and size 

distribution (Yuan et al., 2022). 

 

Bottom-Up Approach 

The bottom-up strategy involves the combination of tinnier 

carbon materials, such as polymers, amino acids, 

carbohydrates, proteins, and waste materials, to generate 

CQDs using various procedures such as 

hydrothermal/solvothermal, combustion, microwave 

irradiation, and pyrolysis. The structure and dimension of 

CQDs in this approach are influenced by many parameters, 

including the solvent, precursor molecule structures, and 

reaction environments (such as pressure, temperature, and 

reaction time). The reaction environments are essential as 

they impact both the reactants and CQDs' very spontaneous 

nucleation and evolution technique. This technique enhances 

the material chemistry due to its simplicity of operation, 

reduced cost, and greater feasibility for large-scale 

manufacturing (Wang et al., 2015). 

The precursor used for synthesizing CQDs can be chemical 

and biological (figure 4). The chemical precursors consist of 

sucrose, glucose, citric acid, ascorbic acid, lactic acid, 

glycerol, ethylene glycol, and others (Inderbir et al., 2018; Qu 

et al., 2018; Kaixin et al., 2022; Henriquez et al., 2022; 

Nammahachak et al., 2022; Jamila et al., 2021; Qiu et al., 

2021). The natural sources of materials include seeds from 

Artocarpous lakoocha, rice husks, leaves from Azadirachta 

indica, peel from pomelo, latex from Ficus benghalensis, and 

aloe vera. These sources have been studied by many 

researchers (Inderbir et al., 2018; Qu et al., 2018; Kaixin et 

al., 2022; Henriquez et al., 2022; Nammahachak et al., 2022; 

Jamila et al., 2021).

hydrothermal

pyrolysis

combustion

template

microwave

laser ablation

electrochemical

arch discharge
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Figure 4 : Chemical and biological precursors employed for the production of CQDs (Wang et al., 2015; 

Inderbir et al., 2018; Qu et al., 2018; Kaixin et al., 2022; Henriquez et al., 2022; Nammahachak et al., 

2022; Jamila et al., 2021; Qiu et al., 2021; El-Broslv et al., 2022; Yao et al., 2022) 

 

Application of CQDs in Wastewater Treatment 

Numerous studies have studied the treatment of wastewater 

using CQDs. Tohamy et al. (2023) used a microwave heating 

method and startup materials comprising of urea with bagasse 

(SCB), carboxymethyl cellulose (CMC), or cellulose (C), to 

create CQDs in a cost-effective, environmentally friendly, 

and one-step process. The produced CQDs were categorized 

by a range of spectroscopic methods; they included their small 

size, strong ultraviolet absorption, and excitation wavelength-

dependent fluorescence. For the adsorption of Pb (II) from an 

aqueous solution, the produced CQDs were employed. The 

percentages of removal efficiency (R %) for QCMC, QC, and 

QSCB were 99.16, 96.36, and 98.48%, in that order. The 

results confirmed that the CQDs made from cellulose, SCB, 

and CMC were effective and would make great materials for 

use in the environmental domains of chemical sensing, 

adsorption, and wastewater pollution detection. All CQD 

isotherms were found to fit the Langmuir model better than 

the Freundlich and Temkin models based on the kinetics and 

isotherms tested. R2 indicates that the first-order fit fits with 

QC and QSCB, but the pseudo-second-order fits the 

adsorption of QCMC. 

Carbon dots CDs were created by Jlassi et al. (2020) by 

hydrothermal action in the company of ammonia from 

petroleum coke waste. This led to the development of 

exceptional monodispersed sub-5 nm CDs that are water 

soluble, photoluminescent, biocompatible, and have a high 

yield. The CDs have 0.2% S and a high 10% N doping. The 

prepared CDs are a unique and effective pH sensor since they 

exhibit previously unheard-of photoluminescent qualities 

throughout a wide pH range. To remove Cd2+ metal from 

wastewater, chitosan (CH)–CDs mix hydrogel 

nanocomposite film was additionally developed as a platform 

membrane. Based on their flexibility and ability to withstand 

stress, the as-prepared CH–CDs membranes have 

comparatively decent mechanical qualities that make 

handling easier. In five minutes, the equilibrium state was 

attained. Interestingly, the photoluminescent CDs' Cd2+ 

removal efficiency was significantly increased by 4× faster 

under the UV light illuminations. It was discovered that 

pseudo-second-order kinetic and Langmuir isotherm models 

were followed by adsorption. It was discovered that at pH 8, 

the maximal adsorption capacity at 25 °C was 112.4 mg g−1. 

This exploration opens up new uses for CDs in the water 

treatment industry. 

In research by Sabet and Mahdav (2018) nitrogen-doped 

CQDs (N-CQD) from grass were developed using the 

hydrothermal method and used to eliminate organic and 

inorganic water pollutants. N-CQD was discovered to be very 

vigorous in both surface adsorption and photocatalytic 

reaction and can be utilized to eliminate both organic and 

heavy metal pollutants from wastewater. The results obtained 

for surface adsorption indicated that N-CQD has an 

extraordinary surface activity that can adsorb 37% Cd2+ and 
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75% Pb2+ on its particle surfaces. Also, the Photocatalytic 

activity of N-CQD was examined by degradation of six 

different dyes and the results revealed N-CQD is vigorous 

both under visible and ultraviolet radiation showing great 

photocatalytic action of the product.  

Preethi et al. (2022) synthesized fluorescent CQD using 

muskmelon peel as a starting material for the catalytic 

breakdown of rhodamine B upon exposure to sunlight and 

ultrasonication. The outcomes proved that the breakdown 

effectiveness of CQD on Rhodamine B is 99.11% under 

sunlight with a degradation rate constant of 0.06943 min−1 and 

83.04% under ultrasonication. 

Nizam et al. (2023) assessed CQDs made from rubber seed 

shells in another investigation. FTIR, XRD, 

photoluminescence spectroscopy, zeta potential analysis, 

field emission scanning electron microscopy (FESEM) 

outfitted with energy-dispersive X-ray spectroscopy (EDX), 

and RS were utilized to characterize the QDs. Multi-layered 

planes with extremely porous and irregular surfaces that 

included numerous oxygen-functional groups (OH, COOH, 

and CO) were revealed by the morphological examination. 

The plotting results revealed a broad, homogeneous 

distribution of oxygen and carbon on the surface of QDs, with 

carbon making up a higher percentage of weight (72.4%) than 

oxygen (23.6%). The production of superior CQD exhibiting 

blue-greenish fluorescence emissions was validated by 

spectroscopic and photoluminescence investigations. These 

findings have demonstrated biomass-based QDs that, because 

of their special qualities, offer promise for use in wastewater 

treatment. As a result, it is possible to see the produced 

biomass-based QDs as a viable and affordable adsorbent for 

the treatment of wastewater. 

To achieve sensitive and focused sulfide and ferric ion 

detection, Zheng et al. (2021) produced nitrogen/sulfur 

codoped CQD (N, S-CQDs). At a revealing limit of about 

0.35 μg/L, the blue fluorescent N, S-CQDs were created 

through the hydrothermal process using ammonium citrate 

and L-cysteine as raw materials. They have a 16.1% 

fluorescence quantum yield and an excitation wavelength 

dependence for the careful discovery of sulfides. Selective 

ferric ion detection with a detection limit of 14.0 nM (~0.8 

μg/L) was achieved using CQDs that had no excitation 

requirement and much better fluorescence quantum yields 

(69%) when citric acid was employed in place of ammonium 

citrate. The fluorescence change in color of dual-emission 

sensing can be employed for semiquantitative and visual 

identification of phosphate, and the approach has been 

efficiently used for finding total phosphorus in human urine 

and surface water. 

Mashkani et al. (2017) researched preconcentration and 

removal of lead ions in vegetable and water samples using N-

doped CQD modified with Fe3O4 as a green and surface 

adsorbent. The prepared product was used for detecting Pb2+ 

in different environmental water samples. The dependability 

and accuracy of the technique was examined using different 

quantities of the metal ions to spike the samples at optimal 

settings. The retrieval of spiked samples was adequately 

sensible. 

A comparative analysis of composite photocatalysts based on 

CQDs for water purification was conducted by Hassan et al. 

in 2022. Recent discoveries involving CQDs and TiO2 have 

shown to be very advantageous since they offer methyl orange 

(MO) dye photocatalytic degradation in an environmentally 

benign manner. TiO2 and CQDS were made using the 

hydrothermal technique. Using TEM, the size range and shape 

involved in the adsorption process of CQDs and CQDS/TiO2 

were extensively determined. With a size of 5 nm, the 

artificial CQDs and CQDs/TiO2 morphology was tiny and 

semi-spherical. The photocatalytic activity result showed that, 

when pure CQDs or CQDs/TiO2 composites were present, 

photocatalytic degradation of MO occurred, with a reduction 

in concentration with time. The higher photocatalytic activity 

was shown by CQDs/TiO2, indicating that both materials 

contributed significantly to the high photocatalytic activity 

under visible light irradiation. 

Another study by Nizam et al. (2023) examined the 

photocatalytic degradation capacity of CQDs obtained from 

rubber seed shells as an adsorbent for batch adsorption of 

dyes, specifically methylene blue (MB) and congo red (CR). 

Batch adsorption tests were used to evaluate the qualities, 

performance, behavior, and photoluminescence 

characteristics of CQDs. The experiments were conducted 

under specific operating factors, such as pH, temperature, and 

dose. The morphological study demonstrated the high 

porosity, homogeneity, close alignment, and multilayer 

structure of CQDs. The importance of the oxygenated 

functional groups was demonstrated by the existence of 

hydroxyl, carboxyl, and carbonyl functional groups.  The 

photoluminescent property of CQDs was confirmed by 

spectral analysis, as they demonstrated greenish-blue 

fluorescence under UV radiation and a high excitation 

intensity. For both CR and MB dyes, the clearance percentage 

of the dyes adsorbed was 77% and 75%, respectively. The 

adsorption results were well-fitted by pseudo-second-order 

models and the Langmuir isotherm. The adsorption process 

was exothermic, spontaneous, and had good stability and 

reusability, according to a thermodynamics study. Under solar 

radiation, CQDs' degradation effectiveness on both dyes 

exceeded 90% and followed the first-order kinetic model. 

These findings showed that CQDs are a superb photocatalyst 

and adsorbents for the breakdown of organic dyes. 

Koulivanda et al. (2019) conducted research on the 

development of carbon dot-modified polyethersulfone 

membranes for improvement of permeation, nanofiltration, 

and antifouling performance. The results obtained indicated 

introducing the Carbon dots into polyethersulfone membranes 

is an exceptional membrane modifier for wastewater 

treatment applications.  

Wang et al. (2018) carried out research to back up CQDs on 

NH2-MIL-125 for a superior photocatalytic breakdown of 

organic contaminants under broad spectrum irradiation. The 

NH2-MIL-125 supported CQDs (CQDs/NH2-MIL-125) 

exhibited meaningfully improved photocatalytic action 

equated to NH2-MIL-125 for Rhodamine B (RhB) 

breakdown, irrespective of the wide-ranging light source from 

the visible light, full-spectrum or even near-infrared light 

 

Adsorption Treatment of Waste Water Using CQDs 

According to Ramar et al. (2018), the mechanisms of CQDs 

in the adsorption process involve various processes and 

interactions, which are: 

i. Surface Adsorption: CQDs typically possess a high 

definite surface area and plentiful surface functional 

groups. These surface molecules, such as COOH, OH, 

and NH2, can interact with pollutants through chemical 

adsorption or electrostatic interactions. The adsorbate 

molecules are attracted to the CQD surface, leading to 

their attachment and removal from the wastewater. 

ii. π -π stacking: Due to their graphitic carbon structure, 

CQDs can undergo π-π stacking interactions with 

aromatic pollutants. This interaction is a non-covalent 

bonding mechanism that involves the interaction 

between electron-rich areas of the CQDs and electron-

deficient areas of the pollutants. This can enhance the 
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adsorption capacity of CQDs for aromatic compounds, 

such as dyes or aromatic hydrocarbons. 

iii. Hydrophobic Interaction: CQDs possess hydrophobic 

regions on their surface, which can interact with 

nonpolar or hydrophobic pollutants present in the 

wastewater. Hydrophobic interaction involves the 

partitioning of hydrophobic molecules between the 

aqueous phase and the hydrophobic surface of CQDs, 

resulting in their effective removal from the wastewater. 

iv. Chelation or Coordination: Some pollutants, 

particularly heavy metal ions, can form coordination or 

chelation complexes with functional groups attached to 

the CQD surface. The functional groups, such as 

carboxyl or amino groups, can act as ligands to form 

stable complexes with the metal ions. This chelation 

mechanism increases the adsorption capacity of CQDs 

for metal ions. 

v. Photocatalytic Degradation: In addition to adsorption, 

CQDs may also possess photocatalytic properties. 

Under appropriate conditions, CQDs can generate 

reactive oxygen species (ROS) or undergo redox 

reactions when exposed to light. These ROS can 

degrade organic pollutants through oxidation, 

contributing to the overall removal of contaminants 

from wastewater. 

CQDs can be utilized for adsorption treatment to remove both 

organic and inorganic contaminants. In one study, CQDs were 

changed to become nitrogen-doped CQDs (N-CQDs), and 

wastewater-derived Cd2+ and Pb2+ ions were used to measure 

the N-CQDs' surface activity (Sabet et al., 2019). N-CQDs are 

efficient at eliminating Cd2+ and Pb2+ ions from water via 

surface adsorption due to their widespread variable surface 

chemistry, surface area, and non-corrosive nature. According 

to Agarwal et al. (2019), the faces or sides of CQDs can 

enhance the interface (physical and chemical contacts) among 

the particles. Additionally, it could improve the adsorption 

capacity and modify the quantum dots' energy band gap 

(Agarwal et al., 2019). It was discovered that the N-CQDs can 

promote the adsorption of heavy metal ions from water due to 

their large precise surface area. The remarkable proficiency in 

the adsorption of heavy metals from water can be accredited 

to the huge surface area of NCQDs when their particle sizes 

are approximately 10 nm. Furthermore, N-CQD surfaces 

containing N and O functional groups may serve as active 

sites for metal ion adsorption (Dou et al., 2019). 

As stated earlier, CQDs can be regarded as real adsorbents in 

the elimination of detrimental complexes from wastewater 

because of the abundance of functional groups and different 

polar moieties on their surfaces. A variety of functional 

groups, together with amine and carboxyl groups, can 

function as sites of action to bind metal ions via π-π stacking 

contacts and electrostatic pull (Zhang et al., 2017). 

A study has created an adsorbent nanocomposite 

(PECQDs/MnFe2O4) by merging the polyethyleneimine-

modified CQDs with magnetic materials (MnFe2O4) (Huang 

et al., 2019). This nanocomposite demonstrated a potent 

magnetic field and an exceptional adsorption capability, 

making it a valuable tool for the effective removal of uranium. 

Uranium and the +ve charged surface of the adsorbent exhibit 

substantial electrostatic repulsion, as evidenced by the high 

amount of adsorption (91%) observed in the manufactured 

PECQDs/MnFe2O4. Furthermore, the enhancement of 

uranium adsorption was facilitated by the contacts between 

uranium ions and various functional groups, including OH, 

NH2, and COOH. Furthermore, CQD surfaces with 

oxygenated functional groups may be more hydrophilic, 

which would increase adsorption action. However, the use of 

MnFe2O4 as adsorbent, without CQDs, can only achieve 

uranium adsorption of 25%. 

The pH of the solution has a substantial influence on the 

adsorption capability. The adsorption competence declines 

with declining solution pH (Zhang et al., 2015). Metal and 

hydrogen ions compete with one another for adsorption sites 

in an acidic solution. Because metal ions repel one another, 

the great concentration of hydrogen ions in the acidic solution 

may prevent metal ions from sticking to the adsorbent (Lei Y 

et al., 2019). On the other hand, the deprotonation by hydroxyl 

ions causes the adsorbent surface to become negatively 

charged at higher solution pHs. The process of deprotonation 

intensifies the forces of attraction between the metal ions and 

the adsorbent (Chaudhry et al., 2016). Therefore, the 

combination of sorbent and adsorbent can be facilitated by 

electrostatic interactions, which helps to promote effective 

adsorption. 

The two primary variables in the adsorption route are 

characteristically the polarity and surface area of the 

adsorbent materials. Because of their huge surface area—

which may reach up to 1690 m2/g, CQDs have been engaged 

broadly in adsorption studies (Ren et al., 2019). The 

Brunauer-Emmett-Teller (BET) surface area and pore volume 

measurements can be utilized to investigate the surface area 

and textural physiognomies of CQDs. For example, 

researchers have eliminated benzopyrene (BaP) from 

wastewater samples using three different types of iron oxide 

adsorbents: Fe3O4, C11-Fe3O4, and CQDs/C11-Fe3O4 (Yang 

et al., 2019). The BET measurement yielded surface areas of 

88.2, 163.5, and 289.8 m2 g -1 for Fe3O4, C11-Fe3O4, and 

CQDs/C11-Fe3O4, respectively. The presence of CQDs was 

linked to a higher BET surface area. As a result, CQDs/C11-

Fe3O4 can offer high surface adsorption sites, or 93.9% of the 

adsorption capability, for the BaP. 

A different study by Mou et al. (2019) compared the BET 

surface area measurements of bismuth oxychloride (BiOCl) 

and BiOCl/NCQDs. The BET surface area of BiOCl was 

determined to be 33.1 m2 g -1, whereas BiOCl/NCQDs had a 

surface area of 60.0 m2 g -1. BiOCl and BiOCl/NCQDs had 

pore volumes of 0.168 and 0.239 cm3 g -1, in that order. Since 

NCQDs were present in the composite adsorbents, the BET 

surface area increased and the adsorption capacity towards 

metal ions increased. 

Nitrogen-doped CQDs (NCQDs) were synthesized in a study 

using dicyandiamide and citric acid as basic ingredients. An 

adsorbent for the elimination of lead was created by 

conjugating NCQDs with iron oxide (Fe3O4). The great 

adsorption capability is the result of using nitrogen atoms as 

dopant agents. The interaction between the lead ions' vacant 

d orbitals and the lone pair electrons of nitrogen atoms in the 

NCQD structures explains this adsorption (Mou et al., 2019). 

It is anticipated that the amino groups in the NCQDs will 

function as adsorption sites to increase the adsorbents' 

capacity for adsorption (Copur et al., 2018). 

Rhahmanian et al. (2017) examined the adsorption kinetics of 

cadmium utilizing CQDs composited with zinc-aluminum 

layered double hydroxide (CQDs/ZnAl-LDH). A huge 

amount of active adsorption sites were delivered by the 

multiplicity of functional groups on the CQDs/ZnAl-LDH 

composite, increasing the adsorption capability towards 

cadmium. At 20 minutes, the maximum cadmium content on 

the CQDs/ZnAl-LDH composite was 12.60 mg/g. Utilizing 

the pseudo-second-order model, the CQDs/ZnAl-LDH 

composite displayed a good correlation coefficient value 

(0.9998). The outcome validated that the adsorption method 

was primarily heterogeneous by fitting well with the 

Freundlich and intra-particle diffusion models. 
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Present Progress and Future Prospects 

The application of CQDs for the management of wastewater 

has shown massive progress as far as our review of literature 

is concerned. Their unique features make them efficient 

adsorbents for eradicating heavy metals, dyes, and foul odor 

from water. However, such notable improvements have been 

made in the laboratory, with a strong need for these 

innovations to be produced for large-scale wastewater 

treatment. As far as several industries are concerned, the use 

of traditional materials like activated carbon, silica gel, and 

alumina is the most economical method for treating 

wastewater. Thus, CQDs are yet to be fully used for large 

water treatment purposes because they are expensive to 

produce on a large scale. This limitation opens up further 

opportunities for scientists to develop easier and novel 

methods for large-scale production of this material. 

Furthermore, CQDs are quite difficult to purify. Purification 

of CQDs is necessary, especially for biomass precursors that 

may contain contaminants and other impurities. Setting up a 

dialysis process to purify these materials will be expensive for 

large-scale purification of the CQDs, and as such, the 

development of novel approaches to purify them should be the 

next area of concentration. Another limitation is that most 

research that looked into the synthesis of CQDs did not 

necessarily focus on the quantum yield as it is mostly low for 

the synthesis process. The majority of the synthesis methods 

can barely produce quantum yields up to 80% which remains 

a hindrance to the large-scale use of these materials for water 

treatment. Lastly, understanding the structural-property of 

CQDs can be ambiguous as their features can vary and several 

impacts on their adsorption properties. 
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