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ABSTRACT 

 The need to create methods that will transform biowaste into useful active materials is urgent given the 

growing amount of industrial and ecological bio-waste. Among the several materials examined, we 

specifically emphasize the application of potential carbon-containing bio precursors (such as plant-based, 

amino acid, and carbohydrate bioprecursors), industrial waste, and their transformation into GQDs with 

minimal chemical usage. The implications of various processing factors on GQD features, such as surface 

functionalization, paradigmatic characterisation, toxicity, and biocompatibility concerns of GQDs generated 

from bio precursors, are the main topic of this review. The present difficulties and the continuous 

investigation of possible bio precursors  for environmentally acceptable GQD synthesis for future use are 

also included in this study. 

Due to their protein-like size, extremely high photostability, and long-term biosafety in vivo, 

photoluminescent graphene quantum dots (GQDs) have long been thought to be highly appropriate for 

bioimaging; yet, their special and vital in vivo bioimaging applications are still unattainable. Here, we 

introduce Planted  GQDs  as a superb tool for multimodality, in vivo fluorescent, sustainable tumour 

bioimaging in a range of settings. To create the NPs-GQDs-PEG, the GQDs were in situ planted in the PEG 

layer of PEGylated nanoparticles using a bottom-up molecular technique. 
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Introduction  

The propagation of optical vortices carrying orbital angular momentum in a coherently prepared graphene 

quantum dot (GQD) system is examined in this paperWe investigate two important scenarios assuming 

weak light-matter interaction and using the Maxwell-Bloch equations. In the first scenario, optical vortices 

are transferred using a nonlinear parametric process. Initially, there is only one vortex beam, which is created 

during the interaction with the GQD system. We examine the effects of different system parameters on 

optical vortex matching and vortex conversion efficiency [1] 

Our findings show that detuning and incoherent pumping have a major impact on vortex conversion 

efficiency, with notable efficiency and steady-state intensity attained when these parameters are 

appropriately adjusted One of the most prevalent elements in the biosphere and a key component of 

advanced functional materials, carbon is essential for the creation of sustainable and high-performing 

materials. 

 Among all the resources on Earth, carbon-based materials are known to have the most effective qualities, 

including light weight, high porosity, resistance to high temperatures, resistance to acids and alkalis, good 

structural stability, and easy conductivity. Together with their small background current, broad potential 

window, and strong electro-catalytic performance, the aforementioned qualities have made carbon materials 

useful in a wide range of devices and applications with virtually limitless development potential [2] 

. GQDs are recently discovered members of the family of carbon materials. With lateral dimensions of less 

than 100 nm, graphene quantum dots (GQDs) are tiny graphene fragments with characteristics derived from 

both graphene and carbon points [3] 

Besides low toxicity and biocompatibility . Due to their unique properties, GQDs are excellent choices for 

a variety of applications . GQDs have been used as electrode modifiers because of their large surface area, 

abundance of functional groups, and ease of functionalization with organic, inorganic, or biological 

molecules [4]. 

 Additionally, they are robust, inert, water-soluble, chemically stable, and photo-stable against photo-

bleaching and blinking Their use in the bio-imaging field has been impacted by their solubility in water-

based solvents Therefore, considering the electrochemical properties mentioned above, there has been a lot 

of interest in using GQDs to design new electrode materials.[5] 

 These include fuel cells , super capacitors , and photovoltaic cells  as well as electrochemical 

immunosensors for biomedical applications and biosensors GQDs are typically produced using fossil 

feedstocks like oil, coal, and petroleum coke, along with other carbonaceous materials waste, This process 

frequently necessitates energy-intensive synthetic pathways and harsh process conditions . Conversely, the 

only renewable carbon sources and essential precursors are biomasses or their constituents, such as organic 

acids or carbohydrates,[ 6] 

which are distinguished by their high availability, biodegradability, and affordability Furthermore, even 

though there is currently a lack of information on the costs of creating GQDs from renewable precursors, it 

is anticipated that their economic impact will be significantly lower than that of conventional feedstocks 

(CNts, graphite, etc.) because the different functional groups that are already present in biomass's structure 

facilitate fragmentation, which is related to the dense, well-ordered single component graphene, or CNTs[7] 

However, because conventional disposal methods like landfilling or incineration are inadequate in terms of 

energy efficiency, human health, and environmental impacts, the conventional management of biomass 

waste involves evident economic and environmental issues . In factmthe creation of environmentally 

friendly methods for obtaining GQDs that come from a variety of natural sources, including lignocellulosic 

biomass[ 8] 
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In order to meet the two fundamental goals of meeting the growing demand for energy and recycling and 

exploiting renewable feedstocks,this review aims to introduce the reader to the latest developments in green 

approaches over the past five years.These advancements are based not only on the use of biomass wastes 

but also on the conversion of natural, inexpensive organic molecules, like glucose or citric acid, [9] 

 that are simply extracted from a variety of fruits and vegetables for the synthesis of GQDs via processes 

that meet the requirements of the principles of Green Chemistry and their promising recent applications in 

the field of electrochemical sensors Generally  speaking, there are two categories of GQD synthesis 

methods: top-down and bottom-up, depending on the reaction mechanism. [10] 

Cutting large graphene sheets, carbon nanotubes, carbon fibers, or graphite into tiny graphene sheet pieces 

is the top-down method. The primary reaction mechanism in top-down processes, which use physical forces 

to break down macromolecules into smaller ones, is oxidative cleavage; however, hydrothermal processes 

are preferred because they are quicker and easier than oxidative ones. Laser ablation, microwave irradiation, 

and electrochemical oxidation are additional top-down procedures. Small molecules are used as starting 

materials for the bottom-up method's strategy of producing GQDs [11].  

the bottom-up approach includes pyrolysis/carbonization processes that begin with organic molecules or the 

controlled synthesis of carbon sp2 from organic polymers.The most dependable precursors for the formation 

of high-quality GQDs are usually polycyclic aromatic hydrocarbon molecules . Although the first method 

produces a complex process, it has the benefit of producing products with controllable size and shape[12] 

 Conversely, carbonization is a simple and environmentally friendly process, but the yield is lower and the 

GQDs' morphology and structure are uncontrollable.To disintegrate the strong and well-ordered structure 

of graphene into small-sized GQDs, and GQDs. the both top-down and bottom-up methods require the use 

of very costly non-renewable raw materials, such as CNTs, graphene, graphene oxide, or other graphene-

based precures [13] 

Materials and methods 

        Due to their extraordinary qualities, GQDs have been created by a variety of techniques, including top-

down and bottom-up synthesis .The bottom-up strategy is superior to the top-down one. down technique, 

since the former leads to a high production yield and fewer defects  The bottom-up method allows for a 

great degree of control over the size and photoluminescence (PL) of GQDs. Compared to top-down 

approaches, these strategies are more cost-effective and time-efficient to utilize . Bottom-up methods use 

hydrothermal treatment to synthesize GQDs  with starting materials such as acetyl acetone  benzene 

derivatives , and carbohydrates [14] 

 

Hydrothermal methods 

Hydrothermal techniques, which include treating precursors with hot water, are mostly utilized to produce 

single crystal GQDs. under extreme strain . The mechanical hydrothermal transformation of cellulosic 

material into GQDs was reported by Chenetal,  their method entails the generation of H+ and OH-. GQD 

synthesis using ECO: high pressure and temperature cause cellulose to hydrolyze to glucose, which is then 

followed by cyclic condensation to produce a blackish GQD solution  Although controlled synthesis of the 

precursor material was achieved by hydrothermal synthesis, the cost of autoclaves made this process 

costly[15] 
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Carbonization and pyrolysis  

 

The most straightforward method of preparing GQDs is carbonization, which entails heating a carbonaceous 

precursor with or without a solvent and then causing irreversible  

physicochemical changes in the precursors' composition In short, BPs undergo pyrolysis in the first phase, 

and if this process is carried out, the BPs undergo up-conversion, which produces more carbon moieties 

with a structure like graphene, a process known as carbonization [16] 

      

Carbonization and pyrolysis  

The most straightforward method of preparing GQDs is carbonization, which entails heating 

a carbonaceous precursor with or without solvent , which is followed by irreversible physicochemical 

alterations in the precursors' composition In short, BPs undergo pyrolysis in the first phase, and if this 

process is carried out, the BPs undergo up-conversion,which produces more carbon moieties with a structure 

similar to graphene, a process known as carbonization.[17] 

 

Microwave exposure  

Graphene produces ions or electrons when exposed to microwave (MW) radiation, creating an electric 

current, and energy is lost as  a result of  the material's electrical resistance . The graphene exfoliates as a 

result of this MW irradiation, improving the C/O ratio For the synthesis of GQDs from a range of precursors, 

the MW aided sonochemical  method has been employed [18] 

 

 

Oxidation by electrochemistry  
This approach is now being used by the majority of researchers. The electrochemical oxidation (ECO) 

technology is appealing. For numerous chemical processes that result in environmental issues, gives provide 

a flexible, effective, and economical Platform .  

The graphite rod (GR), or anode, exfoliates when pressure between the graphite layers is created by the 

intercalation of anions and generated oxygen under the influence of an electric field. GQDs and GO-QDs 

were produced from GRs by with varying citric acid concentrations Present . When compared to alternative 

approaches, ECO appears to be beneficial, despite its low product yield . The ECO approach has also been 

used to create heteroatom-doped GQDs, such as sulfur and nitrogen- doped GQDs. The ECO approach is 

shown in an illustration [19] 

 

Warming  

A biomaterial's BP structures undergo physicochemical and degradative modifications when heated. 

Numerous studies Researchers have reported employing BPs to create graphene-like structures without the 

need for laborious procedures or dangerous chemicals . Many studies have tried to create GQDs from BPs 

using basic heating in light of these new discoveries [20] 
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Synthesis based on various BPs 

           Cellulose is the primary type of carbon found in plant products . The synthesis of graphene has been 

accomplished in numerous recent studies by appropriately treating a variety ofvarious forms of agricultural 

waste and biomass . Dead neem was first investigated by Anil et al. for the production of GQDs.  

They used a two-step process. Initially, pyrolysis was used to turn the dead neem leaves into TC at 1000 °C 

in an inert atmosphere. Green fluorescent GQDs were produced by further treating the resulting black 

powder with an acid combination of H2SO4 and HNO3 under reflux. Figure 4 shows the usual synthesis 

scheme. Green FL was demonstrated by the synthesized GQDs, which had a higher quantum yield (QY) of 

around The amine functionalized GQDs (am-GQDs) impart similar surface charges, which results in 

increased repulsive forces and aqueous stability.[21] 

The quenching ability of am-GQDs is strongly affected by several metal ions, namely Hg(II), Pb(II), Cu(II), 

Ni(II), Co(II)  Fe(II) and Fe(III). When GQDs are subjected to UV light, on the incident radiation the excited 

electrons in the GQD are to the metal ions. 

 A switching mechanism using am-GQDs was demonstrated, based on turning ‘off’ through Ag+ ion FL 

quenching and turning ‘on’ through the addition of L-cysteine Phenyl skeletons and oxygen functionalities 

make up lignin, a naturally occurring waste product from the pulp industry . ALs, or alkali lignins, have 

been successfully used by Ding et al. to synthesize gram-scale GQDs. After AL was hydrothermally treated, 

a single-crystalline black GQD powder was produced, with a production yield of roughly 21% of the AL's 

weight. A cytotoxicity test was carried out to evaluate the biocompatibility of the produced GQDs. Using 

RAW 264.7 [ 22] 

 cell lines and a 3 (4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT)  

viability assay, the cytotoxicity of the GQDs was assessed. Even after raising the GQD dose  

from 10 µg ml−1 to 100 µg ml−1, no cytotoxic event was seen. Apart from cytotoxicity, GQD uptake was 

also evaluated.Confocal laser microscopy was used to examine the GQDs' cellular translocation on cells 

that contained 50 µg ml−1 of GQD solution, using the same cell lines. Strong blue, green, and red FL  

atexcitation wavelengths of 310, 420, and 540 nm, respectively, were used to examine cells [23].  

 

The growing rice husk agro-waste can be used as an environmentally friendly source to create raw carbon 

precursors and 

Silica production . Interestingly, Wang et al. attempted to use this concept to manufacture GQDs and 

mesoporous silica from rice husk. RHC, or rice husk carbon, was first pared and then hydrothermally treated 

for 10 hours at 200 °C, followed by acid treatment and ultrasonography to create GQDs.  

Additionally, RHC was treated with a strong sodium hydroxide solution to form mesoporous silica. The 

RH-GQDs, or rice husk GQDs, demonstrated superior biocompatibility even at concentrations of 100 µg 

ml−1. Additionally, HeLa cell lines with high blue FL showed 100% cell viability in in vitro bio-imaging . 

Wang et al. have successfully used coffee grounds, a waste product of coffee preparation , to synthesize 

GQDs with various surface functionalization [24] 

 

First, hydrazine hydrate was added to the extracted coffee ground powder, which was then hydrothermally 

treated for six to ten hours. Following dialysis,  

the resultant solution provided GQDs. The generated GQDs' yield was discovered 

 to be roughly 36%. Polyethyleneimine (PEI) was used to functionalize GQDs, improving their PL and QY 

in comparison to naked GQDs. The impact of metal 

 

Additionally, ions on the FL of PEI-GQDs and bare GQDs were examined. Only the Fe3+ and Cu2+ ions 

were shown to have an impact on quenching of the PL of both GQDs out of the 16 metal ions that were 

demonstrated. Cell viability was maintained at over 88% after 24 hours of incubation at low levels in a 

cytotoxicity study using a dosage of 40 mg l−1 .Using MWs, Kumawat et al. successfully synthesized "self-
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assembled GQDs" (s-GQDS) from grape seed extract. The prepared s-GQDs showed good aqueous 

dispersion and brilliant FL[.25] 

The prepared s-GQDs exhibited bright FL with good aqueous dispersibility and a QY of about 31.79%. It 

was found that the s-GQDs enter the cells via an energy-dependent clathrin and caveolae mediated 

endocytosis pathway followed by loc alization inside the cell nucleus.  

 this study demon strates the possibility of designing nucleus-targeting drug 

Royetal explored the effective utilization of neem leaf and fenugreek extract for the synthesis GQDs using 

simple pyrolysis with a high QY of about 41.2% and 38.9%, respectively.[26] 

  

The average particle size of the GQDs from both extracts was found to be in the range of 2–7 nm. The 

presence of nitrogen moieties in the fenugreek and neem extract led to the formation of nitrogen doped 

GQDs, which was further confirmed using x-ray photoelectron spectroscopy (XPS) and Fourier transform 

infrared spectroscopy (FTIR) spectra 

Additionally, light-emitting diodes were produced using the synthesized GQDs. The ability of the 

biocompatible Zebra fish embryos were used to assess GQDs, and the HeLa cell lines MCF-7 and MCF-

10A were used to test the GQDs' cytotoxicity. [27] 

 

When GQDs were administered at concentrations of up to 2 mg ml−1, the average cell viability was found 

to be >95%, indicating high biocompatibility  

. An outline of plant-based ingredients and how they are transformed into GQDs is given. 

However, using the same methodology, Thakur et al. reported hydrothermally synthesizing GQDs from the 

withering leaves of the Indian fig tree, Ficus racemosa. Mul Using the GQDs and the HaCaT cell line ticolor 

bioimaging was accomplished. Doping with nitrogen atoms was achieved   through treatment of the dried 

leaves with liquid nitrogen.  

 

The biocompatibility and multi-fluorescent  the GQD investigate dinyeastandthe  MDA-MB-231breast  

cancer cell line. The entrance of GQDs into normal and cancer  cells was observed in the short period of 2 

h, apparently  due to the caveolae dependent endocytosis process. Additionally, confocal laser scanning 

microscopy for bioimaging (CLSM) was successfully conducted on Saccharomyces cerevisiae. L929 cells 

were used in a biocompatibility   research with GQD doses ranging from 1 to µg ml−1.[ 28] 

 

As anticipated given the production of reactive oxygen species (ROS), cellular toxicity showed a directly 

proportionate relationship to GQD levels  

The image depicts a typical plan for the synthesis of GQDs using leaf extract and dried leaves 

    Resources and methods . Exopolysaccharide synthesis and extraction  The Department of Plant Health 

provided the fungus Alternaria alternata.  

According to Ferdowsi University of Mashhad's Medicine, they were recultured on potato dextrose agar 

(PDA) and incubated for 72 hours at 30 °C. The fungal biomass was cultured for 10 days at 28 °C and 120 

rpm in 250 mL Erlenmeyer flasks. 100 mL of culture media (glucose, 40; yeast extract, 1.0; peptone, 0.5; 

KH2PO4; and MgSO4.7H2O, 0.5 kg m3) were contained in each flask.[29] 

 The resulting exopolysaccharide will then be eliminated using ethanol (Dubois et al., 1956).Synthesis of 

carbon dots The one-step hydrothermal carbonization approach was used to create carbon dots from 

extracted exopolysaccharide (Lin et al., 2018). After dissolving 500 mg/L of fungal exopolysaccharide in 

50 mL of deionized distilled water, the mixture was put in a 100 mL Teflon-coated stainless  steel autoclave 

and maintained at 200 °C for 24 hours. After cooling to ambient temperature, the resulting dark brown 

solution was centrifuged for 15 minutes at 13,000 rpm. For upcoming tests,[ 30] 

 

the supernatant was freeze-dried after passing through a 0.22 μm filter membrane. 

The carbon dots' characteristics  KBr pellets' infrared spectra were recorded at the nanoscale using a 

PerkinElmer FT-IR spectrophotometer in the 400–4000 cm-1 range.  The ambient temperature is dard. The 

morphology of the carbon dots was examined using a Zeiss transmission electron microscope (TEM) and a 

Field Emission Scanning Electron Microscope (FESEM, ZEISS Company Sigma VP). 
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 A Zeta analyzer  (Zetasizer Malvern Company) was used to measure the zeta potential of carbon dots. The 

element analyses (CHN) were measured using the Thermo Finnigan Flash 1112 EA.The carbon dots' 

characteristics  KBr pellets' infrared spectra were recorded at the nanoscale using a PerkinElmer FT-IR 

spectrophotometer in the 400–4000 cm-1 range. 

 

 

Greenhouse research   

2.4.1. Experimental design and treatments  This study was carried out at Ferdowsi University of Mashhad 

in a greenhouse setting using a completely randomized design with three replications. Cadmium (50 mg kg 

1) (Cd), fungal carbon dots (150 mg kg 1) (CD), cadmium + carbon dots (50 mg kg 1+150 mg kg 1) (Cd + 

CD), and control (without carbon dots and cadmium) (C) were among the treatments.  
The total number of pots was twelve. 

 

Properties of soil  

Measurements were made of the soil's chemical and biological properties, including biomass carbon, 

dissolved organic carbon, accessible cadmium concentration, and microbial respiration. Using Leaney's 

(1992) approach, the amount of dissolved organic carbon (DOC) was determined. In short,  

 

this procedure involved making a soil suspension (1:10 soil/water ratio) with deionized distilled water, 

shaking it for an hour, filtering it through a 0.46 μ m filter, and using a TOC analyzer to detect the amount 

of dissolved organic carbon. 

 The DTPA-TEA method (Lindsay and Norvell, 1978) was used to extract  

the available soil cadmium, and a PG990 atomic absorption instrument was used to measure the amount. 

Additionally, the methods of Alef and Nanni pieri (1995) and Sparling et al. (1988) were used to assess 

microbial biomass and basal respiration, respectively.[31] 
  

Analysis of statistics   

To do statistical analysis, JMP software (version 8) was utilized. In order to examine notable variations 

among treatments, one-way Variance analysis was applied. The comparison of treatment means was 

assessed at the 5% probability level using the Tukey HSD test. software was used to determine the index of 

relative relevance between various characteristics and the shoot dry weight. GraphPad Prism 9 software was 

used to conduct principal component analysis (PCA) of the observed parameters, while Excel (2016) and 

Origin 2022 were used to create the graphs. 

Effect of pH, particle size, and zeta potential on the fluorescent properties of Bf-GQD 

These Bf-GQDs' intermolecular organisation resulted from π-π stacking, which alters their absorptive and 

fluorescent characteristics by either overlapping or head-to-tail arrangement .  Furthermore, the 

experimental results showed that pH had a significant impact on the Bf-GQDs' particle size and zeta 

potential. A steady rise in emission is provided by an increase in pH levels.level of Bf-GQD intensity. Strong 

acidic surroundings comparatively reduce the aggregative behaviour of Bf-GQDs, while high alkaline 

circumstances cause the  Bf-GQDs' fluorescence characteristics (Fig. S6; Electronic Supplementary 

Material). The "inner filter effect" (IFE), which alters the spectral readings, is an often  noted issue when 

using fluorescence spectroscopy. This could happen as a result of the overlap of  Surface fluorescence is 

caused by excitation and emission spectra that follow the light released in the centre and can be reabsorbed 

by the sample itself because the ray cannot travel through it.                                                                This is 

the initial report on how Bf-GQDs' fluorescence and UV-vis spectra are affected by concentration, particle 

size, and pH taken together. Fig. S4 (Electronic Supplementary Material) shows how the fluorescence 

properties of GQDs are affected by particle size.[32] 
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 Stability study of Bf-GQDs 
         

Prior to exposing the Bf-GQDs to real-world sensing applications, stability is the most important 

consideration. The effects of UV radiation on Bf-GQDs' fluorescence stability have been assessed by 

exposing samples at 365 nm (10 mg L 1). Even after being exposed to UV light for almost two hours, the 

fluorescence intensity of Bf-GQDs did not change. 

 After two hours, there was a noticeable drop in intensity.  

 

This is the first attempt, in our opinion, to evaluate the stability of GQDs in terms of their tolerance to UV 

light. Fluorescent dyes are typically employed to evaluate bioimaging at the cellular level, although they are 

extremely vulnerable to  in contrast to photobleaching.  In terms of their potential applications in the future, 

the developed Bf-GQDs have been assessed for photobleaching susceptibility. The results As a result of Bf-

GQDs' exceptional photobleaching endurance, a time-dependent and linear decline in FL intensity was 

observed (Electronic Supplementary Material).[33] 

 

Morphological characterization 
     Dynamic Light Scattering with NanoPlus3 (Particulate System, Micromeritics, USA) was used to assess 

the zeta potential and particle size of the Bf-CNCs and Bf-GQDs. The Bf-GQDs were examined using  

FESEM-JEOL (field emission gun scanning electron microscope) 6390LA/Oxford) operating at 20 kV of 

accelerating voltage. High-resolution transmission electron microscopy (HR-TEM) was carried out at 200 

kV using a JEOL/JEM2100 fitted with an SAED capability. An ultra-microtome was used to prepare the 

sample (STIC Cochin, India). 

 Amino acid  

Using L-glutamic acid and pyrolysis, an attempt has been made to produce GQDs, yielding a high QY of 

roughly 54.5%. The prepared GQDs displayed a variety of colours, including blue and violet. and green 

when exposed to UV light at wavelengths of 330–385 nm, 460–500 nm, and 535–585 nm, respectively. The 

MH-S cells' excellent cellular absorption of synthesised GQDs was validated by in-vitro FL imaging. With 

a linear range of 0.1 mM to 10 mM, the GQDs were used for the label-free detection of H2O2 and gave fast 

detection in less than two minutes.[34] 

In the similar line, Zhang et al. reported synthesising GQDs with aspartic acid using the MW technique, 

which resulted in intense blue FL. The Characteristic sensitivity and specificity to ironions were 

demonstrated by GQDs. Low cellular toxicity against SW480 cells was exhibited by the produced GQDs. 

Furthermore, the impact of additional metallicions on the GQDPL properties was also investigated. 

It has been possible to synthesise nitrogen-doped GQDs (N-GQDs) using Fe3+ (LOD; 100nM) in an 

efficient and straightforward manner. Glycine was used in thermolysis to create the sensor. approach with 

a high QY of 16.2%. The produced N-GQDs demonstrated pH-dependent sensing capability and were also 

tested for Fe3+ and Hg2+ sensing in actual water sample [35] 

 

The results showed that the intensity of N-GQDs was directly proportional to the system's pH  

  With a specific goal in mind, Yantal concentrated on the synthesis of N GQDs using glycine and sodium 

citrate as the carbon source. 

as the source of nitrogen. Additionally, Mn2+bonded nitrogen doped graphene quantum dots (Mn(II) -

NGQDs) were created, which had improved optical properties and a high QY (42.16%). The detection limit 

was determined to be 3.4×10-8 l−1 when the Mn(II)-NGQD probes were utilised for the FL-based sensitive 

and selective detection of Hg2+ ions [109].  

Humans naturally manufacture glucosamine, an amino sugar that can also be obtained from marine species' 

exoskeletons [110]. Glucosamine HCl was used to synthesise GQDs doped with several heteroatoms (B, 

boron; N, nitrogen; and S, sulphur). [36] 

 

 

http://www.ijcrt.org/


www.ijcrt.org                                               © 2026 IJCRT | Volume 14, Issue 2 February 2026 | ISSN: 2320-2882 

IJCRT2602195 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org b772 
 

By employing the MW irradiation process as a single source precursor. The NS-GQDs showed excellent 

cell internalisation and biocompatibility. & N-GQDs, but regrettably, BN-GQDs displayed a specific 

cytotoxic reaction that limits their application to 0.1 mgml−1. Additionally, the generated GQDs were 

employed in the ratiometric detection of healthy (HEK-293) cells against a malignant cell line (HeLa and 

MCF-7 cells). This demonstrates that GQDs can be utilised to identify malignant locations depending on 

pH. Similar techniques and experimental setups were used to further investigate GQDs with glucoseamine, 

this time for photovoltaic applications. GQDs were functionalised using ozone-induced oxidation,[37] 

 which ultimately improved the GQDs' photoelectric qualities and made them appropriate for use in solar 

cells [112]. The GQD synthesis methods from different amino acids are listed in Numerous living things 

contain the antioxidant glutathione (GSH). Kumawat et al. recently created a stable GO and GQD complex 

using an electro Using PEI as a linker in a static layer-by-layer assembly 

. A straightforward hydrothermal treatment was used to investigate the efficient utilisation of this versatile 

chemical in GQD preparation. Good results from the MDAMB-231 cells' cytotoxicity allowed for the use 

of the manufactured assembly in photothermal and photodynamic therapy.  L-cysteine was simply 

carbonised to provide a fluorescent GQD probe for the selective detection of curcumin.  

Due to the addition of curcumin, GQDs are susceptible to FL quenching, which lowers the intensity of the 

FL.[38] 
 

.Miscellaneous material 

. Oxidation by electrochemistry ECOn is in charge of directly electrochemically exfoliating wood charcoal 

into tiny GQDs without causing any harm to the sp2 bonded automobile.  

bonetwork. Even though a number of studies have looked into the effective usage acid-free synthesis of 

GQDs from GRs, there is still disagreement over whether or not this process qualifies as "green." This is 

because many researchers synthesised GQDs using a chemical mediator and functionalization-inducing 

agents  Ruihua et al. employed GRs for the ECO technique of N (rhodamineB)lactam-ethylenediamine 

(RBD)functionalized GQD synthesis.  

 

With a minimum detection limit of up to 0.02µMas a "turn-on" fluorescent probe for Fe3+sensing within 

live cells (HeLa), the GQDs demonstrated a high QY (43%), good biocompatibility, and The ECO technique 

has been successfully applied to the one-step synthesis of wood charcoal GQDs (E-GQDs). 

The E-GQDs' peroxidase enzyme mimicking activity [39] 

 

was first assessed by catalytically oxidising the peroxidase substrate 3,3′,5,5′-tetramethylbenzidine (TMB) 

with H2O2. The generated GQDs' peroxidase enzyme mimic potential was investigated for the colorimetric 

detection of glucose and H2O2.  

With a detection limit of 0.006 mM, the E-GQDs enabled the quick and sensitive detection of glucose Zeta 

metal investigated novel pH-responsive fluorescent GQDs (pRF-GQDs) with a high FL transition that were 

produced from GRs by electrolysing in acetonitrile solution. For FL bioimaging of solid tumours of diverse 

origin at an early stage,  

 

specifically  PANC-1 cells, HepG2 cells, A549 cells, and U87MG cells, GQDs were utilised   

Guoetal investigated additional noteworthy applications of ECO methods for the large-scale production of 

GQDs using coke as the carbon source. The produced GQDs showed multicoloured FL that could be altered 

by applying current density and employing an electrolytic water solution. Blue, green, yellow, and orange 

GQDs are produced by this modification, with FL emissions at 440, 500, 530, and 560 nm, respectively.  

The GQDs had high QYs of 19.2% for blue and ranged in size from 3.02 to 4.61 nm. 
9.24%for green, 7.90%for yellowand8.47%for orange [40] 
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Molecular condensation–fusion 

In addition to pristine graphene and natural precursors, numerous researchers have tried using chemical 

substances with fundamental carbon for GQD manufacturing, with or without a dopant. Duranetal, for 

instance, employed uric acid as a single source precursor for N-GQD synthesis, with a QY of roughly 44.4%. 

Additionally, the produced Cu-modified GQDs (Cu-GQDs) exhibit these selective penicillamine (PA) 

detection capabilities. 

  

With a LOD of 0.03µmoll−1, the FL quenching of Cu-GQDs by PA yields a linear range of 0.10 

7.50µmoll−1. The total PA detected at its greatest concentration was 2.31±0.03µmol l−1, with a recovery 

percentage of up to 92.3. According to the scientists, this approach will be useful for identifying medicines 

in  

pharmaceutical formulations .  

GQDs were formed as a result  of the molecules' condensation and fusing brought on by hydrothermal 

treatment. [41] 

 

For instance, 1,3,6-trinitropyrene and 3-mercaptopropionicacid were combined, and when  

they were heated to around 170°C, S-GQDs were formed .Another study on the one-pot solvothermal 

synthesis of GQDs employed 1,5 diaminonaphthalene as a single source precursor that was heated to 180°C 

for 12 hours. The method produced co-functionalized GQDs with end functionalities that are hydrophobic 

(C–Cl) and hydrophilic (-NH2 and -OH). The highly biocompatible produced GQDs were tested for 

bioimaging with HeLa cells .  

Similar outcomes were seen in Qietal's studies for B GQDs made using a precursor of 4 -

vinylphenylboronicacid. In a wound-healing model, the green-colored GQDs that were produced showed 

excellent biocompatibility in bioimaging and skin tissue tracking .  

It is well known that humic substances are used in agriculture to achieve high yield production .[42]  

 

Highly fluorescent GQDs were hydrothermally synthesised from humic acid by Weijietal.  

 Its transformation into self-assembled nanosheets via thermal treatment follows a hexagonal graphitic 

matrix with many functional groups (GQDs).  

Humic acid GQDs are biocompatible and can be employed in FLbioimaging, according to the scientists, 

despite having a low QY (5.2%) . Polythiophere GQDs 

were attempted and utilised for the production of GQDs MnO2 nanosheets for bioimaging of GSH 

(LOD;83nM) in a living system and near-infrared–infrared FL detection.  

 

Folic acid (FA;FR-GQDs) was used in an investigation into a novel and extremely auspicious form of GQD 

through hydrothermal treatment with tris (hydroxymethyl)aminomethane. Furthermore, the overexpressed 

surface binding of cancer cells demonstrated that the FR- 

GQDs were biocompatible with anticancer effects .  

 

Li et al. showed Hg2+ detection and identified GQDs with strong carboxyl functionality from maleic acid 

(MA). GQDs have also been functionalised with FA. GQDs are slipophilic and appropriate for facile 

penetration across the cell membrane because of their functions.  

A study on the cytotoxicity of GQDs against HepG2 cell lines verified their suitability for bioimaging. 

Furthermore, resonance light scattering (RLS) was used to assess quenching in the presence of Hg2+, and 

the results showed that a decrease in intensity was caused by an increase in Hg2+ concentration. With a 

detection limit of 1.7×10−12M, [44] 

 

the concentration range was determined to be 2.0×10−6–5.0×10−12M . 

 shows a schematic representation of the synthesis of FA-GQDs from MA. 

High-energy (UV) photon radiation, which has a wavelength of 185–254 nm, 

 starts free radical processes that lead to nucleation and the development of two-dimensional structures. 

When exposed to time Depending on UV exposure, aromatic compounds undergo a process called go 

polymerization, 

 which results in the creation of fluorescent asmblies .Zhuetal described the green synthesis of GQDs 

utilising salicylic acid (SA) in this setting, with a QY of roughly 0.86%.  
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The results of the time constraint decay plots indicate that SA-GQDs exhibit the π* transition. 

 The headdition of 0.1M solution of a heavy metal, specifically 

Li+,Na+,K+,Mg2+,Ca2+,Fe3+,Co2+,Ni2+,Mn2+,Cu2+, Zn2+,Al3+,Ag+,Cd2+,Pb2+,Hg2+,Cl−,Br–

,SO42−, or NO3, has no effect on the perfect PL property displayed by the SA GQDs.  

 

The authors also disclosed that the synthesis of crystalline GQDs with a high production yield of up to 86% 

is confirmed by the full polymerisation of the SA.Using fluorescent bio-imaging on the OCM-1 cell line, 

the SA-GQDs were further investigated for effective internalisation and biocompatibility. The bioimaging 

capability of GQDs-OCM-1 cells implanted into tumor bearing mice was investigated using photo-acoustic 

images,  

 it was determined that SA-GQDs might be employed as prospective invitro and in vivo bioimaging probes 

[45] 

 

Conclusion  

Although the biomass derived GQDs present a new perspective, they share a resemblance with the pristine 

GQD synthesis methods, apart from the use of hazardous chemicals. In the present review, we have drawn 

attention to the effective use of foundational and sustainable precursors for GQD synthesis. Moreover, we 

have highlighted the instrumental characterization of the afore mentioned GQDs,  

we have highlighted the instrumental characterization of the a forementioned dv GQDs, which could pave 

a route for improved comprehension of the intrinsic features of biomass derived GQDs.At this juncture, the 

uniqueness of   BPs could oust chemically prepared GQDs and this must be addressed to enhance the 

plausibility of green and sustainable GQD synthesis. It is our assumption that, instead of investingin 

chemical processes  ,many researches and developments will now be intrinsically turning to green methods 

and  this  will be a new era in which the old synthesis techniques  
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