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INTRODUCTION 

Graphene quantum dots (GQDs) belongs to the 

graphene family and it is defined as zero 

dimensional luminescent nanomaterial with 

characteristics derived from both graphene and 

quantum dots[1-3]. Graphene quantum dots are 

the new rising star in the fluorophore family 

and has attracted tremendous interest due to its 

unique and superior physico-chemical 

properties, large surface area, great mechanical 

strength, excellent mechanical stability and 
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 A B S T R A C T 

 

Graphene quantum dots (GQDS) are nano-hybrid materials, they 

have gained tremendous interest in biomedical field, especially in 

Bioimaging due to their unique, stable and tunable 

photoluminescence, outstanding biocompatibility, low 

cytotoxicity, low cost, tiny sizes, high stability and exceptional 

physicochemical characteristics. In this review we are aiming to 

provide the insights of evolving development of the material's 

synthetic, characteristics and most importantly Bioimaging 

properties. We are hoping that this could be beneficial to some 

extent. 
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outstanding carrier transport mobility. This has 

been widely used for optoelectronic devices, 

energy storage and in drug delivery as well [4-7]. 

Graphene quantum dots have a great thermal 

and electrical conductivity due to the presence 

of π to π bonds below and above the atomic 

plane. GQDs is having quantum confinement 

effect and various densities and sp2 site 

natures, make them optically active and 

dependent on the size so that the size of the 

graphene quantum dot consume the energy 

band gap. Graphene quantum dots have a 

promising future in biomedical field especially 

in in-vitro and in-vivo bioimaging . Graphene 

quantum dots can be a great Bioimaging probe 

for cancer [8] .Cancer is one of the deadliest 

diseases in the world with approximately more 

than 10 million cases every year [9,10]. 

Treatment of cancer is very complex and needs 

targeted therapy. The cancer treatments 

nowadays are the main thrust of research. 

Graphene quantum dots can be useful as 

Bioimaging probe for cancer cell imaging as 

they have a prolonged Photostability, greater 

water solubility, low cytotoxicity, excellent 

biocompatibility and most importantly 

outstanding Photoluminescent properties. In 

this review we would like to emphasize the 

synthesis, characteristics and application and 

most importantly biomedical applications of 

graphene quantum dots to improve the 

knowledge about the nano-star of this era.  

 

 

BIOIMAGING APPLICATIONS OF GQDS (Adapted from Li et al[11]) 
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SYNTHETIC METHODS OF GQDs: 

METHOD SUB-DIVISIONS STARTING 

MATERIALS 

        SIZE(nm) 

 

 

 

 

 

 

TOP-DOWN 

METHOD 

Hydrothermal                      

 
 
Solvothermal 
 
Microwave assisted  
 
 
 
Electrochemical 
oxidation 
 
 
Magnetron sputtering 
 
Sono fenton reaction 
 
 
Acidic oxidation and 
exfoliation 
 

 

Graphene oxide 

Humic acid 
 
Graphene oxide 
 
Graphene oxide 
 
Graphite 
 
Graphene film 
 
Graphite rod 
 
Graphite 
 
Graphene oxide 
 
Graphene oxide 
 
Carbon black 
 
CFS 

5-13 or 1.5-5 

        3-5 
 
∼ 3 
 
2-7 
 
2-8 
 
3-5 
 
5-10 
 
4-12 
 
∼5.6 
 
5-19 or 5-25 
 
15 or 18 
 
1-4/ 4-8/ 7-11 

SYNTHESIS AND DIAGRAM  APPROACH OF GQDS (Adapted from Aiyer et al[12] ) 
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BOTTOM-UP 

METHOD 

 
 
Precursor pyrolysis 
 
 
 
Solution chemistry 
 
 
Catalyzed cage 
opening 

 

Citric acid 
 
 
Glucose 
 
 
Organic precursors 
 
 
 
     C60 

 

∼15 
 
 
1.6-2.1 
 
 
∼5 
 
 
 
2.7-10 

Table no : 1 Synthetic methods for GQDs 
 

 

PROPERTIES: 

1) Structure: 

Graphene quantum dots were first synthesized 

by Pan et al [3]. in 2010 having crystalline 

structure of single or a few layered graphene. 

GQDs have dimensions about few nanometres 

although the largest size reported was about 60 

nm[11]. The Shape of the graphene quantum  

 

 

dots are circular, elliptical, triangular, quadrate 

or hexagonal but circular and elliptical are the 

shapes of most graphene quantum dots. The 

graphitic in-plane lattice spacing of graphene 

quantum dots are of 0.18-0.24 nm and graphitic 

interlayer spacing are about 0.334 nm or 

greater, measured by HETEM or XRD. 

Graphene quantum dots have high crystallinity.

 

 

 

FIGURE 1-A : Structural depiction of GQDs (Adapted from Shen et al[12]) and B: Zigzag and 

armchair edges of GQDs (Adapted from Wang et al[13] ) 
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2) Absorption: 

Graphene quantum dots show stable absorption 

bands in the ultraviolet region due to the n to 

π* transition of C = O π bonds with an 

absorption peak at 230 nm due to π to π* 

transition of aromatic C = C bonds[14,15]. 

 

 
Table no : 2 Factors affecting Absorption 

 

 

 

 
 

 

 

 

FIGURE 2-a) UV-vis absorption spectrum of GQDs aqueous solution (Adapted from Tan et al[15]) . b) UV-

vis absorption spectrum of GQDs from humic acid (Adapted from Shi et al[17]). c) UV-vis absorption 

spectrum of GQDs in water solution(Adapted from Dong et al[18]). d) UV-vis absorption spectra of three 

typical GQDs with average sizes of 12, 17, and 22 nm dispersed in water (Adapted from Kim et al[16] ) 
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3) Photoluminescence (PL) : 

Photoluminescence is one of the fascinating 

and important features of graphene quantum 

dots. The mechanism behind the 

photoluminescence can be derived from 

intrinsic state emission and defect stage 

emission. 

 

 
Table no : 3 Factors affecting Photoluminescence

 

 

FIGURE 3-a) PL spectra of GQDs with different emission color excited at 318, 331, and 429 nm, 

respectively(Adapted from  Peng et al[19]). b) Comparison of PL spectra of GQDs and Am-GQDs for the 

same concentration, at 350 nm excitation (Adapted from Suryawanshi et al[20]). c) PL spectra of HM-

SGQDs and d) PL spectra of SGQDs (Adapted from Dong et al[21]). 
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4) Cytotoxicity 

a) In-vitro Cytotoxicity Test: 

This is very necessary to evaluate the 

cytotoxicity of the graphene quantum dots as 

they have applications in Bioimaging. 

Cytotoxicity can be affected by two factors, 

mainly size and concentration of graphene 

quantum dots. Graphene quantum dots having 

suitable concentration and ultra small size can 

be accessed from the in vitro experiments. 

Jiang et al has reported that they have assessed 

the cytotoxicity test via several techniques like 

CCK-8 assay, lactate dehydrogenase release 

(LDH) assay and reactive oxygen species 

(ROS) assay.  

According to CCK-8 assay, cell viability 

decreases with increase in graphene quantum 

dot concentration. More than 90% of the cell 

viability was obtained at concentration in the 

range of 21.5 - 50  μg/ml. More than 80% of 

the cell viability was observed at the 

concentration 200 μg/ml which is the highest. 

From this the fact has proved that graphene 

quantum dots with low concentrations have 

great biocompatibility and low toxicity to 

HeLa cells.  

 

Integrity of cell membrane can be indicated by 

the LDH level in the cells, which is an 

indication of cytotoxicity of the cells by LDH 

assay. Jiang reported that in their work , for  24 

hours HeLa cells were exposed to a various 

graphene quantum dot concentration and LDH 

release was measured. The result indicates that 

at the low GQDs concentration, LDH release 

levels were a bit higher than the control group 

indicating that a small fraction of the HeLa cell 

membrane has been compromised by GQDs. 

On the other hand, at the high GQD 

concentration level LDH release level increases 

about 50% as compared to control indicating 

that through endocytosis GQD could enter into 

the cells and cause membrane damage.  

To detect the oxidative stress level in cells, 

ROS assay is a very effective technique. At 

low concentration of GQD, ROS level was 

low, but at high GQD concentration ROS level 

significantly increases. So from all the results 

we can say that GQD at low concentration 

shows low cytotoxicity and at high 

concentration show relatively high cytotoxicity 

[22,23].  

 

http://www.ijamsr.com/
http://www.ijamsr.com/


International Journal of Advanced Multidisciplinary Scientific Research (IJAMSR) ISSN:2581-4281 Volume 3, Issue 3, April, 2020 

  

   IJAMSR 3 (4)    www.ijamsr.com    CrossRef: https://doi.org/10.31426/ijamsr.2020.3.4.3213 

           

 

 

IJAMSR  3 (4)                               www.ijamsr.com                             April   2020                        34 

 

International Journal of  

Advanced Multidisciplinary Scientific Research (IJAMSR) ISSN:2581-4281 

  

 

 

b) In-Vivo Cytotoxicity Test 

Along with in-vitro cytotoxicity testing it is 

very necessary to test the cytotoxicity nature in 

in-vivo system as well. Wang et al has reported 

that the embryonic development of zebrafish 

has been affected by graphene quantum dots. 

For cytotoxicity testing the embryos of 

zebrafish when exposed to different 

concentrations of GQDs several malformation 

have been observed in the zebra fish when they 

are exposed to the highest GQDs concentration  

i.e. 200 μg/ml. Control group had shown no 

significant changes as compared to the 

treatment groups from which we can say that 

the fluorescence was mainly distributed in the 

heart and intestine region of the zebra fish. 

Indicates that the GQDs were bound in these 

two regions. When the GQDs level was the 

highest  (200 μg/ml) in the treatment groups 

the fluorescence intensity was also higher in 

heart and intestine, indicating that that GQDs 

concentration when higher than 50 μg/ml 

embryonic development has been disrupted by 

GQDs  

FIGURE 4-a) In vitro experiment of GQDs. b) Cell viability Hela cells incubated with various 

concentrations of GQDs for 24 h. c) LDH release Hela cells incubated with various concentrations of 

GQDs for 24 h. d) Internal cellular ROS level of Hela cells incubated with various concentrations of GQDs 

for 24 h. (Adapted from Jiang et al[22]) 
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From so many other tests it can be concluded 

that i) Graphene quantum dots at low 

concentration (less than 50 μg/ml) can be lower 

in cytotoxicity, ii) if the concentration is higher 

than 200 μg/ml they can cause cellular death, 

malformation of organs and even small 

animals' death also [8]. 

 

FIGURE 5-a) Normal larvae of zebrafish. b-d) abnormal larvae of zebrafish exposed to 200 μg•mL-1 GQDs. 

Malformations are indicated by red arrows. e) GQDs uptake by zebrafish larvae at 120 h post-fertilization. f) 

Relative fluorescence intensity was significantly elevated compared to control group (Adapted from Wang et al[8]). 

 

APPLICATION IN BIOIMAGING: 

Graphene quantum dots having a great 

application in biomedical field more precisely 

in bioimaging due to their unique  

 

characteristics although this field is in infant 

stage now but evolution will change the 

scenario of the bio medical field.  
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a) Cellular Bioimaging: 

Pan et al has reported that GQDs accumulated 

around HeLa cell’s nucleus and after 10 

minutes of continuous excitation no 

photoluminescence reduction happened 

indicating feasibility for long-term imaging. 

GQDs can penetrate and label the nucleus 

without being functionalized with nucleus 

targeting motif[24].  

b) In Vitro Bioimaging Of GQDs: 

GQDs can be used in in-vitro Bioimaging 

without toxicity. They can be used for stem cell 

labelling. Zhang et al [25] has prepared a yellow 

GQDs by a facile electrochemical method for 

efficient stem cell labelling. For the test three 

different kinds of stem cells were selected 

(neurospheres cells, pancreas progenitor cells 

and cardiac progenitor cells) .They were 

incubated with GQDs (concentration 25 μg/ml) 

for 24 hours at 37° C as a result, we can say 

that GQDs can enter into the cytoplasmic areas 

of stem cells despite of absorb on the outer 

surface of the membrane. Further, they 

reported that GQDs were internalized by stem 

cells and localized in cytoplasm [26]. 

Additionally, after treating with GQDs no 

significant changes were observed in viability, 

proliferation and metabolic activity of the stem 

cells. 

GQDs which was specially functionalized for 

cancer cell imaging are now very fascinating in 

biomedical sciences. Ananthanarayanan has 

reported that they have used Adenosine 

triphosphate modified GQDs (ATP-GQDs) for 

imaging the HeLa cells and real time tracking 

of transferring receptor in HeLa cells. Cells 

have taken ATP-GQDs not specifically. But 

transferrin conjugated GQDs (Tr-GQDs) were 

segregated near the cell nucleus triggering 

endocytosis. Fewer fluorescence points were 

observed when there was excess free 

transferrin molecules present indicating the 

binding between transferrin receptors and Tr-

GQDs. In human fibroblasts, Tr-GQDs 

fluorescence was much weaker than others due 

to less transferrin receptor in cancer cells. Tr-

GQDs/transferrin complexes could quickly 

endocytosed in the cell membrane[27].  
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FIGURE 6: a,b) Confocal and bright-field images of neurospheres cells with the fluorescent GQDs. c,d) 

pancreas progenitor cells. e,f) cardiac progenitor cells. g) TEM image of human neurospheres cells. h) 

TEM image of human neurospheres cells after 24 h incubation with 25 μg/mL-1of GQDs.(a-f adapted 

from Zhang et al[25] and g-h adapted from Shang et al[26]) 
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FIGURE 7: a-c) Confocal and bright-field images of HeLa cells labeled with a)ATP-GQDs, b) Tr-GQDs, and c) 

Tr-GQDs. d) Confocal and bright-field images of human fibroblast cells labeled with Tr-GQDs. e) TIRFM 

images of HeLa cells with transferrin receptors labeled with Tr-GQDs (scale bars = 5 µm). Right top: a typical 

endocytic event of Tr-GQD/transferrin receptor complexes; right bottom: a typical exocytic event of a vesicle 

containing Tr-GQD/receptor complexes (Adapted from Ananthanarayanan et al[27]). 
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c) In-Vivo Bioimaging Of GQDs 

In vivo imaging should be done for the 

graphene quantum dots in animals. Nurunnabi 

et al [28] has reported that they have injected 

GQDs at the concentration of 5 and 10 mg/kg 

intravenously into the mice to check the time 

dependent in vivo optical Bioimaging. At 505 

nm no fluorescence response was observed in 

heart liver or spleen's deeper tissues but after 

12 hours of injection fluorescence response 

was obtained at tumor site indicating that 

GQDs can be used for superficial tissue 

imaging but after 24 hours of injection again 

no response in the fluorescence signal was 

obtained due to the excretion of the GQDs 

from the body. 

Ge et al [29] has performed a study where they 

have used three groups of female mice having 

subcutaneous breast cancer xenografts to 

observe the capability of GQDs for in vivo 

Photodynamic therapy (PDT) in the PDT group 

the GQDs injected to the mice intratumourally 

and then they were irradiated twice. As a 

result, after 9 days the tumor was decomposed 

and after 17 days they were destroyed 

completely. In contrast, control sample's 

Bioimaging (C1 and C2) indicated that neither 

the light irradiation nor the GQDs injection 

alone inhibits the tumor growth. 

 

                  
 

 FIGURE 8-a) The in vivo imaging of tumor bearing mice after intravenous injection of GQDs. b) In vivo 

images of isolated organs of mice at 24 h after injection of GQDs. c) Confocal laser scanning microscopic 

(CLSM) images of GQDs (Adapted from Nurunnabi et al[28]. 
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CONCLUSION: 

As a conclusion, we can conclude that 

graphene quantum dots are the rising star of 

nanomaterials nowadays. They have so many 

unique characteristics like great Photostability, 

outstanding photoluminescence property, low 

toxicity, less size as well. The absorption of the 

graphene quantum dots have been affected by 

so many factors , photoluminescence of the 

graphene quantum dots have been affected by 

so many factors as well, the size of the 

graphene quantum dots are small and the shape 

of the graphene quantum dots are various like 

elliptical, circular etc. The cytotoxicity test has 

been performed for graphene quantum dots. As 

a result, we can say that the graphene quantum 

FIGURE 9-a,b) Bright-field image and red-fluorescence image after subcutaneous injection of GQDs in different 

areas. c) Photographs of mice after various treatment in the 1st, 9th, 17th and 25th day. (PDT: GQDs + light 

irradiation; C1: GQDs only; C2: light irradiation only) d) Time-dependent tumour growth curves after different 

treatments (Adapted from Ge et al[29]). 
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dots when used in lower concentration (less 

than 50 μg/ml) is lower in toxicity, but when 

its concentration is more than 200 μg/ml the 

toxicity of the GQDs are higher. As an 

application the graphene quantum dots are 

mainly applied in the Bioimaging or it can be 

applied as Bioimaging probe for cancer cell 

imaging or cellular Bioimaging. So many stem 

cells labelling, viability test can be done with 

graphene quantum dots. But this graphene 

quantum dots and their applications are in the 

infant stage so this has so many works to be 

done in future to change the scenario of the 

nanomaterials and the biomedical science as 

well.  
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