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Abstract
Nano carbon dots are a recently added class of carbon nanomaterials specifically with size less than 10 nm possessing unique 
electronic and optical properties. A wide array of green sources available for the synthesis of carbon dots along with its 
diverse applications makes them an interesting material of the decade. Conventional semiconductor nanoparticles endowed 
with the ability to create electron-hole pairs have been widely used for the photocatalytic applications irrespective of their 
limitation to restrict electron-hole recombination. Carbon dots (C-dots) which are biocompatible and possessing excellent 
electron acceptor/donor capability is a promising candidate to improve the photocatalytic efficiency of metal chalcogenide 
semiconductor nanoparticles. In this short review, a thorough survey of the utilisation of C-dots as a supporting entity for the 
various metal oxides and metal sulphides to be applied for advanced techniques such as photocatalytic wastewater treatment, 
hydrogen generation via water splitting and photocatalytic reduction of CO2 has been summarised.

1.0  Introduction
Carbon nanodots (C-dots) comprises quasi spherical 
carbon particles with its size restricted below 10 nm 
consisting of sp2 conjugated carbon core with oxygen 
abundant functional groups such as carbonyl, hydroxyl and 
aldehyde1,2.  C-dots are discovered by Xu et al. during the 
electrophoretic purification of single walled nanoparticles3. 
Sun and co-workers coined the term ‘carbon dots’ and it 
ignited the research interest in this wonderful luminescent 
nanomaterial4. Among the various properties exhibited by 
C-dots, photoluminescence (PL) properties exhibited by 
C-dots remain the most exciting one. Additional advantages 

like low toxicity, water solubility, low photobleaching, 
photo-induced electron transfer ability, upconverted 
PL and emission tunability makes C-dots a promising 
candidate in diverse fields of applications5-9. Since C-dots 
can co-exist with living tissue without affecting their 
biological properties, they find immense applications in 
biomedical field including bioimaging, biosensors, drug 
delivery vehicle etc. The photo-initiated electron transfer 
properties ended up in its application as metal ion detectors 
and optoelectronics sector.  In addition to this, C-dots 
have been used as a component in different photocatalytic 
systems which in turn can extend its application in organic 
dye degradation, hydrogen generation and CO2

10-13.
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With every passing year, synergistic effect of 
urbanization and globalization tends to deteriorate the 
environment. Water pollution is one among the major 
threat to life on earth, as from the available surface 
water on earth (rivers and lakes), only 1% is found to 
be fresh14-16. Due to the unethical industrial discharge 
to water bodies, excess use of fertilizers and pesticides 
otherwise called “dirty dozen chemicals”17, land filling 
of domestic waste and the presence of various organic 
compounds such as dyes from textile industries, dioxins, 
PCBs, dibenzofurans etc. from various other industries 
contribute a lot to increase the severity in water pollution 
all over the world18,19. Meanwhile, consumption of non-
renewable energy sources lead to the drastic depletion in 
energy. Research world is investing on ideas to find a clean 
and sustainable alternative to face the predicted shortage 
of non-renewable energy sources20,21. In that context, 
production of safe fuel, hydrogen from water using 
sunlight, which is a brainchild of Honda and Fujishima, 
triggered the application of photocatalysis in addressing 
energy crisis22. 

Photocatalysis, which is based on the advanced 
oxidation process, is an environmentally friendly 
(green) technique. The mechanism of photocatalysis 
emphasize the generation of reactive oxygen species like 
hydroxyl radical which can readily react with a series 
of organic species and end up in thermodynamically 
stable oxidation products such as water, carbon dioxide 
and other degradable organics. All photocatalysts are 
basically semiconductors which are capable of generating 
electron-hole pairs on photoexcitation with radiation 
higher in energy than its band gap. The relative position 
of the valence and conduction band of the semiconductor 
as well as the redox levels of the substrate decides the 
fate of the excited holes and electrons23,24. Conventional 
semiconductor photocatalysts are well explored for their 
ability for wastewater treatment, especially organic dye 
degradation and hydrogen generation. But the rapid 
recombination of electron-hole pairs and its restricted 
sensitivity only to UV light limits their application. It is 
pertinent to comment that near IR or IR radiations are 
not fully utilized by any of the reported works. Scientists 
have proposed various methods to extend photocatalytic 
activity of semiconductors like doping with various 
transition metal ions or rare earth metal ions, structural 
modifications, immobilization in some support etc. But 
their toxicity and economic viability pose challenge 

on their large-scale application and hence the need for 
metal-free, visible light active photocatalyst is enormous.  

Carbon-dots from various chemical precursors 
like citric acid, thiourea, malic acid, ascorbic acid, 
EDTA, glycerol, ascorbic acid has been synthesized 
using some well-established methods like solvothermal, 
hydrothermal, electrochemical, laser ablation, microwave 
assisted pyrolysis etc25. There exists an alarming situation 
as far as our environment is considered; because of which 
possibility of designing environmentally benign synthetic 
strategies of C-dots using bioprecursors offered by nature 
is being abundantly investigated these days. Nature 
offers its wealth as a wide variety of carbon sources, 
which can be effectively transitioned to C-dots of unique 
characteristics26-30. 

 In this article, we try to summarize various natural 
resources that have been tried as a precursor for synthesis 
of C-dots and the techniques employed in the so far 
conducted studies. Also, the possibility of employing 
C-dots as an environmentally benign component in 
a photocatalytic system to utilize the full spectrum 
of sunlight and also as an enhancer of photocatalytic 
efficiency to bare semiconductors for dye degradation 
and hydrogen generation reaction will be investigated 
and presented.  

2.0 � Green Synthesis of Carbon 
Dots

The green synthesis of carbon dots sticks on to the 
principles proposed by Green Chemistry by Anastas 
and Warner. A few of the principles that is applicable 
to the C-dots green synthesis include the following: 
“less hazardous chemical synthesis”, “safer solvents and 
auxiliaries”, “energy efficient design”, “use of renewable 
feed stock” etc. A detailed literature survey indicates 
that the synthesis of C-dots via green approach generally 
makes use of non-toxic as well as renewable precursors 
and green solvent. 

The most commonly sort after methodology for 
C-dots synthesis is hydrothermal method since it is of low 
cost and easiness to adopt. The works carried out by Zhao 
et al.31 followed by the synthesis of C-dots from grass 
and coffee grounds by Lieu et al.32 and Hsu et al.33 can be 
considered as the pioneer works in the green preparation 
of luminescent carbon dots. Additionally, pyrolysis and 
microwave techniques have also been reported by various 
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research groups. Vegetables, fruits, biowaste, medicinal 
plants, herbs etc. have been identified as suitable class of 
precursors since they all hold the essential pre-requisites 
of C-dot precursor. A few of the recent reports on the 
green synthesis of C-dots have been shown in Table 1.

3.0 � Structure, Composition and 
Properties of Carbon Dots

3.1  Structure and Composition
The structure and composition of carbon dots depend 
greatly on the starting material used for the synthesis. 
From the reports it is clear that C-dots comprises of 
carbon, hydrogen, oxygen and in some cases nitrogen 
with a greater percentage of oxygen owing to the presence 
of more oxygen functionalities. The X-Ray Diffraction 
(XRD) studies and High-Resolution Transmission 
Electron Microscopy (HRTEM) gives us the preliminary 
information about the formation of C-dots. In general, 
XRD studies of CDs reveal a broad peak at around a 
2-theta value of 22.10 and a spherical morphology with 
size varying from 1-10 nm is observed as per TEM 
reports. The appearance of a band around 1320 cm-1 

which is otherwise called D-band and a characteristic 
band around 1660 cm-1 which is also called as G-band 

in Raman spectral analysis is considered as the signature 
confirmation of C-dots formation. 

3.2  Optical Properties
The optical absorbance spectra of carbon dots typically 
include a peak ranging from UV to visible region 
depending on the functional groups and the composition 
of carbon core. A π-π* transition results in a broad 
absorption peak at around 250-300 nm corresponding to 
C=C bonds present in C-dots. A shoulder peak at around 
300 nm may also emerge which can be attributed to –
C=O groups present in the sample49. 

It is the characteristic of C-dots to exhibit fluorescence 
though the mechanism is still a topic of debate. The wide 
size distributions observed in C-dots results in fluorescence 
emission spectra owing to the probabilities of multiple 
electronic transition pathways. The excitation wavelength 
dependent emission behaviour which is the signature 
emission behaviour obtained in C-dots is believed to occur 
due to the surface functional groups and size dependent 
quantum confinement. Large heterogeneity in the C-dots 
sample and sensitivity towards external factors exist as 
a hindrance to the clarified predictions of mechanisms. 
Li et al. reported that the PL emission behaviour sharply 
varies with size where the small sized C-dots exhibited 

Table 1.  A few reports on green synthesis of C-dots

Biosource Method Reaction Conditions Temperature 
(0C), Time (h)

Applications References

Bamboo leaves Hydrothermal 200, 2 Detection of Cu (II) ions 34

Ginger juice Hydrothermal 300, 2 Tumor inhibition 35

Banana juice Pyrolysis 150, 4 - 36

Coffee ground Pyrolysis 300, 2 Bioimaging 33

Wine waste Carbonisation 300, 4 Inkjet printing 37

Mushroom Hydrothermal 170, 3 Detection of Hg (II) ions. 38

Shrimp shell Hydrothermal 180, 15 Electrocatalysis 39

Bee pollen Hydrothermal 180, 24 Bioimaging 40

Cabbage Hydrothermal 140, 5 Bioimaging 41

Hair Thermal 200, 24 Detection of Hg (II) ions. 42

Honey Hydrothermal 100, 2 Bioimaging 43

Plant soot Chemical oxidation 110, 20 Bioimaging 44

Potato Hydrothermal 170, 12 Bioimaging 45

Soy milk Hydrothermal 180, 3 Electrocatalyst 46

Willow bark Hydrothermal 200, 3 Photocatalysis 47

Sweet red pepper Hydrothermal 180, 5 Detection of hypochlorite 48
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4.1  Photocatalytic Wastewater Treatment
Water pollution is one among the major threat to life 
on earth, as from the available surface water on earth 
(rivers and lakes), only 1% is found to be fresh53. Due to 
the unethical industrial discharge to water bodies, excess 
use of fertilizers and pesticides otherwise called “dirty 
dozen chemicals”, land filling of domestic waste and the 
presence of various organic compounds such as dyes 
from textile industries, dioxins, PCBs, dibenzofurans 
etc. from various other industries contribute a lot to 
increase the severity in water pollution all over the world. 
The photocatalytic degradation of industrial pollutants 
especially degradation of industrially important dyes and 
other organic pollutants have great potential in addressing 
these issues. 

The perspective of ‘carbon dots serving as intrinsic 
photocatalytic semiconductor’ conceptually opposes 
the ‘classical’ semiconductor photocatalyst, as the 
semiconductor domain with tuneablility is supposed 
to be entrapped in a conductive carbon matrix. The 
notion of employing carbon dots alone for photocatalytic 
application was in fact scarcely investigated when 
compared with studies of C-dot based hybrid 
photocatalytic systems54. A general mechanism followed 
by C-dots alone as a photocatalyst is shown in Figure 
2. Li et al. reported C-dots prepared from citric acid 
and ammonium oxalate which could achieve efficient 

emission in the UV region, medium sized in the visible 
region and large sized in the IR region50. 

Up conversion PL generally refers to the emission of 
wavelength shorter than the excitation wavelength and it 
has been reported that C-dots exhibit up-converted PL. 
C-dots derived from glucose and ammonium hydroxide 
is reported to exhibit up converted PL emission around 
300-350 nm on exciting with wavelength ranging from 
600-1000 nm51. The reason for this UCPL is interpreted as 
anti-stokes luminescence with energy difference between 
σ and π orbitals. The general characterisations of C-dots 
are shown in Figure 1.  

4.0 � Photocatalytic Applications 
of Carbon Dots

With every passing year, synergistic effect of urbanization 
and globalization tends to deteriorate the environment. 
Photocatalysis, which is based on the advanced oxidation 
process, is an environmentally friendly (green) technique. 
The mechanism of photocatalysis emphasize the generation 
of reactive oxygen species like hydroxyl radical which can 
readily react with a series of organic species and end up 
in thermodynamically stable oxidation products such as 
water, carbon dioxide and other degradable organics. All 
photocatalysts are basically semiconductors which are 
capable of generating electron-hole pairs on photoexcitation 
with radiation higher in energy than its band gap. The 
relative position of the valence and conduction band of the 
semiconductor as well as the redox levels of the substrate 
decides the fate of the excited holes and electrons52. 
Conventional semiconductor photocatalysts are well 
explored for their ability for wastewater treatment, especially 
organic dye degradation and hydrogen generation. But the 
rapid recombination of electron-hole pairs and its restricted 
sensitivity only to UV light limits their application. It is 
pertinent to comment that the complete utilization of 
near IR or IR radiations is not fully achieved by any of the 
reported works. Scientists have proposed various methods to 
extend photocatalytic activity of semiconductors like doping 
with various transition metal ions or rare earth metal ions, 
structural modifications, immobilization in some support 
etc. But their toxicity and economic viability pose challenge 
on their large-scale application and hence the need for 
metal-free, visible light active photocatalyst is enormous. At 
this context, C-dots could be of great help as a photocatalyst /
enhancer of photocatalytic activity as a component of hybrid 
photocatalytic system. Figure 1.  General characterisation and images of C-dots51. 
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bisphenol A was also analysed. As a consequence of 
reduction, C-dot peripherous attained optimal level of 
polar groups which favoured better adheration property 
to promote interaction with superoxide anion radical and 
resulted in better photocatalytic efficiency compared to 
C-dots57. The mechanism of employing C-dots alone was 
investigated by Hu et al. after evaluating the efficiency 
of photodegradation on MO and MB by coal-based 
C-dots synthesized by them. Photoexcitation of C-dots 
with photons of higher energy than its band gap led 
to the formation of charge carriers which could drift 
towards the surface and result in the formation of OH 
radicals. Though the mechanism looks similar to the one 
observed in semiconductors, the group observed that 
the photocatalytic efficiency under visible light in C-dots 
obtained from coal was better compared to commercially 
available TiO2

58. 
TiO2 is a well-known UV sensitive photocatalyst and 

C-dots can serve as a supportive component to extend the 
activity towards visible light. C-dots/TiO2 nanocomposite 
nanofiber was explored for the photocatalytic degradation 
capacity as well as reusability as a catalyst of MB dye 
degradation under sun light. Comparative observation 
of TEM images of bare TiO2 with the nanocomposite 
fiber indicated a uniform distribution of C-dots on to 
the surface of TiO2. On the contrary to pristine TiO2 
which had shown 71 % degradation at duration of 95 
minutes, almost all MB dye had degraded in the presence 
of nanocomposite. Two consecutive recycling steps had 
been demonstrated with no change in efficiency while 
the third cycle exhibited feeble decrease in degradation 

decolorisation of naphthol green (91 %) over a contact 
time of 5 hours in the presence of hydrogen peroxide 
as inferred by UV study55. The design of visible-light 
driven photocatalyst with C-dots as sensitizers to TiO2 

semiconductor had been reported to degrade wastewater 
compounds like 2,4- dichlorophenol (2,4-DCP). Efficient 
co-doping with phosphorus and nitrogen (confirmed 
by FTIR spectra) had been accomplished by employing 
the Mate herb and stevia plant as natural precursors for 
C-dots. A stronger UCPL response was exhibited by 
C-dots obtained from Mate compared to stevia plant. 
Though the mechanism was speculative, the authors 
highlighted the possible appearance of virtual dopant 
states in proximity to LUMO of C-dots on grounds of 
hetero atom doping. This may facilitate longer wavelength 
multi-photon absorption followed by emission of single 
photon at a shorter wavelength during the process 
of recombination decay. The photocatalytic activity 
displayed by bare anatase phase was poor compared 
to the one shown by C-dot derived from Mate herb-
based composite which is invariably enhanced to 10 
folds56. Duarah and Karak attempted green synthesis 
of reduced carbon dots (rCDs) in which various leaf 
extracts had been experimented to reduce C-dots derived 
from starch and lemon extract. The authors obtained a 
remarkable result with Calocasia esculenta as a reductant 
which achieved rapid conversion of C-dots to rCDs (3 
minutes of ultrasonication) in presence of Fe3+ ions at 
room temperature. Along with the model dye pollutant 
like Methylene Blue (MB) and Methyl Orange (MO), 
the photocatalytic degradation ability towards pollutant 

Figure 2.  The possible mechanism suggested for the photocatalytic activity of carbon dots.
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capacity which could be due to the blockage in surface 
active sites. The role of C-dots in this work is projected 
both as an electron trapper (absorb visible light and 
emit shorter wavelength which can again excite TiO2) 
and a transporter which can aid visible light activity59. 
Ke and co-workers interpreted visible light responsive 
nature of TiO2 modified with C-dots as an outcome of 
heterojunction formed between the two components and 
UCPL of C-dots60. 

ZnO/C-dots nanocomposites based on solution 
phase green technique had been reported for visible 
light activated degradation of rhodamine B (RhB). On 
photocatalytic treatment with 1.5 mg of nanocatalyst 
annealed at two different temperatures (80 0C and 200 0C) 
for 12 hours, the UV-Visible absorption spectra not only 
showed a decrease in intensity but also a blue shift due to 
the de-ethylation in RhB. The most efficient degradation 
was reported in the nanohybrid material annealed at 
200 0C (94 %) compared to the other composite (80 %) 
and bare ZnO (70 %). A successful run of four times is 
reported for the best system with a degradation efficiency 
of 88 % for the last run. The large density of defect levels 
in the band gap of the synthesized ZnO and reduction in 
interfacial transfer time owing to the presence of C-dots 
synergistically result in enhanced visible light-activated 
process61. Low-temperature mode loading of N-doped 
C-dots on ZnO had also been reported recently to modify 
physicochemical properties of C-dots. MB degradation 
efficiency of 95 % was achieved in 100 minutes in visible 
light which the authors accounted to the enhanced charge 
separation in ZnO which improved lifetime of charge 
carriers, UPCL of C-dots and high adsorption capability of 
the prepared nanocomposites62. Tahir and Sagir compared 
the photocatalytic ability of WO3 doped with rare metals 
like Lanthanum (La), Gadolinium (Gd) and Erbium (Er) 
along with their carbon nanodot composite. Doping 
concentration optimization is carried out on the basis of 
degradation studies done on methylene blue, crystal violet 
and tetracycline and found to be 4 % for La and Er, 2 % 
for Gd while it was 10% for carbon nanodots. The order 
of efficiency in dye degradation trend as follows had been 
reported. 2 % Gd-WO3>10 %C-dot-WO3>4 % Er-WO3>4 
%La-WO3>WO3. Extra dynamic adsorption sites due to 
large surface area, exceptional electronic characteristics 
of rare metals and optimal doping concentrations were 
provided as a justification for the observed results63. Cu2O/
C-dots composite has been found to effectively degrade 

MB under NIR photoirradiation. The superior light 
reflecting ability of Cu2O protruding nanostructures and 
the up-converted photoluminescence property of C-dots 
had been attributed as the reasons for the photocatalytic 
efficiency of the reported study64. C-dots embedded with 
mesoporous haematite nanostructures were reported to 
behave as a visible light active photocatalyst. MB was 
opted as a model pollutant. Photocatalytic activities of 
mesoporous haematite, mesoporous haematite + H2O2, 
C-dots/mesoporous haematite, C-dots/mesoporous 
haematite+ H2O2 systems had been compared. The C-dots 
/mesoporous haematite + H2O2 coupling system led to a 
remarkable increase in the degradation efficiency of 97.3 
%65. An-Cheng Sun reported that C-dots connected with 
magnetic Fe3O4 showed a MB degradation efficiency of 
83 % with 30 minutes irradiation time. In the predicted 
mechanism, authors stated that visible light may efficiently 
excite photoelectrons from the valance band of C-dots to 
its conduction band which could generate e-/h+ pair. High 
electronic conductivity of Fe3+ in Fe3O4 enhanced charge 
separation and improved efficiency of dye degradation66. 

4.2 � Hydrogen Generation via Water 
Splitting

Consumption of non-renewable energy sources lead to 
the drastic depletion in energy. Research world is investing 
on ideas to find a clean and sustainable alternative to face 
the predicted shortage of non-renewable energy sources. 
In that context, production of safe fuel, hydrogen from 
water using sunlight, which is a brainchild of Honda and 
Fujishima, triggered the application of photocatalysis in 
addressing energy crisis22. Photocatalytic water splitting 
and photoelectrochemical (PEC) water splitting are 
considered as the most assuring ways to convert solar 
power to hydrogen fuel. A typical water splitting reaction 
involves a four-electron reaction pathway as follows 
with two half-reactions (H2 evolution and O2 evolution 
reactions).  

2H2O → O2 + 2H2

H2 evolution site: 4H+ + 4e- → 2H2(g)
O2 evolution site: 2H2O(l) → O2(g) + 4H+ + 4e- 

(Minimum Eg required = 1.23 eV)
In the photocatalytic water splitting process, 

photogenerated electrons migrate to the H2 evolution 
surface site and holes head to O2 generation site. The 
essential criteria for achieving overall water splitting 
depend on the position of band edges in semiconductor 
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In order to broaden the light absorption range, Ye and 
co-workers fabricated a next generation PEC electrode 
material, NFCB (NiOOH/FeOOH/CQD/BiVO4) 
photoanode which had earned a photocurrent density of 
5.99 mAcm-2 at 1.23 V vs RHE even in the absence of a 
hole scavenger at neutral pH to obtain an Applied Bias 
Photon-Current Efficiency (ABPE) of 2.29 % of solar 
water splitting. The inclusion of C-dots apparently helped 
in broadening the light response range from 300 to 800 nm 
and in maintaining proper hole transfer across BiVO4 and 
the two-oxygen evolution catalyst shell layers (NiOOH 
and FeOOH) which resulted in acceleration of Oxygen 
Evolution Reaction (OER) kinetics70. C-dots derived from 
Vitamin C via hydrothermal treatment when formed a 
hybrid with TiO2, performed well as a photocatalyst for 
hydrogen evolution reaction. The catalytic performance 
could be tuned by varying amount of green source (0.001-
1.1 g) which could be decreased as low as 0.001 g to obtain 
highest evolution rate of 361.9 µmolg-1h-1 which was 4.7 
times higher compared to the host TiO2 catalyst. With this 
concentration of Vitamin C employed for synthesis, 200 
0C for 2 hours hydrothermal optimal reaction conditions 
bestowed hydrogen generation rate of 739.0 µmolg-1h-1 71. 
Hence it could be inferred that C-dots could perform well 
the dynamic role of a photosensitizer in photocatalytic 
hydrogen fuel evolution instead of a toxic and expensive 
candidate. Recently, our group evaluated the role of 
C-dots in enhancing the photocatalytic activity of CdS 
nanoparticles and the predicted mechanism is illustrated 
in Figure 3.

4.3  Photocatalytic Reduction of CO2

Detrimental conversion of CO2 to industrially useful 
chemical feed stock by mimicking photosynthesis is a 
promising way to address global warming and green 
house effects. Prospective of solar radiation to be used 
as the power source for sustainable CO2 conversion 
to various chemicals such as methanol, formic acid, 
methane, carbon monoxide etc. in large scale will be 
advantageous; yet tedious71. Carbon dots may be suited 
as a catalytic component for the optimized utililization 
of renewable sunlight for the reduction of CO2 to a 
sustainable fuel. Attempts had been commenced by 
simultaneously carrying out water splitting and CO2 
reduction which could avoid the presence of a sacrificial 
donor. Reduced graphene oxide had been employed 
as an electron mediator by Suzuki and co-workers 

nanosystems. The bottoms of the CB must be positioned 
at a more negative potential than the reduction potential 
of H+ to H2 (-0.41 V vs. NHE at pH, 7) and the top of 
the valance band must go beyond the oxidation potential 
of H2O to O2. Here, carbon dots can play the role of 
photosensitisers which can tailor the activity to visible 
region.

Qin and Zeng reported that the incorporation of 
carbon quantum dots with UCPL property into plasmonic 
silver (Ag) nanoparticles and graphitic carbon nitride 
(g-C3N4) enhanced the hydrogen generation as it resulted 
in the development of a broad spectrum photocatalyst. 
Synergistic effect of localized surface plasmon resonance 
offered by the Ag nanoparticles, formation of schottky 
junction at the interface as well as the charge storage 
capacity of C-dots put in the shade, the hydrogen evolution 
capability of g-C3N4 alone which was 94.23 µmolg-1h-1. 
With tetraethanolamine (TEOA) as the sacrificial agent, 
3 wt% of the composite (Ag/C-dots/g-C3N4) hybrid 
system performed hydrogen generation at a rate as 626.93 
µmolg-1h-1 under visible light and exhibited splendid 
photo/thermo stability67. Li and Zhu demonstrated 1D 
nanorods with porous structure obtained from graphitic 
carbon nitride combined with various weight ratios of 
carbon dots as an attempt to develop a novel photocatalyst 
for hydrogen evolution. The composite with 0.50 weight 
ratio of C-dots evinced prolonged lifetime of 8.2 ns and 
highest evolution rate of 382 µmolg-1h-1 with a quantum 
efficiency of 1.9%. The interaction of positively charged 
nanorods with the negative carboxylate moieties present 
in C-dots resulted in broad spectrum light harvesting 
aptitude. An electron relay between platinum co-catalyst 
and nanorods occur which could be trapped by TEOA 
that led to quick charge separation and augmented 
hydrogen evolution68. Two-electron pathway mechanism 
was proposed by Wu et al. for solar water splitting for 
C-dots/BiVO4 nanocomposite. Even in the absence of 
any co-catalysts or sacrificial agents, the group managed 
to obtain hydrogen evolution rate of 0.92 µmolg-1h-1

 for 
5 wt% C-dots/BiVO4 system, which is almost four times 
better than BiVO4 quantum dots (0.21 µmolg-1h-1). H2:O2 
evolution ratio was almost stoichiometrically equal for 
the aforementioned composition (1.80-1) while the one 
obtained for BiVO4 was different (0.06-1)69. As per the 
literature, if catalyst can decompose the generated H2O2, 
a step wise 2e-/2e- mechanism will be thermodynamically 
and kinetically favoured for the reaction to proceed. 
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with [Ru(dpbpy)]- modified (CuGa)1-xZn2xS2 as hybrid 
reduction photocatalyst and visible light active BiVO4 
as oxygen evolving photocatalyst. Kong et al. primarily 
investigated the efficiency of carbon quantum dots 
conjugated ultra-thin bismuth tungstate (UBW) obtained 
via hexadecyltrimethyl ammonium bromide (CTAB) 
mediated HT method for its photocatalytic capability to 
convert CO2 to methane in Visible-NIR spectrum. The 
authors reported the efficiency results for composites as 
in the order 1CQDs/UBW >0.5CQDs/UBW >3CQDs/
UBW >5CQDs/UBW with respect to their weight 
percentage. One weight percent C-dots loaded on UBW 
exhibited 9.5-fold and 3.1-fold increase when compared 
to pristine bismuth tungstate and bare UBW respectively. 
Electron withdrawing tendency and UPCL of C-dots 
along with highly exposed {001} facets of ultra-thin 
nanostructures of UBW could be ascribed as the reason 
for the obtained results. Though research in this avenue 
is in its infant stage, it could be undeniably stated that the 
high photocatalytic potential of carbon dots points out 
their promising aspects for CO2 conversion reactions and 
hence can take us one more step ahead for dealing with 
current global environmental scenario. 

5.0  Summary and Outlook
This review discusses about the surplus number of 
natural resources available for the synthesis of carbon 
dots. The unique and appealing features of C-dots have 
also been thoroughly discussed giving prominence to 
the photoluminescence property. Besides the effort to 

harness full spectrum of sunlight, carbon dots stay bright 
as a promising photocatalyst or play a role as an enhancer 
of photocatalytic activity in a conventional photocatalytic 
system and behaves as an environmental remediation 
agent. A plenty of room is available for research not only 
in hydrogen generation via water splitting reaction but 
also on conversion of carbon dioxide to commercially 
competent chemicals as well as the degradation of organic 
molecules. In many aspects discussed in this review, 
without any second thought we can conclude that the 
forthcoming years will witness a tremendous exploitation 
of the smart C-dots in diverse areas of application.
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