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Fig 1: Demonstrating the use of carbon dots in various fields.

ABSTRACT

Arsenic is a very hazardous heavy metal that can have detrimental effects on human health if
it is exposed for an extended period of time. Heart attacks, diabetes, birth defects, damage to
the liver and kidneys, arenicolids, haemolysis, cancer, neurological conditions, and sore spots
on the hands and feet are a few of these. Given the harmful effects on human health and the
environment, it is essential to conduct routine monitoring and devise corrective measures.
Recent years have seen significant efforts to develop novel analytical techniques in response
to the urgent demand for efficient dangerous metal ion detection. Nanomaterials have become
important participants in this endeavour, especially those based on carbon. [1,2] The
investigation of quantum dots and zero-dimensional carbon dots as arsenic detection sensors
is the main topic of this review. The review explores the in-depth conversation of
Nanomaterials, particularly carbon-based materials, have emerged as pivotal players in this
pursuit.
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This review focuses on the exploration of zero-dimensional carbon dots and quantum dots as
sensors for arsenic detection. The review delves into the detailed discussion of these
nanomaterials, shedding light on their unique properties and applications in arsenic detection
of notable significance is the emphasis on carbon quantum dots, highlighting their production
processes and properties in the context of the latest advancements in arsenic detection. The
synthesis of knowledge on the nanomaterials not only underscores their potential in
addressing the challenges posed by arsenic toxicity but also signifies a crucial step toward
ensuring the well-being of both human populations and the environment through advanced
detection and remediation methodologies. [3,4]
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Introduction

Carbon and quantum dot-based material play significant roles in development of material
science. From traditional industrial carbon (activated carbon, carbon black) to new industrial
carbon (carbon fibers, graphite) and new carbon and quantum nanomaterials such as
graphene and carbon nanotubes. Nanostructured materials are of interest because they can
bridge the gap between the bulk and molecular levels and leads to entirely new avenues for
applications especially in electronics, optoelectronics and biology. During the last two
decades, a great deal of attention has been focused on the sensing properties of
nanostructured materials(carbon quantum dots) as many fundamental properties are size
dependent in the nanometer range.Heavy metal contaminants are a type of dangerous waste
that is frequently discovered in water sources, originating from geogenic, industrial,
pharmaceutical, and agricultural activities. Smelting, mining, extraction, batteries, metal
plating, foundries, and inappropriate recycling of electronic wastes are additional methods of
contaminating water supplies. [5,6]

Globally, common source of water for agricultural or public use is well water as it is
originated from ground, it contains heavy mineral concentration and also shows presence of
heavy metals mainly arsenic and mercury. Arsenide contamination in drinking water is a
major threat to global public health. Arsenide contamination has been reported in different
zones around the world: Argentina, Australia, Bangladesh, Cambodia, Canada, Chile, China,
Germany, Ghana, Hungary, Japan, India, Laos, Mexico & United States. Arsenic, threat to
global public health found in earth’s crust as naturally occurring metalloid exists in various
forms(-3,0,4+3,+5). The most toxic form is As®* which gets incorporated in food chain.
Maximum permissible level of arsenic in drinking water is 10ug/l set by World Health
Organization (WHO) & Environmental Protection Agency (EPA). Arsenic
poisoning/Arenicolids is a long-term exposure of arsenic in human body results in chronic
illness. Arsenic and its components can be found in environment in several oxidation states
like: (+5, -3,0, +3). As**& As®* are present in drinking water causing threat to public health.
Organic arsenic such as- dimethyl arsenic acid (DMA), trimethyl arsine Oxide (TMAO) can
be generated by organisms during biological activities in water.
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Contamination of arsenic in drinking water is main cause of liver, lung, prostate, kidney
cancer, hyperpigmentation of skin, keratosis of feet and hands, chronic health problems.
Lethal toxins include Mercury& lead not only harm the environment but also gets
accumulated in food chain serving as fatal agents. This review covers the novel method for
creating fluorometricapt sensors used to measure Arsenic (IIl), a cation i.e., extremely
dangerous. Aptamers are oligonucleotide molecules (sSDNA or RNA) that attach to certain
molecules or metal ions. Aptamers are like antibodies and possesses same therapeutic and
diagnostic applications.The aptamer-target connection occurs through electrostatic, van der
Waals, and/or hydrogen bonding interactions, or through a mixture of these interactions. The
World Health Organization (WHO) and the U.S. Environmental Protection Agency (EPA)
state that in 2001, the maximum contamination limit (MCL) for arsenic (As) in drinking
water might range from 50 to 10 ppb. [7,8,9]
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Introduction to carbon dots

Carbon dots, rising star can be defined as a fascinating class of carbon nanoparticles that
mainly consists of carbon with sizes in nanometers or less than that. Due to their strong
quantum confinement effect, high tunability & optoelectronic properties they are considered
as fluorescent materials. Electron transfer and reservoir properties of carbon dots can be
applied to separate photo-generated electrons. They possess great potential in wastewater
treatment due to high stability, good biocompatibility, low toxicity, high water dispersibility,
low fabrication cost as well as outstanding photo-stability.[10,11]

The need for fabricating CQDs is one of the major man-made crisesi.e., water pollution due
to discharging of approximately two million tons of different types of hazardous wastes into
water bodies.
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Heavy metal pollutants are one such hazardous waste which is being found in water bodies
commonly produced by geogenic, industrial, pharmaceutical and agricultural processes.
Another method of water contamination includes mining, extraction, smelting, foundries,
batteries, metal plating, improper recycling of electronic waste. This paper highlights the
As**& Hg" ions contamination in drinking water. Arsenic being readily soluble in water
results into leaching of groundwater. Likewise, Mercury shows its presence in rocks released
during mining activities. Due to their non- biodegradable nature, they accumulate in food
chain leading to increase in concentration at each trophic level of food chain. For e.g.
Methylmercury, toxic form of mercury produced by bacteria absorbed by plankton and gets
accumulated in food chain leading to contaminated food or water leading to serious health
conditions affecting skin, nervous, respiratory, endocrinological, cancer and immune
disorders. Contaminated drinking water is an issue of major concern.
There are two methods of synthesizing Carbon Quantum dots:

e Top-down approach

e Bottom-up approach(flow diagram}
Bottom-up approach includes hydrolysis, hydrothermal, solvothermal, microwave assisted
pyrolysis etc. Neem, Basil and other medicinal plants extracts have been successfully
synthesized Carbon Quantum Dots. CQDs found potential application in determinationof
toxic or heavy metals like mercury and arsenic. This paper reports the use of functionalized
CQDs for selective detection of As®* & Hg* ions by banana leaf extract through hydrothermal
growth method. CQDs based on emission spectra. CQDs with high temperature above 200-
degree Celsius exhibits broad emission peaks at 480nm.
On the other hand, CQDs synthesized at lower temperature above 120 and below 160-degree
Celsius exhibits new emission peaks at 677 and 725nm. This paper covers the fabrication of
carbon dots in order to detect arsenic poisoning. In order to reduce false positives and
enhance the precision of measurement outcomes in environmental detection, a single-switch
dual-mode nano-sensing technique should be created for in situ and real-time detection.In
order to accurately detect As(lll) in water, a dual-mode optical nano-sensor that combines
colorimetric and fluorescent technology. The nano-sensor was made up of amino-
functionalized carbon dots (NCDs) and gold nanoparticles modified by trithio-cyanuric acid
(TMT-Au NPs). For the purpose of identifying dangerous materials in water, SERS detection,
colorimetric detection, and fluorescence detection are frequently used. [12,13]
Multi-colored fluorescent sulfur-doped carbon dots (CNDs) has been created using sodium
thiosulfate and citric acid pyrolysis with basic microwave assistance.The artificially created
CNDs demonstrated high selectivity dual mode colorimetric ultrasensitive sensing for both
glutathione (GSH) and arsenic [As (111)].
Introduction to quantum dots
Quantum dots are of interest because they can bridge the gap between the bulk and molecular
levels and leads to entirely new areas for applications, especially in optoelectronics and
biomedical applications. Processing, structure, properties, performance are some of the core
factors on which band gaps of quantum dots depends. Quantum dots can be defined as the
solid having distinct variations in optoelectronic properties and possesses size less than
100nm. These are zero dimensional structures.
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Graphene quantum dots(GQDs) are zero dimensional nanomaterials which possesses superior
or physical and chemical properties like: High photostability, low toxicity, biocompatibility,
high confinement effects on comparison to other quantum dots. GQDs shows higher electron
mobility due to the presence of more abundant atom quantity at the edges. Surface to volume
ratio in GQDs is higher than other nanoparticles due to which it shows high electron mobility
and quicker reaction rate. GQDs are widely used in optical and electrical sensors due to
molecular adsorption and variation. GQDs have particle size about 10nm and fast electron
transfer Kkinetics which increases the adsorption of molecules. GQDs possesses unique
plasmonic structure, tune able surface chemistry, low intrinsic toxicity, high stability,
excellent solubility and easier binding of surface with receptors. Heavy metals pose major
health risks, so it's imperative to detect them in drinking water quickly and reliably in
impoverished nations. The new chlorophyll-functionalized CQD (ChICQD) is introduced in
this work as a nanoprobe for the sensitive detection of As and Hg ions in aqueous solutions.
The hydrothermal treatment of banana leaf extract is done in one step to create these CQDs.
This study reviews that CQDs with various optical characteristics may be obtained by
adjusting the hydrothermal synthesis temperature from 120°C to 230°C.Only the CQDs
produced at 120°C and 160°C are embellished with functional groups of chlorophyll, whereas
the CQDs produced at 200°C and 230°C lack any chlorophyll groups. A band of fluorescence
near the red area is produced by these chlorophyll groups, and the presence of metal ions
either enhances or quenches this band. We show that the synthesized ChICQDs at 160°C can
be used as a low-limit detection turn-on/off sensor for the selective detection of As and Hg
ions. [14, 15,16]

A novel method for creating a fluorometricapt sensor has been presented and used to measure
As(l11), a cation that is extremely poisonous. This technique involved the agglomeration of
cationic cysteamine-stabilized CdTe/ZnS core/shell quantum dots using an aptamer, leading
to the accumulation of fluorescence quenching. Aptamer and As (I11) makes a complex which
prevents aggregation of quantum dots which increases the quantum dot efficiency.The
fluorometric assay has a low detection limit of 1.3 pmolL™As (1) and a dynamic range of
1.0 x 10-11 to 1.0 x 10-6 mol L-The study examined the interference effect of various cations
and anions, confirming the aptasensor's good selectivity for detecting As(l11). The method
successfully detected As(I11) in many water samples.Arsenic is a heavy metal that poses a
risk to human health even at low concentrations.[17,18,19]

The fabrication of three component based aptasensor for simple, rapid and selective detection
of As®* ions. For this purpose, guanidium bearing poly(HPMA-s-GPMA) copolymer and
MPA-CdTeCdS quantum dots was incorporated with As®* specific aptamer, leaving
poly(HPMA-s-GPMA\) free which can interact electrostatically with QDs which quenches the
fluorescent signal. This three-component system is based on quenching phenomenon
displayed by QDs due to competitive binding of As®*" ions & cationic copolymer to the
aptamer. In the absence of As®" ions aptamer gets bind with poly(HPMA-s-GPMA) making
copolymer inactive to affect the fluorescence signal of QDs. This aptasensor can detect As®*
ions with the limit of detection of 246.77pm.[20,21]

VOLUME 23 : ISSUE 07 (July) - 2024 Page No:1281



YMER || ISSN : 0044-0477

VOLUME 23 : ISSUE 07 (July) - 2024

/éw —— J fé’-:-'——‘::-‘f’-‘ fes «~_‘:::-J
Arsenic
. solution . Incubation _ 8
Room temp. 1h |
l
Highly Arsenic LS
. fluorescent ‘ absorbed ZnO ‘ fluorescent
ZnO QDs QDs ZnO QDs

Schematic representation of showing the fluorescence quenching of ZnO quantum
dots in the presence of arsenic analytes
Fig 2: Schematic representation of showing the fluorescence of Zinc Oxide Quantum

dots in the presence of arsenic analytes

Raw materials used for fabrication

According to past studies, in order to accurately detect As(l1l) in water, a dual-mode optical
Nanosensor have been created that combines colorimetric and fluorescent technology. The
Nanosensor was made up of amino-functionalized carbon dots (NCDs) and gold
nanoparticles modified by trithiocyanuric acid (TMT-Au NPs). When TMT-Au NPs were
added to the NCD solutions, an internal filtering effect caused the overlap of the UV-vis
absorption peak of the TMT-Au NPs with the emission peak of the NCDs, which reduced the
fluorescence of the NCDs. As(lll) was added, and As(lll) coordinated with TMT-Au NP
sulfhydryl groups, resulting in the fluorescence of the NCDs. The threat posed by
contaminants in water is a global issue. Arsenic, one of the most harmful contaminants in
water, has a detrimental effect on people's health.1. It can result in cancer and even death in
extreme circumstances. This study proposes a dual-mode optical Nanosensor using
colorimetry and fluorescence to detect dangerous As(l11) pollutants in water. We first created
amino-functionalized carbon dots (NCDs) and TMT-modified gold nanoparticles (TMT-Au
NPs). The dualmode optical Nanosensor (NCDs/TMT-Au NPs) was created by introducing
TMT-Au NPs into the NCDs solution, thereby quenching their fluorescence through an
internal filtering effect (IFE). When As(I11) is added to TMT-Au NPs, it coordinates with
sulthydryl groups (—SH) on the surface, causing aggregation and colorimetric detection by
local surface plasmon resonance (LSPR). Our dualmode optical Nanosensor accurately
detects As(l1l) in water with a detection limit of 0.66 ppb by fluorescence and 0.87 ppb by
colorimetry. [22,23]

Besides that, a new one-step process for producing vivid, multicolored fluorescent sulfur-
doped carbon dots (CNDs) has been created using sodium thiosulfate and citric acid pyrolysis
with basic microwave assistance. The artificially created CNDs demonstrated high selectivity
dual mode colorimetric ultrasensitive sensing for both glutathione (GSH) and arsenic
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[As (111)]. As (1) was discovered to have a detection limit (DL) of as low as 32 p.m. using

fluorometric testing. Even in the face of interference from high quantities of other metal ions,
the selectivity statistics demonstrate how highly selective the recently created CNDs are for
As (I11). Even in blood plasma, the CNDs shown a very selective ability to detect GSH
relative to other bio thiols, such as cysteine (Cys) and homo-cysteine (H-cys), with a DL of
43 nm. The current CNDs assay may be employed on-site for As (I11) detection, according to
the quick kinetic results.
A novel hyper selective detection using ZnS-based quantum dots capped with thiosalicylic
acid, which exhibit photoluminescence "turn-on" properties exclusively when arsenic is
present in the aquatic medium for the first time. It exhibits a good limit of detection for
soluble arsenic down to a few ppb levels, which is significantly lower than the MCL stated
value and is unaffected by other ions.

Scientists” processes Chlorophyll synthesized Carbon Quantum Dots for detection of heavy
metals like As®*& Hg* ion in drinking water or aqueous solutions. These CQDs synthesized
from banana leaf extract which shows different optical properties in correspondence to
changing temperature. Chlorophyll functional groups are present in CQDs designed at
120&160 degree Celsius while absent in CQDs synthesized at 200&230 degree Celsius.
Chlorophyll included CQDs can be utilized as sensors for selective detection of Hg* & As®*
ions. The use of functionalized CQDs for selective detection of As®* & Hg* ions by banana
leaf extract through hydrothermal growth method. CQDs based on emission spectra. CQDs
with high temperature above 200-degree Celsius exhibits broad emission peaks at 480nm. On
the other hand, CQDs synthesized at lower temperature above 120 and below 160-degree
Celsius exhibits new emission peaks at 677 and 725nm.

Aptasensors based on quantum dots show a change in their fluorescent response proportional
to a particular analyte concentration proves to be a simple method for arsenic sensing.
Aptamers are the specialized class of molecules of nucleic acid that are chemically equivalent
to antibodies and use for investigation in clinical purposes. Recently, it is reported that
Aptasensors can sense As>*ions. QD based aptasensors requires aggregates of QDs needs to
be induced with an aptamer that possesses opposite net charge reducing their fluorescence
response, then added As®*attached to aptamer leaving free QDs and recovering proportionally
their fluorescent response. QD aptasensors finds numerous applications due to optical
properties, high stability, wide absorption spectra, high quantum yield and photochemical
stability.Small  copper nanoparticles found potential applications in field of
nanoecotoxicology due to their low cost, least toxicity, stable size dependent
photoluminescence. It has been discovered recently that functionalized Cu>S QDs can be
obtained easily in aqueous media, their cytotoxicity & colloidal stability can be easily altered
by biomolecules having potential application in ion sensing. LCIS(L-cysteine) QD stabilizer
binds to the crystal through sulfur bonds, that benefits water solubility and colloidal stability.

LCIS behaves as reducing agent, least toxic, in-situ functionalization with an inert
atmosphere Cu(Il) reduction to Cu(l).

This study shows the synthesis of water soluble CuzS QDs with red emission for As** sensing
using LCIS as an stabilizer in an aqueous solution at ambient temperature and neutral Ph (7).
Higher ph values can decrease repulsion between quantum dots resulting in aggregation.
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This fluorometric test in the presence of aptamer shows a shift in intensity of fluorescence
when As®*" ions incorporated and used aptamer makes a complex leaving the quantum dots
and recovering the fluorescence response. This paper concludes that QD based aptasensors
and LCIS based QDs finds potential application in As®* ion sensing in drinking water and
thereby prevent major health conditions. [24,25,26]

The fabrication of three component based aptasensor for simple, rapid and selective detection
of As®* ions. For this purpose, guanidium bearing poly(HPMA-s-GPMA) copolymer and
MPA-Cd-TeCdS quantum dots was incorporated with As®* specific aptamer, leaving
poly(HPMA-s-GPMA) free which can interact electrostatically with QDs which quenches the
fluorescent signal. This three-component system is based on quenching phenomenon
displayed by QDs due to competitive binding of As®*" ions & cationic copolymer to the
aptamer. In the absence of As®*" ions aptamer gets bind with poly(HPMA-s-GPMA) making
copolymer inactive to affect the fluorescence signal of QDs. This aptasensor can detect As®*
ions with the limit of detection of 246.77pm.
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Fig 3: Influencing the worldwide arsenic poisoning with the help of quantum dots.

The new chlorophyll-functionalized CQD (ChICQD) is introduced in this work as a
nanoprobe for the sensitive detection of As and Hg ions in aqueous solutions. The
hydrothermal treatment of banana leaf extract is done in one step to create these CQDs. This
study reviews that CQDs with various optical characteristics may be obtained by adjusting
the hydrothermal synthesis temperature from 120°C to 230°C. Only the CQDs produced at
120°C and 160°C are embellished with functional groups of chlorophyll, whereas the CQDs
produced at 200°C and 230°C lack any chlorophyll groups. A band of fluorescence near the
red area is produced by these chlorophyll groups, and the presence of metal ions either
enhances or quenches this band. We show that the synthesized ChICQDs at 160°C can be
used as a low-limit detection turn-on/off sensor for the selective detection of As and Hg ions.
[27,28]
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Density Functional Theory (DFT) computations were carried out theoretically to obtain
atomic-level insight into the interactions between As and Hg and the surface of ChlICQD
(low-temperature model surface). significant overlap between the Arsenic and CQD surfaces
causes a significant absorption peak at 660 nm; for Hg, however, there is no such peak
because there is very little overlap between the orbitals of Hg and the ChlICQD surface.
According to similar experimental absorption spectra for both metals, As and Hg interact
similarly with various locations on the CQD (high-temperature model structure). One of the
main man-made problems that is currently endangering the earth's environment is water
pollution. Worldwide, an estimated 2 million tons of industrial and agricultural sewage waste
are dumped into water bodies each day, endangering people, vegetation, and wildlife.
Numerous substances can contaminate water, including chemicals, household trash,
pesticides, herbicides, waste from food processing, volatile organic compounds (VOCs), and
heavy metals (such as lead, arsenic, mercury, cadmium, and chromium). Groundwater
contamination with heavy metals has also been a new issue brought on by inappropriate
recycling of technological waste. Natural processes can introduce heavy metals from the
Earth's crust into water resources. Over 200 minerals include arsenic, which is extensively
distributed in them. Some of these minerals are volatile and easily soluble in water, which
causes arsenic to gradually leach into groundwater.

A novel method for creating a fluorometric aptasensor has been presented and used to
measure As(IIl), a cation that is extremely poisonous. This technique involved the
agglomeration of cationic cysteamine-stabilized CdTe/ZnS core/shell quantum dots using an
aptamer, leading to the accumulation of fluorescence quenching. Aptamer and As(l11) makes
a complex which prevents aggregation of quantum dots which increases the quantum dot
efficiency. The fluorometric assay has a low detection limit of 1.3 pmol L As(lll) and a
dynamic range of 1.0 x 10-11 to 1.0 x 10-6 molL™. The study examined the interference
effect of various cations and anions, confirming the aptasensor's good selectivity for detecting
As(lI11). The method successfully detected As(l11) in many water samples. Arsenic is a heavy
metal that poses a risk to human health even at low concentrations. Aptamers are
oligonucleotide molecules (ssDNA or RNA) that attach to certain molecules or metal ions.
Aptamers are like antibodies and possesses same therapeutic and diagnostic applications. The
aptamer-target connection occurs through electrostatic, van der Waals, or hydrogen bonding
interactions, or through a mixture of these interactions. The past several decades has seen a
growth in the usage of aptamers in various scientific domains due to their advantages, which
include ease of synthesis, specificity to targets, and simplicity in detection and analysis. Due
to their benefits over organic dyes, such as their narrow emission, size-dependent optical
characteristics, and resistance to light bleaching, quantum dots (QDs) have drawn a lot of
interest. The aptamer and As(IIl) combine to create a complex in the presence of As(lll),
preventing the quantum dots from aggregating. As a result, when the quantum dots de-
aggregated—a process that is dependent on the As(IIl) concentration—their fluorescence
intensity increased. The highly selective aptasensor method for As(lll) detection is the
suggested approach. The current assay was effectively used to measure As(I11) in a number of
water samples. Selective detection of additional metal ions, proteins, and tiny molecules can
be achieved by simply substituting the utilized aptamer with another aptamer. [29,30]
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A novel hyperselective detection using ZnS-based quantum dots capped with thiosalicylic
acid, which exhibit photoluminescence "turn-on" properties exclusively when arsenic is
present in the aquatic medium for the first time. It exhibits a good limit of detection for
soluble arsenic down to a few ppb levels, which is significantly lower than the MCL stated
value and is unaffected by other ions. Therefore, In order to identify the hazardous arsenic
alone, it makes sense to design extremely straightforward yet dependable and affordable
sensing technologies, free from outside interference. Due to their decreased toxicity
compared to other 11-VI semiconductor QDs (such as CdS, CdSe, and CdTe), zinc sulfide
quantum dots (ZnS QDs) can be very suitable for applications in biological sectors. The high
ionic potential of arsenic (the first ionization potential is 9.81 eV) makes it prone to bind O-
donor ligands. This is the reason for the urgency in developing sensors that can detect arsenic
and have free oxygen donor sites. To create ZnS QDs for the selective detection of arsenic,
we utilized thiosalicylic acid (TSA), an aromatic thiol, as a capping ligand. The majority of
research, revolves around the development of arsenite or arsenate. For the purpose of
detecting arsenate (LOD: 1.32 uM) and arsenite (LOD: 0.23 uM), Ali and colleagues have
created a di-oxime-based turn-on blue emission fluorescent probe. However, the probe is not
entirely interference-free, as Co(ll), Ni(ll), and Cu(ll) are found to slightly interfere with the
arsenic sensing, and the limit of detection (LOD) for arsenate is in the micromolar range
(quite high). [31,32]

Harrop et al. reported using an organic THF solvent to work with a fluorescent probe that had
a good limit of detection (LOD) for As (I11). In light of this, it would seem imperative to
search for any harmful material in a purely agueous medium rather than in an organic one
when addressing biological and environmental problems. This study presents a novel, easy to
understand and highly reliable synthetic methodology for the synthesis of water-soluble
thiosalicylic acid (TSA)-capped ZnS-based QDs. The QDs can be used for the highly
selective detection and estimation of arsenic using the fluorescence turn-on protocol, all
without interference from other coexisting ions in an aquatic system. The behavior of these
QDs in the presence of arsenic (As) can be explained by very selective aggregation-enhanced
emission (AEE), according to the findings of several tests. It is crucial to have the right pH
for a successful probe in biological applications. We used phosphate buffer (10 mm) to
determine the PL intensities of our chemo sensor in the presence and absence of arsenic at
various pH values. [33,34]

Methods used for characterization
Several instruments or analysis techniques are commonly used to characterize carbon-
quantum dots. Following mentioned are the techniques:

e Fourier transform infrared spectroscopy

e UV-visible spectroscopy

e Atomic absorption spectroscopy

e Atomic emission spectroscopy

e Fluorescence spectroscopy
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Fourier transform infrared spectroscopy:

It is a powerful technique used to identify and analyze the molecular structure of materials.
FTIR based on the principle, measures the absorption of infra red radiation by molecules,
which causes molecular vibrations. It converts raw data into spectrum which provides a
fingerprint of the molecular structure.
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Fig4: Schematic diagram showing the FTIR spectroscopy.

UV-visible spectroscopy

It is a widely used technique that measures the absorption of ultraviolet and visible light by
molecules. Principle of UV-visible spectroscopy states that molecules absorb light at specific
wavelengths, resulting in transitions between electronic energy levels. Transition of
molecules takes place from ground state to excited state when light energy is absorbed by
them. [35]

Atomic absorption spectroscopy:

Atomic absorption spectroscopy is an analytical technique to determine and analyze the
quantitative elements in a solution. It is a Spectro analytical procedure. It relies on beer-
lambert’s law. [36]

Atomic emission spectroscopy:

Atomic emission spectroscopy is a method used for chemical analysis that uses the intensity
of light emitted from a flame, plasma, arc or spark at a particular wavelength to determine the
quantity of an element in a sample. [37]

Fluorescence spectroscopy:

It is a highly sensitive and selective analytical technique that measures the emission of light
by molecules that have absorbed light at a specific wavelength. Fluorescence is a type of
luminescence caused by photons exciting a molecule, raising it to an electronic excited state.
Expensive and bulky techniques include: ICP-MS, XRD, SEM, TEM etc.

Surface Plasmon Resonance technique has been used and described in this paper as Surface
Plasmon Resonance (SPR) sensor, an accurate & versatile technique to analyze chemical and
biochemical molecules.
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SPR phenomenon occurs due to optical properties and dielectric metal layers depends on
charge density oscillation at the interface of metal and dielectric layer. SPR have a high
potential to recognize the toxic chemical like: Arsenic due to detection of variation of optical
properties. Matrix-method and effective-medium theoryg(EMT) for 2D structure were
presented for analysis. The common metal used to design SPR sensor is gold. Sensing layers
like: nanolayer, polymer & polymer composite layers have been used to enhance sensitivity
& selectivity of SPR sensor. Carbon-based nanomaterials including graphene oxide, graphene
quantum dots use to improve the gold layer. [38,39]

Arsenic Poisoning

Heavy metal contaminants are a type of dangerous waste that is frequently discovered in
water sources, originating from geogenic, industrial, pharmaceutical, and agricultural
activities. Smelting, mining, extraction, batteries, metal plating, foundries, and inappropriate
recycling of electronic wastes are additional methods of contaminating water supplies.
Arsenic being readily soluble in water results into leaching of groundwater. Likewise,
Mercury shows its presence in rocks released during mining activities. Due to their non-
biodegradable nature, they accumulate in food chain leading to increase in concentration at
each trophic level of food chain. For e.g. Methylmercury, toxic form of mercury produced by
bacteria absorbed by plankton and gets accumulated in food chain leading to contaminated
food or water leading to serious health conditions affecting skin, nervous, respiratory,
endocrinological, cancer and immune disorders. Arsenite contamination in drinking water is a
major threat to global public health. Arsenite contamination has been reported in different
zones around the world: Argentina, Australia, Bangladesh, Cambodia, Canada, Chile, China,
Germany, Ghana, Hungary, Japan, India, Laos, Mexico & United States. Arsenic is classified
as a cancer-causing agent(carcinogen) by IARC(International Agency for Research in
Cancer) and its presence in drinking water results in harmful disorders like: skin damage,
disturbances in circulatory system, tumor growth in skin, lungs, bladder, liver or kidneys.
Arsenic also known as Clastogenic( mutating agent in genetic material) and A eugenic
(irregular chromosomic division) agent. WHO(World Health Organization) decides a safe
limit for amount of arsenic in drinking water is 10ug/l. As®*" is most toxic form of arsenic
which requires relevant detection and quantification. Maximum permissible level of arsenic
in drinking water is 10ug/l set by World Health Organization(WHO) & Environmental
Protection Agency(EPA). Arsenic poisoning/Arsenicosis is a long-term exposure of arsenic
in human body results in chronic illness. The International Agency for Research on Cancer
(IARC) has classified arsenic and its compounds as carcinogenic to humans, including those
found in drinking water. Drinking arsenic-contaminated water can cause skin damage,
interruption of circulation, and even death in extreme situations.It has been linked to cancer
in the skin, lung, urinary bladder, liver, and kidney. Many regions of the world, particularly
South Asia, have naturally high levels of arsenic contamination in their groundwater.
[40,41,42]
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Applications
Carbon and quantum dots found numerous applications not only in the field of sensing but
also possesses biomedical applications, drug delivery etc. Some of the applications are
discussed below:

e Imaging and sensing

e Drug delivery

e Photocatalysis, solar cells

e Fluorescent biological labeling

e Lighting and medical imaging

e Additives in food industry, antioxidants & antimicrobials

Conclusion

Arsenic poisoning in drinking water causes major health threat worldwide. Herein we have
reviewed the methods for preparing fluorescent, aptamers, synthetic and green methods for
carbon quantum dots preparation and found their use as arsenic sensors in drinking water. We
have analyzed various factors, properties and applications of carbon quantum dots.

The advantages of synthesizing carbon quantum dots from above discussed methods includes
feasibility and availability of raw materials on large scale production , from banana leave
extract, easily available and simple. QD based aptasensors and LCIS based QDs finds
potential application in As®* ion sensing in drinking water and thereby prevent major health
conditions. It was proven that the affinity of As*'in bonding with polypyrene graphene
quantum dots layer was higher than Hg?*and Pb?*ions which signifies that the limit of sensor
and response time were restricted to a concentration of 0.005ppm and 380s respectively.
Carbon quantum dots have also been prepared by neem, basil, Tulsi extract as studies showed
they are the best capacitors. The employed aptamer can be readily substituted with alternative
aptamers, hence enabling the selective identification of additional metal ions, proteins, and
small molecules. Many benefits come with the newly developed aptasensor, including great
selectivity and sensitivity, low cost, ease of use, a very low detection limit, and a broad linear
range for the As(lll) determination. In conclusion, dual-mode optical sensor is successfully
employed to detect As(l1l) in water using IFE and LSPR. TMT-Au NPs significantly reduce
the fluorescence of NCDs, creating a dual-mode Nano sensor with a pink solution color and a
dim cyan fluorescence. [43,44,45]
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