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Abstract

Triazine herbicides like atrazine are common because of their effective weed control and affordable price. (70,000—
90,000 tons of estimated annual worldwide use). It is crucial to conduct study on atrazine elimination from the environment
because of the substance's stable structure, difficulty in the breakdown, prolonged environmental residence duration, and
toxicity to both organisms and people. in surface and groundwater, atrazine was detected over the maximum allowable levels
(3 ngL-1inthe US, 0.1 pgL-1 in Europe, and 3.0 n g L-1 by the WHO for drinking water) As a result, many processing
technologies, including adsorption, photochemical catalysis, biodegradation, and others, have been developed and are
frequently used for atrazine degradation and removal. Recently, attention has been focused on carbon-based nanomaterials,
particularly carbon nanotubes and Graphene, as cutting-edge materials for environmental applications. In particular,
functionalized derivatives of carbon nanotubes and Graphene remove atrazine from contaminated Water. This critical review
evaluates the development of different functionalized carbon nanotubes and graphene employed to remove pesticides and
atrazine from polluted water, including the production and characterization processes of functionalized graphene, their
applications for atrazine adsorption, and the effects of functionalization science on the adsorption efficiency. Further enhancing
their adsorption and better modeling adsorption mechanisms are also indicated.

Keywords: Atrazine, Graphene, Raman, Functionalization, Doping, adsorption, and treatment.

quality of the output.[2]. For instance, a decrease in
corn production if uncontrolled, might rise to 30 to
90%. As a result, farmers use weed control
techniques.

[3-4]. The most common water-soluble herbicide
used worldwide is atrazine, [5]. It chemically

1. Introduction:

Any poisonous agent intended to eradicate
organisms that harm crops or environmental plants
economically is a pesticide. All pesticides disrupt

the pest organism's regular metabolic functions, and consists of chlorotriazine and contains a ring

they are frequently categorized according to the kind
of organisms they are meant to control, Like
Phytocides, fungicides, insecticides, and
fumigants.[1] Weeds compete with plants for water,
nutrients, and light, reducing the quantity and/or

structure called the triazine ring, along with five
nitrogen atoms and a chlorine atom with molecular
formula CsH14CINs. Atrazine is a colorless, odorless
powder that isn't very combustible, reactive, or
volatile. It comes in granular, wettable powder,
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emulsifiable concentration, and ready-to-use forms.
[6]. It has a melting point between 173 and 175
degrees Celsius, is 33 parts per million soluble in
water at 20 degrees Celsius and is readily soluble in
organic solvents [7]. There are more than 300
products that contain atrazine [8]. Many of them are
only appropriate for use by experts.

Some can be used for domestic purposes.
Atrazine-containing products may be labeled for use
on soil, roadsides, sports fields, and lawns. After
harvest, certain items can be applied to maize,
sorghum, sugarcane, macadamia nuts, guava, or
wheat stubble. [9]. Recently, more than 30 thousand
tonnes have been applied annually, treating nearly
75 percent of the maize acreage. Although atrazine
is loosely linked to the soil and has a low water
solubility, it can seep into groundwater and surface
waters. Atrazine is one of the herbicides that are
most frequently found in surface and ground
waterways in areas where it is applied. [10]. In the
north of Egypt, atrazine residues detected in surface
irrigation water ranged from 3.125£0.0894 (at Kafer
El- Dawwar) to 109.181%15.778 pg/L (at Hosh
Essa) [11]. The World Health Organization (WHO)
states that the permitted limit is limited to 2 pg I'!
[12]. The Environmental Protection Agency (EPA)
approved the Maximum Contaminant Level (MCL)
for atrazine as 3 pg I'' under the Safe Drinking Water
Act, which went into force in 1992 [13]. The legal
guidelines of the European Economic Council
(EEC) limit the concentration of each pesticide in
drinking water to 0.1 g I''. [14]. Water should not
include any pesticides, according to Indian
Specifications [15]. As a result, there are currently
no regulations regarding the permitted limit of
atrazine content in effluent released into aquatic
bodies. It is advised that atrazine be banned in the
US. due to its endocrine-disrupting effects,
potential carcinogenic effect, and epidemiological
and sperm level reduction in men. Atrazine exposure
can be dangerous and, in some situations, lead to
health problems [16]. Water is one of the basic
essential life needs for all living organisms.
Approximately 75% of our planet is covered by
water unfortunately 98 % of them are seawater
which is unsuitable to use as drinking water, the
remaining 2% consists of 1.6 % freshwater but is
kept as ice water in the planet’s poles, 0.36 % as
groundwater and only 0.036% is valid drinking

water found in rivers and lakes [17]. The globe's
population is expanding at a tremendous rate, and
both industrialization and agriculture are developing
quickly, which increases the demand for pure water,
making it more valuable and essential as a resource
in some regions of the world. Recently, a report
published innature revealed that over 80% of the
world's population is affected by serious threats to
water security. [18]. Water treatment is increasingly
necessary due to water shortages and the growing
needs of the global population. Because of the
intricate  chemical combinations found in
wastewater, conventional wastewater treatment is
sometimes insufficient to eliminate the pollutant
load. [19]. Adsorption is one of the most efficient
procedures in modern wastewater treatment
technologies, and it is widely used by industry and
academic  researchers to remove various
contaminants [20]. Excellent adsorption
performance toward organic compounds is exhibited
by graphene nanosheets. [21]. It has an exceptional
electrical, optical, chemical, thermal, and
mechanical structure with an atom-thick two-
dimensional layer. 1,2 It is a desirable material for
many applications [22-23]. To satisfy the
requirements in the practical extended scope of
applications, Graphene frequently has to be
chemically modified [24-25].

2. Graphene and functionalized graphene
quantum dot:

2.1 Graphene

A single layer of graphite is called graphene that
contains sp? hybridized and partially filled orbitals
above and below the sheet's plane carbon atoms
organized in a hexagonal lattice. Contrary to what
may be expected, "graphene" is frequently preceded
by "monolayer," "bilayer," or "few-layer." As shown
in figure 1.

2-D: Graphene.
2004

<=

Seste

O-D: Bucky Ball,

v 3-D: Graphite.
1986 1500

1-D: Carbon
Nanotube, 1991

Egypt. J. Chem. 67, No. 4 (2024)

Figure 1: Structure of graphene and its dimensions with
copyright permission [26]
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The optimized graphene sheet has been
demonstrated to be well-ordered and to exhibit a
number of peculiar behaviors, such as non-corrosive
qualities, tunable surface chemistry, high surface
areas (2630 m2g-1), a high Young's modulus (1.0
TPa), a high thermal conductivity of roughly 5000
W m-1 K-1, and a high electron mobility of 2.5 105
cm2 V-1 s-1[27-29]. Its extended surface area
appears to offer a strong affinity for the target
analyte, making it a potent sorbent in the adsorption
process. process, So graphene Materials have been
selected as the building blocks for novel adsorbents
with improved or added functionalities. [30-31].
Although those remarkable properties of Graphene
need to be chemically modified to meet specific
functions in wide applications of use [32-33].
Chemical functionalization is a successful method
for modifying the structure and characteristics of
Graphene [34-35].

2.2 Synthesis of Graphene and Graphene
quantum dot

Any procedure for producing or extracting
Graphene, based on the required size, purity, and
efflorescence of the particular result, is referred to as
synthesizing Graphene. From the graphite source
available at a low cost, graphene-based material can
be manufactured or created utilizing various
mechanical or chemical processes [36]. There are
two basic issues, though. How to manufacture
graphene sheets at a large enough scale is one,
because it is not easy to exfoliate graphite to produce
graphene monolayer sheets and the other is its
homogeneity of produced Graphene [37]. Graphene
flakes were first created by micromechanical
cleavage from bulk graphite; however, this approach
has a very poor yield and is difficult to regulate. [38]
There have been more recent reports of attempts to
extract graphene sheets using silicon carbide heat
treatment, chemical oxidation, or exfoliation of
graphite. [39-45]. Traditionally, methods for
creating nanomaterials have been categorized as
"top-down" or "bottom-up." as demonstrated in
figure 2. [46]. Graphene oxide (G.O.) [47], single-
walled carbon nanotubes (SWCNTs) [48], multi-
walled carbon nanotubes (MWCNTs) [49],
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Graphene [50], and, more recently, porous carbon
derived from metal-organic frameworks (MOFs) are
the primary starting materials for top-down
synthesis of GQDs. Typically, the precursors are
treated using acid, hydrothermal, solvothermal,
electrochemical, laser ablation, or exfoliation.
Bottom-up approaches of synthesis for GQDs
assemble fundamental building pieces with relevant
qualities, including elemental precursors, such as
atoms, molecules, or nanoclusters, by manipulating
their interactions to enable the environmentally
friendly large-scale manufacture of these
nanomaterials. [51-52]. In this approach, one of the
ways to create GQDs is the continuous injection of
ethylene gas into an argon plasma to produce a beam
of carbon atoms that was then dispersed in a
chamber to produce GQDs that could be controlled
in size [53]. For laser-induced photochemical
stitching, haloaromatic substances like
dichlorobenzene and chlorobenzene have been
employed as carbon sources [54]. GQDs are thus
created by solution chemistry's oxidation of
polyphenylene dendritic precursors [50]. These
nanomaterials can also be created by charring
polycyclic aromatic hydrocarbons (PAHs) in a
strong acid, such as H2SOas, before hydrothermal
treatment.
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Figure 2 Different methods of graphene synthesis copyright with
Permission of [55].
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2.3 Synthesis of Functionalized and doped
graphene

Carboxylate graphene was produced by treating the
G.O. with an aqueous suspension of potassium
hydroxide (KOH) and hydrogen peroxide solution
(H202). All chemicals possessed analytical purity.
More specifically, after 40 ml of the G.O.
suspension with a concentration of 0.3 wt% was
poured into polypropylene capsules, portions of the
60% KOH and 35% H20:2 aqueous solutions were
added. The mixture was then cooked for 24 hours at
80 °C while being stirred. After cooling to room
temperature, the resultant suspension of carboxylate
graphene was centrifuged for 12 minutes at 18200 g
while washing the precipitation with 30 cc of pure
water. To completely remove the impurities from
the  manufactured C-XY  Graphene, the
aforementioned technique was carried out four
times. During the synthesis, a pH meter was used to
monitor the suspensions' pH levels. [56]. Modifying
the electronic properties of graphene by doping
and/or surface passivation is successful. [57]. One of
the crucial methods for functionalizing or creating
novel carbon compounds is a hydrothermal reaction
[58] Graphene oxide served as the raw material for
the hydrothermal approach of producing Nitrogen-
doped G.O and urea served as the reducing-doping
agent [59].

3- Structure and electronic properties
Graphene is classified as a zero-band gap
material due to the energy dispersion of its charge
carriers. This feature results in an infinite exciton
Bohr radius in pure Graphene. tiny size graphene
quantum dots exhibit remarkable characteristics
because of quantum confinement and edge effects,
which surpass those of nanosheets. [60]. They both
affect the physical properties. Quantum confinement
positively affects the electronic bandgap structures
of GQDs [61]. The zigzag and armchair graphene
edges as demonstrated in figure 3 exhibit unique
quantum confinement features. The electrical
structure of graphene is significantly impacted by
these edges. It has been proved that graphene
nanoribbons (GNRs) possessing predominant
zigzag edges have a smaller band gap (0.14 eV) due
to localized states on zigzag edges. Compared to
similarly-sized graphene nanoribbons with distinct
chair edges, there is a difference in the energy gap
of 0.38 eV. [62]. As a result, with a graphene sheet
of finite size, quantum confinement develops and
becomes dominant in GQDs. [63]. It has been found
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that when the amount of conjugated carbon atoms in
GQDs increases the energy gap narrows. [64].

Armchair Zigzag

Figure 3. Graphene structure types of Zigzag and
armchair with Copyright Royal Society of Chemistry @ (2014)
permission [65]

4- Effect of functionalization and doping.
Functionalization causes the bandgap to slight
reduction; The outcome emerges due to the transfer
of charge from the functional groups to QGD [66].
To achieve bandgap narrowing, GQDs are
conjugated with polyaromatic compounds to
increase the size of the -conjugated sp2-carbon
network. This is done because the bandgap of
pristine QGD (Distance between m and ©* orbitals)
is in inverse relation to the amount of the sp2
domain. So that as the polyaromatic molecules
become larger, the resulting QGD bandgap becomes
narrower. [67] On the other side, the
functionalization increases the total dipole moment
strongly depending on the effect of the attached
functional group [68] covalent or noncovalent
methods for chemically modifying Graphene can be
used. Through the covalent functionalization of the
graphene basal plane see Figure 4, the "m-n"
conjugation system undergoes deformation, where
chemically unsaturated SP? covalent bonds change
to SP? hybridization. This process leads to the
transformation of planar aromatic carbons to a
tetrahedral geometry with longer bonds. In contrast,
Graphene's atomic and electronic structures are
preserved by noncovalent functionalization,
dangling bonds can form covalent bonds. A
graphene sheet with dangling bonds will behave
differently at its edge sites than it will at its basal
plane which is more reactive on the edge side. [69-
70].
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Figure 4 (A) Functionalization possibilities for graphene: (a) edge-
functionalization,  (b)  basal-plane-functionalization,  (c)
noncovalent adsorption on the basal plane, (d) asymmetrical
functionalization of the basal plane, and (e) self-assembling of
functionalized graphene sheets. (B) Chemical structure of
graphene oxide Copyright © 2013, American Chemical Society
with permission [70].

4.1. Hydrogenation of pristine Graphene

Hydrogenation is the most common and
uncomplicated chemical alteration that can be made
to Graphene. Because carbon-carbon bonds are not
broken, just one hydrogen can attach to each lattice
carbon [71] A hydrogen atom is chemisorbed onto a
flat monolayer graphene sheet to begin ideal
hydrogenation. A relatively strong C-H bond
formation requires an adsorption barrier of around
0.2 eV, which is high enough to prevent graphene
hydrogenation in ambient conditions. Fortunately,
the abundant tiny corrugations that appear as hills
and valleys on a realistic graphene
layer significantly lowers the energy barrier for
hydrogen adsorption [72-74]. If Graphene
undergoes a full Hydrogenation process where all
carbon atoms are saturated covalently with
hydrogen the Graphene is called graphane as shown
in figure 5 [75]. It seems that hydrogenation effect
on electronic state of Graphene. With more
hydrogen present, the band gap of hydrogenated
Graphene widens and decreases electron mobility
[76]. Many studies calculate hydrogenated graphene
band gap. Son et al. verified this observation using
ultraviolet photoelectron spectroscopy to quantify
the band gap directly. The highest band gap they

discovered was 3.9 eV [77]. Approximation of the
green function and screened Coulomb-—interaction
W (G.W. approximation) has given a bandgap of 5.4
eV [78]. Hydrogenation can acquire magnetic
properties of graphene by adding the hydrogen
atoms to the deformed planar graphene lattice,
which increases spin-orbit interaction, creates local
magnetic moments, and causes ferromagnetism [79-
85]. Additionally, graphane exhibits
antiferromagnetism, which is removed by
decreasing the hydrogenation degree [86].
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Figure 5. Production of hydrogenated graphene by thermal
cracking of graphene-based material with Elsevier and Copyright
Clearance Center Chemical Engineering Journal @ 2020
permission [87].

3. Graphene oxidation

Due to its essential relevance and future uses,
graphene oxidation has recently been the subject of
significant study [88-90]. In the standard state of a
carbon atom in a graphene structure, the electron
configuration consists of 1s2, 2s2, and 2p2, with the
p orbital electrons being distributed due to the
single-layer structure of graphite. When we oxidized
the graphite powder, the 2s electron jumped to the
2pz state, whereas the hybridization in graphene is
sp2., which results in the generation of a free Il
electron in an excited state and the attachment of
oxygen atoms to the free Il electron (pz electron)
during the oxidation of graphite powder, forming C-
O bonds in the graphite layers, causing the
conversion of sp2 to sp3 hybridization and several
orders of magnitude reduction in electrical
conductivity [91-92]. More significantly, graphene
oxidation provides a model for the chemical
functionalization of Graphene, which is crucial for
adjusting  its  electrical, = mechanical, and
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optoelectronic properties [93-95]. Graphene oxide
(GO), a one-layer form of graphite oxide, can be
synthesized chemically using different methods.
Graphene oxide can have a wide range of
compositions depending on the production
procedures and conditions see figures 6.a and
6.b.[96].

By adjusting the degree of oxidation using proper
chemical processes, the sp? / sp® ratios in GO can be
controlled which gives novel materials with new
properties in each hybridization ratio [97].
Furthermore, GO possesses an oxygen atom that can
create two covalent connections instead of just one,
which makes adding oxygen to Graphene a more
complicated process. For the oxidation of Graphene,
three different chemical processes have been
developed. The first involves oxidizing Graphene
directly with potent oxidizing agents including
concentrated sulfuric acid, concentrated nitric acid,
and potassium permanganate are examples of
substances that can cause oxidation [98]. The other
approach involves exfoliating graphite after it has
been oxidized by electrochemical, Hummers'
Brodies Staudenmaier’s, or other procedures [99-
101]. Carbon nanotubes are lengthwise sliced and
unravelled in the third oxidation process (CNTs).

Figure 6.C. Graphene hybridization SP¥/SP*with copyright
Permission [103]
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Figure 6.a. diagram depicting the functional groups of GO is
presented, with A representing epoxy bridges, B representing
hydroxyl groups, and C representing pairwise carboxyl groups.
This diagram aims to inform knowledgeable readers in a neutral
and general domain copyright permission [102].
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Figure 6.b. 3D GO diagram with functional groupings. A stand
for epoxy bridges, B stands for hydroxyl groups, and C stands for
pairwise carboxyl groups C copyright permission [102].
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Figure 6.d. Hybridization depicts how the infusion of 2 eV of
energy transformed electron probability distributions into a
tetrahedral structure known as sp3 Scaffolds with copyright
permission [104]

. W ..
Yy Yy Yy VY VS Yy Yy vVyVvy VY%
W WwwWw C AN A AL
Yy VYV V VY% ¢ vy y V5
v
A A A A AA A A A A A
Yy vy VY V% v 9 VYN
“l‘ll‘ll!ﬂlll\l
W W ww doping CA A LA LN
YV VYV VY Yy VVYyVV WS
‘W W W W (W W W W
vV VV VW VVVVYV YW

Figure 7 Doping graphene with heteroatoms (such as N) with
Copyright © 2013, American Chemical Society permission [70]

The band gap of graphene oxide is proportional to
the number of oxygen atoms. The band gap expands
to several electron volts as the degree of oxidation
rises. [105]. While the band gap in virgin graphene
is zero, the band gap widens due to oxygen
functionalization. The band gap expands to several
electron volts as the degree of oxidation grows
(oxygen coverage), which determines the electronic
characteristics of the produced material [106-108].
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Graphene Doping

Doping is the method of introducing heteroatoms
into the carbon sp2 lattice during the chemical
functionalization of graphene see figure 7. Doping is
a reliable method of modifying the electrical
structures and electronic characteristics of graphene-
based materials. [109-112]. Graphene is an
atomically thin electrically active surface, any
interaction with unrelated matter might cause its
Fermi level to change [113-114]. Doping graphene
with electron-withdrawing (p-type) species such as
Boron or electron-donating (n-type) species such as
phosphorus and nitrogen can increase electron
density and electrochemical properties [115]. For
example, because the boron atom is less
electronegative than the carbon atom, when it is
doped in graphene, it provides p-type conductivity.
[116].

5. Adsorption mechanism

Adsorption is the process by which a molecule or ion
existing in a gaseous or liquid bulk clings to the
surface of a solid, or very rarely a liquid., q (mg g-
1) is the amount of adsorbed per mass unit of
adsorbent q m (mg g-1) is the maximum amount of
adsorbate in the adsorbent C (ml-1) is the
concentration of adsorbate in the environment b
(mg-1) is the equilibrium constant related to the
enthalpy of the process. The enthalpy of adsorption
is a measure of the heat released during adsorption,
At a fixed temperature, the differential enthalpy of
adsorption Ah~ is defined as the change in the total
enthalpy of the system (gas phase, host, and guest
molecules) when a molecule is transported from the
gas phase to the adsorbed phase. [128-129].

The adsorbent's surface is engaged, and
that adsorbate does not penetrate into the structure
[117]. Two types of adsorptions can be
distinguished: physical adsorption (also known as
physisorption), in which the adsorbate sticks to the
surface due to physical forces, and chemical
adsorption if the adsorbate is chemically bound to
the adsorbent’s surface. Physisorption Vander Waals
adsorption is another name for this adsorption,
which occurs when atoms, particles, or ions that
adsorb on surfaces naturally attract one another.
Because the atom or molecule that experiences
physical adsorption is not chemically reactive,
physical adsorption is not specific [118-120].
Chemical adsorption, also known as chemisorption,
is the second kind. This sort of hydrogen bond is
created between the surface and the atoms,
molecules, or ions that adsorb on the surface.
Chemical adsorption is distinguished by privacy
(specific) since it occurs under particular conditions,
and adsorption may not occur on another surface
under the same conditions or on the surface itself
when the surrounding conditions change. As the
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adsorption process achieves equilibrium, adsorption
isotherms may be used to investigate the relationship
and interaction between the absorbent and adsorbate
[121-123]. When a molecule is absorbed onto a
specific volume of adsorption surface, heat is
emitted, which is proportionally related to this
released heat [124]. Many factors affect on
adsorption process Like pH [125], Temperature
Effect, Nature of Adsorbate, and surface area [126-
127] There are many types of isotherms. The
isotherms of Langmuir and Freundlich are the most
commonly utilized. Many models describe the
adsorption, one of them is the following equation
describes the Langmuir isotherm.

_ bg,,C
9= 1T5nC

b (mg") is the equilibrium constant related to the
enthalpy of the process. The enthalpy of adsorption
is a measure of the heat released during adsorption,
At a fixed temperature, the differential enthalpy of
adsorption Ah™ is defined as the change in the total
enthalpy of the system (gas phase, host, and guest
molecules) when a molecule is transported from the
gas phase to the adsorbed phase. [128-129].

H: is equal to the total enthalpy, Hsys: relates to the
system enthalpy (host and guest molecules) Hg: to

Ah(—@AH) :(—OAHS},S) B (—aAHg)
an v.T an v,T an V.T

the enthalpy of a reference gas stage, n: is the
quantity adsorbed or “loading”, V: Is system volume
T: Temperature.

When typically, the change in enthalpy is less than
20 kJ mol! (0.2 eV), that means adsorption is
physical, with no newly formed bonds and
adsorption system (adsorbate and adsorbent), with
no change to their both chemical and energetic state.
Moreover, the opposite situation will happen when
the change in enthalpy is more than 40 kJ mol™! (0.4
eV) to 400 kJ mol™! [129].

6. Graphene-based Materials for the removal of
pollutants from water

Nano-based adsorbents for atrazine removal are
receiving a lot of attention from researchers. Various
adsorbents, such as nanoparticles, nanometals, MgO
particles, and carbon-based materials, were used for
atrazine removal [130]. Because of their greater
surface area and adsorption capability, materials
based on Graphene have been discovered as suitable
adsorbents in decontaminating water [131].In 2004
Faur et al got successfully adsorption of pesticides
onto activated carbons in the form of fibers, of high
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specific surface area (1,460 m? g!), the pesticides
(atrazine, methylatropine, des isopropyl atrazine,
simazine) showed the influence of the adsorbate’s
solubility ranged from 370 mg g! for simazine,
238.1 mg g! Atrazine DIA and DEA 119 and 303
mg g ! respectively [132]. Valentina f. Domingues
et al. in 2007 as shown in Table 1 used a granulated
activated carbon (GAC) to adsorb a-cypermethrin
and the maximum adsorption was 186 + 12 (ug/g)
[133]. In Chen et al 2010 and Wang et al the groups
were able to adsorb and extract pesticides at a low
level, were 6 pyrethroid pesticides (Bifenthrin,
Permethrin, Cypermethrin, Fenvalerate,
Deltamethrin, and Cyhalothrin in 10pgL—1level
with recovery of more than 88% using Graphene-
coated fiber was adsorbed efficaciously, In the
second group in 2012 was able to absorb

Neonicotinoids pesticides in the range 0.5-5
pgL'evel with the recovery of more than 94%, by
magnetic graphene nanoparticles respectively [134-
135]. In their publication (Yan et al 2008) studied
the adsorption of atrazine on carbon Nanotubes
using Two kinds of carbon nanotubes with different
structures, namely SMWNT20 and r-MWNT, The
maximal adsorption capacities of SMWNT20 and r-
MWNT were determined using the Langmuir model
at 298 K, and they are 31.37 mg/g and 100.43 mg/g,
respectively [136]. In a recent study in 2021, a
graphene Nano sheet positively adsorbs atrazine.
The optimal conditions for atrazine removal using
G.0. Nano sheets had a maximum atrazine removal
effectiveness of 97.01% when dosed at 121.45
mg/L, 27.69 °C, and pH 5.37, according to statistical
calculations. [137]

Table 1. Carbon-based nanomaterials and their capacity in to adsorb pesticides and atrazine in the aqueous medium Copyright © 2013, American

Chemical Society permission [70]

Maximum capacity of adsorption STSD-2
f:
Nano-adsorbent Surface ;l:;e;‘_l Target pollutants Theoretical  Experimental Reference
] . DOMINGUES
- - +
Granulated activated carbon 972 a-cypermethrin 186+ 12 pg/g etal (2007) [133]
hosph
Graph ted sili 3282 Org?n(')g o 170 mg/150 Kiaotong Liu ctal
raphene-coated silica . pesticides - mg mg (2013) [138]
©
Pesticides)
. Positive X.M.Yan
carbon nanotubes(r-MWNT) 299.63 Atrazine adsorption 110.8 (2008) [136]
Reduced
Reduced graphene oxide - Chlorpyrifos educe .
graphene oxide
Graphe.ne oxide-supported nanoscale zero- 22 55-183.20 Atrazine ) 25 me/l dose Rong Xing et al
valent iron (2020) [139]
Strong
graphene derivatives, h-BN, and BNC Atrazine physical Arezoo Goli et al
heterostructures interaction 2020 [140]
(DFT)
SWNTSs single-walled carbon Shi et al. (2010)
nanotubes (SWNTs) 40595 ) 53.77 mefg [141]
Elleri t
MWCNTSs multi-walled carbon nanotubes 174 Atrazine - 51.5 mg/g ene :1
(2013) [142]
1 hilpi A 1
Graphene quantum dots nanomaterials GQD 1221 Oxamy carbamat 130.10 mg/g :t ;1p21016g[jigé]1 a

e
insecticide
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7- Spectral identification of graphene-based

material

Raman spectroscopy can be used to swiftly,
nondestructively, and with high resolution identify
the lattice structure and the electrical, optical, and
phonon properties of carbon materials, such as
three-dimensional (3D) diamond and graphite, 2D
graphene, 1D carbon nanotubes, and 0D fullerenes.

[144-150]. Raman spectroscopy is the study of the
inelastic scattering of light by materials, including
crystals and molecules [151]. To comprehend why
the Raman spectroscopy has been crucial in the
advancement of the science relating to sp2 Nano-
carbons, it is necessary to take into account a number
of factors necessary to take into account several
factors: The Raman polarizability tensor is strongly
modulated by vibrations in carbon nanostructures,
and the scattering processes are resonant due to the
electrons, ensuring a strong response.

The Raman spectra shows high peaks because of
strong C-C bonds. Even a small change in frequency
(less than 1%) can be easily seen using common
spectrometers. [152-153]. The principal Raman
signature for all sp2 carbons is the G band, which is
connected to the stretching of the C-C bond and
appears as a peak (or multipeak feature) at about
1585 cml (see Figure 8). The primary sp2 Raman
signal of disorder is the D band (or defects). It is seen
as a peak that measures between 1250 and 1400
cml. The quantifying disorder can be done using the
D band intensity.
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Figure 7.a. Raman spectra of carbon solids and nanostructures,
such as amorphous carbon (a-C), (a) Raman spectra of carbon
solids and nanostructures such as carbon wires, sp-sp2 carbon,
amorphous carbon (a-C), graphite, graphene, single-walled
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carbon nanotubes (SWNT), C60, and diamond. Raman spectra
of carbon wire, sp-sp2 carbon, a-C. (b) Raman spectra of
graphene-derived materials such as graphite, 1LG, 3LG,
disordered graphene, graphene oxide, and nanographene with
copyright permission [154]
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Figure 8. Raman spectra of numerous sp? nanocarbon. The G
band, which is connected to C-C bond stretching (see
eigenvector is the major Raman signature for all sp2 carbons and
appears as a peak (or multipeak feature) at roughly 1585 cm™'
Copyright @2012 with permission of [155]

Conclusion

This review addressed the utilization of Graphene-
and carbon nanotube-based nanomaterials for the
adsorption of specific pesticides, particularly the
most prevalent and harmful Atrazine pesticide.
Various modified carbon-based nanomaterials have
been used to absorb pesticides and atrazine and
following functionalization, the adsorption
performance and adsorptive capacity improve. In
recent years, carbon-based nanomaterials have been
utilized to adsorb herbicides. This article
summarizes the preparations, characterizations, and
applications of these materials. The impacts of
Doping oxidation, hydrogenation of pristine
Graphene in adsorption, coexisting ions, adsorption
isotherms, kinetics, thermodynamics, and other
pertinent mechanisms, on the adsorption of atrazine
by functionalized carbon-based nanomaterials, were
examined. However, additional study is still
required to concentrate on the preparation of more
refined carbon-based nanomaterials for wastewater
with combined pollutants.
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