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One of the strongest and most common chemical pollution is its environmental pollution with heavy
metals. Heavy metals are actively involved in biological processes, which are part of many enzymes.
The toxicity of heavy metal ions causes a number of harm to environmental components and human
health. That is why the detection of heavy metals is so important. The creation of a reliable and effective
system for detecting heavy metals is crucial. And traditional detection methods are often not enough to
meet the current needs. Therefore, the use of electrochemical sensors in the detection of heavy metals is
currently taking an important place. Electrochemical sensors have become a promising area of research
due to their unique capabilities. Improving the detection efficiency of electrochemical sensors is the
main area of research. The leading strategy for significantly improving detection performance involves
adding nanomaterials to electrochemical sensors. This review compares MXene nanocompasites with the
achievements of nanomaterials in the field of electrochemical sensors in recent years. This makes it
possible to obtain new ideas for the manufacture of electrochemical sensors with high sensitivity and low
detection threshold. We believe that knowing and combining the benefits of different nanomaterials to
produce innovative electrode modification materials can eliminate the risk of heavy metal ions in many
food, environmental and other industries.
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AYDBIP METAJITIAP/1bI AHBIKTAY JIA MXENE HAHOKOMITIO3UTTEPAIH MAHbBI3bI
I.b. Konap6aii , bl. BakbiTkapim , 7K.C. MykaraeBa, H.A. Illagun [I.A. Kapa:kaHoBa,
K.P. Ko:xxarynoBa
Abati amvinoarst Kazak yammolk nedazoeukanvlx, ynugepcumemi», Aamamol, Kazaxcman,
e-mail: konarbay98@bk.ru, Rysgul_01_88@mail.ru

EH Ky1IITi 5)KoHE eH Kol TapaiFaH XUMUSLIBIK JJACTaHYIbIH Oipi - 01 KOpIlIaFaH OpTaHbIH aybIp MeTanigap-
MeH JIaCTaHybl. AybIp MeTajap KentereH (pepMeHTTEpiH KypaMblHa KipeTiH OUOJIOTHUSUIBIK, TPOLiecTep-
re OeJICeH/Ii KaThICa/ibl. AybIp MeTaJlJT MOH/IAPBIHBIH YHITTHUIBIFBI KOPIIaFaH OPTa KOMIIOHEHTTEePiHE KoHE
ajiaM JIeHCayJIbIFbIHA OipKaTap 3usHBIH Kenripeni. COHIBIKTaH /1a ayblp MeTaIIap/ibl aHBIKTAY ©T¢ MaHBI-
3116l OOJIBINT TAOBLUIAIBI. AYBIp MeTaAAp/Abl AHBIKTAY YIIIH CEHIM/II jKoHe THIMII KYyHeHi Kypy Kaxer. AJl
JQCTYPJIi aHBIKTAY 9IicTepi KoOiHece Ka3ipri KaKeTTUIIKTEpl KaHaFaTTaHAbIPY YIIiH KeTKUTiKCi3. COH/IbI-
KTaH[Ja Ka3ipri Ke3[e ayblp MeTajJapbl aHbIKTAy/1a SJEKTPOXUMHUSIIBIK CEHCOPIApAbl KOJIaHy MaHbI3Ibl
OPBIH AJIBIT OTHIP. DJIEKTPOXUMUSIIBIK CEHCOPJIAp ©31HiH epeKIlie MyMKIHAIKTepiHiH apKaChlHAA 3ePTTEYIiH
MEePCTIEKTUBAJIBIK, OAFbITHIHA AWHAJIB. DJIEKTPOXUMHUSLIBIK, CEHCOPJIApAbl aHBIKTAY THIMALUTITIH apTThIPY
3epTTeyHiH HeTi3ri OarbIThl OOJIBIT TaObLIAAbl. AHBIKTAY OHIMIUIITIH alTap IbIKTal KaKCapTyAbIH KeTEKIIT
CTpATeruschl HAHOMATEPUAIAAPABI JEKTPOXUMHUSIIBIK CEHCOPJIApFa KOCYIbl KaMThIbl. by moiny MXene
HAHOKOMITIQ3UTTEPIH COHFBI JKbLIIAPAFhl SJIEKTPOXUMHUSIIBIK CEHCOPJIAP CalaChlHIAaFrbl HAHOMAaTEpUasap-
IbIH JKETICTIKTEPiH caJbICThIpaabl. Byt &oFaphl ce3iMTagbIFbl Oap KoHE aHBIKTAY IIeTi TOMEH JIeKTPOXH-
MUSLTBIK, CEHCOPJIAp/IbI IalbIH/IAY YIIIH XKaHa uessiap ajayra MyMKiH/IK Oepelli. DiaeKTpoaTapas Moaudu-
Kalysiay YIIiH HHHOBAIMSJIBIK, MaTeprasiap ay YIIiH opTYypJli HAHOMAaTepUasIap/blH aPTHIKITBUIBIKTa-
PBIH Oy jkoHe OipiKTipy KeITereH a3bIK-TYJIIK, SKOJOTUIIBIK JKoHe Je 0acKa cayajapaarbl ayblp MeTaJll
VOHJIAPbIHbIH KAYIIiH KOs alajJbl IeT€H OlJaMbl3.
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Tyiiin ce3aep: Ayblp MeTanaap, JeKTPOXUMUSUIBIK, CEHCOpJap, HaHOMaTepuasiaap, MoAuQpUKaIms,
MXene HAaHOKOMIIO3UTTEPI.

BAJKHOCTDb HAHOKOMIIO3UTOB MXENE /IJI1 OIIPEJAEJIEHUA TAXKEJIBIX METAJIJIOB
I.b. Konap6aii , bl. bakeitkapum , 7K.C. MykaraeBa, H.A.Illagun, /I.A. Kapa:kanosa,
K.P. Ko:xxarynoBa
Kaszaxcruii HaMMOHa/leblIZ neoazozuueckuii YHueepcumem umeHu A66Lﬂ», 2. A./ljl/lambl, Ka3axcmaH,
e-mail: konarbay98@bk.ru, Rysgul_01_88@mail.ru

OpHUM U3 CaMbIX CUJIBHBIX M PACIPOCTPAHEHHBIX XMMHYECKUX 3arps3HEHUI sIBJISIETCS 3arpsi3HEHUe
OKpYyXatomierd cpelpl TSKeJIbIMU MeTaIaMU. TspKesible MeTaJUThl aKTHBHO YYacTBYIOT B OMOJIOTMYECKHMX
npoiieccax, BXOAsl B COCTaB MHOTMX (pepMEHTOB. TOKCMYHOCTh MOHOB TSIKEJIBIX METAJUIOB HAHOCUT P
MOBPEKAEHUI KOMIIOHEHTAM OKpY:Kalolllel Cpefibl U 30POBbI0 uesioBeka. VIMEHHO mosToMy oOHapyke-
HUE TSDKEJIBIX MEeTaJJIOB Tak BaxHO. HeoOxoaumMo co3aaTh HagexHylo U 3 (PEeKTUBHYIO CUCTEMY TSl 00-
HapYyKeHUs TSKEJBIX META/UIOB. A TPaIUIIMOHHBIX METOIOB OOHAPYKEHUS 3a4acCTyi0 HeJOCTAaTOYHO JIIsI
yIOBJIETBOPEHHSI COBPEMEHHBIX TIOTpeOHOCTel. [109TOMY MCIONIb30BaHKE JIEKTPOXUMHUUYECKUX CEHCOPOB
11 OOHAPYKEHHS TSKEJIBIX METAJIJIOB B HACTOSIIIEE BPpeMsl 3aHUMAeT BaKHOE MECTO. DIICKTPOXUMHUYIECKHE
CEHCOPBI CTATU MEPCIIEKTUBHBIM HAIIPAaBJIEHUEM HCCIIEIOBAHUI Onarogapsi CBOMM YHUKAJIbHBIM BO3MOX-
HocTsM. [ToBbitienne 3(ppeKTUBHOCTH OOHAPYKEHUS JIEKTPOXUMUIECKUX CEHCOPOB SIBJISIETCS] OCHOBHBIM
HarpaBJIeHUEM McclieloBaHuid. Benyiuei crparerveil A 3HAYUTEIbHOTO MOBBIMIEHUA 3(PHEKTUBHOCTH
oOHapyKeHUs sABJsETCS J0OaBIeHNe HAHOMATepHAJIOB B 3JICKTPOXUMHUUYECKUE CeHCOPBI. B TaHHOM 0030pe
CpaBHUBAIOTCS HAHOKOMITO3UTH MXene ¢ IOCTHXeHUSIMA HAHOMATepUAIIB B 00JIACTH JIEKTPOXUMUYECKUX
CEHCOPOB 3a MOCJEeIHUE TOAbl. DTO MO3BOJISIET MOJYYUTh HOBbIE UJEH JIJIsI U3TOTOBJIEHUS JIEKTPOXUMMU-
YEeCKMX CEHCOPOB C BBICKOW UYBCTBUTEIBHOCTHIO M HU3KUM TMOPOroM OOHapyxkeHHs. Mbl cuuTaeM, 4To
3HAHUE U KOMOMHMPOBaHKE MPEUMYIIECTB PA3IMYHBIX HAHOMATEPHUAJIOB JJIsl CO3[JaHUSI MHHOBAIIMOHHBIX
MaTepuasoB JJis MOJU(PUKAIIMU SJEKTPOAOB MOKET YCTPAHUTh OMACHOCTh MOHOB TSIKEJBIX METALJIOB BO
MHOT'MX MTUIIEBBIX, SKOJOTUYECKUX U IPYTUX OTPACIISIX MPOMBIIUIEHHOCTH.

KuaroueBbie cjioBa: TsoKelble METAUIBI, SJEKTPOXUMUYECKUE CEHCOPBI, HAHOMAaTepuasbl, MOAU(UKA-
1151, HAaHOKOMITO3UTH MXene.

Introduction. Heavy metals are particularly
biodegradable pollutants. They enter aquatic
ecosystems, enter water and sediment phases,
accumulate in organisms, and even at low levels
cause a number of serious diseases and disorders
[1-4]. For example, neurological, cardiovascular,
respiratory and reproductive diseases [5]. Heavy
metals in the environment pose a serious threat
to wildlife and human health because they are
bioavailable and can be absorbed and enriched in
food [6]. Toxic metals are largely distributed into
the environment. The distribution of heavy metals
by wind in the form of particles or vapor depends
on their physical state. The meta-components move
from the atmosphere to the soil or water surface,
resulting in environmental pollution. Industrial
wastewater 1S a major source of metal pollution
in the hydrosphere. Wastewater containing toxic

heavy metals like nickel, lead, copper, chromium,
cadmium, and arsenic poses environmental and
health hazards [7]. Heavy metals affecting human
health include elements such as mercury, nickel,
lead, chromium, cadmium, aluminum and copper
[8]. Heavy metals in water, air and soil can
be transferred to plants, aquatic organisms and
organisms and then enter the food chain and pose a
threat to human health [9].

Year after year, the population around the world
is growing. As the world’ s population grows, the
demand for food, drinking water and many other
industries increases. Due to the increased demand,
the quality requirements for food and drinking
water are increasing. To ensure consumer safety,
we must detect harmful substances present in very
low concentrations. One of the most commonly used
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methods today is the use of electrochemical sensors.

Electrochemical sensors are tools for detecting
and counting heavy metals because they tend to be
highly specific, sensitive, inexpensive and portable.
This makes them valuable for small and mobile
remote applications. Since complete elimination
of food and drinking water contamination may
not seem possible in the near future, assessment
of legal limits should always be considered in
the context of general nutrition, especially in the
case of children. Ongoing research continues to
improve sensor performance, enhance detection
capabilities, and address calibration, interference,
and sample preparation issues, further advancing
the development of electrochemical sensors in food
safety applications [10].

The world of sensors is diverse and due to this, it
is developing at a rapid pace. Due to continuous
technological improvement it is becoming more
and more in demand. Electrochemical sensors are a

convenient solution for variable analyzer detection
due to their low cost and availability and are
widely used in agriculture, food and oil industry
as well as in environmental and biomedical fields.
Electrochemical sensors have long been required
for the study of biological substances. The sensors
are characterized not only by their durability, high
sensitivity and accuracy, but also by their low
cost, speed and simplicity. Many nanomaterials
have been obtained in more than two decades.
Specific metals, conducting polymers, metal oxides
and organometallic and carbon-based nanomaterial
structures. Nanomaterials contribute to the
analytical performance included in electrochemical
analysis. This modification increases the payload
capacity by utilizing recognition molecules such
as enzymes, antibodies and aptamers as well
as bioinspired receptors that can accurately and
efficiently capture the target, thereby increasing the
specificity of electrochemical sensors [11].

Table 1 - Lists many MXene-based sensors and their corresponding applications [19]

Nanocomposite components

Application

Ti;C, / reduced graphene oxide

Pressure sensor

Ti3Cy/ Ag nanowire

Strain sensor

Ti;C, / chitosan

Biosensor for detecting pesticides

Ti;C, / Nafion

Detecting nitrile ions

Ti,C, / PANI

Ethanol, and acetone

detection

methanol, ammonia,

Ti3C, / polyurethane

Stretchable strain sensing fabric

Ti;C,/ poly(vinylidene fluoride-trifluoroethylene)

Capacitive pressure sensor

Ti;C, / natural microcapsules

Epidermal flexible pressure sensors

Ti;C, / poly(dimethylsiloxane)

Skin conformal sensors for health monitoring

Ti;C, / gold nanoparticles

Glucose detection biosensor

Ti3C, and TiO,

H,0, detection

hollow MXene spheres/ reduced graphene

Piezoresistive pressure sensor

TiyC, / ink

Strain sensor for health monitoring

Electrochemistry-an ~ important  quantitative
analysis strategy for testing various biochemical

entities such as proteins, metabolites, neurotransmitters,

electrolytes, heavy metals, etc. Further,
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demonstrating wide applications in the fields
of private health care, public health, clinical
diagnostics, food safety and environmental analysis
[12-14]. Generally, a complete electrochemical
conversion system usually consists of two parts:
sensing electrodes and electrochemically sensitive
circuits. The former is used to convert biochemical
signals into electrical signals. The latter uses various
electrochemical test methods to excite the electrodes
with voltage, collect, process, analyze the data and
transmit them as electrical signals [15,16].

MXenes’ electrical conductivity, rich surface
chemistry and high aspect ratio are attractive
characteristics for sensor processing . The ideal
sensor has high performance, low detection , low
production cost, low hysteresis, fast and efficient
processing reaction, as well as fast recovery
properties during reuse . Pressure and deformation
sensors are production responsible in a wide
pressure range and require high performance in
thousands of deformation cycles. The cycles require
high resistance in thousands of deformation cycles.
The sensors demonstrated this product when made
from MXenes, mxen/polymer nanocomposites,
and mixed two-dimensional (2D) mxen-based
heterostructures. Examples: silver nanoparticles,
carbon nanotubes, and graphene oxide nanoparticles
are 0D, 1D, and 2D nanoparticles that were
combined with MXene and used to create
Mxene-based 2D heterostructures [17].The latter
includes mxen and heterostructure of OD, 1D or 2D
nanomaterials. These are heterostructures, as well as
the detection of pure MXene and MXene /polymer

nanocomposites and toxic compounds in food,
monitoring of human movements and health status,
gas and condition measurement, voice recognition
and other input in sensory systems. appropriateness,
voice recognition and other aspects [18].

MXene performance in sensor systems depends
on the type and concentration of surface functional
groups (hydroxyl, oxygen, fluorine, chlorine). For
example, the simulation results showed that oxygen-
ending MXene has excellent performance for
ammonia detection, while hydroxyl-ending MXene
has better performance for ethanol detection.To
further improve the electrochemical performance
of electrochemical sensors, sensitive Nanomaterials
and 2D materials have been introduced due to
high electrocatalytic effect and high -electrical
conductivity [20].

Mxene is a novel 2D material with a rare
combination of properties such as electrical
and metallic  conductivity,  hydrophilicity,
biocompatibility and large surface area , convenient
size customization, rich surface chemistry,
flexibility, and layered structure. Due to its versatile
properties, MXene is considered as a building
material for future materials and devices [21].

As an electrode material, MXene is a potential
candidate for synthesis for various energy storage
devices such as supercapacitors and batteries.
Composites based on metal oxides and metal
sulfides are the most effective electrode materials
for supercapacitor electrodes. Research was carried
out to improve the properties of MXene-based
composites [22 ].
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Table 2 - Advantages and disadvantages of MXepe materials

Advantages Disadvantages
MXene | - Stability - The preparation process of MXene sensitive materials
- Optical properties must be further developed
- Good hydrophilicity - The abundant functional groups on the surface
- Conductivity of MXene materials endow them with customizable
- Outstanding mechanical properties | optical and electrical properties, but also bring new
- Thermal effect challenge
- Excellent biocompatibility
- High electrical conductivity
Ny W ~°'° Vo fmg
L|F+HC1 d. 4 ) W e 2r0c|z u ! § j-“u'-,;“' ™ °'=°-':"
Unmsmmalmn 35 Hp o7 ] yi
MXene Zr-MXene PC@ NPT B Zrame
STRAIN SENSOR
Figure 1 - Types of Mxene-based sensors [19]
Materials and methods. Nanocomposite cup . Then, instead of low HF, MAX 0.5 g powder
WO;/Mxene and a pinch were added. The mixture was equipped
Al-Zoha Wapsi and others [23] used a With magnetic instruments for an hour at room

hydrothermal method for the synthesis of tungsten
oxide nanorods. The synthesis of WO;/MXene by
a simple ultrasound method was carried out. The
samples obtained were characterized by structural,
spectral, morphological and elemental analysis.
The photocatalytic and antibacterial activity of
synthesized samples, these aspects are discussed
in detail. Max (Ti;AlC,) powder was used in a 50
ml Teflon container to synthesize MXene with the
formula Ti;C,Tx used. To synthesize MXene with
the formula Ti;C,Tx in a 50 ml Teflon container.
For MXene synthesis, 10 ml of HF is poured into
a Teflon container and then released into a suction

temperature.

The combustion optimization of the mixture was
carried out at the installation temperature for 24
hours with magnetic power. Deionized (DI) water
was added to dilute the product, and MXene was
obtained by centrifugation at more than 5000 rpm.
The washing of these deposits was performed until
the PH reached 6. The Aqueous Dispersion was
carried out using a PTFE membrane by vaum
filtration. Filtrate is here.

For FESEM analysis, samples were sprayed with
gold for 120 seconds at a current of 15 ma. Figure-
2 A, B WO; and WO;/MXene nanocomposite
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morphology control. Figure-2 - (a) illustrates the
block/stick pattern morphology of WO;. Figure-
2 (b) MXene WO, is defined as impregnated
with nano wires. MXene Nano sample structure
formation in Figure 2 - (c). The size of the WO,
was about 13 nm, after the reduction of FESEM.
The MXene layer was estimated at ~175 nm on
an additional micro-image. For FESEM analysis,
the samples were subjected to gold spraying for
120 seconds at a current of 15 ma. Figure-2 A,B
WOj; and WO;/MXene nanocomposite morphology
control. Figure 1 shows the morphology of WO,
with a block or stick inscription. Figure - 2 (b)
MXene WOs; is detected in an impregnated manner
with nano wires. Figure 2 (c) shows the MXene
formation of the nanoscale structure. The size of the
WOj; volume was about 13 nm, which is after the
reduction of FESEM. In the micrograph, the size of
the mxen layer was 175 nm.

In this paper, A.Z. Warsi, Aziz, F. Zulfiqar
et al. prepared WO;, MXene and WO;/MXene
nanocomposite which showed potential applications
in biological and environmental remediation.
WO;, MXene and WO/Mxene nanocomposite
were synthesized by hydrothermal method, wet
chemical etching and sonication, respectively. XRD,
XRD, FTIR, EDX and FESEM were used to
determine the structural, spectral, elemental and
morphological characteristics of the synthesized
samples, respectively. BET analysis was performed
to determine the surface area. The photocatalytic
degradation of methylene blue using WO;, MXene
and WO;/MXene nanocomposites was 99%,
54% and 89%, respectively. The photocatalytic
activity of WO; was significant. MXene is
a two-dimensional material with very low
photocatalytic activity, which acts only as an
auxiliary material to enhance the photocatalytic
ability of the composite with WO;.

198



XUMHNYECKA{ TEXHOJIOI'A

20 v BT = 400KV Saed A irkess Dete 3 dgw 2020 &
F WO s 420w Mag® 3165KX Terw 105810

Do 10 boew 2020 &
Torw 410190

Figure 2 - FESEM images (A) WO3, (b) WO5;/MXene nanocomposite and (¢) MXene [23]

The prepared samples also showed good
antibacterial activity against bacteria of positive
strain; in case of negative strains, WO, MXene and
WO;/MXene nanocomposite showed antibacterial
activity at high concentrations [23].

Bi,5;/MXene nanocomposite

In a study [24] by S. Sinha, A. Raucci et al.
developed a novel electrochemical sensing platform
using Bi,S;/MXene nanocomposite. The modified
shape, composition and electrical characteristics
of the prepared composites and their electrodes
were studied by various electrochemical methods
SEM, XRD, XPS and others. A 1 mg/ml solution
of Bi,S;/Mxene nanocomposite was prepared
by dispersing DI (deionized) in water. This

standard solution was the base of the electrode
modification process. This initial solution base
served as the electrode modification process. An
8 uL dispersion of Bi,S;/Mxene nanocomposites
was carefully placed on the surface of SPE to
modify the electrode. Bi,S;/Mxene nanocomposites
were synthesized directly by microwave-assisted
hydrothermal method. The figure below shows the
accumulation of 3 - (A) [24] Bi,S; nanoparticles.
These are granular nanoparticles with diameters
ranging from 70 to 100 nm. And figure 3 - (B)
shows the MXene SPE image. This figure shows
the complex layered lamellar structure of MXene
after removing the Al layers from the MAX phase.
SEM image of Bi,S;-MXene nanocomposites are
shown in Fig.3C and 3D (small and large scale).
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Figure 3 - Structural characteristics of (A) Bi,S3; (B) MXene; (C) Bi,S;-MXene nanocomposite at low
magnification; (D) Bi,S;-MXene nanocomposite at high magnification [24]

The uniform growth of Bi,S; nanoparticles in
MXene layers growth of Bi,S; nanoparticles (F and
OH) was due to the presence of electronegative
functional groups. The synergistic effect of
Bi,S; nanoparticles and MXene can improve
the electrochemical performance. First, MXene
provides a highly conductive platform for the
uniform growth of Bi,S; nanoparticles. This leads
to reduced agglomeration of Bi,S; nanoparticles
and increased number of detection sites for the
target analyte [25]. Secondly, MXene is highly
conductive, which leads to an increase in charge
between Bi,S; nanoparticles and the electrolyte
[26]. In addition, the oxidation resistance property
demonstrated by MXene plays an important role in
protecting Bi,S; nanoparticles from corrosion [27].
The binding of MXene and Bi,S; nanoparticles can
lead to improved performance in Zn(II) detection.

The study focuses on the synthesis of a composite
made of MoO,@Mo,C-MXene.

This article discusses the new CdS/MoO,
photocatalyst @Mo,C-MXene developed by You
Jin, Huizhuan Jing, Libo Wang, Qianku Hu and Aigo

Zhou. 0.2 g of NaBF4 (99.9%, McLean, China) was
used as a guiding reagent, dissolved in 15 ml of 1.0
m HCl solution (36-38% C/a, Yantai Shuangshuang
Chemical, China) and stirred for 30 minutes. The
temperature of the hydraulic system is maintained
at 180 °C for 24 hours every day. The temperature of
the hydraulic system is kept at 180 °C for 24 hours
every day. Subsequently, MoO,@Mo,C-MXene
Composite powders were collected, subjected to
washing with deionized water and ethanol to achieve
a neutral reaction, and then dried for 12 hours at 60
°C for 12 hours under vacuum conditions.

CdS / MoO,@ Mo,C photocatalysts were
effectively synthesized by a two-stage hydrothermal
method . In this system, a sediment formed on
the surface of the CdS MoO,@Mo,C-MXene
Composite, forming an acanthospheric structure.
CdS / MoO,@Mo,C(CMMS5) showed an
exceptional H, generation rate of 22,672 umol/(g-h)
in visible light under optimal conditions, which
is 11.8 times higher than CdS. full row,
Moo, @Mo,C-MXene binary co-catalyst using CdS
using high photocatalytic activity of productive
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H, generation with Mo,C MXene as the only
co-catalyst. Experimental effects the CdS/Mo,C
system effects work with CdS /Mo,C with high
photophysical and photoelectrochemical properties
to serve as an electronic bridge between CdS and
M02C MXene with improved electrical conductivity

> he said. In addition to the CdS/Mo,C
scrlpt the CdS conduction band (CB) is a place
to charge when MoO,@Mo,C is MXene bound.
This effectively limits the re - diffusion of Altered
electrons into CdS , thus facilitating the operation of
recombination. The band forbidden to control over
CdS/MoO,@ Mo, C makes it easy to absorb visible
light. This CdS/Mo,C [28] element restored a new
photocatalytic system with the formation of a binary
H, co-catalyst.

The process of preparing Ti3C2 involves the use
of various chemical and physical methods to create
a highly durable and efficient material: The crude
powder (50 g) was weighed in the following ratio
TiC:Ti:Al = 3.6:1.4:1 and then placed in a Teflon
ball mill. Anhydrous ethanol was then added to the
ball mill tank as a ball grinding aid and zirconium
dioxide (5 nm diameter) as a grinding medium.
The mass ratio of raw material powder, anhydrous
ethanol and pellets should be 1:1:3. The ball was
placed in a grinding vessel and the powder mixture
was pulverized at 300 rpm for 4 hours. Next, a ball
mill was used to obtain a homogeneous mixture and
then it was transferred into a petri dish. The mixture
was dried in an oven at 40°C for 24 hours, then
sintered in a corundum crucible without pressure.

After the reaction was completely completed, the
sintering furnace was allowed to cool down naturally
to room temperature and a Ti;AlC, ceramic block
was obtained by pressureless sintering. A high-
energy ball mill was used to completely pulverize
the Ti;AlC, ceramic block obtained by pressureless
sintering i+n the previous step; finally, the desired
Ti; AlC, powder was successfully obtained. At room
temperature, 5 g of Ti;AlC, powder was slowly
added to 80 mL of 40 wt% HF and left to react for
24 h under magnetic stirring at 1200 rpm. The above
corrosion products were purified with deionized
water until the pH of the supernatant became > 6
after centrifugation. The substrate was lyophilized
to obtain Ti;C, powder.

Preparation of the PANI-Ti;C, composite:
first, 0.2 g of Ti;C, powder was dispersed in
30 mL of 1M hydrochloric acid solution, then
ultrasonic dispersion was carried out for 1 h until a
homogeneous suspension was obtained. Second, 100
uL of pure aniline (ANI) obtained by distillation was
added to the suspension and dispersed by ultrasonic
dispersion for 1h. Then, 0.335 g of ammonium
persulfate (APS) was dissolved in 30 mL of 1 M
hydrochloric acid solution and added dropwise to
the above solution. Finally, the solution was placed
in an ice bath and stirred at 0°C for 6 hours.
After reaction, the reaction product was washed
with ultrapure water 5 times. After purification,
the reaction product was lyophilized to obtain
PANI-Ti;C, nanocomposite [29].

Figure 1A shows the X-ray diffraction patterns
of the obtained PANI, Ti;C, and PANI-Ti;C,. The
figure shows that the X-ray diffraction peak of
PANI at 2 theta=20.5° corresponds to the surface
(020) of the PANI crystal. The diffraction peak of
Ti;C, on the crystal plane (002) is shifted to the
left along the x-axis from that of the original phase
Ti;AlC,, which makes the characteristic peak of
Ti;C, weaker and wider.

This X-ray diffraction pattern can show that
the degree of crystallinity and the degree of
structural order of Ti;C, are greatly reduced. In
the X-ray radiograph of Ti;C,, the diffraction
peaks at 2 theta =7.1°, 17°, 28°, 35° 41° and
61° correspond to the crystal planes (002), (006),
(008), ( 0010), (0012) and (110), respectively.
Compared with the Ti;C, XRD, the PANI-Ti;C,
XRD shows a new diffraction peak at 2 theta
=20.7° corresponding to (020) crystal surface of
PANI. The XRD peak of PANI-Ti;C, at 2 theta
=26° corresponds to TiO,. This value is due
to the fact that a small amount of Ti;C, is
oxidized by the addition of ammonium persulfate,
an oxidizing agent, during the preparation of the
PANI-Ti;C, composite material. Thus, the phase
analysis shows the successful preparation of PANI-
Ti;C, nanocomposite. Ti;C, can easily immobilize
enzymes/proteins on its surface, thus acting as a
promising support to achieve DET with accelerated
electrode kinetics, low detection limits, and high
sensitivity and selectivity [30].
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Figure 4 - (A) XRD patterns of PANI, Ti;C, and PANI-Ti;C,. (B) XPS spectras of PANI, Ti;C, and
PANI-Ti;C, [30]

Figure 1B shows the XRD spectra of the
obtained PANI, Ti;C, and PANI-Ti;C,. As can
be seen from the figure, characteristic peaks Cls,
Ols, Fls and Ti,p appear, proving the existence
of Ti;C,. At the same time, the appearance
of characteristic peaks Ols and Fls proves the
existence of functional groups -O, -OH and -F on the
laminates of Ti;C,. The appearance of Cls and N1s
peaks indicates the successful obtaining of PANI.
Compared with Ti;C, , the broad XPS spectrum
of PANI-Ti;C, shows Nls peak, which further
proves the successful preparation of PANI-Ti;C,
nanocomposites under low temperature stirring
conditions. The above results are in agreement with
the results of X-ray diffraction analysis. By the
integral approximation method, N1s -analysis of the
RFES spectra of the PANI-Ti;C, nanocomposite
showed four characteristic peaks at 397.1 eV, 398.2
eV, 400.1 eV and 400.5 eV corresponding to
the imine structure (=NH-), amino group (-NH-).
-), N atom (N-+) with positron and protonated
amino group, respectively. The results show that
the PANI-Ti;C, nanocomposite was successfully
obtained by low-temperature oxidation reaction
between Ti;C, and aniline.

Ti;C,/TiO,/CuO nanocomposites

In experiments, researchers Li, Wang, and Sun
dissolved copper nitrate in deionized water and
added Ti;C, powder. The mixture was incubated
for 24 hours, dried, and then synthesized into
Ti;C,/Ti0,/CuO nanocomposites by annealing in

an argon atmosphere at 500C for 30 minutes at a
heating rate of 100C/min [31].

The fabrication of Ti;C,/TiO,/CuO ternary
nanocomposites, consisting of Ti;C, nanosheets,
TiO,, and CuO nanoparticles, was enhanced by
higher electron and hole separation efficiency
compared to TiO,, thereby improving their
photocatalytic activity [32].

Discussion and results. In this research, a
series of MXene-based nanocomposites including
WO;/MXene, Bi,S;/MXene, and Ti;C,/TiO,/CuO
were synthesized and characterized. The obtained
materials showed high efficiency in various
applications including photocatalytic decomposition
of organic pollutants and electrochemical detection
of heavy metals.

WO;/MXene:

- The morphology of the nanocomposite
determined by FESEM revealed the presence of
nanowires and layered structure.

- The photocatalytic activity for methylene blue
degradation reach-ed 89%, which is higher than that
of pure WO; (99%) and significantly superior to that
of MXene (54%).

- The nanocomposite demonstrated antibacterial
activity against both positive and negative bacterial
strains at high concentrations.

Bi,S;/MXene:
- The synergistic effect of Bi,S; and MXene
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was found to improve electrochemical performance,
increase the number of active sites for analytical
detection, and improve corrosion resistance.

- The nanocomposite was successfully used for
Zn(II) detection with high sensitivity.

Ti;C,/T10,/CuO:
- The ternary nanocomposite showed enhanced

photocatalytic activity due to the improved electron-
hole separation ability.

- The enhanced photocatalytic efficiency was
attributed to the presence of TiO, and CuO, which
enhanced the interaction with Ti;C,.

These results confirm the potential of
MXene-based nanomaterials in applications
related to ecological remediation, biosensing and
environmental monitoring.

The results confirm the significant contribution
of MXene-based nanocomposites in improving the
properties of sensors and catalysts.

Photocatalytic activity:

The high efficiency of WO;/MXene in the
photocatalytic decomposition of methylene blue
can be explained by the combination of MXene
(high conductivity) and WO; (active catalytic
ability) properties. This supports the hypothesis
of a synergistic effect in the creation of
hybrid nanomaterials. Similarly, Ti;C,/Ti0,/CuO
nanocomposite demonstrates that the addition of
CuO enhances the charge separation ability, which
is critical for photocatalysis.

Electrochemical detection:

Bi,S;/MXene showed high sensitivity to Zn(II),
which is attributed to the increase of active centers
on the surface of MXene and its interaction with

Bi,S;. This result is in line with current research in
electrochemistry, where MXene is used as a basic
structure to improve the sensor response.

Limitations and prospects:

Despite  significant advances, difficulties
in scaling up the production of MXene
nanocomposites should be considered. Additional
research is required to optimize synthesis methods
and material stability. Prospects for the use of these
materials include expanding their applications in
environmental monitoring, biomedicine, and water
quality control.

Thus, the results of this study confirm
the relevance and promise of MXene-based
nanocomposites for the development of high-
performance sensors and catalysts. Future research
should focus on improving the stability and
fabrication processes of these materials.

Conclusion. This literature review is devoted to
the detection of heavy metals. Heavy metals are
found in many substances. There are many methods
for detecting heavy metals. Despite the large number
of methods, we must use the most effective of them.
The article is written about the detection of heavy
metals using a sensor. In order to improve the sensor,
various nanomaterials are used. As a material,
Mxene-based nanocompasites were considered.
Focused on MXene-based nanocomposites and
sensor research methods developed on their basis.
MXene materials are a stable single-phase structure
consisting of five or more atoms, and its elemental
ratio can be adjusted. MXene contains more
transition metals, which greatly optimizes material
properties such as conductivity, hardness, chemical
stability, and bulk capacity.
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