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ABSTRACT

MXenes, a class of two-dimensional transition metal carbides, nitrides, and
carbonitrides, have emerged as promising materials for environmental
applications. Their rich chemistry of interlayer functional groups, surface
functional groups, and flexible layer spacing make them ideal materials exhibiting
diverse properties. These features make mxenes promising candidates for various
applications, including environmental remediation. The structure of these two-
dimensional nanomaterials and the fast electron transfer channels have led to
excellent catalytic oxidation activity of the hydrophilic surface, with favorable
Gibbs free energy,and the surface functional groups facilitate adsorption
interactions. This paper reviews the synthesis strategies and structural evolution of
mxenes, and investigated their photocatalytic propertie. Mxenes and their
composites absorb light to produce active species that effectively degrade
pollutants such as dyes and other organic compounds. Despite challenges such as
oxidative instability and electron-hole recombination, mxenes-based composites
demonstrate superior performance and achieve pollutant removal in optimized
systems. This work highlights the potential of mxenes in water purification, and
emphasizes their role as next-generation photocatalysts.
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Figure 1. Mxene composites in the periodic table, the building blocks of maxenes are colored (41, 42).
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Figure 3: Various methods for synthesizing mexanes (70).
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Figure 8: Mechanism of pollutant degradation by g-CsN,-TizC,-TNT composite (115)

TisCz caoms ;o oS o &>l TisC2 MXene a4 TiO22ulon
4 yoie &S wadls Sude )L TIO2 g 0,5 asslil ate )L MXene
g oo Lad b Y lyie & TisCaTiOz Ll ,o (Sols o oSt
b oS o 09,80l 005 olgie a4 il oo SOLE JLail oy 4
Sl 5l g WS i Fae jeb a4 ]y euld adg sl xSl
B 1, 6 5blS g358 003l 2ull 45 S (605 sl TiO2 &y by 2]

WS o e (s0b 5 0>

oy
TC6 miz = 330

TCT miz = 285

el o | 4 S
IS 50 5l e w25 sl ookt 5 5358 5 g5l
Sixly srsigd a5 (6,55 muie daml Ho el oals ools las V-
WS oy 6,98 2l Gy S 29l ge JUad S (oo Jox |,
(GO 4.19-).9 B 0)‘& ‘;b TiO2 k.AJ)JO )‘5.7 S9y ‘S:Lbo).b 9
Wb 5 e a ol b (S QL Jdoar Loy 2SUligh

TCS miz =242

(@ hydroxylation, @ loss of dimethyl amino, & oxidation of double bonds, @) oxidation of aromatic ring,
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Figure 12: Schematic of pollutant removal by AgNP/TiO,/Ti;C,T; composite (114).
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Table 2. MXenes composites, photocatalytic reaction conditions, and organic pollutant removal.

Photocatalyst Substrate of degradation Morphology CEEZ?;'SQS slgt?.lz;te

A certain amount of
sample + 2.0 g of
deionized water and

1000 W
MoS,@TisC, Liquid paraffin MoS; nanosheets/Ti;C, 109 OLII:P T highpressure >90%  (118)
Nanohybrid (LP) sheets Multilayer dichloromethane mle;:]l;)ry

as the sacrifice
reagent, 30 min
dark adsorption

20 mg catalyst + 50

300 W Xe
. . mL 20 mg/L
AgzPO/TisC, Tetracycline (TC) 4D leclflllﬁr?éllaa? ‘éfamdes substrate, lam];r)“(r?420 goe (120
Y 30 min dark
adsorption

2,4-Dinitrophenol (2,4-

DNP) 20 mg catalyst + 60 300 W Xe
TiC/SITiO, Tet’acyc'”‘(rec'}ﬁ)r°°h'°”de 2D Ti.CA/SITiOs particles m. 50 ppm e -
CopRe s Thiamphenicol (TPL) iy 8 h dark nm)
Chloramphenicol (CPL) adsorption
uo2

10 mg catalyst +

- 200
TiO, square
(001) TiO/TisC, Methyl orange (MO) nanosheets/Ti;C, mslagscir;ntg/ = SO?a\r:]V e >08%  (124)
nanosheets, Multilayer 60 min d a}k P
adsorption

2D/2D Ti3C,/PCN

2D/2D TisCylPorous g- 20 mg catalyst + 50 500 W Xe

CaNy

Phenol nanocomposite Multilayer mL 10 mg/L lamp 98%  (126)
with ultrasonication (14 400 nm)

optimal dosages of
MT/ZnCoS Tetracycline (TC) - ((()é3n2|/\|/|_) mrﬁ rf’fSA ) >80% (128)

min
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