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P Nowadays, the use of photocatalysts is recognized as an efficient method for
: various photocatalytic applications such as photocatalytic water splitting, CO,

reduction and water treatment. One of the major drawbacks of different photocatalysts is the
high recombination rate of the generated electron-hole pairs. To overcome this limitation, the
use of two-dimensional conductive materials, such as MXenes, has been proposed. MXenes are
two-dimensional carbides, nitrides, or carbonitrides of transition metals. Their characteristics,
including a large specific surface area, tunable surface groups, and significant conductivity,
make them particularly appealing for various applications, especially in photocatalytic pro-
cesses. Among the different MXene structures, Ti,C, has been studied more extensively due to
its unique electronic properties and the straightforward processes available for its modification.
Ti,C, facilitates the separation of electron-hole pairs produced by semiconductors and reduces
their recombination in photocatalytic applications, leading to improved overall performance.
This study provides a comprehensive understanding of the methods employed for the synthesis
and modification of Ti,C, and examines the performance of this material in enhancing the ef-
ficiency of photocatalytic systems.
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1- Transition of Metals Dichalcogenides (TMDs)

o

5

951 sole

Sl g0

i

3
o\
%

(VE-¥—8) $A Cpss Lot

YYA



—

&3

sale

552

Sl 5o

s

3
%

(VE-Y—=8) $A Cpss sla it

Y¥4

ol olss (izmen g st Sl pas (5508 (Jloyig)n
20 2959 0l

(F) )59l a5 Wb aseie a8 Cjpo Cllas 3k
St (s og)S (O) G5eSt 9 (OH) JouSg)an
@Sy e bl g Ned e otalie (S aw o (g9, &S
(S5 4 ) &S (e [VY VA ool il pie (B9,
Sly 95 il g oo Sl b (wSe 53 9290 ol
(SogpSl g il Wil wlge (ol gyl ueS
[Y0 Y] wlosd i pbesd spdiSTy 5 )58 ol
dy90 0> g ol i calidte e £95 TY gl cjogel 44 U
sodlgls Gl SO a ]y aluSy pl & sl s o i
A5 o o it JolSS b 50 Cusp 4 4ST (gdn 9 dlgo
bl gl M e sgbyy plegy ool [YF ]
aws 1) Al b oY lajle iy 3l owSe
(1)5)S (oa dib atod aw 4 |y Ll lge a5 S o
FHF saimy S5 slaossyes (i) (HF'L, (sloossyss
[YA] Jle it by bl sl i)

HF @b 5 sonses —V-F

(TLAIC,) Jis s 4 glaY ool i S b I3
oyl (F3g 2oy 00) o HF Lale cloJglone il
OY Gls 4 e M-X sladigy plSownl bos uioen
gl dy90 M AX Gz gbagiww I (Al CLl) A
ooraegl Y (iSly ol b (Y] cés 8
O S8 Ngn donil )0 g Wb oo I Ti,C, sbay¥ (4o
W HE (opn 3 5,8 )8 oles [¥V] 900 e 31 AL 5 Ti
BBl sles 5l oygs (slod g jgy diz b sl iz I Jgome 5k
V] cwl @olaie (C °50~) wiilo ¢ YL slales b ( C °22~)
Caol odds o3y L (V) JSKb 0 &S jelatlen ¢ Jlio loie 4
W oley celw Yl S HF ool L TLAIC, I Al s
Ui E55 clod g 0 yn clale o SWye5 loj pegMe [YA] )l
A @Y (Suy 5 ol b el oS 55 Y ol
gl Cawl Koo Al Bls (gl 5w yome cplply )b
S peS ploj Wilgiee (0= 2, 3) Prwses slodigel & Cuns
25 B HF (500

4- HF Etchants
5- HF-Forming Etchants
6- Alkaline and/or Hydrothermal Treatment
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2- Etching
3- Hydrofluoric acid (HF)



@M oAl X

Lle H
A
Seleclive
Etching
&
Rarmoral
of Al

MXene

Lavered Precursor

19 C osind Lis X g cawl 0pue 9 Tie MO« Cre Nbe V. alausly 518 oaind Lis M) w00 o)lis |y MJALX, sl sl sty 6 (S05)98 Sled 2 JSS
sy Mlse (FOH)(O)(-F) Lk sloeg)S (Jl ol b el 00 o0ly (L5 eyl 3 (FOH) 3L 09,5 (5ol gl 38 g5 [y MX - (e b (2wl N
s MLAIX o 5lesl Y Lo Gy slajlisbo o s ol o 1) (555558 <0l 51 om0 comly 42 Y 5o ppms 4y (St o o 5 103 23l 99 s
IPA] sl 28 MLAIX,

Figure 1. Schematic showing the selective etching of a M, AlX, layered precursor (M represents early transition metal, Ti, Mo, Cr,
Nb, V, etc., and X represents C and/or N) to yieldM3X2 MXene. For simplicity, the -OH termination is shown here; however -O,
-OH, and -F terminations can be present on the surface and the quantity is dependent on which top-down synthesis route is used.

Subsequently, selective etching can be extended to other layered precursor structures, including M,AlX and M,AlX [28].
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Figure 2. Effect of synthesis conditions. (a) Effect of temperature (bottom x-axis) and time (top y-axis) of exposure of Ti,AIC, on
the weight fraction of the resulting Ti,C, and (b) the sheet resistivity of Ti,C, pellets synthesized at room temperature and various

exposure times in 50 wt% HF [38].
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Figure 3. Synthesis and microscopy characterization of Ti,C, flakes produced by different selective etching routes. (a) Summary

of Routes 1 and 2 and schematic structures of Ti,C, where differences in the LiF to Ti,AIC, ratio are noted. (b) Scanning electron

microscopy (SEM) and (c) transmission electron microscopy (TEM) images of Ti,C, flakes produced using Route 1. (d) SEM and

(e) TEM images of Ti,C, flakes synthesized using Route 2. Small panels in (c) and (¢) show HRTEM images and SAED patterns of

monolayer 2D crystals of Ti,C,. (Adapted with permission from reference [42].
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Figure 4. Schematic performance of MXene’s as a substrate for the growth of semiconductors [47].
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Figure 5. (a, b) TEM images, (c) high-resolution TEM image, and (d—h) TEM mapping images for MXene-

CoNi@NCNT-800 composite[48].
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Figure 8. Schematics showing the photocatalytic mechanism of Ti,C,Tx based systems. (a) Schematic shows the photocatalytic mechanism

of the g-C,N,/Ti,C, QDs, where the Ti,C, acts as an electron reservoir in charge of the reduction reaction. (b) Schematic shows the photocata-

lytic mechanism of the (001) TiO,/Ti,C, complex, where the Ti,C, acts as an electron donor in charge of the oxidation reaction [53, 54].
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Figure 9. (a) Steady photoluminescence (PL) and (b) time-resolved fluorescence decay [53].
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Figure 10. MXene>s schematic function as hole acceptor[47].
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Figure 12. Photodegradation performance of materials (a) Photodegradtion spectra of NiFe/MXene heterostructures (b) Com-

parison of degradation rate of as-synthesized materials[56].
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Figure 14. FESEM-EDS of MX before and after Hg (II) adsorption (A, B, C: the FESEM image of MX, after HgCl, adsorp-

tion and after Hg(NO,), adsorption; D, E, F: the EDS analyze of MX, after HgCl, and after Hg(NO,), adsorption) [62].
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Figure 15. Role of Ti,C, MXene’s (multilayered, single- or few layered, and quantum dots) in enhancing

the activity of various photocatalytic processes [63].
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