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Abstract: MXene is a graphene-like two-dimensional transition-metal carbide, nitride, or carbonitride
nanomaterial, typically exhibiting quasi-metallic or narrow-bandgap semiconductor characteristics.
Recently, MXene has garnered significant interest in the photothermal conversion field owing to its
remarkable attributes, including outstanding broad-spectrum light absorption performance, ultrahigh specific
surface area, varied and adjustable surface functional groups, versatile imaging modes, biocompatibility, low
toxicity, and more. This review offers a comprehensive look at the preparation techniques, underlying
principles, and surface functional group attributes of MXene, focusing on the latest advancements of
MXene, especially the MXene-based composite materials, in the fields of photothermal water evaporation,
catalysis, sterilization, and therapy. Besides, leveraging the full-spectrum and near-infrared absorption
properties of MXene, this review also delves into the design principles of MXene-based photothermal
materials. It explores the synergistic effects of their photothermal effects in the photocatalysis and enzyme
catalysis applications. Finally, the challenges and prospects of MXene used in the photothermal field are
summarized briefly.

Key words: MXene; photothermal conversion; photothermal water evaporation; photothermal catalysis;
photothermal sterilization ; photothermal therapy
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Fig.2  Analysis of the photothermal water evaporation characteristics of MXene

(a)setup for droplet-based light-to-heat conversion experiment'®’

; (b)contact angles of MXene at the initial state and after self-assembly engineering!?*’;

(¢), (d)surface temperature change profiles as a function of time and the corresponding IR thermal images'*’; (e)calculated evaporation rates of the

samples'?; (1)SEM images of three-dimensional (3D) MXene foam before and after removal of template'™*'; (g)numerical

simulation of temperature contour distribution and Marangoni effect, solar evaporation surface temperature of

the as-prepared sample, and time-dependent simulated temperature result of the sample in 1 h'?!
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L[] Fsf 44 5 2 1T A5 B AR RN AR M F T A R A

HOAEEM . T, L2 Ti,C, T, MXene #1
B TR L R K i) Ag FAa HLIS G, 23 T

o TERAL ORGSR s PR ) Ti,C. T, MX-
ene a7 I i8R T Ag’ R Ag 9K BRI 4 51 AR
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PRI EE B4 3() iR , Ru/Mo, TiC, AL T P 2
7 18] f) SiE 4 o B BA R [, 26 ] Ru/Mo, TiC, B
AR ETE . X— TAEFR R T
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Fig.3 Analysis of the photothermal catalytic characteristics of MXene

(a)schematic illustration of MXene/I.SC hydrogels for solar steam generation and photocatalytic pollutant degradation'**’; (b)surface temperature

profiles and IR images of MXene/LSC under 1.0 kW -m ™ ? irradiation during photodegradation™**’; (¢) , (d)photodegradation of TC under

non-circulating and circulating water conditions**'; (e )schematic showing the photocatalytic-photothermal synergistic effect of MXene

membrane for the recovery of Ag™ ions and removal of rhodamine B'**; (f)dark-field scanning transmission electron microscopy

and elemental mappings of Ru/Mo, TiC,"*"; (g)diffuse reflectance spectra*?

illumination conditions*”

F o MXene JEGURM R U RGF 09 A WA 250 &
G LU AL S (8 0 PG 40 B8ORS L3 A RO T
R I AT 0L A R A Y. B TR g T
Y 32 B4 Hh 7E HE 7 MXene BRI T 21 410 ik B ) 56 44
i) J37 6 7 DA B v O A S i ke AL D [ AR R o
B4R, K Au 9K R 171 2 7E MXene SR8, Yu 554l
#% T —Fh Ti,C, T, MXene-Au 48k &4 418 T 52 31
PR 2 A I FG AR B . N 4(a) Th TEM EIFI1EE
Ah- 1] WO RS B TR, Au 90K kLT 51 88078 Ti,C. T,
FEN B T VT AT AN X B R, X A A T

'; (h)photothermal catalytic activity under different

15 (1), (j)surface temperature profiles under the illumination of 3.0 W+cm ™ and cycling stability property!”’

Ti;C. T, MXene F1 Au g K J00UkE o dok 3 17 46 15 - M43t
PRUMFEAVE . g g R W, FE T LD AR IR AR,
TisC, T, MXene-Au & & #48E % i 2% QB B R
AR 22 T BH M DR 55 28 00T B 1Y) 3 2R 43 ol 3k )
99.2% A4 100% (El 4(b) ), iX FE & F Ti,C.T,
MXene-Au & & 4 BHE ITZL /MG BB 3T B r= A )55 21
FEIEN, (R ) 2 7™ MR A0 AR I Fr) 2 MR T

He 5500 Pt 1 40T V,C MXene 1M , i 3 1458
T HAENIR- 1T 60 e s (I 4(c), (d)) . anEl 4(e)
JE 75, AE 1064 nm BOE RS T (1 Weem™) , Pt-V,C
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MXene F 't #3350 4 (59.6 26) B I & T V,.C MX-
ene(29.4%0) o [R5 5 A4 56 AR ARRE Al 2 1 20 K T i
i # ; i 4 (D) firs  ZESh IR N Y BFSE T, P-V,.C
MXene R A R BR BT e b F0 4 B 1k A B0 TR = 4
ZUrfBd i SR PG AR 4 B (0 4 B A (methicillin-
resistant staphylococcus aureus, MRSA) .

Sun F BA™V 3 T Ti,C, MXene B4 56 SRR
P T — o Ao PO BRI R 0 5 A T R TR RICR Y
Tk AT SefE H PDA SKALA£ 15 1 MXene 2,
HE— 20 3R A G PR AR E P, [ IR 18T 1l (Lyso-
zyme, Lyso) [ % 7 MXene@PDA 31 . & 4(g)
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(M@P@Lyso ) 73 HUH 1l BE 75 24 2 71, W& 0T
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S B G HRRNE , Lyso B A Wy A AL 16 145 21 ik — 20 4
o FEFOGIUN T, M@P@Lyso X MRSA Y &AL %
AR 2 9826 (K1 4(h)) , AbBS A9 41 BB A an P 4. (1)
7 o s SR W AT UL, B Ly so X 240 T A R
FHANB I, 112 M@P@Iyso &b B 5 19 4 B 2 i & A4
I B Wi A A . X EEIH AT M@P@Lyso HYJG
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A TS PR SF Z B A O R AEH] o X T AR 1 — b
A FH G PRS0 Sk 98 47 A 0 Tl 0 A4 LA 552 B s 2808 T Y
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Yang 45 L T 1E H 9 e ki 5 G 0T 240 TR 240
JEE AT A o) A FH LA S MX ene 418 5 B G ARON , HF T—
T BATHE ) LGRS 5 AR B M Y MXene
REAS 15 1T 214G A R R T FH 480G Ak 4 3 (1L A 24
BRE AR IAAT A . Meng 5558 106 4 A HLY 94 K
fit (Fe metal-organic frameworks, Fe-MOF) it % 7
Ti,C, MXene R , B THE BT —Fi s 48 3% 1H 45
B TR/ DGR IR R 1 s AR SN BT BRNR T I 5 K
TR LM IR ST, MXene & AF Jay a2 17 45 25 1 fR 2L
7= A2 AL X SR T ] LR A2 B Fe-MOF %
T, D 2 50 s I 7 A e R 1 A RO R A T L B
7592 BOGCHE 5 AL AR AMITRNIRYT o A 7E kit
T MXene 7 A2 ) Jey sl e i , L 2 i 2 200 0 5 405 4 )
TH Rl 3 SO AR R FE T o PRI 3 BT A B A
556 by [F) 1 58 1 Ti,C. MXene/Fe-MOF & & 4K
i, T LS B AR BT R T RICR O RE RS AT At E
YR R AT

25 L, HAT “9RPTT R 7R B MXene B4 8 1o
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A A 27 00 LA K 3 3k S B B [ 7 A 18 v T AR
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PO T P AAE A BR A 20 T8 v A5 B ROIE S5, G H:
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PEFIER A1 B 2 A, M X ene RTAE S & 5 204 4
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24 HXIEIT
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AT B e e 2 B el . il 5(d) , (e) s , X
10 mg- kg™ FIH 1Y Ti5C 0N 88 7T 52 B 98 1) 58 4>
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BRI IR B fk 2F a3 A M 21 4y, SEER AT 2T A6 fish % 1)
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Ji, T EL AT LA S 2 4R v P K Uk AR AL HLO, B 5
S Ak BB 7E 1064 nm OGRS, Ti.C,T,-Pt-
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Fig.4 Analysis of the photothermal sterilization characteristics of MXene
(a)schematic showing the Ti,C,T,-Au for antibacterial, TEM image and UV -visible (UV-vis)spectra of Ti,C,T,-Au*"!; (b) photographs
of bacterial colonies formed by E. coli and B. subtilis with NIR irradiation (808 nm laser, 2.0 W+cm 2,8 min)™*; (¢), (d)UV-vis-NIR
absorption spectra of V,C MXene and Pt@V,C MXene at different concentrations'™’; (e )raising and falling temperature curves of
V,C MXene and Pt@V,C MXene aqueous solution "’ ; (f)corresponding traces of abscess healing for each treatment group in wivo ™' ;
(g)photothermal curves of aqueous suspensions (50 mg-kg !,808 nm laser,2.0 W-cm 2)'!); (h)bactericidal viability of MRSA
after different treatments'®", PBS was used as the control group; (i) SEM images of MRSA with different treatments'*"!
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(10 mg+kg 1) +1064 nm laser, (V) 2*Ti,C,-BSA (20 mg-kg ") +1064 nm laser F1(IX ) Ti,C, 2N, ;,-BSA(10 mg-kg ')+ 1064 nm laser)*;
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Fig.5 Analysis of the photothermal therapy characteristics of MXene
(a)UV-vis-NIR light absorption spectra of Ti,C, 55Ny 77, TisCy ¢3N 17, and Ti,C, %7, the inset image is absorption spectra at 1064 nm;

(b)normalized adsorption intensity over the length of the cell of aqueous solution of Ti;C; 23N 77, TizCy g No 17, and Ti,C,%; (¢)temperature

variation curves of Ti,C, 55N 77, Ti,C, :Ny 17, and Ti,C, films upon NIR laser (1064 nm, 1.0 W-em™2)"; (d)tumor volume of the mice
group of T-IX mice after 24 d therapy™™® (( 1 )PBS, (I )Ti,C,-BSA only (10 mg-kg ), (1) Ti,C, 4Ny 1,-BSA only (10 mg-kg 1),
(V) Ti,C, 53Ny 77-BSA only (10 mg-kg™ 1), (V)PBS-+1064 nm laser, (V) Ti;C,-BSA (10 mg-kg ') +1064 nm laser, (V[ ) Ti,C, 4N, 1,-BSA
(10 mg-kg 1) +1064 nm laser, () 2*Ti,C,-BSA (20 mg-kg ') 41064 nm laser,and (IX)Ti,C, ,sN,;,-BSA (10 mg-kg™')+1064 nm laser) ;

(e)photographs of 4T 1-tumor and tumor-bearing mice after 24 d treatments'™™* ; (f)V 2p XPS high-resolution spectra for V,C,/ ATO@BSA"’;

(g)intracellular ATP levels after different treatments , data are presented as mean=S.D. (2=3)!"/; (h)western blotting analysis of the

expression of the HSPs in 4T1 cells'®; (1)intracellular GSH levels after different treatments ,data are presented as mean+S.D. (n=3)""!
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55 B R S RABRNE , AN AT 2R BE b I8 240 i, i EL AT A7 8%
P 2 AL Y AR TE M . N 5 () TR L TR
808 nm L FE G R, V,Co/ ATO@BSA 1] A5 5% 41 1l
ATP WG B, ATP K ARA R 40 %6 . eAh Bk
ATO A RLEAR T THAE, I 0] ATP A B AR Wt
PYRTEHE T (heat shock proteins, HSPs) 3k (K 5(h) ),
A BT BRI RUR O AL BOR KR 61%0) .
Y N GSH KN 5() iz , 5 % BEZH DL & NIR 41
M, V.C{@BSA-+NIR 41 i1 V,C;/ ATO@BSA+NIR
ZH 1) GSH ik K AL, & W] V,.C,/ATO@BSA %f
GSH H AW FER . TEERN LR H, V.C/
ATO@BSA i 1 #1 [a] /£ FH AT LA B3k o 34, B ik
ATO, i SEHE R LA K ATO B85 ) 40 K il 1k A
L, V.Co/ ATO@BSA 7 I 25 410 il B A

25 L, M IR YT I O BRTE T L S A R A
H AT Mg 0] . S B G HRRE  ah
KA BN B L B MR AR e E B
LA DL R R 3 FR AR 2 AN ] s A ) B, MIX-
ene A RIFMAE WM AN BRI LFRIH F5H
AR Y R T RE AT B R G PR 458 R DL B AR
R A T AU A bR 6 7 il e 9
TR B AT . SR, 78 MXene #E A A= 9 & 452k
i Z i, HAE R AT o A AR B A A I e
AT R GV

3 &FRIE

ARICH MR T MXene ) EZA %, Hibp,
HFE Z|k MAXARATS & H i 8 iz iy il & 05 X2
— ; Fi & MXene HL ¥ | 4 BRI 27 55 1 B AF 5% 18 AS Bp
R HA BT % 1E IR AN St FLG FIUBLAR 7 ) &
Ji& , il an sk R/ AL IR & & R A #E 2 HE, 5%
) FE A 36 25 T 1k 220 i MA X AR P 9 A TR 2 DL 45
MXene. Fifi# G LS 1) Z 4k, MXene K 1H ' fE
AN T A A HorT IR AR AR B 2 2 2
FEIRFERRE o 4, fh 27 AR DTAR I ) 45 19 M Xene 38
B B DS EE A R TEE HAE Y B Ak
VLS H - i 4% B B s k22 ik B 75 MIXene AT 5|
AFREE R E e, I 7 H AR sk R T, [H
i, MXene 75 GRG0 3 FH AR W4 i, O 7 IR
K IEHAEAL SERR T RDERGR YT A T ) R B
BHRANE

SR, B 1T MXene SCHAHCHEFEATS LA BRI 52 R
3=, T [ S s iy AT e A AR DA () A

(1) MXene 9 AH 2¢ B 58 T AE £ 2 4 78 Ti,C,
MXene, X} HABFF 2 MXene A 57 i 38 AT 40, &
FOW U FR A AR AT K B AL HL S5 R RGBT
itz RGN

(2) 75 Bk —FF ) MXene T Fr2E 6 IR K 2 24
FHACAEE T iR AR e D 5 2 L] 43 #

(3) 48 T 38 a4 PN R Z1 5236, UE S T MXene
AP T R G 09 2R AR 25k L (HJE: MXene O 01 2E
W VA Rt — 2014, DL IR A A AR W s R 403
(9 7 FH A AT A 5

(4)MXene P A A BRI & e T, DL SR
2/ )7 .4 MXene 44K i flE 4 MXene #2587
BA T HE— Al XA — R i 2 T L SE PR
JHAERE

SARE , MXene V50 F AL — 4E 90 K B4 KL, 32
ARG Ay VI = e 11T AN SR el B B T =
DL R AR S 1y S B P A OGH R AR ) R AKPE DG A
FEAREVE IO A DG A DGR R BT 92 5 0 T v
FrEz 286 .
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