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Study on optical limiting properties of new two—dimensional
titanium carbide nanosheets
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Abstract: As a new type of two—dimensional nanomaterial, metal carbide/nitride nanosheets (MXene)
exhibits high specific surface area and electrical conductivity, and the composition, layers and thickness
of that were flexibly controllable. Mxene materials have great potential applications in energy storage,
catalysis, sensing and optics. The nonlinear optical effect and response mechanism of one kind of MXene
material, namely Ti;C;Tx nanosheets dispersion liquid were studied. It was found that the Ti,C,Tx
nanosheets dispersion liquid exhibited excellent optical limiting properties for nanosecond pulse laser with
532 nm and 1 064 nm wavelength, and the limiting thresholds were estimated to be 0.14 J/cm?® and
0.12 J/cm?, respectively. By measuring the dependence of nonlinear optical scattering signals on incident
light power density, it was found that the optical limiting response of the material mainly originated
from the nonlinear scattering effect. Compared with the traditional optical limiting material of C, the
material has the advantages of low optical limiting threshold and wide response wavelength range.

Key words: optical limiting;  titanium carbide nanosheets; nonlinear scattering

W s B #1:2019-07-11; &iT H #3:2019-08-21

E£TA HR A RIS (11674260) ; 7Y 4 & AU & 10150 H (2017ZDXM-GY-120)

B & A7 AW (1994-), 05 B2 NGRR3R LMk Jr TR T 5E . Email: yifeng7777@gq.com

AR B (1986-), 5, M Z0EE T A 0, 2 DS e AR 2R MG b RE S 2R 4R 5 T 9 9T . Email: liheyan @mail.xjtu.edu.cn

b103002=1



bl ok TAR

% 11 4

www.irla.cn

% 48 %

0 5]

if]

WE B WOC B ARTEA ™ AT BRI B 7 4
B )z N AT, EO6 BRI B 4 A% R 7Y SR H A5 0
020 SRR R A AR AR OGS AT R A R gt
Bk 2R T AE = G5 T e 2R R A DT R 4 4
PEN BURDG o 25800 5 18 5 32 BOR 05 5-0, BRAR (98
B A ek 2 o EL A 5 I A ' R T I (R 9 19 ' i 5
FHYE [, T A% G2 9 't B e b4 4 1 JE vk ) i i e 22
o BN, Coy M RHE S8 G A S 1A B R 55 5 & Ak
2 WSO, S5 30 R A AT 1 9 O R i e L
Y T AR LM M i AR v e — A B, AR
SE S I T A BRI B ROCR Y ¢ B FE W (CBS) A
49 K A& (CNTs)In] DL 2o I 28 M 180 200 75 58
T A P A 9O (PR R R v, P
[Fi) A5 AR X A 552 B v R

1E 5 22 M JLAE R, 4k 4 R BRIR AL B kOB
(MXene) J& 44 2K b1 B % 09 87 B 6L, © 3% W 51 & H
A2 B 10 MXene 16 2E N M, X, T,
(n=1~3), H " M J& it ¥ 4 J& (Sc, Ti, Zr,Hf , V,Nb,
Ta,Cr,Mo %), X J&fk 8 & , T, % 7n & i E g 1 (4
W-0OH,-0,-F %)12 7§ MXene [ 4L 8 544 n+l
JEM % n )2 X IR IMX],M, MXene % UL il £
J5 W 2 T8 R Tl 20 B R i 2 K R S R S B
(B0 57 29 4 J8 2 LB, B R MXene 25 #4191
X RHE VR 2 GUER R BLIE T R AR PR R el
e T N N A R VT RN o o | i N
JERF 0TI SR, MXene BHREAY AR 42 M6 25K
JO7, 0 J2 o BR e AR M AT R TR A5

3CH 5 T — BB B MXene #1ORL B% 1k 4K
(Ti,CoTx) 48K 7 43 #0916 R W 250z K 5 g 7 AL
il A HAREOE Z FHHR N & T Ti,CoTx 40K A
AEOR AR MmN, & BUHAE 532 nm A1 1 064 nm
FIL O S G 6 PR M R 3 D A ORI R R
MBS RN, R B AZ MR I 0 BRI 8 B R R T
R MW . 515 0 G BRIE MR Coo HEER, TiC,Tx
Aok R AT G R R AR e 1z P K 98 A G L
J2 Uk AT R R PR S MRE 22 A S — TR AL A gl

KOt R AR
1 Hmpfl& RIESAERIESLE

SCHE ST T — OB B 4 40K B R Ti,CoTx 1Y
SRR R L BT Ti,CoTx Ak H b 2 24540 )5
J£ 4 100~200 nm, F¥HEAHN 1 wm, ¥ 50 mg
Z 2 Ti,CoTx K i 43 # T 20 mL 19 £ 8+ K, JF
TE VKIS holE 75 AR B 2 h, fie 20T 3RS 4 A0 Fa s 1Y o0
W, K AR A BOR E T 2 mm R0 A9 A
AT AN ER O Z A AR O LU 1R S [ B
il 25 T Co H R W, 8 2 8 8 3 7 0y Lo ], il
TiyCoTx 41K R 43 WO A Cop H R W M 358 5
¥1°8 65% .,

SCE R E ek HGE S H F BB (TEM) X
Ti,CoTx 40K T8 S A7 AL, T ik FAL AR o H A
H - #k 202 4k A2 75 1) JEM-F200 i 81 i+ 2 Sl 5%
i 3 i PR R T S AR T UL I R R Y AR A5 A
KM H A B HE X 520 5L (XRD=7000) % 44 K Jv
A VR 5 40 BEAT 43 BT o

FIFH 9R B2 806 Z 305 B AR B 5% b R ) 0 B R Ry
PR R me AL L 3 S B R R B 99 FD Nd:YAG ¥
Y% B Continuum 2 & A2 77, Wit k%€ 10 ns, &
ZHR 10 Hz, 3K 1 064 nm B9 44 F0 #0% k o | 38
UG AT 345 532 nm B9 O ko, B IO
Jik wh oy 3 265k 20 em MEEE B B R AR, MR R
TI W 3 5 RE S O Bk ek E I R AR DN RE
TR IT MBI e b, i SUBRES
SWOLE S Z R BE R, W] AR5 W] BE & % B R AF
DUAE & (0 AR 2tk 3B a0 36 Ak, 4R B R A e
e o AL, 7E -5 WOG AL R 7 I I S 30°467 B AR CE D
HL AR, R T A M R O B A G B A
it Ab e 2 2 BE AR O &

2 TRHERSIE

2.1 BMUKKERSEH

S B Je R TEM WL T TisCoTx 40K A i
B, WK 1R, TLCTx Kk i FEUZLZE R
GERA I, P R ) T AR RS R, 1 TR A
Bl T Ti,CoTx 412K 1 19 &5 4 B TEM E% 5 M i%

b103002=2



bl ok TAR

% 11 4 www.irla.cn % 48 A
Fldnr LA a0k F B B 0 SR g5 4, 45 2 BT AR 758 R (Z=0), Ti,CoTx A8 K Fr 40 SO 1Y

S T B 0.25 nm, 5 Ti,CTy (011l I B 5
A,

200nm

B 1 Ti,C.Tx 49k K ity TEM JE % &, 4 I8 Ay w5 43 9 TEM B 1%
Fig.1 TEM topography images of Ti;C,Tx nanosheets,

illustrated as high resolution TEM images
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Fig.2 XRD pattern of Ti;C,;Tx nanosheets
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Fig.3 Z-Scan curve of Ti;C,Tx and Cq(wavelength 532 nm,
input energy 120 plJ)
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Fig.4 Optical limiting and scattering curve of Ti;C;Tx and Cs,

(wavelength 532 nm,input energy 120 wJ)
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Fig.5 Z-scan curve of Ti;C,Tx and Cq(wavelength 1 064 nm,
input energy 120 pJ)
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