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2 MAHEE R

% J& 3 MoSe, 1 ik 94 K & # B A 0 = 1 HE
Aot RE, FATE BT CNT/MoSea/PMMA
(KW R NG A g sissl g T
CNT/MoSe; /PMMA 5 #1355 ) NLS 1 OL £ 5E.
CNT/MoSez/PMMA 4 H1 3% B 7E e &= 4 N\ AE A [F]
(LT, NLA KK A T B SA 1 RSA 678,
IE4h, 5 CNT/PMMA 1 MoSey /PMMA A HL3%
FIEE, CNT/MoSes/PMMA 13 H1 3% 55 % B H o vy
(1) OL P B, X W] JH KT MoSes ] RSA 1 CNT 1)
NLS.

2.1 #RElIE

CNT/MoSes & &MLl & FE a0 T

1) ¥ BH AN 10—40 nm MERGIKE (10 mg) N
AE200 mL B RUEIK (B2 5 808 30%) H, H A
43810 min, HIFE] 140 °C [H9 2 h, £ [ B VAR
AR ER, BRGSO, I H 2K
%, B TE RSB TN T

2) ¥ EHEE ¥ (500 mg) £ A4 T 500 °CiR
K 4 W15 5] MoOs 44K ik

3) HH0K (30 mg) B 5 mL /K& WA, i
752 min 5§ B 36 h, fERR 780 AR,

4) F e S IF HOBRIA K (10 meg) A1 MoO; 44K
WKL (30 mg) IN %) 35 mL 2B /KB A E B, R
JEHE S 20 min, ZJE MR 30 mg WA KA MG
75 mL #1300 mg R 2, JEI 2445 HE 30 min 8.2 5%
5;

5) $HR VA MEE R B 50 mL AFAN RS,
TFE 200 °C [ B 24 h, 55 S EHRAHF =
T, ¥ e S e A B T B O IR, FEFH 7R
TR FNTEIK LB Hes, B fE 2560 °C %4 FTF
524 h.

CNT/MoSes/PMMA A #1 3% 3 1 #1 % i #2
R

1) BUH S 5 T (0.03 g) 2 HLAE F L TR 4 R
I (MMA) (10.35 g) 1, Hrh MMA 2R 6 HUR
FH 5L P 0 2 P S (PMIMLA), 8 IN3& & CN'T /MoSe;
HEMEL =T, Je# A 10 min, K5 FHHE
40 min, Z J5 FRIRA YN 75 °C 7K Hm#k
30—35 min, H 2530 FRECRD T L

2) K45 2 (1) SR BCR P JFBON — AT 14 (1 3 384
B, KA B B A IRAE 45 °C R TR 10 by £
H AR A 2 = IR 15 3 CNT/MoSey /PMMA £ KL
B, TSR BEE N EEEZ09 1 mm.

NT 5 CNT/MoSey /PMMA £ H1 3 55 X} L,
WA L3k 7, ASGEH] % 7 CNT/PMMA Al MoSe, /
PMMA G HLIEH. AT {# CNT/MoSey/PMMA, CNT/
PMMA Fll MoSe, /PMMA 5 #1135 55 A HHIT i 2%
PESZE I 2, £ 136G i B2 R 9K F MoSeo IR 553
AN 1.5 mg 5 mg.

2.2 MRIFRIE

Bl 1 (a) F1E 1 (b) 435I 4 CNT /MoSes & A #4
BHG 3 T B (SEM) Al 2 HE R 4 e 1
BB (HRSEM) E4. w] LR EL, MoSep 49K
B A S AR E R E B 1 ()M
1(d) 43 5l S 4l B 44 K 5 A MoSe,, 1) SEM E4,
5 CNT /MoSes #H b, 4l i 48 2K 4 1) 32 T 9F Ok
. B 1(d) 2R H MoSeq 91K v 45 5 £ 5k R ik 20
KGRI T REUTEERME. B2 (a) MIE 2 (b)
BRI & CNT /MoSey & & #4 K} 1) 3% 5t #1127
Bt (TEM) H 15 73 #¥ 2233 5 #1254 8% (HRTEM)
F1&. BEA/NF 100 nm A E R~ AN 3 nm JE
JE (1) MoSeo 942K F 5 % 2B KAETE B 9K 11 3R
[l L. 75 CNT/MoSey B &M KL (K 2 (c)) MIEX H
TH74F (SAED) & Hp i 28 1 W 42 51 7 Bk 9K 5 A
MoSes [IATH I, T %A B A 45 ik
KA F1 MoSe,. 1 HRTEM B4, FRic (AR AR
& 2% SO AT 43 3108 0.35 AT 0.64 nm, 43 51 % B T
4K A MoSey (11 (002) TH.

Bl 3 (a) o T EBOGIEK N 488 nm (1)l & %
K, CNT/MoSe, H & # KL B4 K & F1 MoSes
BRAR I B 2001, XF T MoSes 402K J, 7 152 f
242 cm ! bR 3 56 BT MoSes [ Eqg A1 A1
AL 3t F K, 2 g AT 2 1346 A1
1581 em~ ' 4b, 7 AR FFIEED MG, G Y
SRFE ST D, REBYKE A B REER
i 07 75 CNT/MoSey 5 & #4 8 B1 2 e 1 o
MoSey H1 ik 49 K & FA) Ry AiF U6 375 W 7T D, 4iE 5% T
W 9 K A8 M MoSep S A7 I DI B &, SR I Al H
Shimadzu UV-2450 J't 1% 43K Wl 5 CN'T /MoSe, Al
MoSes 7K (0.1 mg/mL), CNT/MoSe; /PMMA,
CNT/PMMA Fl MoSey /PMMA 5 #1355 1) 45 4 -
Al WA TE (UV-vis). #R#E Tauc #7, 7T LR
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A (1) SR R (B,) 18 K n o E T OCIRICH A RR E BT ERIE R S 4L, X
ahv = A(hv — Eg)", (1) B on=1/2. (chv)? Xt hv 3o = 0 EIFIELH 77

K o AR REG he JETHIBER; A VLRI e T B (13 (b)). 11545 3] CN'T/MoSes

1 (a) CNT/MoSes SEM El{%; (b) CNT/MoSes HRSEM EI{%; (c) 44K E SEM K {%;

(d) MoSes SEM K%
Fig. 1. (a) SEM image of CNT/MoSez; (b) HRSEM image of CNT/MoSe2; (c) SEM image

of CNT; (d) SEM image of MoSes.

CNT (002)

MoSe»(100) _

N ™

B2 CONT/MoSes EAMEHEMIFE  (a) TEM E{%; (b) HRTEM EI%; (c) ¥ X B TATH 1E;

(d) HRTEM &
Fig. 2. Sructural characteristics of CNT/MoSe2 composite: (a) TEM imag; (b) HRTEM

image; (c) SAED pattern; (d) HRTEM image.
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3 (a) CNT/MoSez, MoSes 1 CNT (1] 4 2 Y& i%; (b) CNT/MoSes Fil MoSes /K K 1) UV-vis Y i%; (c) CNT/MoSea/

PMMA, CNT/PMMA # MoSez/PMMA HHUHIE K UV-vis Y i

Fig. 3. (a) Raman spectra of CNT/MoSez2, MoSez and CNT; (b) plots of (ahv)? verse hv for CNT/MoSez and MoSes
aqueous solution; (¢) UV-vis spectra of CNT/MoSe2/PMMA, CNT/PMMA and MoSez /PMMA organic glasses.

Fl MoSes, 717 BRHEZ) N 1.5 eV, 1X & B MoSe, )
MR A HORE A R 9 BB AN K E LT R B
i) CNT/MoSe, It 415 B, K3 (c) &~ T CNT/
MoSes /PMMA, CNT/PMMA #1 MoSe, /PMMA
B LB B ) UV-vis e ik, 7F 9% 4 300400 nm,
=R RE B A A AL PMMA W Wi i 091, CN'TY/
MoSes/PMMA H 1 3% 35 1t % % & K F CNT/
PMMA F1 MoSey /PMMA £ L3 35 R G

3 HRMITH

CNT/MoSe; /PMMA, CNT /PMMA F1 MoSe, /
PMMA A HLBES 6 2 R L VLA OL R3] H T
F Z-F BRBEAT W I, 7E 2 Bl 10 10 U £ O
Je 9 ARSI A Nd:YAG #0t R 48, H~ 4k
0 O6 Bk 95 6 ns, K532 nm, EEEN
1 Hz. Jkb 06 % N S D) 208 i je & 0k (J-
10MB-LE-1110855) M43, &~ AL I A B4
47 um, NSFHEHE e E Va2 25155 pd (%
N UG AB Y 50 0 ] 1) 2 2 121—747 MW /em?), %
T CNT/MoSe, /PMMA 7 H1 3% 35 (1) 452 14 B (£
1.5 GW /cm?).

3.1 FREMEIRUIERE

K4 (a) Box TS A BERE 68 pJ I CNT/
MoSes/PMMA, CNT/PMMA Fi MoSes/PMMA
A LIS 73 0l B ok B2 NLA 26 (O6F B2 0 % A\
WE{E 58 Iy = 320 MW /cm?).  7E 4977 %14 T,
CNT/MoSey/PMMA F1 MoSes /PMMA A #1 3% 3

RO SA 345 5 RSA HIPERR, 1 CNT/PMMA
A3 HL 38 0 % B0 RSA R M. 78 = AN FE R,
CNT/MoSe,/PMMA  H1 3 #5 1] NLA ffi 2k 1) 2%
REE IR, W5 CNT/PMMA fl MoSe,/ PMMA
A HLE I A B, CNT/MoSe, /PMMA £ H1 3 75 2
L SR NLA YRR, D8 7 0F 5080 N B 2 K/
%f T CNT/MoSea/PMMA F #Hl % B (1) NLA 4§ M
(52, R RE S E R — A B AT A, B
ok F25 i) 5 0 RN R 2D N B e B B4 (b) BR
THINBERE N 11—68 pJ 1) CNT/MoSes/PMMA
H ML 5 9 NLA #h 28, 76 % N\ BE & N 11, 16,
34 uJ i, CNT/MoSey/PMMA A HL 3% 54 % B H
SA, B NREE I, NLA il 2 1) 0 5 S 1
RJG /N 2 N BE 2 I $) 44 pJ i, CNT/
MoSes/PMMA A #1 3% 38 7F 46 38 B tH M\ SA #%
FIRSA MHRFPE. %0 N\ e & A I 5 n 3 54, 63,
68 wJ i, CNT/MoSey/PMMA 15 ML 3 55 /5 48 %
I M SA B # B RSA X — 45 M, I H 8 &
BN BE B BT AR U BRI . L4k, 1E
63 F168 pJ W% AN BE&= T, PIAS A HUR JE 20,
F W CNT/MoSe,/PMMA A HLIE I /E 68 wJ 1%
AN BEE T P46 R 90 R RSA. N T WL,
MoSez /PMMA 4 HL 335 1) NLA. il 25 52 75 fiy A
REE N 11—68 pJ M 2614 N IAS 9, an &l 4 (c) Br
N, FE11F168 pw) BT NBERE T, MoSes/PMMA
AP RILSA, JF Him A GER v 11 pJ B-INLA
i 2 U8 SE L N AR N B 34 pJ i,
MoSez /PMMA A LI 35 T4 2 B HE N SA % 46 3|
RSA MILG. ¥ Naes AW n2l44, 54, 63,
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68 uJ BF, MoSey/PMMA A HLIE 548 B HH M
SA B RSA (64, I H A 15N B &= BT 4=
BABIRNAY. 5 CNT/MoSes /PMMA 47 H13 75
FHAL, MoSes/PMMA H LI 1E 68 pJ 1% A RE
NI IR I H AT RSA.

N T RIS NLA 2%, JEid 5 SA FIRSA #H 5%
FRABE TR o Hfr sk 36 i 04200, i mlie SR 8 oo (T) 7T BA
ﬁ%y\] [14,2()]

Qo

a(I):m‘FﬁIa (2)

b o AL IERIS R B T NBOGTRE; I, A
SREE; B ONNLA R2%. Uk, 454 (2) g 11420

_ Q) +°°n 2)exp(—12)]dr
7(0) =<2 [l + ) expl(—r

3)

Ve
Q(z) =explagLI/(I + Iy)]q(z)

1.6

(a) E=68 nJ
1.4 4

1.2 A

1.0 +

0.8{ = CNT/MoSe;/PMMA
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MoSe;/PMMA

Theoretical

0.6 4

Normalized transmittance

0.4 4

—-120 —-90 —60 —30 0 30 60
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1.6
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1.4+
1.21
1.0 1

0.81 o« E=111J
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E=34nJ b v E=44p)
0.61 o E=54pJ /|  « E=637uJ
o E=681J
041 — — — — — — Theoretical
—-120 —90 —60 —30 O 30 60

z/mm

= BIoLeg/(1 4+ 22/22), (4)

Hp Iy v s A G DG 58 JE; Leg = [1 —
exp(—aoL)]/og NFE A R B LOYFE )
B (ARSCHAT ARSI L =1 mm); 20 = Twg /A
NEGMACEE, wo NAREEAE, X AASHOERIBEAK.
Bl 4 (a)—(c) T SEZR IR (2)—(4) 2 iR 4805 i
2. W UV-vis ) 1% 153 2| ) CNT/MoSes /PMMA,
CNT/PMMA Fl MoSey /PMMA 5 ML B B 7E N =
532 nm &b 1261 3E 1k % Ty S 65%, 72%, 75%, o
N4.4,3.3,28 cm . M (2)—(4) X, BRI AR
68 puJ 1 CNT/MoSes/PMMA, CNT/PMMA
A MoSe, /PMMA GHLIIER] B A I f1HEAE, 51
T 1. CNT/MoSey/PMMA A HLEHE 1 B {8 5>
5| e CNT/PMMA Fll MoSe, /PMMA 1 H1 3% 55 1)
BAEKR 2.6 F12.7f%. {HZ, CNT/MoSes/PMMA
WU S I B 5 /.

1.6

(b) CNT/MoSes/PMMA
1.4 >

1.24

1.0 4

081 v p=11 nJ

Normalized transmittance

E =34 pnJ vE=44 nJ
061 e p=54yJ * E =63 ]
e =68 pnJ
0-47 —— — — — Theoretical
—120 —90 —60 —30 0 30 60
z/mm
800
(d)
600 ~
T
Z 400 -
Q
LE) 200 +
—~
)
04
—= CNT/MoSey/PMMA
—200 1 —— MoSey/PMMA
—400

10 20 30 40 50 60 70
Input energy/nJ

4 (a) CNT/ MoSez/PMMA, CNT/PMMA Fl MoSes/PMMA H HLIEIE HIFE N SHEHAGER N 68 1w I 9 NLA
HZEXFLE; (b) CNT/MoSes/PMMA H HLEIREA R A BEEM (] NLA #1£k; (c) MoSe2/PMMA A HLBIELEA RSN
AE BT 9 NLA #h£k; (d) @il iR b CNT/MoSez /PMMA il MoSes /PMMA A HLBFE K NLA 2%

Fig. 4. (a) Comparison of NLA curves among CNT/MoSe2/PMMA, CNT/PMMA and MoSez/PMMA organic
glasses with the input energy of 68 pJ; (b) NLA curves of CNT/MoSe2/PMMA organic glass with different input
energies; (c) NLA curves of MoSea/PMMA organic glass with different input energies; (d) comparison of NLA
coefficient via the input energy between CNT/MoSes /PMMA and MoSes /PMMA organic glasses.
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£ 1 1£532 am B ILMEE T Ty LRI RE o, FIHIANGER N 68 uJ [fI CNT/MoSes /PMMA, CNT/

PMMA 1 MoSe2/PMMA HHLBIEN B Is FIH5{E

Table 1. The comparison of linear transmittance Ty and linear absorption coefficient ag at 532 nm, and
nonlinear parameters Is and § among CNT/MoSe2/PMMA, CNT/PMMA and MoSez/PMMA organic

glasses with the input energy of 68 pJ.

Samples To ap/cm™ Is/MW-cm~—2 B/cm-GW~1
CNT/MoSez/PMMA 65% 4.4 8 630
CNT/ PMMA 72% 3.3 13 240
MoSe2/PMMA 75% 2.8 10 230

#2 CNT/MoSez/PMMA G HLIEHLEA R4 fE
i I A 8 fH
Table 2. Values of Is and 8 of CNT/MoSe2/PMMA

organic glass with different input energies.

E/uJ  Ip/MW-em™2 I /MW-em™? B/cm-GW™!

11 53 53 —-35
16 75 53 —-38
34 160 53 1

44 210 8 53

54 260 8 280
63 300 8 620
68 320 8 630

B A A [ i N\ BE & 1) CNT/MoSez /PMMA
F MoSes /PMMA A H1L3% 54 (1) B F1 I 1o 5 AH 5
WA T2 M E 3. BE A& N Be & 15,
CNT/MoSes /PMMA A HL 3% 35 ¥ 64 %6 AR 5 T+
B MINBERCN 11, 16, 34 pJ B, I, = 53 MW /em?.
HINBEE N 44—68 uJ I, I, = 8 MW /em?. #H)%,
MoSe, /PMMA A LI B 18 K6 fin N\ e & 13
I Rn. I, = 10 MW /em?, B 5\ BE & 1)1
I ORFFANAE.

te4h, W4 (d) 7T EUE H, M4 N REE KT
47 uJ i, CNT/MoSey/PMMA A HLBE I B 1H K
T MoSe,/PMMA A HLEFEM) B A, fEHIABEREL
fiK(E = 11, 16, 34 pJ) @I AL, CNT/MoSey/
PMMA 351 SA F 22 i T CNT Hl MoSe, H 2
A ERE AR (B = 4468 uJ) 150
T, M SA #4 B RSA REE 5 1% 49K B A1 MoSe,
{18 1 245 MR SC R 5 S R AT 22 T £ 5 4 DA R Bl 400 oK
& 5 MoSey Z A ST AW ISCA 2%

CNT/MoSez/PMMA 1 Hl 3% 55 1 3 38 NLA
P4 BE 7T V9 AT CN'T A1 MoSey 22 1] 2 2 (1 0 7] 1

#3  MoSez/PMMA F LI AE AN [F] %y N\ fe & I 1 I
EUNCE)
Table 3. Values of Is and 8 of MoSea /PMMA organic

glass with different input energies.

E/uJ  Ip/MW-em™2 [ /MW/cm™? B/cm-GW™!
11 53 10 —49
16 75 10 -10
34 160 10 120
44 210 10 150
54 260 10 160
63 300 10 220
68 320 10 230

DS W, BRAUKE T C=C W IAF Rt T
FE 588 B [ LT, X R DA 5 NLA P53 [ 3
IR, MoSeq 41K v 1) JZ AR 45 # A e i $ AL 3K 1)
AR US'E, T7 H BE L T = T A 3R 1
TR, XAl LSS NLA YA B 5 19, K5,
Tk 409 K R MoSeq 2 1] 1) S THT AL 17 5 7% 401 1] ¥R Ao
HY, XK S BT A g 0515, R R &
(8 [ VE F 5 30 CN'T /MoSey /PMMA 45 H1 3 55 1)
NLA 1ERE 3G 5.

3.2 SEiRMEMERE

CNT/MoSez/PMMA 75 #1355 1) SA 5 11 A
AN SA % 6 g RSA (1 5 1 2 B HC 78 D' BR i 25 A1
BB/ QEOL# Tk R A WTER R A Pl 5 (a)
& 7”8 7 CNT/MoSey/PMMA, CNT/PMMA Al
MoSey/PMMA A Hl 3% 55 # OL 1 §E.  7E =M
i FF, OL W N K A: CNT/MoSe;/PMMA >
CNT/PMMA > MoSey/PMMA. A T # — 3 4
HT CNT/MoSe,/PMMA 7 #Hl B ¥4 1) OL ML, 3K
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Abstract

Because MoSes has broadband saturable absorption, and higher nonlinear refractive index. Compared with MoSa2,
thin-layered MoSes possesses very attractive properties, including narrow bandgap, low optical absorption coefficient, and
large spin-splitting energy at the top of the valence band. The narrow bandgap and low optical absorption coefficient
could make MoSez more applicable than MoSz. And the tunable excitation photoelectric effecthas great potential
applications in the fields of photoluminescence, phototransistor, solar cells, nonlinear optics and other aspects. However,
pure MoSez has high photogenerated recombination rate, thus limiting its applications in some optical fields. By
designing nanocomposites of MoSe2, the photogenerated recombination rate of these materials can be reduced and their
application field can be broadened. In this work, MoSes nanocomposites are prepared by simple methods. The two-
dimensional layered MoSesz nanosheets are combined with nanorods. By integrating the surface effect, small size effect and
interfacial effect of CNT, the optical nonlinearity and optical limiting performance of MoSes composites are improved.
The CNT/MoSez composite nanomaterials are first synthesized based on narrower band gap and lower light absorption
coefficient of MoS2 than those of MoSez by growing MoSez nanoparticles on the surface of CNT through a solvothermal
method, and then is dispersed in methyl methacrylate (MMA) to prepare an organic glass by a casting method, and the
MMA is polymerized into poly (methyl methacrylate) (PMMA). The nonlinear absorption (NLA), nonlinear scattering
(NLS) and optical limiting (OL) properties of the CNT/MoSez/PMMA organic glass are studied by the modified Z-
scan technique for the first time. The CNT/MoSez/PMMA organic glass exhibits the saturable absorption (SA) and a
changeover from SA to reverse saturable absorption by adjusting input energy. The experimental results show that the
CNT/MoSe2/PMMA plexiglass exhibits better anti-saturation absorption and higher optical limiting properties than
MoSez/PMMA and CNT/PMMA plexiglass. Besides, the NLA and OL properties of the CNT/MoSez/PMMA organic
glass are enhanced compared with CNT/PMMA and MoSe;/PMMA organic glasses, which can be attributed to the
existence of the C=C double bonds in CNTs, the layered structure of MoSes nanosheets, and the interfacial charge
transfer between CNTs and MoSez. And the results demonstrate that the CNT/MoSe2/PMMA organic glass is very

promising for optical devices such as optical limiters and mode-locked/Q-switched lasers.

Keywords: MoSe; nanosheets, composite nanomaterials, optical nonlinearity
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