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Fig. 1. Schematic illustration of different kinds of typical ultrathin 2D nanomaterials2.
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Fig. 2. Optical limiting mechanisms: (a) Nonlinear scattering; (b) multi-photon absorption; (c) reverse saturable absorption;

(d) free-carrier absorption/!!l.
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TR T 5 5 5h g 2 R e AT SR A L e
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OL HLFE £ ZJE NLS, 1M v i PE i A 88 S = Afmd
Wi BRI HLBEE: NLA (JGHUE TPA HLEE) A
NLS HLHE L [FAE .
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£ 2016 4F R R MR 7R SCFE 1 b ARG 5
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JrAER 1) 1 RIS 1 R R SR 1 2 SR T T, AR SOA
R W, (LA R ZEA 4. Girisun
45135 JGE T ARE He ] Au-Fe,O4 (15 wt%, 25 wt%,
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hene oxide, RGO) 41Kk & &5 # ¥ Au-Fe,05-RGO
1E 700-—900 nm KFP Pk O BEEBFT BY 6 R 1 1
fie, WA 3 Frzx. FH 700, 800 1 900 nm it 5 18
HF, B okHAR 2 B S8 i RSA 55 g X [k
ATRVE I, 15 wt% L fil#8 4% 1) Au-Fe,05-RGO 7
700 F1 800 nm OB A AT F AR R R M R,
MAE 900 nm FOCHRMET, 15 wt% Fl 25 wt% A
FHIE A TERR IR BE. ZFF IR T JoHL 4 8 4Kk
T 118 2% 1A 55 5 T A PR S50 X 16 B i 14 1 1) 412 F
YER, 383 67 AN ] o B TCA LA KR T 3 47 580
Fei, AT LASE IR E T 2T AN X I A L e v
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Fig. 3. (a) Synthesis of Au-Fe,04-RGO composites; open aperture patterns of the samples at (b) 700, (c) 800, and (d) 900 nm/?.
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T S LA A EL o T RN AR R Ml g
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(4 [ 5 DMF 4> 8 B8 (1) ZnTNP-PAES; (II) GO; (I1I) ZnP-GO; (IV) PF-GO; (V) PF-RGO; (VI) ZnP-RGO);
() 532 nm Al (f) 1064 nm Jik H#os T FF AL 2474 i 2k B9

Fig. 4. (a) Synthesis of GO-Pt-1 and GO-Pt-2; (b) typical open-aperture Z-scan data and (c) optical limiting performance of the
samples at 532 nmP7; (d) schematic illustration of the structure of PF-GO and ZnP-GO (insert shows the photographs of disper-
sions in DMF: (I) ZnTNP-PAES; (II) GO; (III) ZnP-GO; (IV) PF-GO; (V) PF-RGO; (VI) ZnP-RGO.); open-aperture Z-scan
curves with normalized transmittance (open symbols) and scattering signal (solid symbols) for the samples at (e) 532 and
(f) 1064 nm/0.

184201-8


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 18 (2020) 184201

) —Y° o
B . B Br
© o\, @ Pd(PPh3>4, P
K>CO;
| —_— .
PRGN
B
Br 1 Br 9

r
Br Br

PAHFTP

(&) bl b2
1.0+ (b1) 300 F 532 nm )
=#— Annealed PFTP-RGO/PMMA
—e— PFTP-RGO/PMMA
0.8¢ —+— RGO/PMMA
S| T 200}
2 2
5% g
E g
g 532 nm S
504t =
z. s RGO/PMMA o 100 f
* PFTP-RGO/PMMA
0.2} & Annealed PFTP-RGO/PMMA 3
0 i i 0 A i i i
10-2 10-1 100 100 150 200 250 300
Intensity/GW-cm~2 Excitation pulse energy/pJ
1ol (b3) 1064 nm (b4)
’ 400 o Anncaled PFTP-RGO/PMMA
—a— PFTP-RGO/PMMA
0.8t ~ —a— RGO/PMMA
&~ |
9 g 300
s Q
= 0.6F g
<
: g
S) g 200
& 0.4 1064 nm
+ RGO/PMMA
« PFTP-RGO/PMMA
0.2+ & Annealed PFTP-RGO/PMMA 100 r
102 To1 100 150 200 250 300

Intensity/GW-cm—2 Excitation pulse energy/pJ

B 5 (a) PFTP-GRO BY& MUKLE; (b) SEERIBMEREMZE, Hirh (b1), (b3) 7E 532 H1 1064 nm AL 5 U — 4k 175 5 5 Bifi A S 380058 )
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Fig. 5. (a) Synthesis of PFTP-RGO. (b) Variation of the normalized transmittance as a function of input laser intensity for the
films: (b1) at 532 nm; (b3) at 1064 nm; the corresponding (. coefficients as a function of the excitation pulse energy (b2), (b4)P7.
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Fig. 6. (a) Top view of the puckered honeycomb lattice of
black phosphorus; (b) lateral view on the lattice in arm-
chair direction. Insets: BP lattice with a six-membered ring
in chair configuration highlighted in red; scanning tunnel-

ing electron microscopyimage of the BP lattice 142
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Fig. 7. (a)—(e) Typical open-aperture Z-scan data with normalized transmittance as a function of the sample position Z for the

samples embedded in PMMA matrix under the excitation of 6 ns pulses at A = 532 with different energies. The solid lines are the

theoretical fitting results. (f) Structure of BP:Cy blends®.
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Fig. 8. Open-aperture Z-scan fitted data of (a) BP-Big and (b) BP-Small; (¢) NLO response of BP nanosheets with variable sizes
BP-Big and BP-Small as a function of pulse fluence); open-aperture Z-scan results of the BP dispersion for nanosecond pulse excit-

ation at (d) 532 nm and (e) 1064 nm and femtosecond pulse excitation at (g) 515 nm and (h) 1030 nm; (f) open-aperture Z-scan res-

ult and (i) corresponding scattering signal of BP dispersions at a 532 nm ns laser(?.
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Fig. 9. (a) Schematic illustration of the fabrication F,PcZn-BP; (b) (I)-(III) typical open-aperture Z-scan data of the samples and

(IV) variation in the normalized transmittance as a function of input laser intensity for the PMMA-based films at 532 nm/°.
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Fig. 10. Open (a) and closed (b) aperture Z-scan measurements of h-LiMoS, and MoS, at different input laser power, indicated at

58]

the top left of each curve, showing saturable absorption and self-focusing behavior of h-LiMoS, at a lower pumping power®®.
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Fig. 12. (a) Synthesis of MoS,-PAN and pyro-MoS,-PAN; (b) pyrolytic process of PAN; the Mo 3 d core level XPS spectra of
(c) the non-annealed MoS,-PAN and (d) the pyro-MoS,-PAN. The 2 H and 1 T contributions are represented by red and green

plots, respectively(65-66,
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SPECIAL TOPIC—Nonlinear optics and devices of low-dimensional materials

Two-dimensional nanomaterials and their derivatives
. *
for laser protection
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Abstract

To achieve simultaneous protection against both pulsed and continuous wave (CW) or quasi-CW lasers,
significant research effort has been devoted to the state-of-the-art optical limiting (OL) materials and processes
in an attempt to achieve some measures of protection against such laser beams in the past decades. Two-
dimensional (2D) nanomaterials with a lot of unique properties, including graphene, transition metal
dichalcogenides, black phosphorus and others, have aroused the extensive research interest of many researchers.
In this review paper, we describe systematically the OL mechanisms and the recent achievements in the 2D
nanomaterials and their organic/polymeric derivatives for laser protection. In an effort to sustain the advantage
of 2D nanomaterials, one can not only introduce the functional molecules or polymers to blend with them to
form a complex multi-phase material system, but also embed the soluble 2D nanosheets covalently
functionalized with organic/polymeric materials in a polymer host to form host-guest composite materials that
are expected to improve the OL performance of the whole system. All in all, an optimized complex multi-
component nanomaterial system enormously enhances the performance and applicability of OL devices. In
addition, the fundamental studies of the photophysical and photonic properties of 2D nanomaterials and their

derivatives in various solid hosts are of significance for modifying the nanomaterials at a molecular level.
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