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Research Progress in Laser-Controlled Optimization of Noble Metal
Nanocomposite Configuration and Light Excitation Application
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Abstract Inrecent years, as a novel strategy based on the excitation mechanism of photon-matter interaction, laser-
controlled optimization of noble metal nanocomposite configuration can not only effectively construct multifunctional
nanomaterials with clean surface, but also obtain metastable phase composite configuration which is difficult to
achieve by conventional synthesis methods. Therefore, it has significant advantages in many frontier applications. In
a simple liquid phase environment, this strategy mainly generates high-temperature and high-pressure metal plasma
by focusing a high-power pulsed laser beam to ablate target materials, and then instantaneously cools and nucleates
under the thermodynamic non-equilibrium state, thereby constructing various unique nanostructures. In addition,
making full use of the high photon energy of the short wavelength laser beam, this strategy can also excite the
substrate material to produce hot electrons, which can be used as a unique reducing agent to realize the reduction of
metal ions in the surrounding solution, and finally grows multi-morphology metal nanostructures on the precursor.
By adjusting the laser liquid phase irradiation parameters, the surface atom microscopic morphology of the optimized

noble metal nanocomposite configuration can be effectively adjusted to make it have excellent light excitation
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performance, and then it is widely used in surface enhanced Raman scattering, photocatalysis, near infrared strong

absorption, and other application areas. In this paper, the controllable synthesis mechanism of the laser-induced

liquid-phase strategy is summarized based on laser-induced optimization of metal matrix nanocomposites, and the

potential applications and future development trend of laser-controlled optimization of noble metal composite

configurations are prospected.
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Fig. 1 Main mechanism of pulse laser ablation in liquid solution. (a)-(e) Evolution of pulsed laser ablation in liquid solution

with time (take nanosecond pulse laser as example)[‘m (f) main stages and their corresponding real-time images of laser-

target-liquid system for each laser pulse' ™

; (g) laser-induced plasma and cavitation bubbles on Pt wire in water'”
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Fig. 2 Four chemical reactions occur inside the plasma and liquid and at the interface between the plasma and the liquid™*.

(a) In the laser-induced plasma, reaction clusters are target plasma; (b) in the laser-induced plasma, reaction clusters are

target plasma and liquid molecules; (c¢) at the interface between laser-induced plasma and the liquid, reaction clusters are

target plasma and molecules of the liquids; (d) in the liquid, reaction clusters are the target and molecules of liquid
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Fig. 4 Distinctive morphologies of nanostructures synthesized by laser liquid phase ablation. (a) Zinc hydroxide/dodecyl sulfate

nanostructures ' ; (b) PdO nanosheets™'; (¢) Fe,C superfine fiber”™'; (d) Cd monodispersed quantum dots ™';
(e) MnOOH nanowires™”; (f) chestnut-like Fe,0,@C@ZnSnO; core-shell hierarchical structure™’; (g) Cu;Mo,0,
nanorods'™’; (h) Ge-doped «-Fe,O, nanosheet™'; (i) ZnMoO, nanoflowers'™; (j) AgCl cubes; (k) urchin-like

7ZnSnO4™; (1) Ag nanoplates™™"”
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Fig. 6 Various composite nanostructures with metal substrates synthesized by electron-hole pairs generated by laser irradiation in
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Fig. 7 Nanocomposites with metal substrate synthesized by LSPR effect produced by laser irradiation of noble metals. (a) EM-
field-induced coherent localized oscillation of electron cloud" ; (b) hot carrier generation and corresponding absorption
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spectrum of plasmonic metals”’; (c¢)—(h) plasmon-driven synthesis of various Ag nanostructures '*'*; plasmon-driven

124]

synthesis of Au nanosheets*’: (i) diagram of photochemical growth of Au nanosheet; (j) scanning electron microscopy

image of Au nanosheet after irradiation
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