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Advances in pulsed laser synthesis of nanoparticles in liquids

Certainly, when Richard Feynman outlined his vision of the prospects of nanotechnology in 1959 with his legendary speech
“There is Plenty of Room at the Bottom”, no one would have thought of where we are today, only 60 years later. In the 21st
century, nanoparticles (NPs) are found almost everywhere and are pervasive in science, technology, and our everyday lives. In
particular, in the last two years, some of us have come in contact with one of the nanoparticle-based technologies-the lateral
flow assay test systems for rapid coronavirus diagnostics. Here gold nanoparticles (Au NPs) are decorated with antibodies that
can capture/detect the existence of targeted molecules. In this example, the Au NPs can be considered as vehicles transporting
the antibodies to the targeted region in the assay, requiring a size in the nano-range for good flow behavior. Avoiding cross
effect is crucial for flow and the antibody conjugation processes, so NPs with naked surfaces are recommended.
An innovative route to produce such naked NPs is offered by a laser-based method described for the first time by Fojtik and

Henglein [1] in 1993 for a quasi-physical generation of nanoparticles free of chemical contamination-the laser ablation in
liquids (LAL). Here, a ruby laser was focused on nickel and carbon films in water, initiating the production of NPs due to the
strong absorption of the laser light. The essential basic concept of NPs fabrication is based on the local irradiation of a limitless
number of target materials in any liquid by a pulsed, intense laser beam, which heats the material in the ablation zone to the
point of vaporization or plasma formation. The productivity and properties of NPs can be controlled and optimized by many
parameters of LAL (e.g., laser characteristics, properties of the target material and liquid environment) [2]. Despite initial low
productivity, the technique continued to evolve. With the increasing power of available pulsed laser components, the mass yield
of NPs has also increased significantly, up to more than 8.3 g/h [3]. As a result, the laser-based synthesis method has become
competitive with other production methods like wet-chemical synthesis. Moreover, it enables the production of surfactant-free
NPs, eliminating cross-effects from different surface adsorbed organic molecules and expanding the range of NP-based
applications.
Nowadays, the scope of laser synthesis and processing of colloids (LSPC) goes far beyond LAL and has become a collective

term for four different approaches: laser ablation in liquids (LAL), laser fragmentation in liquids (LFL), laser melting in liquids
(LML), and reactive laser ablation in liquids (RLAL). In each of these approaches, the interactions between target material,
light, and liquid play a crucial role, requiring the alteration of various synthesis/processing parameters to achieve desired
characteristics of the NPs. However, the optimization of the experimental parameters is hindered by the simultaneous oc-
currence of different processes affecting the generation and modification of the NPs. For example, the NPs produced via LAL in
a stationary batch system can be modified via LFL induced by the same laser beam used in the ablation process [4].
Furthermore, LFL and LAL can be overshadowed by reactive processes initiated by solvents present in the liquid environment
[5]. The complexity of processes involved in the NP synthesis calls for concerted efforts combining advanced experimental
probing [4] and computer modeling [6] of processes occurring at different stages of laser-induced ablation and fragmentation of
NPs. Although a complete picture is not yet available, the field of LSPC is already having a significant impact on nano-
technology [7-9].
This Special Topic highlights some of the recent advances in the fundamental understanding of the mechanisms of laser

synthesis of NPs in liquids, the emergence of new synthesis techniques, and practical applications enabled by the availability of
chemically pure colloidal NPs. The ability of LAL of pure metals to produce a broad range of NPs and nanocomposites
structures is illustrated by many examples in the review paper by Zhang et al. [10], where a particular attention is paid to the
analysis of the connections between the synthesis conditions and the sizes, phase states, and morphologies of nanomaterials
prepared by LAL. Another review paper, by Batista et al. [11], provides the first comprehensive overview of the current state-
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of-the-art in the reactive (and, in particular, reductive) laser-based synthesis of nanomaterials, where the highly non-equilibrium
processes of LAL are intertwined with solvated electron formation and chemical reactions controlled by molecular precursors
added to the liquid medium.
Two research articles, by Guo et al. [12] and Reich et al. [13], provide new insights into different facets of the LAL process.

While Guo et al. [12] show an application perspective of LAL-produced GaAs NPs embedded in perovskite wires, Reich et al.
[13] report the results of time-resolved X-ray probing of the generation of Zn NPs in nanosecond LAL. The results of a
computational study of picosecond LFL, reported by Huang et al. [14], reveal the existence of three distinct fragmentation
mechanisms, including a new mechanism involving the inverse Leidenfrost effect and producing a trimodal size distribution of
the fragmentation products at moderate laser fluences. This Special Topic also includes two News & Views articles written by
Bulgakov and Bulgakova [15] and Reichenberger [16]. While the former gives impetus to the NP formation mechanisms during
laser processing, the latter highlights the emerging new area of LSPC, the pulsed laser defect engineering in liquids, PUDEL.
Overall, the papers in this Special Topic provide a representative cross-section of the rapidly evolving field of laser-based
nonequilibrium synthesis and processing of nanomaterials in liquids.

A. Ziefuss1, S. Barcikowski1, and L. V. Zhigilei2
1 Department of Technical Chemistry I and Center for Nanointegration Duisburg-Essen CENIDE, University of Duisburg-Essen, Essen D-45141, Germany;

2 Department of Materials Science and Engineering, University of Virginia, Charlottesville, Virginia 22904-4745, USA

1 A. Fojtik, and A. Henglein, Ber. Bunsenges. Physik. Chem. 97, 252
(1993).

2 F. Waag, R. Streubel, B. Gökce, and S. Barcikowski, Appl. Nanosci.
11, 1303 (2021).

3 S. Barcikowski, V. Amendola, M. Lau, G. Marzun, C. Rehbock, S.
Reichenberger, D. Zhang, B. Gökce, Handbook of Laser Synthesis &
Processing of Colloids, 2nd ed (2019).

4 A. R. Ziefuss, S. Reich, S. Reichenberger, M. Levantino, and A. Plech,
Phys. Chem. Chem. Phys. 22, 4993 (2020).

5 M.-R. Kalus, V. Reimer, S. Barcikowski, and B. Gökce, Appl. Surf.
Sci. 465, 1096 (2019).

6 H. Huang, and L. V. Zhigilei, J. Phys. Chem. C 125, 13413 (2021).
7 D. Zhang, B. Gökce, and S. Barcikowski, Chem. Rev. 117, 3990

(2017).
8 J. Xiao, P. Liu, C. X. Wang, and G. W. Yang, Prog. Mater. Sci. 87, 140

(2017).

9 R. C. Forsythe, C. P. Cox, M. K. Wilsey, and A. M. Müller, Chem.
Rev. 121, 7568 (2021).

10 D. S. Zhang, Z. G. Li, and C. H. Liang, Sci. China-Phys. Mech.
Astron. 65, 274203 (2022).

11 L. M. Frias Batista, A. Nag, V. K. Meader, and K. M. Tibbetts, Sci.
China-Phys. Mech. Astron. 65, 274202 (2022).

12 H. Guo, Y. Tong, H. Fan, Q. Ye, J. Zhang, H. Wang, F. Cao, L. Li, and
H. Wang, Sci. China-Phys. Mech. Astron. 65, 274204 (2022).

13 S. Reich, Y. Klügl, A. Ziefuss, R. Streubel, J. Göttlicher, and A. Plech,
Sci. China-Phys. Mech. Astron. 65, 274205 (2022).

14 H. Huang, and L. V. Zhigilei, Sci. China-Phys. Mech. Astron. 65,
274206 (2022).

15 A. V. Bulgakov, and N. M. Bulgakova, Sci. China-Phys. Mech. As-
tron. 65, 274207 (2022).

16 S. Reichenberger, Sci. China-Phys. Mech. Astron. 65, 274208
(2022).

274201-2A. Ziefuss, et al. Sci. China-Phys. Mech. Astron. July (2022) Vol. 65 No. 7

https://doi.org/10.1007/s13204-021-01693-y
https://doi.org/10.1039/C9CP05202J
https://doi.org/10.1016/j.apsusc.2018.09.224
https://doi.org/10.1016/j.apsusc.2018.09.224
https://doi.org/10.1021/acs.jpcc.1c03146
https://doi.org/10.1021/acs.chemrev.6b00468
https://doi.org/10.1016/j.pmatsci.2017.02.004
https://doi.org/10.1021/acs.chemrev.0c01069
https://doi.org/10.1021/acs.chemrev.0c01069
https://doi.org/10.1007/s11433-021-1860-x
https://doi.org/10.1007/s11433-021-1860-x
https://doi.org/10.1007/s11433-021-1835-x
https://doi.org/10.1007/s11433-021-1835-x
https://doi.org/10.1007/s11433-021-1827-x
https://doi.org/10.1007/s11433-021-1857-1
https://doi.org/10.1007/s11433-021-1881-8
https://doi.org/10.1007/s11433-021-1858-9
https://doi.org/10.1007/s11433-021-1858-9
https://doi.org/10.1007/s11433-021-1864-0

	Advances in pulsed laser synthesis of nanoparticles in liquids 

