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Abstract

Developing and exploiting applications of functional nanomaterials often require colloidal nanoparticles with
defined properties. Their production suffers from batch-to-batch variability as well as poor shelf life, and
distributors demand high prices. The conditions for innovative application research must be improved by easier
and more robust access to colloidal nanoparticles. A compact and fully automatic benchtop machine has been
developed for quick, easy and reliable production of colloidal nanoparticles. The machine uses the method of
laser synthesis of colloids, converting almost any solid of choice into colloidal nanoparticles. In addition,
different dispersants and stabilizers can be dosed, if desired. An almost infinite range of colloids becomes
available with one machine. We provide an insight into the operation of the machine and report in particular
on the high performance efficiency of the laser-based synthesis. Furthermore, we highlight the benefits of
using the device in R&D of colloidal nanoparticles made possible by the technology.
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1. INTRODUCTION

Inorganic nanoparticles represent an universal and essential resource with wide-ranging application relevance
[1-3]. Many applications require non-agglomerated primary nanoparticles with a large and freely accessible
surface area. These are generally prepared as suspensions by wet chemical methods using sometimes
hazardous chemicals. Usually, surface-active agents are required to protect the particles from agglomeration,
which in turn render access to the nanoparticle’s surface (which determine their functionality) more difficult in
applications. The syntheses are also labor-intensive and error-prone due to many closely timed steps in the
procedure. All this makes application-oriented research with nanoparticles difficult and lengthy if one does the
synthesis work oneself, or expensive and limited if one purchases the particles from distributors.

Automation enables more reliable and simpler manufacturing processes in many fields of technology. In the
synthesis of nanoparticle suspensions, however, no complete commercial solution exists to date. We are
therefore working on a fully automated laboratory machine, which will provide researchers and developers with
the best access to colloidal nanoparticles.

In the machine, we use the well-established synthesis technique of laser ablation of solids in liquids [4]. The
method offers three immense advantages over wet chemical methods: 1) It allows the preparation of highly
pure nanoparticle colloids, 2) gives access to diverse combinations of nanoparticle material and dispersant,
and 3) benefits from the high automation compatibility of laser technology. Until recently, the disadvantages of
the method were the limited control of the particle size distribution, in particular also batch-to-batch-variations
and the limited laser-power-specific ablation efficiency.

In this work, we report on the use of microchip lasers in laser-based colloid synthesis. These enable a compact
size of the laboratory machine as well as sufficiently high productivity for the use of the device in research and
development. This makes possible a significantly higher power efficiency in synthesis compared to other laser


mailto:friedrich.waag@uni-due.de
https://doi.org/10.37904/nanocon.2021.4317

2021
NANOCON October 20 - 22, 2021, Brno, Czech Republic, EU

systems usually used for the synthesis of colloidal nanoparticles. Dittrich et al. demonstrated 5-times higher
power-specific mass yield for an infrared, low-power, single-nanosecond microchip laser compared to a
standard manufacturing laser that is typically used in laser-based nanoparticles synthesis [5].

We applied another microchip laser system in the synthesis of colloidal nanoparticles and compared the power
efficiencies with previously reported ones. The laser system tested differs in particular in its laser wavelength
(532 nm) from previously studied systems (1.064 nm). It is known from the literature that shorter wavelengths
can generate smaller nanoparticles with narrower particle size distribution [6-9]. However, due to stronger
attenuation effects by the nanoparticles on the incident laser beam, shorter laser wavelength usually decreases
productivity and thus power efficiency [10,11].

2. EXPERIMENTAL

A compact laser system (ONDA 532 nm, BrightSolutions, Prado, Italy) with a wavelength of 532 nm, a laser
pulse length of 2 ns, a repetition rate of 15 kHz, and a power of 3.6 W was used to synthesize colloidal
nanoparticles. The power was measured behind the galvanometer scanner (PT-A20, PhenixTechnology,
Guangzhou, China) used. The scanner was controlled by custom software. After the scanner, the laser beam
was focused by a lens system with an absolute focal length of 50 mm. The focused laser beam was directed
onto the surface of rectangular metal plates. The platelets were placed in a chamber behind an anti-reflective
coated glass plate followed by a flowing liquid layer.

Metal plates of Ag, Au and Pt (99.9 %, R. Gotze, Berlin, Germany) were used. In the case of Ag, the liquid
used was an aqueous, 0.5 mM trisodium citrate solution (analytical grade), and in the case of Au and Pt, an
aqueous, 0.5 mM sodium chloride solution (analytical grade) was used. The fluids flowed through the chamber
against gravity at a volume flow rate of 5 ml/min. The generated nanoparticles were thus continuously carried
out of the chamber and subsequently collected. For the performance efficiency study, the distance between
the lens system and the target surface was adjusted to achieve maximum nanoparticle concentration. To
determine productivity, we weighted the metal platelets after the experiment. The mass difference was then
divided by the experimental duration of 20 min. To determine the power efficiency, the productivity was divided
by the measured laser power of 3.6 W.

The optimal distance between the focusing lens system and the metal platelet for high productivity was
determined by varying the distance in 0.25 mm steps. The nanoparticle concentration was determined
qualitatively using a UV-Vis extinction spectrometer (Evolution 201, Thermo Fisher Scientific, Waltham, US).
For this purpose, the colloids were diluted 1:2 with the appropriate dispersant and placed in quartz cuvettes.
The absorbance was measured in the range of 230 and 900 nm. All measurements were performed as
differential measurements against cuvettes filled with the corresponding dispersant.

3. RESULTS AND DISCUSSION

We have recently reported performance efficiencies of the current prototype of our laboratory machine
(Figure 1) in the synthesis of colloidal noble metal nanoparticles when using an infrared laser (1,064 nm) [12].
Below, we show corresponding data recorded using a green-wavelength laser beam source.

Since we worked with a focused laser beam, we first had to determine the distance between the lens system
and the target surface at which the highest productivity was present. For this purpose, this distance was
successively varied in 0.25 mm steps during the synthesis of the nanoparticles. At five different distances per
metal, colloid samples were taken and analyzed with respect to their concentration by UV-Vis spectroscopy.
Figure 2 (left) shows the corresponding spectra. The spectra show different extinctions as a function of
distance from the productivity optimum. In the case of Au and Ag, the characteristic surface plasmon
resonance is also noticeable. From the spectra, the absorbance at a characteristic high-energy wavelength
was extracted in the next step. Figure 2 (right) shows the data as a function of the distance between lens and
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target, normalized to the distance of maximized productivity. In the case of Au and Pt, the best productivity
was found at the same absolute position. For Ag, the position was 0.25 mm closer to the lens.

Figure 1 Laboratory machine prototype including its equipment: 3D model of the compact laboratory
machine for the synthesis of colloidal nanoparticles (left) and colloidal nanoparticles of Ag, Au, and Pt as well
as corresponding capsules for colloid production (right).
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Figure 2 Dilution-corrected UV-Vis extinction spectra of Ag, Au, and Pt nanoparticle colloids produced at
different distances to the optimum position for maximum productivity (left) and extracted extinctions of
specific wavelengths versus the distance to the productivity optimum (right). More positive distance values
represent shorter distances between lens and target.

We conducted ablation experiments with Ag, Au, and Pt at the respective optimal distance to determine the
productivity and efficiency of nanoparticle generation with the compact laser system. Figure 3 (left) shows the
achieved productivities of 33 mg/h (Ag), 50 mg/h (Au) and 54 mg/h (Pt) compared to literature values. The
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productivities exceed those we were able to achieve in a previous study with an identical experimental setup
but lower power and infrared laser system by factors of 3 to 4 [12]. However, the power of the green laser was
about 7-times higher than the power of the infrared laser. Accordingly, we were able to achieve higher power-
specific efficiencies with the infrared laser system, as also shown in Figure 3 (right). In the case of Ag, the
efficiency is comparable when scattering is taken into account. For Au and Pt, however, the efficiency of the
green laser system was significantly lower than that of the infrared one. This was probably because of the
optical properties of the colloids. While the absorption and scattering properties of all colloids should have
been negligible at 1.064 nm, there were significant differences in the optical properties at 532 nm. In particular,
Au nanoparticles absorb green light due to their surface plasmon resonance. As Figure 2 (left) shows, the
absorbance of the Pt colloid was 2-times higher than that of the Ag colloid. Despite the loss of efficiency due
to the green laser wavelength, the green microchip laser achieved a 2-times higher efficiency in the synthesis
of Au nanoparticles compared to a typical metal processing laser system, putting it in the same efficiency range
as a high-end laser system designed specifically for the synthesis of colloidal nanopatrticles.

The stronger interaction of laser light and nanoparticles in the case of the green laser could open up new
possibilities in the manipulation of the particle size distribution [13-17]. Consequently, in the next step, it needs
to be investigated to which extend in-process laser fragmentation as well as melting (or laser.induced
aggregation) under the operating conditions of the automated synthesis system.
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Figure 3 Productivity (left) and efficiency (right) of the compact laser-based synthesis of colloidal
nanoparticles of Ag, Au, and Pt. The error bar of the Ag sample represents the absolute deviation of two
experiments to their average. *: Data of [12] recorded using a microchip laser system (1,064 nm, 1 ns, 0.5
W). **: Data of [5] recorded using a standard laser system (1,064 nm, 5 ns, 5 W). ***: Data of [5] recorded
using a high-end laser system (1,030 nm, 3 ps, 480 W).

4, CONCLUSION

By an automated laser synthesis system, nanopatrticles for research and development can be produced easily,
quickly, and reliably at the push of a button using a compact (i.e., benchtop) laboratory machine. The device
can thus significantly accelerate application-oriented research based on nanoparticles in particular. The
developed laser-based synthesis technology makes the automated machine a green and sustainable
production device thanks to the greatly reduced use of chemicals compared to conventional synthesis
methods. Note that atom yield (the consumed material that is converted into nanopatrticles) of laser synthesis
is 100%, unreached by wet chemical synthesis. Further advantages for research and development result from
the wide-ranging possibilities in material selection. For example, the machine can not only reliably produce
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nanoparticle colloids of standard materials, such as Au nanoparticles in aqueous suspension, but can also
make innovative materials accessible, such as alloy nanoparticles for catalysis or biomedicine. The previous
shortcoming of low efficiency of the laser-based method could be eliminated by using power-efficient microchip
lasers. In the future, the possibilities of in-process size manipulation using green laser radiation will be
investigated in detail.
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