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Abstract. This work demonstrates synthesis Al metal nanoparticles with plasmon resonance in
the ultraviolet region by the spark discharge method in an argon atmosphere. The resulting primary
particles have an Al metal core and a natural oxide shell and size in range from 5 to 50 nm.
Importantly, these nanoparticle ensembles show wide extinction peaks, with the highest point
between 250 and 480 nm wavelength. The position of the peak can be varied by synthesis parameters.
During our research, we employed laser radiation at a wavelength of 355 nm, with pulse energies
reaching up to 350 pJ and pulse repetition rates of up to 2000 Hz. We observed that the sintering
process of nanoparticles exhibited a dynamic change in size, which correlated with the energy of
the laser pulses. This dependence was illustrated by an S-shaped shrinkage curve. By subjecting
the initial agglomerates to a series of impacting laser pulses, we successfully achieved complete
sintering, resulting in the transformation of the agglomerates into spherical nanoparticles.
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AnHoTtammga. B paHHOII pabGoTe IPOAEMOHCTPUPOBAH CUHTE3 METAUIMYECKMX HAHOYACTHI]
Al ¢ miaa3MOHHBIM PE30HAHCOM B YJIbTPa(UOJIETOBON 00JACTM METOAOM MCKPOBOIO paspsiaa
B atMmocdepe aprona. [lojsydeHHbIe TEPBUYHbBIC YACTUIbI MMEIOT METAJUIMYECKOE SIAPO U3
ATIOMUHUSI M 000JIOYKY M3 HaTypaJIlbHOTO OKCHAA, a MX pa3Mep HaxXOOWUTCI B AWana3oHe OT 5
1o 50 aM. BaxkHO OTMeETHUTh, YTO 3TW aHCAMOJM HAHOYACTHII JEMOHCTPUPYIOT IIMPOKUE ITUKU
SKCTUHKIIMM C HAUBBICIIEH TOYKON MexXmy mimHO# BomHBI 250 u 480 aM. IlonoxeHue mumka
MOXXHO BapbUpOBaTh IlapaMeTpaMu CHHTe3a. B xoxe mccaenoBaHuii MbI MCITOJb30BAJIN JJa3epHOE
MU3JIydeHUE C JUTMHOM BOTHBI 355 HM, C SHeprueil UMIyabcoB 10 350 MK/I>K 1 yacTOTOl clieToBaHuUs
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umitysbcoB 10 2000 I'm. Mbl 3aMeTuUIn, YTO IPOLECC CIEKaHWS HAHOYACTUIL IEMOHCTPUPYET
IMHaAMWYECKOe M3MEHEHME pa3Mepa, KOTOPOe KOPPEIUPYET ¢ DHEPIrueil Ja3epHbIX UMITYJIbCOB.
DTy 3aBUCUMOCTH NPOWJLTIOCTPUpOBaia S-o0pa3Has KpuBas ycanku. [TogBeprHYB MCXOIHBIE
aroMepaThbl CEPUU BO3IEHCTBYIONINX JIA3€PHBIX MMITYJILCOB, MBI YCITCIITHO HOOWMIMCH TOJTHOTO
CTICKaHWSI, B pe3yIbTaTe Yero arioMeparhl IIPEeBPaTHINCh B cpepmiuecKre HaHOYACTUIIH.
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Introduction

Al nanoparticles are interesting due to their light absorption properties in the UV range, which
has applications in light harvesting using solar cells, as well as enhancing light absorption in thin
silicon solar cells [1, 2]. The reason behind this property is that Al nanoparticles are capable of
absorbing light as a result of their interaction with conduction electrons and surface plasmon res-
onance, making them effective light absorbers. In addition, Al nanoparticles with different sizes
have different optical properties [3]. Al nanoparticles that are small in size will act as excellent UV
absorbers, while for bigger particles, this would be the role of an optical scatterer. There is active
research in this area, and emerging applications of plasmonics are still being identified through
ongoing research and development activities.

Materials and Methods

The spark discharge method was used to obtain Al nanoparticles [4]. Synthesis was carried out
in argon of purity (99.9999%) at pressure of 1,2 atm and flow of 50 mL/min with the following
conditions: capacitor of 107 nF, pulse repetition rate of 500 Hz and discharge voltage of 2 kV.
The high purity of the starting material and gaseous medium, together with the vacuum tightness
of the gas path and the synthesis chamber, ensured the highest possible purity of the nanoparticles
under study during the experiment.
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Fig. 1. Diagram of experimental setup: the inset shows a schematic representation
of laser optimization cell combining aerosol flow and optical radiation
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Schematically, the entire experimental setup is shown in Fig. 1, including the electrical part,
the optical part for the spectroscopic tasks, and the necessary measurement options. Pairs of hol-
low aluminum cylinders with an outer diameter of 4 mm and an inner diameter of 2 mm were
used as consumable electrodes in the setup. To conduct studies of the interaction of optical radia-
tion with aerosol nanoparticles a specially designed laser modification cell was used, which made
it possible to combine the aerosol flow with optical radiation along its length. The construction of
laser modulation cell is described in [5]. The work used an aerosol flow Q = 50 ml/min, which
defines the value for the speed of movement of nanoparticles in the aerosol in the working area
inside a quartz capillary: v = 117.9 mm/s.

The agglomerates size distribution in the flow was measured using a TSI SMPS 3936 Aerosol spec-
trometer. The impact on aerosol Al NPs was studied by nanosecond pulsed laser (CNI AO-355A)
with wavelength of 355 nm, pulse repetition rate in the range of 0.2 to 10 kHz with a step of
100 Hz, pulse width of 15 ns and pulse energy in the range of up to 350 pJ. Aerosol HEPA filter
were installed in the cell to collect NPs after the cell and deposited particles on it for 30 minutes,
with laser frequencies 200, 1500 and 2000 Hz. Absorption spectra of nanoparticles in isopropanol
solution were obtained using a JASCO V—770 spectrophotometer.

Results and Discussion

The change in mean diameter of the agglomerates with varying 355 nm laser energy due to
sintering shows a size reduction from ~460 to ~290 nm (Fig. 2).
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Fig. 2. Dependence of the average particle diameter of the agglomerates on the laser power (a),
TEM image of typical particles (b) at laser pulse frequency of 1500 Hz and gas flow of 50 mL/min
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Fig. 3. Numerical distributions of nanoparticles by size at gas flow of 50 ml/min
and laser frequency of 200 Hz (a), absorption of aluminum after laser sintering (b)
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From the obtained TEM images, we collected statistics on the diameters of the modified
spherical NPs, processing an average of 500 pieces, and rounding them as spheres. Most of the
particles are characterized by sizes in the range from 5 to 50 nm. For samples interacting with
the ultraviolet laser, the range increases from 5 to about 100 nm with some single particles with
sizes of up to 140 nm.

According to spectrophotometry data, it has been proven that the absorption of aluminum
after laser sintering is characterized by pronounced plasmonic absorption peaks in the ultraviolet
region at position 218 nm.

Conclusion

We demonstrated that using the gas discharge method Al nanoparticles with plasmon reso-
nance in the ultraviolet region can be produced. The results correspond with studies using thermal
modification in which Al nanoparticles have weakly pronounced plasmonic peaks at 275 nm.
The appearance of the second peak is caused by presence of large particles. Due to the spectral
dependences of the absorption regions of NPs with an increase in the NP diameter, the maximum
shifts to the long-wavelength region of the spectrum and expands.
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