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(54) LASER-BASED METHOD FOR FABRICATION OF MAGNETO-PLASMONIC NANOPARTICLES

(57)  The invention relates to a method for producing
magneto-plasmonic particles by laser ablation. Two me-
tallic samples are used in a liquid medium. First metallic
sample being a thin metal film has magnetic or plasmonic
properties, and second metallic sample accordingly has
plasmonic or magnetic properties. When both metallic
samples are thin metal films, they are deposited on ultra-
thin glass substrates. In another case the first metallic
sample is a thin metal film and the second sample is a
bulk metal. When the samples are exposed to a laser
beam, plasma is induced in the thin metallic coatings or
thin metallic coating and surface layer of the bulk metal
sample. As plasma expands from both metal samples
mixes. The plasma then shrinks in the solution to form
hybrid nanoparticles with magneto-plasmonic proper-
ties.
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Description

TECHNICAL FIELD

[0001] The invention relates to a method of producing
magneto-plasmonic particles by laser irradiation.

BACKGROUND ART

[0002] Magneto-plasmonic nanoparticles can be gen-
erated using chemical synthesis, microemulsion synth-
esis, sonochemical synthesis, physical vapor deposition
and hybridization of pre-synthesized nanoparticles. Main
disadvantages of known methods are toxicity of the
chemical precursors, time-consuming of the process,
low efficiency of large-scale production, high cost and
impurity of production, expensive vacuum required
equipment, etc. Our proposed laser-based method
solves these problems: the laser-based process does
not use toxic chemical precursors. High efficiency and
purity of the production can be ensured using non-va-
cuum equipment with inexpensive laser systems.
[0003] The formation of magneto-plasmonic particles
with laser irradiation often lacks flexibility by precisely
controlling the formed nanoparticle composition, which
may vary depending on the specific application.

[0004] US patent application No. US11/092,717 (pub-
lication No. US2006/0057384A1) describes how to coat
gold nanoparticles with a magnetic shell using laser
ablation. Gold and iron colloidal nanoparticles are mixed
and thenirradiated with alaser beam. Main disadvantage
is that process comprises multiple steps for obtaining
magneto plasmonic nanoparticles.

[0005] US patent No. US7,029,514 describes synth-
esis of core-shell nanoparticles using a chemical synth-
esis of nanoparticles from metal salts. Main disadvan-
tage is that process comprises using chemical synthesis
comprising use of chemical substances such as salts,
resulting in bimetal nanoparticles with additives and ne-
cessity for additional cleaning process of the nanoparti-
cle.

[0006] US patent application No. US14/312,824 (pub-
lication No. US2014/0322138A1) describes a method for
producing a colloidal suspension using laser pulses and
the variable electrical conductivity of the medium during
the generation of nanoparticles. Main disadvantage is
that the process requires adjusting increased number of
particle production parameters.

[0007] US patent application No. US16/439,052 (pub-
lication No. US2019/0334180A1), hybrid nanoparticles
are produced using laser ablation and galvanic replace-
ment reaction. Main disadvantage of the process is ne-
cessity of increased number of nanoparticle production

steps.
[0008] M. Muniz-Miranda, F. Muniz-Miranda, E. Gior-
getti, Spectroscopic and microscopic analyses of

Fe304/Au nanoparticles obtained by laser ablation in
water, Nanomaterials 10 (2020) 132. DOI:
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10.3390/nan010010132  discloses production of
Fe304-Au magneto-plasmonic nanoparticles by laser
ablation of iron and gold samples in two successive
steps.

[0009] Further, V. Amendola, S. Scaramuzza, F. Car-
raro, E. Cattaruzza, Formation of alloy nanoparticles by
laser ablation of Au/Fe multilayer films in liquid environ-
ment, J. Colloid Interface Sci. 489 (2017) 18-27. DOI:
10.1016/j.jcis.2016.10.023 discloses production of Fe-
Au magneto-plasmonic nanoparticles by nanosecond
laser (1064 nm) ablation of Au/Fe/glass coatings in etha-
nol and water. Here, two successive layers of metal films
were laser ablated in ethanol and water.

[0010] C. Gellini, F.L. Deepak, M. Muniz-Miranda, S.
Caporali, F. Muniz-Miranda, A. Pedone, C. Innocenti, C.
Sangregorio, Magneto-plasmonic colloidal nanoparti-
cles obtained by laser ablation of nickel and silver targets
in water, J. Phys. Chem. C 121 (2017) 3597-3606. DOI:
10.1021/acs.jpcc.6b1 1628 discloses first laser ablation
of bulk nickel target and second laser ablation stage
comprising ablating the bulk silver target in an aqueous
media.

[0011] The presentinvention is dedicated to overcom-
ing of the above shortcomings and for producing further
advantages over prior art.

BRIEF DESCRIPTION OF THE INVENTION

[0012] The invention relates to a method for producing
magneto-plasmonic particles by laser ablation. The
method uses two metallic samples each being a distinct
metal sample one from another and simultaneously
placed opposite each other in a liquid medium. First
metallic sample, which is a thin metal film, has magnetic
or plasmonic properties, and the other metallic sample
accordingly has plasmonic or magnetic properties. When
both metallic samples are thin metal films, they are
deposited on ultra-thin glass substrates as coating. In
another case the first metallic sample is a thin metal film,
and the second sample is bulk metal.

[0013] The metallic samples are arranged in front of
each other at a certain distance in the liquid medium.
When the samples are exposed to a laser beam that is
perpendicular to the surface plane of glass substrate of
the thin metal film, plasma is induced in the thin metallic
coatings. When bulk metal is used as the second metallic
sample, plasmais induced on the surface layer of the bulk
metal sample.

[0014] As plasma expands, in both cases, i.e., the thin
meal films or thin metal film and layer of bulk metal, it
mixes together. The plasma then shrinks in the solution to
form hybrid nanoparticles with magneto-plasmonic prop-
erties.

[0015] Properties of the generated nanoparticles de-
pend on distance between the coatings, thickness of the
used coatings, focusing conditions of the laser beam, and
energy and duration of the laser pulses. The produced
magneto-plasmonic nanoparticles can be used in cancer
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diagnosis and treatment by using surface-enhanced Ra-
man spectroscopy and other methods.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Features of the invention believed to be novel
and inventive are set forth with particularity in the ap-
pended claims. The invention itself, however, may be
best understood by reference to the following detailed
description of the invention, which describes exemplary
embodiments, given in non-restrictive examples, of the
invention, taken in conjunction with the accompanying
drawings, in which:

Fig. 1 shows a scheme for generation of magneto-
optical nanoparticles using laser ablation of two thin
films facing each other according to the invention.

Fig. 2 shows a scheme for generation of magneto-
optical nanoparticles using laser ablation of thin film
on the top and bulk metal target on the bottom facing
each other according to the invention.

Fig. 3 shows an example of magneto-plasmonic
nanoparticles obtained by method according to the
invention.

Fig. 4 shows magneto-plasmonic nanoparticles ob-
tained by method according to the invention ar-
ranged using a magnet.

Fig. 5 shows Raman spectrum of 4-mercaptoben-
zoic acid at magneto-plasmonic nanoparticles ob-
tained by method according to the invention. In Fig-
ure a and b show two different spots on the same
sample.

[0017] Preferred embodiments of the invention will be
described herein below with reference to the drawings.
Each figure contains the same numbering for the same or
equivalent element.

DETAILED DESCRIPTION OF THE INVENTION

[0018] It should be understood that numerous specific
details are presented in order to provide a complete and
comprehensible description of the invention embodi-
ment. However, the person skilled in art will understand
that the embodiment examples do not limit the applica-
tion of the invention which can be implemented without
these specific instructions. Well-known methods, proce-
dures and components have not been described in detail
for the embodiment to avoid misleading. Furthermore,
this description should not be considered to be constrain-
ing the invention to given embodiment examples but only
as one of possible implementations of the invention.

[0019] Method for generation of magneto-plasmonic
nanoparticles using laser ablation of two metallic sam-
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ples (106, 108, 108’), where the metallic samples are two
thin metal films (106, 108) deposited on a transparent
substrate (105, 109), or one thin metal film (106) depos-
ited on a transparent substrate (105) and a bulk metal
sample (108’). In all cases of the invention, first (106) and
second (108, 108’) metal targets differ in type of metal.
[0020] Each of the two thin metal films (106, 108) are
deposited on a glass substrate (105, 109) and placed
opposite each other in a liquid medium (104). First thin
metal film (106) has magnetic properties, i.e. a magnetic
response to magnetic fields, and the second thin metal
film (108) has plasmonic properties, i.e. surface plasmon
resonance, enhancement of electromagnetic field. The
first thin metal film (106) can have plasmonic properties
and the second thin metal film (108) accordingly will have
magnetic properties. Distance between the thin metal
films (106, 108) is controlled by varying thicknesses of
spacers (107). The arranged substrates (105, 109)
coated with metallic thin films (106, 108) are irradiated
by alaser beam (102) focused using alens (101) through
aglass window in a cuvette (103). The composition of the
generated nanoparticles is controlled by varying thick-
nesses of the thin metal film (106, 108), spacing between
them, the laser beam (102) focusing conditions, laser
beam (102) pulse energy, duration and scanning speed.
All these parameters influence the temperature and dy-
namics of plasma from both targets (106, 108), leading to
the different degree of plasma mixing and the formation of
different kind of hybrid nanoparticles.

[0021] When thin metal films (106, 108) on ultrathin
transparent substrates (105, 109) are used as the laser
beam (102) targets, the top target, first thin metal film
(106), is positioned so the substrate (105) faces the laser
beam (102). The laser beam (102) passes the transpar-
ent substrate (105) and ablation of the first thin metal film
(106) occurs. Afterwards, the laser beam (102) passes
gap between the first thin metal film (106) and the second
thin metal film (108) and starts ablation of the second thin
metal film (108). The targets (106, 108) can be inter-
changed by placing the magnetic thin metal film on top as
the first thin metal film (106) and the plasmonic thin metal
film at the bottom as the second thin metal film (108) and
vice versa. The first thin metal film (106) and the second
thin metal film (108) may be interchanged at any point
during the ablation process, for example in the middle of
the ablation process.

[0022] Both thin films (106, 108) are placed in a liquid
medium, such as water, acetone, isopropanol, etc. Both
thin metal films (106, 108) are placed facing each other
perpendicular to the laser beam (102) at a distance, for
example of 1 to 500 wm, which can be adjusted using
spacers (107) or a precise translation stage. The ablation
process is performed by scanning a laser beam (102) or
moving the whole setup with a stationary laser beam
(102). In another case one thin metal film (106) on a
transparent glass substrate (105) and a bulk metal sam-
ple are placed opposite each other in a liquid medium
(104). First thin metal film (106) has magnetic properties,
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i.e. a magnetic response to magnetic fields, and the bulk
metal sample (108’) has plasmonic properties, i.e. sur-
face plasmon resonance, enhancement of electromag-
netic field. The first thin metal film (106) can have plas-
monic properties and the bulk metal sample (108’) ac-
cordingly will have magnetic properties. Distance be-
tween the thin metal film (106) and the bulk metal sample
(108) is controlled by varying thicknesses of spacers
(107). The arranged substrate (105) coated with thin
metal film (106) and surface layer of the bulk metal
sample (108’) are irradiated by a laser beam (102) fo-
cused using a lens (101) through a glass window in a
cuvette (103). The composition of the generated nano-
particles is controlled by varying thicknesses of the thin
metal film (106), spacing between thin metal film (106)
and the bulk metal sample (108’), the laser beam (102)
focusing conditions, the laser beam (102) pulse energy,
duration and scanning speed. All these parameters in-
fluence the temperature and dynamics of plasma from
both targets (106, 108’), leading to the different degree of
plasma mixing and the formation of different kinds of
hybrid nanoparticles. When the first thin metal film
(106) on an ultrathin transparent substrate (105) and
bulk metal sample (108’) are used as laser beam (102)
targets, as shown in Fig. 2, the top target, the first thin
metal film (106), is positioned so the substrate (105)
faces the laser beam (102). When the laser beam
(102) passes the transparent substrate (105) ablation
of the first thin metal film (106) occurs. Afterwards, the
laser beam (102) passes the gap between the first thin
metal film (106) and the bulk metal sample (108’) and
starts ablating the second target which is the bulk metal
sample (108’). The bottom target must be bulk and the top
target only a thin metal film (106) on an ultrathin trans-
parent substrate (105).

[0023] Both the first thin metal film (106) and the bulk
metal sample (108’) are placed in a liquid medium, such
as water, acetone, isopropanol, etc. Both (106, 108’) are
placed facing each other perpendicular to the laser beam
(102) at a distance, for example of 1 to 500 pm, which can
be adjusted using spacers (107) or a precise translation
stage.

[0024] In all embodiments of the invention plasma is
induced in the thin metallic films (106, 108) or the thin
metallic film (106) and the bulk metal sample (108’) when
the target (106, 108’) are exposed to the laser beam
(102). In both cases the targets (106, 108, 108’) emit
plasma at temperatures ranging from 1000 to 10000 K
and expand during the process. Then, plasma in both
cases from both targets (106, 108, 108’) interacts to-
gether, the shockwave is created that travels through
the plasma and mixes the ablated material from both
targets (106, 108, 108’). Plasma cooling leads to the
recombination of ions and electrons to form hybrid na-
noparticles, which exhibit magneto-plasmonic properties
in a solution. The obtained hybrid magneto-plasmonic
nanoparticles can be applied in medicine, for example, in
cancer diagnosis and treatment by using surface en-
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hanced Raman spectroscopy and other methods.
[0025] According to a particular example of the inven-
tion, the ablation targets thin metallic films (106, 108) of
thickness from 1 nm to 1 wm deposited on ultrathin, up to
150 wm, transparent substrate for applied laser radiation
material substrate (105, 109) or targets a thin metal film
(106) of thickness from 1 nm to 1 wm deposited on
ultrathin, up to 150 wm, transparent substrate and the
bulk metal target (108’). Each thin film (106, 108) com-
prises of one metal or a few different metals. Forexample,
gold and silver films are deposited on separate areas of
one substrate or mixed using periodic patterns through
the surface for depositing on one substrate.

[0026] Although numerous characteristics and advan-
tages together with structural details and features have
been listed in the present description of the invention, the
description is provided as an example fulfiiment of the
invention. Without departing from the principles of the
invention, there may be changes in the details, especially
in the form, size and layout, in accordance with most
widely understood meanings of the concepts and defini-
tions used in claims.

Claims

1. Laser-based method for fabrication of magneto-
plasmonic nanoparticles comprises ablating two dif-
ferent metal samples in a liquid medium character-
ized in that the method comprises

providing two different metal samples (106, 108,
108’) facing each other in a liquid medium (104)
where first metal sample is a thin metal film (106)
deposited on an ultrathin transparent substrate
(105) and has magnetic properties or plasmonic
properties and the second metal sample (108,
108’) has respectively plasmonic properties or
magnetic properties,

irradiating the metal samples (106, 108, 108’) by
a laser beam (102) focused using a lens (101)
through a glass window in a cuvette (103) for
obtaining plasma from both metal samples (106,
108, 108’),

where both metal samples (106, 108, 108’)
emit plasma at temperatures ranging from
1000 to 10000 K and expand during the
process,

where plasma from both metal samples
(106, 108, 108’) interacts one with another
creating a shockwave that travels through
the plasma and mixes the ablated material
from both metal samples (106, 108, 108’).

cooling the plasma for recombining ions and
electrons to form magneto-plasmonic nanopar-
ticles.
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Method according to claim 1, where the laser beam
(102)is firstly focused on the first thin metal film (106)
through the transparent substrate (105), being top
target, afterwards, the laser beam (102) is passed
through gap between the ultrathin transparent sub-
strate (105) of the first thin metal film (106) and the
second metal sample (108, 108’) for focusing on the
second metal sample (108, 108’).

Method according to claim 1 or 2, where the second
metal sample (108) is a thin metal film (108) depos-
ited on an ultrathin transparent substrate (109).

Method according to claim 3, comprising control of
distance between the first thin metal film (106) and
the second thin metal film (108) by varying thick-
nesses of spacers (107).

Method according to claim 3 or 4, where the first thin
metal film (106) and the second thin metal film (108)
are interchanged at any point during the ablation
process.

Method according to claim 1 or 2, where the second
metal sample is a bulk metal sample (108’).

Method according to claim 6, comprising control of
distance between the first thin metal film (106) and
the bulk metal sample (108’) by varying thicknesses
of spacers (107).

Method according to any one of claims 1 - 7, com-
prising control of laser beam (102) focusing condi-
tions.

Method according to any one of claims 1 - 7, com-
prising control of laser beam (102) pulse energy and
duration.

Method according to any one of claims 1 - 9, where
the liquid medium (104) is selected from water, acet-
one, isopropanol.

Method according to any one of claims 1 - 10, where
both metal samples (106, 108, 108’) are positioned
facing each other perpendicular to the laser beam
(102) at a distance of 1 to 500 pm.

Method according to any one of claims 3-5, the thin
metal films (106, 108) have thickness from 1 nmto 1
pm and are deposited on the substrate (105, 109) up
to 150 wm thick.
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