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ABSTRACT

The increase in incidence of degenerative diseases has fueled the development of novel materials, mostly focused
on reducing adverse effects caused by current medical therapies. Theranostic materials represent an alternative
to treat degenerative diseases, since they combine diagnostic properties and localized therapy within the same
material. This work presents the synthesis and characterization of hybrid materials designed for theranostic
purposes. The hybrid materials were composed of LiGasOg:Cr®* (LGO) with emission lines in the near infrared
(NIR), hence providing an excellent diagnostic ability. As for the therapy part, the hybrid nanomaterials con-
tained gold nanorods (AuR) with localized surface plasmon resonance (LSPR). Once AuR are excited, plasmonic
processes are triggered at their surface resulting in increased localized temperature capable of inducing irre-
versible damage to the cells. A detailed characterization of the hybrid materials confirmed proper assembly of
LGO and AuR. Moreover, these nanocomposites preserved their luminescent properties and LSPR. Finally, the
cytotoxic potential of the hybrid material was evaluated in different cell lines by cell viability colorimetric assays
to determine its possible use as theranostic agent. The success in the synthesis of hybrid materials based on LGO
with emission in the NIR coupled with AuR, provides a new perspective for the design of hybrid materials with
improved properties to be used in biomedical fields.

Introduction

The development of new luminescent materials with emission within
the first biological window (650-1000 nm) has drawn extensive atten-

Research in nanomedicine has turned to the study and development
of nanomaterials for diagnosis and treatment of diseases such as cancer.
Advances lie in the physicochemical modifications of nanomaterials
aimed to change their morphology and surface properties to improve
their biodistribution and optimize them for specific biomedical appli-
cations [1-3]. For example, biotracers have been developed from
luminescent materials to monitor pathogenic organisms in biological
systems. To provide specificity to biotracers, the nanoparticle surface
has been functionalized with ligands [4].

* Corresponding authors.

tion in the biological and the medical fields [5]. NIR light shows lower
absorption by hemoglobin and scattering by biomolecules present in the
human tissue compared to UV or visible light, resulting in increased
transparency of biological tissue towards NIR light [6].

LGO is a luminescent material used as a biotracer, which presents
emission lines within the NIR. Furthermore, LGO also has radio-
luminescent properties; that is, the luminescent processes can be acti-
vated with high-energy light irradiation. This light is also capable of
crossing tissues and activating the emission process. This is a practical
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technique commonly used in disease detection [7-9].

On the other hand, metallic nanoparticles have been evaluated as
new therapeutic agents against several degenerative diseases, including
cancer. Among the main characteristics of metallic nanoparticles are the
display of the photophysical phenomenon LSPR, and their inherently
low toxicity. The plasmonic properties of nanoparticles can be used for
plasmonic photothermal therapy (PPTT) in which photon energy is
converted into sufficient heat to destroy cancer cells [10-12].

Noble metal nanoparticles provide remarkable opportunities for
biomedical applications due to their inherent low toxicity [3,11]. Au
nanoparticles have been amply studied for use in PPTT. Crucially, by
changing their structure and shape, the LSPR frequency of gold nano-
particles can be tuned in order to fit into the NIR region [12]. Due to the
minimal attenuation by water and hemoglobin at these wavelengths,
NIR may be transmitted in soft tissues to depths exceeding 10 cm [11].
Moreover, gold nanorods (AuR) have been described as the most effec-
tive photothermal contrast agent for in vivo and in vitro treatments [10].

In recent years, hybrid nanomaterials based on organic-inorganic
resources have been developed by combining different nanostructured
materials, merging their individual properties with the aim of improving
them. These nanosystems can be prepared using nanocomponents
endowed with diagnostic and therapeutic functions, adhering to the
concept of a “theranostic” device. Administration of these nanosystems
would provide diagnostic and therapeutic procedures in a single dose
[13].

Herein we report the synthesis and characterization of NIR-emitting
LGO with AuR of different aspect ratio coupled onto the surface of LGO
by means of chemical conjugation. The chemical method to obtain the
hybrid material was based on organic-inorganic interactions, which
involved the coupling of two inorganic phases (LGO and AuR), using (3-
mercaptopropyl) trimethoxysilane (MPTMS) and (3-aminopropyl) tri-
methoxysilane (AMPTMS) sulfonates as organic spacers. The purpose of
this coupling was to improve the emission properties of the LGO nano-
crystal in the NIR, as a potential diagnostic agent. Moreover, the pres-
ence of AuR on LGO nanocrystals can provide LSPR ability, which is
associated with an increase in temperature that could damage a variety
of cells irreversibly. We also optimized the LSPR properties of the hybrid
nanosystem by varying the aspect ratio of the coupled AuR.

Preliminary results demonstrate the capacity of the hybrid system to
emit NIR photons and to display a photothermal effect upon NIR (800
nm) excitation. Additionally, the cytotoxic effect of the hybrid materials
was evaluated by in vitro assays in various cell lines.

Experimental
Materials

LiGay0g:Cr>" was synthesized by the sol-gel method using lithium
nitrate (LINO3 99.99% Sigma Aldrich), gallium nitrate (Ga(NOs)s,
99.99%, Sigma Aldrich) and chromium nitrate (Cr(NOs)s, 99.99%,
Sigma Aldrich) as precursors. L(+)-tartaric acid (C4HgOg, 99.5%, Sigma
Aldrich) was used as the chelating agent for the polymeric precursor
method.

Synthesis of LiGas0g:Cr°* (LGO)

The LGO phosphor was synthesized by the tartaric acid-assisted sol-
gel method [14,15]. All chemicals used were analytical grade reagents
without further purification. The precursor nitrates were used in stoi-
chiometric proportions to obtain LGO doped with 1% of Cr>*. LiNOs, Ga
(NO3)3 and Cr(NOg3)3 were dissolved in 25 mL deionized water and the
mixture was stirred for 24 h at room temperature. Then, the mixture was
heated to 80 °C for 2 h. Thereafter, the solution was heated to 120 °C
until dry to form a xerogel. Finally, the xerogel was annealed at 1100 °C
for 3 h with heating rate of 5 °C/min.
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Table 1
Summary of the synthesis process of the hybrid material based on LGO.
Conjugates
LGO@Si02 + AuR14 AuR18 AuR20
1mL 450 pL 300 pL 150 pL
600 pL
Sample label L@450D14 L@300D18 L@150D20
L@600D20

Synthesis of Au nanorods (AuR)

A seed-mediated method was used to prepare AuR with three
different aspect ratios. Two steps were typically included, as Nikoobakht
and El-Sayed reported [16]. First, the gold seeds were synthesized, and
then AuR was synthesized with three different aspect ratios, varying the
amount of seed in the growth solution.

Seed solution. CTAB solution (5 mL, 0.1 M) was mixed with 12.5 uL of
0.25 mM HAuCly. To the stirred solution, 0.3 mL of cold 0.02 M NaBH,4
was added. The stirring of seed solution was continued for 20 min.

Growth of AuR. Three different growth solutions were prepared to
obtain AuR with different aspect ratios. Each solution was prepared as
follows: CTAB solution (10 mL, 0.1 M) was mixed under vigorous stir-
ring with 0.5 mL of 10 mM HAuCly, 24 pL of 50 mM AgNOs, 80 pL of 0.8
mM ascorbic acid, 0.186 mL of 0.5 mM HCI specifically in this order. In
the last step, the three AuR solutions were prepared by adding 14, 18,
and 20 L of seed to obtain three samples, which were named AuR14,
AuR18 and AuR20, in conformity with the amount of seed that was
added to each sample. All samples contained 0.1 M CTAB concentration.

Synthesis of the hybrid material (LiGasOg:Cr* @SiOz-AuR)

LiGas0g:CriT@Si0, (LGO@SiOy) was conjugated with AuR as
described in previous work [17]. A total of 20 mg of LGO@SiO, were
suspended in 30 mL of ethanol, then 15 uL of (3-mercaptopropyl) tri-
methoxysilane (MPTMS) and 5 pL (3-aminopropyl) trimethoxysilane
(AMPTMS) were added to the mixture of LGO@SiO- and stirred for 12 h
at room temperature. After 12 h, the above mixture was heated to 70 °C
for 1 h and some aliquots were added to maintain a constant volume of
ethanol. The mixture was washed 3 times by centrifugation at 5500 rpm
and the supernatant removed. After washing, the samples were resus-
pended in 30 mL of ethanol to obtain a stock solution. The AuR samples
(AuR14, AuR18 and AuR20) were prepared to reduce the CTAB con-
centration from 0.1M to 1 mM.

To conjugate both materials, microtubes were prepared with 1 mL of
the stock solution. Then, different amounts of AuR with CTAB (1 Mm)
were added as follows: 150 uL of AuR20, 300 pL of AuR18, 450 pL of
AuR14 and 600 pL of AuR20, respectively. The 4 tubes were placed
under stirring for 2 h and centrifuged 3 times at 800 rpm, and subse-
quently resuspended in ethanol to eliminate the remnants of AuR in the
synthesis. Finally, 4 samples of hybrid materials were prepared:
LGO@SiO2-150AuR20 was labeled (L@150D20); LGO@SiOs-
300AuR18, (L@300D18); LGO@SiO2-450AuR14, (L@450D14); and
LGO@8Si02-600AuR20, (L@600D20). Table 1 summarizes the reagents
used during the synthesis.

Assays of temperature increase

Based on the report by Mackey et al. [10], the hybrid materials were
irradiated with an 808 nm wavelength laser, and an optical heater was
designed. A laser with an output power between 0.4 and 1.6 W was used.
The laser output was regulated with an Instek GDP-4303S power source.
A quartz sample holder with a volume of 0.7 mL was used. A type T
thermocouple with a diameter of 0.2 mm and a response error of
+0.2 °C was used to measure the temperature.
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Fig. 1. SEM (a) and TEM (b) images of synthetized LGO.

S
LiGagOg:Cr’* 1%
g
- s
3 s s
© e = = =
- = ¢ °= &= 8¢ & § ¢
2 1% 1] S § L8
= - -1 = = < 3
=
[
—
£
JSPDF N. 01-076-0199
| | | L i1 l L I
T T T I T LR
20 30 40 50 60

26

Fig. 2. XRD patterns of LGO samples obtained by the polymeric precursor
method synthesis assisted by tartaric acid.

Cell viability assay

The cytotoxic effect of the hybrid materials was evaluated in in vitro
assays with different cell lines, including HeLa (derived from cervical
cancer) and NCI-H1299 (derived from epithelial lung cancer) obtained
from ATCC. Also, cell viability was assessed in the normal immortalized
keratinocytes cell line HaCaT, provided by the Instituto Nacional de
Cancerologia, México. Cells were maintained in Dubelccos Modified
Eagles Medium (DMEM) with 10% fetal bovine serum (FBS) at 37° in
humified CO, atmosphere. Cell viability was assessed using the colori-
metric assay based on the reduction by mitochondrial dehydrogenase
enzymes of the 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethox-
yphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) salt to blue formazan
crystals.

The hybrid materials were diluted in DMEM to 0.0001, 0.001, 0.01,
0.1 and 1.0 pg. Cells were exposed to each concentration for 24 h in a 96-
well plate containing 10,000 cells per well. Treated cells were incu-
bated, and cell viability was tested with the in vitro cell proliferation
assay Celltiter 96 (Promega) according to the manufacturers in-
structions. Then, absorbance was measured using an ELISA plate reader
(Thermo Scientific) at 490 nm. Obtained data were normalized and
graphed. Cell lines without treatment were used as negative control. An
analysis of variance was performed, considering a p value of 0.05 as
statically significant.
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Fig. 3. Photoluminescence emission spectra of LGO, obtained with an excita-
tion wavelength of 400 nm.

Results and discussion

Results of LGO

LGO materials were synthesized by the tartaric acid-assisted sol-gel
method and analyzed by means of scanning electron microscopy (SEM),
transmission electron microscopy (TEM), X-ray diffraction (XRD), and
photoluminescence spectroscopy (PL).

The SEM and TEM analyzes of LGO revealed the morphology and
microstructure of the obtained materials. SEM micrographs showed that
particles produce nanoparticle clusters (Fig. 1a), as reported in previous
studies [8]. TEM images revealed that LGO nanoparticles are
semi-spherical in morphology and have a particle size of ~93 nm
(Fig. 1b). These results could be determining for biomedical applications
due to the smaller particle size which in turn could allow a good bio-
distribution, an essential feature required for possible biomedical ap-
plications [18].

The diffraction peaks of the as synthesized LGO samples was indexed
in agreement with the ICSD card N. 76-199 (Fig. 2). The synthesized
LGO samples were crystalline with a typical spinel phase of LiGasOg [8].
The reference pattern corresponds to a crystal with space group P4332,
which derives from the Fd3m space group of spinel crystals [19]. The
diffractogram does not show any secondary phase associated with the
presence of impurities.

Photoluminescence spectroscopies were performed to confirm the
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Fig. 4. (a) Absorbance graphs obtained by Uv-Vis for AuR synthesized by seed-mediated method. The charts were obtained when 14, 18, and 20 pL of seeds were
added to the synthesis in each assay. (b) TEM micrographs of the different AuR. (c) AuR particle size distribution histograms.

presence of Cr®" ion in the LGO lattice. Fig. 3 shows the PL emission
spectrum, with a sharp line centered at 720 nm when excited with 400
nm, which corresponds to the zero-phonon emission of Cr>* from the 2E
state to the *A, ground state. The emission was accompanied by stokes
and anti-stokes phonon sidebands at 706, 729 and 737 nm (*), typical of
the Cr®* ion in the lattice of LGO [9]. Taken together, these results
indicate that the LGO synthesis by sol-gel was successful. The LGO re-
sults match those reported in the literature [9].

Results of gold nanorods (AuR)

The LSPR of AuR was determined by means of UV-Vis analysis.
Fig. 4a shows 3 different spectra, corresponding to the AuR14, AuR18
and AuR20 samples. Each graph presents 2 peaks, the first centered at
~540 nm corresponding to transverse LSPR [20]. The second signal
centered at ~730 nm for AuR14, at ~777 nm for AuR18, and at ~783
nm for AuR20 corresponds to longitudinal LSPR [20]. The absorption
wavelength corresponding to the longitudinal LSPR is critical, as upon
excitation with this wavelength the LSPR is activated leading to the
localized heating of the AuR.

The morphology and the average size of the AuR were analyzed by
TEM. Fig. 4b shows the typical morphology of AuR in the 3 different
samples. To calculate the aspect ratio average of each sample, an anal-
ysis was performed. The results of aspect ratio were ~3.2, ~3.1 and
~3.5 for the AuR14, AuR18, and AuR20, respectively. The longitudinal
size distribution for each sample of AuR is shown in Fig. 4c, where the
AuR14 presents rods with length between 66 and 75 nm, the AuR18
between 66 and 75 nm, and the AuR20 between 61 and 80 nm. Although
the range of lengths is similar, the small difference between them allows
the variation of the absorbance by each sample.

Characterization of hybrid materials

The hybrid materials were characterized by SEM. Micrographs show
white spots (red circle) attributed to the presence of AuR on the LGO
surface, and the successful anchoring of the AuR mediated by MPTMS-
AMPTMS with the ratios described in section 2 (Fig. 5). Fig. 5 also
shows that the white clusters associated with the presence of AuR,
apparently do not present agglomerations. The observed larger white
particles, where the AuR is deposited, are associated with the LGO
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tion wavelength.

surface.

The morphology of the hybrid materials was also analyzed by TEM
(Fig. 6). The micrographs show a hybrid material composed of a nucleus
of luminescent properties (LGO), coated with silica, which interacts
chemically with AuR. In this material, the silica coating has a
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homogeneous thickness of ~10 nm. It is important to notice that the
silica coating led to the encapsulation of more than one nanoparticle,
thus increasing the nanoparticle size of the hybrid materials to ~210
nm. Despite the variation of AuR amount in each sample, the TEM mi-
crographs do not show apparently large differences in the amount of
surface-anchored AuR between the different samples.

The TEM characterization revealed the successful synthesis of the
hybrid materials. However, one of the most critical points was preser-
ving the physicochemical characteristics that LGO and AuR can confer to
hybrid materials.

The luminescent properties of the hybrid materials were analyzed by
PL (Fig. 7). All samples exhibit the presence of an emission peak
centered at ~720 nm when excited with 400 nm. The emission corre-
sponds to the presence of the LGO in the core of the hybrid materials,
and is associated with the 2E—*A, radiative transition of the Cr®" ion
[7]. The strongest peak emission is presented for the LGO sample, while
hybrid materials show attenuation of the same peak. This phenomenon
can be attributed to the non-radiative components of hybrid materials,
such as the AuR present on their surface.

PL characterization revealed no shift with an emission centered in
the infrared region associated with the 2E—-4A, signal. Thus, the lumi-
nescent properties were maintained by the hybrid materials, giving
them the property of emitting in the first biological window, which is
adequate to satisfy their diagnostic function in future biomedical
applications.

The hybrid materials were characterized by UV-Vis to determine the
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Fig. 8. Optical absorption (Uv-Vis): (a) LGO@SiO,-450D14, (b) LGO@Si0,-300D18, (c) LGO@SiO,-150D20 (d) LGO@SiO,-600D20.
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Fig. 9. PPTT effect on AuR: (a) Change induced by the photothermal heating temperature values obtained after irradiating the AuR samples with an 808 nm
wavelength laser for 30 min and 800 mW, (b) Comparisons between the initial (iT) and final temperatures (fT). The initial temperature was measured at room

temperature.

presence of the LSPR. Four graphs, each with three absorbance spectra,
are shown in Fig. 8. All black lines are associated with the LGO@SiOy
and the functionalization of its surface with the MPTMS- AMPTMS. The
black lines are used as control (stock solution). In all four spectra, a
signal-centered peak is present at ~900 nm, which is associated to the
coating with SiO; [21].

The four graphs display a red line, which corresponds to the absor-
bance spectra of the different AuR. Consequently, the red line in Fig. 8a
corresponds to AuR14, while the red line in Fig. 8b is associated with
AuR18, and the red line in Fig. 8c and d corresponds to AuR20. In all
cases, the control sample shows the two typical absorbance bands of
AuR (Fig. 4a).

In Fig. 8, the blue lines are associated with the absorbance of the
hybrid materials. It is important to notice that all blue lines (absorbance
bands) associated with LSPR are preserved. In addition, they present an
attenuation in intensity compared to the LSPR bands corresponding to
the AuR (red lines). In addition, the blue lines show a shift towards lower
energy wavelengths. These phenomena are associated with an increase

in the aspect ratio of the hybrid materials, which occurs when the AuR
nanoparticles are anchored on the surface of the LGO@SiO5 [22].

On the other hand, the absorbance spectrum of the hybrid materials
shows a widening of the absorption band, which could be related to the
extinction cross-section and electron mean free path in the AuR [23].
The UV-Vis characterization shows that the bands associated with
characteristic LSPR of the AuR prevail in the hybrid materials. The
significance of this point is due to the permanence of the absorbance
bands. The activation of the LSPR could be allowed, which could induce
a localized temperature increase and, therefore, be used as a possible
therapeutic agent for the treatment of degenerative diseases such as
cancer.

Physicochemical characterization confirmed that luminescence of
LGO and LSPR of AuR were preserved in the hybrid materials.

Hybrid materials were further analyzed for the PPTT effect due to the
LSPR. For this purpose, the hybrid materials were irradiated with a laser
of 808 nm wavelength, which coincides with the resonant frequency of
the localized surface plasmon of the hybrid materials. The first

Sample il (°C) T (°C) AT (°C)
Water 224 282 58
L@$0, 25.1 321 7.0
L@Si0,-450D14 228 29.0 6
L@$i0,-300D18 21.2 27.7 6.5
L@$i0,-150D20 233 34.0 10.7
L@$10,-600D20 245 34.0 9.5
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Fig. 10. PPTT effect on hybrid materials: Samples irradiated with a wavelength of 808 nm at 800 mW for 30 min, the initial temperature is equal at room tem-
perature. (a) Change induced by photothermal heating temperature of the hybrid materials. (b) Comparisons between initial and end temperature, obtained after

irradiating the hybrid materials.
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Fig. 11. Cell viability assay using hybrid materials: L@SiO2-150D20 and L@SiO2-600D20. Cell lines HaCat, HeLa, and NCI-H1299 were treated with different
concentrations of hybrid materials and cell viability was assessed by the MTS assay after 24 h.

measurement was made by irradiating the three different AuR, used at a
concentration of 1 mM CTAB. The samples were irradiated at a power of
800 mW for 30 min; water was used as control, and in Fig. 9 the initial
temperature (iT) refers to the room temperature. The sample containing
only deionized water showed a temperature increase of 5.5 °C (AT)
(Fig. 9). AuR samples showed increases in temperature compared with
the control, which were 11.9, 10 and 12.7 for AuR14, AuR18 and
AuR20, respectively. The increase in temperature is due to the genera-
tion of heat associated with the photo-physical processes that occur as a
response to the absorption of light. Firstly, the absorbed light energy is
converted to heat to form a hot metallic lattice by two processes:
electron-electron relaxation and electron-phonon relaxation. Hot elec-
tron temperatures are easily reached into the surface of the nano-
particles, and the lattice then cools off by a phonon-phonon relaxation
process, by which the heat is dissipated via the particles to the sur-
rounding environment, thereby causing localized heating [12]. The
temperature increase values for the AuR matched the results reported by
Mackey et al. [10].

The highest temperature increase was displayed by AuR20 due to its
aspect ratio. It is generated from the outer part of the particles facing the
incoming light. For elongated nanorods, the inner part of the particle
gets closer to the surface part and no longer suffers from shielding effect,
which explains the increase in the heating efficiency for AuR20 [24].

A second measurement was performed to detect the temperature rise
of the hybrid materials after light irradiation. Two control samples were
used in this measurement, water and the stock solution (LGO@SiO5).
The hybrid materials were irradiated for 30 min with the laser of 808 nm
at 800 mW. Fig. 10 shows the results of temperature increments.

The difference in temperature effect between the two control sam-
ples is 1.2 °C. Therefore, where the sample related to the LGO@SiO,
presents the highest increase in temperature, associated with the 808 nm
irradiation, it could activate the vibrational frequencies of the LGO@-
SiO2 components with a subsequent dissipation of energy in the form of
heat.

The sample that showed the greatest increase in temperature was
L@Si0,-150D20 with a AT=10.7 °C. However, the L@SiO2-600D20
sample was expected to display a higher increase in temperature

compared with the L@SiO2-150D20 due to the presence of a higher
amount of AuR20.

When analyzing the shift of the LSPR signals from hybrid materials
(Fig. 8c and d), the peak associated with AuR20 is centered at ~777 nm.
In comparison, this band is centered at ~810 nm for L@SiO2-150D20
and at ~819 nm for L@SiO,-600D20, which represents a shift con-
cerning the AuR20 of 32 nm and 42 nm, respectively. A higher
displacement towards the NIR of the surface plasmon band could be
associated with the possible agglomeration of AuR on the LGO surface.
This agglomeration could influence the interaction of the AuR with the
incident light, a phenomenon that may explain the lower temperature
increase presented by the L@SiO2-600D20.

The hybrid materials synthesized from AuR14 and AuR18 presented
an increase in temperature below that shown by the control samples.
This can be attributed to a poor anchoring of AuR on luminescent
materials.

According to the increase in temperature after irradiating the hybrid
materials with infrared light, the hybrid materials synthesized from
AuR20 were selected to evaluate their potential cytotoxic effect by
assessing cell viability in three different cell lines: HaCaT (immortalized
keratinocytes), HeLa (cervical cancer-derived cell line), and H1299
(lung cancer-derived cell line).

Cell proliferation was assayed as an initial approach to determine the
effect of the hybrid materials on the metabolic activity of the different
cell lines. This procedure was done by the MTS assay. Fig. 11 shows the
results of the cell treatment with both selected hybrid materials. The
data were processed by ANOVA, and no significant difference was found
between control cells and cells exposed to different concentrations of the
hybrid materials. These results indicate that the hybrid materials do not
interfere with the metabolic activity of the cells.

The absence of the cytotoxic effects of the synthesized materials
points to their potential use in future investigations, and the biocom-
patibility results presented here will allow testing of the hybrid mate-
rials in different in vivo models. Future investigations will need to
determine the acceptance of these materials using biologically complex
models, such as mice, and determine the ability of the materials to
induce cell death of a specific type of cells.
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Conclusion

The synthesis of hybrid materials formed by LGO and AuR was
successfully achieved in this work. Characterization of the luminescent
properties of the hybrid materials showed excellently preserved near
infrared emission associated with the presence of LGO. Additionally, the
properties of LSPR were maintained, associated with anchoring the AuR
on the surface of phosphors.

As a first approach, the materials were irradiated with a wavelength
of 808 nm for 30 min and power of 800 mW, to measure the responses of
the hybrid materials and the temperature change in the medium. The
results of this response are associated with the presence of the longitu-
dinal plasmon band of AuR, which remains present in the hybrid ma-
terials producing a temperature increase.

Finally, in this work, the first cell viability assays of the hybrid ma-
terials are presented. The novel hybrid materials were tested on
immortalized HaCaT cells, as well as on cancer-derived cell lines such as
HeLa and H1299. The hybrid materials presented excellent biocompat-
ibility in all assays. Additional studies are under progress in order to
improve the synthesis conditions, such as increasing the AuR amount
with less agglomeration, and at the same time enhancing the response to
laser radiation towards a higher in temperatures of the hybrid nano-
composite materials.
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