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Abstract

LaBs is a unique plasmonic material, for which the lazeal surface plasmon
resonance (LSPR) absorption band intrinsically iethe near infrared (NIR) region.
In this work, we synthesized spherical laiBanoparticles with a tunable size within
50-200 nm. The optical properties of these bakanospheres were found to be
sensitive to the thickness of surface oxide lalat tvas formed during the synthesis,
purification and dispersion processes. In orderemtance the stability of LaB
nanoparticles in aqueous environment, §@%i0Q, with a core-shell structure was
successfully prepared. Both LaBnd LaB@SiO, demonstrated low cytotoxity in
biomedical tests when their concentrations werétdithto 0.2 mg mL. The in vitro
photothermal therapy experiment showed that 4Tlcerarells were eventually
apoptotic after being exposed to a 980 nm laseb foin at a considerably low power
density of 0. 82 W cihiand a low dose of 0.1 mg nilfor LaBs@SiQ. The results
suggest that these LaBanospheres are viable photothermal agents fonduaal

applications.
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1. Introduction:

LaBs is a plasmonic material that can absorb the mégared (NIR) light around
1000 nm while with visible transparency. It is thuged as a smart window material
for solar control [1-4]. Compared with other plasnwomaterials, LaB is unique
because its light absorption band due to the Ipedlsurface plasma resonance (LSPR)
effect locates intrinsically in the NIR region agesult of its suitable free carrier
density of 1.45x1% cm® [5], a value lower than those of elemental mebaishigher
than those of doped seminconductors. Due to thisgic free carrier density, the
peak position of plasmonic NIR absorption for @B not as strongly dependent on
its nanoparticle geometry as that for other plasmoraterials [3,4]. It is well known
that the NIR absorption of Au or Ag is highly seiv& to their nanoparticle geometry
including size and shape [6-9]. Only some spediapss such as nanorods with large
aspect ratios (length divided by width) can ture tlSPR absorption of Au or Ag to
the NIR region [6,7]. On the other hand, the NIRsaption wavelengths of
conducting oxides such as indium tin oxides (IT@) antimony tin oxide (ATO) are
commonly beyond 1000 nm. Only WQ CsWOs, and chalcogenides &5,
CwSe are reported to exhibit NIR absorption aroun@016m, which is highly
dependent on doping levels as well as nanoparsickge and size [10]. Compared
with semiconductor plasmonic materials, lkaBxhibits much high extinction
coefficient (a maximum of 12142 Mcm® at 975 nm), which is an order of
magnitude larger than that of ITO (1065'Mni?) [2].

In recent years, materials with the plasmonic NB®aasption property attracted

considerable attentions because they can be usedrious applications including
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surface-enhanced molecular spectroscopy, cancérimabing and photothermal
cancer therapy [8-13]. For example, Au nanorodh Veitge aspect ratios were used as
agents for both molecular imaging and photothewaater therapy by A. EI-Sayed et
al. [8]. WGs.x, Cw«S and CulSe nanocrystals were also successfully used falasim
purposes [11-13]. Though LagBs an intrinsic and intense plasmonic NIR absgriber
is not yet well studied for the above-mentionedredical applications. One possible
reason is the lack of convenient, reliable and +wsthblished synthesis methods for
LaBs nanoparticles with tunable sizes and shapes H<gll.aB; can not be prepared
through wet processes in aqueous solutions likeerofflasmonic materials, its
synthesis is usually via solid-state processesdaf@acommonly at high temperatures
beyond 1000°C [14,15]. The high synthesis temperature resuitegarticles of
micron or submicron scales [16]. The trials to prepLaB nanoparticles at lower
temperatures are still not good at tuning the arm shape easily [17-19]. As a result,
the common practice to obtain LaBanoparticles is via the breakdown of micron
particles by media agitation milling [1-4,20]. Tipdysical cleavage of hard LaB
particles resulted in irregular particle shapes amvitable contaminations by the
bead material ZrgJ4,20]. Another reason is the uncertainty of biomalbsafety for
LaBs. Unlike Au nanoparticles with well confirmed bigopatibility [21], the
cytotoxity of LaBs nanoparticles is not well studied. Due to thesesjiide reasons, up
till now, only Lai et al. [22] reported the uselwdad milling derived and then C-SiO
coated LaB nanoparticles for fluorescence imaging and NIRtpth@rmal therapy of

HelLa cancer cells. Their research demonstrated ipnogn results regarding the



cytotocity and photothermal therapy effects of k.aB
In our previous study [23], we found that nearlfeical LaB nanoparticles can

be successfully prepared through the reaction kivia(OH) or LaO3 and lithium
borohydride LiBH at a low temperature of 352. Considering that the optical
properties for chemically prepared spherical §atnoparticles are not yet well
documented [24], it is thus interesting for ustiady its NIR absorption and resulting
photothermal properties in order to explore itsbiligy in biomedical applications.
Based on this preparation method, we investigapgnio@ches to adjusting the size
and surface condition of LaBanoparticles, as well as to making kalspersions in
ethanol and water to improve its compatibility whifomedical environments. This
research is expected to explore the viability ohgghe chemically synthesized LaB
nanoparticles as the photothermal agent in bionaédipplications, and find out the
key factors influencing their NIR absorption perfance and photothermal effects in
these applications.
2. Experimental details
2.1 Synthesis of LaBg nanoparticles

The chemicals and raw materials used in thisysiudre LiBH; (Acros, 97%),
La(OH); (Aladdin, 99.9%), LgOs(Macklin, 99.99%, 50 nm), polyvinylpyrrolidone
(PVP) (Sinopharm., GR) and tetraethoxysilane (TEO&inopharm., GR).
Commercial LaB powder (Alfa Aesar, 99.5%, aroundr) was used as a reference.

The typical synthesis process of LlaBanoparticles was as follows: a

stoichiometric mixture of La(OH}6LIBH,4 or LasO3+12LiBH4 was put in a 100 mL



stainless steel vessel and ball milled in a plagetall at 400 rpm for several hours.
The ball milled mixture was then transferred tdardess steel reactor in a glove box
filled with high purity argon gas. The reactor Wiast evacuated and then heated from
room temperature to 45C at a rate of 2C min™* and held at 458C for 1 h. After the
synthesis reaction, the mixture was taken out efrdactor and washed by a dilute
HCI solution and rinsed by deionized water for savémes. The final product of
LaBs nanoparticles was obtained by drying af60n a vacuum oven.

2.2 Preparation of LaBg dispersions and SO, encapsulation

The dispersions of LaBnanoparticles were prepared by milling the syniees
LaBs nanopowder with 0.3 mm yttrium-stablized Zr®eads at 400 rpm. in
dehydrated ethanol or deionized water with the tamidiof PVP as the dispersant
(LaBs:PVP=5:1 in weight ).

For the preparation of Lga@SiQ, LaBs suspension in ethanol with the PVP
dispersant was first prepared by ultrasonicallypeising 50 mg LaBin 40 mL
ethanol with 10 mg PVP for 4 h. Then the lkaBBspersion was added with 2.5 mL
25% NH;-H,O and 100pL TEOS successively and stirred magnetically fan At
room temperature. The Si@ncapsulated LaBvas rinsed by ethanol for three times
and then stored in ethanol or dried in the vacuuenat 6°C for use.

2.3 Characterization of LaBs and LaBs@S O, nanoparticles and dispersions
The characterization of LgaBhanoparticles and dispersions was performed using
transmission electron microscopy TEM (HT-7700, Efita Japan or CM200UT,

Philips, the Netherland), and high resolution traission electron microscopy



HRTEM (Tecnai G2 F30, FEI, USA) equipped with aergy dispersive spectroscope.
The oxygen content in LaB nanopowder was analyzed by the TC500
oxygen-nitrogen analyzer (Leco, USA). The sizeritigtion of LaB nanopatrticles in
dispersions was analyzed by Nanotrac Wave (Miccdima., USA). The UV-Vis-NIR
absorption of LaB dispersions was measured on UV-3600 spectrophdéome
(Shimadzu, Japan) using glass cells. The lineaepweltammetry measurements for
LaBs electrodes were carried out on a CHI1140C eleb&mical workstation
(Shanghai Chenhua, China). The electrodes ofs; laBvder were prepared by hand
milling a mixture of LaB powder with carbon black and polytetrafluoroetnge
(PTFE) at a weight ratio of 8:1:1 and then pastinga carbon or nickel sheet. The
counter electrode was a Pt plate electrode andefeeence electrode was a Hg/HgO
electrode in the electrolyte of 30 wt% KOH.
2.4 Photothermal and biomedical experiments

The photothermal heating experiments were carrigtl ly irradiating 2 mL
LaBs@SiO, ethanol dispersion in wells (1.56 cm in diametdrpa cell culture plate
using a fiber-coupled laser with a wavelength d 8& and a focus spot of 1.6 cm in
diameter at a distance of 2 cm. The temperatutbeotlispersion was measured using
a FLIR E40 infrared thermometer.

The in vitro experiments were performed byngsiaB@SiO, as a photothermal
agent to destroy 4T1 cancer cells. At first, k@BSiO, suspensions in superpure water
with a concentration of 1.0 mg ritlwas prepared and dispersed ultrasonically, and

then the dispersion was diluted by the culturedfluihe cytotoxicity of LaB and



LaBs@SiO, was tested by incubating 4T1 tumor cells in thituce medium blended
with different LaB concentrations for 24 and 48 hours at °€7 under 5% C@
atmosphere and then the cell viability was testedhle standard MTT assay. In the
photothermal therapy tests, tumor cells were fitstibated in the fluid blended with
LaBs@SiO, dispersions for 4 h, and then were irradiated ley380 nm infrared light
under different power densities and durations mieti The cells after light exposure
were cultured for another 1 h and then stainedMwoydyes (Caicein-AM and PI). The
cell viability was then monitored under an invertlkmrescence microscope.

Considering that only superpure water can $&duo prepare dispersions in the
above mentioned biomedical experiments, the frephdypared LaBor LaB@SiO
samples were dispersed in superpure water rightréethe biomedical tests to
minimize possible surface oxidation.

3. Resultsand Discussion
3.1 Synthesis and characterizatioof LaBs hanoparticles
Based on our previous study [23], the synthesastion of LaRB is as follows:
La(OH} + 6LiBH,4 = LaBs + 3Li,O + 13.5H (1)
or LaOs + 12LiBH, = 2LaBs + 3Li,O + 6LIH + 21H (2)

The formation of LaBoccurs at a low temperature of 3%2 accompanied with a
characteristic endothermic effect, as shown in f@8]. Pure spherical LaB
nanoparticles could be obtained through washingheffLi-containing byproducts.

As the LSPR effect is dependent on the size of panicles, it is thus important to

synthesize LaB nanoparticles with desirable and tunable sizese Blnthesis



conditions were thus varied to prepare kaBnoparticles with varying sizes. Due to a
fast kinetics for the present synthesis approable, mucleation-growth process
occurred fast within a narrow temperature rangevds found that two synthesis
conditions could effectively change the size otiirsg LaBs nanoparticles. First, the
average size of LaBparticles was found to reduce from 200 nm to 1®0ifrthe ball
milling time of the reactant mixtures of La(OHbLIBH, varied from 1 h to 6 h.
However, the increase in ball milling time from 6 h to 24did not significantly
reduce LaB size further. Then, it was found that the useasfasized LgO3; of 50 nm

as the precursor produced LaBanoparticles within 54000 nm. The SEM and
HRTEM images shown in Fig. 1 demonstrate the regultaBs nanoparticles. Larger
spherical nanopatrticles around 150 nm shown in Efg) were obtained by using
La(OH); as the precursor and ball milling for 2 h. Smatianoparticles less than 100
nm was synthesized by using nanometrigQgaand ball milling for 16 h. As shown
by HRTEM images in Fig. 1(eff), the LaB nanoparticles produced at such a low
synthesis temperature still revealed good crysigfli Also most of these LaB
nanospheres seemed to be single crystals, asraliedtby the SAED pattern in
Fig.1(f).

The preparation of LaBdispersions in suitable media is another prerégquis
achieve good plasmonic performance. In this studs dispersions in ethanol or
water was prepared by bead milling a mixture of {aBnopowder and polymer
dispersant PVP at a low speed of 400 rpm. Durirgg dispersion process, it was

expected to separate the aggregated nanoparticlesefach other rather than to break



them down. As shown in Fig. 2, a homogeneous dispeof LaB in ethanol could
be obtained after 4 h bead milling, in which theedilistribution showed a peak at 100
nm. The TEM image in Fig. 2 suggests that ¢.aBnoparticles could be individually
and homogeneously dispersed in the solvent. In eosgn, a bead milling time of 1
h seemed to be not yet enough to separate aggledema even coagulated
nanoparticles, resulting in a size distributionkpag230 nm.

Fig. 3 reveals the NIR absorption properties of 4 @ispersions in ethanol and
water respectively. The LaBdispersion in ethanol demonstrated strong NIR
absorption within a broad band ranging from 600tarit600 nm with a peak at 1032
nm. The absorption was intensified with the incesam LaB concentration. Even
low LaBs concentrations below 0.1 mg Mlcould induce strong NIR absorption.
However, LaB dispersed in water demonstrated very weak NIR ratiso instead.
The significant decrease in NIR absorption perfaroeawas ascribed to the severe
oxidation of LaB nanoparticles in water during bead milling becabseinitial black
LaBs powder turned into white after milling. A furthetugy indicated that the surface
oxidation layer of LaB nanoparticles exerted a dominant influence ondadpigcal
property when the size was below 100 nm. As shawkig.4, a considerable decrease
in absorption intensity can be observed when thekiless of surface oxide layer
increased from around 1 nm to about 2-3 nm. Thegemycontent analysis revealed
that the total oxygen content in the sample in@dasrom 2.5% to 8.7%
correspondingly. The thick oxide layer also indueed-shift of peak from 1032 nm

to 1132 nm. A similar behavior was observed by Katal. [25] during the NIR
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absorption study of h-Cs:Whanocrystals. They found that the intensity of RSP
absorption for h-Cs:Wgxdiminished greatly due to its surface oxidatiormédel of a
fully depletion shell and a shinking core with uanfged carrier density was used to
explain the change of NIR absorption. In this motled moderate peak shift was due
to the change of dielectric environment inducedh®yoxide shell, rather than due to
the change of carrier density. This model may algglicable to explain the effects of
LaBs surface oxidation on its NIR absorption. But a endetailed study is needed to
confirm its validity.

Though bulk LaB shows considerable chemical stability towardsamid water,
nanometric LaB seems to be not stable enough in these oxidizimganments due
to the enhanced surface activity of nanoparticdessshown in Fig.5, a negative shift
of -400 mV can be seen for the anodic oxidatiorkped_aBs in 30 wt% KOH when
the particle size was reduced fronpu@ to 200 nm. As a result, the synthesized d-.aB
nanoparticles were subject to surface oxidationnduthe synthesis, purification,
dispersion and storage in oxidizing environmenthsas air and water. Moreover, the
high-speed collision and shear during bead millmgyht induce localized high
temperature on nanoparticle surface [3], whichugp®sed to exacerbate the surface
oxidation of LaB in water. Consequently, unprotected bare d-aghoparticles would
be susceptible to severe surface oxidation durgadlmilling in water, resulting in
reduced optical properties. Considering these factsze of around 100 nm for the
synthesized La@nanoparticles was thus preferred in this studyabse smaller size

below 100 nm would be more vulnerable to surfaddation.
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3.2 Synthesis and characterization of LaB6@S O, and its dispersions

To improve the stability of LaBnanoparticles in aqueous environments that are
required in biological applications, the encapsafabf LaB nanoparticles by SiD
was thus performed considering that Si®©not only with high biocompatibility but
also transparent for visible and NIR light [21, 2Bjg. 6 shows the HRTEM image
and EDS elemental mappings of the prepareds@®& O, nanoparticles. The LaB
nanosphere, as shown by the HRTEM image in Figva® evenly coated by a thin
layer of SiQ. The EDS analysis clearly confirmed that the §.aBre was completely
encapsulated by an amorphous SéBell of about 15 nm.

Fig. 7(a) shows the NIR absorption properties d8d@SiO, dispersed in ethanol
and water respectively. It can be seen that ¢l@BiO, dispersed in water
demonstrated much enhanced NIR absorption compétedare LaB nanoparticles
shown in Fig. 3, indicating that the SiGhell could effectively protect LaBrom
excessive oxidation. However, the optical propefty.aBs@SiC:in water was still
inferior to that in ethanol. This result suggesiat tthe SiQ encapsulation could only
provide partial protection for LaBn water due to a porous structure of the depasite
SiO, shell [27]. Therefore, a long-term storage of b@ESIO, in water should be
avoided. Moreover, the absorption peak of @i in ethanol lies at 1054 nm,
which is slightly red-shifted as compared with 108& of the bare LaB The
absorption intensity of Laf@ SiQ, also decreased as compared with that of barg LaB
under the same concentration, as shown by Fig. Zéb)et al. [22] reported similar

effects of SiQ encapsulation on the LaBIIR absorption performance. This is mainly
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because the presence of S8Dell resulted in the change of dielectric envinent for
the plasmonic core and then influenced the opgicaperties [28].

Fig.8 demonstrates the photothermal transitionligpersions as functions of the
LaBs@SiO, concentration and laser power density. Under ritagliation of the laser
at a wavelength of 980 nm, significant temperatuises resulting from the
photothermal effect can be observed. The phototaleeffect was enhanced with the
increase in LaB@SiO, concentration and laser power output. Only a |@BI@ SiOG
concentration of 0.1 mg miLin the dispersion could result in significant temgtere
rises. Consequently, the temperature reached’@7u8der a power density of 0.24 W
cm?, and rose up to 65%C under 0.43 W cihafter 3 min irradiation. These results
indicate that LaB@SiO, was an efficient plasmonic photothermal material.

3.3 Cytotoxicity tests of LaBs and LaB6@S O, and the use for photothermal therapy

The cytotocity of LaB and LaB@SiO: nanoparticles was examined by the
standard MTT assay. As shown in Fig. 9, both {aBd LaB@SiO, nanoparticles
seemed to be nontoxic during 24 h and 48 h cetumilif their concentrations were
not high than 0.2 mg mt Though bare LaBnanoparticles also seemed to be with
low cytotoxicity, the LaB@SiO, sample is expected to be more biosafe due to the
protection of SiQshell.

After the cytotoxity tests, Laf@dSiO, dispersed supersonically in superpure water
was tested as the photothermal agents to destrbycdiicer cells. Fig. 10 illustrates
the results after laser irradiation at 980 nm ungered LaB@SiO, concentrations

and irradiation time. It can be seen that mostamicer cells became apoptotic after 5
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min exposure to the NIR light at a power density @82 W cnf when the
concentration of LaR@®SiO, exceeded 8ig mL™. In comparison, cells were intact
under the same irradiation without addition of ffteotothermal agents. In another
experiment, the irradiation time of 5 min was foundbe needed to eventually Kkill
cancer cells under the laser power density of ®82m? using LaB@SiQ, of 100
ug mL?, as illustrated in Fig. 11. These results sugtestLaB@SiQ, nanoparticles
could be used as efficient photothermal agentsdacer therapy.

The above results demonstrated thatdigB promising plasmonic material for the
biomedical applications. Being one of the very featerials that possess intrinsic
plasmonic NIR absorption around 1000 nm, k.@dBmonstrated broad and strong NIR
absorption and remarkable photothermal effect. @Gnlgw concentration of 0.1 mg
mL™ for LaBs@SiQ, and low laser power density below 1 W trould realize the
eventual destroy of cancer cells. Its broad absordtand overpasses both the first
(700-950 nm) and the second (16A350 nm) biological transparency window. The
NIR absorption of LaBis less sensitive to its nanostructure geometiy that of Au
or Ag. Also LaB is much cheaper than the precious metal countsrpahe
noncytotoxity of LaB under a concentration of 0.2 mg thhas been demonstrated in
this study, which is similar to the results shown ltai et al. [22]. Moreover, our
photothermal tests under milder conditions of laseadiation exhibited similar
therapy effects as theirs, suggesting that our awiy synthesized Lag@dSiO,
nanospheres were more effective photothermal agdugsto their homogeneous

morphology. The Si@ shell also facilitates further surface ligand dations for
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multiple purposes such as tracing, targeting analjing of cancer cells. LaBas a
plasmonic material with intrinsic NIR aborption Haesen proven in this study to be a
promising photothermal material in biomedical apgtions.
4. Conclusions
In this research, nearly spherical liaBanoparticles were synthesized with a

tunable size within 5€200 nm. The LaBdispersion in ethanol demonstrated good
NIR absorption property with a peak centered al®®. However, the thickness of
surface oxide layer on LaBhanoparticles had a significant impact on theiPBS
effect. LaB@SIiO, core-shell structure was successfully preparedmprove its
stability in the aqueous environment and to achibetter biocompatibility. The
cytotoxity test revealed that LgBor LaB@SiQ, were nontoxic when their
concentrations were limited to 0.2 mg thLThe in vitro photothermal therapy
experiment showed that 4T1 cancer cells were eaéintapoptotic after being
illuminated by a 980 nm laser for 5 min at a coaesahly low power density of 0.82
W cm? and a low dose of 0.1 mg nilfor LaBs@SiO. The results suggest that LaB
or LaBs@SiO, nanoparticles are promising plasmonic photothermgénts for
biomedical applications.
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Figure captions:
Fig. 1 SEM and HRTEM images of the synthesizedduadhoparticles.
a. SEM image of LaBprepared by ball milling La(OH}6LiBH,4 mixture for
2 h;
b. SEM image of LaBprepared by ball milling L#®s+12LiBH, mixture for
16 h;
c—f: HRTEM images and SAED pattern of LaiBanopatrticles.
Fig. 2 Particle size distribution and TEM imagd.aBg dispersion in ethanol
a: particle size distribution after bead millingaafgregated Lagnanopowder
with 0.3 mm Zr@beads for 1h or 4h;
b: TEM image of dispersed LgBanoparticles.
Fig. 3 NIR absorption properties of Lallispersed in ethanol and water prepared
through bead milling for 3h.
Fig. 4 The effect of surface oxide layer on NIR apsion performance of LaB
dispersions in ethanol.
a: NIR absorption spectra of LaBanoparticles dispersed in ethanol;
b, c: HRTEM images of LaBnanoparticles with a low oxygen content of
2.5%;
d, e: HRTEM mages of LaBnanoparticles with a high oxygen content of
8.7%.
Fig. 5 Comparison of the linear potential sweeptammograms between the

synthesized LaBnanoparticles with the commercial micron lsgi®wder.
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Fig. 6 HRTEM image and EDS analysis result of §@5i0, nanoparticles
Fig. 7 (a) NIR absorption properties of L&BSIO, dispersed in ethanol and water;
(b) Comparison of NIR absorption properties LaBs and LaB@SiO
dispersed in ethanol.
Fig. 8 Photothermal transition experiment resulfs LaBs@SiQ, dispersion in
ethanol.
a: under different Lag@ SiO, concentrations
b: under different laser power output.
Fig. 9 Cell viability under different LaBand LaB@ SiO, concentrations
a: after 24 h; b: after 48 h.
Fig. 10 Cell viability after irradiation of 980 ntaser under 0.82 W cfnfor 5 min
using different concentrations of L&@ SiO,.
a-d: LaB@SIiO; e: control
a: 20 mg mC: b: 40 mg mr*; ¢: 80 mg mCY; d: 120 mg mL-.
Fig. 11 Cell viability after irradiation of 980 nraser under 0.82 W cffor
different durations using 0.1 mg MILaBs@SiO.
a-e: LaB@SiQy; f: control

a: 1 min; b: 2 min; ¢: 3 min; d: 4 min; e: 5 min
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Fig. 1 SEM and HRTEM images of the synthesized Jrahoparticles.
a. SEM image of LaBprepared by ball milling La(OH)6LiBH, mixture for 2 h;
b. SEM image of LaBprepared by ball milling L#@;+12LiBH, mixture for 16 h;
c—f: HRTEM images and SAED pattern of Laianoparticles.
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Fig. 2 Particle size distribution and TEM imagd_aB, dispersion in ethanol
a: particle size distribution after bead milling of aggregated; In@Bopowder
with 0.3 mm ZrQ beads for 1h or 4h;

b: TEM image of dispersed LgBanoparticles.
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Fig. 3 NIR absorption properties of La&ispersed in ethanol and water
prepared through bead milling for 3h.
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Fig. 4 The effect of surface oxide layer on NIR@bpsion performance of LgB
dispersions in ethanol.

a: NIR absorption spectra of LgBanoparticles dispersed in ethanol;

b, c: HRTEM images of Laphanopatrticles with a low oxygen content of 2.5%;
d, e: HRTEM mages of LgBhanoparticles with a high oxygen content of 8.7%.
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Fig. 5 Comparison of the linear potential sweegaramograms
between the synthesized Lafanoparticles and the commercial
micron LaBg; powder.
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Fig. 6 HRTEM image and EDS analysis result of J@i0, nanoparticles
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Fig. 7 (a) NIR absorption properties of L&BSIO, dispersed in ethanol and water.
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Fig. 7 (b) Comparison of NIR absorption properfmsLaB; and
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Fig. 8 Photothermal transition experiment resullsaB,@ SiO,
dispersion in ethanol.

a: under different Lag@ SiO, concentrations

b: under different laser power output.



g 14| EELsE, b 120.| M Las,
B LaB @5i0, | mm LaB@sio,

120 4

100 -
100 -
2w z
% 60+ >
T T 40
O 404 O
20 4 20 -
0 -

Control 10 20 50 100

Control 10 20 50 100

Con ceutration/ugAmL'l Concentration/pg-m L*

Fig. 9 Cell viability under different LgBand LaB@ SiO, concentrations
a: after 24 h; b: after 48 h.



Fig. 10 Cell viability after irradiation of 980 ntaser under 0.82 W cAtor 5
min using different concentrations of La@SiO..

a-d: LaB@SiO,; e: control

a: 20pg mLt; b: 40pg mLt; ¢: 80pug mLt; d: 120ug mL?.




Fig. 11 Cell viability after irradiation of 980 nkaser under 0.82 W cinfor
different durations using 0.1 mg mlLaB;@SiO.,.

a-e: LaB@SiO,; f: control

a: 1 min; b: 2 min; c: 3 min; d: 4 min; e: 5 min



Research Highlights

Bullet points:

1. Spherical L aBg nanoparticles were chemically synthesized.

2. The NIR light absor ption of LaBs was sensitiveto the surface oxide layer.
3. Core-shell LaBs@SiO, was prepared for biomedical compatibility.

4. Low concentrations of LaBg and L aBs@Si O, wer e biosafe.

5. LaBs@SiO, was effective agent for photothermal therapy.



