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Objetivos

Sintetizar e caracterizar  nanoparticulas
luminescentes por conversado ascendente de
energia (UCNPs) de NaYF4:20%Yb3* 2%Er3* de
fase hexagonal (B) e revesti-las com uma
camada inerte de NaYF4 e de silica mesoporosa
(mSiOz). Adicionalmente, produzir nanobastfes
de ouro (AuNRs) que possuam bandas de
absorcdo plasmobnica na mesma regido de
emissdo das UCNPs e que sejam capazes de
provocar a supressao do sinal luminoso destas
possibilitando a aplicacdo em sistemas
supramoleculares destinados a sensores
guimicos e biolégicos.

Métodos e Procedimentos

As UCNPs foram sintetizadas pelo método de
decomposi¢do térmica,® usando cloretos de
terras raras, NH4sF e NaOH como reagentes
precursores, acido oleico como agente
complexante e 1-octadeceno como solvente. O
revestimento com NaYFs seguiu 0o mesmo
método, adicionando as UCNPs anteriormente
preparadas na solu¢cdo ao invés dos ions
dopantes. A camada de mSiO: foi produzida
pelo método de reacdo em duas fases,? com a
fase aquosa basificada consistindo em brometo
de cetrimbnio (CTAB) e as UCNPs@NaYF4, e a
fase organica composta por tetraetoxisilano
(TEOS) diluido em ciclohexano. Apés formacgéo
da silica as NPs foram lavadas com uma
solugéo de NH4NOs para remover o CTAB dos
poros, resultando em grupos -OH em sua

superficie. Parte dessas UCNPs passaram por
uma reacdo de aminagdo usando (3-
aminopropil)trietoxisilano ~ (APTES), tendo
trietlamina como catalisador e etanol como
solvente, resultando em grupos -NH2 na
superficie.® J4 as AUNRs foram preparadas pelo
método de crescimento de germe,* preparando
as sementes de Au com HAUCIs4, CTAB e NaBH4
em 4gua e a solucéo de crescimento com CTAB,
HAuUCls, AgNOs, éacido ascoérbico e HCI. As
caracterizagfes fotofisicas das UCNPs foram
feitas obtendo espectros de emissdo por
conversdo ascendente de energia (UC) com
excitacdo em 976 nm. Os espectros de absorgéo
das AuNRs foram medidos durante a reacao até
que suas bandas convergissem para 0S
mesmos valores das bandas de emissdo das
UCNPs. A estrutura cristalina das UCNPs foi
determinada pela técnica de difratometria de
raios-X (DRX) e sua morfologia e tamanho foi
determinada pela técnica de microscopia
eletrbnica de transmissdo (MET), com o auxilio
do programa ImageJ, enquanto a morfologia das
AuNRs foi determinada com imagens de
microscopia eletrbnica de varredura (MEV) e
MET. Por fim, os testes de supressdo da
emissao foram feitos misturando 1 mL de
solugéo de 0,5 mg mL* de UCNPs em agua com
100 pL de solugdo 0,17 mM Au® de AuNRs.

Resultados

A Figura 1 apresenta o difratograma de raios-X
obtido para as UCNPs@NaYFs. Ele esta de
acordo com dados da literatura,® indicando a
obtencdo de UCNPs na fase B desejada. Na
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Figura 2 estdo presentes imagens de MET
obtidas para as UCNPs@NaYF4, bem como a
analise de tamanho destas. E possivel observar
gque é uma amostra polidispersa, com suas
formas variando entre hexagonal, circular e
bastéo, e seus tamanhos variando de 17 a 54
nm, com a maioria tendo cerca de 43 nm. A
camada de mSiO:2 foi formada na superficie das
UCNPs com sucesso e possui espessura de
cerca de 24 nm. Com relagdo as AuNRs, na
Figura 4 pode-se observar que elas possuem o
formato desejado, e possuem um tamanho
médio de 68 nm de comprimento por 32 nm de
largura.
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Figura 1: Difratograma de raios-X obtido para as
UCNPs@NaYF4 preparadas.
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Figura 2: Imagens de MET das UCNPs@NaYF4
preparadas e sua distribuicdo de tamanhos.
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Figura 3: Imagens de MET das
UCNs@NaYF4@mSiOz preparadas.
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Figura 4: Imagens de (a) MEV e (b) MET das AuNRs
preparadas.

A Figura 5 apresenta o espectro de emisséo das
UCNPs sobreposto com o espectro de absorcéo
das AuNRs. E possivel perceber que as duas
bandas plasmobnicas de absor¢do, uma
transversal em aproximadamente 515 nm e
outra longitudinal proxima a 670 nm, se
sobrepdem  consideravelmente com as
emissdes das UCNPs, com picos na regido do
verde em 520 e 538 nm e na regido do vermelho
em 652 nm.

AuNRs
—— UCNPs

Intensidade de absorcéo normalizada (u.a.)

Intensidade de emissdo normalizada (u.a.)
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Figura 5: Comparagé&o dos espectros de absorcao
das AuNRs em agua e emissao (Aexc = 976 nm) das
UCNPs em pé.
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Com relagéo aos testes de supresséo do sinal
luminoso das UCNPs, a Figura 6 mostra os
espectros obtidos para a mistura
UCNPs@NaYF+s@mSiO2 e AuNRs. E possivel
verificar que houve uma  diminuicdo
consideravel na intensidade de emissao das
UCNPs, indicando a ocorréncia da supressao de
sinal por transferéncia de energia por conta da
presenca das AuNRs. Essa diminuicdo foi de
74% para a emissao referente a transicao 4Sap
— 41152 (520 nm), 68% para a emissao referente
a transicao ?Hi12 — “l1s2 (538 nm) e 71% para a
emissao referente a transigédo *Fo2 — “4l152 (652
nm).6 Por fim, quando misturadas as
UCNPs@NaYFs@mSiO2-NHz com as AuNRs, o
efeito de supresséo da luminescéncia foi menor
conforme mostra a Figura 7, uma vez que 0s
grupos -NHz conferem uma carga superficial
positiva as UCNPs (+23 mV), diferente dos
grupos -OH (-13 mV),3 o que diminui a interagédo
com as AuNRs, também carregadas
positivamente devido ao CTAB em sua
superficie. A porcentagem de supressao para
este caso foi 67%, 63% e 58% para as
transicoes 4Ss2 — “lisi2, 2Hi12 — 4lisi2 € 4Foz —
1512 respectivamente.

—— UCNP@NaYF,@mSiO,
AuNR-UCNP@NaYF,@mSio,
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Figura 6: Espectros de emissdo das UCNPs de
carga negativa (-OH) na presenca e auséncia de
AUNRS. )\exc =976 nm.
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Figura 7: Espectros de emissdo das UCNPs de
carga positiva (-NHz) na presenca e auséncia de
AUNRS. Aexc = 976 nm.

Conclusoes

Foi possivel sintetizar UCNPs na fase cristalina
B desejada, bem como fazer os revestimentos
com NaYFs e com mSiO2. Apds a casca de
NaYF4 as UCNPSs tiveram um tamanho médio de
43 nm, enquanto a casca de mSiOz2 tem uma
espessura de 24 nm. As AuNRs preparadas
também tiveram o formato desejado, bem como
bandas de absorcdo sobrepostas as emissdes
das UCNPs na regido do verde, em 520 e 538
nm, e do vermelho, em 652 nm. Também foi
possivel observar a supressdo da intensidade
de emissao das UCNPs quando estas interagem
com as AuNRs em solugdo, por conta da
transferéncia de energia que ocorre entre elas.
Ainda, verificou-se que diferentes funcdes na
superficie da UCNP interferem diretamente na
eficiéncia da supresséo de sinal, indicando que
h&d a possibilidade de se realizar diferentes
funcionalizagbes para modular o efeito de
supressdo, fazendo dessa combina¢do um
6timo sistema supramolecular para aplicacdes
em sensoriamento.
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Objectives

To synthesize and characterize upconverting
nanoparticles (UCNPs) NaYF4:20%Yb3* 2%Er3*
of hexagonal phase (B) and to coat them with a
NaYFs inert shell and a mesoporous silica
(mSiO2) shell. Additionally, to prepare rod-like
gold nanostructures (AuNRs) with plasmonic
absorption bands in the same spectral region of
UCNPs emission and that can quench the
UCNPs luminescence. The UCNP-AuNR pair
will be further used in supramolecular systems
for sensing devices.

Materials and Methods

The UCNPs were synthesized by the thermal
decomposition method,® using rare earth
chlorides, NH4F and NaOH as precursors, oleic
acid as complexing agent and 1-octadecene as
solvent. The NaYF4 shell followed the same
method, but with the addition of the prepared
UCNPs instead of the precursors of doping ions.
The mSiO2 shell followed a two-phase
procedure,? with the aqueous basic phase
consisting of cetrimonium bromide (CTAB) and
UCNPs@NaYFs4, and the organic phase
composed of tetraethoxysilane (TEOS) diluted in
cyclohexane. The NPs were then washed with a
NH4NO3 solution to remove the CTAB from the
pores, leaving -OH groups in the mSiO:2 surface.
Some of these UCNPs went under an amilation
reaction, using (3-aminopropyl) triethoxysilane
(APTES), with triethylamine as a catalyst and
ethanol as a solvent, leaving -NHz groups in the

silica surface.® The AuNRs were prepared
following the seed mediated growth method,*
making the Au seeds with HAuCls, CTAB and
NaBH4 in water, and the growth solution with
CTAB, HAuCIls, AgNOs, ascorbic acid and HCI.
The UCNPs photophysics characterization was
realized measuring the upconversion (UC)
spectra with excitation in 976 nm. The AuNRs
absorption spectra were measured during the
reaction until its plasmonic absorption bands
were in the same wavelength as the UCNPs
emission bands. The crystalline structure of the
UCNPs was determined using the X-ray
diffractometry (XRD) technique and its
morphology and size were determined by the
transmission electronic microscopy (TEM) and
with ImageJ software. The AuNRs morphology
was determined with the scanning electronic
microscopy (SEM) and TEM images. The
emission quenching tests were done mixing 1
mL of a 0,5 mg mL-* UCNP solution with 100 uL
of a 0,17 mM of Au® AuNR solution.

Results

Figure 1 shows the XRD diffractogram for the
UCNPs@NaYF4. It agrees with other literature
patterns,® indicating that the UCNPs are in the
desired B phase. Figure 2 presents TEM images
for UCNPs@NaYF4, as well as the size
distribution of the sample. The NPs are
polydisperse, with the shape varying from
hexagonal, to circular and rod-like. Their sizes
vary from 17-54 nm, while the majority has
approximately 43 nm. The mSiO: shell was well
formed in the UCNPs surface, as shown in
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Figure 3, with a thickness of about 24 nm. Figure
4 shows that the AuNRs have the desired rod-
like shape, and they have a length of
approximately 68 nm long and a width of about
32 nm.

Intensity (a.u.)
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Figure 1: XRD pattern of the UCNPs@NaYF4.

Figure 2: TEM images of UCNPs@NaYF4 and their
size distribution.

Figure 3: TEM images of the
UCNPs@NaYFs@mSiOo.
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Figure 4: (a) SEM images and (b) TEM images of the
AuNRs.
Figure 5 presents the UCNPs emission spectrum
compared with the AuNRs absorption spectrum.
It is possible to observe that the two plasmonic
absorption bands, the first transversal one in 515
nm and the second longitudinal in 670 nm, are
well overlapped with the UCNPs emissions, with
peaks at the green region in 520 and 538 nm and
at the red region in 652 nm.

AuNRs
— UCNPs

Normalized emission intensity (a.u.)

Normalized absorption intensity (a.u.)

560 660 760
Wavelength (nm)
Figure 5: Comparison between the absorption and
emission spectra of AUNRs in water and powder
UCNPs, respectively. Aexc = 976 nm.

About the UC quenching tests, Figure 6
compares the UCNPs@NaYFs@mSiO2
emission spectra before and after the addition of
AuNRs. It is possible to observe a considerable
decrease in the signal, indicating the occurrence
of energy transfer from the UCNPs to the
AuNRs. The quenching effect was 74% efficient
to the emission from the 4Ssz2 — “l1s2 transition
(520 nm), 68% efficient to the 2Hiz — “lisp2
emission (538 nm) and 71% efficient to the *Fgp2
— “l152 emission (652 nm).% At last, when the
UCNPs@NaYFs@mSiO2-NH2 were mixed with
the AuNRs, the quenching effect was less
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intense when compared to the previous system.
This happens because the -NH:z groups leads to
a positive superficial charge in the UCNPs (+23
mV), while the -OH groups lead to a negative
charge (-13 mV),® which makes the interaction
between UCNP and AuNR less efficient, as the
CTAB at the AuNRs surface are also positive.
The comparison between the emission spectra
of aminated NPs before and after the AuNRs
addition is presented at Figure 7. The efficiency
of the quenching effect in this case was 67%,
63% e 58% for the 4Saz;2 — “l1si2, 2Hiw2 — 4lis2 €
4Fo2 — 4152 transitions, respectively.

5
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Figure 6: Emission spectra of negative charged
UCNPs in the presence and absence of AUNRS. Aexc
=976 nm.

—— UCNP@NaYF,@mSiO,-NH,
AUNR-UCNP@NaYF,@mSiO,-NH,
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Figure 7: Emission spectra of positive charged
UCNPs in the presence and absence of AUNRS. Aexc
=976 nm.

Conclusions

It was possible to synthesize the desired B-
UCNPs, as well as to coat it with NaYF4 and
mSiO2. After the NaYF4 shell, the UCNPs has an
average size of 43 nm, while the mSiOz shell has
a thickness of 24 nm. The AuNRs have the
desired shape, and their absorption bands
match the emission peaks of the UCNPs at 520,

538 and 652 nm. The expected quenching effect
from the AuUNR-UCNP interaction was also
observed, and it was affected by the superficial
charge of the UCNPs, indicating the possibilities
to functionalize the UCNPs to modulate the
desired quenching effects, which makes this
combination a promising supramolecular system
to be employed in sensing devices.
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