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Objetivos

O projeto teve como objetivo explorar as
propriedades vibracionais de um sistema
formado por uma monocamada de MoS2 (ML-
MoS>), acoplada a grades plasménicas com
diferentes periodicidades. Este estudo foi
realizado a partir da técnica de Espectroscopia
micro-Raman (Y-RS), que & sensivel as
alteracbes causadas nas frequéncias de
oscilagdo dos modos caracteristicos do MoS>
(E e A’), devido as interagBes com as grades
[1,2]. Além disso, visou investigar o efeito
SERS [3] (do inglés, Surface-Enhanced Raman
scattering), em consequéncia dos plasmons
localizados (LPs) nas fendas [2].

Métodos e Procedimentos

As amostras utilizadas neste estudo séao
semelhantes ao esquematizado na Figura 1,
em que a ML- MoS: foi transferida sobre as
grades, cujas periodicidades (p) variaram de p
=300 nm a 1000 nm, de 100 em 100 nm.

Grade de Au

Figura 1: Esquema da amostra, mostrando a ML-
MoS: sobre a grade de ouro [2].
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Figura 2: Esquema microscopio Raman WITec [2].

As medidas de y-RS foram feitas usando um
sistema WITec, conforme Figura 2. A amostra
foi excitada usando um laser centrado em A =
532 nm, com poténcia de 4 mW e foram feitas
medidas sobre as diferentes grades e fora das
mesmas. O feixe foi focalizado por uma lente
objetiva de 100X/0.9. A emissado foi coletada
pela mesma lente e dispersada em uma grade
de difracdo de 1200 g/mm. A amostra foi
excitada com polarizagdo perpendicular (E.) e
paralela (E;) as fendas. Em cada grade, foram
feitas 5 medidas em diferentes posigoes.

Resultados

A Figura 3 ilustra os espectros Raman das
diferentes grades para a configuragdo E,.
Todos os espectros mostram os modos Raman
E'e A's, além de modos de segunda ordem ao
redor de 450 cm-!, conforme esperado para A =
532 nm [4].
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Figura 3: Espectros Raman das grades plasménicas
com p = 300 nm a 1000 nm e fora da grade.

Os valores das médias das frequéncias dos
modos E’ e A’y e a diferenga em frequéncia
entre eles estdo expostos na Tabela 1.

Tabela 1: Média da frequéncia dos modos E’e A’1e
a diferenca entre as frequéncias w(A’1) - w(E’).

p(nm) B (em) A (em) w(A)—w(F) (cm )

1000 379,6 402,0 22,4
900 379.3 402,1 22,8
800 380.5 402,8 22.3
700 3821 403,4 21,3
600 381,2 403,2 22.0
500 382.6 402,9 20,3
400 381.6 403,1 21.5
300 381.4 4027 21.3
Fora 376 401,5 23,9

Nota-se que os valores das frequéncias dos
modos E’ e A’y ndo variam significativamente
em fungéo da periodicidade das grades. Ainda,
que w(A’1) - w(E’) possuem um valor acima do
esperado para uma ML- MoS2, que deveria ser
menor que 20cm™ [5]. Tanto a variagdo nas
frequéncias e, consequentemente, o aumento
em w(A'1) - w(E’), é explicado em termos do
strain e dopagem oriundos da interagdo com a
grade e o substrato de Au [2]. Entretanto, os
resultados nao sugerem uma alteragao
significativa com a periodicidade das grades.

Para a configuragéo E| foi observado o mesmo
comportamento quanto as frequéncias dos
picos. Porém, as intensidades emitidas foram
menores, conforme mostrado na Figura 4.
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Figura 4: Espectros Raman da grade p = 800 nm,
para (a) E. e (b) Ej.

Este comportamento foi verificado em todas as
periodicidades. Sabe-se pela literatura que LPs
sdo gerados nas fendas das grades de Au na
configuracdo E, [2]. Assim, esses LPs
interagem com a ML- MoS: e intensificam o
espalhamento Raman [2,3], que é observado
na Figura 4.

Conclusoes

Neste estudo concluiu-se que, as frequéncias
dos modos Raman E’ e A’y da ML- MoS; sédo
sensiveis ao meio em que ela esta depositada,
mas parecem nao depender da periodicidade
das grades. Além disso, verificou-se o efeito
SERS para a polarizagdo E, em virtude dos
LPs gerados nas fendas.
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Objectives

The project aimed to explore the vibrational
properties of a system consisting of a MoS:>
monolayer (MoS2-ML) coupled with plasmonic
gratings with different periodicities. This study
was conducted using micro-Raman
spectroscopy (u-RS), which is sensitive to
changes in the oscillation frequencies of the
characteristic MoS2 modes (E' and A'y) due to
interactions with the gratings [1,2]. Additionally,
we investigated the Surface-Enhanced Raman
Scattering (SERS) [3] effect because of
localized plasmons (LPs) in the slits [2].

Materials and Methods

The samples used in this study are like the one
schematized in Figure 1, where the MoS>-ML
was transferred onto the gratings, with
periodicities (p) ranging from p = 300 nm to
1000 nm, in increments of 100 nm.

MoS, ML

Au Grade

Figure 1: Schematic of the sample, showing the
MoS2-ML on the gold grating [2].
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Figure 2: Schematic of the WITec Raman
microscope [2].

The u-RS measurements were performed using
a WITec system, as shown in Figure 2. The
sample was excited with a laser at a
wavelength of A = 532 nm and a pump power of
4 mW, with measurements taken both inside
and outside the different gratings. The laser
beam was focused with a 100X/0.9 objective
lens. The emission was collected by the same
lens and dispersed using a 1200 g/mm
diffraction grating. The sample was excited with
polarization perpendicular (E.) and parallel (E)
to the slits. Five measurements were taken at
different positions on each grating.

Results

Figure 3 illustrates the Raman spectra of the
different gratings for the E, configuration. All
spectra show the Raman modes E' and A'y, as
well as Second-order modes around 450 cm-™,
as expected for A = 532 nm [4].
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Figure 3: Raman spectra of the plasmonic gratings
with p = 300 nm to 1000 nm and off the grating.

The average values of the frequencies of the E'
and A’y modes and the frequency difference
between them are presented in Table 1.

Table 1: Average frequency of the E'and A’y modes
and the frequency difference w(A') - w(E’).

p(nm) B (em) A (em) w(A)—w(F) (cm )

1000 379,6 402,0 22,4
900 379.3 402,1 22,8
800 380.5 402,8 22.3
700 3821 403,4 21,3
600 381,2 403,2 22.0
500 382.6 402,9 20,3
400 381.6 403,1 21.5
300 381.4 4027 21.3
Fora 376 401,5 23,9

It can be observed that the frequencies of the E'
and A'r modes do not vary significantly with the
periodicity of the gratings. Additionally, the
value of w(A'7) - w(E') is higher than expected
for a MoS2-ML, which should be less than 20
cm' [5]. Both the variation in frequencies and
the consequent increase in w(A'1) - w(E') are
explained in terms of strain and doping due to
interaction with the grating and the Au substrate
[2]. However, the results do not suggest a
significant change with the periodicity of the
gratings.

For the E; configuration, the same behavior
regarding peak frequencies was observed.
However, the emitted intensities were lower, as
shown in Figure 4.
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Figure 4: Raman spectra of the p = 800 nm grating
for (a) EL and (b) Ey.

This behavior was observed at all periodicities.
The literature indicates that localized plasmons
(LPs) are generated in the slits of the Au
gratings in the EL configuration [2]. These LPs
interact with the MoS>-ML and enhance Raman
scattering [2,3], which is observed in Figure 4.

Conclusions

In this study, we concluded that the frequencies
of the Raman E' and A's modes of MoS2-ML are
sensitive to the medium on which monolayer is
deposited but do not appear to depend on the
periodicity of the gratings. Moreover, we
observed the SERS effect for the E.
polarization due to the LPs generated in the
slits.
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