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APRESENTACAO w

VII Encontro Brasileiro de Espectroscopia Raman E N B ra E R

E com especial prazer que damos as boas-vindas a todos os participantes do VIl Encontro
Brasileiro de Espectroscopia Raman (EnBraER), realizado em Sao Pedro, de 05 a 08 de dezembro
de 2022!

O Encontro Brasileiro de Espectroscopia Raman (EnBraER) surgiu com o propésito de reunir
especialistas, usuarios e iniciantes na técnica, em ambiente propicio para discussfes sobre 0s
desenvolvimentos recentes e perspectivas futuras da técnica e seus desdobramentos.

O | EnBraER foi realizado em dezembro de 2009 em Sao Pedro, SP, e reuniu pesquisadores de
todo o pais, contando também com a participagéo de pesquisadores estrangeiros de renome. O |I
EnBraER ocorreu em Belo Horizonte, MG, em dezembro de 2011, com grande sucesso e
participacao de um numero significativo de pesquisadores e participantes estrangeiros de prestigio.

Em outubro de 2013, Il EnBraER, ocorreu em Fortaleza, CE, e preservando uma caracteristica
importante dos eventos anteriores: a grande participagéo de estudantes, tanto de po6s-graduagéo
quanto de graduagao, que enriqueceram a discussdo dos mais diversos pontos envolvidos no uso
da técnica. O IV EnBraER foi realizado em 2015 em Juiz de Fora, MG, e o V EnBraER foi realizado,
em 2017, em Campos do Jord&o, onde grandes temas da fronteira da espectroscopia Raman foram
discutidos para fomentar a interacdo entre os diferentes grupos de pesquisas no Brasil, na
viabilizagdo de compartilhamento de equipamentos e desenvolvimento conjunto de pesquisas e
pos-graduacao.

O VI EnBraER foi realizado em Belém, PA, em dezembro de 2019, contou com uma expressiva
participacdo de estudantes e pesquisadores e com ampla discussao a respeito dos fundamentos,
aplicacdes e efeitos de intensificacdo da espectroscopia Raman em problemas de interesse de toda
a comunidade cientifica brasileira.

O VII EnBraER, realizado em dezembro de 2022, retorna a sua sede inicial, em Sao Pedro, SP,
apds 13 anos, com uma comunidade cientifica consolidada e um parque instrumental bastante
ampliado, tornando, ainda mais imperioso resgatar os propdsitos da criagdo do evento, ou seja, de
reunir especialistas, usuarios e iniciantes na técnica, em ambiente propicio para discussdes sobre
0s desenvolvimentos recentes e perspectivas futuras da técnica e seus desdobramentos. O VII
EnBraER, inicialmente previsto para ocorrer em dezembro de 2021, foi adiado em fungéo das
restricdes impostas pela pandemia de COVID-19 e com a certeza de podermos nos reunir de forma
presencial para ampliar e fortalecer as interagdes entre os pesquisadores, estudantes e
expositores.

O intersticio entre o VI e VIl EnBraER foi marcado por uma pandemia global sem precedentes nos
ultimos 100 anos, impondo grandes desafios as universidades e institutos de pesquisa, tanto no
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sentido da manutencdo da formagdo de qualidade dos estudantes como na manutencdo das
atividades de pesquisa e pos-graduacdo. O ensino superior e 0 sistema de ciéncia e tecnologia
também enfrentaram, junto a pandemia, um severo ataque ao conhecimento cientifico e
contingenciamento de recursos. O corpo docente e de pesquisadores brasileiros fizeram um
esforco herculeo para se adaptar e superar todos e tantos desafios impostos. Tais adversidades
prejudicaram o financiamento e o apoio a participacdo de muitos membros da comunidade Raman,
mas a realizacdo do VII EnBraER, com mais de 110 trabalhos apresentados, 5 conferéncias
plenarias (sendo 2 com palestrantes do exterior), 10 palestras longas, 6 palestras técnicas (sendo 3
de palestrantes do exterior) demonstram a resiliéncia e sucesso da dedicagdo de toda a
comunidade cientifica brasileira.

N&o podemos deixar de registrar a perda, em abril de 2020, do Prof. Ronei Jesus Poppi
(UNICAMP), pesquisador atuante na area Raman com abordagem na area analitica e de
quimiometria, vitima da COVID-19. Também perdemos, em julho de 2021, o Prof. Oswaldo Luiz
Alves (UNICAMP), cujo inicio da carreira foi fortemente dedicado a espectroscopia, particularmente
a espectroscopia Raman. Em 07 de dezembro de 2021, a comunidade cientifica brasileira perdeu o
Prof. Oswaldo Sala, um dos pioneiros da espectroscopia Raman. Como forma de reconhecimento
perene ao legado e contribuicdo do Prof. Sala, o Comité Organizador propds, e foi aceito pelo
Comité Cientifico, a criacdo do Prémio “Oswaldo Sala” para “homenagear personalidades que se
destacaram em suas contribui¢cdes para o desenvolvimento da espectroscopia Raman, em nosso
pais, e por importantes contribui¢des a Ciéncia brasileira”.

Gostariamos de agradecer aos nossos patrocinadores que tornaram este evento possivel!
Agradecer ao nosso staff por todo suporte na organizagéo e condugéo do evento e, principalmente,
agradecer a todos os participantes que atenderam ao convite (ou puderam atender) e estéo
presentes abrilhantando o evento. Desejamos a todos, pesquisadores, alunos, cientistas de
aplicacdo e patrocinadores, um excelente evento. Acreditamos que € momento para celebrarmos a
superacdo dos desafios e nos revigorarmos para os desafios que viréo!

Um excelente e muito produtivo VIl EnBraER a tod@s!

Comité Organizador do VIl EnBraER
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Italo Odone Mazali - UNICAMP (Presidente)
Fernando Aparecido Sigoli - UNICAMP
Diego Pereira dos Santos - UNICAMP

Milene Heloisa Martins - UNICAMP

Carlos José Leopoldo Constantino — UNESP
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Alejandro Pedro Ayala - UFC
Antbnio Gomes Souza Filho — UFC
Carlos José Leopoldo Constantino — UNESP
Cristiano Fantini Leite - UFMG
Dalva Lucia Araujo de Faria — USP
Erlon Henrique Martins Ferreira — INMETRO
Gustavo Fernandes Souza Andrade — UFJF
Herculano da Silva Martinho - UFABC
ltalo Odone Mazali — UNICAMP
Luiz Fernando Cappa de Oliveira — UFJF
Marcia Laudelina Arruda Temperini — USP
Paulo Sérgio Pizani — UFSCar
Romulo Augusto Ando - USP
Sebastido Silva — UnB
Waldeci Paraguassu Feio — UFPA
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EnBraER

Desenvolvimentos teoricos, calculos e simulagdes.

Instrumentacao e aplicagdes industriais.

Espectroscopia Raman nao linear.

Efeitos de intensificagdo: Raman ressonante, SERS, TERS, campo préximo.
Espectroscopia Raman resolvida no tempo.

Microscopia Raman e imagens.

Atividade Optica Raman.

Aplicagdes em ciéncia dos materiais.

Aplicagdes em ciéncias biomédicas, biolégicas e biomoléculas.

Aplicagdes em geociéncias, patrimonio cultural, criminalistica, meio ambiente e

astrobiologia.

®

EnBraER

x®

EnBraER

w

EnBraER

Aplicagdes em quimica analitica.
Técnicas acopladas: LIBS, AFM, EDS, FTIR, STM, etc.

Controle de qualidade e métodos quimiométricos.
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14:00 h as 17:00 h Entrega do material e registro de participantes (Saldo Florestal).

16:00 h as 18:00 h Jogo da Copa do Mundo — Brasil nas Oitavas de Final (Saldo Arena Colina).

19:00 h ABERTURA do VII EnBraER (Anfiteatro)

19:20 h Plenaria 1 (Abertura): Prof. Dr. Antonio Gomes Souza Filho (UFC) — “A Espectroscopia
Raman no Brasil: aspectos histdricos e impactos”.

20:10 h HOMENAGENS

20:40 h JANTAR DE ABERTURA
oferecido a todos os inscritos
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06 DE DEZEMBRO - TERCA

Coordenador Sessao 1:

Diego Pereira dos Santos

8:30has9:20h

Plenaria 2 - Prof. Alexandre G. Brolo (University of Victoria, Canada) - “Ultra-high
speed single-particle and single-molecule SERS spectroscopy and imaging”.

9:20h-9:50h

Apresentacdo Longa 1 - Alejandro Pedro Ayala (UFC) - “Structure-property
relationships in metal halide perovskites”.

9:50 has 10:20 h

COFFEE-BREAK

10:20 h as 10:50 h

Apresentagdo Longa 2 - Luiz Gustavo Cangado (UFMG) - "On the development of
new Raman spectroscopy technologies for measurement and data analysis of mass-
produced graphene".

10:50 has 11:20 h

Palestra Técnica 1 — Thibault Brulé (Horiba, Franga) — “New tendencies in Raman
Microscopy: Innovative sample scanning methods, artificial intelligence chemometrics
and chemical microgeoprocessing”.

11:20 has 11:40 h

Comunicagdo Oral 1 - Lucas Carvalho (UFMG) - "O espalhamento Raman
correlacionado Stokes-anti-Stokes: um estudo da influéncia da largura temporal do
pulso de excitacdo".

11:40 h as 12:00 h

Comunicagao Oral 2 - Anerise de Barros (UNICAMP) - "Silicon microchannel-driven
Raman scattering enhancement to improved gold nanorod functions as a SERS
substrates toward single molecule detection of R6G and Thiram".

12:00 h as 14:00 h

ALMOCO

Coordenador Sessao 2:

Celly Mieko Shinohara lzumi

14:00 h as 14:30h

Palestra Técnica 2 - Vitor Pena Monken (FabNS) — “Inovac¢do tecnoldgica como
plataforma habilitadora de novos avancos cientificos — o caso do nanoscépio Porto”.

14:30 h as 14:50h

Comunicagdo Oral 3 - Isabela Santos (USP) - "Uso combinado de Microscopia Raman
e SEM-EDS na analise de obras de arte: Independéncia ou morte".

14:50 h as 15:10 h

Comunicagdo Oral 4 -Niklaus Wetter (IPEN) - "From micro to nano Raman: new
developments in the detection of micro and nanoplastics of marine origin from the
Amazon basin to Santos".

15:10 has 15:30 h

Comunicagdo Oral 5 -Mariana Gibin (UEM) - "Effect of storage solutions on the
mineral and organic content of dentin and enamel: a Raman spectroscopy study".

15:30 h as 16:00 h

COFFEE-BREAK

16:00 h as 16:30 h

Apresentagdo Longa 3 - Airton Abrahdo Martin (Universidade Brasil e
DermoProbes) - "Influéncia de Fatores Enddgenos e Exdgenos na Pele Humana:
Espectroscopia Raman Confocal".

16:30 h as 17:00 h

Palestra Técnica 3 — José Martins (Anton-Paar, Nanotimize) -"Determinagdes
guantitativas de excipientes farmacéuticos em comprimidos - estudo comparativo NIR
x Raman".

17:00 has17:30 h

Apresentagdo Longa 4 — Mdnica Benicia Mamian Lépez (UFABC) — “Espectroscopia
SERS e Raman aliadas a Quimiometria”.

17:30h as17:50 h

Comunicagdo Oral 6 - Wallance Pazin (UNESP) - "Direct detection of SARS-CoV-2
antigen based on surface-enhanced Raman scattering (SERS) using machine learning".

17:50 h

FOTO OFICIAL DO EVENTO

18:00 has 19:30 h

SESSAO DE PAINEIS

19:30 h

Reunido do Comité Cientifico - EnBraER
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Coordenador Sessao 3:

Carlos José Leopoldo Constantino

8:30has9:20h

Plenaria 3 — Prof. Stephanie Reich (Freie Universitat Berlin, Alemanha) —“Raman
scattering to probe the interaction of one-dimensional nanostructures”.

9:20 has9:50 h

Apresentacdo Longa 5 — Gustavo Fernandes Souza Andrade (UFJF) — "Protecdo
superficial de nanoparticulas plasmoénicas por Oxidos e polimeros naturais para
aplicacdes em SERS".

9:50 has 10:20 h

COFFEE-BREAK

10:20 h as 10:50 h

Apresentacdo Longa 6 — Eduardo Granado (UNICAMP) - "Spin-phonon coupling:
Raman scattering as a powerful probe of magnetic materials".

10:50 has 11:20 h

Palestra Técnica 4 — Thibault Brulé (Horiba, Franga) — “Strategies to correlate Raman
spectroscopy with other techniques for a complete sample characterization".

11:20 has 11:40 h

Comunicagdo Oral 7 - Angela Raba (UFPS, Colombia) - "Raman spectroscopic study
towards the growth of CuO/CuWO, heterostructure".

11:40 h as 12:00 h

Comunicagdo Oral 8 -Leonardo Furini (UFSC) - "Detection of thiabendazole pesticide
in matrix of food by surface-enhanced Raman scattering (SERS)".

12:00 h as 14:00 h

ALMOCO

Coordenador Sessao 4:

Luiz Fernando Cappa de Oliveira

14:00h as 14:30 h

Apresentacdo Longa 7 — Herculano da Silva Martinho (UFABC) - “Vibrational
Spectroscopy and biofluids investigation: from biomarkers to real-time diagnosis”.

14:30 h as 15:00h

Palestra Técnica 5 - Luciana Pataro (Agilent). “Identificacdo Quimica sem abertura de
embalagem utilizando a Espectroscopia Raman com Compensagao Espacial (SORS)”.

15:00 h as 15:20h

Comunicagdo Oral 9 - Quesle Martins (UNIR) - "Raman and FTIR spectra in
nanoemulsion from Carapa guianensis Aubl. oil".

15:20 has 15:40 h

Comunicagdo Oral 10 -Paulo Pizani (UFSCar)- "Pb0.SiO, glass under high pressure: ex-
situ and in-situ Raman analysis".

15:40 h as 16:00 h

Comunicagdo Oral 11 -Jéssica Viegas (UFMG) - "Polarized Raman spectroscopy of
monoclinic (In,Sc),Ge,0, ceramics".

16:00 h as 16:30 h

COFFEE-BREAK

16:30 has 17:00 h

Apresentagdo Longa 8 — Romulo Ando (USP) — “Espectroscopia Vibracional na
Caracterizagdo de Pares Frustrados de Lewis”.

17:00 has17:30 h

Palestra Técnica 6 —Sam Lawrence (Cytoviva). “Multi-modal imaging and analysis -
combining darkfield hyperspectral microscopy with confocal Raman microscopy”.

17:30 h as 18:00 h

Apresentagdo Longa 9 — Javier Erick Lobatdn Villa (UNICAMP) — “Ultrasensitive SERS
immunoassay for stress biomarker monitoring and diagnosis”.

18:00 has 19:30 h

SESSAO DE PAINEIS

20:30 h

Jantar de Confraternizagao
oferecido a todos os inscritos
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_ O08DEDEZEMBRO-QUINTA |

Coordenador Sessao 5: Fernando Aparecido Sigoli

8:30has9:20 h Plenaria 4 — Ado Jorio (UFMG) — “Nano-Raman Spectroscopy: development,
applications and perspectives”.

9:20has9:50 h Apresentacdo Longa 10 — Sebastido William da Silva (UnB) — “Uso da Espectroscopia
vibracional no estudo das interacdes entre moléculas bioativas e sistemas
nanoestruturados aplicados a saude humana”.

9:50 has10:20 h COFFEE-BREAK

10:20 has 10:40 h Comunicagdo Oral 12 - Antonio Sant'Ana (UFJF) - "SERS monitoring of the
photocatalytic degradation of the fungicide Tebuconazole by hybrid catalyst
AgNP/TiO,".

10:40 h as 11:00 h Comunicagdo Oral 13 - Waldeci Paraguassu (UFPA) - "High-pressure properties of

(CHs),NH,PbBr; lead halide perovskite".

11:00 has 11:50 h Plenaria 5 (Encerramento) - Prof. Mauro Carlos Costa Ribeiro (USP) -
“Espectroscopia Raman e Transicoes de Fases de Liquidos 16nicos”.

11:50 h Encerramento/Premiagdo

1 HORIB

NG

a¥
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PREMIO “OSWALDO SALA” 'j;

VII Encontro Brasileiro de Espectroscopia Raman E N B ra E R

Nascido em Bauru em 29 de junho de 1926, Oswaldo Sala fez licenciatura e bacharelado em Fisica pela Faculdade
de Filosofia Ciéncias e Letras da USP (FFCH-USP) tendo obtido esses graus em 1948. Em 1949 foi contratado
como Professor Assistente pelo Instituto Astrondmico e Geofisico da USP. No ano seguinte, apds um estagio de
curta duragdo no Departamento de Fisica da Faculdade de Filosofia, Ciéncias e Letras, foi indicado para
contratagdo pelo Prof. Hans Stammreich, com quem iniciou o doutoramento. A tese de doutorado “Espectros
Raman, Analise Vibracional e Constantes de Forca de alguns Compostos de Cromo Hexavalente” foi defendida em
1961. Comegou a trabalhar em regime de dedicagao integral a docéncia e a pesquisa (RDIDP) em 1959; mas antes
disso (1955-1958) foi Professor contratado pela Faculdade de Filosofia Sdo Bento (PUC). Torna-se Professor
Regente do Departamento de Fisica da FFCL-USP (1968-1970) e Professor Assistente Doutor agora no Instituto de
Quimica da USP em 1970, assim permanecendo até 1986 quando tornou-se Livre-Docente, titulo obtido pelo
Departamento de Quimica Fundamental do Instituto de Quimica da USP. No ano seguinte (1987) ascendeu a
posicao de Professor Adjunto na mesma Instituicdo e em 1988 torna-se Professor Titular por concurso realizado no

Instituto de Quimica da USP. Fez estégio de pds-doutoramento no Mellon Institute (Pittsburgh, USA) em 1962/1963.

Foi Vice-Chefe do Departamento de Quimica Fundamental no periodo de 1990 a 1993 e Vice-Diretor do IQUSP no
periodo 1994-1996.

E autor do livro “Fundamentos da Espectroscopia Raman e no Infravermelho”, Ed. UNESP, 1996, que é referéncia
em espectroscopia vibracional, e é organizador e coautor do livro "Espectroscopia Raman. Principios e Aplicagdes",
Séo Paulo, 1984, 242 péaginas (O. Sala, D. Bassi, P.S. Santos, Y. Hase, R.I.M.G. Forneris, M.L.A. Temperini e Y.
Kawano), com patrocinio do CNPq. Ainda no &mbito de sua preocupagdo com a formacao de estudantes, publicou
alguns artigos sobre espectros atdmicos e espectroscopia Raman e também de divulgagao: O. Sala, P.S. Santos e
M.L.A. Temperini, “Resultados de alguns estudos sobre o efeito Raman ressonante”, Quimica Nova, 1, 3 (1978); O.
Sala, Y. Kawano, P.S. Santos e M.L.A. Temperini, “O Laboratério de Espectroscopia Vibracional Hans Stammreich
na Universidade de S&o Paulo”, Quimica Nova, 7, 320 (1984); O. Sala, “Uma introdugéo a espectroscopia atémica: o
atomo de hidrogénio”, Quimica Nova, 30, 1773 (2007); O. Sala, “Uma introdug&o a espectroscopia atémica: Il - o
espectro do sodio”, Quimica Nova, 30, 2057 (2007); O. Sala. “l.: uma molécula didatica”. Quimica Nova, 31, 914
(2008).

Orientou 11 doutorados e 13 mestrados além de incontaveis alunos de Iniciagdo Cientifica. Foi membro da
Sociedade Brasileira de Quimica e membro titular da Academia de Ciéncias da Estado de Sdo Paulo e da Academia

Brasileira de Ciéncias (1996). Recebeu do IQUSP o “Prémio Rheinboldt-Hauptmann”em 1992 e do governo federal
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recebeu em 1998 o titulo de “Comendador da Ordem Nacional do Mérito Cientifico”. Foi também homenageado com
a Medalha "Sim&o Mathias" (2000), honraria concedida pela Sociedade Brasileira de Quimica aqueles que se

destacam por suas atividades académicas.

Foi homenageado na ocasido de seu 70° Aniversario com o workshop "Modern Aspects of Vibrational
Spectroscopy", IQUSP 1996, que originou um numero especial no Journal of the Brazilian Chemical Society (JBCS)

e 10 anos depois foi homenageado com o Curso de Espectroscopia Vibracional Prof. Oswaldo Sala (Vibros ).

As contribuicdes de Oswaldo Sala para a implantagéo e desenvolvimento da espectroscopia vibracional no Brasil e
América Latina, em especial a espectroscopia Raman, séo inquestionavelmente significativas e tiveram impacto
determinante na expansdo dessa area em nosso pais. Junto de Hans Stammreich, fez parte do grupo que
desenvolveu uma metodologia capaz de permitir 0 uso rotineiro da excitagdo de espectros Raman com
comprimentos de onda mais longos, por meio de ldmpadas de hélio e do uso de redes de difragdo. Apds o
falecimento do Prof. Stammreich (1969), tornou-se responséavel pelo laboratério e a fim de fazer frente as novas
demandas de pesquisa, adquiriu em 1970 o primeiro instrumento que operava ndo mais com lampadas, mas sim
com lasers. Do ponto de vista da técnica, teve papel pioneiro em investigagdes sobre o efeito Raman ressonante e,
posteriormente, sobre o efeito SERS (Surface-enhanced Raman Scattering), além de ter introduzido o uso de

matrizes criogénicas de gases inertes em espectroscopia vibracional no Brasil.

Prof. Oswaldo Sala foi um exemplo de dedicagéo e competéncia, contribuindo decisivamente para a nucleagéo de
diversos grupos de pesquisa no pais, mas, além de tudo isso, foi um exemplo como ser humano. Aqueles que

tiveram o prazer de desfrutar de sua companhia sabem que o Homem foi tdo grande quanto o Cientista.

Prof. Oswaldo Sala faleceu em 07/12/2021, quase exatos 12 anos apds proferir a conferéncia de abertura do |
EnBraER, em 06/12/2009, intitulada “Os primeiros tempos da espectroscopia Raman no Brasil’, abrindo a série
histérica deste encontro. O VII EnBraER estava previsto justamente para ocorrer na primeira semana de
dezembro/2021, sendo adiado devido a pandemia de COVID-19. Quis assim o destino, que o pioneiro da
espectroscopia Raman no Brasil, partisse no periodo que tradicionalmente a comunidade Raman brasileira se

reune.

O “Prémio Oswaldo Sala” do Encontro Brasileiro de Espectroscopia Raman tem por objetivo reconhecer o
legado do Prof. Sala homenageando personalidades que se destacaram em suas contribuigdes para o
desenvolvimento da espectroscopia Raman, em nosso pais, e por importantes contribuicées a Ciéncia

brasileira.
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O “Prémio Oswaldo Sala” do Encontro Brasileiro de Espectroscopia Raman sera outorgado por indicagdo do Comité
Cientifico do EnBraER.

Na 12. Edi¢ao do Prémio “Oswaldo Sala” do Encontro Brasileiro de Espectroscopia Raman,
foram contemplados, por indicagao do Comité Cientifico:

Prof. Dr. Roberto Ignazio Maria Guglielmo Forneris (USP)

E Bacharel em Fisica pela Faculdade de Filosofa, Ciéncia e Letras da Universidade de Sao Paulo (FFCH-USP,
1949) e Licenciado pela mesma Instituicdo em 1950, ano em que também fez especializagdo em Fisica na mesma
unidade da USP. Em 1961 defendeu tese de doutoramento pela Universidade de Sao Paulo (1961), intitulada
“Sobre a espectroscopia Raman na regido de comprimentos de onda longos. Os espectros Raman das moléculas
halogénicas e inter-halogénicas diatdmicas”. Foi Prof. Pleno do Centro Estadual de Educagéo Tecnologica Paula
Souza, Senior Research Associate da Vanderbilt University, Pesquisador Senior do Centro Técnico Aeroespacial
(CTA, Sao José dos Campos) e Visiting Research Fellow da University of Pittsburgh.

A época em que Roberto Forneris iniciou sua carreira na USP (final da década de 1950) ndo poderia ser mais
propicia. De 1942 a 1965, o Depto. de Fisica da FFCL-USP funcionava em um sobrado na Av. Brigadeiro Luis
Antbnio e durante o periodo da Segunda Guerra Mundial as atividades estavam voltadas a pesquisa sobre radiagéo
cosmica e ao esfor¢o de guerra em geral. Hans Stammreich, orientador de Forneris, aproximou-se da USP em 1944
quando o Depto. de Fisica criou uma equipe envolvida no desenvolvimento de um sonar para a Marinha, e ha
relatorios dele descrevendo a construgdo de valvulas de mercurio e o desenvolvimento de papéis especiais para
serem usados em registradores de sonares. Devido, porém, a declaragdo de guerra @ Alemanha, Stammreich s6
pode ser contratado em 1945, quando a guerra foi encerrada. Tornou-se responsavel pela cadeira de Fisica
Superior em 1947, ano em que o Depto. de Fisica adquiriu um espectrégrafo Raman comercial (Lane-Wells com
ldmpada de mercurio e trés prismas de 10 cm de base), com o qual publicou o primeiro artigo usando lampada de
He em 1950 (Stammreich, H.; Sala, O.; Forneris, R.; An. Acad. Bras. Ciénc. 1950, 22, 307). O comprimento de onda
587,6 nm foi usado para estudar a relagdo de intensidade entre as bandas Stokes e anti-Stokes do CCls € 0 mesmo
arranjo experimental foi utilizado em um estudo sobre azobenzenos também publicado em 1950 (Stammreich, H.;
Experientia 1950, 6, 224) e em 1952 (Stammreich, H.; Forneris, R.I.M.G., Das Raman Spektrumedes P-
Benzochingns. Zeitschrift fur Naturforschng, 1952, 7A, 576). No caso do azobenzeno, um trabalho anterior da
literatura reportava o estudo dessa substancia empregando as linhas amarelas da lé&mpada de Hg em 577,0 nm e
579,17 nm (dubleto). Esses comprimentos de onda haviam sido tentados em outros trabalhos do grupo de
Stammreich, sem sucesso por causa da fraca intensidade dessas linhas e da absorgao da radiagao incidente e
espalhada pela amostra, no caso de amostra intensamente colorida; além disso, a dispersao reciproca reportada no
artigo da literatura era muito baixa (160 A/mm) e devido a todos esses fatores os autores observaram apenas trés
bandas Raman para o azobenzeno. A equipe de Stammreich usou entdo uma lampada de He (linha amarela em
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578,6 nm) e investigou 0 azobenzeno como uma solugdo de concentragdo 2,5% (volume) em CCls; usando tempo
de exposicdo de 20 minutos, ele e sua equipe registraram 12 bandas Raman, duas das quais haviam sido
observadas no trabalho anteriormente publicado. A partir dai, o grupo de Stammreich nele incluido Roberto Forneris,
instalado no porédo do sobrado da Av Brigadeiro Luis Antonio, comegou a trabalhar arduamente no desenvolvimento
de ldmpadas cada vez mais estaveis e de um espectrégrafo que usasse redes de difracdo no lugar de prismas
devido a sua maior dispersdo no vermelho. Em 1955 Stammreich, Forneris e Sone publicam um artigo pioneiro
sobre 0 espectro Raman de dicloreto de enxofre no qual € empregado pela primeira vez um espectrégrafo dotado de
redes de difragdo de transmissdo da Bausch & Lomb com brilho (blaze), que apresentava resolucéo espectral
comparavel ao do instrumento comercial Lane-Wells com lampada de Hg (Stammreich, H.; Forneris, R.; Sone, K.; J.
Phys. Chem. 1955, 23, 972. 49). Poucos anos depois (1961), Stammreich e Forneris, usando uma rede de difragao
adequada (2160 linhas/mm com brilho em 600 nm na primeira ordem da rede) e uma lampada de He (587,6 nm)
obtiveram o espectro Raman de cloro liquido com resolugéo espectral entre 0,3 cm-' e 1,5 cm™ 0 que permitiu
separar as contribuicdes das espécies isotdpicas de cloro 3Cl,, 37Cl, e %CR7Cl) (Stammreich, H.; Forneris, R.;
Spectrochim. Acta 1961, 17, 775).

A partir de 1966, com a conclusdo dos laboratérios dos recém criados Institutos de Fisica e Quimica foi dada a
Stammreich a oportunidade de escolher em qual das duas Unidades gostaria de continuar suas atividades e ele fez
sua optou pelo Instituto de Quimica. Roberto I. M. G. Forneris, entretanto, preferiu continuar ligado ao Instituto de
Fisica, criando 1a seu proprio grupo de pesquisa.

P

Possui graduacao em Bacharel em Quimica pela Universidade
de S&o Paulo (1971), mestrado em Quimica (Fisico-Quimica)
pela Universidade de S&o Paulo (1974) e doutorado em
Quimica (Fisico-Quimica) pela Universidade de S&o Paulo
(1977). Estagiou na Universidade de Yale com Prof. R. K.
Chang (1985) e no Departamento de Quimica Inorgénica da
Universidade De La Plata (1988) com Prof. P.J. Aymonino.
Desde 2002 é professora titular da Universidade de S&o Paulo.
Atua principalmente no campo da Espectroscopia Vibracional.
Utliza o efeito Raman ressonante para estudar as
propriedades de polimeros condutores e filmes de
nanomateriais poliméricos ndo conjugados naturais, o efeito
SERS (Surface Enhanced Raman Scattering) para o
entendimento do comportamento de moléculas em sistemas
eletroquimicos e em condicdo de uma Unica molécula em
sistema contendo nanoparticulas metélicas. Foi pesquisadora
1A do CNPq, coordenou projetos de pesquisa tematico e de
infragstrutura FAPESP do Laboratério de Espectroscopia
Molecular (LEM).

E membro da Academia de Ciéncias do Estado de Sao Paulo e Comendador (2008) da Ordem de Mérito Cientifico.
Entre 2006-2009 foi Presidente da Comissdo de Cultura e Extensdo do IQUSP e membro titular dessa mesma
Comissao entre 2010 a 2012.

Profa. Dra. Marcia Laudelina Arruda Temperini (USP)
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Marcos A. Pimenta possui graduagéo (1980) e mestrado
(1983) em Fisica pela Universidade Federal de Minas
Gerais (1980), doutorado (1987) em Ciéncias pela
Université dOrléans, Franga, e p6s-doutorado (1997-98)
no Massachusetts Institute of Technology (MIT), EUA. E
pesquisador 1A do CNPq e tem experiéncia em
propriedades  dpticas de  materiais,  atuando
principalmente nos seguintes temas: nanomateriais,
grafeno, nanotubos, espectroscopia Raman, cristais bi-
dimensionais e transic6es de fase estruturais. E professor
titular e atua como professor convidado no Departamento
de Fisica da Universidade Federal de Minas Gerais, onde
criou o Laboratério de Espectroscopia Raman em 1992 e
introduziu as areas de pesquisa de nanotubos de carbono
e grafeno. Foi um dos criadores e o coordenador geral do
Centro de Tecnologia em Nanomateriais e Grafeno
(CTNano) da UFMG de 2010 a 2020. E atualmente o
coordenador do Instituto Nacional de Ciéncia e
Tecnologia (INCT) de Nanomateriais de Carbono.

E membro titular da Academia Brasileira de Ciéncias e da "The World Academy of Sciences" (TWAS). Recebeu as
seguintes distingdes: prémio Scopus-CAPES 2008, Somyia award de 2009 da IUMRS (International Union of
Materials Research Society), prémio da TWAS em Fisica de 2013; prémio Marcos Mares-Guia de 2014 da
FAPEMIG/SESTEC; Comendador (2010) e Gra-Cruz (2018) da Ordem de Meérito Cientifico; Prémio de Teses
CAPES como orientador em Fisica (2007 e 2018) e em Engenharias 1V (2018). Entre 2017 e 2019 foi o presidente
da Sociedade Brasileira de Fisica.
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“A Espectroscopia Raman no Brasil: aspectos histdricos e
impactos”

Prof. Dr. Antonio Gomes Souza Filho
Universidade Federal do Ceard

A histéria da espectroscopia Raman no Brasil acompanha o desenvolvimento da ciéncia brasileira a partir de 1947.
Nessa palestra mostraremos alguns eventos que marcaram a atuagdo da comunidade brasileira de espectroscopia

Raman destacando suas contribuicdes na formagdo de recursos humanos, no avango da ciéncia e no
desenvolvimento de instrumentagao.
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“Ultra-high speed single-particle and single-molecule SERS
spectroscopy and imaging”

Prof. Dr. Alexandre G. Brolo
University of Victoria, Canada

Surface enhanced Raman spectroscopy (SERS) is a well-known and highly-studied effect that effectively represents
both the challenges and opportunities inherent to nanophotonics and nanotechnology. This is due to the extremely
localized nature of SERS, where intense plasmonic “hotspots” increase Raman scattering by orders of magnitude,
generating signals from single molecules. These signals often show significant fluctuations, both in intensity and
spectral features due to the dynamic nature of light-matter interaction at the atomic scale. These SERS intensity
fluctuations (SIFs) occur over an extremely wide range of timescales, from seconds to micro-seconds. While many
mechanisms have been proposed for these fluctuations, such as molecular diffusion or transient plasmonic hotspot
generation, the underlying source of these fluctuations are likely to be a complex interplay of several different effects.
In this work, we will discuss our results on the measurements of high-speed intensity fluctuations and imaging at the
single particle and single molecule level. High-speed spectral information was also obtained using a fast acquisition
system capable of taking more than 100,000 spectra per second. Characterization of SERS fluctuations at these
speeds can provide further clues as to the source of these fluctuation events.
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“Raman scattering to probe the interaction of one-dimensional
nanostructures”

Prof. Stephanie Reich
Freie Universitdt Berlin, Germany

Raman scattering is a powerful tool to study the electronic, vibrational, and optical states of nanoscale materials and
the interaction between the various excitations. In my talk | will present an overview over recent experiments in my
group on the Raman spectra of single-walled, double-walled and filled carbon nanotubes.l will show how we can
quantify the shielding of the hollow core by the nanotube wall and its effect on confined nanosystems such as
inserted molecules or a second, inner tube. The combination of two nanotubes in a double-walled species can also
be viewed as a one-dimensional Moiré structure. | will consider the effect of the Moiré-like tube-tube interaction on
the vibrational and excitonic states of carbon nanotubes. If time permits, | will introduce the concept of exciton-
polaritons in carbon nanotubes and examine the role such hybrid light-matter states play in Raman scattering by the
tubes. Many puzzling and conflicting observations that have been reported for Raman scattering on nanotubes can
be explained naturally when considering polaritons instead of uncoupled excitons as the mediating excitations for
resonant Raman scattering in carbon nanotubes.
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““Nano-Raman spectroscopy: development, applications and
perspectives”

Prof. Ado Jorio
Universidade Federal de Minas Gerais

In this presentation the nano-Raman spectroscopy will be discussed broadly, from the historical development [1] to
applications and perspectives. Together with the worldwide picture, the contributions from our group will be
addressed, with achievements in areas like single defects [2], spatial field coherence [3,4] and phonon localization in
twisted bilayer graphene [5]. Besides the scientific perspective, instrumental development will also be addressed,
including our efforts to offer the community a ready-to-use nano-Raman spectrometer.

[1]M.D.D. Costa, L. G. Cangado and A. Jorio. J. of Raman Spectr. 52, 587 - 599 (2021).

[2] I. Maciel et al. Nature Materials 7, 878 - 883 (2008).

[3] R. Beams, L. G. Cancado, A. Jorio and L. Novotny. Phys. Rev. Lett. 113, 186101 (2014).

[4] L. G. Cancado, R. Beams, A. Jorio and L. Novotny. Phys. Rev. X 4, 031054 (2014).

[5] A. C. Gadelha et al. Nature, 590, 405 - 409 (2021)..
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“Espectroscopia Raman e transi¢des de fases de liquidos i6nicos”

Prof. Mauro Carlos Costa Ribeiro
Universidade de Sdo Paulo

Liquidos i6nicos, i.e. sais fundidos em temperatura ambiente (por convengéo, Tm < 100 C), apresentam complexa
fenomenologia de transi¢do de fases, incluindo cristalizag&o, polimorfismo, eventos antecipando a fuséo (pre-
melting), ou vitrificacdo e cristalizagdo sob aquecimento do vidro (cold-crystallization). Nesta palestra mostraremos
como espectroscopia Raman tem sido utilizada em estudos de transigdes de fases de liquidos idnicos em fungéo da
temperatura e presséo. Discutiremos as regides de frequéncias baixas do espectro Raman (assim como o espectro
far-IR), a qual é devida a dinamica intermolecular do liquido, e de frequéncias altas que indicam, por exemplo,
mudangas conformacionais das estruturas moleculares dos ions normalmente usados na preparacdo de liquidos
ibnicos. No caso de anion simples e simétrico, a dependéncia da frequéncia vibracional com a pressdo é
reproduzida com modelo de esfera dura e extrapolagdes de equacdes de estado empiricas propostas para liquidos
ibnicos. Curvas de temperaturas de fusédo e de transicéo vitrea em funcéo da pressao, Tm(P) e Tg(P), foram obtidas
por espectroscopia Raman usando cela de diamantes (DAC, diamond anvil cell) em criostato. A similaridade dTm/dP
=~ dTg/dP observada experimentalmente sera discutida com argumentos baseados em termodinamica de néo-
equilibrio. Exemplos serdo dados para ilustrar como eventos complexos de pre-melting ou transicao sélido-sélido,
que muitas vezes nao sao aparentes em medidas calorimétricas, por outro lado sdo revelados pelos espectros
Raman de liquidos ibnicos obtidos com diferentes taxas de variagao de temperatura e pressao.
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“Structure-property relationships in metal halide perovskites”

Prof. Alejandro Pedro Ayala
Universidade Federal do Ceard

The energy conversion efficiency of halide perovskite-based solar cells, which rapidly increased from 3.8% in 2009 to
25.5% in 2021, has drawn attention to a new family of materials for photovoltaic and optoelectronic applications.
Among its advantages we can highlight its ease of manufacture, abundance of raw materials, low cost and, in
particular, ideal optoelectronic properties. On the other hand, the main disadvantages are the low stability under real
working conditions and the predominance of lead in the compositions. Due to this, the search for new materials that
allow the development of devices that meet market requirements has been intense. Thus, the term “metal halide
organic-inorganic perovskites” has come to describe a large number of structural families, many of which bear little
resemblance to the ideal perovskite structure. A prevalent feature in these structures are the metal halide octahedral
networks of different dimensionalities (sharing vertices, edges, faces or isolated) responsible for the confinement
effects that give rise to the excellent optoelectronic properties. In all cases, the crystal structure determines the
properties that can be controlled through induced phase transitions when subjected to various types of perturbations,
such as chemical modifications or variation in temperature and/or pressure. In this presentation, several structures
based on metal halide networks will be discussed, with special emphasis on the use of Raman spectroscopy in its
characterization and study of phase transitions, as well as its correlation with properties relevant to applications, such
as photoluminescence.
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“On the development of new Raman spectroscopy technologies
for measurement and data analysis of mass-produced graphene”

Prof. Luiz Gustavo Cangado
Universidade Federal de Minas Gerais

The advent of nanomaterials has brought several challenges on the materials' characterization framework. These
challenges open for opportunities on the development of instruments capable of overcoming today's technological
limitations. In Raman spectroscopy, diffraction mimics the capacity of conventional setups to extract spectral
information at the nanoscale. In this talk, recent advances on the development of a metrological framework for the
characterization of mass-produced graphene based on Raman spectroscopy will be presented. The goal is to create
a robust quality control process for assisting the mass production of graphene, in a reproducible and scalable way,
following the route of mechanically-assisted chemical exfoliation of natural graphite. The talk will cover the
development of new technologies, automation of data analysis and processing, establishment of new protocols and
standard operating procedures, and the creation of a real-time analysis Raman system to be incorporated along the
production line of a pilot plant. Combined with tip-enhanced Raman spectroscopy (TERS) analysis, the real-time
monitoring system revealed that as the average number of layers decreases, more structural defects are introduced
in the nanoflakes.
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“Influéncia de fatores enddgenos e exdgenos na pele humana:
espectroscopia Raman confocal”

Prof. Airton Abrahao Martin
Universidade Brasil e DermoProbes

A pele € uma das principais barreiras naturais que impedem a entrada de microrganismos, poluentes e toxinas no
corpo humano. A sua composigao € determinante para mitigar os efeitos de processos endégenos ou exdgenos que
causam o envelhecimento cutéaneo. Entre os principais componentes que garantem a saude da pele, podemos
destacar o colageno, que uma vez degradado por inumeros fatores levam ao processo de envelhecimento de forma
mais acelerada. Por isso, atualmente diversos estudos tém proposto a utilizagdo de suplementos com a finalidade
de diminuir os efeitos da degradacao das fibras colagenas na pele, além dos efeitos hidratantes e imunoldgicos.
Entretanto, grande parte dos resultados de pesquisa apresentados na literatura atualmente utilizam modelos
animais e/ou testes invasivos ndo especificos para verificar estes possiveis efeitos de suplementos. Neste contexto,
0 objetivo do presente estudo é avaliar por espectroscopia Raman confocal in vivo as mudangas bioquimicas na
pele de pessoas diabéticas e saudaveis, antes, durante e ap6s a suplementacao continua.
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“Espectroscopia SERS e Raman aliadas a quimiometria”

Prof. Moénica Benicia Mamidan Lopez
Universidade Federal do ABC

A espectroscopia Raman amplificada por superficie (SERS), permite aumentar significativamente a detectabilidade
em aplicagbes analiticas. Do ponto de vista analitico, SERS passou de uma técnica reconhecida pela baixa
reprodutibilidade (associada principalmente a sintese de nanoparticulas metalicas), até o status atual como
excelente alternativa analitica, tendo a quimiometria como sua principal aliada. Os métodos e ferramentas
quimiometricas tém sido protagonistas quando o problema envolve matrizes complexas com multiplos componentes
ou contribuintes ao espectro SERS e Raman (misturas, matrizes biologicas, processos cinéticos ou imagens), pois
além de utilizar o sinal completo ao invés de bandas especificas, modela interferéncias presentes nas mesmas, e
minimiza significativamente procedimentos de preparo de amostra em bancada. Nesta palestra serdo mostradas
algumas aplicagdes que combinam a espectroscopia SERS e Raman com métodos quimiométricos.
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“Protecao superficial de nanoparticulas plasmonicas por oxidos e
polimeros naturais para aplicagdes em SERS”

Prof. Gustavo Fernandes Souza Andrade
Universidade Federal de Juiz de Fora

Apesar das potencialidades da técnica SERS nas mais diversas areas da quimica e da ciéncia de materiais,
algumas aplicacbes sédo fortemente limitadas pelas variages de intensidade com a agregagé@o descontrolada de
nanoparticulas usadas como substratos para a técnica. Uma abordagem que vem sendo muito estudada na ultima
década ¢ a utilizagéo de nanoparticulas protegidas por 6xidos dielétricos ou semicondutores ou polimeros naturais
ou sintéticos, que apresentam muito menor tendéncia a agregagao descontrolada, como substratos SERS. Nessa
apresentacdo vao ser discutidos resultados SERS de substratos de nanoesferas e nanobastdes recobertas com
Oxidos de silicio e manganés ou por quitosana como substratos, tanto com relagdo a caracterizagdo do
nanomateriais obtidos quanto ao desempenho espectroscopico para o estudo de corantes com diferentes cargas e
estruturas quimicas. Os resultados indicaram a necessidade de entender diferentes aspectos dos sistemas
estudados, como espessura do recobrimento e interagdes especificas com os modificadores, assim como caminhos
para a otimiza¢ao da intensidade SERS.
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“Spin-phonon coupling: Raman scattering as a powerful probe of
magnetic materials”

Prof. Eduardo Granado Monteiro da Silva
Universidade Estadual de Campinas

The magnetic exchange energy is highly dependent on the bond distances and angles in a given material, meaning
that lattice vibrations are capable of modulating such energy. This leads to temperature-dependent phonon shifts
associated with magnetic ordering/correlations that depends not only on the detailed microscopic magnetic
arrangement but also on the nature of the magnetic coupling mechanism. Over the last 25 years, spin-phonon
spectroscopy has become a powerful probe of magnetic materials in a microscopic level. In this talk, | will show how
this technique has been employed to gain insight into a number of quantum magnetic materials, from colossal
magnetoresistance manganites to multiferroic oxides, double perovskites and spin-orbit iridates, also showing some
prospects on how the spin-phonon coupling can contribute to the investigation of heterogeneous magnetic materials
from the nano to the mesoscale.
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“Vibrational spectroscopy and biofluids investigation: from
biomarkers to real-time diagnosis”

h‘. Prof. Herculano da Silva Martinho
== \ Universidade Federal do UFABC

In this talk we will revise some key concepts related to the potential of liquid biopsy as a valuable tool for
implementation of precision medicine. It will be discussed some recent advances obtained in our research group
related to infectious and cardiovascular diseases.
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“Espectroscopia vibracional na caracterizacao de pares frustrados
de Lewis”

Prof. Romulo Ando
Universidade de Sdo Paulo

Um aduto classico de Lewis é formado quando ha uma ligagdo covalente entre um &cido e uma base de Lewis.
Quando a formagéo do aduto é impedida por efeitos estéricos, o sistema molecular € denominado de par frustrado
de Lewis. Os pares frustrados de Lewis (FLPs) tem ganhado destaque na area de catélise, pois sé&o sistemas nao
metalicos capazes de ativar moléculas pequenas como Hz e CO.. Devido as fracas interagbes entre as espécies,
evidéncias experimentais para comprovar a existéncia dos FLPs s&o bastante limitadas. Neste seminario sera
demonstrada a aplicagéo da espectroscopia vibracional na caracterizagdo de pares frustrados de Lewis, tanto via
espectroscopia Raman ressonante como por infravermelho (IR). Além disso, serdo apresentados resultados de
calculos computacionais baseados na teoria do funcional da densidade (DFT) para auxiliar a interpretagdo dos
dados experimentais.
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“Ultrasensitive SERS immunoassay for stress biomarker
monitoring and diagnosis”

Prof. Javier Erick Lobaton Villa
Universidade Estadual de Campinas

Globalization, living style, work competition, and pandemic, are some the main reasons of the alarming increased
levels of human stress worldwide. Accordingly, reliable methods capable to routinely monitor stress are necessary to
improve the global life quality. Cortisol is a steroid hormone that plays an important role to trigger the human stress
response in challenging, threatening, or startling situations, and is therefore considered the main stress biomarker. In
this presentation, the rational design of a cortisol biosensor by combining a highly sensitive analytical technique
(surface-enhanced Raman spectroscopy, SERS) and a specific assay (competitive immunoassay) will be described.
Special attention will be devoted to the synthesis and surface modification of sensitive SERS nanotags (stars,
spheres and rods), the use of different capture agents and the influence of plasmonic coupling on the performance of
the sensor. A critical comparison among the proposed SERS immunoassay and well-developed analytical
techniques, such as high-performance liquid chromatography coupled to mass spectrometry (HPLC-MS) and ELISA,
will be addressed. Finally, the applicability of this SERS-based technology for monitoring human stress levels,
cortisol-related disorders (Cushing’s syndrome and Addison’s disease) and other potential analytical applications will
be discussed.
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“Uso da Espectroscopia vibracional no estudo das intera¢6es entre
moléculas bioativas e sistemas nanoestruturados aplicados a
saude humana”

Prof. Sebastiao William da Silva
Universidade de Brasilia

A ciéncia e a tecnologia em escala nanométrica compdem atualmente um campo de fronteira multi- e interdisciplinar
com grande potencial tecnologico. A medicina atual vem empregando esforcos para desenvolver sistemas
nanoestruturados a serem utilizados no diagnostico, tratamento e cura dos mais variados tipos de cénceres e
infeccdes. Estes sistemas sdo geralmente construidos a partir do acoplamento de drogas ou biomoléculas a
materiais nanoestruturados. No entanto, para tornar essas aplicagdes (marcadores biolégicos e sistema para
entrega de drogas, por exemplo) téo eficazes quanto possivel, € essencial conhecer as propriedades fisico-quimicas
da interface particulas/cobertura. As espectroscopias vibracionais, como as espectroscopias Raman e FTIR, séo
particularmente sensiveis as mudancgas decorrentes das interagdes inter- e intramoleculares, pois estas interagdes
levam a mudangas nas propriedades fisicas e quimicas do sistema nanoparticulado. As informagdes adquiridas nos
espectros vibracionais permitem correlacionar as altera¢des quimicas, conformacionais e estruturais sofridas pelas
moléculas decorrentes do seu processo de interagdo. Portanto, as alteragdes espectrais podem ser usadas para
estudar os efeitos diretos ou indiretos da interagdo molecular em virtudes de ligagdes inter- ou intramolecular de
grupos quimicos tais como hidroxila ou amino, bem como alteragbes mediadas por cations ou anions presentes na
superficie das nanoparticulas. Neste trabalho apresentaremos alguns resultados envolvendo a adsorgdo de
moléculas bioativas em diferentes sistemas nanoparticulados. Por exemplo, os dados espectroscopicos evidenciam
que moléculas lipidicas exercem papel importante no arranjo espacial das cadeias de hidrocarbonetos que
compdem nanoemulsdes a base de lecitina. Em complemento, o estudo da bioconjugacdo de anticorpos na
superficie de nanoparticulas de ouro, utilizadas na detecgdo do virus SARS-CoV-2, indicaram que o efeito doador
de elétrons dos grupos NHa livres, assim como os ions carboxilato, sdo responsaveis por acoplar o anticorpo ao
terminal éster succinimidil, presentes na superficie da NP de ouro, de modo a formar uma ligagéo amida pelo ataque
nucleofilico da amina no carbono carbonilico do éster.
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“New tendencies in raman microscopy : innovative sample
scanning methods, artificial intelligence chemometrics and
chemical microgeoprocessing”

1 Dr. Thibault Brulé
Global Product Specialist / Raman Influencer, HORIBA, France

In this talk you will learn the basic principles of applied Raman spectroscopy and Raman imaging (the importance of
spectral and spatial resolutions for image generation) and discover the new tendencies applied on Raman
microscopy. Theory, application and instrumentation will be the main topics for a wide range of materials
characterization, including polymers, drugs, biomaterials, life sciences and two-dimensional (2D) materials. Raman
microscopy is one of the only techniques capable of providing accurate, non-destructive analysis combined with high
resolution images. Raman spectroscopy provides valuable information about the sample studied, such as chemical
and structural composition. Based on the light-matter interaction, the Raman technique can perform characterizations
through mapping measurements, obtaining relevant information, such as: particle distribution, homogeneity, grain
size, phase changes and several other characteristics of the sample through the chemical evaluation of the material.
The effects of chemical bonding, deformation and crystal size will be covered and we will show you how to measure
and image these features. In addition, we will discuss combined laser-excited photoluminescence and Raman
scattering images of two-dimensional (2D) crystals to reveal the spatially variable solid-state structure of these
materials. The topics and content will be valuable to researchers in industry and academia, materials scientists,
characterization chemists and physicists, professors and graduate students.

HORIBA
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“Inovagao tecnologica como plataforma habilitadora de novos
avancos cientificos — o caso do nanoscopio Porto”

Vitor Pena Monken
FabNS

Inovagéo em equipamentos cientificos e ferramentas de software s&o nédo apenas grandes catalisadores do avango
da fronteira na pesquisa de base, mas fundamentais para o avango na industria e de aplicagdes, e com impactos
diretos em toda sociedade. Assim como o microscopio optico expandiu 0 conhecimento humano para 0 mundo da
microbiologia, sistemas capazes de realizar imagens dpticas abaixo do limite de difracdo da luz tém demonstrado
potencial disruptivo. A espectroscopia Raman melhorada por sonda (TERS, do inglés tip-enhanced Raman
spectroscopy) viabiliza a aplicagdo dessa importante técnica espectroscopica a sistemas em escala nanométrica,
possibilitando resolvé-los opticamente com resolugéo que ultrapassa o limite de difragdo da luz. Avangos recentes
na instrumentacdo, na produgdo de nanoantenas ressonantes de alto desempenho e em ferramentas de software
para andlise de dados podem, em conjunto, fomentar pesquisas em nanociéncia e na nanotecnologia. O presente
trabalho tem como objetivo aprofundar nos avangos tecnolégicos que viabilizaram o uso robusto da técnica TERS e
apresentar alguns resultados obtidos com esse sistema na analise de grafeno, nanodispositivos e materiais
biolégicos.

FabNS
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“Determinagdes quantitativas de excipientes farmacéuticos em
comprimidos - estudo comparativo NIR x Raman”

Dr. José Martins
Antor-Paar, Nanotimize

Uma das tendéncias no processo de inovagdo da industria de equipamentos tem sido a miniaturizagdo, um dos
desafio das ultimas décadas. Essas iniciativas tém trazido muitas possibilidades de aplicagdo desse novos
instrumentos em muitos mercados, traduzindo-se numa avalanche de dados quimicos que precisam ser analisados
de forma criteriosa. Existe nesse sentido a necessidade de observar as normativas regulatérias para cada segmento
de mercado de forma especifica e o segmento farmacéutico oferece amplas possibilidades de aplicagéo,
objetivando atender ao desenvolvimento de novos produtos farmacéuticos de maneira rapida, segura € a menor
custo. Esse trabalho tem por objetivo apresentar um racional de modelagem, por técnicas de analise multivariada,
aplicado a dados obtidos por dois instrumentos distintos para 0 mesmo conjunto amostral. Os resultados obtidos
demonstram equivaléncia e convergéncia para o caso aplicado e em total aderéncia as normas regulatérias vigentes
(Famacopeia Brasileira, United State Pharmacopeia, European Pharmacopeia, etc.). O racional abrange o
atendimento das normativas, suas condigbes de restrigdo as quais foram aplicadas desde a concepgdo do
planejamento amostral (por Design of Experiment - DoE) bem como no tratamento dos dados, a modelagem
propriamente dita, na busca de métodos de predicéo validaveis e de facil aplicagdo na rotina laboratorial.

% Anton Paar
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“Strategies to correlate Raman spectroscopy with other
techniques for a complete sample characterization”

.| Dr. Thibault Brulé
% Global Product Specialist / Raman Influencer, HORIBA, France

In this talk you will learn how the information from Raman spectroscopy can be linked to information provided by
other techniques like AFM, X-Ray Fluorescence or SEM, using different strategies of colocalization. Theory,
application and instrumentation will be the main topics for a wide range of materials characterization, including
polymers, biomaterials, life sciences and two-dimensional (2D) materials. Raman imaging is one of the only
techniques capable of providing a non-destructive molecular analysis with no or very low sample preparation with
high resolution images. Raman spectroscopy provides valuable information about the sample studied, such as
chemical and structural composition. Based on the light-matter interaction, the Raman technique can perform
characterizations through mapping measurements, obtaining relevant information, such as: particle distribution,
homogeneity, grain size, phase changes and several other characteristics of the sample through the chemical
evaluation of the material. All of these information are very valuable especially when they are combined with
elemental or physical information provided by other techniques. Thus, it can be applied in several areas of
knowledge, such as pharmaceuticals, photovoltaics, graphene, cells, nanoparticles, microplastics, among others.
The topics and content will be valuable to researchers in industry and academia, materials scientists,
characterization chemists and physicists, professors and graduate students.

HORIBA
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“Identificagao Quimica sem abertura de embalagem utilizando a
Espectroscopia Raman com compensagao espacial (SORS)”

Dra. Luciana Foltram Pataro
Molecular Spectroscopy Product Specialist at Agilent Technologies

Nessa apresentacdo, apresentaremos a Espectroscopia Raman com Compensacdo Espacial (SORS) e como ela
permite realizar analises Raman através de diferentes tipos de embalagens, de frascos de vidro transparente a
embalagens de papel multicamada. A tecnologia SORS trabalha através de muitos milimetros de material,
permitindo analises quimicas precisas por meio de barreiras como papel, vidro, plastico, tecido e até pele. O método
nao requer conhecimento prévio da embalagem ou material de superficie e ndo requer contato fisico direto. Essa
tecnologia permite a analise das amostras sem necessidade de abertura de embalagens, reduzindo o tempo e o
custo das analises.
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“Multi-modal imaging and analysis - combining darkfield
hyperspectral microscopy with confocal Raman microscopy”

Dr. Sam Lawrence
C.E.O. at CytoViva, USA

This talk will explore the unique advantages offered by the multi-modal combination of Enhanced Darkfield
Hyperspectral microscopy and Confocal Raman microscopy. Enhanced Darkfield optical imaging allows users to
observe nano-scale entities as small as 10 nm. When combined with Hyperspectral image analysis, these entities
can be spectrally characterized and mapped at the pixel level, with pixels as small as 128 nm2, in a variety of
translucent matrices. Combining this technique with Confocal Raman microscopy on the same imaging platform
leverages the optical and spectral clarity of Enhanced Darkfield Hyperspectral imaging with the molecular specificity
of Confocal Raman microscopy while allowing data collection, analysis and compositional verification to occur in
minutes rather than hours. Various applications of this multi-modal capability will be discussed with a special

emphasis on life sciences.
Cyt@Viva
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Comunicagéo Oral 1 - - "O espalhamento Raman correlacionado Stokes-anti-Stokes: um estudo da influéncia da

largura temporal do pulso de excitagao".

Lucas Valente de Carvalho (UFMG)

Comunicagdo Oral 2 - "Silicon microchannel-driven Raman scattering enhancement to improved gold nanorod

functions as a SERS substrates toward single molecule detection of R6G and Thiram".

Anerise de Barros Riul (UNICAMP)

Comunicagdo Oral 3 - "Uso combinado de Microscopia Raman e SEM-EDS na analise de obras de arte:

Independéncia ou morte".

 Isabela Ferreira Sodré dos Santos (USP)

Comunicagdo Oral 4 - "From micro to nano Raman: new developments in the detection of micro and

nanoplastics of marine origin from the Amazon basin to Santos".

Niklaus Ursus Wetter (IPEN)
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Comunicacéo Oral 5 - "Effect of storage solutions on the mineral and organic content of dentin and enamel: a

Raman spectroscopy study".

' Mariana Sversut Gibin (UEM)

Comunicagao Oral 6 - "Direct detection of SARS-CoV-2 antigen based on surface-enhanced Raman scattering

(SERS) using machine learning".

Wallance Moreira Pazin (UNESP)

Comunicagdo Oral 7 — "Raman spectroscopic study towards the growth of CuO/CuWOy4 heterostructure”.

Angela Mercedes Raba Paez (UFPS, Colémbia)

Comunicagdo Oral 8 - "Detection of thiabendazole pesticide in matrix of food by surface-enhanced Raman
scattering (SERS)".

b Leonardo Negri Furini (UFSC)

Comunicagéo Oral 9 - "Raman and FTIR spectra in nanoemulsion from Carapa guianensis Aubl. oil".

Quesle da Silva Martins (UNIR)
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Comunicagéo Oral 10 - "Pb0.SiO- glass under high pressure: ex-situ and in-situ Raman analysis".

Jéssica Ivone Viegas (UFMG)

Comunicagédo Oral 12 - "SERS monitoring of the photocatalytic degradation of the fungicide Tebuconazole by
hybrid catalyst AQNP/TiO,".

Antonio Carlos Sant'Ana (UFJF)

Comunicacéo Oral 13 - "High-pressure properties of (CHz)2NH2PbBr3 lead halide perovskite".

b
»

Waldeci Paraguassu Feio (UFPA)
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Au nanostars as inkjet printing SERS substrate for the detection of molecules of biological

and environmental interest
Edison H. Montoya (PG) *1, Lucas F. Oliveira Fernandos, A. Sigoli (PQ)1, Italo O. Mazali (PQ)1

Investigagao SERS do inseticida fosmete em superficies de Ag e Au
Larissa A. B. Ferreira (IC), Clara de Jesus Rangel (PG), Mari F. Nicolas (PG), Romulo A. Ando (PQ)*

Silicon microchannel-driven Raman scattering enhancement to improved gold nanorod

functions as a SERS substrate toward single molecule detection of R6G and Thiram

Jaciara Bar (PG), 1 Anerise de Barros (PQ),r-Davi H. S. de Camargo (PQ),2Mariane P. Pereira (PQ),: Leandro Merces (PQ),3 Flavio
M. Shimizu (PQ),3 Fernando A. Sigoli(PQ),1 Carlos C. B. Bufon (PQ),2Italo O. Mazali (PQ)1,*

SERS detection of acephate pesticide degradation product: methamidophos
Maiza S. Ozério* (PQ), Rafael J. G. Rubira (PQ), Cibely S. Martin (PQ), Luis F. C. Morato (PG) and Carlos J. L. Constantino (PQ)

Espectroscopia vibracional e reologia de solventes eutéticos profundos baseados em

ureia e sais de colina
icaro F. T. de Souza (PG)1*, Mauro C. C. Ribeiro (PQ)1

Porous liquids of ZIF-67 with gemini ionic liquids based on benzylammonium acetate for

CO2adsorption.
Ahmed D. Paez (PG),1 Nicolas Keppeler (PG),2Omar A. El Seoud (PQ),2Rémulo A. Ando (PQ)+,*.

Defect Engineering Control on Lanthanum-Doped Ceria Nanoparticles for the Oxidative

Coupling of Methane
Fabiane J. Trindade (PQ), Bria Cisi (IC),1 Daniele C. Ferreira (PQ),1 Andre S. Ferlauto,1

O espalhamento Raman correlacionado Stokes-anti-Stokes: um estudo da influéncia da

largura temporal do pulso de excitagao.

Lucas V. Carvalho (PG),1 Tiago A. Freitas (PG),2 Paula D. Machado (PG),1 Raul Corréa (PG),1 Carlos H. Monken (PQ),1 Marcelo F.
Santos (PQ),3 Ado Jorio (PQ)1,*
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Oswaldo Sala e o desenvolvimento da espectroscopia Raman no Brasil e na
Ameérica Latina

Dalva L. A. de Faria (PQ), Marcia L. A. Temperini (PQ)

mlatempe@iqg.usp.br

Departamento de Quimica Fundamental, Instituto de Quimica, USP

Palavras Chave: Oswaldo Sala, Raman ressonante, SERS

Highlights

Oswaldo Sala and the development of Raman spectroscopy in Brazil and Latin America. The history of Raman
spectroscopy in Brazil goes back to the 1940’s and in the 1970’s landmark contributions in the study of resonance
Raman and SERS effects were given, orchestrated by Oswaldo Sala.

Resumo/Abstract

As contribuicdes de Oswaldo Sala para a implantacdo e desenvolvimento da espectroscopia vibracional no Brasil e
América Latina, em especial a espectroscopia Raman, sao inquestionavelmente significativas e tiveram impacto
determinante na expansdo dessa area em nosso pais. Junto de Hans Stammreich, fez parte do grupo que
desenvolveu uma metodologia capaz de permitir o uso rotineiro da excitagdo de espectros Raman com comprimentos
de onda mais longos, por meio de lampadas de hélio estaveis e do uso de redes de difragdo. Apds o falecimento do
Prof. Stammreich (1969), tornou-se responsavel pelo Laboratério de Espectroscopia Molecular (LEM) e, a fim de fazer
frente &s novas demandas de pesquisa, adquiriu em 1970 o primeiro instrumento que operava ndo mais com
lampadas, mas sim com lasers (Jarrell-Ash 25-300). Com isso o grupo de pesquisa por ele comandado, teve papel
pioneiro em investigacdes sobre o efeito Raman ressonante e, posteriormente, sobre o efeito SERS (Surface
Enhanced Raman Scattering), além de ter introduzido o uso de matrizes criogénicas de gases inertes em
espectroscopia vibracional no Brasil.

Os estudos envolvendo o efeito Raman ressonante foram iniciados em 1974 com a observacdo da variagdo na
intensidade relativa de algumas bandas nos espectros Raman do CuzPSs, no estado sélido, obtidos com radiacdes
de comprimentos de onda distintos. A analise dos resultados obtidos mostrou que as intensidades das bandas
dependiam tanto da frequéncia da radiacéo excitante como da espalhada.

O acaso teve papel importante para o inicio das investigacdes sobre o efeito SERS, uma vez que o tubo de laser de
Ar* deixou de funcionar comprometendo as atividades do laboratério, na ocasido bastante focadas no efeito Raman
ressonante. Na época, a literatura apontava para um novo efeito de intensificacdo de espalhamento Raman,
denominado efeito SERS, promovido pela interacdo de determinadas moléculas com superficies rugosas de Au, Cu
e Ag. As superficies de cobre e ouro eram convenientemente estudadas com linhas laser no vermelho, como a 647,1
nm disponivel no LEM. A partir dai importantes contribuic6es foram dadas a compreensao do efeito, principalmente
através de superficies geradas eletroquimicamente. Um dos pontos verificados foi a dependéncia do potencial de
méaxima intensidade das bandas do adsorbato com a radiagéo excitante e a sua conformacédo de adsor¢ao.

Oswaldo Sala foi um exemplo de dedicag&o e competéncia, contribuindo decisivamente para a nucleagéo de diversos
grupos de pesquisa no pais mas, além de tudo isso, foi um exemplo como ser humano. Aqueles que tiveram o prazer
de desfrutar de sua companhia sabem que se o cientista foi grande, o homem foi ainda maior.

Agradecimentos/Acknowledgments
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Raman and FTIR spectra in nanoemulsion from Carapa
guianensis Aubl. oil

Quesle S. Martins(PQ)", Laffert G.F. Silva(PQ)?, Roberta L. Cristina(IC)!, Asaf Ribas(IC)',
Duillio L.L. de Oliveira(IC)'

quesle.martins@unir.br

"Fundagédo Universidade Federal de Rondénia, UNIR.
2Instituto Federal de Educagdo de Rondbnia - IFRO
Palavras Chave: Nanoemulsion, Amazonian Oil, Vibrational spectroscopy, DFT method

Nanoemulsion based on andiroba oil (Carapa guianensis Aubl.);
Carapa Guianensis Raman and FTIR;

Raman and FTIR nanoemulsion;

DFT vibrational signatures of the oleic acid molecule.

Resumo/Abstract
Raman spectroscopy (RS) and Fourier transform infrared (FTIR) as a proposal for a vibrational
characterization of Carapa Guianensis Aubl. essential oil in natura (CGEO) and polymerized
(CGPO) and of magnetic nanoemulsion (CGNE) (Figura 1). Calculation of computational chemistry
based on the method Density Functional Theory (DFT) with B3LYP/6-311+G(d,p) was used to obtain
theoretical frequencies and vibrational signatures of the oleic acid molecule. Results of RS and FTIR
confirm bands of CGEO present in CGPO and CGNE studied. DFT method shows that the bands

1099 cm™, 1714 cm™ and 1812 cm™ explain the presence of vibrational modes of oleic acid in the
samples [1-3].
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Figura 1: A esquerda: Espectros Raman Raman (Labram HR 800/633.5 nm/UFMT); Centro: Resumo gréfico; A direita:
Espectros Infravermelho (SHIMADZU FTIR-IR-Prestige-2/GON - UFAL).

[01] Q.S. Martins, L.M.S. Santos, J.L.B. Faria, Vib. Spectrosc., (2020)
https://doi.org/10.1016/j.vibspec.2019.102986

[02] P. Larkin (Peter J.), Infrared and Raman spectroscopy. Elsevier Inc. (2011)

[03] L.G. Silva, T.A. Beleza, J.G. Santos, L.B. Silveira, Int. J. Inn. Education and Research, (2020)
418-425. https://doi.org/10.31686/ijier.vol8.iss6.2435
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Raman em éleo de castanha-do-Brasil: introducgao ao
estudo de acidos graxos

Roberta L. Cristina (IC)", Asaf Ribas(IC)', Duillio L.L. de Oliveira(IC)', Quesle S. Martins (PQ)'
robertajpro@gmail.com

1Fundaga”o Universidade Federal de Rondénia, UNIR.
Palavras Chave: Espectro Raman, método DFT, 6leo vegetal, acidos graxos

DFT in oleic acid: Introduction to vibrational spectroscopy and conformational analysis of fatty acids.
Raman spectrum of vegetable oil from the amazon; Study of fatty acids in vegetable oils; Calculation
ab initio: DFT method

Resumo/Abstract
O estudo redine Raman experimental em 6leo de castanha-do-Brasil (Brazil nuts oil - BNO) e Raman
tedrico de acido oleico. A proposta introduz o processo de analise vibracional de amostras ricas em
acidos graxos, comuns em oleos vegetais. Uma identificagdo dos modos vibracionais experimentais
e tedricos foi efetuada. Espectro experimental foi obtido com Raman Labram HR 800 (Instituto de
Fisica - UFMT) e tedrico, no programa Gaussian 09. Otimizagdo da geometria com conjunto de
base 6-31g e funcional de densidade (B3LYP) foram utilizados. A energia de conformagéao foi de
-855.407645 Hartree. Os resultados obtidos foram espectro vibracional do material estudado, a
energia de conformagéo, frequéncia tedrica ou calculadas, otimizagdo, modos vibracionais, férmula
de estrutura molecular.
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[02] P. Larkin (Peter J.), Infrared and Raman spectroscopy. Elsevier Inc. (2011)
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Agradecimentos/Acknowledgments

Agradecemos ao PIBIC/UNIR. Ao Laboratério de Espalhamento de Luz - UFMT e Laboratério
Estrutura da Matéria e Fisica Computacional DAF/JP - UNIR. A INOVAM BRASIL LTDA pela

o X a8 %

CAPES UNIR UFMT CNP. q

uuuuuuuuuuuuu

VIl Encontro Brasileiro ae espectroscopia Kaman - civrucil

inovam



https://doi.org/10.1016/j.vibspec.2019.102986
https://doi.org/10.1590/S0044-59672013000400012

? VIl Encontro Brasileiro de Espectroscopia Raman ?
? VII EnBraER ?

EnBrakER 05 a 08/12/17, Sdo Pedro — SP EnBraER

DFT em glicerol: Introdugao a espectroscopia vibracional e
analise conformacional

Duillio L.L. de Oliveira (IC)", Roberta L. Cristina (IC)', Asaf Ribas(IC)', Quesle S. Martins (PQ)'

duillio.lopes mail.com

1Fundaga”o Universidade Federal de Rondénia, UNIR.
Palavras Chave: Espectro Raman, Métodos DFT, Analise conformacional, Lipidios.

DFT in glycerol: Introduction to vibrational spectroscopy and conformational analysis.

Ab initio calculations: Geometry optimization and frequency calculation;

Study of the lowest energy conformer of each molecule performed at DFT/B3LYP/6-311G (d,p
Resumo/Abstract

O estudo permite a aplicagdo do nivel DFT (Density Functional Theory) juntamente com funcional

B3LYP e conjunto de base 6-311G, difusos e polarizados a molécula de glicerol, como parte de

aprimoramento na identificagdo do comportamento vibracional de compostos acidos. Resultados em

diferentes funcionais sao correlacionados, e uma varredura da energia de conformacao € obtida. Os

resultados podem ser Uteis na composicao de estudos de natureza vibracional e conformacional de

acidos graxos.
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Espectroscopia Raman e Infravermelho aplicados a estudo de
grupos carboxilicos de 6leo vegetal

Asaf Ribas (IC),"” Roberta L. Cristina (IC)," Duillio L.L. de Oliveira’, Quesle S. Martins (PQ)'
asafribas@hotmail.com

1Fundaga”o Universidade Federal de Rondénia, UNIR.
Palavras Chave: Espectroscopia Raman, Métodos DFT, Acidos graxos e Grupos Carboxilicos.

Raman and Infrared spectroscopy in the study of carboxylic groups in vegetable oil.
Raman and IR spectroscopy Vegetable oil (Brazil nuts oil - BNO); DFT calculations; Carboxylic
groups vibrational modes.

Resumo/Abstract
Oleos de origem vegetal podem apresentar uma série de componentes chamados de acidos
graxos, dentre eles o acido oleico, € componente majoritario no 6leo de castanha-do-Brasil, que é
objeto de estudo por espectroscopia Raman e no Infravermelho e por meio de DFT [1-3]. Dados
experimentais Raman de BNO mostram auséncia de banda de C=0, presentes em 1745 cm™ e em
1721 cm™ no espectro de acido oleico (OA) 99% experimental e calculado. O método DFT se
mostra uma ferramenta util na identificagdo de grupos carboxilicos em o6leos vegetais ao gerar
modos Raman e IR que auxiliam na caracterizagdo das bandas vibracionais presentes na amostra.

Figura 1: Espectros Raman e IR de molécula de acido Tabela 1: Frequéncias Raman das amostras
oleico calculado (B3LYP/6311G(d,p)). experimentais BNO e OA 99% e OA calculado.
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Raman spectroscopy applied to the study of Pterosaur bone from the
Cretaceous of Bauru Basin, South — Braazil

Wemerson J. Alencar (PG) **, Jodo H. da Silva (PQ) 2, Renan A.M. Bantim (PQ) 3, Luiz C. Weinchultz (PQ) 4,
Alexander W. A. Kellner (PQ) °, Jodo H. Z. Ricetti (PQ) *José A.S. da Silva (PG) !, Anupama Ghosh (PQ) %, Thiago
A. de Moura (PG) !, Paulo T.C. Freire (PQ)*
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Departamento de Fisica, Universidade Federal do Ceara — UFC; 2 Universidade Federal do Cariri - UFCA,  Museu de Paleontologia
Placido Cidade Nuvens, Universidade Regional do Cariri — URCA; “Centro Paleontolégico da Universidade do Contestado -
CENPALEO, Mafra, SC, Brasil; Laboratério de Sisteméatica e Tafonomia de Vertebrados Fdsseis, Setor de Paleovertebrados,
Departamento de Geologia e Paleontologia, Museu Nacional, Universidade Federal do Rio de Janeiro.

Highlights

e Brazilian Pterosaur bone was studied by analytical techniques;

e The main crystalline phases of the fossil were identified;

e The main fossilization process (silicification) could be inferred by the analytical measurements;
e Some carbon amount was found for Raman Spectroscopy.

Abstract

The purpose of the present work is to characterize the pterosaur bone (Caiuajara dobruskii) belonging to the Goio-Eré
Formation of the Bauru Basin, collected in the of Cruzeiro do Oeste city, Parana. This study search to investigate the
chemical composition of the fossil material and its matrix rock to make inferences about the fossilization processes and
the paleoenvironment under study. Raman spectroscopy, X- ray diffraction (XRD) and energy dispersive spectroscopy
(EDS) techniques were used. Through of Raman spectroscopy, it was possible to identify intense bands associated with
the mineral quartz in the spectrum of matrix rock and of the fossil. In addition, it was possible to identify the D and G
bands associated with amorphous carbon. In the X-ray diffractogram of the matrix rock, quartz was found as the majority
phase and secondary phases involving the minerals hematite, calcite and feldspar. While in the fossils, it was found the
presence in higher concentration of quartz and small amounts of hematite, feldspar, calcite and hydroxyapatite. In the
EDS spectra, elements such as oxygen, silicon, calcium, aluminum, carbon, phosphorus and iron were identified, with
greater emphasis on the amount of silicon in both samples. These results indicate that the dominant fossilization
mechanism for the pterosaur bone was silicification. The silicates come from the Goid-ré Formation, composed of quartz
and sandstones deposited in a desert eolian environment. This work shows that the use of techniques such as Raman
spectroscopy, XRD and EDS are of great relevance in the physical and chemical characterization of fossils, with
emphasis on Raman spectroscopy that provided the identification of amorphous carbon in the samples, as well as to
determine the different mechanisms responsible for their preservation over geological time.
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Raman spectroscopy, XRF, SEM-EDS and powder X-ray diffraction
characterization of Amazonian indigenous archaeological ceramics

Gerson A. C. Lopes (PG)Y?* Javier A. Ellena (PQ)?, Kléber O. Souza (PQ)3, Daniel Atencio (PQ)*% Marcelo B.
Andrade (PQ)™.
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Palavras-chave: Cultural heritage, Amapé ancient people, Crystallography, Mineral composition.

Highlights

This study presents a vibrational, chemical and structural characterization of indigenous ceramics from Amapa,
Amazon, Brazil and aims for further discussion on the technology used by ancient people from Brazil's North Region.

Abstract

Amazonian archaeological studies have grown in the last decades. However, most studies do not focus on
vibrational, chemical and structural analyses. Raman spectroscopy, combined with other techniques such as XRF,
SEM-EDS and powder X-ray diffraction, are important to provide composition data of these ceramics, specially on its
mineral composition. These analyses allow further discussion on the process of fabrication of the ceramic pieces, the
type of heating and temperature reached and the possible source for the raw materials.

Four ceramic pieces from llha Mirim archaeological site, Macapa-AP, were analyzed by several techniques (Fig. 1).
XRF data indicated as main elements present Si, Al, Fe, Ti and K. Other presences were Mg, P, Ca, S, Zr, Ce, V and
Ba. Powder X-ray diffraction indicates the main crystalline phases as quartz, ilite (mica group) and albite (feldspar
group). SEM-EDS indicates the presence of Si, Al, Fe, Ti, Ca and K, and showed evidence on the presence of fibers.

Raman spectra of the samples were compared with RRUFF database using CrystalSleuth software, and the samples
showed to be heterogeneous, presenting three different regions with main colours: black, white, and red. Black
region showed to be hematite (Fig.2). White and Red regions, in turn, showed no direct correspondence, possibly
due to heterogeneity or fluorescence, and are still being analyzed.

|
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Figure 1: Different regions in Figure 2: Raman spectra of the
ceramic sample black region of ceramic.
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Uso combinado de Microscopia Raman e SEM-EDS na analise de obras de
arte: Independéncia ou morte!
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Palavras Chave: Obras de arte, Independéncia ou Morte!, Microscopia Raman; bens culturais; pigmentos.

Highlights |

Combined use of Raman microscopy and SEM-EDS in artwork analysis: Independéncia ou Morte! The iconic
painting portraying the Cry of Ipiranga was analyzed by Raman microscopy and SEM-EDS aiming to add chemical
information to the painting history and to help in the restoration procedure.

Resumo/Abstract |

O Museu do Ipiranga abriga, desde 1895, a pintura Independéncia ou Morte! (6leo sobre tela, 760 cm x 415
cm,1888) de autoria de Pedro Américo de Figueiredo e Mello, obra icbnica que apresenta uma verséo idealizada do
momento da independéncia do Brasil. As obras de revitalizacdo do Museu, realizadas em preparacdo para o
segundo bicentenario da Independéncia, incluiram a restauracdo de suas pinturas mais embleméticas, dentre elas o
Independéncia ou Morte!. Essa foi uma oportunidade impar para investigacdo detalhada da composi¢do quimica
dos materiais que a constituem através de métodos nao destrutivos, objetivando ampliar o conhecimento técnico da
obra, incluido sua moldura, bem como fornecer subsidios para sua restauracao.

A partir da documentacao fotografica da pintura com luz visivel e radiagdo UV, foram elaborados questionamentos a
serem respondidos pelas analises quimicas. Além da identificacdo dos pigmentos empregados e da caracterizagao
de materiais e métodos usados no douramento da moldura, foi analisado o material usado no envernizamento da
pintura e foram investigados os processos de degradacdo observados. Microamostras (tipicamente de 5 a 50 pm)
foram coletadas de diversas areas da pintura e da moldura, e analisadas por microscopia Raman e SEM-EDS;
ATR-FTIR, microscopia FTIR e GC-MS foram usadas como técnicas complementares em alguns casos.

Foram identificados os pigmentos empregados nas areas pintadas em vermelho (vermelhdo (HgS) e hematita (a-
Fe203)), rosa (vermelhdo e branco de chumbo (2PbCOz3-Pb(OH)z2)), branco (branco de chumbo), preto (carbono
amorfo), amarelo (amarelo de zinco (K20-4ZnCrO4-3H20), amarelo de crédmio (PbCrOas), goethita (a-FeOOH) e
massicote (PbQO)), branco de chumbo e vermelhdo), azul (azul da Prussia (Fes[Fe(CN)s]s) e azul de cobalto
(CoAl204)), verde (azul da Prassia, amarelo de zinco, amarelo de crémio, branco de chumbo e branco de bario
(BaS0a) e marrom (hematita, vermelh&o, carbono e branco de chumbo).

Os resultados de SEM-EDS (Au, com Al e Si em menor quantidade) de fragmentos dourados da moldura indicam o
uso de ouro puro (Au) e sugeriram o uso de argilomineral, possivelmente, caulinita (Al2Si2Os(OH)4), usada para
facilitar a aplicagdo da folha de metal. Como camada de preparacdo identificou-se gesso (sulfato de célcio
diidratado). Os resultados de FTIR indicam verniz baseado em resina triterpénica (dammar ou mastique); andlise
por GC-MS esta em curso visando a discriminacdo entre elas.

A presenca de orificios na superficie da pintura foi investigada a partir da coleta de material em seus interiores e
bordas. Os espectros FTIR obtidos para as amostras coletadas sugerem que se trate de vestigios de colonizagéo
anterior de micro-organismos (presenca de bandas de material proteico), porém, a baixa quantidade de amostra e
contribuicbes do verniz e do material pictérico nos espectros registrados ainda ndo permitiram conclusdes
definitivas.

A identificacdo dos materiais empregados na elaboracdo da moldura da pintura (base de gesso, argilomineral e
folhas de ouro no douramento) e introduzido em intervencdes prévias de restauro (verniz de resina triterpénica)
foram importantes para as atividades de restauro, e a identificacdo dos pigmentos empregados pelo artista
contribuiram para o conhecimento da técnica usada em sua elaboracdo. A possibilidade de colonizacdo
microbiolégica anterior foi verificada, o que devera ser confirmado a partir de analises mais detalhadas do material
coletado.
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From micro to nano Raman: new developments in the detection of micro and
nanoplastics of marine origin from the Amazon basin to Santos
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Palavras Chave: Nanoparticles, Raman spectroscopy, microplastics pollution

Highlights

New analytical techniques are in place for determining nanoplastics pollution i.e., addressing chemical functionality
and providing structural information with high spatial resolution.

Resumo/Abstract

The environmental accumulation of nanoplastics formed by material of anthropic origin has raised doubts about their
safety, especially to the human body. While microplastics are accidentally consumed, nanoplastics (NPs) are even more
concerning as they are much more likely to be absorbed by human body cells. It is known that plastics smaller than 200
nm can penetrate cell membranes and cross the blood-brain barrier. Studies have shown that polystyrene (PS) NPs
from the environment carry a high load of toxins capable of compromising human brain cells. Very little is still known
about what effects, cytotoxic or not, these plastics have on different organs. Understanding the property-function
relationship of nanopatrticles in various fields of application involves determining their physicochemical properties, which
is still a formidable challenge to date. Our project focuses on the development of a methodology for the detection of
micro- and NPs using micro-Raman, TERS (Tip Enhanced Raman Spectroscopy), collinear Raman and AFM, nuclear
techniques, as well as a methodology for in vitro evaluation of the toxic effects of these materials through biochemical
assays of cytotoxicity and genotoxicity. The project contemplates the determination of the adsorption capacity of metallic
ions by NPs and the absorption of micro- and nanoplastics in cell cultures with radioactive tracers, the determination of
microplastics in tissues from necropsies of marine animals and gamma spectroscopy of the cellular incorporation of NPs
labeled with radioactive isotopes.

In figure 1 we show examples of (a) the detection of microplastics from the Santos basin and comparison to Raman
reference database (KnowltAll®), (b) detection of NPs in mouse fibroblast cells and (c) detection of very small particles
(50 nm) which can be achieved by co-localized techniques of AFM + Raman using special, narrow (50 um), femtosecond
laser written gratings on quartz.
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Figure 1: (a) Raman spectra of a micro-copolymer with pigment; (b) detection of 200 nm PS in cell culture; (c) detection of 50 nm nanoplastics
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Determinacéo de sulfato em 4guas marinhas por espectroscopia Raman
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Palavras Chave: Sulfato, Espectroscopia Raman, Incrustacao.

Highlights |

Sulfate determination in marine water by Raman Spectroscopy

Pre-concentrated sulfate solutions using ion exchange resins were determined by Raman spectroscopy.

Resumo/Abstract |

Os processos de incrustacao ocorrem devido a precipitacao de sais inorganicos insoltveis em tubula¢des de
diferentes processos industriais, sendo que o ion sulfato tem papel importante na precipitacdo de metais alcalino-
terrosos. Considerando-se processos de extracédo de petréleo offshore, ocorre o encontro de diferentes tipos de &guas
ricas no ion em questao, dificultando o rendimento do processo e podendo ocasionar problemas como o0 aumento da
pressdo das tubulagfes. Devido a essa situacéo, a quantificacdo dos ions sulfato em aguas marinhas € um fator
importante para o monitoramento de incrustacfes. O sulfato apresenta uma banda caracteristica na espectroscopia
Raman, em aproximadamente 980 cm-%, livre da interferéncia da banda de 4gua e, portanto, sua determinacao direta
pode ser realizada empregando-se esta técnica.

As medidas de espalhamento Raman foram realizadas empregando-se um espectrofotbmetro construido no
laboratério, operando com um laser de diodo de 784,8 + 0,5 nm, largura de banda de 40 pm e poténcia de 500 mW,
um monocromador Andor/Oxford SR-500i-C-SIL (Czerny-Turner, distancia focal de 50 cm e rede de difragéo de 600
linhas/mm) e uma camera iCCD Andor/Oxford iDUS 416 (sensor matricial de 256 x 2000 pixels). A determinacéo de
sulfato foi feita diretamente em solucdo aquosa, inicialmente na faixa de 500 a 3000 mg L1. A integracdo do sinal
durante 180 s possibilitou uma resposta linear na faixa mencionada, com limites de detec¢do de 90 mg L e de
guantificacdo de 300 mg L*?. Estes valores ndo sdo adequados para aplicacdo em aguas marinhas, pois a
concentracao de sulfato nestas aguas usualmente varia de 20 a 300 mg L1. Uma estratégia de pré-concentragéo em
resina de troca ibnica foi avaliada, usando-se resinas IRA 910 e IRA 402, ambas na forma de cloreto. Uma massa de
500 mg da resina foi colocada em 100 mL de uma solugédo de sulfato 1000 mg L, mantida por agitagcao durante 1 h.
Apés secagem em estufa, a determinacdo foi feita diretamente na resina, que proporcionou resultados pouco
promissores, em virtude da heterogeneidade do material. Foi empregada, entdo, uma coluna de 500 mg da resina
Amberlite IRA 910, pela qual foram bombeadas 100 mL de solu¢des de sulfato com concentracdes de 100 a 400 mg
L1, por X minutos, a uma vazao de 1 mL min-t. O sulfato retido foi eluido com 2 mL de uma solu¢ao de cloreto de
sédio 1 mol L1, obtendo-se uma resposta linear e um limite de deteccdo e de quantificacdo de, respectivamente, 13
mg L1 e 44 mg.L 1.

A estratégia de pré-concentracdo de sulfato mostrou-se adequada e o método parece promissor para esta
determinacdo. Embora o ion cloreto néo interfira nas medidas Raman, a adicdo de 1,0 e 2,5 % de cloreto de sddio na
solucdo de sulfato provocou efeitos significativos na etapa de pré-concentracdo e, portanto, estudos tém sido
realizados no intuito de minimizar esta interferéncia.
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Determinacado de benzeno e tolueno em aguas por espectroscopia Raman
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Palavras-Chave: Benzeno, tolueno, xilenos, espectroscopia Raman,

Highlights

Determination of benzene and toluene in water by Raman Spectroscopy

The use of PDMS monoliths allowed the extraction of benzene and toluene in saline waters and their quantification
by Raman spectroscopy in low concentrations.

Resumo/Abstract

O aporte de compostos orgéanicos volateis (VOCs) nos ambientes aquaticos ocorre principalmente devido ao
derramamento de produtos de petrleo, mas também devido ao trdfego rodoviario, produtos domésticos e
agroindustriais. Dentre esses compostos, benzeno e tolueno constituem dois dos VOCs aromaticos mais produzidos
no mundo e sdo considerados altamente toxicos e de natureza cancerigena. Na agua, esses compostos podem
transportados por longas distancias em condigbes redox favoraveis. Nesse contexto, é importante realizar o
monitoramento da presenca desses compostos em aguas, bem como o emprego de técnicas analiticas rapidas e
baratas. Este trabalho tem o objetivo de determinar benzeno e tolueno em agua por meio de extracdo em fase
sélida em mondlitos de PDMS, com detec¢ao por espectroscopia Raman.

A extracao foi realizada colocando-se um mondlito de PDMS de 2,0 mm de altura e 3,2 mm de didmetro em
solugdo de NaCl 2,0 mol L contendo os hidrocarbonetos, sem espaco confinante (headspace) e mantida sob
agitacdo por 60 min. ApGs a extracdo, os espectros dos mondlitos foram obtidos utilizando um espectrometro
Raman construido no laboratério (fonte de laser de diodo de 784,8 + 0,5 nm, poténcia de 500 mW; monocromador
Andor/Oxford SR-500i-C-SIL e camera iCCD Andor/Oxford iDUS 416).

A Figura 1 mostra que estas espécies podem ser determinadas simultaneamente, apresentando uma
resposta linear na faixa de 10 a 100 mg L. Limites de detecgdo (LOD) de 0,65 e 0,62 mg L foram obtidos para
benzeno e tolueno, respectivamente. A Tabela 1 mostra os resultados obtidos na andlise de solu¢cdes aquosas
contendo as duas espécies. A reprodutibilidade do método foi avaliada pela construgdo de trés curvas de calibracéo
em dias diferentes e com solucdes estoque diferentes. Os resultados mostraram um desvio padréo relativo (RSD)
de 1,4% referentes a inclinacdo das curvas obtidas para o tolueno.

Tabela 1: Resultados obtidos para as misturas de 1000055
benzeno (Benz.) e tolueno (Tol). CM = Concentracdo 1
Medida; CR = Concentracdo Real 8000 E
. CMBenz.+ CRBenz. Erro Relativo (%) . 1=
Misturas SD(mgL?) (mglL? Benz. S eo00 "L
Mistural 225+1,7 20,0 12,4 3 "
Mistura2 — 49,2+24 50,0 1,5 2 o0
Mistura 3 73,0+ 9,3 80,0 -8,8 B S5 Intensidade = 85.6119.Benz + 41.3115
R?=0.9982
. CM Tol. + CR Tol. Erro Relativo (%) 1 Intensidade = 71.5641.Tol + 162.4856
Misturas SD(mg LY (mg LY Tol . R? = 0.9980
Mistural 76,2+ 1,7 80,0 -4.,8 R
oncentracdo (mg L™)
Mistura 2 50,3+3,4 50,0 0,5 Figura 1: Curvas analiticas para benzeno (em

Mistura3 20,5+ 2.4 20,0 2.4 vermelho) e tolueno (em preto).
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Raman spectroscopy and chemometrics to discriminate oxidative processes

of biodiesel.
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Palavras Chave: (Biodiesel, Raman, Chemometrics, Machine Learning).

Highlights |

Use of Raman spectroscopy to discriminate biodiesel samples that have undergone oxidation processes. Through
exploratory analysis it is possible to observe different oxidation routes.

Abstract |

One of the most important biodiesel properties is oxidation stability. The biodiesel oxidation process generates
contaminants that can compromise the engine's operation. The oxidation process of biodiesel occurs by the forming
radicals close to unsaturations, where oxygen binds, causing the formation of acids that can lead to the formation of
species such as aldehydes and even the formation of polymers. In this context, Raman spectroscopy can provide
important structural information and, when associated with multivariate analysis, allows monitoring of these chemical
changes over time and under different storage conditions. In this work, biodiesel samples were exposed to different
storage conditions, and the oxidation process was studied through their Raman spectra and exploratory analysis. Two
main patterns were observed through the scores plot (figure 1-a), firstly, for those samples stored without exposure to
light, the oxidation process seemed slower, and over time, the unsaturations were being cleaved as the storage time
increased (positive values of PC1). The samples that underwent a more pronounced oxidation condition are distributed
along the PC2, and the corresponding loadings (figure 1-c) show an apparent influence of the peak close to 1650 cm-
1, which may be related to the formation of polymeric species.

Figure 1: (a) Scores plot. (b) Modeled Raman spectra region. (c) PC1 and PC2 loadings. W1 to W4 stands for each
sampling week .
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Microplastics (MP) are emerging contaminants
increasingly detected in human health studies.
Storage of blood transfusion contents are carried
out in disposable materials, predominantly plastic.
Does microplastic contamination occur for blood
components in your storage?

< When making blood donations, can we be
transferring microplastics?

Plastic materials with a size between 0.1u-5.0 mm
are called microplastics. As plastics are present in the
environment and in many products that are routine for
humans, human exposure to MPs becomes
inevitable. The objective of this work was to evaluate
the presence of MPs in bags of platelet concentrates
(n=15) and to relate it to their composition. The
samples were analyzed by Optical microscopy,
SEM-EDS RAMAN and FTIR spectroscopies.
SEM-EDS and RAMAN analysis of the pouch
packaging showed it to be a kind of polyvinyl chloride
(PVC), confirming the information described by the
bag manufacturer (Figure 1). That is a alert to us to
search for new materials for its production. According
to SALIMI et al. (2022), PVC microplastic particles
induce oxidative stress and organelle damage in
human lymphocytes. Optical microscopy visualized
26 structures with physical and visual characteristics
of MPs. MPs identified were all microfibers, with an
average of 1.73%£1.03 items/slide. These microfibers
were blue-green (13.33%) and gray-black (86.67%),
with 0% and 93.33% prevalence of microparticle (0
bags) and microfibers (14 bags), respectively (Figure
2).
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The frequent use of plastic
material as one  of
humanity's main raw
materials (NAPPER,;
THOMPSON, 2020) has
increased human exposure
to MPs (PRATA et al,
2020). The first observation
of microfibers observed in our data in platelet
concentrates indicates that the transfusion of blood
components may be a new route of contamination of
MPs. The confirmation that the material of the platelet
concentrate bag is PVC and the identification of
synthetic microfibers in the platelet concentrate alerts
us to the need for a new methodology for this
emerging contaminant.
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Highlights

Micro-Raman was used to characterize polluting microplastics from the sea environment

Abstract

Microplastics (MPs) are a concern regarding our environment due to the risks posed by the interactions of the large
amounts of anthropogenic MPs dumped in the environment with biological systems. MPs have been vastly found in
the environment and are transferred to the food chain with MPs being detected in foods, beverages and even in
human blood and breastmilk. Understanding the behavior and characteristics of MPs is critical to assessing potential
health risks (human and environmental) related to MPs and taking steps to prevent them from entering the
ecosystem. Micro Raman spectroscopy is a powerful tool for measuring and characterizing MPs patrticles, being
considered the gold standard because it allows identification of both the polymer matrix and possible pigments and
contaminants. Furthermore it offers the possibility of characterizing both the chemical structure as well as the
morphological features of the MPs. We utilized a Raman system to characterize MPs from the environment. Results
from a standard MP sample were successfully measured and identified to reference spectra and even small portions
of the sample as small as a few pum are suitable for obtaining a high quality spectrum for identification of the material
(Figl). Samples collected from at the S&o Vicente estuarine are being studied and by means of comparison with the
Willey database it was possible to identify MP, additives and contaminants, thus demonstrating the power of the
technique.
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Figure 1: Raman spectra of a low density polyethylene microplastic compared to reference spectra. Measured spectrum (black line) and
reference spectrum (orange line). Inset: sample picture indicating the measured region.
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Piperine-loaded polymeric microparticles by Eudragit RS30Dand S100: Raman
spectroscopy characterization.
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Highlights

Colocar aqui o titulo em inglés e a seguir frases curtas também em inglés que devem resumir o contetdo do trabalho
de forma concisa e capturar rapidamente a atencdo de um leitor em no maximo 200 caracteres com espacos (este
namero desconsidera os caracteres do titulo). No caso do titulo do trabalho j& estar em inglés, omitir o titulo nesta
parte e escrever apenas as frases. Fonte Arial 10, espagamento simples.

Resumo/Abstract

Products derived from plants have been used in disease treatments forthousands of years. Phytochemicals are natural
constituents that provide an alternative therapeutic approach, as they can act through multiple routes, but the low
solubility and bioavailability of phytochemicals are limiting for their use, then, the nanotechnological approach is an
alternative to bypassing this and other barriers, As possible adverse reactions, including gastric reactions that can be
caused by pungent phytochemicals, such as piperin. Piperina (PIP) is an alcaloid found inthe fruits and roots of pepper,
in species of Piper nigrum and Piper longum and has been widely used because of its pharmacological activity, with
anti-inflammatory effects, analgesic, antidepressant, cytoprotector, antioxidant and ability to increase bioavailability of
drugs. Another important PIP activity is its thermogenic effect and fat reducer, however, its high pungency does not
allow the population to use it at higher doses. In order to improve drug bioavailability and assessing their antiobesity
activity, with a possible reduction of side effects, PIP-containing microparticles were developed using two different
polymers, the Eudragit® RS30D and S100, by the spray drying method. The samples were characterized by Raman
spectroscopy using a 785 nm laser excitation from a Horiba Xplora Plus spectrometer with a 50x microscope
objective, with 15 s of integration time and five accumulations. For pure PIP, its C=C of the aromatic ring, CH of the
phenyl group, CH2, and C-O-C produced scattering peaks at 1590, 1104, 1203, and 1256 cm-1, respectively [1,2].
Eudragit RS is a commercially available copolymer of methyl metracrylate, ethyl acrylate and trimethylammonum
methacrylate chlorid. Compared to PIP, the spectrum of drug free Eudragit RS microparticles appeaed considerably
weaker in intensity and less complex. Three major bands centered at 1718, 1438, and 960 cm-1 are characteristics of
the polymer. The 1728 cm-1 arises from the carbonyl bond of the polymer ester function. The 1449 cm-1 bands is
indexed for the deformation of the methylene groups and the 960 cm-1 for C-C stretching vibration[3,4]. For
microparticles prepared with Eudragit® RS30D the Raman spectra did not present significant changes, on the other
rand the microparticles prepared with Eudragit® S100 presented significant changes in broaden scattering peaks
assigned for C=C of the aromatic ring, CH of the phenyl group, CH2, and C-O-C were recorded at 1582, 1090, 1205,
and 1255 cm-1, respectively. These results indicate an amorphization of the compounds, suggesting that the
microencapsulation using Eudragit® S100 to load piperine was more efficient than with Eudragit® RS30D.

[1] A. Hédoux A.Hedoux, L. Paccou,Y.Guinet, J.-F.Willart, andM.Descamps, Int, J. Med. Chem., 8723139, (2016).
[2] Dilip Sing, Shibu Narayan Jana, Subhadip Banerjee et al, Phytochem. Anal., 1-10, (2021).

[3] Peter Watts, Andrew Tudor, Stephen Church et al, Pharm. Research, 8, (1991)

[4] Garima Agrawal and Sangram K. Samal, ACS Biomater. Sci. Eng., 1285-1299 (2018)
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Highlights |

Radiation effects on the mineral zircon via Raman spectroscopy. Thermochronology by fission tracks in zircon.
Influence of radiation damage on TTF in zircon.

Resumo/Abstract |

Minerais como apatita, zircdo, epidoto e muscovita contém Uranio e Tério em quantidades de ppm, portanto, esses
minerais sdo adequados para aplicagdo em métodos de datagdo termocronolégicos como Termocronologia por
Tragos de Fiss@o (TTF). Na rede cristalina destes minerais, esses atomos (Ur&nio e Torio) podem sofrer fissdo
espontanea ou decaimento. Isso gera modificagdo na rede cristalina do mineral que pode interferir nos mecanismos
de datagdo como cinética de difusdo, ataque quimico, e annealing. Diante dessa premissa, este projeto pretende
ampliar a discussado junto a comunidade cientifica de TTF e Ciéncias de Materiais investigando a influéncia da
radiacdo na rede cristalina do zircdo, especificamente. Para tal, quatro amostras do mineral zircdo foram analisadas.
Para obtengéo de espectros comparativos dos danos causados a rede cristalina, uma amostra permaneceu em seu
estado natural (ZST) e as demais sofreram tratamento térmico em temperatura e tempo suficiente para a restauracao
da rede cristalina. Apds esse tratamento uma amostra permaneceu sem irradiacdo (ZAN) e duas delas foram
irradiadas, da seguinte forma: i) irradiacdo somente com ions pesados (ZIR) e ii) ions pesados de alta energia e
posterior irradiagdo com ions de baixa energia (Zla). Tal sequéncia de irradiagao visa simular o dano a rede cristalina
mediante somente a fissdo do 23°U em i) e o acimulo de dano provocado pelo decaimento alfa, apds a fissao do 235U
em ii). Em seguida foram obtidos os espectros micro-Raman conforme Fig.1 e respectivos dados analiticos de cada
modo Raman se encontram na Tab.1, dos doze modos Raman reportados, foram identificados oito, sendo dois de
alongamento: 1008 cm? (Big, Si-O vs), 976 cm (A1g, Si-O vi1); um de flexdo: 440 cm (Aig, Si-O v2) e cinco modos
externos: 394, 357, 226, 215 e 202 cm. Pelos dados apresentados na Tab.1 e espectro gerado (Fig.1), se pode
inferir que a estrutura cristalina das amostras irradiadas sofreu um dano aparente pela redugcdo observada da
intensidade relativa e da ampliagdo da FWHM, em 1008 e 976 cm, ainda nesses modos, o efeito restaurador do
aguecimento para a rede cristalina € percebido pela amostra ZAN que apresenta em vs uma IR de 129% em relacao
a amostra ZST. Referente a vz as amostras irradiadas apresentam comportamento inverso entre si, havendo uma
drastica reducdo de intensidade para a ZIR (i.e.; IR de 9%) enquanto que a Zia permanece com IR préxima da ZST,
mas ambas apresentam um visivel abaulamento da FWHM. Os modos de 202 a 226 cm, para as amostras
irradiadas apresentam um comportamento inverso ao apresentado pelos modos vs e vi.

Figura 1-Espectros micro-Raman.
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Highlights

Hydroxyapatite nanoparticles were successfully internalized by stem cells and calcium phosphate nodules and
collagen biostimulation were observed.

Abstract

Calcium phosphates are chemical compounds used in medicine for tissue engineering. This work analyzes the
process of cell differentiation by nanoparticles in dental pulp stem cells for tissues regeneration and the development
of new therapeutic methods. The most widely used synthetic calcium phosphate based bioceramic is hydroxyapatite
[HA, Cayo(PO4)s(OH),]. Micro-Raman spectroscopy assays are a powerful tool for measuring and characterizing
calcium phosphates nanoparticles internalized by cells because of its capability to detect the chemical bonds of
nanoparticles and collagen simultaneously and evidencing their interaction within the cell-nanoparticle system.
Microscope images (Fig.1a) and Raman spectra (Fig.1b) were obtained for HA-incorporated stem cells where it was
possible to observe the formed nodules of calcium phosphate and the matrix in the incorporated samples. HA and
collagen peaks were detected in the samples, showing that the nanoparticles induced osteogenic differentiation of
the stem cells. The spectra of the nodules showed HA characteristic peaks, while matrix spectra displayed
characteristic collagen peaks. Studies have been carried out for the development of new and modified calcium
phosphate nanoparticles that should further improve biostimulation.
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Fig.1. Nanoparticles-incorporated cells (a) showing HA nanoparticles nodules and Raman spectra (b) measured at nodules (green
line), biostimulated cell matrix (cyan line) and reference spectra of hydroxyapatite (red line) and collagen (black line).
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Highlights |

Synthesis and characterization of calcium coacervate and its thermal decomposition products. The relationships
between the structure and the decomposition of polyphosphate coacervates were studied. Raman spectroscopy and
31P NMR studies were used to evaluate the structural properties and their respective degradation products.

Resumo/Abstract |

A coacervacdo € um processo de separacdo de fases, e ela acontece entre duas fases liquidas que diferenciam
pela viscosidade e concentracdo em coloides!. A obtengcdo do coacervato se deu através da reacdo sol-gel?, de
solugBes 4,0 mol Lt de (NaPOz3)n@g) € 2 mol L1 de CaCl2.2H20. Apés a obtencdo do coacervato de calcio, foi feito
seu tratamento térmico numa mufla a 200 °C em tempos de 0,5, 1, 2 e 5h. S&o apresentados abaixo seus
respectivos espectros Raman e RMNES 31P. Foi feito também o tratamento térmico através de medidas Raman com
variacdo de temperatura, de 30 a 180 °C. Ao observar a figura 1, podemos propor que ha uma formacgdo de
espécies ciclicas, uma vez que o desdobramento das bandas se encontra na regido entre 680 e 750 cm! referentes
ao modo vibracional do estiramento simétrico em ponte e com diferentes energias vibracionais nas diferentes
espécies ciclicas. Os resultados do RMNES 31P, corroboraram com os dados obtidos pela espectroscopia Raman. A
partir da figura 2, podemos notar que com 0 aumento da temperatura hd uma diminuicdo das intensidades relativas
das bandas em torno de 1200 cm referente ao modo vibracional do estiramento simétrico em ponte. Comparando
os resultados da decomposicdo térmica em diferentes tempos com as diferentes temperaturas, observamos que
guando mantemos a temperatura constante a banda em torno de 900 cm-! desaparece, e 0 mesmo nao aconteceu
quando usamos 0 acessorio de temperatura do Raman, onde a temperatura variou de 30 a 180 °C, essa banda nao
desapareceu nem quando atingimos a temperatura maxima. Isso pode ser explicado pela cinética da reagdo uma
vez que na decomposi¢do ndo-isotérmica, foi se aquecendo a amostra lentamente, porém na decomposi¢cdo
isotérmica as amostras ja foram colocadas na mufla a 200 °C, onde a perda de agua e as possiveis quebras de
ligagBes aconteceram muito mais rapidamente, levando a diferentes processos de decomposic¢ao isotérmica e ndo-
Figura 1: Espactros Raman dos Coacervatos de Calcio sam e com tratamento Figura 2: Espectros Raman da decomposigdo térmica do Coacervato de Calcio em iSOtéI’m ica_
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1-KOPP, W. et al. Calcium
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Highlights

|
Synthesis and characterization of Telluric acid coacervates. The relationships between the structure and the
decomposition of polyphosphate coacervates dopped with telluric acid [Te(OH)s] were studied. Raman spectroscopy
studies were carried out to evaluate the structural properties of the materials and their respective degradation
products by the action of time and temperature.

Resumo/Abstract |

A coacervacdo acontece através da interacdo entre solugBes aquosas de polifosfato de sddio e sais de diferentes
metais assim como Na*, Ca2*, Ni*, Co?*, Mn?* dentre outros, sendo um processo de separacao de fases!3. O acido
tellrico é um sélido bastante solivel em agua, constituido por moléculas octaédricas estaveis em solugdo aquosa
por ser um acido fraco. O material se decompde em TeOs/TeO: e devido a estabilidade das moléculas de Te(OH)s
em solucdo, tornam o acido teldrico um reagente de grande interesse na obtencdo de novos materiais de
polifosfatos contendo Te(VI) 2. A obtencéo do coacervato se deu através da reagao sol-gel, de solugdes (NaPOs3)naq)
4,0 mol L%, CaCl2.2H20 2 mol L1 e 4cido teldrico 4,0 mol L. A figura 1, nos mostra a comparagéo dos espectros (a)
acido teldrico, (b) coacervato de célcio e (c) coacervato com acido telarico. Podemos dizer entdo que, o &acido
teldrico esta incorporado a cadeia polifosfatica, uma vez que ha o deslocamento da banda que aparece no acido
telirico em 664 cm! e no coacervato esta banda aparece em 652 cm1. Apds a obtencdo do coacervato com acido
teldrico, através de medidas Raman com variagdo de temperatura (figura 3), de 30 a 180 °C (figura 2), onde as
temperaturas variaram de 30 a 180 °C. Observamos que com 0 aumento da temperatura h4 uma diminui¢cdo das
intensidades relativas das bandas em torno de 1200 cm referente ao modo vibracional do estiramento simétrico em
ponte. Ao variar as temperaturas, a banda em torno de 650 cm, relativa aos modos vibracionais das espécies TeOs
coordenadas a cadeia polifosfatica diminui de intensidade e desaparece em temperaturas acima de 140 °C e pode
indicar que o acido teldrico ndo se encontra mais coordenado a cadeia polifosfatica.

P 1 SapacronRaman o Ao el ), Concarodo chio 518 Fin Eseie o o gt msn o Comersecom e 1= KOPP, W, et al.  Calcium
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o A 2- ROPP, R.C. Encyclopedia of the
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Highlights |

Discussion of vibrational modes of natural carbonate minerals. In many cases, small cations shift the Raman band to
a higher wavenumber. The data shows two deviations of this trend and brings a comparison with synthetic samples.

Resumo/Abstract |

Minerals in general are interesting object of study for their structures and optical properties. Carbonate minerals are
an important target in Raman spectroscopy, for their peculiarities involving crystal structure, availability, and
diversity. Therefore, this study has the purpose to revisit their spectra and to point the main differences between
each other, discussing about how the vibrational modes of carbonate ion are affected by the different environments
and conditions. Starting the discussion comparing two different systems, calcite, and aragonite, minerals with the
same composition (CaCOs), but with different crystal unit cells, differing in the low wavenumber region due to the
crystal structures, since the amount and disposition of calcium atoms around carbonate ions is not the same.[!
Calcite and aragonite spectra show a Raman band at 1086 cm-t, which corresponds to the symmetrical stretching
mode of CO3%. For this vibration is not observed some variation between the two minerals. Possible shifts of this
band are caused not by the quantitative presence of the calcium ion, but qualitatively. Then, this work compares, for
the two systems, deviation in the Raman signals, when the calcium ion is replaced by a larger or smaller ion. Each
mode is more strongly affected than the other, but in many of the cases small ions shift the signal to a higher
wavenumber.[? The collected data shows two deviations of this trend: the first one is rhodochrosite (MnCQs3)
spectrum, that shows this increase in the wavenumber for signals in low region, but a decrease for high region, that
is, looking the whole spectrum, and comparing with calcite, for rhodochrosite the signals appear to “come closer” to
each other. The second one is the case of the partial substitution of Ca*? for Mg?*(dolomite); the spectrum of
dolomite does not show more Raman signals than the rest of the group, that is, the mineral is not a mixture of
crystals of calcite and magnesite, but a new carbonate of calcium and magnesium. In addition, given a partial
replacement of calcium, the band shift to a higher wavenumber should be less than a total replacement (magnesite).
This is observed for all Raman bands, except for the symmetric stretching of the carbonate ion. A possible
explanation is that partial replacement leads to a loss of symmetry in the crystal lattice unit cell. In this case, for the
structure remains crystalline, a possible shortening of the C-O bonds that influences with greater intensity the
symmetrical stretching movement of these bonds, shifting it to a higher wavenumber. Finally, this work brings a
comparation with synthetic carbonate samples to understand the degree of crystallinity for such natural samples as
well the identification of the phonons for each one of the minerals.
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Electrochemical SERS spectrum of the pesticide Thiram and its dependence with potential; Monitoring the S-S band
with applied potential variation; SERS differentiation of species on the electrode surface.

Resumo/Abstract

O Thiram é um fungicida amplamente utilizado no

mundo inteiro e, devido ao seu potencial nocivo a Raman

salde e ao meio ambiente, existem varios estudos JL 9y
9 N

acerca de seu comportamento. Dentre eles, analises v
do pesticida pela técnica SERS ganham destaque, S/ N
pois dada a estrutura dessa molécula, a presenca de o Y
atomos de enxofre na estrutura favorece a interacao e
especifica da molécula com superficies de Au ou Ag,
ocasionando em altos fatores de intensificagao
Raman!". Por outro lado, a forte interagdo dos atomos
de enxofre com a superficie, também é responsavel
por causar a quebra de ligagbes do pesticida e,
portanto, o que séo detectados nos espectros sdo os
seus fragmentos. w
Neste trabalho ¢ apresentado o estudo SERS
eletroquimico do Thiram (Figura 1), através do
acompanhamento das bandas em 394 e 1381 cm™,
atribuidas ao Vv(S-S) e ao O&(CH;) + v(CN),
respectivamente. A comparagcdo com o0 espectro
Raman do Thiram sdélido sugere que a variagao de . : : : : -
potencial aplicado é responsavel por mudangas como 400 600 800 1000 § 1200 1400 1600
~ ~ .. , . Wavenumber (cm™)
a adsorgcado e a dessorgao do pesticida na superficie
metalica. O acompanhamento da banda em 391 cm™, Figura 1. Espectros Raman sdlido (preto) e SERS do
que diminui sua intensidade em potenciais menores, Thiram em 0 V (vermelha), 1,0 V (azul) & 1,3 V (verde).
aponta que o Thiram esta adsorvido na superficie
metalica, ja que a auséncia desta indica a quebra da ligagdo entre os dois enxofres centrais. Simultaneamente, o
acompanhamento das bandas em 559 e 1381 cm™ atribuidas ao SERS do Thiram!", corrobora com a hipotese de
gue a molécula esta adsorvida na superficie nos potenciais 0 e 1 V. Enquanto que para potenciais maiores, 1,3 V,
as bandas caracteristicas do SERS do Thiram diminuem bruscamente de intensidade e o aumento da intensidade
relativa das bandas em 394 (S-S) e 442 cm™ (S-C-S)!"! sugere dessorgédo promovida pela aplicagéo de potencial.
Deste modo o presente trabalho tem como objetivo desenvolver estratégias que promovam a elucidagdo dos
mecanismos de adsor¢cido e dessorcdo de moléculas em geral na superficie metalica, através da espectroscopia
SERS para a analise desse tipo de sistema. A fim de comprovar as hipoteses, pretende-se realizar experimentos
gue alcancem maiores faixas de potencial aplicado e inUmeros ciclos para ver a reprodutibilidade do sistema.

442

Raman Intensity

[1] Oliveira, M. J. S.; Martin, C. S.; Rubira, R. J. G.; Batagin-Neto, A.; Constantino, C. J. L.; Aroca, R. F., Surface-Enhanced Raman Scattering of
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Highlights

Successful synthesis of nanoparticles for SERS applications using lonic Liquids; SERS spectra of EmimTCM as
stabilizer is different from the SERS spectra of EmimTCM in Au colloid.

Resumo/Abstract

Different synthesis strategies have been used A c
. . —AuCIT
for obtention of gold nanoparticles as a —— AUEMIMTCM
substitution method for wet synthesis. lonic
liguids can be advantageous as a medium
because of its high solvent structuring, creating
a suitable environment to control the growth,
nucleation and stability of nanoparticles (NPs).
Although many works show the synthesis of
NPs using IL, the role of these ions in the
morphology, size and stability of NPs is not yet

2124
2224

22
~
-
3]

SERS of EmimTCM
on AuCIT

Extinction
2192

SERS of EmimTCM on
AuEmMimTCM

fully elucidated. In this sense, the present 400 500 600 700 800

Wavelength/ nm

Raman Intensity

study aims to use SERS spectroscopy to
investigate the species on the metal surface for
both the nanoparticles synthesized with the ILs
and the conventional SERS of IL species in
aqueous colloidal solution. Figure 1 A shows
the comparison between the extinction spectra
of the conventional AuNPs (AuCIT) and in the
presence of IL (AUEMIMTCM). It is noticed that
in the case of IL there is a high degree of
aggregation of the NPs during their synthesis,

which results in desirable plasmonic properties - L. A) Extincti { AUCIT and AUEMImTCM: B) SEM | .
; igure 1. xtinction spectra of Au and AUEMim ; image o

to use them as SERS substrate (Figure 1B) AUEmMIimTCM and C) Raman spectra of IL aqueous (green), SERS spectra of

The comparison betweer_‘l the SERS spectra in - EmimTCcM on AUEmImTCM (blue) and of EMImTCM on AuCIT (red).

the region of 2200cm™ suggests that the

interaction of IL with NPs is through the TCM anion. The results suggest that the TCM species adsorbed on gold when
it is used as stabilizer are distinct from the adsorbed species in the conventional SERS spectrum (Figure 1C).
Probably, the main factor for these spectral changes are the different possible adsorption geometries of the anion with
its CN groups on the metal surface.’ In order to refine the conclusions and characterize the species present on the
metal surface, it is intended to vary the concentrations of the reactants to identify their influence on the material
properties, and to use the same methodology and analysis for other systems with different LI and investigate the
correlation of the experimental and calculated vibrational spectra. Thus, this work may help in the understanding of
which IL species are responsible for the controlled aggregation of NPs, bringing further elucidation in the role of ionic
liquids in the synthesis and its interaction with gold nanopatrticles.

[1] He, Z. and P. Alexandridis. Nanoparticles in ionic liquids: interactions and organization.Physical Chemistry Chemical Physics
17(28): 18238-18261, 2015.

[2] Jacobs, M. B., P. W. Jagodzinski, et al. A Surfaced-Enhanced Raman Spectroscopy and Density Functional Theory Study of
[Au(CN)2]-/[Au(CN)4]- Adsorbed on Gold Nanopatrticles. The Journal of Physical Chemistry C, 115(49): 24115-24122, 2011.
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3D-printer microfluidic system for Gold Nanostructures deposition onto Si
substrate used as SERS substrates for detecting of Triamterene molecule
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Highlights

Gold nanorods deposited on Si substrate by the 3D-printer microfluidic system. Surface-enhanced Raman scattering
for detection of Triamterene doping molecule.

Abstract

The study of the interaction between light and metallic nanostructures is rapidly emerging as plasmonic devices,
which are associated with analytical applications such as Surface-Enhanced Raman spectroscopy (SERS). This
work shows ultrasensitive SERS detection of triamterene (TMT) drug, of high interest in illegal sport doping clinical
analysis. The analysis is based on the molecule adsorption close to the electromagnetic localization field spot of
plasmonic nanopatrticles. We combine the flow injection self-assembled deposition in Si substrate functionalized with
3-mercaptopropyltrimethoxysilane (MPTMS) solution, followed by Gold Nanorods (AuNRs) deposition. A 1 cm?
silicon substrate is embedded in a 3D-printed structure composed of two parts: a superior structure with inlet and
outlet entries, a microchannel with 200um width and 0.5 mm length; and the bottom part possessing a sample
holder having exactly the Si substrate dimension. The effectiveness AuNRs synthesis is confirmed by UV-vis
spectroscopy with plasmon bands at 514 and 703 nm, corroborated by TEM micrographs with a good homogeneity
distribution. The SEM micrographs also reveal that the laminar flow injection favors the alignment of AuNRs, with a
good, efficient hot spot coupling to detect trace levels of molecules. Detailed mapping was achieved to detect TMT
in 10°°mol L'to 10*?mol L*range, with good reproducibility and sensitivity in the obtained analytical curves, as can
be seen in Figure 1 (a-d).
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Figure 1. (a) Spectrum of extinction of AuNRs; (b) Histogram size distributium of AuNRSs; (c) TEM micrographs of AuNRs; (d)
Average SERS spectra for different Triamterene concentration, 10° mol L1 to 102 mol L1; (e) Analytical curve for SERS
intensity as function of TMT different concentration from 1603 cm-* band as reference.
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Highlights |

Au nanostars Ink for the design of functionalized paper-based SERS substrates, and study of the morphology effect
in the SERS enhancement of organic molecules.

Abstract |

Inkjet printing has emerged as a powerful tool for the design of low-cost high-performance SERS substrates that aim
for real-practical applications. However, most of the reported studies focused on the fabrication of paper-based
substrates are built around spherical nanoparticles. Thus, as discussed by Tian et al', for suspensions of equal
nanoparticle and analyte concentration, the SERS effect increases as nanospheres < nanotriangles < nanostars
(NSs), indicating that control over the number of local field “hot spots” can optimize the SERS efficiency. Thus, the
aim of this research is the preparation and evaluation of Au NSs as inkjet printing paper-based SERS substrates.
The morphology of the prepared Au NSs was confirmed by TEM, obtaining NPs with a tip-tip size between 50-100
nm and a broad absorption band around 690 nm. The viscosity of the ink was adjusted with a mixture of
glycerol/ethanol to be similar to the commercial black ink EPSON 544. Then, chromatographic paper was chosen for
the printing process since it presents a low fluorescence signal and background. The paper surface was modified
from a hydrophilic to a hydrophobic surface to gather the analyte in the impressed region instead of spreading on the
paper. The functionalization process was verified by contact angle (CA) measures, all the functionalized papers can
be considered hydrophobic since all of them show CA values > 90°. The performance of the substrates was
evaluated by measuring the SERS spectra of crystal violet (CV), varying the number of printing cycles (1,3 5, and
10). Results show a decrease in the spectra intensity and the CA value with the increase in the number of printing
cycles, indicating a loss of hydrophobicity that allows water to spread out of the designed spot. Then, the substrate
with 1 printing cycle showed the best performance in terms of SERS activity and repeatability among measures,
which is an excellent result when compared with previous substrates developed at our lab2, based on Au
nanospheres, where the optimal performance was achieved for 5 printing cycles and a [Au] two times higher. [1]
Tian, F et al. Anal. Methods 6, 9116-9123 (2014). [2] Godoy, N. V. et al. Sensors Actuators, B Chem. 320, (2020).

7.9 +0.9° C) AuNSs ink 1 cycle 3uL CV 10" °mol/L
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Figure 1. a) Au NSs TEM images. b) CA angle measures, and c) SERS spectra of CV on the Au NSs substrate.
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Highlights

Magnetic-gold nanoparticles were applied for SERS detection of dopamine. The adsorption follows the Langmuir
isotherm model. High reproducibility was found using magnetic separation before analysis.

Resumo/Abstract

Gold nanoparticles-conjugated magnetic nanoparticles (AuUMNP) were synthesized via coprecipitation of magnetite
followed by gold salt reduction method [1]. Inositol hexakisphosphate (IP6) was used as a soft template. The
morphology investigation by SEM indicated most gold particles between 9 — 12 nm distributed on smaller magnetite
nanoparticles agglomerates. The AUMNP suspension exhibited SERS for dopamine (DA) detection. After the addition
of DA in 1.0 mL AuMNP colloidal suspension, a magnetic separation was performed per 2 min before measurement
in a handheld Raman BRAVO BRUKER spectrometer (Fig. 1A). SERS spectra from 1.0x107 — 1.0x102 mol/L DA
presented characteristic SERS bands. Following the non-planar ring vibration band at 634 cm™ (Fig. 1B), the Raman
intensity band versus DA concentration plot follows the Langmuir adsorption isotherm model (Fig. 1C). High
reproducibility was achieved by the magnetic separation when compared to the direct suspension measurement. The
signal standard deviation to 5.0x10° mol/L DA was 39.71 and 594.9 (a.u.) for magnetically separated and suspension
measurements, respectively. AuMNP conjugates are promising candidates for high reproducible SERS
measurements, which are usually limited by the Brownian motion of particles in the solution-phase SERS substrates.
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Figure 1. (A) Handheld Raman spectrometer and magnetic separation process before measurement. (B) 550 -670
cm™ range SERS spectra of various DA concentrations-AuUMNP suspensions. (C) Langmuir isotherm model plot on
experimental data from (B) at 634 cm™.
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Standard addition method as an analytical tool for SERS;
SERS detection of paraquat using Ag colloid and their derivatives (coatings);

Paraquat quantification with a limit of detection of 0.4 umol/L.

Resumo/Abstract

The surface-enhanced Raman scattering (SERS) is one of the most sensible and selective techniques, reaching the
detection of the single-molecule [1]. However, in the colloid system, the analytical application as a quantitative tool
decreases due to the low reproducibility and repeatability of the SERS signal. One of the reasons can be attributed to
the aggregation of the nanoparticles, and the non-uniform formation of hot spots (the region with maximum Raman
enhancement). Thus, sample preparation can play an important role in the quantitative application of SERS technique
[2]. In this work, we evaluated de detection of paraquat (PQ, a non-selective contact herbicide) by SERS using the
standard addition method. In this case, the AgNP as a colloid platform was used for the construction of the calibration
curve. The detection was also evaluated using the AQNP@SiO2, AgNP@SiO2@AuNP (Ag nanoparticles with SiO2
coating and AuNP adsorption, respectively) as a comparison. The SERS measurements were performed using a fixed
volume (500 pL) of colloid following successive addition of a standard solution of PQ (stock concentration = 10-5 and
10 mol/L in ultrapure water). The aliquots from 1 to 55 uL of each stock solution were used to obtain a concentration
range from 2.0x10% to 1.0x10-> mol/L. The SERS spectra were collected using a micro-Raman Renishaw, model in-
Via, at a laser line of 633 nm, 1800 I/mm, 10 seconds of acquisition, and 1 accumulation. The SERS spectra of PQ
showed four intense bands at 843, 1201, 1302, and 1648 cm-! ascribed to C-N stretching, C=N bending, chain
distortion, and C=N stretching, respectively. These bands also showed high intensity in the PQ powder. However,
using the AgNP@SiO2 and AgNP@SiO2@AuNP colloid, a significant enhancement was obtained only after the
addition of 0.2 mol/L of NaCl, being twice higher than without salt addition. The calibration curve following the standard
addition method in presence of salt showed a colloid instability for AQNP@SiO2 and AGNP@SiO2@AuNP. Thus, the
successive addition of PQ promotes a faster aggregation with a decrease in SERS properties. The instability started
at 5.3x10-6 mol/L of PQT, which corresponds to the eighth PQ addition, and an increase of signal deviation (c.a 40%)
was observed. On the other hand, using the AgNP (without covering) an enhancement of the PQ band was observed
between 108 to 10 mol/L PQ. The SERS intensity of the band at 1648 cm-! (C=N stretching) showed two linear
ranges, from 2.0x102 to 1.2x10-% mol/L, and from 2.8x10 to 1.0x10% mol/L, with a limit of detection of 4.1x10-” mol/L
(LOD = 3xSD/slope = 0.4 umol/L). Indeed, the limit of detection is in agreement with the ratio 3S/N (signal/noise), being
the band at 1628 cm™' from SERS spectra obtained at 4.8x10-7 mol/L with a S/N = 2.6. In conclusion, the standard
addition method showed a promissory analytical method to improve the SERS as an analytical technique.

[1] C.J.L.Constantino, T. Lemma, P.A. Antunes, R. Aroca. Single-Molecule Detection Using Surface-Enhanced Resonance Raman
Scattering and Langmuir-Blodgett Monolayers. Anal. Chem. 2001, 73, 3674-3678.

[2] B.L.Darby, E.C. Le Ru. Competition between Molecular Adsorption and Diffusion: Dramatic Consequences for SERS in Colloidal
Solutions. J. Am. Chem. Soc. 2014, 136, 31, 10965-10973.
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The AgNP and fluconazole association presented synergistic effect at in vitro tests against Candida spp.
The chemical affinity of fluconazole by Ag surface was monitored through SERS spectroscopy.

Resumo/Abstract

The minimum inhibitory concentration (MIC) and
fractionary inhibitory concentration (FIC) index
involving silver nanoparticles (AgNP) and fluconazole
(FZL) association against C. albicans and C. tropicalis
species was more effective than each one alone,
indicating synergic effect. The FZL drug is consider a
fungistatic agent, but the status changed to fungicide
when in association with AgNP, with doses decreasing
from 16 to 0,25 pug.mL™".

The mechanism of action of FZL depends on the
formation of a covalent coordination bond between the
N9 (Fig. 1) and the heme group in the CYP51 enzyme.
However, the specificity of this binding depends on
other interactions between the FZL molecule and
amino acid residues at the target active site, such as
the interaction between F2 and Phe152, also involved
in decreasing toxicity to humans™.

Fig. 1 — FZL conformational structure, in a vacum, and atom
labeling lllustrated using DrawMol software.
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. Oxygen
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Note - A) Triazole rings; B) 2,4-difluorobenzyl
Developed by the author

In the SERS spectrum of FZL, presented in Figure 2-
, it is possible to observe the presence of intensified
bands at 1014, 1078 e 1187 cm™!, whose assignment
allows to infer that the adsorption on Ag surface
occurred through nitrogen atoms from A ring, F1
fluorine from B ring and O3-H27 hydroxyl. The

presence, in the Raman spectrum of the solid (Fig. 2-
1), of the bands at 588 cm™ and 1253 cm™, assigned
to vibrations involving F2 atom, was not intensified in
the SERS spectrum, indicating this atom is not
involved in the adsorption. The low intensity of the
SERS band at 1137 cm™, assigned to normal modes
involving N9 atom?, allows to infer, if drug delivery
system was internalized, such a molecular moiety was
not precluded, by the adsorption, to interacts with
enzyme target.

These results go along with those obtained by in vitro
studies, proving that Raman and SERS spectroscopies
can be a valuable tool in the biological test planning.

Fig. 2- FZL on AgNP surface SERS spectrum (Ay= 633nm, 10
mW, 90s); (I); Solid state FZL Raman spectrum (Ap= 1064 nm,
1000 mW, 512 scans) (ll).
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Tebuconazole by hybrid catalyst AQNP/TiO,

Rafael de Oliveira (PG),™* Antonio Carlos Sant’Ana (PQ),"

antonio.sant@ufijf.br

1Departamento de Quimica, Instituto de Ciéncias Exatas, Universidade Federal de Juiz de Fora
Palavras Chave: Nanoparticulas de prata, Fotocatdlise plasménica, Tebuconazole, SERS

Highlights

e The photodegradation of Tebuconazole by AgNP/TiO, hybrid catalyst was studied through the effect of
reactional pH and changes in the incident radiation

e The best result was obtained using pH = 6.0 and UV-A radiation (Ay,ax = 368 nm), reaching efficiency around
80% after 100 minutes

e Surface-enhanced Raman scattering spectroscopy was used to monitor the photodegradation reaction

e Changes in spectral profiles were observed, confirming the applicability of SERS spectroscopy in monitoring
chemical reactions and possible identification of products/intermediates

Resumo/Abstract

De suma importancia na agricultura moderna, os pesticidas sdo extensamente utilizados em paises com forte
atividade agricola, como o Brasil. No entanto, estas substéncias sdo consideradas parte significativa das
contaminagBes ambientais por compostos orgénicas. No presente trabalho, a degradacdo do fungicida
Tebuconazole (TEB; Figura 1A) foi avaliada empregando-se catalisador AgNP/TiO, e monitoramento SERS. Na
Figura 1B é apresentado o monitoramento SERS da degrada¢@o do composto por catalisador AgNP/TiO, irradiado
por luz UV. Durante monitoramento, diversas bandas do fungicida foram observadas, evidenciando a presenca de
moléculas inalteradas de TEB, mesmo apds 18h. Maior mudanca espectral € observada com a intensa e alargada
banda entre 1610 e 1670 cm™ no tempo de 410 minutos, possivelmente decorrente da formacgdo de produtos
contendo grupos como aldeidos e acidos carboxilicos. Esta banda desaparece apds 18h de reagdo, sugerindo a
perda do carbono oxidado na forma de CO,. Deslocamento de banda referente a respiracdo do anel foi observado
(996 para 1002 cm'l), sugerindo a modificagdo nos substituintes no grupo fenil. Banda em 1271 cm™ (wCH, de C2)
deslocada para 1280 cm™ e desaparecimento de banda em 1198 cm™ referente a vCC (C1 e C2), sugerem que 0
grupo CH, da cadeia alifatica possa ser um ponto de ataque radicalar. O surgimento da banda em 1069 cm™,
atribuida ao 1,2,4-triazol livre (vCN), permite sug)or ser esse um produto da reacdo; a mesma banda pode ainda ser
atribuida ao estiramento simétrico de ions CO3”, um possivel produto de oxidagdo. O deslocamento de banda em
964 para 971 cmteo surgimento de banda intensa em 1355 cm™ sdo observados no tempo de 410 min (ambas
atribuidas a vCN), reiterando a presenca do produto 1,2,4-triazol. Ao final do monitoramento SERS e anélise dos
resultados alguns produtos puderam ser propostos, como clorobenzeno, 4-clorofenol, e 1,2,4-triazol.
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Figura 1. (A) Estrutura quimica de TEB. (B) Monitoramento SERS da degradacéo de TEB por AgNP/TiO2/UV-A.
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Highlights
SERS was used to detect trace amounts of methyl parathion. Inclusion complexes with cucurbiturils allowed the
selective detection of MP. The comparison of SERS spectra using Au and Ag was discussed.

Resumo/Abstract

Since the end of the last century, SERS has been a rising method for the detection and quantification of pesticides in
environmental samples, mainly because of its high sensibility and possibility of a selective analysis, faster and less
resource consuming than gas or liquid chromatography®. Better selectivity can be achieved employing cucurbiturils
(CB) as hosts molecules capable to include pollutants. Therefore, CB7 was used in this work to form 5:1 (CB7:MP)
inclusion complexes with MP to investigate a potential method for trace detection of this organophosphate insecticide
in residual waters.

Figure 1 shows the Raman spectrum of solid MP, SERS spectra of MP in Au, Ag, and of its inclusion complex with
cucurbituril CB7. The comparison of the SERS spectra in Au and Ag shows quite distinct profiles. While the SERS
spectrum in MP-Au is very similar to the neat compound spectrum, the profile of MP-Ag spectrum presents a large
band at 1267 cm™ characteristic of well-known spectrum of nitrophenols?, which suggested the degradation of the
pesticide, according to the scheme in Figure 2. The hypothesis was supported by the SERS spectra of p-nitrophenol
in Ag and Au and also by DFT calculations. Interestingly, the spectrum of the inclusion complex (MPcCB7) showed
similarities with MP-Au spectra, being a clear evidence that most of MP degradation was inhibited.
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Figure 1 — Raman and SERS spectra of methyl parathion Figure 2 — Scheme of different interactions of MP with Ag
with Au, Ag, and inclusion complex. *CB7 modes. and Au nanopatrticles.
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—— MPcCB7-Ag

In conclusion, this work demonstrated that MP pesticide breaks when interacts with silver nanoparticles. The inclusion
of MP in cyclic macromolecules apparently can prevent this event and aid to detect pesticides without the loss of its
chemical identity.
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Highlights

SERS investigation of phosmet insecticide on Ag and Au surfaces

Study of insecticide phosmet shows distinct behavior in SERS spectra on Ag and Au surfaces. DFT calculations
indicated different adsorption geometries of FM depending on the metal surface.

Resumo/Abstract

O uso deliberado de pesticidas no Brasil por
véarias décadas tem contaminado diferentes ambientes,
e torna-se necessario o desenvolvimento de diferentes
métodos de deteccdo e quantificagdo desses
poluentes. A técnica SERS tem se destacado pela alta
sensibilidade e identificagdo da espécie molecular.
Neste trabalho foi investigada a deteccéo do inseticida
organofosforado fosmete (FM) por espectroscopia
SERS, em que foi observada uma interacdo diferente
com a superficie, dependendo do metal utilizado para
0s substratos SERS Ag e Au. A Figura 1 mostra os
espectros Raman, SERS em Ag e em Au obtidos para
o FM. Nota-se o aparecimento de uma banda larga em
650 cm?, que pode ser atribuida ao estiramento v(P=S)
apenas no espectro SERS em Ag, o que sugere que a
interacdo da espécie com a superficie € distinta
dependendo da natureza do metal (Ag ou Au).

Raman ,= 1064 nm
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Figura 1. Espectros Raman, SERS Ag e SERS Au do fosmete.

Para dar suporte aos dados experimentais,
foram realizados céalculos DFT com o FM interagindo
por diferentes sitios de adsor¢do com clusters de Ag e
Au (20 atomos). Os espectros calculados apresentados
na Figura 2 indicam que as diferencas observadas sédo
devido as diferentes geometrias de adsor¢cdo da
molécula em Ag e Au.
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Figura 2. Espectros SERS Ag e Au tedricos, obtidos pelo célculo
DFT

Pode-se observar que quando é considerada a
interacdo do FM do &tomo de S com a Ag, séo previstas
bandas intensas de modos atribuidos ao sitio que
contem a ligacao P-S (circulo verde da Fig. 2). No caso
em que a interacdo também considera o atomo de
oxigénio (circulo vermelho da Fig. 2), as bandas mais
proeminentes sao observadas em 580 e 1760 cm™, que
podem ser atribuidas a modos vibracionais envolvendo
as carbonilas. Estudos SERS com sistemas
moleculares semelhantes estdo sendo realizados no
momento para verificar a hipotese dos diferentes sitios
de adsorcéo.

[1] FAN, Yuxia; LAI, Kegiang; RASCO, Barbara A.; HUANG,
Yigun. Analyses of phosmet residues in apples with surface-
enhanced Raman spectroscopy. 2013. Disponivel em:
http://dx.doi.org/10.1016/j.foodcont.2013.09.01
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Silicon microchannel-driven Raman scattering enhancement to improved
gold nanorod functions as a SERS substrate toward single molecule
detection of R6G and Thiram
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Highlights

SIERS, Shape-induced enhanced Raman scattering. Surface-enhanced Raman Scattering for R6G and Thiram
detection.

Resumo/Abstract

Herein, we report an effect based on the shape-induced enhanced Raman scattering (SIERS) to improve the action
of gold nanorods (AuNRS) as a SERS substrate. Scattered electric field simulations reveal that bare V-shaped Si
substrates exhibit spatially distributed interference patterns from the incident radiation used in the Raman
experiment, resulting in constructive interference for an enhanced Raman signal. Experimental data show a 4.29
increase in Raman signal intensity for bare V-shaped Si microchannels compared to flat Si substrates. The
combination of V-shaped microchannels and uniform aggregates of AuNRs is the key feature to achieving
detections in ultra-low concentrations, enabling reproducible SERS substrates having high performance and
sensitivity. Besides SIERS effects, the geometric design of V-shaped microchannels also allows a “trap” to the
molecule confinement and builds up an excellent electromagnetic field distribution by AuNRs aggregates. The
statistical projection of SERS spectra combined with the SIERS effect displayed a silhouette coefficient of 0.83,
indicating attomolar (107 mol L™) detection with the V-shaped Si microchannel. Additionally, we evaluated the V-
shaped microchannels using the Thiram molecule until 10° mol L. The analyses were collected in different
regions of silicon microchannels to verify the SERS signal difference contributions as in the function of regions, i.e.,
on channel edge, channel deep, between channels, and flat Si to far of channels.
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Figure 1. (a) Average SERS spectra for different
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Highlights

SERS signals intensification from wet and dry effect.

Abstract

In this work, we report the dynamic behavior of surface-enhancement Raman scattering (SERS) spectra using
Rhodamine 6G dye (R6G, 1078 mol L™) adsorbed on gold nanorods (AuNRs). SERS spectra displayed a strong
time-dependence intensity in wet to dry transition states. FEG-SEM images reveal a stacking of AUNRS organization
that can lead to Raman signal improvements due to the formation of a 3D hot spot matrix that acts as a trap for
target molecules. AUNRs nanostructured films were efficiently employed to form SERS substrates. The independent
random AuNR organization in the SERS spectra exhibits a characteristic profile of intensities due to different
dielectric environmental conditions. Despite the variations observed in the spectra array, a pattern was recognized
by statistical analysis. Multidimensional analysis ensured the distinction of the study’s requirements applied to the
SERS response, exhibiting a silhouette coefficient of 0.92 with the least-squares projection technique. Changes in
the SERS spectra profile from wet to dry state conditions of R6G dye solution can be interpreted as the dynamic
behavior of R6G molecules correlated to distinct molecular adsorption and (or) surface distribution of the R6G
molecules proving different plasmonic resonances. Simulations obtained from BEM calculation in experimental data
corroborate that the SERS enhancement is strongly dependent on the nanoparticle coupling in nanoscale and the
dielectric environment.
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Figure 1. Schematic representation of SERS analysis in different dielectric conditions (A) SERS spectra with a 5 pL drop of R6G
aqueous solution; (B) R6G dry on the SERS substrate; (C) 5 pL of a drop of water on the top of SERS substrate already with
R6G. (D) LSP plot of the whole of the SERS spectra for R6G aqueous solution (red dots), R6G dried on the SERS substrate
(blue dots), and a drop of water on the top of SERS substrate after R6G drying (green dots). The black bar is only a guide to
measure distances between data points. The determined silhouette coefficient is 0.92. (E) Silhouette coefficient of each
multivariate projection technique: PCA, SM, IDMAP, and LSP of whole Raman spectra before (red-colored) and after
multiplicative scatter correction (blue-colored).
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Highlights

Raman/SERS study of acephate pesticide degradation products.
One of the primary products of acephate degradation is methamidophos.
SERS spectra evidence the formation of methamidophos.

Abstract

Acephate (ACP) and methamidophos (MAP) are organophosphorus pesticides widely used in agriculture to control
various plant pests and parasites. Both pesticides can cause damage to the ecosystem and to humans, however, ACP
is the most used globally as it is less toxic (classified as moderately toxic - class IlI), compared to MAP (highly toxic -
class 1V) [1]. In Brazil, the use of ACP is authorized by government agency, but the MAP has been banned since 2012
due to suspected severe damage to fetal development and death of rural workers [2]. Some studies have shown that
ACP can undergo degradation in three stages (primary, intermediate and final products) depending on the process
(ultrasonic, ozonation, hydrolysis, microorganisms and photocatalytic processes) [3]. One of the primary products of
ACP degradation is MAP. This fact makes questionable the authorization of government agencies, as the regulated
pesticide degrades into a more toxic one. In this work, we present results from the ACP detection in aqueous media
and evaluate its degradation process using the Surface-Enhanced Raman Scattering (SERS) technique. The analyzes
were performed using a Renishaw micro-Raman spectrometer (model in-Via) coupled to a Leica optical microscope
with a 50x objective lens and a 633 nm laser line. ACP (1.0x10* mol/L) SERS spectra were obtained using spheric
silver nanoparticles (AgNPs). Results showed a strong dependence of ACP degradation as a function of solution pH.
At pH c.a. 5, there was no interaction of the pesticide with the AgNPs and thus, no bands associated with the molecule
were observed. On the other hand, for colloid solution with pH 13, noticed well-defined spectra with bands at 680, 946,
1302, 1342, 1432 and 1618 cm!, attributed to the C-S vibration symmetry, P—N stretching, N-H bending, —OCH3
bending deformation, and C=0 stretching, respectively. It was possible to verify, that the spectrum of degraded ACP
is similar to that reported by Xie et al., Fleming et al., and Zhang et al. [4-6] for MAP detection using SERS. SERS
spectrum of degraded ACP, at pH 13, differs of the normal Raman spectrum of the molecule and this may be related
to the loss of the carbonyl group in an aqueous medium resulting in MAP. In summary, the results show that the
analysis of the potential for environmental contamination of the ACP must also take into account the by-products
generated (MAP) from its degradation.
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Highlights |

Thiabendazole SERS analysis: 1.6x1074 - 8.0x1078 mol/L. Linear regimen for SERS intensity: 1.6x1077 - 8.0x1078 mol/L.
Limit of detection: 7.0x10-8 mol/L. Thiabendazole adsorbs onto the Ag surface through S or N atoms.

Resumo/Abstract |

The application of pesticides in large scale agriculture is a reality nowadays. Considering the possible risks for
human health, monitoring the presence of those pesticides in the environment, beverages, and foods is necessary.
The surface-enhanced Raman scattering (SERS) is a vibrational technique that presents selectivity and sensitivity [1],
being a potential alternative for monitoring pesticides. However, its signal intensity depends strongly on experimental
parameters such as size, shape and aggregation level of the metallic nanoparticles applied to achieve the SERS effect.
Here we overtaken this issue using Ag colloid to detect the fungicide/parasiticide thiabendazole.

The thiabendazole purchased from Sigma-Aldrich was dissolved in a methanol stock solution, then diluted into
an Ag colloid, which was synthesized following the method developed by Leopold and Lendl [2]. The SERS spectra
from thiabendazole in the Ag colloid were recorded in triplicate using a Renishaw micro-Raman spectrograph, model
in-Via. The UV-Vis absorption spectroscopy was applied as a complementary technique using a Varian
spectrophotometer, model Cary 50, to monitor the aggregation level of the Ag colloid in the presence of thiabendazole.
The adsorption mechanism of the thiabendazole onto de Ag nanoparticles was deeper evaluated through density
functional theory (DFT) calculation.

The quantitative analysis was carried out varying the thiabendazole concentration from 1.6x10~* to 8.0x1078
mol/L. At this range of concentration, the SERS spectrum had its profile unchanged, indicating no thiabendazole
reorientation or different interactions thiabendazole-Ag nanoparticle. A linear regimen for SERS intensity was found
for thiabendazole concentration between 1.6x10~7 and 8.0x10-8 mol/L, leading to a limit of detection of ca. 7.0x1078
mol/L, being comparable or lower than those reported in literature. For instance, the maximum limit allowed by the
Brazilian regulatory agency ANVISA is 10 mg/kg (10 ppm) for citrus, with the acceptable daily intake being 0.1 mg/kg
(0.1 ppm). Besides, the main enhanced bands of the thiabendazole SERS spectrum suggest the thiabendazole
adsorption mechanism onto the Ag surface takes place by two possible sites: S or N atoms of the thiazole moiety,
being the thiabendazole perpendicularly oriented in relation to the Ag surface. The theoretical calculations support the
experimental data and indicate the interaction is preferentially stablished by the S atom.

In conclusion, the SERS technique was successfully applied as analytical tool to detect the pesticide
thiabendazole diluted into Ag colloid. This goal was possible due to the detailed characterization of the analyte/metallic
nanoparticle system. We have shown the dependence of both Ag colloid aggregation and thiabendazole adsorption
mechanism onto Ag surfaces on thiabendazole concentration, which is crucial in SERS experiments. Therefore, we
have paved the way to pursue the analytical application of SERS for real samples.

1. R. Aroca, Surface-Enhanced Vibrational Spectroscopy, John Wiley & Sons (2006).

2. N. Leopold and B. Lendl, J. Phys. Chem. B 107, 24, 5723-5727 (2003).
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Gold/bohemite substrates for SERS detection of hepcidin in saliva for fast
hyperinflammation screening
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Palavras Chave: Boehmite, Substrates, SERS, Hepcidin, Saliva, Hyperinglammation

Substrates for SERS-based detection of the hepcidin metabolite in saliva for COVID-19 were developed for rapid
screening and allowed to measure a SERS effect with 10X amplification.

Resumo/Abstract

In 2019, the pandemic caused by the new coronavirus of severe acute respiratory syndrome (SARS-CoV-2), resulted
in the disease Covid-19, causing a global health crisis. Studies have proven that patients with severe Covid-19 have
cytokine storm syndrome[1], being the inflammatory cytokine interleukin-6 (IL-6) a particularly prominent inducer of
hepcidin, there may be the contribution of others, but it was seen that at high degrees of IL-6 is associated with
Covid-19 grave. [2] Evidencing the excellent potential of hepcidin as a biomarker, can be detected in various
biological fluids, such as blood, urine and saliva [3]. Some biological methods have been used for the diagnosis of
Covid-19, as the enzyme-linked immunosorbent assay (ELISA) and Real-Time Polymerase Chain Reaction
(RT-PCR), this is considered a gold method, for having several advantages [4], However, there has been a need for
reliable and faster methods to meet the large-scale demand. Tiven these needs, spectroscopic techniques, in
particular Surface-Enhanced Raman Spectroscopy (SERS), that inherits the rich chemical information from
fingerprints in Raman spectroscopy and gains plasmon-enhanced excitation and scattering sensitivity. SERS
combines the intrinsic advantages of Raman with high sensitivity that in some cases may even allow single molecule
detection. [5] Indeed, SERS spectroscopy in serum and other biofluids for pathology diagnosis represents an
emerging field, which showed promising preliminary results, for example, in various types of malignancies. Moisoiu et
al. [6] Studies by Yamazoe et al. [7], related to the substrate based on gold deposition at a diagonal angle to the
nanostructure obtained by oxidation of aluminum nano-layers (boehmite), observed that from this deposition,
nanostructured arrays are created in the form of combs that generate "hot spots" where occurs the SERS, by
favoring the identification of cancer cells through body fluid (stool). [8] Taking into account the need for new methods,
in order to overcome the limitations of the RT-PCR and knowing that the SERS effect has great potential for
diagnostics and screening of biofluids, as saliva in the detection of hepcidin. In this study we aimed to develop and
test nanostructured substrates for SERS-based detection of the hepcidin metabolite in saliva for COVID-19 rapid
screening applications. For the development of the substrates evaporative alumin images were taken in the Optical
Microscope and Raman in order to analyze their quality. Boehmite films were prepared, followed by gold deposition
and characterization by scanning and field emission electron microscopy and Atomic Force Microscopy. The
substrates produced on the basis of bohemite and gold were tested with hepcidin biomarker, and showed promising
results for SERS the effect with raman spectroscopy, and the parameters obtained allowed to measure a SERS
effect with amplification of 10 X. We are currently working to optimize this amplification factor.
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Development of a biosensor based on AUNP/PS-b-P2VP thin film
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Highlights |

SERS substrates based on self-assemble Au nanopatrticles in reconstructed PS-b-P2VP. Construction of a selective,
sensitive, and reproducible biosensor based on LSPR.

Resumo/Abstract |

In this work, the use of self-assemble Au nanoparticles in poly(styrene-block-2-vinylpyridine) (PS-b-P2VP) thin films
as biosensors have been successfully demonstrated. The self-reconstruction of the polymeric matrix was obtained by
direct immersion of the thin film in water, leading to the swelling and opening of the P2VP micelles and the formation
of a porous morphology [1]. These reconstructed films were immersed in citrate-stabilized gold NPs solution for six
hours. The immobilization of the negatively charged AuNPs occur by electrostatic interactions with the positively
charged nitrogen in the P2VP domains [2]. Finally, a methodology was developed for the functionalization of the
nanocomposites and direct detection of goat antigen (model bioanalyte) by SERS [3]. Fig la. show the UV-VIS
spectrum of each step of the substrate functionalization. As the AuNPs surface is functionalized, a red-shifted of the
LSPR band is observed, confirming the functionalization. Also, a shift to the red is induced by the antigen binding. The
mean SERS spectra of each step of the substrate functionalization and detection of the interaction between anti-
IgG/IgG are shown in Figure 1b. The modification of the substrate is indicated by changes in the relative intensities of
several bands. Moreover, to obtain better discrimination between the anti-lgG and IgG spectra, a binary scatterplot of
the PC1 x PC2 and PC6 x PC7 scores were obtained (Fig 1c). The resulting biosensor proved to be selective, sensitive
and reproducible.
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Fig. 1 - (a) UV-vis spectra of each step of the substrate functionalization, (b) Mean SERS spectra of each step of
the substrate functionalization and (c) Binary scatterplot of the PC1 x PC2 scores of the substrate
functionalization and PC6 x PC7 scores of anti-IgG and IgG spectra.

[1] M. Robertson, Q. Zhou, C. Ye and Z. Qiang. Macromol. Rapid Commun.2100300, 1-32(2021).
[2] Z. Liu, T. Chang, H. Huang and T. He, RSC Advances 3, 20464—-20470 (2013).
[3] P. P. Austin Suthanthiraraj and A. K. Sen. Biosensors and Bioelectronics, 132, 38-46, (2019).
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Au nanoparticles prepared on PANI thin films for SERS application
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Highlights

PANI films were prepared using a homemade low-cost dip-coater. Globular Au nanoparticles were synthesized by
PANI film. The PANI@Au composite was used as a SERS substrate.

Resumo/Abstract

Polyaniline (PANI) is a conductive polymer with the ability to reduce Au®*ions for Au nanoparticles (AuNPs) synthesis
[1]. The morphology of these nanostructures is influenced by the acid used as PANI dopant [2]. This composite
PANI@AuU can be used as Surface-enhanced Raman spectroscopy (SERS) substrate. In this work, PANI thin films
were prepared using homemade low-cost dip coater equipment. PANI nanofibers (Figure 1a) were prepared by
rapidly mixing acid solutions of aniline and ammonium persulfate. A glass slide was immersed in a suspension of
PANI nanofibers doped with HCI for 15 minutes. Subsequently, the thin film was immersed in NH4OH solution (10
mol L) for 15 minutes for deprotonation, followed by immersion (24 h) in acetic acid solution (1 mol L) for doping.
Then, the film was immersed in HAuCl4 solution (102 mol L) for 24 h for AuNPs synthesis. PANI@Au film was used
as a SERS substrate to detect rhodamine 6G (R6G) dye (10 mol L1). The Raman spectrum of the thin film of PANI
doped with acetic acid (Figure 2b) shows the bands 1509, 1337/1322, and 1256 cm assigned to the vibrations of
the semiquinone segments present in the doped form. After AUNPs synthesis, the spectrum of the PANI@AuU film
shows the disappearance of these bands, indicating the occurrence of PANI oxidation. SEM images (Figure 1c)
reveal the synthesis of globular AUNPs with an average size of 80 = 2 nm and microstructures of Au. The R6G SERS
spectrum (Figure 1d) shows the bands at 1644, 1601, 1502, 1355, 1314, 771, and 612 cm assigned to the
characteristic vibrations of this dye.
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Figure 1. (a) PANI nanofibers MEV image, (b) Raman spectra of PANI and PANIi@Au films, (c) PANI@Au MEV
image, and (d) SERS spectra of R6G dye. (Ao = 632.8 nm)

[1]. P. Xu, X. Han, B. Zhang, Y. Du, H.-L. Wang, Chem. Soc. Rev. 43 (2014) 1349-1360. [2]. H.-L. Wang, W. Li,
Q.X. Jia, E. Akhadov, Chem. Mater. 19 (2007) 520-525.
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High-level Multiconfigurational Simulation of Resonant Raman and SERRS of
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Highlights

RR and SERRS spectra of the thiadiazole DBTD were studied using multiconfigurational methods. The main
features of the spectra were predicted. This methodology offers a robust approach to RR and SERRS.

Abstract

The theoretical study of Resonant Raman (RR) and Surface-Enhanced Resonant Raman Spectroscopy (SERRS) is

a present challenge on computational chemistry, especially because of the difficulties related to the study of excited-

states and large systems including metal atoms. A combined experimental and theoretical approach was carried

employing DFT and the multiconfigurational CASPT2 and CASSCF methods to simulate the RR and SERRS spectra

Ring modes of_ the thiadiazole organic dye 4,7-

| Dibromobenzolc]-1,2,5-thiadiazole (DBTD),

o e o DBTD a tunable donor-acceptor system applied in

DBTD AuNP organic photovoltaics and solar-cells, in

. solution and absorbed in silver and gold

785nm nanoparticles (AgNP and AuNP). This kind

of molecules presents an interesting

challenge on the study of SERS/SERRS

because of the competitive interacting sites
of the molecule with the NP.

\S""“

Nps

633nm

532nm The simulations considered a full

optimization of the excited state
geometries of model systems for RR and
SERRS, which provided key insights into

- A\ ~ o N _Theor. ~e; the interpretation of the convoluted spectra
oo e N R of the molecule. The results indicate that
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, , ) ) o atom, while the nitrogen atoms are preferred
Figure 1 Experimental and theoretical SERS spectra of DBTD in AuNP in different with AgNP. Meanwhile the experimental

excitation lines and multiconfigurational simulation of the 532nm spectrum. DBTD-AuNP

Intensity / a.u.

Y
il
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’ rnool

spectra show  similar

enhancements as the observed for the RR
spectrum of the molecule, the DBTD-AgNP presents a different intensification pattern. The computational
methodology was able to predict the main features of the SERRS spectra in good agreement, proving as a powerful
tool in the study of RR and SERRS.
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A Metal Based SERS Sensor for Nitric Oxide
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Highlights

NO has high affinity for metal centers, which was exploited as a SERS sensor. SERS enhancement allows detection
of low concentrations, in this case down to 0.02 mM of NO were able to be detected.

Resumo/Abstract
Due to the high affinity of i : , i
NO to metals a SERS N NO ; ~—-010my
sensor based on an iron - N, | N NGy, | o ~ocemw
coordination complex, Ne” | Yon ne” | YeN I 0.6 mi

(4Mpy ) “ 8 i
mercaptopyridine) was N A |
i i

devised. This particular

complex has a thiol moiety AN
that is prone to interact
strongly with gold
nanoparticles (AuNP). NO
reacts with this complex
dislocating the axial
cyanide anion (CN) 2
forming a nitrosyl complex, ‘ NG \N P Mgt
which shows characteristic v = 1500 v ol
Fe-NO vibrations at 590

Wavenumber (cm‘1)
and 536 cm, that were Figure 1 - SERS spectra of [Fe(4Mpy)(CN)s]* upon interaction with different concentrations of NO.
confirmed by theoretical

calculations. Also, the results in the presence of NO show that the ring breathing mode vibration shifts from 1005 cm-
1t0 1020 cm, and a change in the relative intensity between the bands at ca. 1615 and 1590 cm-%, that corresponds
to 4Mpy asymmetric and symmetric ring stretching. The dislocated CN- interacts with the AuNP surface, giving rise to
an intense mode observed at 2133 cm-! (Figure 1). The intensity of this later band correlates linearly with the NO
concentration and a Limit of Detection (LOD) of 55 uM was calculated. This methodology proved to be simple and
efficient as low amounts of solutions were necessary to perform the experiments, common contaminants didn’t affect
the obtained spectra and NO solutions of concentration down to 0.02 mM were able to be detected. This methodology
is being evaluated as a potential sensor for organic NO sources, such as nitroso compounds.
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Detection of Atrazine herbicide through the SERS effect: evaluation of the
influence of gold nanorods (AuNRs) on silicon substrate with V shaped
microchannels in intensification of Raman peaks.
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Highlights
Detection of atrazine herbicide by the use of SERS sensing platform with V shaped microchannels.

Deposition of gold nanords (AuNRSs) on a Si platform with V shaped microchannels for boost Raman peaks intensity,

Resumo/Abstract

The Surface Enhanced Raman Scattering (SERS) effect has been a significant rise in plasmonics area for
different metallic nanoparticles, such as gold and silver, due to the high potential of achieving a limit
detection on a single-molecule. This work presents the detection of Atrazine herbicide in concentrations
beyond 10%° M through a Si sensing platform with V-shaped microchannels. We show how de shape of the
Si platform, called shaped-induced enhanced Raman scattering (SIERS) effect combined with plasmonic
nanoparticles, such as Au nanorods (NRs), can influence the intensification of the Raman spectra of
atrazine. The V-shaped microchannels were obtained via microfabrication etching process. The synthesis
of the Au NRs were made by a well-established process in our research group and then confirmed by UV-
Vis spectroscopy, and its size distribution were analyzed via transmission electron microscopy. An
incubation mixed of AUNRs suspension and Atrazine solution was droped on the Si substrate and dried at
environmental temperature. More specifically, the AUNRs and Atrazine incubation were prepared using 10
uL of Au NRs colloidal suspension, 10 pL of ultrapure H>O, and 40 pL of atrazine solution; the incubation
solution was kept undisturbed for 30 min before use. After deposition the sensing platform's efficiency was
evaluated by the atrazine SERS signals intensification. Previous results presented a higher intensification
of the Raman peaks inside the V-shaped microchannels at lower concentrations as 10" mol L.
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Figure 1. (a) AuNRs extinction spectra with its plasmon band maximum on 745 nm. (b) Width and length distribution of the

AuUNRs synthesized. (c) TEM micrography of the AuNRs. (d) Average SERS spectra of atrazine for different concentrations(10-7
to 10° mol L?).
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Desenvolvimento de sensor SERS indireto para deteccao de Hg atmosférico
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Highlights

Development of Indirect SERS Sensor for Atmospheric Hg Detection. Indirect SERS sensor for Hg%g) detection,
exploiting the suppression of the plasmonic effect of gold nanoparticles caused by Hg%g) amalgamation.

Resumo/Abstract

O mercurio é considerado um ‘poluente global' devido as suas propriedades que lhe conferem um tempo de
residéncia na atmosfera na ordem de um ano, facilitando seu transporte por longas distancias e deposi¢cdo numa
escala global. O Hg%g) é extremamente toxico, podendo causar efeitos devastadores nos tecidos celebrais. Este
trabalho apresenta o desenvolvimento de um sensor de espalhamento Raman aprimorado por superficie (SERS)
indireto para a deteccdo de Hg%g) baseado em nanobastdes de ouro (AuNRs). A deteccdo é baseada no efeito de
degradacdo das caracteristicas plasmdnicas dos AuNRs durante o processo de formagdo da amalgama Au-Hg. O
sensor é constituido de AuNRs depositados sobre a superficie de um substrato de Si de 4 mm?2 previamente
funcionalizado com as moléculas de 3-mercaptopropiltrimetoxissilano (MPTMS), seguido da deposi¢do da molécula-
sonda Rodamina 6G. O espectro UV-Vis para a suspensdo de AuNRs constata a eficiéncia do método de
crescimento dos AuNRs mediante ao aparecimento das bandas plasmons transversal e longitudinal em 515 e 673
nm, respectivamente. A partir do histograma obtido a partir das micrografias de TEM verifica-se uma distribui¢céo
estreita de tamanho para os AuNRs, indicando uma excelente homogeneidade. A quantificagcdo do teor de ouro
realizada por ICP MS demonstra uma concentracdo total de 522,5 mg L que corrobora com o resultado teérico
esperado para esta sintese. A Figura 1 apresenta o mapeamento Raman realizado para a detecgdo do Hg%g) na faixa
de 180 a 4592 ng por meio do monitoramento da redugdo da intensidade SERS da banda 1509,7 cm-! da rodamina
6G. Os resultados preliminares indicam que os substratos SERS propostos sdo bastante promissores para detec¢éo
indireta do Hg? (g com boa reprodutibilidade e sensibilidade, na ordem de nanogramas. Sendo esta estratégia pouco
explorada na literatura como sensores SERS e inovadora quanto a detecgdo de Hg%g)., uma vez que, ndo ha relato
na literatura para a deteccdo do mesmo na sua forma gasosa.
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Figura 1. a) Redugdo da intensidade SERS da Rodamina 6G em fungdo da concentragdo de Hg%g) de 180 a

4952 ng; (b) Curva analitica para a variacdo da intensidade SERS da banda 1509,74 cml da Rodamina 6G em
funcdo do aumento da concentracdo de Hg%g).
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Highlights

Hydrophobic barrier production using wax transfer mask was successfully applied for SERS substrate fabrication.
Using paper-based SERS substrate for acephate detection is reported for the first time.

SERS spectra obtained suggest acephate degradation.

Resumo/Abstract

Surface enhanced Raman scattering (SERS) effect has been broadly applied to detect and quantify analytes at very
low concentration. Since portable Raman spectrometers are commercially available at a relatively low cost, SERS
spectroscopy is proving to be a potential alternative to labor intensive and expensive techniques, such as
chromatography. The development of SERS substrates using fast, simple and low-cost materials and techniques are
desirable. The paper’s properties such as ease of using, high portability, and flexibility, combined with the capability of
production on large scale and low-cost make it attractive for using on SERS substrates.? In this work a filter paper was
used as support for Ag nanoparticles (AgNPs). A circular area of the paper (d = 4mm) was surrounded by wax in order
to limit a hydrophilic area. Wax barrier was applied as follows: a cutting printer was used to cut the circular area onto
a sheet of parchment paper. A 35 x 15 mm piece containing 3 circular holes (d = 4mm) was dipped in molten wax for
2 seconds and removed. Excess wax was allowed to drain and the wax was dried at room temperature. The waxed
paper acted as a wax transfer mask. Two pieces of filter paper were placed, one on each side of the waxed paper and
wrapped with aluminum foil. It was pressed and heated at 150 °C for 3 seconds. Then the pieces of filter paper were
immediately removed from de aluminum foil. The wax passed to the filter paper, penetrating its fibers, forming the
hydrophobic barrier when drying. Colloidal AgNP was added to the paper, dispersing homogeneously over the
unwaxed area. After drying, the SERS substrate was immersed in aqueous acephate pesticide solution (0,1 mol L?)
for 8 min, removed and allowed to dry. SERS measurements were performed using a spectrograph micro-Raman
(Renishaw, In-Via), laser line at 633 nm. A 50 x magnification lens was used and the sample was exposed to the laser
for 10 s. Two SERS substrates were prepared and it was obtained 6 spectra in aleatory points in the SERS substrate.
Characteristic peaks were observed at 686 cm™ (C-S stretching), 1302 cm™ (N-H bending), 1450 cm™ (—OCH3
bending) and 1618 cm™? (N-H, scissoring).? These results suggest the occurrence of acephate degradation in
methamidophos. To the best of our knowledge, it is the first time that acephate has been detected using a paper-based
SERS substrate. For further work, spectra of different concentration of pesticide will be obtained, as well as analytical
parameters.

10liveira, T.R. Talanta, 195 (2019) 480.
2Xie, Y. et al., European Food Research and Technology, 234 (2012) 1091.
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Highlights |

Comparing portable and benchtop Raman equipment performance in the sensitivity and reproducibility of the SERS
signal for different concentrations of carbendazim in Ag colloid.

Resumo/Abstract |

The fungicide methyl benzimidazol-2-ylcarbamate (MBC), commonly called carbendazim, is used in Brazil in food
plantations such as cotton, rice, beans, corn and soybeans!. The MBC is classified as "a product dangerous to the
environment" (Class IIl) by the Agéncia Nacional de Vigilancia Sanitaria (ANVISA)2. Using surface-enhanced Raman
scattering (SERS) it is possible to detect MBC at different concentrations. The SERS technique can provide not only
the fingerprint of the target molecule through its vibrational spectrum (selectivity), but also allow the detection of
target molecules at low concentrations (sensitivity)3. The objective of this work was to detect the fungicide MBC via
SERS, comparing the performance of portable and benchtop Raman spectrometers. For SERS measurements,
silver nanoparticles (AgNPs) colloid was used in the presence of MBC with final concentration of the mixture from
1.0x10® to 1.0x10° mol L1 (line laser 785 nm). The samples were prepared by mixing 960 uL of AgNPs + 40 pL of
KNO3 (0.5 mol L1). Then 10 pL of this dispersion were removed and soon after 10 yL of MBC were added to obtain a
mixture with final volume of 1000 pL. Two samples were prepared for each concentration of the MBC stock solution
(1.0x102 to 1.0x107 mol L), since the same final concentrations were used for both equipment, one to be used in
each equipment. In measurements with the benchtop Raman (Renishaw, in-Via model) 350 uL of each mixture was
added to a sample port to perform the measurements. In measurements with the portable Raman (Bruker, Bravo
model) 1000 uL of each mixture were added to a specific sample equipment port. The most intensity observed bands
at 628, 1228 and 1523 cm are attributed to vibrational modes of the benzimidazole group, which suggest its
adsorption on the surface of the AgNPs. The results show that both equipment allowed the detection of MBC in the
concentration range studied. Furthermore, no significant differences were observed in the relative intensity of the
band nor in the spectral profile for, the results obtained with both equipment. Concluding, both equipment showed
efficiency in detecting the SERS signal of the MBC pesticide at concentrations investigated here. In addition, the
results show similar SERS spectrum profiles for both equipment regardless of concentrations.

References

1- Carbendazim CROP BR. Ministério da Agricultura, Pecuéaria e Abastecimento — MAPA

2- Agéncia Nacional de Vigilancia Sanitaria (ANVISA). Regularizacao dos Agrotéxicos

3- Rubira et al. Detection of trace levels of atrazine using surface-enhanced Raman scattering and information
visualization. Colloid and Polymer Science. 292, 2014, 2811-28.
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Highlights

Direct detection of SARS-CoV-2 antigen based on surface-enhanced Raman scattering (SERS) using machine
learning;

Detection of SARS-CoV-2 was done by using a less complex SERS platform developed by means PVD of gold;
Artificial intelligence as machine learning (ML) can be applied to improve biosensor sensibility;

Resumo/Abstract

To date, the coronavirus disease 19 (COVID-19) is still registered as a pandemic due to the significative
number of cases worldwide and deaths, although the later has been drastically reduced after almost 70% of
world population have been fully vaccinated, according to World Health Organization (WHO).
Unfortunately, the socioeconomic inequities of African countries reflect in a lack of vaccination access of
their population, leading the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) still to be a
pandemic cause with oscillations in the disease peaks. The search for rapid COVID-19 tests has been
intensely increased as a consequence of the high COVID-19 transmissibility, even for those who are either
in contact with confirmed cases or are asymptomatic. In this study we have explored the detection of SARS-
CoV-2 spike S1 antigen by using a less complex SERS platform developed by means of physical vapor
deposition (PVD) of gold, forming gold nanoislands into a simple glass substrate, conjugated with 4-ATP
used as the reporter for the SERS signal and the antibody for antigen detection. It is known that this platform
is less sensitive when compared to the so-called sandwich structure and, aiming to solve this problem,
methodologies based on artificial intelligence as machine learning (ML) can be applied to reduce limitation
and enhance accuracy by the improvement of the biosensor. A good distinction between the devices in the
absence and presence of the antigen could be obtained with supervised learning algorithms, taking into
account the mean value of the SERS spectra intensities. The results indicate that the method can be used for
diagnosis in spite of the simplicity and limited sensitivity of the biosensor, reflecting the importance and
necessity of computational decision for the analysis.
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Highlights

High sensitivity and specificity are combined. Nanostars, nanospheres and nanorods were synthesized and tested.
Important advantages over the conventional methods for diagnosis are presented.

Resumo/Abstract

Globalization, living style, work competition, and pandemic, are some the main reasons of the alarming increased
levels of human stress worldwide. Accordingly, reliable methods capable to routinely monitor stress are necessary to
improve the global life quality. Cortisol is a steroid hormone that plays an important role to trigger the human stress
response in challenging, threatening, or startling situations. Thus, cortisol is considered the main stress biomarker
and is called the ‘stress-hormone’. Even though the cortisol response to stressful situations is essential for survival,
abnormal cortisol concentrations in biological fluids are associated with serious health risks. For example, Cushing’s
and Addison’s disease for higher and lower cortisol concentrations, respectively. Cortisol concentrations in biological
fluids can therefore serve as an excellent biomarker for stress and various diseases, and its determination
represents a crucial task for human health care. In this work, we have developed a novel cortisol biosensor by
combining a highly sensitive analytical technique (surface-enhanced Raman spectroscopy, SERS) and a highly
specific assay (competitive immunoassay). To fabricate the gold nanotags, three types of nanopatrticle shapes were
tested (spheres, rods, and stars) and compared in terms of sensitivity using three different lasers (532, 633 and 785
nm). The Raman reporter used was 4-mercaptobenzoic acid combined with SH-PEG-COOH (Mv=5000) to modify the
nanosurface and to obtain stable nanoparticles for further surface modification. BSA bound to cortisol was covalently
bound onto the nanoparticles via EDC/NHS reaction. Since stars shaped nanotags showed the greatest sensitivity,
they were used in all the immunoassay experiments. Regarding the capture agent, magnetic beads (MBs) of ~800
nm diameter and glass slides coated with a 200 nm gold film were evaluated as the capture substrates. Cortisol
monoclonal antibody was covalently bound to the MBs beads via EDC/NHS reaction, thereby promoting well-
oriented linkage of the antibodies. The experimental conditions to carry out the immunoassay were optimized to
maximize the sensitivity and the reproducibility. Under such optimized conditions, the magnetically assisted
immunoassay was selected as the proposed method and was applied to quantify cortisol in biological fluids,
particularly urine and serum. The percent of cortisol recoveries in these samples were ranged between 85 and 94%
and there was no significant difference with the cortisol concentration reported in a serum certified reference
material, thus demonstrating an excellent accuracy. Additionally, there were no significant differences between these
recovery values and those obtained using the well-developed analytical technique high performance liquid
chromatography coupled to mass spectrometry (HPLC-MS). ELISA was also used as a reference method for
comparison. Nevertheless, the proposed SERS immunoassay exhibited some key advantages: (1) lower limit of
detection (down to 4 ng/mL), (2) minimal sample preparation, (3) portability, and (4) rapid sample analysis.
Therefore, the proposed SERS immunoassay is suitable for monitoring human stress levels by means of cortisol
measurements and presents a great potential for a wide variety of point of care applications.
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Highlights

Successive CBZ additions induce AgNPs aggregation. Aggregation is favored by the addition of salt, allowing the
detection of CBZ at lower concentrations.

Faced with the impossibility of finding a safe dose for human consumption, in august of this year, the use of the
fungicide carbendazim (CBZ) was prohibited by Anvisa [1]. In that regard, the detection and monitoring of CBZ is of
utmost importance. Among the existing techniques, the SERS technique (Surface-Enhanced Raman Spectroscopy)
has often been used for the detection of pesticides [2]. The aggregation levels of nanopatrticles used as amplifiers of
Raman signal, however, play an important role in the enhancement [3]. In this work, a study of the aggregation of
silver nanoparticles (AgNPs) in colloid induced by the addition of CBZ and its effect on the SERS signal in the
absence and presence of salt was carried out. The samples were characterized by extinction spectroscopy, dynamic
light scattering (DLS) and zeta potential. Four stock solutions were used (10, 10°, 10* e 102 mol/L), the most
concentrated being in ethanol. Successive aliquots (1, 6, 7, 8 and 9 pL) of each CBZ stock solution were added to a
fixed volume of Ag colloid (500 pL for the characterization techniques and 2500 pL for the SERS technique). The
characterization measures were carried out by diluting this colloidal dispersion in ultrapure water. For measurements
in the presence of salt, 100 pL of KNOs 0,5 mol/L were added in two orders: before adding water to the Ag colloid
(Order 1) and after adding water to the colloid (Order 2). Increasing concentration of CBZ from 4x10%° to 1.3x10®
mol/L, no variation was observed in the plasmon band in the UV-Vis extinction measurements without salt. However,
after aliquots of the ethanol stock solution (10 mol/L) were added, with CBZ concentration ranging between 1.7x10°
mol/L and 2.4x10° mol/L, there was a decrease in the 400 nm band and a gradual increase in a band at longer
wavelengths, indicating the aggregation of AQNPs promoted by CBZ. In the samples with added salt, the formation of
the characteristic band of aggregates was not observed. For Order 1, when CBZ was added, there was a decrease
in the intensity of the 400 nm band as its concentration increased. As for Order 2, when CBZ was added, the same
behavior of the 400 nm plasmon band was also observed. However, at the concentration of 6.7x10® mol/L there was
a considerable decrease in the intensity of this band compared to the others, reaching stability afterwards. In the
study of size distribution in the absence of salt, it was observed that the population of greater intensity suffered an
increase in size with successive additions of CBZ (as well as in the presence of salt), which occurs more sharply
from concentration 1.7x10® mol/L onwards. Ag colloid in the absence of CBZ has a zeta potential of -43+1 mV.
When CBZ aliquots were added, the zeta potential values became less negative, indicating the adsorption of CBZ on
AgNPs. The zeta potential values obtained for measurements with salt indicate loss of dispersion stability, since
colloids are stable at zeta potential values lower than -20 mV or higher than +20 mV [4]. This may be related to the
fact that the formation of bubbles on the electrodes (electrolysis) was observed [5]. In the absence of salt, the lowest
concentration at which it was possible to obtain the SERS signal from CBZ was 4x10° mol/L. On the other hand, in
the presence of salt, the SERS signal was obtained at 4x107 mol/L of CBZ. That is, with the salt it was possible to
detect CBZ at a concentration 10 times lower than in the absence of salt. It is worth mentioning that the
concentration at which CBZ was detected for the first time in the absence of salt (4x10-® mol/L) is the same that first
showed the formation of the band at longer wavelengths in the extinction measurements, corroborating the
aggregation hypothesis in a high degree of aggregation from this concentration. Therefore, the aggregation is
favored by the addition of salt, allowing the detection of CBZ at lower concentrations.

https://fagenciabrasil.ebc.com.br/saude/noticia/2022-08/anvisa-proibe-uso-do-fungicida-carbendazim-em-produtos-
agrotoxicos. 2Rubira, R.J.G. et al. S. Vib.Spectrosc. 2021, 114, 103245. °R. Aroca; Surface-Enhanced Vibrational
Spectroscopy; John Wiley & Sons: Toronto, 2006. “Badawy, A.M.E. et al. Environ. Sci. Technol. 2010, 44, 1260—

1266. >Particle Characterization. Flow Pressurization Eliminates Bubbles for More Accuracy.
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Highlights

Surface-enhanced Raman scattering (SERS) applied to detection of thiabendazole pesticide in matrix food.
Optimizing the conditions to detect thiabendazole pesticide.
Digital protocol using SERS to determine the thiabendazole concentration.

Resumo/Abstract

Surface-enhanced Raman scattering (SERS) provide a large signal enhancement being a promising tool of detection
of molecules attached to nanometer-sized metallic structures. One of limitations of technique is the signal
fluctuations on the SERS intensity when the substrate is a solid and the spectra are collected point-by-point. Such
behavior remains a challenge to obtain a linear regimen and build a calibration curve. Here, we propose apply SERS
as tool of detection but instead to take the SERS intensity, take the number of SERS events to quantify
thiabendazole (TBZ) pesticide. For this purpose, the detection was optimized using three syntheses of nanoparticles:
silver reduced by hydroxylamine (AgH) or citrate (AgCT) and gold nanopatrticles reduced by citrate (AuCT). These
nanoparticles were deposited onto apple peel and applied as SERS substrates to detect TBZ pesticide using Raman
mapping under 785 nm laser excitation. Previously, theoretical calculations were performed studying the torsion
barrier of thiazol ring in relation to benzimidazole ring to investigate the conformer which presents lower energy for
TBZ molecules. The trans conformer was the most stable, in agreement with XRD patterns. The extinction spectra
present a maximum at 416, 435 and 521 nm for AgH, AgCT and AuCT, respectively. In presence of pesticide the
maximum was red-shifted for three nanoparticles and for AgH and AuCT arise a new band at longer wavelength,
reveling the strong interaction between TBZ and AgH and AuCT. TBZ SERS spectra using AgH, AgCT and AuCT
are similar each other with lightly differences among them which can be related to the different interaction between
TBZ and nanoparticle surface. In terms of intensity, AgH showed the higher SERS signal to TBZ and it was chosen
for the next experiments. The dependence of TBZ SERS spectra in different pH medium was investigated from pH 2
up to pH 12. While SERS signal was absent at pH 10 and 12, at lower pHs (2-8) the changes in SERS spectra are
related to difference of states of protonation of TBZ molecules. Finally, the TBZ detection was performed at the
range 1.0 x 10® — 1.0 x 10® mol/L using streamline mapping. The TBZ SERS signal was also evaluated in the
presence of interferents such as carbendazim and thiram pesticides.
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Highlights

Surface-enhanced Raman spectroscopy can be used as a tool to mediate reactions through surface plasmon
enhancement, this work aims to bring some evidence of these possibilities.

Resumo/Abstract

The interaction between nanoparticles and light gives rise to particular effects that can be studied through optical
techniques such as Raman Spectroscopy, Dark Field Microscopy and computer simulations. One of these effects can
generate reactions mediated by surface plasmons. In this work, we are trying to understand what happens in a system
when we have couple particles interacting in different ways to enhance the analyte signal.

Using cubic silver nanoparticles deposited on a vitreous substrate, it was possible to generate experimental data with
several different deposition concentrations. It is possible to interpret the data using PCA (Principal Component
Analysis) and MRC-ALS (Multivariate Curve Resolution Alternating Least Square) in sets according to the study system
setup, and finally the simulations allow the comparison with the data obtained experimentally.

Studies were carried out to identify spectral profiles that could alter the analyte response, the probe molecule 4-ABT
(4-aminobenzothiol). Already described in the literature as a molecule capable of undergoing dimerization, the search
for the work focuses on identifying changes in the band patterns expected for the probe molecule. As there is the
possibility of plasmon-mediated reactions on surfaces, we sought to find profiles of 4-ABT, dimers and possible profiles
of 4-ABT reaction products, either its own degradation or other byproducts.
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Highlights

This abstract reports a direct approach to generating efficient Ag nanoparticles (AgNP) hot spots using the 4-
mercaptobenzoic acid (4-MBA) molecule. 4-MBA linked to the Ag surface by a thiolate-Ag bond triggered an AgNP
self-assembly process at pH=4 caused by H bonds between the carboxylic groups located in different AQNP. The SM-
SERS of 4-MBA was demonstrated experimentally, and the experimental results were associated with a large number
of hot spots formed.

Resumo/Abstract

The surface-enhanced Raman scattering (SERS) results in increased Raman intensities of molecules attached to
plasmonic nanopatrticles (NP) [1]. The SERS enhancements can reach up to 8 orders of magnitude or even higher
values in regions of strongly confined electromagnetic fields, known as “hot spots”. The presence of “hot spots”
increases the SERS efficiencies, which allows the detection of a single molecule (SM) [2]. To improve the
understanding of the dynamics of hot spots, we proposed in the present study a direct approach with 4-
mercaptobenzoic acid (4-MBA) that presents strong adsorption of the thiol group on AgNP. The generation of hot spots
was triggered by H-bonds between the COOH group of 4-MBA molecules on different AGNP. In this way, the adsorbate
is centered in the region of the greatest electric field increase, enhancing the plasmonic substrate SERS performance.
Figure 1(a) exhibits the time evolution of the UV-Vis spectra of the AgNP/4-MBA (5.0x10" mol L) suspension in pH=4
(below pKa(4-MBA)=4.79). The most intense LSPR band decreases with time, followed by the appearance of a new
band at 521 nm, which reaches its maximum intensity around 60 min. The new 521 nm band in UV-Vis spectra
indicates that the change in acidity induced the self-assembly of AgNP by H-bonding of 4-MBA carboxylic groups in
different AgQNP.

The sensitivity of SERS for 4-MBA at pH=4 was verified in two concentrations, 5.0x10® mol L1 and 3.0x10-° mol L
(Figure 1(b) and(c)), which are equivalent to 32 and 2 molecules in the probed confocal volume, respectively. Two low
intensities bands of 4-MBA at 1590 and 1078 cm-! were observed in the SM regimen (Figure 1 (c)), but both bands
were less intense than the water band at 1638 cm-. The above experimental results were confronted with generalized
Mie Theory calculations, which reinforced that the SM-SERS sensitivity was possible due to the large number of hot
spots triggered by 4-MBA protonation and H-bond formation.
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Figura 1. (a) Evolution of UV-Vis spectra of ANP/4-MBA (5.0x107 mol L1) in pH=4 as a function of time and
averaged SERS spectra of concentrations: (b) 5.0x10-% mol L't and (c) 3.0x10° mol L%. Ao=633 nm.
[1] M. Fan, G.F.S. Andrade, A.G. Brolo, Anal. Chim. Acta. 1097, 1-29, 2020.
[2] D.P. Dos Santos, M.L.A. Temperini, A.G. Brolo, , Acc. Chem. Res. 52, 456-464, 2019.

Agradecimentos/Acknowledgments

FAPEMIG, CNPq, CAPES, UFJF.



7? VIl Encontro Brasileiro de Espectroscopia Raman 7?

VIl EnBraER
EnBraER 05 a 08/12/2022, Sio Pedro — SP EnBraER

In-situ Raman photocatalysis mediated by NIR radiation: coupling NaREF4
upconversion nanoparticles with plasmonic Au nanoparticles

Gesiane P. de Sousa (PG)**, Anerise de Barros (PQ), Flavio M. Shimizu (PQ)*?, Fernando A. Sigoli (PQ) %,
Italo O. Mazali (PQ)*

mazali@unicamp.br

1Functional Materials Laboratory - Institute of Chemistry, University of Campinas — UNICAMP, Campinas, Brazil. 2Brazilian
Nanotechnology National Laboratory (LNNano), Brazilian Center for Research in Energy and Materials (CNPEM), Campinas,
Brazil; 3“Gleb Wataghin” Institute of Physics, University of Campinas - UNICAMP, Campinas, Brazil

Keywords: Upconversion, rare-earth, plasmon, photocatalysis, Au, 4ATP.

Highlights |

In-situ Raman photocatalytic dimerization of 4ATP to DMAB, mediated by indirect localized plasmon resonance
excitation. LSPR band excitation promoted by emissions in the visible region by upconversion nanoparticles excited
under NIR radiation.

Resumo/Abstract |

Upconversion is a phenomenon in which the sequential absorption of lower energy photons leads to the
emission of higher energy photons. The most common host lattice used for upconversion applications is the sodium
yttrium fluoride in the hexagonal crystalline phase (B-NaYF4), due to its low phonon energy, which decreases the
possibility of nonradiative relaxation. Additionally, the matrix 3-NaYFs is usually doped with Yb3* and Er®* ions, which
act as sensitizers and activators, respectively. In this case, the Yb3* ions are responsible for the near-infrared (NIR)
absorption (when excited at 980 nm) and the Er®* ions emit radiation in the green (510 - 540 nm) and red regions
(630 - 675 nm). The Nd3* ions also can be incorporated in such matrixes as sensitizers (Lexc = 808 nm). In this case,
the Yb3* ions act as a ‘bridge’, in the sense, that the radiative NIR energy absorbed by the Nd3* ions is transferred to
Erd*, by the Yb®* ions. UCNPs present many applications, such as in bioimaging, photodynamic therapy and
fluorescence intensity ratio thermometry. Furthermore, its use in plasmonic photocatalysis have been emerging,
since coupling UCNPs with plasmonic nanopatrticles leads to harvesting of UV-VIS-NIR light. Moreover, the UV-VIS
photons emitted by the UCNPs during the NIR excitation can be radiatively transferred to semiconductors and
plasmonic nanoparticles, and therefore, used to improve the efficiency of the photocatalyst. In this work, UCNPs
composed by B-NaYF4Er,Yb@3NaYFiaNd@2NaYF+s@SiO2-NH2 were coupled with Au NPs to promote the
plasmonic driven model reaction of dimerization of 4-aminothiophenol to 4,4’-dimercaptobeneze (DMAB). The
reaction was monitored in-situ through Surface-enhanced Raman Spectroscopy (SERS). Optimal conditions were
achieved in order to promote the photocatalytic dimerization mainly through the indirect excitation of the localized
surface plasmon resonance (LSPR) band of the Au NPs by the upconversion emissions of the UCNPs. Hexagonal
crystalline UCNPs (22 + 3 nm), composed by B-NaYF4Er,Yb@3NaYF4#Nd@2NaYFs were synthesized by the
thermal decomposition of trifluoroacetates. The UCNPs were encapsulated with a silica shell, through the
microemulsion method (shell width: 22.6 + 3 nm). The UCNPs and the UCNPs@SiO2 samples showed similar
upconversion luminescence intensity under both 980 nm and 808 nm excitation, indicating that the thick SiO2 shell
did not interfere in the luminescent properties. Colloidal spherical Au NPs (ca. 15 nm) were obtained through the
Turkevich method, and exhibited LSPR band at 518 nm. The silica shell was modified with amino groups, in order to
promote the chemical affinity among the UCNPs@SiO: and the Au NPs. Before and after the amino
functionalization, the silica-capped UCNPs exhibited zeta-potential of -36.3 + 5.91 and + 45.6 + 5.64, respectively.
Surface-enhanced Raman Spectroscopy (SERS) substrates containing either SiO2-NH2/Au NPs or UCNPs@SiO:-
NH2/Au were prepared by the drop cast method in a Si wafer (4x4 mm?2). Both substrates were illuminated for 5 s,
and 30 s, with a 980 nm laser, at 25.7 mW, and 60 spectra were collected randomly throughout each substrate. The
intensity ratio between characteristic Raman bands related to the product and reagent DMAB:4ATP (IbmaB,1140 cm-
t/laaTr,1078 cm-1) Was 1.0 and 0.1, respectively, for the SiO2-NH2/Au NPs and UCNPs@SiO2-NH2/Au substrates, which
confirms the energy transfer process between the UCNPs and plasmonic Au nanopatrticles.
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Investigagdo Raman Ressonante de uma sonda de ligacao de hidrogénio em
liquidos idnicos

Beatriz R. de Moraes (PG), Leandro R. Marques (PG), R6mulo A. Ando (PQ)*
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Laboratério de Espectroscopia Molecular, Departamento de Quimica Fundamental, Instituto de Quimica, Universidade de Séo
Paulo;

Palavras Chave: Raman Ressonante, Liquidos idnicos, Disperse Orange 3, Ligacdo de hidrogénio

Resonant Raman investigation of hydrogen bond probe in ionic liquids. Modification of the enhancement pattern
of azo group vibrational modes of Disperse Orange 3 (DO3) between the ionic liquids (IL) systems. DO3 can be used
as probe of hydrogen bond in IL.

Resumo/Abstract
As ligagdes de hidrogénio tém um papel fundamental na  * ' & T — oo EMIMNTY, EDMIMNTF,
estrutura e propriedades dos liquidos i6nicos (LIs), pois ela 1" T, % O
€ responsavel por perturbar o arranjo de cargas induzidos ¢ > Teowors [T o o e 0 B
pelas interacées de Coulomb, ocasionando maior fluidez ¢ o F{u%wéfg iyt
~ . 3 0 =0
no LI. Entretanto, a comprovagao experimental da § o F F F F

presengca dessas ligagdes no sistema € sutil, ja que
geralmente sao ligagdes de hidrogénio n&do usuais. Uma .

350 400 450 500 550 600

das abordagens possiveis para a identificagcdo de tais
ligacbes em Lls é a insergao de moléculas sonda sensiveis

Comprimento de onda / nm

EMIMNTf,+D 03 WO, WN

EDMIMNTf,+D0O3

VNO, VNN

a essas interagdes. Neste trabalho foi utilizado como
sonda o corante Disperse Orange 3, um azocomposto que
possui em sua estrutura um grupo aceptor (-NO2) e um
grupo doador (-NH2) de elétrons na posicéo para do anel
benzénico. A estrutura eletrbnica desse composto é
modificada pela interagédo entre o corante e o meio, o que
deve se manifestar nos espectros Raman ressonante. O
DO3 foi solubilizado em dois diferentes Lls, EMIMNTf. e
EDMIMNTf2, ambos apréticos, sendo que o EMIMNTF2
apresenta um hidrogénio relativamente acido na posi¢gdo C2 que altera significativamente suas propriedades fisico-
quimicas. Os espectros eletronicos foram comparados com o DO3 solubilizado em etanol (EtOH) e diclorometano
(DCM). Em relagao ao DCM, os espectros nos Lls apresentam um deslocamento para maiores comprimentos de onda
devido a estabilizagado do estado excitado do DO3, porém uma menor estabilizagdo em relagao ao EtOH. Através dos
espectros UV-VIS nao é possivel estabelecer uma correlagao direta entre ligagées de H dos Lls e 0 DO3 pois nao ha
deslocamento do maximo de absorg¢do. Contudo, o Raman Ressonante (RR) se mostra uma técnica sensivel as
mudancas na estrutura eletrénica do DO3, dependendo do meio. No espectro RR do DO3 e os Lls nas radiagoes
incidente de 514 nm e 457 nm, no caso em que é mais provavel a interagéo por ligagao de hidrogénio, ou seja, entre
o EMIMNTf2 e o DO3, pode ser observada uma intensificagdo preferencial dos modos relativos a ligagdo azo vNN
(1458, 1428 e 1397 cm™). Tal intensificagao seletiva pode estar associada ao fato de que é a ligagédo azo que interage
via ligacao de hidrogénio na posi¢cao C2, o que ndo ocorre no caso do EDMIMNTf2. Estudos em diferentes solventes
e em outras classes de liquidos ibnicos estdo sendo realizados no momento para uma melhor compreensao das
interagdes presentes nesses sistemas e do uso do DO3 como molécula sonda para ligagées de hidrogénio.
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Solventes eutéticos profundos baseados em alcanolaminas para captura de
CO3
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Palavras-Chave: DES, CO,, alcanolaminas, Raman.

Highlights

Alkanolamines Based Deep Eutectic Solvents for CO, Capture. CO, capture through DES consisting of
alkanolamines and chloride salts. Spectroscopic study to characterize the products of the mixture and intermolecular
interactions.

Resumo/Abstract

absorcao procurou-se entender a natureza da captura

Metodologias vidveis para a captura de CO; formacdo do carbamato como produto da reacdo

tem sido cada vez mais requeridas. Neste sentido a devido ao surgimento de uma banda em 606 cm™? ,
utilizacdo dos solventes eutéticos profundos (DES) gue pode ser atribuida ao modo de deformacédo
tem se destacado devido ao baixo custo e facilidade angular do grupo (N)CO,~ 1
de preparacdo. Neste trabalho é apresentado um
estudo sistematico da capacidade de absorgéo de Tabela 1. Absorgdo de CO, Figura 2. Espectros Ramarz, a{canoiammas
CO, por solucdes de alcanolaminas para a formacéo pelas misturas. na presenga e na auséncia de €O
de DES a base de cloreto de colina: 2- Amostra &C0. /8 —re
(Metilamino)etanol (MAE) (1:6) e cloreto de colina: 2- e 4‘25:2:3‘:22:
(Etilamino)etanol (EAE) (1:6) (Figura 1), utilizando de MAE/H,0 0,0833 g
medidas espectroscopicas (Raman) e capacidade de EAE/H,0 0,0878 :

E

©

A
/\ /606 cm” ."‘ \/k
|
| A
h rad

, MAE/ChCI 0,0898
do géas pelos compostos.
EAE/ChcI 0,1108
Figura 1. Estrutura DES de alcanolamina / ChCl 800 700 800 %00
Wavenumber / cm”
Cloreto de Colina 2-(Metilamino)etar]ol
Ho | H De acordo com a Tabela 1 observou-se que a o
1 \/_"“ T8 NCon DES formado de EAE é capaz de absorver maior
L G ] L ] quantidade de gas. Isso pode indicar que a captura de
. 2-(Etilamino)etancl CO; via DES a base de alcanolaminas e sais de
. | HO e | 6 i cloreto podem se tornar alternativas viaveis. No
\g,_l TN0H momento estdo sendo investigados diferentes

E - g alcanolaminas e sais para otimizar o processo de
captura.

O grupo alcool nas alcanolaminas age como doador o L

de ligagBes de hidrogénio (HBD) no DESM, enquanto [1] Nowosielski, B.; Jamrégiewicz, M.; tuczak, J.;

a presenca do grupo amino possibilita absorco do Warminska, D. Novel Binary Mixtures of Alkanolamine Based

co laf 50 d b tosi2 i d Deep Eutectic Solvents with Water—Thermodynamic
2 Que Se pelalormacao ae carbamalos™, 1SS0 pode Calculation and Correlation of Crucial Physicochemical

indicar_ um futuro m(_étodo utilizando de DES’s a base Properties. Molecules 2022, 27, 788.

de aminas como meios para a captura e converséo de https://doi.org/10.3390/molecules27030788

CO, em produtos de valor agregado, como .

carbamatos, carbonatos e afins, assim verificando-se [2] Ohno, K.; Inoue, Y.; Yoshida, H.; Matsuura, H. The

a viabilidade de reciclagem do material de partida. A Journal of Physical Chemistry A 1999 103 (21), 4283-4292.

https://pubs.acs.org/doi/10.1021/jp984821q

Figura 2 mostra os espectros Raman dos DES antes
e ap0ls a absorcao de CO.. Foi possivel confirmar a
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Kinetic study of the devitrification process of an ionic liquid using MCR-ALS
hard-modeling and low-frequency Raman spectroscopy.

Moénica Benicia Mamian-Lépez (PQ)," Vitor H. Paschoal (PQ),%>" Mauro Carlos Costa Ribeiro (PQ)?2
monica.lopez@ufabc.edu.br

1Universidade Federal do ABC, Av. dos Estados, 5001, 09210-580, Santo André, (SP), Brasil; 2 Laboratério de Espectroscopia Molecular, Instituto de Quimica, Universidade de S&o Paulo. C.P.
26077, 05513-970, S&o Paulo (SP), Brasil.

Palavras Chave: Crystallization kinetics, lonic Liquids, Hard-modelling, Multivariate Curve Resolution-Alternating Least Squares).

Low-frequency Raman demonstrates amorphous-crystal phase transition. MCR-ALS hard-modeling reveals a two-
step mechanism of devitrification. Crystal polymorph is dependent on the rate-determining step.

Resumo/Abstract

Room temperature ionic liquids (RTILs) are systems formed by molecular-like cations and anions that, despite being
charged, are liquid at temperatures far below their inorganic counterparts. These systems are usually regarded as
good glass formers yielding amorphous phases in experiments done at typical cooling rates, with either a glass or a
supercooled liquid (i.e., a liquid sample below its melting point) being obtained. Although crystallization can occur, it
is a slow process relying either on long annealing times (on cooling or heating) or related to the cold-crystallization
process, where an amorphous to crystal conversion is observed upon heating. The ionic liquid 1-butyl-3-
methylimidazolium hexafluorophosphate ([C4C1Im][PF6], Figure 1a) is one typical example of an RTILs that is easily
supercooled and exhibits a cold-crystallization (or devitrification) at ca. 225 K, where these different phases can be
easily picked-apart using low-frequency Raman spectroscopy, as shown in Fig.1b. Furthermore, this system shows
polymorphism where its a or f phase can be obtained, being marked by different conformations of the C4 group (Fig.
1a) showing characteristic bands (shown in Fig. 1b). In this work, we will analyze the devitrification of this liquid using
time-dependent low-frequency Raman spectroscopy and Multivariate Curve Resolution with Alternating Least
Squares (MCR-ALS) hard-modeling to unveil the kinetics of this process. Multivariate decomposition done by this
method shows that the devitrification occurs following a two-step mechanism with either the a or B phases
associated with different rate-determining steps, as shown by the corresponding optimized profiles (Fig. 1c).
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Figure 1: (a) Structure of the [C4C4Im]" and [PFe]. C4 group is shown in red. (b) Examples of low-
frequency Raman spectra of amorphous (lilac), a (magenta) and B (green) phases at 225 K. (c) Optimized
profiles of the intermediates from the MCR-ALS hard-modelling (upper panel) and relative concentrations
as a function of time (lower panel).
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Espectroscopia vibracional e reologia de solventes eutéticos profundos

baseados em ureia e sais de colina
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Palavras Chave: Solventes eutéticos profundos, colina, reologia, espectroscopia vibracional.

Highlights |

Vibrational spectroscopy and rheology study of deep eutectic solventes based on urea and choline salts.

e [Chol][DHP]:U presents a Maxwellian behavior of the elastic (G') and viscous (G") modules as a function of the

frequency of mechanical oscillation.

e Spectral analysis shows that hydrogen bonds are stronger in the DES containing [DHP], due to the anion-anion

interaction itself.

e The [Ac] anion's presence leads to the highest deformation of urea in the DES structure.

Resumo/Abstract

Solventes  eutéticos  profundos (DES) sao
frequentemente definidos como uma mistura binaria
ou terndria de compostos capazes de se associariam
através de ligagbes de hidrogénio, interacdes de van
der Waals e/ou ligacdes de carater ibnico. Para esse
trabalho, foram escolhidos o cloreto de colina
([Chol]Cl), acetato de colina ([Chol][Ac]) e
dihidrogenofosfato de colina ([Chol][DHP]) como
aceptores de ligagBes de hidrogénio (HBAS) e a ureia
(U) como doadora de ligagfes de hidrogénio (HBD).

A dependéncia dos médulos G’ e G”, para os DESs
que possuem [Ac] e [DHP], em funcao da frequéncia
de oscilacdo é similar a vista nos liquidos
viscoelasticos, porém o [Chol][DHP]:U segue o
comportamento  Maxwelliano, caracteristico de
sistemas formados por longas cadeias mantidas por
ligacbes intermoleculares. Os espectros de
infravermelho na regido de baixas frequéncias
indicam que essas cadeias sdo mantidas ligacdes de
hidrogénio entre os &nions [DHP], mais fortes que as
vistas na presenca do [Ac] ou do cloreto. O mesmo é
observado na regido do infravermelho médio através
do padrdo de bandas “ABC”.

A estrutura e dindmica das interacdes
intermoleculares entre os componentes do DES foi
analisada através dos espectros Raman em funcao
da temperatura, como a distor¢cdo da planaridade da
ureia causada pela presenca dos diferentes anions.
(Figura 1). O deslocamento das bandas do [Ac] em
funcéo da temperatura indicam que fortes ligacdes de

hidrogénio ocorrem entre o carboxilato do anion e os
grupos NHz da ureia no DES [Chol][Ac]:U, o que gera
uma estrutura tridimensional caracteristica de um
fluido viscoelastico, diferente do que ocorre na
presenca do [DHP].
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Figura 1. Deslocamento da banda de estiramento

simétrico CN da ureia em fung¢éo da temperatura durante

0 aquecimento dos DESs [Chol][Ac]:U e [Chol][DHP]:U.

v, (CN) / cm’!
g

Como o [Ac] é o menos coordenante da série de
anions e ndo forma estruturas extensas anion-anion
como o [DHP], é o que causa a maior distorcao na
ureia entre os DESs analisados.
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Porous liquids of ZIF-67 with gemini ionic liquids based on benzylammonium

acetate for CO, adsorption.
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Keywords: Vibrational Spectroscopy, CO, Adsorption, Gemini lonic Liquids.

Highlights

Gemini ionic liquids (GILs) are adequate to form porous liquids (PL) due to their large size. The adsorption of CO2 was

followed by ATR-IR spectroscopy.

Resumo/Abstract

The search for sustainable materials to mitigate CO:
emissions through fixation (carbon capture and storage,
CCS) is a priority within the scientific community. Porous
liquids (PL) as nonvolatile and versatile materials, has
been highlighted, as a way to improve gas adsorption
capacity and allow a greater diffusion within the
material.’! The use of GILs can facilitate the synthesis
of PL due to the large size of the ions, that precludes
their penetration in the pores of the solid matrix. Herein,
two novel (GILs) based on trimethylene-1,3- and
pentamethylene-1,5-bis(dimethylbenzylammonium
acetate) salts were synthesized, named as C3-Gem and
C5-Gem, respectively. Then, two new porous liquids
were prepared by mixing rational quantity of a metal
organic framework, ZIF-67, with each GIL, doubling the
maximum CO:z adsorption capacity in porous liquids
compared to pure GILs (Figure 1).

70

—+—C3-Gem
60 4 5%_wiw_ZIF-67/C3-Gem
—+—C5-Gem
—e—5%_wl/w_ZIF-67/C5-Gem
1 ——2IF-67

Uptake [mg CO, / g]
8 8 & 8

=
1

o 1 2 3 4 5 6 7 8 9 10
Pressure (bar)
Figure 1. CO2 sorption isotherms at 35 °C for materials
studied. Blue line, C3-Gem; orange line, ZIF-67/C3-
Gem, red line, C5-Gem; green line, ZIF-67/C5-Gem,
and purple line, ZIF-67.

In this work, one of the main objectives is to characterize
the materials before and after CO: adsorption by
vibrational spectroscopy. Figure 2 shows ATR-IR
spectra of ZIF-67/C5-Gem porous liquid before and after

CO: adsorption. Significant differences were observed
after CO. absorption. Two new bands appear at 2335
cmtand 649 cm, that can be attributed to the vas(CO2)
and the 8(CO:>) of the CO2, respectively. At 1638 cm™?, it
is observed the &(OH), resulting probably from the
absorption of water during the sample extraction and
storage process, which in contact with CO2 produces the
formation of bicarbonate ions, resulting in the
appearance of a band at 838 cm™. In the spectrum of PL
+ COq2, other differences are observed that must be
better characterized, such as the broadening of the
band at 992 cm™ and the appearance of the band at
1260 cm™. Our aim in this study is to characterize such
differences to understand the interactions between the
species, and contribute to the development of more

efficient methodologies for capturing gases.
— porous liquid_ZIF-67/C5-Gem_5% wiw

—— porous liquid_ZIF-67/C5-Gem_5% w/w + CO,

5(OH)
1638

Absorbance

v,s(CO,)
2335

\

400 6(I)O 8(I)0 10|00 12I00 14]00 16|OO 18I00 ZOIOO 22l00 2400
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Figure 2. ATR-IR spectra in the region from 400 — 2400

cm? for ZIF-67/C5-Gem porous liquid before and after

CO: adsorption.

1. Gomes, M.C., et al., Porous lonic Liquids or Liquid Metal-Organic
Frameworks? Angewandte Chemie-International Edition, 2018.
57(37): p. 11909-11912.
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Tetraalkylammonium Chlorides Based Deep Eutectic Solvents for SO2 Capture

Giovanni R. Morselli (PG) 12, Pedro H. P. Sabanay (IC),! Rémulo A. Ando (PQ)%?*

giovanni.morselli@usp.br

1Laboratério de Espectroscopia Molecular, Departamento de Quimica Fundamental, Instituto de Quimica, Universidade de Sé&o

Paulo; 2RCGI — Research Centre for Greenhouse Gas Innovation
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Highlights

The interactions of SOz within Deep Eutectic Solvents of some tetraalkylammonium chlorides and glycerol are

characterized through Raman spectroscopy.

Resumo/Abstract

Deep Eutectic Solvents (DES) has been highlighted as
the evolution of lonic Liquids due to having many of
their advantages as extreme-low vapor pressure,
while exhibiting simplified preparation, lower cost and
higher biodegradability. They are formed by the
mixture of a hydrogen bond acceptor (HBA), which is
often a quaternary ammonium salt, with a hydrogen
bond donor (HBD). Tetraalkylammonium chlorides are
widely available HBAs employed to prepare DES.

Among different applications, DES are being studied
to capture sulfur dioxide (SOz), which is a pollutant gas
that still has high anthropogenic emissions. Shed light
on interactions of SOz within the DES is an important
step to optimize the capture and conversion process.
Hence, this work aims to study interactions of SO2 with
the pure HBAs tetraalkylammonium chlorides of ethyl
(TEAC), propyl (TPAC) and butyl (TBAC), and its DES
containing the HBD glycerol through Raman
spectroscopy.

It is worth noticing that a colorless liquid is formed by
the contact of gaseous SO: with the pure salts
(precursors of DES). The molar sorption capacity
reached values around 2,8 mol of SO2/ mol of salt for
all of them. This result will be compared with the
corresponding DES, containing glycerol as HBD, in
terms of spectroscopic variations. For all samples, the
vs(SOz2) exhibited a typical Raman shift of charge
transfer specific interactions between the chloride
anion and SOz, as well-characterized in the
literature.l1 In the mixtures of SOz with the pure salts
at a same molar ratio, the influence of the cation alkyl
chain size in the interaction is observed through the
analysis of the shoulder of vs(SO2) that appears at

lower wavenumbers, as shown in Figure 1. The longer
the cation alkyl chain, the broader the shoulder and
less relatively intense. This behavior will be discussed
based on specific charge transfer interactions and
different solvation states of SO within the mixture,
which will be further analyzed with the variation of SO2
molar ratio (Xsoz). It will be also shown that the
analysis of vs(SO2) in mixtures of the gas with the
corresponding DES, along with the aforementioned
results, may give insights into the structure of these
solvents.

——TEAC v¢(SO,)
—TPAG
——TBAC

Normalized Intensity

T T T T T T T
1060 1080 1100 1120 1140 1160 1180 1200

Wavenumber / cm’
Figure 1. Spectral region of vs(SO2) in Raman spectra
of mixtures of TEAC, TPAC and TBAC at Xso2 = 1.4,
registered with Ao = 1064 nm.
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Highlights

In situ investigation of the oxygen vacancies formation in the structure of cerium (IV) oxide during gas phase catalytic
reductions. Raman spectroscopy was used to monitor oxygen vacancies in ceria nanorods used in catalysis. The
results suggests that oxygen vacancies have an important role in the catalysis mechanism.

Resumo/Abstract

O o6xido de cério desponta como um catalisador heterogéneo eficiente e versétil, possuindo diversas aplicacdes, tais
como celas de exaustdo de veiculos e formulagdo de catalisadores para reducdo de SOx.! Recentemente,
nanobastdes de ceria foram reportados como catalisadores seletivos para a hidrogenacdo da carbonila do
crotonaldeido.? Esta seletividade é impressionante, uma vez que a hidrogenacdo da dupla ligacdo presente neste
aldeido é favorecida, pois possui menor energia de ativacdo. As vacancias de oxigénio que se formam na estrutura
dos nanobastdes de CeO: sdo apontadas como essenciais para a seletividade desta reacdo. Portanto, o
monitoramento da formac@o destas vacancias no material € fundamental para uma melhor compreensdo do
mecanismo que descreve a atividade catalitica do 6xido de cério nanoestruturado. A espectroscopia Raman é uma
técnica que permite monitorar a variagao na concentragao de vacancias de oxigénio na estrutura da ceria, em especial
em nanobastdes. A posicdo da banda tg do CeO:2 foi demonstrada estar diretamente ligada a formagéo e consumo
de vacancias de oxigénio.®> Com isto, este projeto promoveu um estudo, utilizando espectroscopia Raman, do
comportamento das vacancias de oxigénio em nanobast8es de 6xido de cério usados na hidrogenacao catalitica do
crotonaldeido. Os resultados obtidos demonstram que a catalise em estudo possui um efeito pronunciado e detectavel
sobre a banda tzg dos nanobastdes de ceria, indicando que as vacéncias de oxigénio possuem, de fato, um papel
essencial no mecanismo de hidrogenacao do crotonaldeido.

Referéncias:
1. A. Trovarelli, Catal. Rev., 1996, 38, 439-520.

2. Z.Zhang, Z.-Q. Wang, Z. Li, W.-B. Zheng, L. Fan, J. Zhang, Y.-M. Hu, M.-F. Luo, X.-P. Wu, X.-Q. Gong, W.
Huang and J.-Q. Lu, ACS Catal., 2020, 10, 14560-14566.

3. I.C.Silva, F. A. Sigoli, I. O. Mazali, J. Phys. Chem. C, 2017, 121, 12928-12935.
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In-situ monitoring of crystalline transformation of NaREFs from cubic to
hexagonal using Raman Spectroscopy
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Highlights |

Raman spectroscopy can be used to monitor the crystalline phase of as-synthesized NaREF4 nanoparticles.

Abstract |

Sodium rare-earth fluoride matrixes (NaREF4) exhibit optical transparency in the UV-VIS-NIR region, low
toxicity, high thermal stability and low phonon energy. Due to these features, such matrix is an excellent host lattice
for luminescent applications. Therefore, in the literature, its use in bioimaging, photodynamic therapy, temperature
sensing, fingerprint recognition, among others, has been widely studied. NaREF4 nanoparticles may crystallize in two
polymorphs: cubic (o)) and hexagonal (B) crystalline phases. In the a-NaREF4, the rare earth ions occupy a cubic site
with high symmetry (On), whereas in the -NaREF4 the luminescent RE ions occupy sites with lower symmetry (Can).
The distortion of the crystalline field around the RE ions leads to mixing between wavefunctions with different parity
(5d with 4f). Therefore, RE ions in lower symmetry sites leads to higher luminescence emission intensities, due to
the relaxation of the Laporte (parity) selection rule. Therefore, the -NaREF4 crystal phase is very commonly studied
for luminescent applications. The a-NaREF4 crystal phase is more widely studied for magnetic applications.

NaREFs can be obtained through different experimental procedures, such as: hydrothermal method,
solvothermal method, co-precipitation, reverse micelle and thermal decomposition of sodium and rare-earth
trifluoroacetates. The latter is nowadays known to yield high-monocrystalline nanocrystals, hence, they exhibit
excellent luminescent properties. Since, the o- crystal phase is metastable, and the p-NaREF4 crystal phase is
thermodynamically stable, the parameters of the synthesis must be very well controlled to obtain the desirable crystal
phase for each application. For instance, in the thermal decomposition of sodium and rare-earth trifluoroacetates
method, vital parameters for the obtention of the desired crystal phase and morphology are: temperature; Na:RE
ratio; solvents composition and molar ratio and reaction time.

In this work, we synthesized NaREF4 (RE: Gd3*, Y3+, Yb3*, Er3*, Nd3, Th%* and Eu®*) nanoparticles with
different crystal phases (o or ) and compositions through the thermal decomposition method. The samples were
characterized by XRD, transmission electron microscopy (TEM) and Raman Spectroscopy. Despite the different
sizes and composition, all the cubic samples showed the same Raman spectra profile. The same observation can be
stated for the hexagonal samples. Therefore, herein, we report that Raman Spectroscopy can be used to infer about
the crystal structure of the NaREF4 samples. In fact, considering that the Raman spectra acquisition process is fast
and practical, the use of Raman spectroscopy can be very helpful to differentiate between the cubic and hexagonal
crystal phases of the as-synthesized NaREF4 nanopatrticles.
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Influence of Ag nanoparticles in waveguides on doped germanate glasses
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Highlights
Femtossecond laser writing causes structural changes inside GeO,-PbO glasses for waveguiding and Ag
nanoparticle clustering for improved emission. Changes are characterized by Raman Spectroscopy.

Resumo/Abstract

Writing by using femtossecond (fs) laser enables fast prototyping and has low complexity compared to other
fabrication methods. For materials that do not allow light confinement and propagation, waveguiding by double-line
technology is necessary. Previously, we demonstrated waveguiding in double-lines for undoped germanate and
tellurite glasses, as well as GeO,-PbO doped with Er**/Yb** and Nd**. The results for the Nd** glass were promising
for the fabrication of integrated amplifiers, lossless components and lasers. This motivated the present investigation,
where silver (Ag) nanopatrticles (NPs) were added to the Nd®* doped GeO,-PbO bulk in order to enhance its guiding
capabilities.

Raman measurements were made with a LabRam HR Evolution — HORIBA, using a 532 nm laser with 100 mW
power and a 10 x objective lens with 0.25 NA. An integration time of 1 second and 15 accumulations was used to
reduce noise and make the observed peaks clearer.

First, the Raman spectrum was measured for the bulk (b) glass (Fig. 1a) and between the written lines (Fig. 1a).
There are no substantial changes between these, indicating, as expected, that there are no relevant structural
changes in the guiding region between the two lines. However, comparing the bulk region (Fig. 1a) with the inside of
the written line with 4 superimposed lines (Fig. 1b), there are major changes in some of the peaks. The peak at
411.2 cm™ (b) shifted to 433.9 cm™, indicating modification in the symmetric stretching vibrations of the Ge-O-Ge
bonds. The peak at 517.5 cm® (b) to 508.1 cm™ shows changes in the symmetric stretching vibrations along the Ge-
O-Ge chain, demonstrating lower density of these bonds in the irradiated region. A slight change of the 782.3 cm™
and 867.4 cm™ (b) are also verified, and are related to the Ge-O” and Ge-O-Ge symmetric stretching vibrations in the
GeOQ, tetrahedral units and asymmetric stretching vibrations of the Ge-O-Ge bonds, respectively. These changes are
larger than the ones previously shown for the same material without the Ag NPs, which shows the influence of the
nanoparticles during the writing process.
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Figure 1: Raman spectrum of the (a) glass bulk and the region between the double waveguide; and (b) inside the four overlapping written lines
region.
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Raman gain coefficient of Sm3" ions doped tellurite glasses
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Highlights |

e ltis possible to observe two bands centered at 500 to 1500 cm* and 1700 to 2600 cm-?, greatly differentiating
the emission;

e The intensity of the bands is concentration and doping dependent;

e And finally, the Raman gain coefficient was obtained from the bands for each of the bands, these being: éHs2
and ®H7p.

Abstract |

Recently, investigation of new materials for high-speed optical communications are of special interest. Tellurite glasses
are good candidates for these applications; since they have broad transmission range from 0.3 to 5.0 ym and hence
they have highest Raman cross section as compared to other glasses systems [1]. In addition, these glasses present
Raman gain of 58 times higher than fused silica [2] making these glasses interesting to be applied in Raman amplifiers,
fiber Raman lasers, microsphere Raman lasers, etc. [2]. In this work, tellurite glasses were prepared with 65TeO2-
15Li.0-20ZnO composition doped with different concentrations of Sm203 (0.1; 0.15; 0.2; 0.35; 0.5; and 1.0 mol%) by
melting quenching technique. The Raman gain coefficients of these glasses were obtained from Raman scattering
experiments using 532 nm excitation from a Horiba Xplora Plus spectrometer with a 50x microscope objective, with 15
s of integration time and five accumulations. Raman spectra show two broad bands, the first at 500 to 1500 cm-! and
the second at 1700 to 2600 cm-1, which become broader with Sm3* concentration. From the Raman measurements we
can observe stark split for the emissions of the levels 6Hs2 and ®H7.2 that correspond to the two broad bands found. The
Raman gain was determined following the methodology presented in the reference [1]: the observed Raman intensity
was corrected for Fresnel reflection at the surface of the glass. The spontaneous Raman intensity was normalized to
the Raman intensity of silica at a peak in 440 cm1. We observed that the Raman gain coefficient increased with Sm3+
concentration and these values were larger than other silicate, tellurite glasses reported in the literature [1,3]. The gain
Raman spectra showed a quenching effect for concentrations higher than 0.2 mol % Sm20g3, for both bands. Following
the same behavior as the lifetime for the emissions corresponding to these bands. Therefore, the analyses showed the
potential of the studied materials as new gain media for band Raman amplifiers.

[1] EIS. Yousef et al., Chalc. Glasses 12, 653 (2015).
[2] M EI-Okr, M. Ibrahem, M. Farouk, J. Phys. Chem. Solids 69, 2564 (2008).
[3] EIS. Yousef et al., Opt. Las. Tech. 74, 138 (2015).
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PbO.SiO, glass under high pressure: ex-situ and in-situ Raman analysis
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Highlights |
Pb0O.SiO, glass under high pressure: ex-situ and in-situ Raman analysis

Permanent densification of glasses

In-situ and ex-situ under high-pressure Raman analysis

... Resumo/Abstract ...~~~ |

Lead metasilicate glasses (Pb0O.SiO;) were densified at different maximum pressures in a diamond anvil cell (DAC)
at room temperature. The glass samples were investigated ex-situ and in-situ by Raman spectroscopy to probe their
pressure-induced transformations and permanent structural modifications on the Q(n) distribution (Fig.1). With a high
Pb content (50% mol), this glass exhibits a low elastic limit at about 5 GPa, and a saturation limit at ~ 20 GP,
behavior denounced by the barycenter shift, Fig.2. On the other hand, the in-situ Raman spectra acquired during
compression and decompression the barycenter displays expressive changes under pressure, presenting higher
values for the compression than for the decompression path. The stepwise increase upon compression suggests the
occurrence of important structural modifications, which cannot be fully attributed to anharmonic effects. Spectral
curve fitting of the high-frequency region of the Raman spectra, consisting of symmetric Si-O stretching modes,
exhibit subtle Q(n) population modifications with maximum pressure. This can be attributed to silica network
depolymerization where the proportion of non-bridging oxygens (NBO) increases at the expense of bridging oxygens
(BO). Possible densification mechanisms are discussed in contrast to those known in other silicate glasses.
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Synthesis and characterization of MoO, nanoparticles.
Process of synthesis of nanoparticles of molybdenum dioxide (MoO,) by means of the hydrothermal method; Raman
Spectroscopy analysis of and classification of vibrational modes.

Resumo/Abstract

This work aims to describe the process of synthesis of the molybdenum dioxide (MoO,) nanoparticles using the
hydrothermal method, as well as its structural, morphological and vibrational characterization. The
characterization techniques used were X-ray diffraction (XRD), scanning electron microscopy (SEM) and Raman
spectroscopy. During the synthesis process, molybdic acid was used as precursor agent for MoO, nanoparticles.
To reduce this acid (oxidation-reduction process) the compound dodecanethiol was used as solvent, which also
had the purpose of forming MoO, micelles, leading to the formation of molybdenum dioxide nanoparticles. The
XRD measurements indicated that the structure of the system is monoclinic with space group P21/c and with a
high level of purity, greater than 95%. As per the refinement of XRD measurements, the lattice parameters are: a
= 5.61020 A, b = 4.85730 A, ¢ = 5.62650 A, @ = 90,000 A, g = 120.9150 A, and y = 90,000 A. The obtained
molybdenum dioxide nanoparticles have an average diameter of 42.92 nm, observed by SEM. Corroborating the
XRD analysis, the Raman spectra of the molybdenum dioxide nanoparticles also indicated a monoclinic structure.
In addition, the observed Raman modes were classified using the actual literature. Therefore, the synthesis
method was effective in the preparation of MoO, nanoparticles that were characterized structurally,
morphologically and in terms of their vibrational modes.
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Transition of ferroelastic nature observed in double perovskite Cs>2AgBiBre
through Raman Spectroscopy
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Highlights

Raman Spectroscopy, Double Perovskite, Cs2AgBIiBr6, Ferroelastic Transition.

Abstract

Lead-free, non-toxic perovskites have attracted the attention of 181.0 — T :

the scientific community in recent years around the world. Its 180.5 | (a)
optoelectronic physical properties have been widely used in the 2 180.0 - © @ N T
production of various technological devices. One of the most g YR I & 1
explored is the photovoltaic property, capable of transforming & 1793 I o o

solar energy into electrical energy. Such a property is at the £ 179.0 | : o 8
forefront of studies and being improved day after day in orderto £ 1785} | < ]
achieve the ability to produce clean energy on a large scale and E 1780 : <><>
surpass the current market leaders, which are silicon e | .
photovoltaic panels. In this scenario, one of the most promising 177.51 Ay !

materials is the Cs,AgBiBrs double perovskite, due to its ease of 177.0 EEas a s A MiSanassaane
production, energy conversion efficiency, low cost and stability  ~ 140.0 | ¢ PN ! (b) |
to atmospheric exposure. However, in addition to all its usability g i < %:

; : : . ; : S 139.0

in the industry, it can still present a basic physical property, = : o 1
which is the partially ferroelastic phase transition. The present %= 138.0 - I <

work shows an anomalous phonon exhibiting soft mode re- 137.0 | I 00 ]
normalization behavior after a critical temperature of & : < 1
approximately 122 K (Figl(c)), where a structural phase § 1360 E I ®o
transition also occurs. Such behavior has already been used to * 135.0 ? : o A
characterize transitions of this nature“. The objective of this 134.0 I T T
work was to determine the existence of a ferroelastic transition ': (c)
in this compound, so, in view of the evidence presented and the = 74.0 ¢  Twn=122 K oo |
similarities existing in previous works, such as the re- E 738 < : o <
normalization of the soft mode, after the structural phase :_.._." | < I ]
transition from cubic (Fm3m) to tetragonal (14/m) and the = 73.6 ¢ ©

analysis of possible ferroelastic species demonstrated in the ¢ 73.4r o : o © 1
works of Aizu®, we have strong indications that the tetragonal E 732 %? &

phase of the double perovskite Cs:AgBiBrs is ferroelastic (or & §
more precisely, partially ferroelastic) belonging to the m3mF4/m 73.01 Tz I

species. Therefore, we believe it is possible to call such a 72.8 ' ' L : : : :
transition as a Partially ferroelastic phase transition. 0 40 80 120 160 200 240 280 320
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Figl: Cs2AgBiBres perovskite Raman modes centers as a
function of temperature
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Investigation on the Vibracional Spectrum of the SrTiOss Compunds. The influence of oxygen vacancies
in STO monocristals has been studied by means of Raman spectroscopy. Unexpected modes for the
space group symmetries were observed on the more doped samples.

Resumo/Abstract

A perovskita SrTiO; e compostos similares sdo alvo de pesquisas desde longa data. Apesar do cristal puro se
apresentar isolante a temperatura ambiente, é possivel induzir novas caracteristicas notaveis por diferentes formas.
Supercondutividade a baixas temperaturas no bulk ou na interface deste com outros materiais [1], além de
ferroeletricidade induzida por dopagem [2], sdo alguns exemplos que podem ser inicialmente citados.

Outra caracteristica de interesse no STO é a alta permissividade elétrica. Esta grandeza aumenta com o
resfriamento do material a partir da temperatura ambiente, conjuntamente a diminuigdo na frequéncia de um fénon
em particular, conhecido como soft-mode ferroelétrico. Esta resposta da polarizagdo na matéria sugere a
possibilidade de um reordenamento atbmico que deve originar uma transigao ferroelétrica. Todavia, esta transi¢ao
n&o ocorre, assim como o a frequéncia do soft-mode nao vai a zero, devido efeitos de flutuagdes quanticas [3].

Neste estudo, foram caracterizadas amostras cristalinas de STO dopadas com oxigénio. Esta dopagem foi obtida
através de tratamentos térmicos de 5 horas a temperaturas distintas, em vacuo dinamico de 10~° mbar, dentro de
um tubo de quartzo selado. Para analise, medidas de espectroscopia Raman foram realizadas entra 15 e 320 K, em
vacuo da ordem de 107® mbar.
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Acima, esquerda, espectros comparativos para diferentes amostras em T=15 K. Nitidamente, um pico no entorno de 150 cm™
ocorre apenas nas amostras de maior dopagem. Seu comportamento com a polarizagdo pode ser observado na figura da
direita, a mesma temperatura, medida na amostra tratada a 1050 °C.

As vacancias de oxigénio inseridas no material induziram modificagdes nos espectros. A mais nitida, conforme
pode ser observado nas Figuras, € um pico largo de frequéncia proxima a 150 cm™. Este pico também aparece em
espectros adquiridos sobre uma superficie recém cortada de uma das amostras, indicando que a dopagem néo fora
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apenas superficial. Aumentando a temperatura, observamos o desaparecimento deste modo préximo a 60 K, o que
nao coincide com a transigdo antiferrodistorsiva do material em 105 K. Isso indica, claramente, que se trata de um
fendbmeno fisico diferente. De fato, ja fora predito que anomalias poderiam ocorrer no entorno de 70 K, com
temperatura de transicdo diminuida pelo acréscimo na quantidade de vacancias de oxigénio [4]. Um segundo
acontecimento interessante € a apari¢cdo de picos ativos da fase cubica do STO apenas em |V, a saber, em 173 e
473 cm™. Este é um indicativo de quebras locais de simetria de inversdo, causadas pela insergédo das vacancias de
oxigénio. Além disso, sugere a existéncia de pequenas regides ferroelétricas. Esta ideia € apoiada por estudos
anteriores, que também propuseram a existéncia destas regides [4], e que as observaram em amostras dopadas
com calcio [2].
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Raman spectroscopic study towards the growth of CuO/CuWQO,
heterostructure
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Highlights

CuO/CuWO, heterostructured system was obtained via one-step wet process.
Raman modes verified the presence of the monoclinic and triclinic phases in the heterostructured system.

Indirect band gap of samples was between 1.79 to 2.15 eV for the CuWO, and around 1.37 eV for the CuO.

Abstract

This work describes the preparation of CuO/CuWO, heterostructured system by facile one-step wet process. Raman
spectroscopy analysis confirmed the growth of CuO/CuWO, heterostructure for different concentrations of the CuO
and the CuwO, crystalline phases. Raman vibrational modes indicated the presence of the monoclinic and triclinic
phases in the heterostructured system; the short-range structural ordering in the lattice of the heterostructured
materials also was analyzed. Additionally, XRD, FE-SEM and DRS characterization techniques confirmed the
formation of type-ll heterojunction on as function of crystalline phase concentrations of CuO and CuwQO, oxides.
XRD results allowed to quantify the percentages of crystalline phases and to calculate the lattice parameters.
Morphological analysis showed the presence of two different morphologies in the obtained samples. The
heterostructures exhibited indirect gap band energies from 1.79 to 2.15 eV for the CuWwO, and around 1.37 eV for
the CuO, which are smaller than early reported value (~1.78 eV and 1.2 — 1.5 eV, respectively).
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Structural and vibrational properties of tricobalt tetroxide obtained by
anodizing
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Palavras Chave: (Co;0, anodizing, Raman, TEM, XPS,).
Highlights

*With the optimization of the anodizing conditions, the spinel phase is obtained.
*|t is possible to observe different morphologies in the material by varying small variables in the anodizing.
*Raman vibrational modes show a typical spectrum of the Co304 phase.

*Through TEM measurements, the size of the nanoparticles in the samples and the crystallographic planes of the
spinel phase are observed.

Resumo/Abstract

In the present work, the best anodizing conditions in a cobalt sheet were investigated to obtain the Cos0, phase in
the final samples. The samples were characterized by x-ray, FESEM, TEM and Raman spectroscopy. With the x-ray
results, the spinel phase was obtained, through the FESEM measurements, the different morphologies of the
samples were observed depending on the anodizing conditions. With the TEM measurements, the crystallographic
planes of the Cos0, samples were verified. From the Raman spectroscopy measurements, the vibrational modes of
the spinel phase were observed.
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Espectroscopia Raman aplicada no estudo da transformacao de fase em
ceramicas odontoldgicas de zircbnia
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Highlights |

Raman spectroscopy applied to the study of phase transformation in zirconia dental ceramics
Sandblasting was carried out with Al2O3 particles in different sintering stages with varying pressure on the zirconia.

Raman spectroscopy analyzed the bands of the tetragonal and monoclinic phases.

Resumo/Abstract |

A zircbnia estabilizada por itria apresenta dificuldade na adeséo de sua estrutura ao cimento odontolégico devido a
sua natureza rigida e cristalinal. O protocolo de tratamento de superficie mais utilizado é o jateamento com
particulas de 6xido de aluminio (Al203), esse tratamento gera uma rugosidade na superficie da zirconia que melhora
a ligacdo com o cimento odontolégico. No entanto, ao sofrer o impacto em sua estrutura, a zirconia pode sofrer
transformagao de fase, deixando-a mais suscetivel a degradacdo a longo prazo?. Nesse aspecto, 0 objetivo desse
estudo foi avaliar por meio da espectroscopia Raman a transformagdo de fase em cerémicas de zircbnia apds o
tratamento de superficie com jateamento de Al203 variando a pressao e em diferentes estagios de sinterizagéo.

Os espectros Raman obtidos permitiram detectar a transformagédo de fase na superficie das ceramicas de zirconia.
Na Figura 1 pode-se observar a presenga das bandas caracteristicas da fase tetragonal e monoclinica. Na condicao
pré sinterizada apenas as bandas referentes a fase tetragonal estavam presentes nos espectros, independente da
pressao de jateamento utilizada. Para as amostras expostas a condicdo pds sinterizada, uma mistura das fases
tetragonal e monoclinica existia nos espectros, para todas as pressbes de jateamento utilizadas, indicando que
ocorreu a transformacéo de fase nessa condi¢do de sinterizacdo. O célculo da quantidade de fase monoclinica foi
realizado de acordo com o método proposto por Clarke e Adard. O resultado mostrou que ndo houve variagédo
significativa da quantidade de volume monoclinico com alteracao da presséo de jateamento.

Figura 1. Espectros Raman da zirconia em diferentes condi¢cdes de sinterizacdo (pré e pés) e pressbes de
jateamento (2, 3 e 4 bar). As letras t e m identificam as bandas das fases tetragonal e monoclinica, respectivamente.
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Effect of storage solutions on the mineral and organic content of dentin and
enamel: a Raman spectroscopy study
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Keywords: Dentin, Enamel, Storage, Mineral Content, Organic Content.

Highlights

Study indicates conservation in enamel mineral content when stored in fixative solutions. In contrast, dentin exhibits
significant molecular changes in mineral and organic content.

Abstract

Teeth for research purposes, after being extracted from
the oral cavity, must be handled in order to prevent
contamination, as they are composed of organic and
mineral portions. For this, storage is necessary,
requiring solutions capable of avoiding teeth
dehydration, physical and chemical changes, as well as
possible cross-contamination between extracted teeth
and the growth of microorganisms [1]. In this sense, the
objective of this work was to evaluate the action of fixing
solutions compared to a standard solution (positive
control) on the mineral and organic content of dentin
and enamel.
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Figure 1: Experimental methodology.
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The FT-Raman spectrometer (A=1064 nm, Bruker Optik
GmbH, Ettilingen, DEU) was used to analyze sound
human teeth, dentin and enamel (n=5) at different
storage periods. Spectra from before the immersion
process (T=0) were acquired and used as a control

group.

The results showed significant molecular variations for
both amide and dentin phosphate. For enamel, there
was no significant variation during the storage period in
the fixing solutions. Since, fixing solutions are also

known as crosslinking agents, which bond to the free
amino acid residues of collagen and change the
structural stability [2]. As dentin has a greater
contribution of organic matter than inorganic, compared
to enamel, tissue changes are expected to be more
pronounced in dentin when compared to enamel.
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Figure 2: Dentin (A) and enamel (B) spectra for
control and final storage time in different solutions.
The Inset refers to bands areas of mineral and
organic content to dentin and mineral content to
enamel.
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Estudo da pele humana in vivo avaliada por espectroscopia Raman
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Martin (PQ)*2.
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Palavras Chave:Espectroscopia Raman, diagrama de cluster, camadas da pele, andlise de componentes principais.

Highlights

Study in vivo of human skin evaluated by Raman spectroscopy:
e Band intensities were correlated with dermal collagen in 940 cm™ and 1650 cm™, and with hydrophobic
structure of the outermost layer of the epidermis, in 1310/1450 cm™.
¢ In the statistical analyzes dermis and epidermis showed separation.
¢ In vivo confocal Raman spectroscopy is a promising non-invasive tool for skin assessment.

Resumo

Introducédo: A técnica de espectroscopia Raman permite a pesquisa da composi¢ao bioquimica de amostras biolégicas
in vivo, de forma seletiva e ndo destrutiva (Harris, 2009). O estudo da arvore hierarquica pela andlise de cluster, HCA,
permite a classificacdo dos dados espectrais médios para cada camada de pele, epiderme e derme, e a andlise de
componentes principais, PCA, permite uma combinagéo linear de todas as variaveis originais gerando os indices de
agrupamento de individuos de acordo com suas caracteristicas (Varella, 2008). Objetivo: O objetivo deste estudo é
avaliar a pele humana pela técnica de espectroscopia Raman confocal associada a HCA e PCA. Metodologia: As
andlises foram realizadas na empresa Dermo Probes — Pesquisa, Inovac¢édo e Desenvolvimento, o antebraco volar de
dez voluntérios, entre 34 e 45 anos, Vol _A, Vol B, Vol C, Vol D, Vol _E, Vol F, Vol _G, Vol _H, Vol I, Vol_J, foi
demarcado, selecionados a partir de critérios de inclusdo. As avaliacdes in vivo da pele foram realizadas usando o um
sistema Raman confocal (River Diagnosis, Modelo 3510) associado a um laser 785 nm. Dados Raman foram adquiridos
por meio do software Riverlcon® 2.5.2 e analisados com o software Skin Tools® v 2.0 (River Diagnostics). Os espectros
foram analisados no software OriginPro®, HCA e PCA no software Minitab® com dados previamente normalizados.
Resultados e Discussédo: Na figura (a), houve formacéo de dois grupamentos: (Vol_A,Vol_B, Vol_H, Vol D) e (Vol_C,
Vol_F, Vol_J, Vol_E, Vol_I, Vol_G), dentro desses grupos derme e epiderme apresentaram separa¢éo entre si, devido
influéncia do colageno s6 observado na DER (Tfayli et al, 2008; Lademann et al, 2009). Na figura (b) picos em 1130
cm?, 1310 cm™ e 1450 cm?, referentes as estruturas lipidicas lamelares da parte mais externa da epiderme, o estrato
corneo. Na regido de derme picos em 852 cm™ e 940 cm™ referente a prolina, 1250/1296 cm referente a amida | e Il,
e 1650/1654 cm?, referente ao colageno e precursores. Na figura (c), foram obtidos (PC1, PC2, PC3, PC4, PC5, PC6),
houve separacao dos dados de derme e epiderme em todas as comparacdes em relagdo ao PC2 o mais discriminante.
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Conclusbes: Foi possivel associar os resultados dos componentes bioquimicos de cada camada avaliada e verificar
a separagdo das camadas, confirmada nos dados do grafico de dispersao e andlises de HCA.
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Hyaluronic acid detection in human skin by in vivo confocal Raman
spectroscopy
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Keywords: Hyaluronic acid; confocal Raman spectroscopy; in vivo analysis; immunohistochemistry.

Highlights |

Rapid identification of hyaluronic acid concentration in the skin.
Decreased hyaluronic acid with advancing age.
Knowing the presence of hyaluronic acid in the skin promotes more effective products.

Abstract |

Hyaluronic acid (HA) is a natural polysaccharide in the body whose main function is to bind water molecules, promoting
skin hydration and reducing the effects of aging. Currently, its evaluation on the skin is carried out by invasive
techniques, making it difficult to obtain information about its disposition on human skin. Thus, this study aimed to
analyze in human skin the endogenous HA by in vivo confocal Raman spectroscopy (CRS) associated with
immunohistochemistry (IHC) in groups of different ages. A River Diagnostics® CRS (Model 3510 Skin Composition
Analyzer) with a 785 nm laser was used for the study. The analysis took place in the spectral range from 400 to 1800
cm-1, with a maximum depth of 110 um. In the IHC technique, the detection of CD44 protein was performed in formalin-
fixed paraffin-embedded (FFPE) human skin tissue. Thus, different Raman peaks markers for HA were identified in
the dermis region. The peak at 1104 cm was the one that best showed the statistically significant differences (p >
0.001) in the concentration between the age groups 31-40 years (4,086 a.u.) and 51-65 years (2,412 a.u.) (Figure 1).
This decrease in HA concentration was also noted in the IHC assessment. It should be considered that the CRS
technique was able to identify endogenous HA in an in vivo and non-invasive way, expanding the knowledge of the
disposition of HA in human skin, contributing to the understanding of aging processes and support for the development
of new dermocosmetics and claims.
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Figure 1: Bar graph of HA concentration in the dermis of 31-40 and 51-65 years group. Values obtained by the intensity
of the peak 1104 cm in the second derivative spectra. HA: Hyaluronic acid.
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Kidney Injury biomarkers using FT Raman
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Keywords: Biomarkers, FT Raman, CKD, Raman Spectroscopy.

Highlights

Discovering the molecular compositions and changes arising from Renocardial Syndrome (CKD) for the discovery of
biomarkers was the distinguishing feature of this work.

Resumo/Abstract

The application of spectroscopic techniques allows advances in precision medicine. For example, researchers have been studying
the application of this technique in studies on renocardial syndrome (CKD). In the present work, we investigate the spectral
characteristics by Fourier-Transform Raman spectroscopy (FT-Raman) due to physiological changes induced by renal ischemia-
reperfusion, aiming at the discovery of biomarkers related to the progression from acute to chronic renal injury and predictors of
mortality. C57BL/6J mice were subjected to unilateral occlusion of the left renal pedicle for 60 min and reperfusion for 5, 8, and
15 days. Cardiac and renal tissue biopsies were analyzed. Our findings indicated that cysteine/cystine, fatty acids, collagen
methyl groups, o-form of proteins, tyrosine, and tryptophan were modulated during the process of renal ischemia and
reperfusion. These changes are consistent with fibroblast growth factors and changes in collagen Il content. Interestingly,
Tyrosine and Tryptophan, precursor molecules for the formation of uremic toxins such as indoxyl sulfate and p-cresyl sulfate
were also modulated and are considered a marker of renal injury, and their increase is strongly correlated with cardiovascular
mortality. Furthermore, we noticed that the Tyrosine and Tryptophan bands (1558, 1616, and 1625 cm™) are consistent with
fibroblast growth factors and changes in collagen I11. content, and are also precursor molecules for uremic toxin formation.
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Figure 1. Regression coefficient in PLS-DA for Heart (a) and Kidney (b). Calculated response for heart (c) and kidney (d) using
up to 5th and 2th component, respectively.Average PLS-DA Variable Importance in Projection (VIP) for those components with
best classification performance for Heart (e) and Kidney (f).
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Evaporation dynamics of water droplets used in the assembly of L, L-
Diphenylalanine nanostructures.
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Palavras Chave: Water Evaporation, Kinetic Accompaniment, L, L- Diphenylalanine, Nanostructures, Nanotubes, Peptides.

Highlights

This study aims to explain how the evaporation of water droplets used in the preparation of L, L - diphenyalanine
nanotubes impacts their formation kinetics.

Resumo/Abstract

Absorbance

Depending on the preparation method, L, L - Diphenialanine nanotubes can have biological characteristics
compatible with a lot of biomedical needs, such as: biocompatibility, biodegradability, extreme stability (in terms of
body clearance) and optimal drug release into the plasma membrane (due to the low reactivity with their active
ingredients). For the production of these structures, both water or aqueous solutions can be used as solvents. In this
study, we aim to demonstrate how water droplets, used in the synthesis of nanotubes, behaves in terms of
evaporation and how this phenomenon can directly influence the formation of peptide bonds, and therefore, their
structures. The samples were analyzed by three methods: Fourier transform infrared spectroscopic analysis (FTIR),
which enabled the monitoring of evaporation from the change of the spectra within time, the quantification of water
mass within time during the evaporation process and, finally, the analysis with the optical microscope in order to
make the visual monitoring of evaporation and show the possible anomalies that water would present. Throughout
the research, it was noted that the evaporation of water droplets happens in a non-linear way and depends directly
on conditions beyond the ambient temperature and pressure. FTIR monitoring reveals important water
characteristics for this study, showing in detail what happens to the molecules during the evaporation process, while
the other forms of analysis help to explain more concisely what is seen in the spectra and understand what happens
in different ways inside the droplet.
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Structural, QTAIM topological and spectroscopic analysis, and ADMET study
of Methyl-2-(4-isobutylphenyl) propanoate
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Highlights

A liquid compound of methyl ibuprofen ester was synthesized; A full structural, topological and spectroscopic
analysis was carried out; Pharmacokinetic proprieties of this compound was evaluated.

Abstract

In this work, the methyl ibuprofen ester, named methyl-2-(4-isobutylphenyl) propanoate (CisH200,, hereinafter
MET-IBU) was synthesized and characterized by NMR, ATR-FTIR, FT-Raman, and UV-Vis spectroscopy, while their
structural, QTAIM topological and spectroscopic properties were investigated using DFT calculations. Through the
analysis of the topological properties of the electron density computed at bonding critical points (BCP’s) for the
MET-IBU molecule were determined the electron density, the Laplacian of electron density, the eigenvalues of
Hessian matrix, the ellipticity of electron density, the potential energy density, the kinetic energy density in the
Lagrangian and Hamiltonian forms, the total energy density, the Lagrangian density, and the electron
delocalization index. Density Functional Theory (DFT) calculations were also used to determine the vibrational
normal modes, the frontier molecular orbitals (FMOs), the dipole moment, and the molecular electrostatic
potential (MEP) of MET-IBU. The interatomic surfaces of some atoms of the MET-IBU molecule were also given
providing information where the charge density is maximum. The ATR-FTIR and FT-Raman spectra of this
compound were obtained, and the assignment of the normal modes was done by means of potential energy
distribution. In particular, it was observed that the stretching mode of the carbonyl group of MET-IBU appears at
1767 cm™ in the ATR-FTIR spectrum with very strong intensity. Comparing the values of the global reactivity
descriptors, it was observed that the MET-IBU compound has greater susceptibility to accept electronic density
and, consequently, a better electrophilic character than ibuprofen compound. Theoretical UV absorption spectrum
was also evaluated from time-dependent density functional theory (TD-DFT) providing the electronic transitions,
which are expected for this compound. The experimental and theoretical UV spectra were compared, and the
electronic transitions corresponding to the six singlet states were identified. The maximum absorption was
experimentally observed at the wavelength of 227 nm (5.46 eV), which corresponds the energy transition of the
HOMO to LUMO. The molecular descriptors of the properties of absorption, distribution, metabolism and
excretion, and toxicity (ADMET) were obtained. ADMET study showed that the MET-IBU has a distribution volume
that allows permeability and activity in the central system nervous (CNS), with structural contributions from the
side chain of isobutyl and methoxy that favor liver metabolism and excretion with a low toxic response.
Furthermore, the MET-IBU does not have ionizable centers compared to its analog ibuprofen constituting a more
lipophilic chemical product.
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MULTI-WAVELENGTH RAMAN SPECTROSCOPY OF POLY(FURFURYL
ALCOHOL)

Durval Bertoldo Menezes?, Maurizio E. Musso?, Francesco D’Amico?, Raphael J.F. Berger?!, Andreas Reyer?,
Letizia Scarabattoli'#, Nicola Cefarin?, Thomas Sepperer>®, Gianluca Tondi’, Thomas Schnabel®, Lisa Vaccari?

durval@iftm.edu.br

1 University of Salzburg, Department of Chemistry and Physics of Materials, Jakob-Haringer-Strasse 2a, 5020 Salzburg, Austria

2 Elettra-Sincrotrone Trieste S.C.p.A., Strada Statale 14 km 163,5 in AREA Science Park, 34149 Basovizza (TS), Italy

3 Federal Institute of Triangulo Mineiro, Uberlandia, Minas Gerais, Brazil

4 Universita degli Studi di Perugia, Department of Chemistry, Perugia, Italy

5 Salzburg University of Applied Sciences, Forest Products Technology & Timber Construction Department, Marktstrasse 136a, 5431 Kuchl, Austria
6 Salzburg Center for Smart Materials, Jakob-Haringer-Strasse 2a, 5020 Salzburg, Austria

7 University of Padova, Land, Environment, Agriculture and Forestry D 16, 35020 Legnaro (PD), Italy

Palavras Chave: Poly(furfuryl alcohol), Raman Spectroscopy.

Highlights

Poly(furfuryl alcohol) (PFA) is a thermo-setting, and an intriguing polymer, his molecular structure is not obvious, and
the cross-linking in cured PFA is still not clear. The thermal property, glass transition, is also an important characteristic
of this polymer.

Abstract

Poly(furfuryl alcohol) (PFA), produced through polymerization of furfuryl alcohol, is a thermo-setting polymer and basis
of thermoset resin systems, and it has been investigated in several studies (IR, 13C-NMR, Raman, DSC), new aspects
being considered each time. Nevertheless, PFA still remains an intriguing polymer, since curing, apart from being
promoted by the presence of an acid catalyst, can be also induced by heat or suitable radiation, the resulting molecular
structure of PFA consequently not being that obvious. Despite the scientific literature already available concerning the
Raman spectra of PFA, at present an unambiguous assignation of the Raman bands recorded in cured, cross-linked,
and consequently irreversibly hardened PFA is still missing. The purpose of the present study was to investigate the
presence and the grade of cross-linking and of conjugation in cured, hardened (thermosetted) PFA in comparison to
the pristine, viscous PFA by means of multi-wavelength Raman spectroscopy in the visible and in the ultraviolet
spectral range, using excitation wavelengths from several laser sources and from a synchrotron light source.
Additionally, by taking advantage from previous findings and foreseen possible molecular structures of PFA, Raman
spectra were simulated by first-principles and semi-empiric methods for exploiting them to evaluate their matching with
experimental ones. Comparison of published PFA Raman spectra with those obtained in our study evidences important
differences for the pristine, viscous PFA and the cured, irreversibly hardened and cross-linked PFA, due to a different
molecular structure of the polymer as consequence of the curing process. Furthermore, with excitation wavelengths in
the UV range, resonance Raman enhancements can be observed, being also the case in the simulated spectra.
Furthermore, Raman measurements of a cured, irreversibly hardened PFA sample in a temperature range between
-160°C and 300°C showed some remarkable changes of the spectral profile across this temperature range, being
associable with the glass transition. This Raman spectroscopic study of viscous and cured PFA enables us to get a
deeper understanding of the spectral features observable in the Raman spectra, possibly improving knowledge for the
various applications of PFA.
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Effect of the pressure on Raman spectra and lattice
dynamic calculations of Biz(MoOa)s crystal
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Palavras Chave: Raman spectroscopy, Bi2M03O12, Pressure-dependence, Lattice dynamic

Highlights

Pressure-dependent Raman spectra of Bi2(MoQa)s crystal;
Lattice dynamic calculations and vibrational properties of Bi2(M0Qa4)z based on a rigid ion model;
The principal component analysis (PCA) and hierarchical cluster analysis (HCA).

Resumo/Abstract |

This work reports a pressure-dependent Raman spectroscopy study and a theoretical lattice dynamic calculation
(LDC) of Bi2(M00Qa)s crystal. The LDC was performed, based on a rigid ion model, in order to understanding the
vibrational properties of the Bi2(M0Oa)3 system and in order to assign the experimental Raman modes under ambient
conditions. The calculated vibrational properties were helpful to support the pressure-dependent Raman results such
as structural changes induced by pressure changes. The Raman spectra were measured in the spectral region
between 20 to 1000 cm™! and the pressures values evolution were recorded in the interval of 0.1-14.7 GPa. The
pressure-dependent Raman spectra showed changes observed at 2.6, 4.9 and 9.2 GPa, being these changes
associated with structural phase transformations. Finally, principal component analysis (PCA) and hierarchical cluster
analysis (HCA) were performed to infer the critical pressure of phase transformations undergone by Bi2(M0QOa4)3
crystal.
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Structural and vibrational properties under low temperatures of the tin-
based organohalide (NH4)2SnCI6
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Highlights

In this work we synthesized and studied the temperature dependency of the Raman spectra of the
organohalide (NH4)2SnCIl6 and compared with X-Ray diffraction measurements under low
temperatures.

Abstract
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Since the discovery of photovoltaic properties of lead organohalides in 2009 (Kojima et al., 2009), hybrid
perovskite-like materials have revolutionized the photovoltaic and photoelectronic industries. However,
it is necessary to find alternatives to replace the lead in the metal site of such materials due to its toxicity
and one of the possible substitutes is the tin. In this work we synthesized the perovskite-like
organohalide (NH4)2SnCI6 by using the slow evaporation method. We were able to determine its
structure at various points between 300 K and 90 K by using monocrystal X-rays diffraction. By using
temperature dependent Raman spectroscopy, we investigated the vibrational properties of the inorganic
and organic ions present in this compound. Through the analysis of the linewidth of the peaks related
to organic vibrations we identified that thermal orientation is the main cause of band broadening of
these modes, while the anharmonicity contribution was negligible.

Kojima, A., Teshima, K., Shirai, Y., & Miyasaka, T. (2009). Organometal Halide Perovskites as Visible-Light Sensitizers for
Photovoltaic Cells. Journal of the American Chemical Society, 131(17), 6050—6051. https://doi.org/10.1021/ja809598r
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The Pressure-Induced structural phase transition of CsCuCls like-perovskite
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Highlights
We deepen further on the high-pressure measurements with the SXRPD (Synchrotron X-ray Powder Diffraction) and
Raman spectroscopy on the CsCuCls compound in order to quantify the CuCls distortion.

Abstract

Halide perovskites are widely studied for several
physical properties. In fact, have been described
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sample, we noticed an al?rupt SXRPD pattern Figure 1: a) Room-temperature crystal structure of the CsCuCls (P6s22),
(Figure 1b) changes consistent with the Raman b) x-ray synchrotron diffractograms, c) the Raman spectrum and d)
spectroscopy measurements (Figure 1c). Over Raman modes evolution under high-pressure.

the Raman experiment, three phases could be extrapolated: a) I-Phase: (0 - 2.51) GPa, which is related to the room-
temperature crystal structure; b) I-Il Phase: (2.79 - 3.57) GPa, a mixture of both low- and high-pressure phases; and
c) ll-Phase: (4.01 - 6.94) GPa, the new crystal structure phase determined with the synchrotron radiation. The observed
phonons correspond to the internal vibrations of the CuCls (Figure 1d). The pressure-induced shifts of the vibrational
mode frequencies increase linearly with the pressure of all peaks until the I-Il Phase, where the number of Raman
bands increases, describing a re-orientation of the crystal. The analysis indicated a structural phase transition under
pressure at 2.51 GPa from the hexagonal (P6s22) to a monoclinic P2 determinate with the Le Bail refinement method.

[1] Eur. J. Inorg. Chem. 22, 2165-2169 (2020), [2] Phys. Rev. B 105, 144408 (2022), [3] Nat. Comms. 12, 4263 (2021), [4] Phys. Rev. B 96, 014419
(2017)
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Palavras Chave: (sol-gel, anatase, rutile, orthorhombic, monoclinic, titanium niobium oxide).

Ti, Nb and Ti:Nb by sol-gel method were characterized. The calcination caused crystalline phase change. Less flexible
crystal structures were affected by PAHT. Rutile-TNO 800°C aP showed lowest gap.

The improvement in the properties of TiO2 and the development of new photocatalysts with properties close to or
superior to those of titania is one of the points of interest and study in research on photocatalysis and the synthesis of
nanomaterials. In this context, the present work aimed to develop TiO2, Nb20s and mixed oxides of TiO2:Nb20s with
characteristics and properties suitable for use as a photocatalyst. In an original synthesis via the sol-gel method [1],
the mass of NbCls and the volume of isopropoxide of titanium used were varied to obtain photocatalysts with different
molar ratios Ti:Nb (100:0; 50:50; 0:100), being finished in a mixture of molar ratio NH4OH:M=2:1 (where M is the sum
of Ti** and Nb%* ions) and in two temperature levels of calcination (400°C: 800°C). Subsequently, the six synthesized
Ti:Nb catalysts were subjected to pressure-assisted heat treatment (PAHT) performed under an air pressure of
2.1 MPa at 110°C for 36 h. Raman spectroscopy provided clear peaks indicating the high crystallinity of the samples.
In general, the Raman study showed that an increase in the synthesis temperature of the oxides Ti, Nb and the mixed
Ti:Nb caused a change in the crystalline phase from [2; 3]: anatase (Fig.1a) to anatase-rutile (Fig. 1b); T- Nb20s
(Nb16.8042) (Fig. 1c) to H-Nb20s (Nb12029) (Fig.1d); and anatase-rutile_T-Nb2Os (Fig. 2a) to rutile- titanium niobium
oxide (Ti2Nb10O29, TNO) (Fig. 2b), respectively. Fig.1a shows that PAHT did not affect the anatase crystalline phase.
On the other hand, PAHT caused a decrease in intensity of several peaks of the oxides at 800°C (Fig.1b and 1.d) and
of the mixed oxide at 400°C (Fig. 2a), suggesting that more stable but less elongated and therefore less flexible crystal
structures (such as rutile and H-Nb20s) were the most affected by PAHT. In this context, an increase in the ordering
of the rutile network and consequent decrease in crystallinity after PAHT can be perceived by the reduction in the
band's intensity around 235 cm™ (Fig.1b) supposedly induced by a second-order scattering process or latent
disharmony [2]. As in this case, it is possible to discard the way in which the TiO2 powders were oxidized to their
formation (when comparing without - wP and after PAHT - aP); the variation of the bands referring to the phonons of
the rutile structure 600 (A1g) and 418 cm™ (Eg) are conditioned to the regular occurrence of defects planar oxygen-
deficient rutile [2]. For the well-developed crystal structure of T-Nb20Os at 400°C (in Fig.1c) the bands in the region of
400 — 800 cm™ are attributed to the symmetrical and antisymmetrical elongation mode of the Nb-O-Nb bond. While
the Raman band at 235 cm™ becomes the Nb-O-Nb bending mode. The Raman spectrum of sample Nb2Os at 800°C
in Fig.1d matched that of H-Nb20Os (monoclinic). A sharp peak is seen at about 1000 cm, probably arising from the
significant amount of edge-sharing NbOs with many short Nb=0O bonds in a compact structure. For the samples at
400°C, there is a shoulder at 755 cm™, but much larger than the one in the region centered at 1000 cm™, suggesting
longer bond lengths and less structural stiffness than for H-Nb2Os. Practically all peaks decrease for the anatase-rutile
crystal structure and T-Nb20s (orthorhombic) of the Ti:Nb oxide at 400°C, suggesting oxygen-deficient and an
increased flexibility. Using the Shuster-Kubelka-Munk function to obtain the band gap energy from diffuse reflectance
measurements, the monoclinic oxide [3] and rutile-TNO oxide (at 800°C) showed the lowest band gap, both with
reduction of this optical property after PAHT, the values being 3.01 and 3.00 eV.
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Fig. 1: Raman Spectra of TiO, and Nb,Os at; (a) and (c) 400°C; (b) and (d) 800°C, Fig- 2: Ranzan Spectra of Ti:Nb at: (a) 400°C;
respectively. wp=without PAHT; aP=after PAHT and (b) 800°C. wp=without and aP=after PAHT

[1] Fuziki, M. E. K. et al. Journal of Water Process Engineering, v. 42, p. 102163, 2021.
[2] Melendres, C. A. et al. Journal of Materials Research, v. (5), p. 1246, 1989.
[3] Graga, M. P. F. et al. Journal of Alloys and Compounds, v. 553, p. 177, 2013.
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In-situ pressure measurements in microfluidic devices by micro-Raman
spectroscopy
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Highlights

Due to the high use of microfluidic devices to simulate biological assays and in view of the numerous open questions
for various pathologies. The objective of this work is to show that Raman spectroscopy can provide a hon-invasive and
label-free way to evaluate local pressure in microfluidic systems, based on polymers, that simulate biological behavior.

Resumo/Abstract

The microfluidic platform has opened new horizons in the fabrication of biomaterials for the generation of nanomaterials
of various structures. Even more interesting is the making of microfluidic organs on chips, which provide a new
biological tool in disease modeling, drug discovery, and toxicology research. One of the main causes of death is linked
to cardiovascular diseases (CVDs), mainly ischemic heart diseases, hypertension, and cerebrovascular diseases, and
its diagnostics has always been considered the most challenging part of cardiac pathology. CVDs, also including
coronary heart disease and stroke, is the most common noncommunicable diseases worldwide. Therefore, many
studies to miniaturize and simulate these systems are being done, characterizing through Raman spectroscopy which
has been showing good results on this subject for some time.

Knowing this, we sought to simulate an artery using a microfluidic device based on a polymer, polydimethylsiloxane
(PDMS), which, with our synthesis route, has a Young's modulus very close to that of a human artery (870KPa). We
used ethanol and liquid isopropanol to flow in the microchannel (725 um in diameter) of the microfluidic device to study
its behavior under different pressures (Fig. 1). As shown in an example in Fig. 2, we were able to evaluate the pressure
variation (AP) for a specific band of alcohol, and follow the kinetics of the reaction that takes place in the fluidic medium.
Values from 0.1 to 0.5 mL indicate the variation of pressure exerted in mL of the syringe used in the experiments.
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Therefore, the study in question shows a specific profile for each concentration of the two alcohols separately, showing
the potential of Raman spectroscopy in an innovative way.
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Defect Engineering Control on Lanthanum-Doped Ceria Nanoparticles for the
Oxidative Coupling of Methane
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Palavras Chave: cerium oxide, catalyst, doping, defect engineering, oxygen vacancy, disorder

Highlights |

o Defect control on La-doped ceria nanoparticles are critical for applications such as high-temperature oxide
catalysts;
e Higher concentrations of La3* doping induces selectivity for OCM reactions;

. Resumo/Abstrgct .~~~

ol The instability of petroleum prices and the advancements in extraction
ey technologies of natural gas has increased the interest in the direct conversion of
» methane to C2 products via oxidative coupling of methane (OCM) reactions. The
=g L | design of catalysts by tailoring the structural defects and disorder has a significant
impact on their performance. Within this context, in this work, the fine-tuning of
O o o o o o0 structural defects in rod-like NPs was performed via La®* doping (LaxCe1.x02-12), X, in
B °° : the 10-70 mol% range. The NPs characterization was performed by SEM, HRTEM,
XRD, BET and p-Raman spectroscopy, and the OCM catalytic performance was
evaluated at 750 °C (Fig 1a). The relative concentration of reagents (CHs and O3)
and products Hz, CO, CO2, CzHs4, and Cz:Hs was measured by an online mass
spectrometer. XRD and Raman analysis revealed that the CeO: fluorite crystalline
— e structure is essentially maintained in the doped nanorods, even for x = 0.7 (FiglB).

O A e[ % The Raman spectra analysis indicates that La doping results in the formation of
T TR extrinsic and intrinsic oxygen defects, which increase proportionally to La
. concentration (Fig.1B). While in-situ u-Raman reveal at higher La3* content a (F + C)
ii ‘V\/\ biphasic region was observed, with C being the cubic atomic arrangement typical of
N mos sesquioxides of the heaviest rare earths (Figlc). The catalysts showed good

X Seq OF Yoy (%)
8

Intensity (a. u.)

Intensityn(a. u.)

performance for OCM with methane conversion up to 32% and C: selectivity up to
" 44% for x=0.5. In addition, all catalysts showed high stability within 20h time on

Raman Shift(em’™ stream. The demonstrated structural defect control on La-doped CeO: NPs can
provide important insights to improve the performance of OCM reactions.
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Fo4 red shift is observed due to thermal expansion; Increase of Ip/lr,g during heating.

Resumo/Abstract

Ceria (CeQ,) is a material used in catalytic reactions at high temperatures, as heterogeneous catalyst for automotive
and oil refineries emissions, due to its oxidation/reduction propertles based on Ce*/Ce*" ratio, good capacity to store
oxygen and thermal and chemical stability during cataIysrs . These properties can be enhanced by the incorporation
of dopants in the structure, leading to the formation of oxygen vacancies (Vy), produced by a charge compensation
mechanism and structural changes such as lattice expansion/contraction and disorder™®. Lanthanum doped ceria
nanoplates (10 mol%), named LaC NP, were synthesized using a co-precipitation method at room temperature, using
NaHCO; as a precipitation agent. Lanthanum was found to enhance the oxygen vacancy formatlon and enhance
catalytic oxidation of CO over other rare-earth dopants Add|t|onally, the partial substitution of ce* for M*
decrease the reduction temperature of cerra (1400- 1500°C) Oxygen vacancies can be introduced by doplng or
thermal treatments in reducing atmospheres In order to understand the activity of these catalysts at high temperature
processes, in situ Raman spectroscopy can provide information about the intermediate species formed during a
reaction. Raman spectrum of ceria presents one actlve mode triply degenerate, Fyg, Iocated at 465 cm™, characteristic
of the fluorite structure. According to Nakajima et al.?, the modes at 550 cm’” and 600 cm are assomated with defect
space containing an oxygen vacancy caused by the replacement of Ce*" for Ce** or a M** dopant, and the vibration of
a MOg complex including the dopant, respectively. Raman spectra of LaC-NP were measured at various temperatures
using a Linkam CCR1000 stage connected to a temperature controller. With this stage it is also possible to measure
Raman spectra under gas flow. With increasing temperature, a red shift is observed due to thermal expansion and
there is a reduction in Fy4 area (Iryg), While the areas of the defect bands (Ip) are almost unchanged until 500°C. After
that, there is a small increase in peak area of defect bands, suggesting an enhancement of oxygen vacancies. Since
the doping can decrease the reduction temperature of ceria, release of oxygen from its lattice is possible. A more
detailed analysis is still necessary, since some authors report a different behavior of Raman modes as a function of
temperature, indicating that |s not accurate to compare the ratios between the areas of the peaks to determine if
defects are increasing or not *'°. For comparison, the same measurements were carried out in a commercial sample
of Gd doped ceria nanopartlcles
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2. Ricken, M.; Nolting, J.; Riess, I., Journal of Solid State Chemistry, 54 (1), 89-99, 1984.
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Highlights |
Yb2Ti2O7 undergoes a transition from pyrochlore to defect fluorite as Ti is substituted by Zr.

Magnetic ordering is suppressed by increasing structural disorder, suggesting a spin liquid ground state.

Abstract |

The pyrochlore family of materials, consisting of over 200 compounds with the structural formula A2B207, has been
explored for many scientific and technological applications and is regarded as one of the most promising
experimental models of frustrated magnetism. The extensively studied Yb2Ti2O7 pyrochlore is a prominent example
of magnetic frustration, displaying a rich magnetic phenomenology, including a puzzling almost-gapless excitation
spectrum. Our current understanding of Yb:Ti2O~ is that it lives at the very edge of competing ferromagnetic and
antiferromagnetic phases, a conclusion already anticipated by the sensitivity to non-stoichiometry at a < 1% level on
bulk magnetic and calorimetric properties. There are no previous studies on magnetic properties of Yb2Zr0O7 or of
the intermediary compounds Yb2Zr«Ti2xO7. Pyrochlore family compounds are usually synthesized by the solid-state
(SS) reaction. As an alternative, in the sol-gel (SG) method precursor chemicals are mixed in liquid form and the
resulting gel is dried out to obtain the desired product. Our group synthesized samples of Yb2ZrTi2xO7 (x = 0.0, 0.15,
0.3, 0.5, 1.0, 1.5, 2.0) using both methods, to compare their properties and understand the relative advantages of
each synthetic route. Structural properties were determined by x-ray diffraction and Raman spectroscopy, indicating
that SS samples with x > 0 contain impurities due to unreacted oxide precursors, even after sintering at 1500°C for
120h with three intermediate grindings. SG samples are chemically homogeneous but display significant local
structural disorder. When Ti is substituted by Zr (increasing x in Yb2ZrxTi>xO7) the material undergoes a structural
transition from an ordered pyrochlore to a disordered defect fluorite for x = 1.0, culminating in the even less
symmetric &-phase for x = 2.0 (Yb2Zr207). Raman scattering (fig.1) confirms the presence of disorder in SG samples,
through broadening of the vibrational modes and appearance of IR modes that are Raman-inactive in the pyrochlore
structure. Magnetic susceptibility measurements (fig.2) show that with increasing Zr content the transition
temperature to the magnetic ground state decreases (fig.3), consistent with the expectation that structural disorder
suppresses magnetic ordering. The ground state of Yb2Zr.O7 could be a spin liquid, given the effects of disorder on
an already frustrated lattice.
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Espectroscopia Raman no estudo de ordem-desordem em catalisadores
oxidos mistos para conversao do metano
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Highlights |

Raman spectroscopy study on the structural order-disorder in mixed oxides catalysts for methane conversion.

Methane to ethylene direct conversion enhancing by order-disorder control in fluorite-like catalysts.

Resumo

A aplicacdo bem sucedida de 6xidos como catalisadores é profundamente afetada pelos mecanismos de formacéo
de defeitos e propriedades como a condutividade idnica desses materiais. Tais caracteristicas sdo intimamente
relacionadas ao ordenamento na distribuicdo dos céations e vacancias na rede cristalina. Em particular, para a
aplicacédo de 6xidos com a estrutura fluorita no acoplamento oxidativo do metano, nossos estudos sugerem que 0
ordenamento local de vacancias melhora a seletividade da reacdo para a conversdo direta do metano em produtos
C2, evitando a oxidacdo completa do reagente. Este trabalho tem como objetivo controlar a desordem estrutural em
Oxidos mistos de cério e lantanio, de modo a maximizar o rendimento da rea¢&o, encontrando um equilibrio entre a
conversdo do metano e sua seletividade para a producgéo de etileno. Utilizando o modelo de confinamento de fénons,
caracterizamos as amostras quanto a sua desordem e tamanhos de particulas a partir dos comprimentos de
correlacdo dos fénons, determinados via ajuste do espectro Raman. Demonstramos que a inclusao gradual de zircénio
na rede cristalina (La2Ce,-«Zr«07) induz uma transigdo da fase controlada da fluorita desordenada para o pirocloro, uma
superestrutura ordenada da fluorita, abrindo caminhos para uma engenharia de defeitos aplicada ao sistema de
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Figura: Espectro Raman das amostras La2CezxZrxO7.
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Vibrational, electronic, electrical, and magnetic properties of double
perovskite SroFeMoQOs prepared by co-precipitation.
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Palavras Chave: Sr2FeMoOs, Double perovskite, magnetic properties, EPR, Raman and IR spectroscopy.

Highlights |

Synthesis of the double perovskite SrzFeMoOs (SFMO) and analysis by X-Ray diffraction (XRD);

Electronic and electrical properties of Sr.FeMoOes semiconductor material;

The magnetization versus applied field (MxH) curve and the electron paramagnetic resonance (EPR) spectroscopy;
Lattice dynamic calculations (LDC) and density-functional theory (DFT).

Resumo/Abstract

In this research study, we report the synthesis of the double perovskite Sr.FeMoOs (SFMO) and analysis by X-Ray
diffraction (XRD), Raman and Fourier transform infrared (FT-IR) spectroscopy, scanning electron microscopy (SEM),
electronic properties (EP), vibrating sample magnetometer (VSM), magnetoresistance (MR), electron paramagnetic
resonance (EPR), electrical transport properties (ET) and lattice dynamics calculation (LDC). At room temperature, the
crystalline structure of Sr2FeMoOs was identified as with a tetragonal symmetry structure and I4/mmm (D}]) space
group, with two formulas per unit cell (Z = 2). The scanning electron microscopy (SEM) micrographs of Sr2FeMoOes show
that the microparticles form the sample. The microparticles size distribution was evaluated statistically by measuring an
average diameter of 1.58 uym, with a second average diameter of the nanoparticles dispersed on the bulk surface of
Dsemo = 47.6 nm. In addition, the magnetization versus applied field (MxH) curve and the electron paramagnetic
resonance (EPR) spectroscopy were discussed. The magnitude of negative MR with the magnetic field of 5 kOe at 5
and 300 K is as large as 5.8 and 1.7%, respectively. Moreover, vibrational properties were performed using a rigid ion
model to assign the experimental Raman and infrared bands.
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Highlights |

Substituting Sb by Ta in trirutiles suppresses thermal conductivity by up to one order of magnitude. Raman
spectroscopy revealed large lattice anharmonicity as a possible explanation.

Resumo/Abstract |

The AD20s (A = Ni, Co, Zn; D = Sbh, Ta) has attracted recent attention due to the presence of near degenerate
magnetic ground states with distinct dimensionality.2 Another intriguing feature of this family is the suppression of the
thermal conduction in Ta-based compounds compared with Sh-based ones, regardless of the transition metal ion. A
possible scenario of this suppression is the presence of a resonant phonon scattering displayed only by compounds
with Sh.3 Here we explore the origins of the distinct thermal conduction in these samples by measuring the
temperature dependence of optical phonons using Raman Spectroscopy. Indeed, our previous work has revealed a
strong interaction between ey orbital excitations and phonons in the CuSb20e.45 Measurements were performed
between room temperature and 15 K in NiTaz20s, NiSb20s, CoTa20e, and ZnSh20es. For compounds with Ta, a rich
spectrum is observed at low frequencies (w < 180 cm™) with phonons that are strongly temperature-dependent,
softening upon cooling in the whole temperature range. The low-frequency portion of the spectra is featureless for Sb-
based samples, supporting the hypothesis of a coupling between low-energy optical phonons with acoustic ones in the
Ta-based compounds. Interestingly, the overall phonon Raman spectra of the Sh-based samples are similar to each
other but entirely different to the spectra of the Ta-based compounds despite their similar crystal structure. These
discrepancies between the phonon Raman spectra of Ta and Sbh-based compounds may be key to understanding
their largely different thermal conductivity behavior.

[1] A. B. Christian, S. H. Masunaga, A. T. Schye, A. Rebello, J. J. Neumeier, and Yu-Kuo Yu, Phys. Rev. B 90,
224423 (2014)
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[3] N. Prasai, A. Rebello, A. B. Christian, J. J. Neumeier and J. L. Cohn, Phys. Rev. B 98, 134449 (2018).
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Highlights

In2Ge207 and Sc2Ge207 pyrogermanates were studied regarding their optical-vibration properties. Polarized Raman
spectroscopy was applied to determine and assign all their phonon modes in sintered ceramics.

Abstract

Ceramic materials with the general formula A2B207 have attracted much attention in recent decades, mainly due to
their versatile chemical compositions, resulting in a big variety of crystal structures, and technological properties.
Among the many chemical possibilities, the monoclinic In2.Ge207 and Sc2Ge207 ceramics exhibit a real opportunity to
investigate the effects of cationic changes on their optical-vibration properties. In this work, the materials were
obtained by the solid-state reaction route, and their features were analyzed by X-ray diffraction, transmission
electron microscopy, and Raman spectroscopy. Furthermore, the ceramic materials were investigated using
polarized Raman spectroscopy, in order to assign all the fifteen phonon modes predicted by group theory for the
monoclinic phase, C2/m space group, as shown in Fig.1. Fitting procedures were applied to the unpolarized spectra
to determine the band positions for both materials, and to compare the values based on the rare earth ion present in
the structure.
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Fig.1: Polarized Raman spectra of (a) In2Ge207 and (b) Sc.Ge:20- sintered ceramics. Ag modes are favored in
parallel configuration (black curves), while Bg modes are enhanced in perpendicular light (red curves). The
unpolarized spectra are shown in blue.
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Highlights

Synthesis of the iron tungstate Fe2WOs and analysis by X-Ray diffraction (XRD);
Investigation of the magnetic properties of iron tungstate Fe2WOse at low temperatures;
The magnetization versus applied field (MxH) curve and the electron paramagnetic resonance (EPR) spectroscopy.

Resumo/Abstract

In this research study, we report the synthesis of iron tungstate (Fe2WOs) through the solid-state reaction method. The
characterizations of Fe2WOs was made using X-ray diffraction techniques; Raman and Fourier transform infrared
spectroscopy (FT-IR), vibrating sample magnetometer (VSM) and Mossbauer spectroscopy. The temperature
dependence Raman spectroscopy and vibrating sample magnetometer were measurements in a temperature range
of 300-10K. At room temperature, the crystal structure of Fe2WOQOs was identified as having orthorhombic symmetry
structure and Pbcn space group (D3}), with one formula per unit cell (Z = 1). The magnetization versus applied field
(MxH) and the Mossbauer spectrum of Fe2WOs at room temperature was discussed. The slight Raman spectral
changes occurring in the vibrations of the lattice modes and in the region of the internal modes. In addition, it was also
possible to observe changes in the (MxH) curve at low temperature.
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Observation of coupled orbital-lattice dynamics in CuSb20e
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Highlights |

Quantum spin chain Mott insulator CuSh20e with trirutile structure
Raman indicates phonon anomalies assigned to orbital dynamics
RIXS shows orbital ordering and coupled orbital-lattice excitations

Resumo/Abstract |

Emerging collective excitations are ubiquitous in solids and play a central role in understanding materials
whose macroscopic properties are governed by quantum behavior. Well known exemples are phonons, the collective
excitations corresponding to lattice vibrations in a crystal, and magnons, the corresponding spin waves in a
magnetically ordered states. Similarly, modulations in the shape of the electronic clouds in an orbitally ordered state
can give rise to orbital waves, or ‘orbitons’. One of the best studied orbitally ordered systems is the perovskite
LaMnOs, in which the dispersive orbiton has been theoretically predicted. Raman scattering reported the orbitons in
LaMnOs [1], however, its existence has not been verified by other experiments. Another prototypical orbital ordered
perovskite is KCuFs for which experimental efforts to observe dispersive orbital waves have been unsuccessful for
many years [2]. Here, we investigate the Mott insulator CuSb20s with trirutile structure, for which an unconventional
3z2-r? orbital ordered ground state was theoretically proposed to explain its intriguing one-dimensional Heisenberg
antiferromagnetism. In previous work, Granado and co-workers observed notable anomalies in the Raman scattering
CuSh20e6 [3]. An electronic excitation at 550 cm™2, ascribed to an orbital wave, which softens on warming and strongly
interferes phonons, causing an asymmetric broadening of the latter and a possible formation of a vibronic state above
300 K. In this work we employ high energy-resolution Resonant Inelastic X-ray (RIXS) to elucidate the orbital order of
CuSh206 and the nature of the electronic excitations observed by Raman. RIXS at the L-edge resonance is a well-
established method for directly probing local and collective excitations in transition metal oxides [4]. We observe
inelastic features at 1.2-1.5 eV corresponding to local crystal field excitations with tog symmetry. At 0.45 eV, we
observe a broad feature assigned to the eg excitation. Single ion cluster multiplet calculations confirm these
assignments. Both eq and tzg excitations are nondispersive in the reciprocal space, but have asymmetric lineshapes
considerably broader than instrumental resolution, suggesting strong coupling to phonon modes. The elastic
scattering at zero energy loss shows strong intensity enhancement at (x4, %, I) in reciprocal space, clearly indicating
electronic correlations assigned to dynamical orbital order. Moreover, the low energy quasi-elastic region shows a
feature around 40-80 meV (~323-645 cm*) compatible with the peak in Raman scattering assigned to an orbiton, with
significant momentum dispersion indicative of a collective nature. Polarization resolved experiments are still needed to
confirm the orbital character of this excitation. Nevertheless, the combination of RIXS and Raman have already
provided clear indications of orbital dynamics coupled to phonons in CuSb20s not observed in the canonical orbital
ordering perovskite systems.

[1] E. Saitoh et al. Nature. 410, 180-183 (2001).

[2] J. Li et al. Phys. Rev. Lett. 126, 106401 (2021).

[3] D. T. Maimone et al. Phys. Rev. B. 97, 1-5 (2018).
[4] L. J. P. Ament et al. Rev. Mod. Phys. 83, 67 (2010).
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Synthesis, structural, vibrational and optical
properties of the SrCuSisO10 ceramic.

Rai F. Juca (PG),}*, José S. Sarmento (PG),% Pierre B. A. Fechinea (PQ),?Jo&o M. Soares (PQ),® W. Paraguassu
(PQ),* Francisco F. de Sousa (PQ),* Luiz. F. Lobato (PQ),* Antdnio J. R. de Castro (PQ),> and Gilberto D. Saraiva
(PQ)."

1Deparatamento de Fisica, Universidade Federal de Sergipe, Sdo Cristovdo-SE; 2Grupo de Quimica de Materiais Avangados
(GQMat), Departamento de Quimica Analitica e Fisico-Quimica, Universidade Federal do Ceara, Fortaleza-CE; 3Departamento de
Fisica, Universidade do Estado do Rio Grande do Norte, Mossord-RN; 4Instituto de Ciéncias Exatas e Naturais, Universidade
Federal do Pard, Belém-PA; SUniversidade Federal do Ceara, Quixada-CE; ®Faculdade de Educagéo Ciéncias e Letras do Sertdo
Central, FECLESC, Quixada-CE;

Palavras Chave: SrCuSisO10; Dielectric ceramic; electronic properties; SEM; Raman and IR spectroscopy.

Highlights

Synthesis of the SrCuSisO10 ceramic and analysis by X-Ray diffraction (XRD);
Electronic and electrical properties of SrCuSisO10 ceramic dieletric;

Electron paramagnetic resonance (EPR) of the SrCuSisOuo;

Lattice dynamic calculations (LDC) and density-functional theory (DFT).

Resumo/Abstract |

This research reports the synthesis and characterization of the ceramic SrCuSisO10. To obtain the SrCuSisO1o ceramic
powder, the solid-state synthetic route was applied. The SrCuSisO10 ceramic characterization were made by using X-
ray diffraction, Raman and Fourier transform infrared (FT-IR) spectroscopy, scanning electron microscopy (SEM),
reflectance (R), electron paramagnetic resonance spectrum (EPR), lattice dynamic calculations and the electronic
properties calculations were performed on the basis of Density Functional Theory (DFT). The ceramic SrCuSisO1o
belongs to a tetragonal system with the Pa/ncc space group, containing two formula units per unit cell (Z = 2). SEM
micrographs of the SrCuSisO10 presents a morphology layered microplates with some irregularity in their size and
shapes. The UV-vis diffuse reflectance spectra shown three intense reflection regions. Regarding vibrational properties,
the calculation was performed using a rigid ion model in order to assign the experimental Raman and infrared bands
and the electronic properties calculations were performed based on Density Functional Theory (DFT).
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O espalhamento Raman correlacionado Stokes-anti-Stokes: um estudo da
influéncia da largura temporal do pulso de excitacao.
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Highlights
The Stokes-anti-Stokes (SaS) correlated Raman scattering: a study of the influence of the temporal width of the

excitation pulse. In this work, we studied the influence of the excitation pulse temporal width on the production
efficiency of Stokes-anti-Stokes correlated pairs and measured the spectrum of formation of these pairs.

Resumo/Abstract

Nesse trabalho estudamos o espalhamento Raman correlacionado Stokes-anti-Stokes (SaS) em uma amostra de
diamante e a influéncia que a largura temporal do pulso de excitagdo possui na intensidade de formacéo dos pares
correlacionados produzidos no processo. Para esse estudo foram utilizados dois sistemas de excitacdo com
diferentes larguras temporais de pulso, um com largura temporal de femtossegundos e um com largura temporal de
picossegundos. Com esses lasers de excitagdo foram realizados dois experimentos com diferentes modos de
filtragem do sinal: No primeiro experimento essa filtragem é realizada com filtros passa-banda, e nessa configuracédo
temos uma eficiéncia maior de deteccao que nos permite comparar melhor a eficiéncia de producéo de pares entre
as diferentes excitagdes; no segundo experimento, utilizamos um monocromador para realizar a filtragem do sinal,
essa configuracdo nos possibilita uma varredura no comprimento de onda da deteccdo e, assim, conseguimos
medir o espectro de formacgéo desses pares correlacionados.

Os resultados apresentados nesse trabalho nos mostraram que a eficiéncia na formagéo de pares correlacionados é
maior com o uso do laser de excitagdo de pulso de femtossegundos, 0 que € esperado para um processo Optico
nao-linear. Na regido de frequéncia ressonante Raman, observamos uma intensidade aproximadamente 1,5 vezes
maior com o laser de femtossegundos, e nas regifes fora de ressdnancia a intensidade de formacado foi
aproximadamente 5 vezes mais intensa na regido de frequéncia menor e 9 vezes mais intensa na regido de
frequéncia maior que a frequéncia de ressonancia.

Nas medidas do espectro de formacdo desses pares no entorno da regido de frequéncia ressonante do pico de
espalhamento Raman de primeira ordem, nossos resultados confirmaram a existéncia de uma assimetria na
formacao dos pares entre as regifes de dessintonizacao positiva e negativa. Essa assimetria ainda permanece sem
uma explanacgéo teodrica satisfatoria.
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Estudo das polarizagées dos fotons Stokes e anti-Stokes no espalhamento
inelastico de luz correlacionado no diamante

Tiago Abreu Freitas (PG),"” Paula D’Avila Machado (PQ),2Raul Corréa(PQ),! Lucas V. de Carvalho(PG),' Carlos
H. Monken (PQ),2 Marcelo F. Santos (PQ)?, Ado Jorio (PQ),"2
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Palavras Chave: Informag¢do Quéntica, Espalhamento Raman, Correlacdo Stokes e anti-Stokes, tomografia de estados.

Study of the properties of Stokes and anti-Stokes in the inelastic scattering of light by matter for application in quantum
information

Stokes—anti-Stokes correlated photons.
Photonic transport of information.

Quantum state tomography of two photons.
Two-photons polarization entanglement.
Quantum Transport of Information.

Resumo/Abstract

As ultimas décadas foram marcadas por intensas pesquisas voltadas para a evolugao dos sistemas computacionais e
de comunicagao. Dentro desse contexto, a computacao quantica tem sido uma das areas que mais despertam interesse
e esforgos por parte dos pesquisadores, devido ao imenso potencial oferecido. Pesquisas de informagao quantica tem
passado por inumeros estagios de evolugdo, sendo que o transporte fotdnico apresenta-se como um dos mais
promissores para o processamento de informagdes. Pesquisas relacionadas a geragdo de estados quanticos em
grande escala sdo motivadas devido ao seu potencial para revolucionar a computagao e as comunicagdes por meio de
tecnologias quanticas otimizadas. Os canais de comunicagdo 6tica redefiniram o escopo e as aplicagdes da
computacdo classica; semelhantemente, a transferéncia fotdnica de informagdes quanticas promete abrir novos
cenarios para a computagdo quantica, sendo uma das fronteiras mais promissoras para o processamento de
informagdes. Dentro do contexto da utilizacdo de fétons para o transporte de informagdo, a espectroscopia Raman,
que consiste em uma técnica de espectroscopia 6tica baseada no espalhamento inelastico da luz, onde os fétons
espalhados carregam informagéo referente a energia de vibragdo do meio, apresenta-se como uma via interessante
para a codificagdo e transporte quantico de informacao. Neste trabalho exploramos o fendbmeno do espalhamento
Raman correlacionado, analisando a carater quantico do fendmeno. Foi implementado um aparato experimental para
a medida do carater de correlagao dos fotons gerados nos espalhamentos Stokes e anti-Stokes em diamante,
confirmando seu carater quantico e otimizando o fendbmeno para seu uso na codificagao e transmissao de informagdes.
Mais especificamente, foram realizadas medidas de tomografia de estado gerado sob esta configuragdo, com o objetivo
de caracterizar o estado do fendmeno SaS de forma a validar o emaranhamento em polarizagdo do respectivo
fendbmeno, com objetivo de utiliza-lo como base para implementagdo de um protocolo para codificagdo e transmisséo
de informagoes.
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Synthesis and characterization of hydrochar obtained from nanocellusose
and cellulose.
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Palavras Chave: Biomass Hydrochar, Biochar, FTIR, Carbonaceous materials,

Highlights

e A systematic study on the influence of the reaction parameters to obtaining hydrochars was carried out;
e The hydrochars were characterized by their structural, vibrational, compositional, textural, and morphological
properties.

Resumo/Abstract

The hydrochars (HC) were prepared from hydrothermal carbonization (HTC) of nanocellulose and cellulose. The
reaction parameters (time, temperature, pH and initial mass) were varied to understand the influence of each in the
final products. The Van Krevelen diagram of these HC showed that the carbonization degree is directly proportional to
the initial mass, temperature and reaction time. The compositional analysis CHNS revealed that the reaction medium
acts as a catalyst (acidic pH) or retarding (basic pH) of the carbonization reactions. Furthermore, it was observed that
increasing reactional temperature the carbon contents in the hydrochars were also increased and, consequently,
increasing the heating energy value (HHV). The FTIR spectrum of hydrochar, prepared at 230°C, differs drastically
from the precursor. This distinction can be observed by the spectral profile of the precursor and HC, such as relative
intensity of the bands, width at half height, and disappearance or appearance of several bands. In this context, the
hydrochars have functional groups distinct from the precursor, such as hydroxyls, carboxylic acid, alcohol, and other
chemical groups. In addition, the presence of the C = C bond around 1580 cm™ attributed to the aromatic domains
was identified. It was also revealed that the increase in initial mass, temperature and reaction time intensifies the bands
between 700 and 900 cm™ attributed to C-H and C=C bonds of aromatic rings. The diffraction pattern of hydrochars is
typical of amorphous carbon. The morphology of the particles is irregular, but it was possible to observe some
microsized spherical particles embedded in the carbonaceous matrix. The nitrogen adsorption- desorption isotherms
of the hydrochars were of type Il and Il with type Il hysteresis, reveling that these products are non-porous materials
and they have relatively low specific surface areas (between 19 and 35 m?g™?). The set of results discussed in this work
showed that the HTC process is promising in the generation of carbonaceous or composite materials, making it
possible to add value to biomass and increase its potential for applications.
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Synthesis and characterization of hydrochar and biochar from chitosan
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Palavras Chave: Hydrochar, Biochar, FTIR, Carbonaceous materials, Chitosan.

Highlights

e This work presents a systematic study on the preparation of hydrochar and biochar obtained from the HTC
and pyrolysis of chitosan.

e Materials were characterized to understand structural, vibrational, compositional, textural, and morphological
properties.

Resumo/Abstract

The recent scientific and technological developments from biomass produced with inputs from sustainability using
renewable sources are generating new materials with different properties such as, morphological, porosity and
structural. In this sense, it was used the hydrothermal carbonization (HTC) and pyrolysis from chitosan to produce
carbonaceous materials. The emphasis on the structural and textural properties were given. Furthermore, the influence
of time (6, 12, 24, 48 and 120 h) and temperature (160/180 °C) parameters on the physicochemical characteristics of
hydrothermal carbon was evaluated. The pyrolysis of chitosan was carried out under nitrogen flow, with a heating rate
of 10 °C/min, at temperatures from 200 to 800 °C and remained for 1 h at the desired temperature, with 500 mg of the
initial mass. The structural, textural, compositional, and morphological analyzes were performed using the following
techniques: XRD, EDS, FTIR, Raman, CHN, TGA, SEM, TEM and BET. Typical low structural ordering of amorphous
carbon was observed for the hydrothermal products. Compositional results have shown that the carbon contents
increased with increasing of the time and temperature of HTC. Nitrogen contents varied from 5 to 6 %, independently
of the reaction parameters. Additionally, hydroxyl, amine, and amide groups remained or were produced on solid
surfaces, as show in FTIR. Besides, the biochar (pyrolyzed chitosan) obtained from the pyrolysis carried out at 300 °C
reveals that the chitosan structure was lost, indicating the formation of a non-ordered carbonaceous material,
characteristic of amorphous carbon, but increasing the reaction temperature causes the graphitization process. When
the pyrolysis was carried out at 300 °C, the surface area of the solids was 82 m?/g and the values of the textural
properties decreased with increasing reaction temperature (>500 °C) to values close to zero, indicating a hon-porous
solid. The functional groups of biochar decrease with the increasing temperature of pyrolysis, where the precursor
source undergoes drastic dehydration. The features of the nanomaterials produced in this work enable them to act as
catalyst supports, and new adsorbents, showing promise in agriculture fields as well.
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Number of layers and defect density characterization in graphene. From nano
optics to industrial application
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Palavras Chave: (Espectroscopia Raman, Grafeno, Nano metrologia, Densidade de Defeitos, TERS, Nano éptica.

Highlights

-Tip enchanced Raman Spectroscopy of graphene nanoflakes.
-Defect density caracterization and determination of number of layers of industrially produced graphene.
-Nano caracterization to support in-line quality control protocol of a Graphene production industrial plant.
-Nanometrically resolved non destructive optical caracterization

Resumo/Abstract

The growing interest in the study and application of nanomaterials generated the need to develop specific
metrological tools and methods for the area. This movement gave rise to Nanometrology, a multidisciplinary field
addressing the most diverse knowledge areas. In this work, we discuss the results of Raman spectroscopy
experiments conducted in the nanometric resolution, with the application of tip-enhanced Raman spectroscopy of
graphene nanoflakes produced by liquid phase exfoliation at an industrial scale. With these experiments, we were
able to measure individual nanoflakes in great detail and thus, verify the validity of previous works conducted by the
MG graphene project, where a well-defined relationship between defect density and number of layers was
established. With this relationship validated, we show its applicability in the macro metric monitoring of the industrial
production of graphene, via in-line Raman spectroscopy monitoring of the processing plant. With this development,
we trace a parallel between nano, micro and macro scale raman spectroscopy of Graphene, and apply our findings
to improve industrial production of this material.
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Tip-enhanced Raman Spectroscopy: a historical perspective based on event
chronology analysis
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Palavras Chave: Tip-enhanced Raman Spectroscopy, History Review, Scientific Instrumentation Development, Retrospective
Technology Roadmapping, Event Frame

Highlights

Tip-enhanced Raman spectroscopy is in the verge of raising the community of users by its diffusion to other application
areas. Academic institutions have been the leading actors in this endeavor.

Resumo/Abstract

The development of tip-enhanced Raman spectroscopy (TERS) is studied from the perspective of scientific
instrumentation development [1]. The research is based on the analysis of qualified events in the history of electron
microscopy, scanning probe microscopy and TERS, aimed to capture the influencing factors in the development of a
scientific instrument for nanotechnology. In the case of TERS history, events are qualified papers categorized by
experts as dominated by science (S), technology (T), application (A) and market emphasis (Figure 1). Our results
indicate that although, in total, more papers have focused on technological development, application-oriented works
become the most important type of publication in the last years, mainly by the academic community, alone or in
association with national laboratories [2]. As part of the analysis, we invited TERS VII International Conference
participants to answer an e-mail survey about TERS trajectory. We conclude that to be more diffused, TERS needs to
raise the community of users by being applicable to other areas, which will be possible by turning the instrument in a
“one-hour photo lab” type [3].

Relevance (%)
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Figure 1 — Evolution of relevance (in %) of documents according to the science (S), technology (T), application (A), or
market approach. The inset shows the total accumulated % distribution. The red arrows point on the years of changes
in behavior.

[11 A. Van Helden. The Uses of Science in the Age of Newton. Berkeley: University of California Press, p.49-84 (1993).
[2] M.D.D. Costa, A. Jorio, L.G. Cangado. Journal of Raman Spectroscopy 52:587-599 (2021).
[3] D. Baird, A. Shew. Discovering the Nanoscale. Amsterdam: IOS Press, p. 145-156 (2004).
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Tip-Enhanced Raman spectroscopy (TERS) of TiO@AI.Oz core-shell
nanoparticles
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Palavras Chave: TiOz, Functionalized Nanoparticles, Raman, TERS.

Highlights

On this work, we characterize nanopatrticles (NPs) of TiO, coated with Al.O3 by means of the sub-nano resolution
technique TERS. Results show remarkable differences between the spectra from the isolated nanoparticles in
comparison to the bulk material, suggesting that a strong TERS effect was obtained.

Resumo/Abstract

TiO2 is an inorganic filter commonly used in industry in suncreens due to its protective effect against UV radiation on
the skin. However, its inherent photocatalytic activity limits its use. The process of coating TiO. can decrease this
activity, and one such common coating agent is Al,O3. Hence, on this work, the spectroscopic properties of the
surface functionalization of TiO, with Al,O3 are studied. Analyzing the Raman spectrum of the bulk material (powder
form), we observed four proeminent bands (Fig. 1 a)): at 134 cml, 225 cm™?, 436 cm™* and 597 cml. For the
spectrum of the isolated NPs (Fig. 2 b)), we also observed four peaks: at 144 cm1, 223 cm, 436 cm! and 595 cm-1.
By comparing the Raman spectra of the bulk and dispersed material, there’s a clear change in the relative intensities
and widths of the bands. While the spectrum of the bulk sample, the most intense peaks are at 436 cm! and 597 cm-
1. For the TERS spectrum of a single nanoparticle, the peak at 144 cm seems far away dominant over the other two
bands observed in the bulk material. This suggests that the 436 cm and 597 cm bands are related to bulk
properties. Another remarkable difference between the spectra is the change in the half-width at half-maximum
(HWHM) of the first band of each sample. In the bulk material, the 134 cm* band has HWHM of 8.03 cm-?, for the
isolated NP, the 144 cm! peak has HWHM of 4.82 cmX. Raman peaks assignments and data treatment of the TERS
images are under analysis for today’s date.

Figure 1 — Raman spectra of the a) bulk material and b) isolated nanoparticle.
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Characterization of phosphorous dopped Carbon Quantum Dots by Tip-
Enhanced Raman Spectroscopy
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Palavras Chave: Carbon Quantum Dots, Tip-Enhanced Raman Spectroscopy, Principal Component Analyses.

Highlights |

The isolated doped Carbon Quantum Dot’'s (CQD’s) sample was investigated through Tip-Enhanced Raman
Spectroscopy (TERS) and Principal Componente Analyses (PCA) in order to characterize its structural and surface
defects.

Resumo/Abstract |

Carbon quantum dots have found several applications in recent years, some of them based in dispersed nanopatrticles,
but the complete characterization of its vibrational properties remained unclear, as the Raman spectra of isolated carbon
dots have too low intensity. We have investigated bottom-up synthetized carbon quantum dots (CQDs) prepared using
citric acid and doped with phosphorous in order to characterize its chemical structure in isolated or almost isolated
samples, revealing characteristics that are not evident in bulk samples and that may be relevant for several applications.
The analyses with Tip-Enhanced Raman Spectroscopy (TERS) allowed the characterization in hanoscopic scale of the
doped CQD sample. It was observed that the Raman spectra varies significantly over different carbon dots, indicating
that each one may possess different configurations of terminal groups and defects. The spectra of Figure 1 show that
the vibrational properties of the sample varies quickly from isolated building blocks (Figure 1a) to small aggregates
(Figure 1b), and consequently to bulk sample (Figure 1c). Such a fact can be explained by considering that the study of
isolated CQDs allows a clear analysis of the individual vibrational contributions to the Raman spectrum; another
contribution to this might come from the variation of surface area at each case. Despite most of the bands present in
the bulk sample Raman spectrum are also observed in the TERS spectra of isolated patrticles, they vary significantly in
intensity position over the isolated or almost isolated sample. In order to surpass this difficulty and to provide a detailed
analysis of the Raman peaks, Principal Component Analysis (PCA) tools were employed to process the TERS data.
Finally, part of the results obtained through TERS are in agreement with SERS experiments in purified graphene
guantum dots in reference (Wu et al., 2018).
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Figure 1. (a) TERS spectrum of an isolated CQD. (b) TERS spectrum of a small agregate of CQDs. (c) Confocal Raman spectrum of the CQD's bulk
sample.
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The electron-phonon coupling to produce photoluminescence excitonic
states in the 2D CsPb2Brs related-perovskite
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Keywords: (2D Perovskite, Electron-Phonon Coupling, Raman Spectroscopy, Self-Trapped Excitons).

Highlights

The CsPb2Brs as indirect bandgap material is more susceptible to strong electron-phonon coupling. In L-T Raman and
PL spectroscopy experiments were possible to attribute the origin of the narrow PL.

Abstract
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Figure 1: Low-temperature a) Raman Spectroscopy and b) Photoluminescence experiments
in the 2D CsPb,Brs perovskite-related.

PL spectroscopy (Figure 1b) experiments were possible to attribute the origin of the narrow PL in the material to a

temperatures, Raman (Figure 1la) and

free-excitons (FE) mechanism emission. The low-dimensional sample energy distribution of emissive states excitons
allows a self-trapped exciton (STE) broadband at temperatures lower than 60 K displaying an exciton-exciton
recombination process, where the PL emission increase the intensity. The Raman modes evolution at low

temperatures described the dynamics in the crystal lattice and is dominated by anharmonic effects.
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degree of conversion
Lidiane V. Castro-Hoshino (PQ)*!, Mariana S. Gibin (PG)!, Antonio Medina Neto (PQ)?, Mauro Luciano Baesso
(PQ)%, Francielle Sato (PQ).

lidiane.hoshino@gmail.com

1Physics Departament, Universidade Estadual de Maring4, UEM, Maringa-PR.

Keywords: composite resin, preheating, physicochemical, degree of conversion.

Highlights

Study indicates the heating of the composite resin showed spectral differences between the initial (20 °C) and final
(70 °C) temperature, however, the preheating did not improve the DC.

Abstract

Preheating dental resins improves material flow dynamics, mechanical properties and degree of conversion (DC),
contributing to the restorations longevity [1]. In this sense, the objective of this work was to evaluate the
physicochemical changes caused during heating and the DC of the composite resin (Filtek Universal A2, 3M), using
Raman spectroscopy. A confocal Raman spectrometer (A=785 nm, Senterra, Bruker Optik GmbH) was used in the
analysis. The heating of the sample (n=5) was performed using a temperature control system (T95, Linkam
Scientific) in the range of 20 to 70 °C, for 60 minutes. The degree of conversion (DC) was evaluated by selecting 10
points along the length of the sample (n=5). The analysis as a function of heating show spectral differences when
compared to the group at the initial temperature (20 °C), indicating physicochemical changes. Principal Component
Analysis (PCA) was applied to the spectra to distinguish the different temperatures. In PC1 loading, it was observed
that the bands 1639, 1026 and 996 cm! present a great contribution to differentiate the spectra. To quantify the
bands, the area under the curve of each region was calculated. The results showed a statistically significant
difference between the initial (20 °C) and final (70 °C) temperatures. The monitoring of the samples temperature for
the evaluation of the DC showed that after preheating the resin was at 59.90 °C, after being inserted into the matrix
and before photoactivation it was at 26.10 °C. The DC analysis were performed by evaluating the area ratio of the
bands centered at 1639 and 1600 cm™, referring to the aliphatic C=C and aromatic C=C bands, respectively. The
results showed the same decreasing behavior between the group at initial temperature (20 °C) and preheated to
(70 °C). The heating of the samples showed spectral differences between the initial (20 °C) and final (70 °C)
temperature, however, the preheating did not improve the DC.
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Highlights

A chitosan/graphene oxide/polyethyleneimine sponge was synthesized for the removal of heavy metal ions, where the
sponges could be easily collected from the wastewater after the adsorption process.

Resumo/Abstract

Cobre () e niquel (Il) sdo metais pesados e, portanto, toxicos e bioacumulativos. Assim, quando liberados no meio
ambiente de forma descontrolada, esses elementos podem causar efeitos indesejaveis a saide humana e ao préprio
ambiente. O 6xido de grafeno tem atraido grande atencdo em remediacédo ambiental devido a sua estrutura distinta,
muitos grupos tensoativos e alta estabilidade. No entanto, o OG tende a se auto-empilhar ou agregar de forma
irreversivel em razéo de suas fortes interacdes interplanares, que reduzem sua &rea de superficie substancialmente
e, assim, enfraguecem sua performance de aplicagdo no tratamento de aguas residuais. A polietilenoimina (PEI)
contém uma grande quantidade de aminas que sdo fracBes ativas facilitam as ligacdes ion-amida. Neste trabalho,
preparou-se scaffolds a partir de OG, PEI e quitosana para remoc¢édo de ions Cu?* e Ni** presente em solucdes
aquosas. Para a sintese do OG foi empregado o método de Hummer’s modificado, que consiste em oxidar o p6 de
grafite (com tamanho menor que 20 pm / Sigma-Aldrich) utilizando um agente oxidante em meio &cido. Seguidamente,
0 OG foi funcionalizado com a PEI e realizada a preparacgao das esponjas fazendo uso da quitosana pelo método de
dispersdo. Os grupos funcionais presentes OG/PEI servem como sitios de ligacdo para a complexacao de ions de
metais pesados. Para caracterizar os grupos funcionais nos componentes e as esponjas resultantes, experimentos
de FTIR foram realizados. Para o OG, as bandas dominantes em torno de 3326, 2976 e 1730 cm™ foram atribuidas
a uma vibragéo de estiramento de —OH ou —COOH, —CHs e C=0, respectivamente, demonstrando a formac&o de
grupos contendo oxigénio na superficie das nanofolhas. Para GO@PEI, as bandas em torno de 1124 cm, relativos
ao estiramento C—N, e o desaparecimento em 837, 3293 e 3369 cm™, correspondente a deformagdo N—H fora do
plano e aos estiramentos NH: simétrico e assimétrico, respectivamente, confirmando a funcionalizagdo do
nanomaterial. No espectro Raman das amostras de OG e grafite, usado como material de partida, revela a banda em
1330 cm™ associada ao modo vibracional das arestas de grafite que é conhecido como desordem ou banda “D”. A
banda em torno de 1580 cm™ é conhecida como banda “G” ou banda de grafite. Ap6s a redugdo do OG pela
polietilenoimina, a intensidade da banda “D” aumenta em relagéo a banda “G” devido a redug¢ao do OG. Os resultados
de difracdo de raios-X confirmam o éxito da sintese. Foi realizado os experimentos de adsor¢ao de ions de metais
pesados comprovando a capacidade adsorvente para captura de Cu?* e Ni?*.
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