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Estudo de materiais nanoestruturados
e além!)

'y

Andre Geim (right) and Konstantin Novoselov (left) in their laboratory at the University of Manchester, 2010.
Copyright © Nobel Media 2010
Photo: Yana Audas

Nobel em Fisica de 2010!!!

*Jorio, A., et al. Raman Spectroscopy in Graphene Related Systems. John Wiley & Sons, 2010.
** Wikimedia Commons
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Espectros
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Espectroscopia Raman

»Modos vibracionais especificos de cada
configuracao atdmica;

» Sensitividade: camadas de espessura atbmica
(grafeno e outros materiais 2D);

» Efeitos do meio ou customizacdo das
amostras: dopagem, oxidacao, aplicacao de

tensao, etc;

*Jorio, Ado, et al. Raman Spectroscopy in Graphene Related Systems. John Wiley & Sons, 2010.
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Terras Pretas de [ndios da Amazonia
(TPI’s)

U1
»Solos extremamente férteis;

1
> Alta estabilidade e resisténcia;

»Ocupacao por populacoes indl'genas;1
> Até 70 vezes mais carbono estavel;

» Esforgos: produzir a “Terra Preta Nova”;

» Préticas agricolas sustentaveis.

ILehmann, Johannes, ed. Amazonian dark earths: origin, properties, management. Springer, 2003.
2B. Glaser et al. Naturwissenschaften 88(1), 37-41 (2001).



Espectro Raman de materiais de
carbono

» Posicao e formas das bandas D e G e a desordem estrutural;
G band
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Adaptado de A. C. Ferrari and J. Robertson. Phys. Rev. B 61 (20) (2000)
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Nanografite
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1L.G. Cancado et al. Appl. Phys. Lett. 88(16):163106 (2006)

1.0
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2Tuinstra, F., and J. L. Koenig. The Journal of Chemical Physics 53(3) (1970): 1126-1130.



Raman do conteudo carbonaceo em solos

» Espectroscopia Raman do conteudo de carbono encontrado em solos antropogénicos
(Indian Dark Earths ou “Terras Pretas de indios”):

* Jorio, A., et al. Soil and Tillage Research 122 (2012): 61-66. L,/ nm
* Ribeiro-Soares, J., et al. Journal of Raman Spectroscopy 44(2) (2013): 283-289.
* Pagano, M., et al. Soil and Tillage Research 155 (2016): 298-307. ST ' 8
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*B. Glaser et al. Naturwissenschaften 88, 31-41 (2001)



Raman do conteudo carbonaceo em solos

» Espectroscopia Raman do conteddo de carbono encontrado em solos antropogénicos
(Indian Dark Earths ou “Terras Pretas de indios”):

* Jorio, A, et al. Soil and Tillage Research 122 (2012): 61-66.
* Ribeiro-Soares, J., et al. Journal of Raman Spectroscopy 44(2) (2013): 283-289.
* Pagano, M., et al. Soil and Tillage Research 155 (2016): 298-307.
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Sintese, caracterizacao, e engenharia
de biocarvoes

» "Preparation of mesoporous activated carbon from defective coffee beans for adsorption of fresh whey proteins.”
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Carneiro, J. S. S, et al. ACS Sustainable Chemistry & Engineering 6.11 (2018): 14203-14212.



Sintese, caracterizacao, e engenharia
de biocarvoes

» "Carbon Stability of Engineered Biochar-Based Phosphate Fertilizers”
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Carneiro, J. S. S., et al. ACS Sustainable Chemistry & Engineering 6.11 (2018): 14203-14212.



Sintese, caracterizacao, e engenharia
de biocarvoes

» "Biochar and graphene oxide composite as a matrix to produce micronutrient fertilizers”
» Epoxi, hidroxilas, carbonila, carboxilicos

Franca, J. R. et al. In preparation.
Carneiro, J. S. S., et al. In preparation.



Sintese, caracterizacao, e engenharia

de biocarvoes

» " Biochar-graphene oxide composite is efficient to adsorb and deliver copper and zinc in tropical soi
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Carneiro, J. S., et al. Journal of Cleaner Production (2022): 132170..
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Sintese, caracterizaca
biocarvoes

» "Biochar-graphene oxide composite is efficient to adsorb and deliver copper and zinc in tropical soil”
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Estudo de biocarvdes de casca de café
para producao de fertilizantes avangados

CASCAS DE CAFE
. Secagem
E . Moagem
[ Peneiragdo

» Caracterizagao +—

BIOCARVAD +
ACIDO+ZN

— PIROLISE Impregnagao com Zn

: Temperatura: 300, 550, 650 e 800°C :
Taxa de aquecimento: 2, 4, 6 e 8°C/min | Tratamento Quimico
Tempo de residéncia: 40 min

*Brito, A., et al. In preparation.

y

BIOCARVAO + ACIDO

Antonia Brito

Nan t



Sintese, caracterizacao, e engenharia
de biocarvoes

» "Preparation of mesoporous activated carbon from defective coffee beans for adsorption of fresh whey proteins.” *
» “Influence of methyl groups in triphenylmethane dyes on their adsorption on biochars from coffee husks”; **

» “Effect of pyrolysis temperature in the adsorption behavior of phenol in biochars from Cofee husks and Banana leaves” i

'\ G band

Intensity (a.u.)
Intensity (a.u.)

' 600 800 1000 1200 1400 1600 1800 2000 1000 1200 1400 1600 1800
N Y g Wavenumber / cm™ Wavenumber / cm™

EHT = 20.00 kV Signat A= SE1 Date 9 Feb 2013
WO = 11.5mm Photo No. = 18545 Time :8:48:12

L,~9,3nm
* Batista, G. A., et al. Acta Scientiarum. Technology 42 (2020): e45914-e45914.

**Castro, A. E., et al. Submitted 25
*** L opez, M. A. R,, et al. Submitted



Sintese, caracterizacao, e engenharia
de biocarvoes

» "Production of engineered-biochar under different pyrolysis conditions for phosphorus removal from aqueous
solution”

Muffle furnace (M)

low oxygen
—

Maximum
. . 5 Biochar adsorption

o Electrostatic attraction Mz 1

Biochar  adsorption mgg

PMB-M-Al 33.33

o Surface complexes mg g'! PMB-N.-Al 27.16

L PMB-M-Mg  231.27 \—— 2 :
o Protonation processes PMB-N,-Mg  167.21

o Physical adsorption in the pores &? .‘
O Engineer biochar

o Precipitation @ Phosphate

Nardis, B. O., et al. Science of the Total Environment, (2021): 151559-X



Journal of Environmental Chemical Engineering 11 (2023) 110761
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Journal of Environmental Chemical Engineering 12 (2024) 113499
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Influence of Mn precursor on pre-pyrolysis modification of sugarcane
bagasse biochar for enhanced removal of 2,4-dichlorophenoxyacetic acid
from aqueous solutions: Experimental and theoretical insights

Thamiris Ferreira Souza °, Raphael Longuinhos Monteiro Lobato ™ *', Jiilia Borges Camargos°,
Gabriel Max Dias Ferreira ©, Jenaina Ribeiro-Soares ”, Guilherme Max Dias Ferreira™ >
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Fonte de biomassa: Casca de cafée

2= AN . ™
Casca de café: produtores ja utilizam biocarvao em larga escala;

Brasil: 50 milhdes de sacas por ano;

Brasil: 2,1 milhdes de hectares produzem café (no Chile, esse é o total de todas as
culturas);

1 saca de 60 kg: gera outra saca de 60 kg de residuos;
3 milhoes de toneladas de biomassa por ano;
Exemplo: NetZero (Lajinha-MG):

4000 toneladas por ano de biocarvao, operacao continua (24/7), automatizada, 25
pessoas operando a planta.




|
©
C
©
O

|I0MasSa.

Fontede b

V4

ltivada

* 8,3 milhoes de hectares de area cu

duzidas

@)

S

o

S

©

= S
lw... w
3 O
Q S
S 0
© O
(ax ©
© Qo -
o ©
) Q-
o) Q
0 o)
© v
o) ©
© o)
K] ©
(e (]
o) C
= @)
Q L
o) Q
o o)
Q = (7))
00 < Q
< 0
”m Lo
s & =
P

LN o
o O o0
*Q\ *




Sumario

Perfil de formagao e background;
Breve introduc¢ao a Espectroscopia Raman;

Pesquisas recentes de impacto tecnoldgico e social

Materiais Carbonaceos em solos Antropogénicos e nanofertilizantes;

Instrumentacao para Microscopia de Forca Atdbmica e Raman Intensificado por ponta;
Nanomateriais 2D além-grafeno (minerais estratégicos).

Colaboracdes diversas

Outras atividades de pesquisadora/professora
Atividades de Ensino e extensao

Captacao de recursos

Premiacdes relevantes

Grupo de pesquisa

Conclusoes, perspectivas e perguntas

31



Instrumentacao para Microscopia de Forca
Atdmica e Raman intensificado por ponta
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Medidas em nanomateriais 2D (NbSe2)

1
00 1: Height 20.0 pm

I 1 I 1
0.0 2: Phase 20.0 pm 0.0 3: Amplitude 20.0 pm

N\

» Contraste 6ptico: buracos. AFM: ndo mostra isso com clareza!




Med

das em nanomateriais 2D (NbSe2)

IN BVl 212 20.0 nm

3: Amplitude

» Foco do laser: diminui o tamanho das bolhas e gera estrago no material
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a)

Medidas em nanomateriais 2D (NbSe2)

200 nm

Raman Intensity
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Montagem da cabeca de AFM (scan-head)




Montagem da cabeca de AFM (scan-head)
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Eletronica da scan-head




Eletronica da scan-head




Eletronica da scan-head




Material gerado na parte experimental




Teste com nanotubos de carbono

1 IFM =
J, \ J I\ ’ G ‘
M\ '/Vr.\ ‘A \;*JN"‘ W‘-‘\,wﬂ e e T S — . ‘”‘.z
o 1 2 a4 300 600 900 1200 1500 .
* L. G. Cancado (um) Raman shift (cm™)



Instrumentacao para Microscopia de Forca
Atdmica e Raman intensificado por ponta
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Producao de novas sondas

* Realizacao de testes de intensificacao de sinal Raman com piramides e
“machados” de ouro

HV WD mag tilt HFW mode det 20 pm
5.00 kV 10.1 mm 2 500 x 52 ° 51.2 ym SE ETD Dual Beam - Centro Microscopia UF

f) ] 3 y
* Texto do pedido de depdsito da patente “Dispositivo Macico com extremidade unidimensional para microscopia e espectroscopia optica de campo-proximo”, com depdsito em

28/12/11 e depdsito de prioridade interna em 26/12/12. Instituto Nacional da Propriedade Industrial - INPI (2012) 45



Raman Intensity

Producao de novas sondas

e Teste com o “machado”: sinal Raman intensificado!

™ Primeiro TERS com “machado”

»Nanotubos:

Ponto "1" Ponto "2"
Tip up Tip up 1
- [—— Tip down —— Tip down

Ramaﬁ Intensitly

A

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 250 500 750 1000 1250 1500 1750 200
Raman Shift (cm'1) Raman Shift (cm'1)

——
0 2250 2500 275
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Producao de novas sondas

* Patent: (21) BR 10 2012 033304-0 A2 “Dispositivo Macico com extremidade unidimensional para microscopia e espectroscopia éptica de campo-
proximo”. Instituto Nacional da Propriedade Industrial - INPI (2012-2014).

* Patent: (21) BR 10 2012 026973-2 A2 “Dispositivo Macico encapado com nanocone de carbono para microscopia e espectroscopia por varredura de
sonda”. Instituto Nacional da Propriedade Industrial - INPI (2012-2014).

* Cano-Marquez, A. G. et al. Scientific Reports 5, 10408 (2015).

0 r - _
1 0 100 200 300 400 500 600 70O 800 900
Lateral position (nm)
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Instrumentacao para Microscopia de Forca
Atdmica e Raman intensificado por ponta

Microscépio de Varredura por Tunelamento (STM) e Microscépio de Varredura por Sonda (AFM).

Controlador
do Plezo
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Microcontrolador
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Raman intensificado por ponta

ICa €
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Instrumentacdo para Microscopia de Forca
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Instrumentacao para Microscopia de Forg
Atdmica e Raman intensificado por ponta

Height (nm|

0.6
0.2
0.2
-0.6

Scan Controls

Sample Bias: 1

Setpoint: oo
Scan Resolution: ;v,,,

Scan Size: 7
Line Rate:
P-Gain: t

|-Gain: r
Z-Scale:
EScale: (8000

Engage tip Retract tip

Save directory

Browse ‘ [] Overwrite previous scans

A

File name: | STM_Scan_atom

Z-piezo voltage

Extended Retracted

[ SiiCargrsion |
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Instrumentacao para Microscopia de Forca
Atdmica e Raman intensificado por ponta

s

Height (nm|

™

Scan Controls
Sample Bias: 600 2 mV
Setpoint: |0.50 2 nA
Scan Resolution: 512 3 Pixels
Scan Size: 900 3| nm
Line Rate: |6.00 3| Hz
P-Gain: 10000 =
1-Gain: 30000 =
Z-Scale: |10.00 | nm
E-Scale: 100000 $1 LSBs
Engage tip Retract tip
COM port
[com3 v| | Refresh
Save directory
Browse [] Overwrite previous scans
File name: [STM_Scan_1669 |
Z-piezo voltage
Extended Retracted
STM Configuration
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Instrumentacao para Micros
Atdmica e Raman intensifica

Indicacdo institucional da UFLA como melhor trabalho PIBITI/CNPq para concorrer ao prémio nacional de IC do CNPg em 2019

e 2 02 0 0.00 ym 0.05 0.10 0.15 0.20 0.25
0.00

0.05
0.10
0.15 |

020 =

025 [===—uu
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Instrumentacao para Micros
Atdmica e Raman intensifica

Indicacdo institucional da UFLA como melhor trabalho PIBITI/CNPq para concorrer ao prémio nacional de IC do CNPg em 2019

e 2 02 0 0.00 ym 0.05 0.10 0.15 0.20 0.25
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| L) GOVERNO DO ESTADO DE MINAS GERAIS

Fundacao de Amparo a Pesquisa do Estado de Minas Gerais

FAPEMIG

FAPEMIG - Chamada n2. 3/2023
Belo Horizonte, 10 de fevereiro de 2023.
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Multiusuario de Nanoscopia na Ufla: Inovacao na Fronteira da
Nanotecnologia e suas Aplicacoes

Producao de Conhecimento para Solucdoes Naturais Associadas
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PORTO TERS SYSTEM

Tip-enhanced Raman Spectroscopy that actually works




Laboratdrio de Materiais Avancados e
Minerais Estratégicos — LMM/UFLA
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Laboratorio Multiusuario de
Nanoespectroscopia-LMN/UFLA

Micro e nanofabricacao de

Heteroestruturas Patricia Afonso
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Nanomateriais 2D além-grafeno (minerais estratégicos).



Tecnologias e concepcdes com novos
nanomateriais

* ). Beaudoin, J. Makar, L. Mitchell, and L. Raki at https://www.nrc-cnrc.gc.ca/eng/achievements/highlights/2005/nanotechnology concrete.html 62
** Model wears world’s first graphene dress at Manchester launch. Photograph: Christopher Thomond for the Guardian
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Perspectivas sobre pesquisa em grafeno e
outros materiais bidimensionais

» 2004: grafeno é isolado e caracterizado;

» Possibilidade de explorar outros materiais 2D;
*
1\
m i
4
Nitreto de boro (hexagonal) Quintuple ¢ o | =
Layer *3
d XD =
BIue fosforeno c érl o
d XD
b, [1b, b3 O Bi
d ! o) Sel
| dical RAAA - of%50° .
MX tal di éni
, (metal dicalcogénios) <N Y &%%4 -
Blark fosforeno

* Forster, F., et al. Physical Review B 88 (8)(2013): 085419..
** Zhang, J., et al. Nano letters 11(6)(2011): 2407-2414. KCa,Nb;0,, (Peroviskite) g3
*** Bizeto, M. A. et al. Journal of Materials Chemistry 19 (17) (2009): 2512-2525.



Perspectivas sobre pes
outros materiais bidim

M = Transition metal
Li Be X = Chalcogen B C€C N O F
Na 12 Al Si P s Cl Ar
K Zn Ga Ge As Se Br Kr
Rb Cd In Sn Sb Te | Xe
Cs Hg Tl Pb Bi Po At Rn
Fr

Cn Uut FI Uup Lv Uus Uuo

L/ N
Trigonal prismatic (2H) Octahedral (1T)

*M. Chhowalla et al. Nat. Chem., 5 (2013). DOI: 10.1038/NCHEM.1589.



Perspectivas sobre pesquisa em grafeno e
outros materiais bidimensionais

12 Al Si P

H MX,
M = Transition metal

Li Be X = Chalcogen
MNa Mg 4 5 B 7 8 g 10 11

K Ca Sc Ti A"} Cr Mn Fe Co Ni Cu
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag
Cs Ba La-Lu| Hf Ta w Re Os Ir Pt Au
Fr  Ra Ac-Lr Rf Db Sg Bh Hs Mt Ds Rg

Zn Ga Ge As

Cd In Sn Sb

Se

Te

Hg TI Pb Bi

Cn  Uut FI  Uup

Po

Lv

*
He
F Ne
Cl Ar
Br Kr

I xe | °Transition Metal

Dichalcogenides;
At Rn

Uus Uuo

* Adapted from M. Chhowalla et al. Nat. Chem., 5 (2013). DOI: 10.1038/NCHEM.1589.

Trigonal prismatic (2H)

Octahedral (1T)
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Perspectivas sobre pesquisa em grafeno e
outros materiais bidimensionais

H MX, MX He
M = Transition metal | | M = Family IV-VI metal
Li Be X = Chalcogen X = Chalcogen B C N o) F Ne
Na Mg 4 5 6 7 8 9 10 1" 12 Al Si P S Cl Ar
K Ca Sc Ti v Cr Mn Fe Co Ni Cu Zn Ga Ge | As Se Br Kr
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag | Cd In Sn | Sb Te | Xe
Cs Ba lLa-Luf Hf Ta W ' Re Os Ir Pt Au | Hg | T Pb | Bi Po At Rn
Fr  Ra Ac-Lr Rf Db Sg Bh Hs Mt Ds Rg Cn Uut FI' Uup Lv Uus Uuo

Trigonal prismatic (2H)

Octahedral (1T)

* Adapted from M. Chhowalla et al. Nat. Chem., 5 (2013). DOI: 10.1038/NCHEM.1589.

*Transition Metal
Dichalcogenides;

* Post-transition Metal
Monochalcogenides;
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Grafeno e materiais além-grafeno:
varias possibilidades

MoSe MoS
Black E 2
Graphene phosphorus heN
Woe,
- Electric » «—— Thickness —» +«— Thickness, strain ———»
field Electric field? Strain? Electric field?
0 0.5 1.0 1.5 2.0 // 5.0
Bandgap (V)

Adapted from: Churchill, H. O. H., and Jarillo-Herrero, P. Nature Nanotechnology 9(5) (2014): 330-331.
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Raman Intensity (Arb. units)

Resposta espectroscopica de diferentes
nanomateriais bidimensionais

Graphene

1250 1500 1750 2000 2250 2500 2750
Raman Shift (cm'1)

Raman Intensity (Arb. units)
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Bulk (x 0.02 S
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[e]

3 OéIbO
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1300 1325 1350 1375 1400 1425

Raman Shift (cm'1)
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A _MoSe,
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Raman Shift (cm'1)

350 400 450

Yo Ve _| Sb,Te, E;
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T4 g
e E <
5 ?D 3 2
2
I 5
e 1=
b, 85 b0 Bi =
©
p oSe; E
%% oSezrﬂgU Bi,Se, Al
D (8QL) "1
/(T/ 1 " 1 L 1 L 1 L 1 " 1 1

19

25 50 75 100 125 150 175 200

Raman Shift (cm™)

1 Several references: contact me at jenaina.soares@ufla.br for further information.

Raman Intensity (Arb. units)
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Simetria de vibracdes em materiais
metal dicalcogénios bidimensionais

Modos de baixa frequéncia em GaSe

BGaSe e-GaSe
(a) (c) |
€ ﬁf b ¢;- { "fo u ii"
< od | rad 4
¢ e o § od o €4
-d -0 -d (‘-d ‘i.('q "‘5“

R S S (R0 5 S

1§88 8¢

*Longuinhos, R. and Ribeiro-Soares, J. Phys. Chem. Chem. Phys., (2016), 18, 25401




Simetria de vibracdes em materiais
metal dicalcogénios bidimensionais

Shear Breathing

2 N-3
Wy gy Wy sm

Longuinhos, R. and Ribeiro-Soares, J. Phys. Chem. Chem. Phys., (2016), 18, 25401
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| ® R+IR active

| M R active
L A IR active
| M | )

Wavenumber (cm™)
- N N
(4} o (4]

-d
o

" M R active

-4\ IR active

- Q Inactive
1 " L

()]

T ® R+IR active

-l R active

1 A IR active
L i 1 i

2 3

Bulkk 2 3

Longuinhos, R. and Ribeiro-Soares, J. Phys. Chem. Chem. Phys., (2016), 18, 25401
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Simetria de vibracdes em materiais
metal dicalcogénios bidimensionais

N TABLE III.
, Kisy K .
z Materials (10191‘\:’]}1113\} {1019[‘{?}1113\} References
L 4 B-GaSe 1.20 153 This work
e-(zadSe 1.35 4.30 This w_m'k
N-2 i .l'l Kppu psu 1 o —1)m NL graphene 1.3 9.1 bi,m
: WLBM LSM = \vll umc? e v hBN 2.0° 9.8% o
! MoSs2 2.72 8.62 14
WSes 3.07 8.63 e
E K 1T'-ReSes 1.78 6.9 59
2H e-ReSes 1.94 6.9 o
TL=1 “Obtained from the adjustment of theoretical data from the

references.

Constantes elasticas: , i , -
Cyy = Kpspt and Cs3 = Kpput

Cly =95 GPa and Chy = 35.7 GPa. €5, = 10.6 GPa and C5, = 33.8 GPa
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Longuinhos, R. and Ribeiro-Soares, J. Phys. Chem. Chem. Phys., (2016), 18, 25401



Tensao aplicada em um
de GaSe

Longuinhos, R. and Ribeiro-Soares, Phys. Rev. Applied, (2019), 11, 024012
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GaSe armchair and zigzag strain (ac, zz)
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TERS em GaS: a intensidade do modo
Ay,

Tip-Enhanced Raman Spectroscopy in GaS: A;, modes vs number of layers

A

1g 5 T II TT II TTTT II TT II TTTT I TTT II TTT II TTTT || I I I I I I
(a) — Tip-down (b) Al Tip-down
Tip [~ Tip-up ’ .
'4 — -1 lﬁ"l;]
- , 187.9 (7.3) em”
_.:-:.‘I- - —.) 1n} = 5.2 _':-:l
2 Frens(A',) = 3.2 Z 358.4 (8.1) cm”
i - — : —
= [ =
Q| @ ‘
N2 N Tip-up
™ I Y] )
—l E E 188.2 (6,1) cm
E 1] E 359.4 (7.1) em”
ﬂ Lo o by by s by s te ol eagalarag sl v v b by v P v by vy by s p Wy s liaeg
180 210 240 270 300 330 360 390 180 210 240 270 300 330 360 390
. =
: =1
Raman shift cm™) Raman shift cm™y
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Raman em GaS: dados experimentais
vs simulacdes para varias camadas

Intensity (arb. units)

Alencar, R. S., et al. Physical Review B 102.16 (2020): 165307.
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Issue 43, 2024 Previous Article Next Article

From the journal:

Physical Chemistry Chemical Physics

Physical Chemistry Chemical Physics 25
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Enhanced Exciton Thermal Stability and Phonon Anharmonicity in Twisted
Bilayer MoS,: Implications for Nano-Optoelectronic Devices
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Jacutingaita: novo mineral laminar do
grupo da platina (Pt,HgSe,)

» 2008: Itabira, Minas Gerais state, Brazil;
> 2018: 1L, topological gap of ~ 0.5 eV;" ™ Haematite

»“The most outstanding QSHI among more than 1,000
novel 2D exfoliable materials”; ™"
Atheneite

» |sostructural to tilkerodeite (Pd,HgSe;);
50 pm

> Structural information + fast and reliable identification?

* Cabral, A. R., et al., Terra Nova 20.1 (2008): 32-37.
**Marrazzo, A., et al., Physical review letters 120.11 (2018): 117701.
***Mounet, N., et al. Nature nanotechnology 13.3 (2018): 246-252.

****Longuinhos, R., et al. Journal of Raman Spectroscopy 51.2 (2020): 357-365.




Modos vibracionais

— Unbolari'zed '
— Parallel
—— Cross

—

Raman Intensity

75 100 125 150 175 200 225
Wavenumber/cm”

Flat' = 3A1g @ 1A2g @ 4Eg @ ZAlu @ 6A2u@8Eu

®)

Longuinhos, R., et al. Journal of Raman Spectroscopy 51.2 (2020): 357-365.



Frequéncia dos modos raman:
experimentos vs simulacoes

Irr. LDA-PW LDA-PZ LDA-PZ+SOC rVV10 GGA-PBEsol Exp.
E; 74.2 75.6 75.8 63.7 69.0 —
Ai'g 95.4 96.9 95.3 82.9 89.6 90.7
E; 131.0 132.6 126.7 1194 127.4 130.1
E§ 179.9 180.8 178.9 163.0 176.8 180.9
A%g 201.8 203.4 200.6 186.5 196.4 201.5
Aig 207.5 208.8 205.6 189.5 202.8 205.3
Eé 213.9 213.8 211.1 193.6 209.9 210.5
MRE?* (%) 1.36 2.15 0.22 —8.31 —1.60

Longuinhos, R., et al. Journal of Raman Spectroscopy 51.2 (2020): 357-365.



Deslocamentos atbmicos para cada
modo vibracional

Longuinhos, R., et al. Journal of Raman Spectroscopy 51.2 (2020): 357-365.
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Estudos estruturais e espectroscopicos

de Jacutingaita
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* %k

Familia PdCuBiX;: simulagdes e
experimentos

' ' ‘ ' ' ' ' ‘ Mathaus
* % % ) .
Henrique da Silva
Alves
% %k %
. :
=
[0)
O
@©
i,
(7]
c
Q
£
* %
Lattice Parameters Experimental Data ab initio Data i
PdCuBiSs | PdCuBiSes PdCuBiTes | PdCuBiSs | PdCuBiSes | PdCuBiTes - .
norm of a 4.8847(8) | 5.00520(10) A | - 4774 A 4,886 A 5169 A Antonia Brito
norm of b 7.5885(11) | 7.9921(2) A - 7,565 A 7,846 A 8,122 A +
norm of ¢ 12.8646(10) | 13,5969(2) A | - 12,562 A 13217 A 13,675 A ! ! ' ) '
Volume 476.86(11) | 543,90(2) A | - 453,630 A3 | 506,786 A3 | 574,187 A3 100 150 200 250 300
p Post doc (next
Deslocamento Raman (cm™)
months)

* VYMAZALOVA, A. et al. Roterbirite, PdCuBiSe3, a new mineral species from the roter bar mine, harz mountains, germany. Mineralogy and Petrology, Springer, v. 114,
p. 443-451, 2020. 84 *

IMat

**Alves, M. H. S., et al. In preparation. ***Brito, A., et al. In preparation. N ane




Talco, or pedra sabao (Mg,Si,O

» Abundant, from Ouro Preto, Minas Gerais, Brazil; (€)

» Softest known mineral, high-quality basal cleavage,
stable;

»Insulator (bandgap of ~ 5 eV);

> Structural information + fast and reliable identification?

Min | [ s §
. R
: ?‘g | gL},sca%?;zzg
O
o po .

85
* Longuinhos, R., et al. The Journal of Physical Chemistry C 127.12 (2023): 5876-5885.




SINS: synchrotron infrared nanospectroscopy

IR

340.8

384.3
393.1
424.5
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simulated IR

318.2
341.3

373.5; 3759
397.0
401.5
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IR

450.2
464.8
501.7

334.5

670.5
690.1

simulated IR

4499
462.6
502.6; 512.2
549.3
650.6
655.2
687.0

* Longuinhos, R., et al. The Journal of Physical Chemistry C 127.12 (2023): 5876-5885.

Bulk SINS experimental vs simulated:
anticorrelated intensities?

Bulk (300-750 cm-1 range):
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Atomic displacements

Mg-O, O-H and Si-O
(c) bending and stretching

b et
oo &% i s

Mg-O, O-H and Si-O
(a) bending

318.20 cm’ 1 341.34 cm’ 1 375.87 cm’ -1 502.61 (3""'1 51217 Cm" 549.27 Cm"
Mg-o and O-H . O-H Mg-O, and Si-O
bending and stretching (d) bending and stretching stretching

Qz" W N w8
A XL & X - @ M
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* Longuinhos, R., et al. The Journal of Physical Chemistry C 127.12 (2023): 5876-5885.



Atomic displacements: inten
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Atomic displacements: intensities?

tip;

» Excitation of dipole moment oscillations parallel to the tip axis

» Conventional IR: couple to in-plane dipole moment oscillations
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* Longuinhos, R., et al. The Journal of Physical Chemistry C 127.12 (2023): 5876-5885.



Raman accordin
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* Longuinhos, R., et al. The Journal of Physical Chemistry C 127.12 (2023): 5876-5885.



Raman low-freque
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* Longuinhos, R., et al. The Journal of Physical Chemistry C 127.12 (2023): 5876-5885.



Raman low-frequency modes (< 100 cm?)
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Raman and Far-Infrared Synchrotron Nanospectroscopy of Layered
Crystalline Talc: Vibrational Properties, Interlayer Coupling, and Symmetry
Crossover

Raphael Longuinhos, Alisson R. Cadore, Hans A. Bechtel, Christiano J S De Matos, Raul O. Freitas, Jenaina Ribeiro-Soares* and Ingrid D. Barcelos*
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Nitretos de carbono lamelares

Dessalinizacao de agua, filtragem seletiva, novos semicondutores... *

Bandgap modificavel entre 1.55 eV e
1.03 eV, da monocamada ao “bulk”

* Longuinhos, R., and J. Ribeiro-Soares. "Stable holey two-dimensional C2N structures with tunable electronic structure." Physical Review B 97.19 (2018): 1951109.
**Garcia, J. M. A., et al. In preparation 34



Grafinos e filtros molecula Nan&xMat
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Selective Electron—Phonon Coupling in
Dimerized 1T-TaS, Revealed by Resonance

Raman Spectroscopy

Sergio L. L. M. Ramos,*" Bruno R. Carvalho,*" Raphael Longuinhos Monteiro Lobato,
Jenaina Ribeiro-Soares, Cristiano Fantini, Henrique B. Ribeiro, Laurent Molino, Ryan Plumadore,
Tony Heinz, Adina Luican-Mayer, and Marcos A. Pimenta™

Cite This: https://doi.org/10.1021/acsnano.3c03902 Read Online
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Science and Technology of 2D MoS2

D2 Late
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Science and

Technology
of 2D MoS2

Overview Buy print copy

Editors: Dattatray). Late, Chandra Sekhar Rout

A Hardcover Book USD199.99

. . Price excludes VAT (Brazil)
® Offers comprehensive coverage of 2D MoS2 materials

® Provides the keys to understanding the emerging area of MoS2 devices This title has not yet been released. You

® Coversa brief history of M0S2, its origin, properties, and applications in various field . . .
Y gin, prop ’ PP may pre-order it now and we will ship your

orderwheniitis published on|25 Nov 2024.




Finep realiza o 5° Seminario sobre Neoindustrializacao sob o tema Minerais Estratégicos no contexto de um Projeto Nacional

Finep realiza o 5° Semindrio sobre Neoindustrializagao

sob o tema Minerais Estratégicos no contexto de um

Projeto Nacional

Publicado em o7 Fevereiro 2024

Neoindustrializacio
em novas bases e apoio 3

inovacao nas empresas

Noticias Relacionadas

19/12/2023 - Neoindustrializagao

Finep realiza o primeiro seminario sobre
Neoindustrializagao reunindo lideres do Sistema
Nacional de Ciéncia, Tecnologia e Inovagcao em

torno do tema

28/02/2024 - Neoindustrializagao

Ultimo semindrio Finep sobre
Neoindustrializagao discute Satide e Equidade e
aposta em Inovagao e participagao da sociedade

como bases

30/01/2024 - Neoindustrializagao
Ministra do MCTI langa Programa Finep Mais

Inovagao na sede da Financiadora, no Rio

Ultimas Noticias

31/05/2024 - Concurso Finep

Convocacao dos aprovados no Concurso Finep
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Criacdao do Simpdsio “Research on 2D
Materials” no B-MRS

= Brazil {

>< MRS Meeting
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MRS Meeting 8 < g

September, 22" to 26" September 25th to 29th N October 1st to 5th

Symposium “Research on 2D Materials” (2019, 2021, 2022, 2023 ...)

2019: 2021: 2022: 2023:

Benjamin Fragneaud (UFJF); Benjamin Fragneaud (UFJF); Jenaina Ribeiro Soares (UFLA); Jenaina Ribeiro Soares (UFLA)
Leonardo Cristiano Campos (UFMG); Jenaina Ribeiro Soares (UFLA). Benjamin Fragneaud (UFJF); Christiano J. S. de Matos (UPM)
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Victor Carozo Gois de Oliveira (PUC-RJ). Victor Carozo Gois de Oliveira (PUC-RJ). Indhira Oliveira Maciel (UFJF)



B-

MRS
4aMeeting

October 1st to 5th

https://www.sbpmat.org.br//21encontro/

Symposium “Research on 2D Materials” (2019, 2021, 2022, 2023, ...)

2023:

Jenaina Ribeiro Soares (UFLA)
Christiano J. S. de Matos (UPM)
Victor Carozo (PUC-RJ)

Alisson Ronieri Cadore (LNNano)
Indhira Oliveira Maciel (UFJF)

Bio-2D materials interactions

Chemistry of 2D materials

Electronic and Optoelectronic properties of 2D materials
Environmentally-friendly 2D materials applications
Mechanical and Thermal properties of 2D materials
Synthesis of 2D materials

Spintronics, Sensing and Photonic devices with 2D Materials
Theoretical Studies on 2D materials

Van der Waals heterostructures and Twistronics applications

BRAZILIAN MATERIALS
RESEARCH SOCIETY

October 15t to 5", 2023

~ 140 abstracts

Invited Speakers 2023

Andrea C. Ferrari (University of Cambridge — United Kingdon)
Jeongyong Kim (Sungkyunkwan University - South Korea)
Gabriela Borin Barin (EMPA - Switzerland)

Fernando Wypych (UFPR)

Lucimara Stolz Roman (UFPR)

Solange Fagan (UFN)

Elisa Orth (UFPR)
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https //www.sbpmat org.br//21en
Symposium “Research on 2D Materials” (2019, 2021, 2022, 2023, 2024...)

2024: * Chemistry of 2D materials
Alisson Ronieri Cadore (LNNano) - Synthesis of 2D materials and assembly of van der Waals

Raphael Longuinhos (UFLA) heterostructures

Christiano J. S. de Matos (UPM) * Environmentally friendly 2D materials applications
Indhira Oliveira Maciel (UFJF) * Electronic, mechanical, optoelectronic, and thermal

Cecilia de Carvalho Castro e properties of 2D materials

Silva (UPM) * Theoretical studies on 2D materials
* Bio-2D materials interface, interactions, toxicity and devices
* Characterization techniques for 2D materials and van der

Waals heterostructures

* Twistronics, spintronics, sensing, energy harvesting, and
photonic devices with 2D materials

contro | ~ 151 abstracts

Invited Speakers 2023

Dattatray J Late (Council of Scientific & Industrial Researct
- National Chemical Lab and Brane Enterprises - India)
Elvira M. Fortunato (Universidade Nova de Lisboa )
Kristian Sommer Thygesen (Technical University of
Denmark)

Stephan Reitzenstein (Technische Unversitat Berlin)
Andreia Luisa da Rosa (UFG)

Clascidia A Furtado (CDTN)

Carolina Ferreira de Matos Jauris (UFSM)

Ana M Champi Farfan (UFABC)

Diego Stéfani Teodoro Martinez (LNNano)

Barbara L. T. Rosa (UNICAMP)

Francisco C. B. Maia (LNLS)



AUTUMN MEETING 2024
BRAZILIAN PHYSICAL SOCIETY

May 19 - 23
Florianopolis - SC, Brazil

https://wwwl.fisica.org.br/~eosbf/2024/index.php/en/ ~ 110 abstracts

Symposium “Nanomaterials Section” (2024)

Invited Speakers 2024
2024: Synthesis of 2D materials Adalberto Fazzio (llum — CNPEM/SP)
Jenaina Ribeiro Soares (UFLA)  Theoretical Studies on 2D materials Andrea Latgé (UFF/RJ)
Raphael Longuinhos (UFLA) Van der Waals heterostructures and Twistronics applications Luiz Gustavo Cangado (UFMG/MG)
Chemistry of 2D materials Rafael Alencar (UFC/CE)
Metrology and instrumentation Bruno R. Carvalho (UFRN/RN)

Environmentally-friendly 2D materials applications
Mechanical and Thermal properties of 2D materials
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Projetos aprovados NanoMat (2017 - atual)

Nan&:

* Modificagdes estruturais e vibracionais induzidas por esfoliacdo, defeitos, e oxidacdo em novos nanomateriais
bicllimegsmg%iigalzégrz\-l rafeno, Universal CNPq (433027/2018-5, Faixa B, RS 10.000,00 aprovados de RS 60.000,00
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Grafeno Universal FAPEMIG (CEX-APQ-01865-17, RS 23.204,40, aprovados integralmente, 2017-2019, atualmente
prorrogado pela Fapemig pela falta de liberacdao dos recursos);

* Rede De Pesquisa e Inovag¢do Para Bioengenharia De Nanossistemas, FAPEMIG TEC-RED-00282-16, (RS 1.329.088,61,
valor do subprojeto a ser investido na UFLA, coordenado pela Prof. Jenaina: ~ RS 100.000,00, ainda n3o recebido);

* Rede de Estudos e Aplicagées de materiais 2D, FAPEMIG RED-00185-16, (RS 1.374.143,25, valor do subprojeto a ser
investido na UFLA, coordenado pela Prof. Jenaina: ~ RS 100.000,00, ainda n3o recebido. Subprojeto Prot. Raphael: ~ RS
45.000,00, ainda nao recebido);

* Apoio adicional UFLA, (RS 100.000,00 aprovados, ~ RS 50.000,00 ja utilizados para compra de duas capelas);

* Teoria, Experimento e Instrumentacao para o estudo de Nanomateriais Bidimensionais Além-
Grafeno L'OREAL/UNESCO/ABC “”, (bolsa de RS 50.000,00, 2017-2020, RS 35.000,00 do recurso ja investido;

 Participacao coletiva no “18th INTERNATIONAL CONFERENCE ON THE SCIENCE AND APPLICATION OF NANOTUBES AND
LOW-DIMENSIONAL MATERIALS - NT17”, FAPEMIG PCE-00416-17 (RS 17.640,00, totalmente executado)

> R$ 850 mil N o
+ espaco ~ 450 mil RS + equipamentos ~ 320 mil RS 2 mllhoes de RS



Participacao NanoMat em outros projetos
(FINEPs, LavrasTEC Fapemig, etc, 2017 - atual)

NanMat*

Total: ~ RS 10 milhées
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Demanda José Maria - PRP (2015/2)

» 2 amostras (600 US cada) + 1 de “brinde”;
» Compra por cartdo e vindo dos EUA;

> Resultados:

» 1 dissertacdo de mestrado defendida;

» 4 publicacoes em revistas Al e A2 (areas de Materiais, Fisica, e Quimica);

» 9 apresentacdes orais em conferéncias internacionais (NT17, SBPMat, ICTP Italia, etc);
» 11 posteres em conferéncias internacionais;

» 2 manuscritos a serem submetidos;

» Trabalho de cooperacdo com a UFMG -> publicacdo de alto impacto Nano Letters;

» Espaco em inUmeras colaboracdes em andamento e Redes Fapemig.
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Demanda José Maria - PRP
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Dissertacoes

* José Romado Franca. Engenharia de biomassa para sintese e caracterizagdo de carbonos nanoestruturados
multifuncionais, 2020.

» Eliete da Conceicdao Bernardo. Sintese por Deposicao Quimica de Fase Vapor e Caracterizacao Estrutural do
Dissulfeto de Molibdénio, 2019.

* Jodo Marcelo de Almeida Garcia: Investigacao da assinatura Raman de monocamadas de gamma-grafinos:
uma abordagem por primeiros principios, 2019.

* Diégo Silva Santos. Anisotropy of the Raman and Infrared Optical Activity on Layered Metal
Monochalcogenides: GaSe and GeSe, 2017

* Coorientacao UFLA: Tais Regina Lima Abreu Veiga. Sintese e caracterizacao de biocarvoes de biomassa de
casca de café e de madeiras de eucalipto. 2016

* Coorientacao na UFMG: Bruno Cucco. Estudo de Isolantes Topoldgicos Derivados da Jacutingaita, 2020.



ICs, TCCs, ... (2017 - atual)

* + de 15 alunos
* EX.: Instrumentagao para nanomaterlals AFM, STM etc.
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Sumario

Perfil de formagao e background;
Breve introduc¢ao a Espectroscopia Raman;

Pesquisas recentes de impacto tecnoldgico e social

Materiais Carbonaceos em solos Antropogénicos e nanofertilizantes;

Instrumentacao para Microscopia de Forca Atdbmica e Raman Intensificado por ponta;
Nanomateriais 2D além-grafeno (minerais estratégicos).

Colaboracdes diversas
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Atividades de Ensino e extensao
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Prémios relevantes

\

MULHERENA SEndaa T i
il TEM O PODER DE MUDAR O MUNDO iy

- - - - (AT LSS -, - = o R

IOP \ For VWomen

in Science

» |OP Publishing: “Outstanding Reviewer for "2D Materials" (JCR = 6.9)”;
» “Para Mulheres na Ciéncia” Loréal-Unesco-ABC: For her significant contribution to research in Brazil;
» Medalha de Honra UFG 2017: alumni who have excelled by relevant contributions to the society in general.
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Outras atividades: arbitragem de trabalhos

cientificos

2015 — Atual Periddico:
2015 — Atual Periddico:
2015 — Atual Periddico:
2015 — Atual Periddico:
2016 — Atual Periddico:
2016 — Atual Periddico:
2017 — Atual Periddico:
2017 - Atual Periddico:
2017 — Atual Periédico:
2019 — Atual Periédico:
2020 — Atual Periédico:
2020 — Atual Periédico:
2020 — Atual Periédico:
2021 - Atual Periédico:
2021 - Atual Periédico:

Nanoscale (Print)

2D Materials

Nano Letters

CERNE (UFLA)

Journal of Physics. Condensed Matter (Print)
Journal of Applied Physics

npj 2D Materials and Applications

Nature Communications
NANOTECHNOLOGY (BRISTOL. ONLINE)
Scientific Reports

Journal of Alloys and Compounds

Physica status solidi (RRL) - Rapid Research Letters
Acta Metallurgica Sinica (English Letters)
GEODERMA (0016--706)

Journal of Optics
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NanoMat: Sintese, teoria, caracterizacgao,
instrumentacao e optica de materiais

Profa. Dra. Jenaina Ribeiro Soares
Prof. Dr. Raphael Longuinhos

Grupo de pesquisa: http://jenainassoares?2.wixsite.com/nanomat

Interesse em: materiais 2D, espectroscopia Raman, Instrumentacdo, biocarvoes,
fertilizantes nanoestruturados, inovacdo

Graphene (G)

A or W
(7 " Sclence QA CcNnPq
i‘ Produtividade
B LW _Es SiE TIS me O €55 em pesquisa
Grafeno e outros materiais 2D Biocarvoes e fertilizantes Laureada 2017  (PQ2)
nanoestruturados

Financiamentos e apoio: @ © AcnPq F"’“*ﬁ7 %'UI A0 NaniMat

C APES FA P E M IG Clantifico  Tecnoldgico INOVA UNIVERSIDADE FEDERAL DE LAVRAS
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Premiacdes relevantes
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*

Conclusoes e perspectivas sobre Espectroscopia .
NaniZiMat

Raman

» Materiais carbonaceos: desde ciéncia bdsica até modelagem de materiais funcionais
inspirados na natureza;

» Contribuicoes: desde solos até materiais para aplicacdes avancadas;

»Andlise estrutural: aplicavel para mais de 50 materiais com diferentes propriedades
opticas, elétricas, mecanicas, etc;

» Instrumentacdo cientifica e educacional: estratégia para contornar a dependéncia de
recursos e “know-how”;



Materiais do futuro @ tecnlcas § §

de fronteira: de materiais -
lamelares a engenharla de
carbonos | |

jenaipa.soares( ufla,br ,

Bol
ou experlmental Junho/Jtho

* Aberto a estudantes de  doutorado,
mestrado, iniciacdo cientifica, etc., com
" bolsas a serem discutidas.

Opdrtuhidades? '

: eorlca .
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mailto:jenaina.soares@ufla.br

Obrigada! .
ey NanMat*

jenaina.soares@uﬂa.br, raphael.lobato@ufla.br

For Women
in Science

o
LCP
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