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1. ¢Qué es la Nanotecnologiar?

o Es el estudio y control de la materia, a una
escala entre 1 y 100 nm

1 nm= 1/1 000 000 000 m
1 nm=1x10°"m

La nanociencia es el estudio de fendmenos vy
manipulacion de materiales a escalas atomica,
molecular y macromolecular; dénde las propiedades
difieren significativamente de aquellas a gran escala.

La nanotecnologia es el disefio, la caracterizacion, la
produccion y la aplicacion de estructuras, dispositivos y
sistemas para controlar la forma y tamafo a escala
nanomeétrica.
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2. Microscopia Raman
Confocal
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2. Modos Vibracionales

1 [k 1 1 1
; —=—+

Kk =" ey
y24 y24 ml m2
Bond Energy Stretching Frequency
[keal (kJ)] (em™)
Frequency dependence on bond energies
c—cC 83 (350) | ¢tronen 1200
c=c 146 (611) J“{,‘;‘;ﬁ" 1660[7’ increases
1 Cc=C 200 (840) 2200
2
V = — ]QC Bond Energy Stretching Frequency
2 Bond [keal (kJ)] (em™)
Frequency dependence on atomic masses
C—H hicavi 100 (420) 3000
€—D|[ s 100 (420) 2100 | 7 decreases
€—€ 83  (350) 1200
Agosto de 2024 5

Modos Vibracionales del CO,
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2. Reglas de Seleccion

O IR: Absorciéon de fotén por dipolo (4) del modo normal de

vibracion.

O Raman: Dispersion inelastica mediada por momento
dipolar inducido (polarizabilidad «) generado por la OEM.

7
2. Reglas de Seleccion: IR vs Raman
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1. Reglas de Seleccion: IR vs Raman
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2. El efecto Raman
The Raman Effect o

- non-resonant excitation (Stokes) or annihilation (Anti-Stokes) htve *y
of a vibrational quantum

- energy shift between the exciting and scattered photon is characteristic
for the molecules involved in the scattering process

Anti-Stokes Rayleigh
AAAAAAA  tasie intensity .
Energy Rayleigh Stokes p I~

Vituastate Vitualtate

' h

Anti-Stokes Stokes

sl Final Final

miial nital ital

fig. 1.: Energy level diagram for Raman scattering 1000 ° 1000

wavenumber (1/cm)

-theoretical prediction 1923 by A. Smekal

- experimentally discovered 1928 by Sir Chandrasekhara Raman, Nobel Prize 1930
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2. Intrarrojo vs. Raman
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5. Esquema Tipico de Experimento

oomw

Objective

Sample

Lens

Notch/Edge Filter

Spectrometer
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’Hayleigh ~10°x ’Ft’aman
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A
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- typical integration times: seconds - several minutes
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1. Espectroscopia Raman
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2. Identificacion de Bandas

15

Functional Group/ Vibration Region Raman InfraRed
Lattice vibrations in crystals, LA modes 10 - 200 cm™ strong strong
8(CC) aliphatic chains 250 - 400 cm”! strong weak
v(Se-Se) 290 -330 cm”’ strong weak
v(S-S) 430 -550 cm™ strong weak
v(Si-0-Si) 450 -550 cm™ strong weak
v(Xmetal-O) 150-450 cm’ strong med-weak
v(C-l) 480 - 660 cm” strong strong
v(C-Br) 500 - 700 cm’” strong strong
v(C-Cl) 550 - 800 cm™ strong strong
v(C-S) aliphatic 630 -790 cm™ strong medium
v(C-S) aromatic 1080 - 1100 cm™ strong medium
v(0-0) 845-900 cm! strong weak
v(C-0-C) 800 -970 cm” medium weak
v(C-0-C) asym 1060 - 1150 cm™ weak strong
Agosto de 2024 15
v(CC) alicyclic, aliphatic chain vibrations 600 - 1300 cm™' medium Medium
v(C=8) 1000 - 1250 cm’ strong weak
v(CC) aromatic ring chain vibrations *1580, 1600 cm' strong medium
*1450, 1500 cm”' medium medium
*1000 cm™ strong/medium weak
— 8(CH3) 1380 cm™ medium strong —
S(Sé%';giym 1400 - 1470 cm” medium medium
S(Cség;":s)ym 1400 - 1470 cm” medium medium
v(C-(NO2)) 1340 - 1380 cm’’ strong medium
v(C-(NO2)) asym 1530 - 1590 cm”’ medium strong
v(N=N) aromatic 1410 - 1440 cm medium -
v(N=N) aliphatic 1550 - 1580 cm’’ medium -
8(H20) ~1640 cm™ weak broad strong
v(C=N) 1610 - 1680 cm”’ strong medium
v(C=C) 1500 - 1900 cm”’ strong weak
v(C=0) 1680 - 1820 cm”’ medium strong
v(C=C) 2100 - 2250 cm’” strong weak
v(C=N) 2220 - 2255 cm’™ medium strong
v(-S-H) 2550 - 2600 cm’” strong weak
v(C-H) 2800 - 3000 cm’” strong strong
v(=(C-H)) 3000 - 3100 cm’” strong medium
v(=(C-H)) 3300 cm™ weak strong
Agosto de 2024  v(N-H) 3300 - 3500 cm™ medium medium 16
v(0-H) 3100 - 3650 cm™ weak strong
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Coordenadas Internas
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2. Métodos Teoricos

O Calculos ab initio o Primeros Principios
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Poloxamer P184
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Molecular Dynamics Simulation
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Poloxamer P184 Simulation

IR Spectrum
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FBZ. Simulation
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3. Microscopia ()ptica Clasica

What is the resolution limit of a classical optical microscope?

Ernst Abbé (1840-1905): diffraction theory

Ax20,61x(A/NA)

(€]
NA=n Sin®

air: NA<0,95 (340nm @ 532nm exc.)

water: NA<1.2 (270nm @ 532nm exc.)

oil: NA<1/4 (230nm @ 532nm exc.)

resolution limit = A /2
Agosto de 2024
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3. Microscopia Confocal

confocal microscopy

detector
pinhole
classical

beamsplitter

[faser |

confocal

- much smaller background

- 3-D information

- » objective

b - slightly higher resolution possible
Agosto de 2024 spatial, but NO chemical informatiors
sample Alfocalplane P ’

25

Confocal Raman imaging (2D)

O Example: Emulsion (hand cream with urea) Raman spectra

rganic phase A
\\
|
)

H |
Sy A
£ organic phase

A yith urea Al

| Raman Microscopy . aqueous phase ﬁf\
Scan in x/y R

Microscopic Image

No chemical information ~ Chemical Chemical
information . A
information

& spatial
resolution

26
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Raman mmaging — 3D

Perspective view

2D Raman image 3D Raman image

27

3. Microscopio Confocal +
Espectroscopia Raman

3-D Imaging with chemical sensitivity

» take a complete Raman spectrum at every image pixel

« extract the relevant information (peak intensity, width, position etc.)

« display this information as image

‘ “mm,w“m»“w'".‘ L,JL\ A

SPRPRPI Ly

m“

A}

Parque Cientifico y Tecnolégico de Pando (PCTP) /
rcknstituto Polo Tecnolégico de Pando (IPTP) 2
ANII- Proyecto EQC_X_2012_1_14

28
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3. Microscopio Confocal +
Espectrometro Raman

Imaging with chemical sensitivity

Agosto de 2024 29
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3. Esquema

Multi Mode Fiber
UHTS 300 Confocal Pinhole

Upto 70% Transmission
EMCCD - 0.7 ms Integration Time

High efficient
Filter

Single Mode -ﬁ’
Fiber

W |\
#_I Optimized

Requirements: -

» Highest Sensitivity
* True Confocal

Raman Optics

» Fast Acquisition of Spectra ' U
+ Easy Change from Confocal to AFM -
Agosto de 2024 v A4 30

30
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3. Disposicion

31

Informacion Adicional:

c)
d)

Intensidad de pico: proporcional a
concentracion

Corrimiento de pico: Identificacion de stress
y strain.
Ancho de pico: Degree of crystallinity

Polarizacién: simetria cristalina y
orientacién

32
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3. Aplicaciones

I I
Microscopia Raman Confocal
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Imagen Raman: dispersion agua-aceite
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Reconstruccion Imagen Raman 3D

Sample: Oil/Water Emulsion

3-D Reconstruction

Evaluated Band: CH-Stretching
Excitation: 532nm

Scan Range XY: 100x100 um
Scan Range Z: 30 um/32 layers

Total number of Spectra: 517 500
Total Acquisition Time: 23 min

35

35

Blend PMMA+SBR ¢ "% |

Fig. 5: Overview AFM Tmage of 3 PMMA-SBR blend.

R O VN |

, |
I
ML ] \}\/TL

Fig.9: Color coded Raman image of SBR resulting from the Fig.10: Color coded Raman image of PMMA resulting fromthe  Fig.m: Corresponding spectra: SBR (blue) and PMMA (red).
integral intensity of each spectrum, integral intensity of each spectrum.

36
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fat |

aqueous p

SRS e fatll

emulsifie
500 1000 1500 2000 2500 3000
oL
Fig. 2a: Raman Image of an emulsion used in food Fig. 2b: Corresponding spectra of the compounds contained within the emulsion.

production. Scan range: 30 m x 30 um, 120x120 pixels
(=14400 spectra, 532 Nd:Yag Laser for excitation, 100 x oil
objective (NA=1.25). Red + green: fatty matrix, blue:
aqueous phase, yellow: emulsifier PGPR

Chocolate blancg

. saccharose

/A excipients

37
fat

2800 3200

Chocolate Blanco (toblerone)

O Sacharose, Maltose and Fats

Scan_000_Spec.Data 1_F (Extracted)
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Células Vivas: células
epiteliales de Rata

White Light Video Image

Single Spectrum, 0.1 s Integration Time
CH2

320

Proteins:

300

1450/cm
1660/cm

CCDcts
280

Lipids: 1440
1070/cm
1300/cm
1440/cm

water

260

240

220

0 500 1000 1500 2000 2500 3000
rel. 1/cm
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Células epiteliales en Buffer

Intensity in the CH 2 stretching band
s (2800 - 3000/ cm)

100 x 100 pixel = 10000 spectra
objective: 60x, NA = 1.0 water
I 532 nm excitation, 5 mW

N\\ 100 ms / spectrum => 17 min.

40
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Imagen reconstruida

nucleus endoplasmatic
reticulum

ﬁ\l._

nucleoli -

%

/ . cytoplasm

:\\
nuclear membrane ‘

mitochondriae

10 um
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T. Cruzi: unpublished Dr. D. Gambino
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12ahs

Control

1x24hs

10x24hs

Overlay between optical and confocal Raman images as obtained from selected principal components analysis for samples: control,
1X 4h,1%X 24h,10% 4hand 10X 24 h. (b) Average Raman spectra for each component, as corresponding with confocal Raman
images presented in (a).

Dalton ™ ROVAL SOCIETY
Transactions awp OF CHEMISTRY

PAPER View Article Online
[ cheok for updates Multifunctional organometallic compounds for

the treatment of Chagas disease: Re() tricarbonyl
compounds with two different bioactive ligands+

Cite this: DOI: 10.1035/d2dt03869b

a
d

Mariano Soba, ()2 Gonzalo Scalese, () Federico Casuriaga,? Nicolas Pérez,
Agosto de 2024 Nicolas Veiga, {2 ® Gustavo A. Echeverria, ()€ Oscar E. Piro, () Ricardo Faccié!

Leticia Pérez-Diaz, (¥ © Gilles Gasser, @ f Ignacio Machado (@ *9 and

Dinorah Gambino (& *®

45
Tabletas: API y Excipientes
Confocal Raman Image overlaid Corresponding Spectra
on the topography Red & Blue : API
Agosto de 2024 Green : Excipient 46
46
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Experiencias
]

WITec alpha300RA
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Ejemplo 4: Grateno

"Position and fwhm of the G and 2D peak(...)confirm presence of single-layer
graphene”

J

¢ Position of 2D peak depends

Raman shift cm™!) on number of layers
RAsa 6330 e Additional layers increase

—— A FWHM of 2D peak (more e~
_ ’/\_ A states for resonant scattering)
= 10layers e Occurence of peaks at 1350
z _M/J\\‘w cm~' (D) and 1620 cm~' (D’)
5 JL i J\” reveal defects of graphene
k= JL —_— sample )

7 i 1 layer »A———-

AgosisiR 2023700 2800 2600 2700 2800 7] 48

48
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Ejemplo 4: Grateno y MLG

(d)
Si 1 2layers 1layen si
Substrate] s . Substrate
B | i '
1136 £01nm
sssmdsiidccscoc
11.01£0.1nmM

_________________________

g G
i b mono-layer

multi-layer
o e v weo mw fo e me o w0 o e

Agosto de 2024 49

49

Ejemplo 4: Grateno

multilayer

900 1000

bilayer

CCDcts
700 800

600

500

2600 2640 2680 2720 2760 2800
re m

l. 1/c
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4. Grafeno en Solucion
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Ejemplo 5: Nanotubos de Carbono

Agosto

de 2024

Fig. 5.1 Different carbon
allotropes with
nanometer-scale phases
ranging from 0D C60
fullerenes, 1D carbon
nanotubes, 2D graphene, to
3D diamond and graphite

Diamond Fullerene

Single-walled

carbon nanotube
Fig. 5.2 The vector Cp, T
describes how a sheet of 2
graphene is rolled up to azi
create a carbon nanotube [6]

(n.0) zigzag
~
~ C,=na,+ma,
~
Ny

™ | (nun) armehair
~

52

52
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Ejemplo 5: Nanotubos de Carbono

Fig. 5.3 Typical Raman
spectrum of an individual ™
single-walled carbon -
nanotube recorded with a
confocal micro-Raman
spectroscope using a green
532 nm laser. The feature
marked “*” is the attenuated
elastically scattered Rayleigh
line. Features marked “**”
come from the Si support

RBM

Intensity

G'(2D)

T T T T T T T
0 400 800 1200 1600 2000 2400 2800

Raman shift [cm_1]

Agosto de 2024 53

Ejemplo 5: Nanotubos de Carbono

(b)

(a)

C1
WRBM = — + €2

™

Fig. 5.4 Raman-active vibrational modes of carbon nanotubes. (a) The so-called radial breathing
mode (RBM) is a prominent feature of the tubular nanostructure and not present in planar graphite.
The Raman shift of the RBM is approximatively inversely proportional to the tube diameter. (b)
An example of  tangential mode (TM). In analogy to graphitic Raman modes it is often also called
G-mode or high-energy mode (HEM)

Agosto de 2024
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MCR: CNT y RBM
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Ejemplo 7: Caracterizacion de N'T
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Ejemplo 8:
Interaccion de Bacterias con Ag-NP

Evaluacion de la Interaccion PchNPs-Microorganismo.

Escherichia coli.
Microscopia Raman Confocal

200 nm

Corrimiento
Raman (cm™) Asignacién de

Comparacién con
células tratadas con
(4cm?) bandas PchNPs

Acidos nucleicos Disminuye

810 Aminoacidos Disminuye
982 Polisacdridos Igual

1186 Polisacéridos Disminuye
1243 Polisacéridos Disminuye

1308 Aminodcidos o Disminuye
4cidos nucleicos

1308 A'rrTmoaados o Igual
acidos grasos

1593 Acidos grasos Disminuye

ignacion segun De Gelder et al., J Raman Spectroscopy, 2007, 38(9), 1133-1147

57

Ejemplo 8:

Interaccion de Bacterias con Ag—NP

Evaluacidn de la Interaccidn PchNPs-
Microorganismo. Staphylococcus aureus.

Microscopia Raman Confocal

CoIiento Asignacion de paracién con
Raman ian das células tratadas con
(cm) (£4cm?) PchNps
663 Acidos nucleicos Disminuye
790 Aminoacidos Disminuye
879 Aminoacidos Disminuye
929 Polisacéridos Disminuye
1116 Polisacéridos Disminuye
1325 Aminodcidos o Disminuye
4cidos nucleicos
— 1538 Acidos grasos Disminuye
1 um
58

ignacion segun De Gelder et al., J Raman Spectroscopy, 2007, 38(9), 1133-1147

58
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Ejemplo 8:
Interaccion de Bacterias con Ag-NP

Table 1. Raman band assignment of microbial cells, control and treated cells with PchNPs. The band
assignment was made based on previous work [26].

Raman Shift (cm) Band Assi Effect on Treated Cells
E. coli 624 Nucleic acids Diminishes
810 Aminoacids Diminishes
982 Polysaccharides No changes
1186 Polysaccharides Diminishes
1243 Polysaccharides Diminishes
1308 Aminoacids or nucleic Diminishes
acids
13 Aminoacids or fatty No changes
acids
1593 Fatty acids Dimini
C. albicans 670 Nudleic acids Diminishes
788 Aminoacids Diminishes
885 Aminoacids Diminishes
999 Polysaccharides Diminishes
1100 Polysaccharides Diminishes
1319 Aminoacids or nucleic Diminishes
acids
159% Fatty acids Dimini

500 nm

1um

M. B. Estevez, S. G. Mitchell, R. Faccio, S. Alborés,
Mater. Res. Express 6 (2019) 1250

M. B. Estevez, S. Raffaelli, S. G. Mitchell, R. Faccio, S. Alborés,
Molecules 2020, 25, 2023
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Ejemplo 8: Microbial cells + AgNPs

‘Table 2. Raman band assignment of microbial cells, control and treated cells
with PeNPs. The band assignment was made based on previous work [15].

Raman
Shift Effecton
o AgNP s Microorganism (em™h Band Assignment treated cells
E. coli
624 Nucleic acids Disappear
810 Amino acids Diminishes
982 Polysaccharides Increases
1186 Polysaccharides Disappear
1308 Amino acids or Increases
5 L1p1 nucleic acids
‘,\,Q S. aureus
993 Polysaccharides Diminishes
pmtelns &'IYS acc aﬂdeg’mtems 1092 Polysaccharides Diminishes
O 7 1327 Amino acids or Diminishes
& ‘polysaccharides & nucleic acids
dp 1587 Fatty acids Diminishes
C. albicans
698 Nucleic acids Diminishes
& 750 Amino acids Diminishes
991 Polysaccharides Nochanges
1 1318 Aminoacids or No changes
Bacteria Yeasts nucleicacids
1597 Fatty acids Diminishes

M. B. Estevez, S. G. Mitchell, R. Faccio, S. Alborés, Mater. Res.
Express 6 (2019) 1250

27/8/24 M. B. Estevez, S. Raffaelli, S. G. Mitchell, R. Faccio, S. Albgsés,
Molecules 2020, 25, 2023

60
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Ejemplo 9: Formulaciones
Farmacéuticas

o Val-Feb Mezcla Fisica con P188

©®  ® Scan 001_Spoc.Data 1 (Sub BG): Sum 2 (Pos: 287.

|
/\NJ W WV“/ /LM/LW\WW«WWWWW»AW T—— TP
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Agosto de 2024
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Ejemplo 9: MF vs Dispersiones

Journal of Pharmaceutical Innovation
https://doi.org/10.1007/512247-017-9306-9

ORIGINAL ARTICLE

@ CrossMark

The Impact of Solid Dispersion on Formulation, Using Confocal Micro
Raman Spectroscopy as Tool to Probe Distribution of Components

M. Elisa Melian” - A. Beatriz Munguia’ - Ricardo Faccio? - Santiago Palma® - Laura Dominguez'

Dispersion de NC

Agosto de 2024 Nanocrystals of novel valerolactam-fenbendazole hybrid with improved
biopharmaceutical behavior. Elisa Melian et al, AAPS Pharm SciTech 2020
21(7):237
63
Example 9: Raman for PM vs NC
o Dissolution Profile (in-vitro)
= ¥ EQUIPMENT
0 Disolutor USP tipo 2
2 - (paletas)
2 6o A SOLVENT
H e 900 mL of HCl 0.1 N
2 g - sonct TEMP.
N . —— Suspension Comercialde FBZ 37°C
. &V v ez VELOCITY
207 ” -® Mezcla Fisica FBZ_P188 1_1 50 RPM
3 SAMPLE:
S ; " 45:‘, 5 mg OF FBZ (SINK)
Tiempo (min)
o Markedly increased dissolution rate compared with the
simple mixture of the components.
64

27/8/24
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Example 9: Nanocrystals

o Conclusions
m We obtained Nanocrystals (NC)
FBZ keeps cristallinity
Poloxamer reduces cristallinity.
Better dispersions API/EXC in NC
Improvement in Dissolution Rate Profile.

Nanocrystals of Novel Valerolactam-Fenbendazole Hybrid with Improved

in vitro Dissolution Performance AAPS PharmSciTech  (2020) 21:237

DOI: 10.1208/512249-020-01777-y

27/8/24  Maria Elisa Melian,' Alejandro Paredes,” Beatriz Munguia," Maximiliano Colobbio,® Juan Carlos Ramos,’
Ramiro Teixeira,l Eduardo Mmta,3’4 Santiago Palma,2 Ricardo Faccio,” and Laura Dominguezl"s

65

Nematodo: H. contortus

Corte Transversal: cuticula e intenstino

Color Bitmap (50350) -BGR 0GFFOD
Pl (125)|: 62,411 um

Dra. Beatriz Munguia
. Q.F. Elisa Melian
Area Farmacologia, CIENFAR, FQ
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Nematodo: H. contortus

Kolor Bitmap (768x576) - BGR 009AD4
Pixel (442/293) | R: 153.84)

|, Component 7

e A AN SN /\
74
et e it o A : ? ]
WP NP PPN N /\
g S /\\
800 1200 1600 2400 2800
rol. 1/om

e ——— ¥-Axis: 81377 (81,377) CCD cis q

e e I X, PO Ty Lot 265 71 rel, 1/em @"’ ) @

67

Nematodo: H. contortus

200

>
Ly

100

,wumN,u,dw’b\hrw‘f \J’A;\\n}aw"“ﬂmw

800 1200 1600 2000 2:00 2800
- "ol 1/om
5 VAo 13,08 (113,08 CCO 6,
e T B TS i XAs: Pocel (0) | 223.63 (223.69) el. 1/cm Fle o @
Overlay Bitmap nent o

Agosto

600 900 1200 1500 - 1800 2100 2400 2700

68
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Nematodo: H. contortus
Burza:
aparato
reproductor
masculino
8 MW”MMWWWWA
BTV, o /'/
v
Agosto dd | bt WNINATIN i i Aottty 69
600 800 1000 1200 1400 lBOIgI ‘/;’200 2000 2200 2400 72600 2&007

69

Nematodo: H. contortus

Agosto de 2024 70

70
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T. Cruzi

0
&
X
£
3
/

1200 1500 1800 2100 2400 2700 3000 3300 3600
- el ticm

Video Image_022 (Top)

Agosto de 20

27/8/24
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Resumen: Micro Raman Confocal

O No Destructivo (en principio)

O Identificacion Quimica Directa

O Identificacion de Propiedades de Materiales
O Preparacion sencilla de muestra

O Solidos y Liquidos

O Deteccidn 3-dimensional

O Combinacion de deteccion quimica con AFM

Agosto de 2024 73

73

4. Microscopia de Fuerza
Atomica

Agosto de 2024

74

27/8/24
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4. Introduccion

o Historia

f
AL
IIIII””W””/”M

Microscopio de efecto tunel (STM)

Microscopio de fuerza atédmica (AFM)

Premio Nobel Fisica 1986

Agosto de 2024 G. Binnig H. Rohrer

75

4. Introduccion
EET—

Video camera system
Beam deflection unit

O Esquema

LED white light illumination
AFM objective with cantilever
Scan-stage

Active vibration-isolation table
Z:stage for focusing

Segmented
Photodiode

}X{ SIMULTANEOUS CANTILEVER AND SAMPLE VIEW
Beam deflection laser spot

o

m

Agosto de 2024

76

27/8/24
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4. Introduccion: Raman & AFM Dual

6. Introduccion

O Partes relevantes:
m Sustrato
= Cantilever
= Probo
= Fotodiodo

Substrate

Agosto de 2024

78

27/8/24
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6. Modos de Medida

o Contacto Continuo entre Punta y Muestra
= Modo Contacto (contact mode)
= Medida de Fuerzas (Curva de Fuerza)

o Contacto intermitente entre punta y muestra
= Contacto Intermitente (Tapping Mode)
= Contraste de Fase (Phase Contrast mode)

o Otros Modos:

Fuerza Magnética (MFM)

Fuerza Eléctrica (EFM)

Potencial de Superficie (SPM)

Fuerzas Quimicas (CPM)

Agosto de 2024 79

79
6. Modo Contacto
o Topografia
O Afectada por la respuesta mecanica del material
o Permite distinguir zonas con diferente comportamiento
mecanico
Tip is in hard contact
with the surface; ( )
repulsive regime Tip is far from the
' surface; no deflection it
50
'\\ Tip is pulled toward the
surface - attractive regime )
Probe Distance from Sample (z distance) E
Agosto de 2024 80
http://virtual.itg.uiuc.edu/training/AFM_tutorial/
80
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6. Modo No Contacto e Intermitente

o Contacto Intermitente (Force
Modulation):
= El cantilever oscila,
interaccionando con la muestra

zzzzzzzzzz

o No Contacto

= El cantilever oscila, sin Interaccion
con la Muestra

Agosto de 2024 ‘/

Tapping Mode True Non-Contact Mode

81

6. Modo No Contacto e Intermitente

O Eleccién del Cantilever:

= Tapping Mode (Force Modulation):
Resonancia: 65-85 kHz
Constante k=2.8 Nm-!
Algo de Interaccién con la muestra

= Modo No Contacto
Resonancia: 230-300 kHz
Constante k=42 Nm-t
Muestras muy “blandas”

(ej.: Polimeros, geles,
microorganismos, etc). El Objetivo
es la Phase Constrast image.

®= Imagenes de Fase:
Propiedades Viscoelasticas.

agosto de 2024 Potencial de Adhesion. -

82

27/8/24
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6. Modo No Contacto e Intermitente

o Seleccion del Modo de
M ed id a . free cantilever oscillation amplitude

air damping
o Ajuste del Set-Point:
= Amplitud amortiguada del
tip, debe ser inferior a la
de la amplitud libre.

tip touches the sample

24

phase shift during approach:
at contact with the sample the
phase shifts significantly

TSmaH Tip-Sample Force

18

Setpoint selection range

12

lLarge Tip-Sample Force

Amplitude [V] \ Phase [arb. Units]

06

o Tapping Mode

(Intermitente) .
] 03 0.6 09 12 15 18
- Set POInt J/ Tip-Sample Distance [um]
Fig. 1: Phase ( ) and Amplitude (blue) as a function of tip« le distance. The effect
0 Modo No Contacto o0t et T
m Set Point 7
Agosto de 2024 83

83
0. Medidas de Fuerza y Adhesion
o La adhesién se determina localmente mediante
curvas de Fuerza.
o Topografia mecanico.
Fuerza de adhesion Fuerzas de adhesion |
elevadas N i pequenas 3
Muestra rigida Nciri Muestrablanda [
Presencia de fuerzas [T Presencia de fuerzas | i
repulsivas de largo b . - atractivas de corto
alcance -t i alcance
Agosto de 2024 84
84
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COMPREHENSIVE AFM-RAMAN STUDY OF A POLYMER BLEND (Polystyrene:Ethyl-Hexyl-Acrylate:Styrene-Butadien-Rubber;

A NT0POGRARHY

(&

DIGITAL PULSED
FORCE CURVES

01026 N/m

H 1 ADHESION ENERGY..*

L S

A) Topography image acquired
in AC mode revealing a three
level fine structure.

B) Simultaneously recorded
phase image showing different
viscoelastic properties at each
topographic level.

300N

10nm

FORCE DISTANCE CURVES

85

85

Micro Raman AFM Dual

O Alpha 300R =» Alpha 300RA
= FSE_1_2014_1 102008 - ANII

Agosto de 2024

Raman Effect AFM Principle

Raman Image

86

alphazoo RA

86

27/8/24
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6. Ejemplos: Modo No Contacto

o Reduced Graphene Oxide

Agosto de 2024 87

87

6. Ejemplos: Modo No Contacto

0 GOQD sobre sustrato de silicio
060 nm de diametro y 13 nm de alto

Agosto de 2024

88

27/8/24
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6. Ejemplos: Bacterias con Ag-NP

o NC AFM
= Amplitud
m Fase
= Topografia
= Feedback

Agosto de 2024

89

Article

T908 Polymeric Micelles Improved the Uptake of Sgc8-c

Aptamer Probe in Tumor-Bearing Mice: A Co-Association Study

between the Probe and Preformed Nanostructures 20

Romina Castelli !, Manuel Ibarra 2, Ricardo Faccio >©, Iris Miraballes *(%, Marcelo Fernandez 5,

Marcel fez®, . Pharmaceuticals 2022, 15, 15. htps:/ /doi.org/10.3390/ph15010015
Albertina Moglioni ©©, Pablo Cabral 1, Hugo Cerecetto ¥, Romina J. Glisoni 7*© and Victoria Calzada 1*

27/8/24
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5. Liposomas funcionalizados
YR EN AT

|
1000 nmg .‘ 1000 nmy
Article o

T908 Polymeric Micelles Improved the Uptake of Sgc8-c
Aptamer Probe in Tumor-Bearing Mice: A Co-Association Study
between the Probe and Preformed Nanostructures 91

Romina Castelli !, Manuel Ibarra 2, Ricardo Faccio 3®, Iris Miraballes ¥, Marcelo Fernindez 5, Pharmaceuticals 2022, 15, 15. https:/ /doi.org/10.3390/ph15010015
Albertina Moglioni 5©, Pablo Cabral 'O, Hugo Cerecetto -, Romina I Glisoni ”-*© and Victoria Calzada ™*

9.873 nm

1000 2000 3000 4000 5000 6000 7000 8OO0 9000 10000 11000
m

18.27 nm

18.27 nm

27/8/24
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6. Resumen: AFM/EFM/MFM

O Diferentes Modos de Medida:

u Contacto
u No Contacto e Intermitente (‘Tapping)
u Liftmode

O AFM/EFM/MFM

O Topologia y Propiedades Fisicas:

u Dureza
®m Viscosidad
m Adhesion

O Posibilidad de medir en Liquidos

Agosto de 2024 93

93

Difraccion de Rayos X

94

27/8/24
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Experimento de Difraccion

- 1 :
10,000-
40,000 volts

|
éead
Crystalline solid screen
“‘\ Spot from incident beam
\\ Spots from diffracted X-rays
P Photographic plate

95

Difraccion de Monocristal

96

27/8/24
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¢Qué es polvo policristalino?

0 Conjunto muy numeroso (infinitos) de
cristales microscépicos (infinitesimales)
idénticos (esféricos) ordenados
aleatoriamente.

m Ejemplos: Azlcar impalpable, sal fina.
» La coherencia interna en cada cristal es la

propiedad a observar, por lo tanto los metales
generalmente son policristalinos.

97

¢Qué papel juega cada cristal?

o Cada cristal en el polvo actia de forma idéntica a
un cristal Unico, generando su propio patréon de
difraccion.

o La presencia de infinidad de cristales produce
superposicion de patrones observandose un
nuevo tipo de diagrama.

o La informacion contenida en el patréon de
difracciéon es la misma, pero la superposicién de
muchos cristales. '

98

27/8/24
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Difraccion de Monocristal

99

Difraccion de Polvo

100

27/8/24
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¢Qué es polvo policristalino?

0 Conjunto muy numeroso (infinitos) de
cristales microscépicos (infinitesimales)
idénticos (esféricos) ordenados
aleatoriamente.

m Ejemplos: Azlcar impalpable, sal fina.
» La coherencia interna en cada cristal es la

propiedad a observar, por lo tanto los metales
generalmente son policristalinos.

101

Condiciones para XRPD

o Si el polvo policristalino cumple con todas las condiciones
del pricipio (infinidad de cristales uniformes orientados al
azar) no es necesario colectar el total del cono de
difraccién.

102

27/8/24
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Difractémetro: Rigaku Ultima IV

103

Geometrias de Haz de Rayos X

0 Geometria Para o0 Geometria de Haz
focalizante Bragg- paralelo, Cross-
Brentano Beam-Optics CBO

27/8/24

52



27/8/24

Difractometro: Rigaku Miniflex

Agosto de 2024 105

105

Geometria Bragg-Brentano o para-focalizante.

T T T 7T 7T 77T

raiié's' X

" Rendijareceptora

Rendija secundaria

106
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El Patron de Difraccion

Intensidades
7 relativas
Distribucion
Posicién atomica en la
de picos \I ‘II | IIIIII[IIMIIII [l IIIII!IIIIIIIIIII | 1 red
10 20 y 30 40 .ﬁ_,—___.ﬁ_:__?‘ﬁ
20 h@é!
Celda Dispersién difusa, lLlT. 5 .
unitaria: porta muestra, lr—l ‘o !
simetria matriz, fases 0 @
b y amorfas, etc... o
a volumen
107

Informacidon contenida en un

diagrama de difraccion de polvo

o Posiciones de los picos o Intensidades

= Sistema Cristalino = Contenido de la Celda

= Grupo Espacial de Simetria Unidad

= Simetria Traslacional = Simetria Puntual

= Dimensiones de la celda = Fraccidn cuantitativa de
unidad fases

= Informaciéon Cualitativa de
fases

o Forma y ancho de picos
m Tamafio de cristales (2-200 nm)
m Tensiones internas no uniformes
m Presencia de defectos de cristales (fallas de apilamiento,

dislocaciones, inclusiones, gradientes de fase, etc.)

108

27/8/24
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JNEEE
4

109

Dimensiones y contenidos de la
celda (ejemplo cubico)

a

—— nA=2d,,,sin0
Ny e

o oam R
2=4.049 A

dhkl =

55



27/8/24

Dimensiones de la Celda Unidad

_ a

d I —

nA=2d,,,sin0

111

Analisis Cuantitativo

o El diagrama de difraccidon de polvo de una fase es “la

huella digital del compuesto” y puede ser utilizado
para su identificacion cuali-cuantitativa.

o Algoritmos de busqueda-ajuste son utilizados para
comparar diagramas experimentales con otros
almacenados en una base de datos (ICDD) de
compuestos ya estudiados. I;40/I100_corundun

o Puede ser utilizado para mezclas complejas de fases.
= Standard Interno
= Full Profile Pattern Refinement: Rietveld Method

o Puede ser utilizado para identificar polimorfos de un
mismo compuesto.

112
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34-0427 Wavelangth= 1.5405981
LaBE 20 It h ok 1
8o/on Lanthanum 21,354 54 1.0 0
387100 1 1 0
445 41 1 11
3817 22 200
.869 46 210
Rad.: CuKatk: 1.840598Filter ono d-sp: Diff. 995 24 2 1 1
Cut oft: 22.1 Int.: Diftract IWlcor 218 8 2 2 0
o 864 23 3 0 O
Ret: Natl. Bur. Stand. (UJ5.) Mologr. 25, 20, 62 {1983) 767 16 3 1 0
.849 10 3 1 1
869 2 2 2 2
Sys.: Cubic s 4 Pmam 221) B49 6 3 2 0
1 793 13 3 21
a: 4.15690(5) b ¢ A c ‘688 2 4 b 0
o [0 Z: mp: 99.640 8 4 10
103656 7 4 1 1
¢
Ref: Ibid. 107.755 3 3 3 1
111940 4 4 2 0
116280 9 4 21
x 7 / Fog=179 )! 2
Dx: 4.711 Dm SPFOM: Foq=179(.0056. 24 ) [,0%00 a3 3 3 2
Color: Violet-black R
The sample was obtainedjirom Hbch-Light Labjratories, 141 10 E10
Colnbrook Bucks. Englanfl. UK, lind donated b Gobel, H 148 e E 11
Munich, Germany, CAS #f| 12008-21-8.0(l op)f 0.05. The 7
e vaure was determinediioy q gnd
Neimann (1932). B6 Ca gpe. F| silver
used as an internal standl. PSClcP7§iTo replfee 6-401
Mwt: 203 77. Volume|CO 71.89
© 2001 JCPDS-fter o 1§ Offtraction gta. ANl rights reserved
PCPDFWIN v 2
ll.ll .llllll Ak

113

Software: Search-Mathch

18000,

—— TJOUREA2 data - background
16000 — ‘ TJOUREA2 peaks

14000 —
12000 —
10000 —
8000 —
6000 — l

4000 — ‘
2000 —

|
\Mﬂ J‘-,l\ Y W

hobadhe o

12002k 11
——31-1934 Thiourea

1000 —

800 —

600 —

400 —

200—| .
|
|

\ ,,'AAFM/R b sk
[ [ | |

200 250 300 350 40.0 45.0 50.0 55.0 60.0
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Tarjetas JPCD-ICDD

31-1934 Quality: * CH4NZS

CAS Number.  B2-56-6 Thiourea

Molecular \Weight 76,12 Ref: Natl. Bur. Stand. (U.S.) Monogr. 25, 17, 83 (1980)

Volume[CD]: 36031

Dx 1.403  Dm g

Sys: Orthorhombic % =

Lattice: Primitive @

S.G.: Pnma [62) TE o

Cell Parameters: X = =

a 7.664 b 8559 ¢ 5492 w | “ w

] ] TR AT A

[ B ¥ T T T T .

S5/FOM: F30=76(.0081, 49) 0 10 20 30 40 50 28

|/lcor: 0.91

Rad: CuKal ] Intf h k | |28 Intf hk || 2 Intf h k |

Lambds: 1.540538 1919% 9 011 |37.361 1131|5161 11 411

Filter: Graph 19846 70 1 0 1 [38836 3 301 |52 3420

dsp: 20737 100 0 2 0 [39.348 3 230 |53429 1322
23.181 60 2 0 0 [41.786 7 21 2 |54288 1042
25443 55 21 0 |42215 2 040|55062 <1 421
28383 65 2 0 1 [42781 5 231 (55881 4123
28880  B5 1 2 1 |44.439 8 321 |56230 2 051
30262 25 211 [47089 14 1 4 1 |56710 3213
31306 45 2 2 0 [47.400 5 400 |58699 3402
32570 8§ 00 2 |48702 9 240 |59000 4 332
35423 30 031 [4987 8 312
36267 30 11 2 |50.968 7013

115

¢Qué sucede en el polvo real?

O Pueden no cumplirse una de las 3
condiciones fundamentales:
= Orientacion aleatoria de los cristales
Orientacion Preferencial.

= Tamano de cristales entre 1 y 10 um.
Ensanchamiento por tamafo (size-broadening)
Intensidad falsa de maximos (spikey peaks)

= Forma regular de los cristales
Ensanchamiento anisotrépico (anisotropic-broad.)

116

27/8/24

58



Otras plicaciones generales:

T 3 T T T
Ve = l,”i + S Z LhH 'Fhk1| '¢(29i_29hk1) Enk] : é

funcion que factorde I Gy (et fctorde  factorde

escala funcion de forma

representa la Lorentz.  estructura de pico orientacion  COTTeccion
linea de base Polarizacion preferencial abs%‘r’élén

¥
multiplicidad  — Y| €

‘,

Backgrou
Posicion
de picos ‘II I IIIIII!I [ IIIII]IIIIIIIIIII
10 20 y 30
Celda 20
itaria: Dispersién difusa,
nitaria: porta muestra,
simetria y matriz, fases
b volumen amorfas, etc...

Intensidades
relativas

Distribucion
atomica en la
red

117

Nano-HAP

2000 - 1 HAP @ 40 nm
i Int. exp.
it Int. calc.
1500 3 ——bkg
[ —— diferencia
} ; | fase
4 i
1000 it

Intensidad (u.a.)

_ M@
L ',u LU

2theta ( )
@=9.4317(7) A. b= 9.4517(7) A. c= 6.8733(5) A, alpha— 90 beta=90°, gamuna120°

At x v z Ocupacién  Ueq*100 (A%)
Ol 033279)  04897(8) 14 T 1.49(16)

02 0.5856(9)  046349) 14 1 1.49(16)

03 0330(6) 02572(6)  0.0670(6) 1 1.49(16)
[ 0 0.1673(12)  0.646(7)  L49(16)

P 03983(5)  03661(6) 14 1 0.22(1)

cal 13 23 0.00032) 1 0.26(9)

Ca2 0245045 0990156 14 1 0.26(9)

Forma de pico

GU GV GW LX prec
742(18)  -105(13)  677(22)  2214(4)  -792()

g T p Print Mg« 213047x ¢ 7 in
WRp Rp Observaciones. Variables  R(F)) i’ Noqaired ey 11 2069 ot 2147 P
00917 00707 242 36 0.037 591

searem X

X

S

5043 m

b

Wrenokv

TIN Mag = 151000x

AT Proforred Customer
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Dispersién a Bajo Angulo (SAXS)

Generalidades
Intensidad de dispersion:

I1=¢P(q)S(q)

con:

¢ (fraccidn en volumen)

o
Q@

P(q) = [p(r) — ps)? [IF(qr)|*dr (funcion intraparticula)

S(q@) =1+4nn [[g() - I]Mrdr

qr

(funcion interparticula)

siendo: g(r) (funcion de distribucion de pares)

119

Dispersion a Bajo Angulo (SAXS)

Generalidades
I1=¢P(q)S(q)
Sistemas diluidos:

S(@)~1
Sin interacciones entre polimeros

Sistemas concentrados:

S(@)=1+4nn [[g) - 1]%(:")rdr

Interacciones entre polimeros
Ej: atractivas, repulsivas, etc.

25 nm

s

Medlie
o

25 nm
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Dispersion a Bajo Angulo (SAXS)

10" 6=0.20 La curva de SAXS se suaviza
con el aumento de la polidispersion (o)
10" en la distribucién de tamario de los
W espacios vacios o fillers
10
© . .
2 Funcién de Guinier:
o
- =0.06 .
- ‘ q - 0 (ej: q<0.1 nm)
_a’s?
10"+ I(q)~Ge 3
- : . (no interactuantes)
0,0 0,1 02 03

q (nm”)

121

Dispersion a Bajo Angulo (SAXS)
Estructura laminar
Dominio
A| laminar
T - 242
S d~4.2nm Ln[I(q)]~ — q3s
0 0.;)1 0.02
q% (A7)
— D ~6.5nm Distancia de
gL & correlacion [
. _ 2m q
] b= 9max .ﬂ (/m,\ -
A e Lual
26 (Deg, Cu Ka)
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Ejemplo: NPs de Ag por

Biosintesis

Tesis de Doctorado de la B.C.
Belén Estevez
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Caracterizacion de PchNPs: Tamario
TEM DLS SAXS
43(15) nm
17(7) nm PDI: 0,3 26(1) nm
10000 o
%y D ~25.9nm
TEM | L . ‘ SAXS
g N \\
e A . -\\\"
10000
1 o,loz o,|o4 0,'06 0,'08 031 X {24
q(A")
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Caracterizacion de PeNPs: Tamano

TEM DLS SAXS

16(4) nm 16(1) nm
PDI: 0,2 40(1) nm

32(11) nm

v —

)

TEM " 47 ‘ .‘ ".‘ “ ? —-—-—-—-—-—-—SAXS
. o _ ‘ p ‘ &
v s L 1alM N o :
TN 8 ;
=i v e
. =] LY
®s
% o ]
= 01 10 - T 1000 10000
q(m’)
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Conclusiones

O No hay una unica técnica para analizar
nanomateriales.

O No hay una tnica técnica para concluir sobre
algin aspecto de la caracterizaciéon de
nanomateriales.

O Se trata una tarea compleja, de la cual se debe
concluir luego de un analisis amplio y de
consenso.
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