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1. ¿Qué es la Nanotecnología?
p 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 = 1x10-9 m

La nanociencia es el estudio de fenómenos y 
manipulación de materiales a escalas atómica, 
molecular y macromolecular; dónde las propiedades 
difieren significativamente de aquellas a gran escala. 

La nanotecnología es el diseño, la caracterización, la 
producción y la aplicación de estructuras, dispositivos y 
sistemas para controlar la forma y tamaño a escala 
nanométrica.

Agosto de 2024 3

3

2. Microscopia Raman 
Confocal
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2. Modos Vibracionales
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Modos Vibracionales del CO2
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I - Vibrações moleculares Tópicos 28
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2. Reglas de Selección
p IR: Absorción de fotón por dipolo (μ) del modo normal de 

vibración.
p Raman: Dispersión inelástica mediada por momento 

dipolar inducido (polarizabilidad α) generado por la OEM. 
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2. Reglas de Selección: IR vs Raman
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1. Reglas de Selección: IR vs Raman
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II – Espectroscopia vibracional Tópicos 37

Vibrações ativas e inativas Raman
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2. El efecto Raman

Rayleigh scattering
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2. El efecto Ramanwww.witec.de

The Raman Effect
- non-resonant excitation (Stokes) or annihilation (Anti-Stokes)

of a vibrational quantum

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

- theoretical prediction 1923 by A. Smekal
- experimentally discovered 1928 by Sir Chandrasekhara Raman, Nobel Prize 1930
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2. Infrarrojo vs. Raman
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5. Esquema Típico de ExperimentoCombining High Resolution Optical and Scanning Probe Microscopy

Typical Raman experiment:

I ∼ 10  x I6

Copyright WITec GmbH

- typical integration times: seconds - several minutes

IRayleigh ∼ 10  x IRaman
6
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1. Espectroscopia Raman
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2. Identificación de Bandas
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Coordenadas Internas

17
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Coordenadas Internas
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2. Métodos Teóricos
p Cálculos ab initio o Primeros Principios
p DFT

n Gaussian
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Poloxamer P184

20

poly(ethyleneoxide)/poly(propyleneoxide)/poly(ethylene oxide)
Molecular Dynamics Simulation
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Poloxamer P184 Simulation
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gaussview
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Poloxamer P184 Simulation
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FBZ Simulation
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3. Microscopia Óptica Clásica
What is the resolution limit of a classical optical microscope?

Ernst Abbé (1840-1905): diffraction theory

∆∆∆∆x ≥ 0,61 x (λ / NA )

Combining High Resolution Optical and Scanning Probe Microscopy

classical optical microscopy

∆x

∆∆∆∆ 0,61 x (λ / NA )

NA=n SinΘ

resolution limit ≈ λ /2

Copyright WITec GmbH

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

water: NA ≤ 1,2       (270nm @ 532nm exc.)

oil: NA ≤ 1,4       (230nm @ 532nm exc.)

Θ
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3. Microscopia Confocal Combining High Resolution Optical and Scanning Probe Microscopy

classical

confocal microscopy

Copyright WITec GmbH

confocal

- 3-D information

- slightly higher resolution possible

- much smaller background

spatial, but NO chemical informationAgosto de 2024 25
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Confocal Raman imaging (2D)
p Example: Emulsion (hand cream with urea) Raman spectra

No chemical information Chemical 
information

Raman Image

aqueous phase

organic phase

organic phase
with urea

Microscopic Image
Confocal Raman Microscopy

Scan in x/y

Chemical 
information

& spatial 
resolution

26



27/8/24

14

2D Raman image 3D Raman image

Perspective view

Raman imaging – 3D
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3. Microscopio Confocal + 
Espectroscopia Raman

www.witec.de

Confocal Microscopy – Confocal Raman Imaging

Confocal Microscopy + Raman Spectroscopy

=

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

Parque Científico y Tecnológico de Pando (PCTP) / 
Instituto Polo Tecnológico de Pando (IPTP)
ANII- Proyecto EQC_X_2012_1_14
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3. Microscopio Confocal + 
Espectrómetro Raman

SNOMConfocal Microscope + Raman Spectrometer 

Copyright WITec GmbH

Imaging with chemical sensitivity
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3. Esquema
www.witec.de

Confocal Raman Imaging

Single Mode
Fiber

Optimized 
Raman Optics

High efficient 
Filter

Multi Mode Fiber
Confocal PinholeUHTS 300

Upto 70% Transmission
EMCCD - 0.7 ms Integration Time

Requirements:

• Highest Sensitivity
• True Confocal
• Fast Acquisition of Spectra
• Easy Change from Confocal to AFM
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3. Disposición

Agosto de 2024 31

31

Información Adicional:

a) Intensidad de pico: proporcional a 
concentración

b) Corrimiento de pico: Identificación de stress 
y strain.

c) Ancho de pico: Degree of crystallinity
d) Polarización: simetría cristalina y 

orientación

+
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3. Aplicaciones
Microscopia Raman Confocal
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Imagen Raman:  dispersión agua-aceite
Combining High Resolution Optical and Scanning Probe Microscopy

5 µm

Raman Spectral Imaging:

CH2

H2O

Copyright WITec GmbH

Body lotion, imaging parameters:

2 mW excitation @ 532nm, 100x oil, NA=1,25

20 x 20 µm, 180 x 180 pixels (= 32400 spectra)

50ms/spectrum
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Reconstrucción Imagen Raman 3D

3-D Reconstruction
Sample: Oil/Water Emulsion

3D Raman Spectral Imaging

Evaluated Band: CH-Stretching 

Excitation: 532nm

Scan Range XY: 100x100 µm

Scan Range Z: 30 µm/32 layersScan Range Z: 30 µm/32 layers

Copyright WITec GmbH

www.witec.de

Confocal Raman Imaging

Oil and Water Emulsion 

3-D Reconstruction

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

Evaluated Band: CH-Stretching 
Excitation: 532nm
Scan Range XY: 100 µm2

Scan Range Z: 30 µm/32 layers

Agosto de 2024 35

35

Blend PMMA+SBR

application note

Lise-Meitner-Straße 6, D-89081 Ulm, Germany
Tel. +49 (0) 731 140 700, Fax. +49 (0) 731 140 70200
www.witec.de, info@witec.de

the lower features the SBR. It is not yet clear
if the SBR forms a uniform film on the glass
substrate and the higher islands of PMMA are
formed on top of the SBR film, or if both
phases reach the glass substrate. The answer
to this question can only be provided by a
spectroscopic method.
The relative wave numbers of the individual
Raman spectra of the PMMA and SBR indicate
that the positions of the characteristic peaks
and their intensities can be used to distinguish
the two polymers if blended.

© 2006 by Witec Wissenschaftliche Instrumente
und Technologie GmbH, www.WITec.de

Samples courtesy of Dr. Sabine Hild, University of Ulm

Figs. 8a+b show a high resolution AC Mode
AFM image of the polymer blend. The 2x2 µm
topographical image reveals the 20 nm high
round features. The simultaneously recorded
phase image shows the fine structure,
observed in the plain SBR film, in the lower
part of the topographical image, whereas the
higher features do not reveal any fine texture
in the phase image. Based on these high
resolution images, a correlation of the two
polymers in the blend is already possible, the
higher features representing the PMMA and

Fig. 8a+b: High resolution AFM images of the polymer
blend PMMA-SBR spin-coated on a glass cover slip.
Topography (left) and phase (right). Scan size: 2 µmx2 µm.

Fig. 9: Color coded Raman image of SBR resulting from the
integral intensity of each spectrum.

Operating the "alpha300 AR" in spectral
imaging mode, a complete Raman spectrum
is collected at every image pixel. The measured
spectra were fit to the Raman spectrum of
PMMA and SBR as shown in fig. 3 and fig. 4 to
distinguish the polymers as illustrated in figs.
9+10. Comparing the Raman data to the AFM
images, it is clear, that the higher round
features are PMMA down to the glass
substrate, whereas the 30 nm high
background represents the SBR phase.

8a 8b

Fig. 10: Color coded Raman image of PMMA resulting from the
integral intensity of each spectrum.

Fig. 11: Corresponding spectra: SBR (blue) and PMMA (red).
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Characterization of the Polymer Blend PMMA-SBR
Combining Confocal Raman and Atomic Force Microscopy

The "alpha300 AR" combines two
nondestructive measuring methods: the high
spatial resolution of an AFM with the chemical
identification capabilities of the Confocal
Raman Microscope. To demonstrate the
advantage of this unique combination, thin
films of polymers have been studied.

Fig. 1 shows the topography image of a 100
nm thick PMMA film spin coated on a glass
cover slip and fig. 2 shows the high
resolution phase image of a SBR film, both
recorded with the AFM. Fig. 3 and fig. 4
show the corresponding Raman spectra.
In fig. 2 an overview AFM image of a PMMA-

SBR blend is presented. The topographic
image reveals round features, 20-30 nm in
height with a diameter varying from 150 nm
to 4 µm. To determine the height of the
PMMA-SBR film, the polymer was scratched
off with a fine needle and imaged with the
AFM again as shown in fig. 6. The cross-
section (fig. 7) marked with a black line in
the AFM image indicates that the low areas
of the polymer blend are 30 nm in height,
whereas the higher round features are up to
70 nm high.

Characterization of heterogeneous systems
on the nanometer scale continues to grow in
importance and to impact key applications
in the field of materials science (phase
segregated systems), nanotechnology
(molecular electronics), and catalysis (single
site catalysts). Detailed information on this
scale is necessary to test and evaluate
advanced materials. Certain properties,
however,  are difficult to study with
conventional characterization techniques due
to the inability of these methods to
chemically differentiate materials with
sufficient spatial resolution, without damage,
staining or preferential solvent washing.

Fig. 7: Graph of the cross-section at the black line in Fig. 6
through the film

2 µm

300 nm

Fig. 2: AFM phase image
of a SBR film.

Fig. 1: AFM topography
image of a PMMA film.

Fig. 3: Raman spectrum of PMMA

Fig. 4: Raman spectrum of SBR

Fig. 5: Overview AFM image of a PMMA-SBR blend.
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Fig. 6: AFM Image of the scratched PMMA-SBR film, .
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PMMA

SBR
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Alimentos

Fig. 2a: Raman Image of an emulsion used in food
production. Scan range: 30 µm x 30 µm, 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

application note

Lise-Meitner-Straße  6, D-89081 Ulm, Germany
Tel. +49 (0) 731 140 700, Fax. +49 (0) 731 140 70200
www.witec.de, info@witec.de

an interface between the water droplets (blue)
in the fatty matrix (green & red).

Chocolate
In the final experiment, white chocolate was
investigated. The scan range was 50 x 50 µm
with 150 x 150 pixels (=22,500 spectra) and
the measurement used an integration time
of 40 ms for each spectrum. One can clearly
see a distinct phase separation in the
chocolate material. Saccharose (blue) and
additive particles (red) are embedded in a
fatty matrix (green). The size of the saccharose
particles vary between 650 nm and 10 µm.

© 2006 by Witec Wissenschaftliche Instrumente
und Technologie GmbH, www.WITec.de

Emulsions for food production
In a second experiment, an emulsion used in
food production was imaged with a scan
range of 30 x 30 µm and 120 x 120 pixels
(14,400 spectra, 30 ms/spectrum). Such
emulsions are added to the food mixture in
order to introduce or adjust dedicated
properties in the final products. The emulsion
contains a fatty matrix, an aqueous phase
and the emulsifier polyglycerol polyricinoleate
(PGPR). After analyzing the spectral
characteristics of the components, figure 2
shows their distribution, clearly revealing that
the emulsifier PGPR (yellow) aggregates as

Fig. 3a: Raman image of white chocolate, (scan range: 50 x 50
µm, 150 x 150 pixels, 22500 spectra, 40 ms/spectrum, excitation:
532 nm Nd:Yag), . Saccharose (blue) and additives (red) particles
are embedded in a fatty matrix (green).

2 µm

fat I

Fig. 2b: Corresponding spectra of the compounds contained within the emulsion.

Conclusion
Confocal Raman Microscopy is a powerful tool
for the analyis of the chemical composition
of heterogeneous  samples on the sub-µm
scale. In this application note it was
demonstrated that the distribution of various
chemical compounds in instant gravy
thickener, emulsions and chocolate products
could be successfully visualized, leading to a
more thorough understanding of the product
and the production process.

fat II

aqueous phase

emulsifier PGPR

Fig. 3b: Corresponding spectra

excipients

saccharose

fat

Chocolate blanco
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Chocolate Blanco (toblerone)
p Sacharose, Maltose and Fats
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Células Vivas: células 
epiteliales de Rata

www.witec.de

Copyright WITec GmbH

Confocal Raman Imaging

Rhodamine 6G molecules

Living Cells – Rat epithelium cells in physiological buffer
RR1022 virus transfected)

White Light Video Image

www.witec.de

Copyright WITec GmbH

Confocal Raman Imaging

Rhodamine 6G molecules

Living Cells – Rat epithelium cells in physiological buffer
RR1022 virus transfected)

Single Spectrum, 0.1 s Integration Time

water

CH 2

1660

1440

1265/
1310

1070

Proteins:

1450/cm
1660/cm

Lipids:

1070/cm
1300/cm
1440/cm
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Células epiteliales en Buffer

www.witec.de

Copyright WITec GmbH

Confocal Raman Imaging
Living Cells – Rat epithelium cells in physiological buffer
RR1022 virus transfected)

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

100 x 100 pixel = 10000 spectra
objective: 60x, NA = 1.0 water
532 nm excitation, 5 mW
100 ms / spectrum => 17 min.

Peak position of  the CH 2 stretching band
(2885 - 2935 / cm)

40
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Imagen reconstruida

www.witec.de

Confocal Raman Imaging

Copyright WITec GmbH

nuclear membrane

nucleus

mitochondriae

cytoplasm

endoplasmatic
reticulum

nucleoli

Living Cells – Rat epithelium cells in physiological buffer
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T. Cruzi

Imagen Raman para 
tres bandas 
caractertísticas

1580 cm-1

C=C 
stretching 
purinas
ADN

2100 cm-1

CO 
stretchi

ng
Fármaco

1437 
cm-1

CH2/CH3 
def. 

antisimétr
ica

Lípidos

2800/
3000 
cm-1

C-H 
stretching

Lípidos
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Multifunctional organometallic compounds for
the treatment of Chagas disease: Re(I) tricarbonyl
compounds with two different bioactive ligands†

Mariano Soba, a,b Gonzalo Scalese, a Federico Casuriaga,a Nicolás Pérez, a

Nicolás Veiga, a Gustavo A. Echeverría, c Oscar E. Piro, c Ricardo Faccio, d

Leticia Pérez-Díaz, e Gilles Gasser, f Ignacio Machado *g and
Dinorah Gambino *a

Chagas’ disease (American Trypanosomiasis) is an ancient and endemic illness in Latin America caused by

the protozoan parasite Trypanosoma cruzi. Although there is an urgent need for more efficient and less

toxic chemotherapeutics, no new drugs to treat this disease have entered the clinic in the last decades.

Searching for metal-based prospective antichagasic drugs, in this work, multifunctional Re(I) tricarbonyl

compounds bearing two different bioactive ligands were designed: a polypyridyl NN derivative of 1,10-

phenanthroline and a monodentate azole (Clotrimazole CTZ or Ketoconazol KTZ). Five fac-[Re(CO)3(NN)

(CTZ)](PF6) compounds and a fac-[Re(CO)3(NN)(KTZ)](PF6) were synthesized and fully characterized. They

showed activity against epimastigotes (IC50 3.48–9.42 μM) and trypomastigotes of T. cruzi (IC50

0.61–2.79 μM) and moderate to good selectivity towards the parasite compared to the VERO mammalian

cell model. In order to unravel the mechanism of action of our compounds, two potential targets were

experimentally and theoretically studied, namely DNA and one of the enzymes involved in the parasite

ergosterol biosynthetic pathway, CYP51 (lanosterol 14-α-demethylase). As hypothesized, the multifunc-

tional compounds shared in vitro a similar mode of action as that disclosed for the single bioactive moi-

eties included in the new chemical entities. Additionally, two relevant physicochemical properties of bio-

logical interest in prospective drug development, namely lipophilicity and stability in solution in different

media, were determined. The whole set of results demonstrates the potentiality of these Re(I) tricarbonyls

as promising candidates for further antitrypanosomal drug development.

Introduction
Chagas’ disease (American Trypanosomiasis) is an ancient and
endemic illness in Latin America caused by the flagellated pro-
tozoan parasite Trypanosoma cruzi (T. cruzi). It is mainly trans-
mitted to the mammalian host by infected blood-sucking tria-
tomine bugs. The parasite shows a complex life cycle that
involves stages in the host (motile infective trypomastigotes
and intracellular replicative amastigotes) and in the infected
insect (non-replicative metacyclic trypomastigotes and non-
infective epimastigotes) that show different susceptibility to
drugs. In Latin America and the Caribbean region, there are
about 8 million infected people, 10 000 annual deaths and
25 million people at risk of infection and the burden of the
disease is five times higher than that of malaria. Migration
flow towards North America, Australia, Europe and Japan,
has led, in the last decades, to an increased number of
cases in these non-endemic regions due to non-bug associated

†Electronic supplementary information (ESI) available. CCDC 1955911 and
1955912. For ESI and crystallographic data in CIF or other electronic format see
DOI: https://doi.org/10.1039/d2dt03869b

aÁrea Química Inorgánica, DEC, Facultad de Química, Universidad de la República,
Uruguay. E-mail: dgambino@fq.edu.uy; Fax: +5982-9241906; Tel: +5982-9249739
bPrograma de Posgrado en Química, Facultad de Química, Universidad de la
República, Montevideo, Uruguay
cDepartamento de Física, Facultad de Ciencias Exactas, Universidad Nacional de La
Plata and Institute IFLP (CONICET, CCT-La Plata), La Plata, Argentina
dÁrea Física, DETEMA, Facultad de Química, Universidad de la República, Uruguay
eLaboratorio de Interacciones Moleculares, Facultad de Ciencias, Universidad de la
República, Uruguay
fChimie ParisTech, PSL University, CNRS, Institute of Chemistry for Life and Health
Sciences, Laboratory for Inorganic Chemical Biology, France
gÁrea Química Analítica, DEC, Facultad de Química, Universidad de la República,
Uruguay. E-mail: imachado@fq.edu.uy

This journal is © The Royal Society of Chemistry 2023 Dalton Trans.
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gotes, which is the relevant infective form of the parasite.
Nevertheless, the new compounds showed higher cytotoxicity
on VERO cells than the free NN ligands which led to lower
selectivity index values. The antiparasitic activiy of [Re
(CO)3(tmp)(KTZ)]PF6 could not be properly determined due to
its low solubility. Further modification of its structure is
planned to achieve a solubility improvement.

Confocal Raman microscopy

In previous studies by microwave plasma atomic emission
spectrometry (MP-AES), [Re(CO)3(tmp)(CTZ)]PF6 showed a pre-
ferential association to the parasite soluble proteins fraction
and a low association to DNA and RNA fractions, which
suggested to discard these biomolecules as main targets.43

In order to deepen in the localization of the uptaken com-
pound in the whole parasite, confocal Raman microscopy was
performed. According to literature, signals in the range of
∼1650 cm−1 correspond to Amide I CvO stretching mode
(proteins and DNA, Fig. 6 red region), signals in the range of
1425/1475 cm−1 correspond to CH2/CH3 anti-symmetric
methyl/methylene deformations (lipids, Fig. 6 blue region) and
signals in the range of 1570/1580 cm−1 correspond to CvC
stretching modes in purine bases (DNA/RNA, Fig. 7 red
region).93–95 Additionally, the signal at 1594 cm−1 observed in
Fig. 6 (green region) could be attributed to DNA in higher con-
centration. On this basis, the red and green label correspond
to mitochondrial and nuclear DNA and the blue label to lipids
from the membrane.

Fig. 6 (a) Overlay between optical and confocal Raman images as obtained from selected principal components analysis for samples: control, 1×
4 h, 1× 24 h, 10× 4 h and 10× 24 h. (b) Average Raman spectra for each component, as corresponding with confocal Raman images presented in (a).

Paper Dalton Transactions

Dalton Trans. This journal is © The Royal Society of Chemistry 2023
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In order to deepen in the localization of the uptaken com-
pound in the whole parasite, confocal Raman microscopy was
performed. According to literature, signals in the range of
∼1650 cm−1 correspond to Amide I CvO stretching mode
(proteins and DNA, Fig. 6 red region), signals in the range of
1425/1475 cm−1 correspond to CH2/CH3 anti-symmetric
methyl/methylene deformations (lipids, Fig. 6 blue region) and
signals in the range of 1570/1580 cm−1 correspond to CvC
stretching modes in purine bases (DNA/RNA, Fig. 7 red
region).93–95 Additionally, the signal at 1594 cm−1 observed in
Fig. 6 (green region) could be attributed to DNA in higher con-
centration. On this basis, the red and green label correspond
to mitochondrial and nuclear DNA and the blue label to lipids
from the membrane.

Fig. 6 (a) Overlay between optical and confocal Raman images as obtained from selected principal components analysis for samples: control, 1×
4 h, 1× 24 h, 10× 4 h and 10× 24 h. (b) Average Raman spectra for each component, as corresponding with confocal Raman images presented in (a).

Paper Dalton Transactions

Dalton Trans. This journal is © The Royal Society of Chemistry 2023

Pu
bl

ish
ed

 o
n 

10
 Ja

nu
ar

y 
20

23
. D

ow
nl

oa
de

d 
by

 U
ni

ve
rs

id
ad

e 
de

 L
isb

oa
 o

n 
1/

18
/2

02
3 

1:
46

:1
9 

PM
. 

View Article Online

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

45

Tabletas: API y Excipientes
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Confocal Raman Image overlaid 
on the topography

Corresponding Spectra
Red & Blue : API
Green : Excipient

True Surface Microscopy 
Tablet
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Ejemplo 4: Grafeno y MLG
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5 µm

Example Measurements: Exfoliated Graphene

1. Imaging of multilayered Graphene
Fig. 1 shows the white light image (a), the
AFM topography image (b), and the Raman
image (c) of a graphene flake, all acquired
with an alpha300 RA microscope, without
physically moving or transferring the sample
between the different measurements. This
graphene flake was deposited on the oxide
top layer of a Si-wafer by exfoliation. The
white light image (Fig. 1a) is helpful for the
coarse inspection of the Si-wafer after
deposition of graphene. The precise cantilever
positioning capabilities of the alpha300 RA
allows AFM imaging of the same graphene
flake. The AFM topography image reveals the
3D-physical dimensions of the graphene flake
(Fig. 1b). The black line in (b) indicates the
cross section of a height profile. This height
profile shows the topography variation over
a bi-, mono-, and no graphene layer. The
height difference between the oxide Si-
substrate and the first graphene layer is 1 ±
0.1 nm, whereas the double layer of graphene
is 1.36 ± 0.1 nm (Fig. 1d). This topographic cross
section is used to highlight variations of
Raman bands as a function of the number of
graphene layers.

The Raman Image (Fig. 1c) was evaluated from
 a 2D spectral array, consisting of 150 x 150
Raman spectra (22,500 spectra in total). The
integration time for each Raman spectrum in
the 2D spectral array was o.o5 s per spectrum,
leading to a total acquisition time of less than
20 minutes.

The characteristic Raman spectra for a mono-
 bi-, and multilayer of graphene are presented
in Fig. 1e and show the unique D, G, and G’
Raman bands of carbon nano-materials. These
spectra were used as basis spectra for the
basis analysis software tool implemented in
the WITec Project software. With this
algorithm the color coded Raman image in
Fig. 1c was generated. The colors of the spectra
(Fig. 1e) match the colors in the Raman image
(Fig. 1c).

Fig. 1: (a) White light image of a graphene flake on

a silicon surface. (b) AFM topography image (AC-

mode) of graphene, (c) Color coded Raman image.

(d) Height profile along the cross section indicated

in Fig. 1b (black line). (e) Raman spectra measured

at different positions of the graphene flake (colors

correspond to Fig. 1c).

Samples: courtesy of Dr N. Manyala, Dr. David Dodoo

Arhin, Fabiane Mopeli:  Department of Physics,

Institute of Applied Materials, University of Pretoria,

South Africa.
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Ejemplo 4: Grafeno

Agosto de 2024 50

bilayer

multilayer

50



27/8/24

26

Ejemplo 4: Grafeno en Solución
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Ejemplo 5: Nanotubos de Carbono
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Ejemplo 5: Nanotubos de Carbono
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Ejemplo 5: Nanotubos de Carbono
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MCR: CNT y RBM
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Ejemplo 7: Caracterización de NT
Ejemplo de Funcionamiento:

• Muestra de NT calentados a 
T=200ºC.

• Presencia de Nanopartículas
de Anatasa en muestra de NT .

Agosto de 2024 56

56



27/8/24

29

Evaluación de la Interacción PchNPs-Microorganismo. 
Escherichia coli.

Microscopía Raman Confocal

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

Corrimiento 
Raman (cm-1) 

(±4cm-1)

Asignación de 
bandas

Comparación con 
células tratadas con 

PchNPs

624 Ácidos nucleicos Disminuye

810 Aminoácidos Disminuye

982 Polisacáridos Igual

1186 Polisacáridos Disminuye

1243 Polisacáridos Disminuye

1308 Aminoácidos o 
ácidos nucleicos Disminuye

1344 Aminoácidos o 
ácidos grasos Igual

1593 Ácidos grasos Disminuye
57

Análisis de Componentes Principales

Ejemplo 8: 
Interacción de Bacterias con Ag-NP

57

Evaluación de la Interacción PchNPs-
Microorganismo. Staphylococcus aureus.

Microscopía Raman Confocal

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

Corrimiento 
Raman

 (cm-1) (±4cm-1)

Asignación de 
bandas

Comparación con 
células tratadas con 

PchNps

663 Ácidos nucleicos Disminuye

790 Aminoácidos Disminuye

879 Aminoácidos Disminuye

929 Polisacáridos Disminuye

1116 Polisacáridos Disminuye

1325 Aminoácidos o 
ácidos nucleicos Disminuye

1538 Ácidos grasos Disminuye

58

Ejemplo 8: 
Interacción de Bacterias con Ag-NP
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Ejemplo 8: 
Interacción de Bacterias con Ag-NP

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

59

Ejemplo 8: Microbial cells + AgNPs

27/8/24 60

5. Conclusions

Extracellular cell-free filtrates ofPenicillium expansumwere used for the biosynthesis ofmonodisperse 15-nm
diameter silver nanoparticles (PeNPs). Herewe reported the optimumbiosynthesis conditions to obtain the
highest production of PeNPs in the shortest time for their potential use in biotechnological applications
requiring large quantities of silver nanoparticles. The size, surface charge and stabilizing agent of the PeNPswere
characterized, showing that the biogenic PeNPswere stable over a wide range of pH and ionic strength. The
in vitro antimicrobial activity assays showed promising results for the application of biogenic nanoparticles as
antimicrobial agents withMICs in the nM range. The interaction between the PeNPs and Escherichia coliwas
characterized using TEMandESEM, showing the attachment of silver nanoparticles to the surface of the
bacteria, whichwas accompanied by a coresponding decrease in the integrity of the cell wall. Importantly, a new
approach to study the antimicrobialmechanism of biogenic silver nanoparticles, usingConfocal Raman
Microscopy allowed us to suggest that the damage to bacterial and fungal cells produced by the PeNPs induces
changes to polysaccharides, lipids, proteins and nucleic acids.
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Table 2.Raman band assignment ofmicrobial cells, control and treated cells
with PeNPs. The band assignment wasmade based on previous work [15].

Microorganism

Raman
Shift
(cm−1) BandAssignment

Effect on
treated cells

E. coli
624 Nucleic acids Disappear
810 Amino acids Diminishes
982 Polysaccharides Increases
1186 Polysaccharides Disappear
1308 Amino acids or

nucleic acids
Increases

S. aureus
993 Polysaccharides Diminishes
1092 Polysaccharides Diminishes
1327 Amino acids or

nucleic acids
Diminishes

1587 Fatty acids Diminishes
C. albicans

698 Nucleic acids Diminishes
750 Amino acids Diminishes
991 Polysaccharides No changes
1318 Amino acids or

nucleic acids
No changes

1597 Fatty acids Diminishes

Table 1.Minimum Inhibitory Concentration (MIC) of the PeNPs and the
AgNO3 solution against differentmicroorganisms.

Escherichia coli
Staphylococcus

aureus
Candida
albicans

PeNPs 0.6 nM 30 pM 0.1 nM
AgNO3 7.8 μM 0.6 nM 7.8 μM

11

Mater. Res. Express 6 (2019) 1250f5 MBEstevez et al

AgNPs

Yeasts

DNA
DNA

proteins Proteins

polysaccharides

polysaccharides
Lipi

ds Lipids

60Bacteria

M. B. Estevez, S. G. Mitchell, R. Faccio, S. Alborés, Mater. Res. 
Express 6 (2019) 1250
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Ejemplo 9: Formulaciones 
Farmacéuticas
p Val-Feb Mezcla Física con P188
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Ejemplo 9: MF vs Dispersión
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Ejemplo 9: MF vs Dispersiones 

Agosto de 2024

ORIGINAL ARTICLE

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

M. Elisa Melian1 & A. Beatriz Munguía1 & Ricardo Faccio2 & Santiago Palma3 & Laura Domínguez1

# Springer Science+Business Media, LLC, part of Springer Nature 2017

Abstract
Purpose Solid dispersions (SDs) of a poorly water-soluble drug were prepared, and their physicochemical properties were
compared to those of control physical mixtures (PMs). Among the multiple techniques used to characterize the solid state of
preparations, confocal micro Raman spectroscopy (CMRS) was used as a non-destructive tool to qualitatively probe content
uniformity and distribution of drug and carrier.
Methods SDs and PMs of drug (fenbendazole, FBZ) were prepared containing two different carriers (poloxamer P188 or P407)
with different drug polymer ratios. The preparations were characterized by powder X-ray diffractometry, Fourier transform
infrared spectroscopy, thermal analysis, scanning electron microscopy, and in vitro dissolution assay. In addition, CMRS tech-
nique and principal component analysis (PCA) were used in order to statistically define the content uniformity and distribution of
the drug within the polymeric matrix.
Results In vitro dissolution results exhibited a marked improvement when the drug was formulated as SD compared to control
PM and to pure drug. The solid state of these preparations characterized by X-ray powder diffraction and Fourier transform
infrared spectroscopy showed no changes in the crystalline state of the drug and no chemical interactions between the compo-
nents. Raman studies showed a better content uniformity of the drug within the polymeric matrix when subjected to SD process,
correlating with the improved dissolution profile.
Conclusion This study provides evidence of the potential of the confocal Raman imaging technique, providing a fast and
powerful method to characterize solid dispersions which could be incorporated towards the use of quality by design (QbD)
approaches in pharmaceutical development.

Keywords Confocalmicro Raman spectroscopy . Content uniformity . Solid dispersion . Dissolution rate

Introduction

The majority of failures in new drug development are
associated with poor water solubility that can lead to low
bioavailability, resulting in suboptimal drug delivery. This fact
is critical to oral administration, the most economic and
convenient route, in which the absorption of drugs in the
gastrointestinal tract depends mainly on their solubility and
permeability properties. From an estimated 40% of approved
drugs, around 90% are poorly soluble molecules, therefore,
advances in different insoluble drug delivery technologies
are attractive alternatives, including for reformulate marketed
drugs to improve efficacy (which may be of interest for the
pharmaceutical industry as it provides clinical and economic
benefits) [1]. Many techniques have been developed to
improve drug solubility and dissolution rate of drugs with

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s12247-017-9306-9) contains supplementary
material, which is available to authorized users.

* Laura Domínguez
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MF  Dispersión de NC
Nanocrystals of novel valerolactam-fenbendazole hybrid with improved 

biopharmaceutical behavior. Elisa Melian et al, AAPS Pharm SciTech 2020 
21(7):237
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Example 9: Raman for PM vs NC

p Dissolution Profile (in-vitro)

p Markedly increased dissolution rate compared with the 
simple mixture of the components. 
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Example 9: Nanocrystals
p Conclusions

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

27/8/24 65

PM  NC

PM NC
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Nematodo: H. contortus
Corte Transversal: cutícula e intenstino

Dra. Beatriz Munguía
Q.F. Elisa Melián

Área Farmacología, CIENFAR, FQ
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Nematodo: H. contortus
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Nematodo: H. contortus
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Nematodo: H. contortus
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Burza: 
aparato 
reproductor 
masculino
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Nematodo: H. contortus
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T. Cruzi
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T. Cruzi
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Resumen: Micro Raman Confocal
p No Destructivo (en principio)
p Identificación Química Directa
p Identificación de Propiedades de Materiales
p Preparación sencilla de muestra
p Sólidos y Líquidos
p Detección 3-dimensional
p Combinación de detección química con AFM
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4. Microscopía de Fuerza 
Atómica
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4. Introducción
p Historia

Agosto de 2024 75

MICROSCOPÍA DE SONDA DE BARRIDO (SPM)MICROSCOPÍA DE SONDA DE BARRIDO (SPM)

• Microscopio de efecto túnel (STM)Microscopio de efecto túnel (STM)
• Microscopio de fuerza atómica (AFM)

Premio Nobel Física 1986

H. RohrerG. Binnig

Ciclo Conoce el ICTP
23 Julio 201375

4. Introducción
p Esquema

Agosto de 2024 76

AFM IN CONTACT MODE

AFM Contact Configuration

This document describes the principles of AFM Contact Measurements followed by
the WITec Control software configuration for AFM Contact Measurements . The
beam path and the step by step alignment procedure can be found in Sections 3
and 4.

1 Principles of Atomic Force Microscopy (AFM)

Since the invention of atomic force microscopy (AFM) in 1986 by Binning, Quate
and Gerber [G.Binning, C.F.Quate and Ch.Gerber; Phys.Rev.Lett. 56, 930 (1986)], AFM
has rapidly developed into a powerful and invaluable surface analysis technique
on micro- and nanoscales and even on atomic and molecular scales. Using AFM,
it is possible to image surfaces in real-space with a resolution down to the level of
molecular structures. In addition to the imaging of small topographic features on
surfaces, AFM is also used to image additional surface properties such as adhesion,
stiffness, magnetic properties, conductivity and many more.
The operating principle of an AFM is rather simple. A probe is scanned over a sample
and various interactions between tip and sample are used as feedback mechanisms
to trace the surface topography (Fig. 1).

Fig. 1: Principle of AFM operation.

Page 1
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4. Introducción: Raman & AFM Dual
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6. Introducción 
p Partes relevantes:

n Sustrato
n Cantilever
n Probo
n Fotodiodo

Agosto de 2024 78

PUNTAS AFMPUNTAS AFM

SNL tip RTESP tip
Tip radius 2 nm Tip radius 8 nm

Imágenes cortesía de Bruker,  
http://www.brukerafmprobes.com/

Ciclo Conoce el ICTP
23 Julio 2013

Ciclo Conoce el ICTP
23 Julio 2013

PUNTAS AFMPUNTAS AFM

SNL tip RTESP tip
Tip radius 2 nm Tip radius 8 nm

Imágenes cortesía de Bruker,  
http://www.brukerafmprobes.com/

Ciclo Conoce el ICTP
23 Julio 2013

Ciclo Conoce el ICTP
23 Julio 2013

AFM IN CONTACT MODE

Fig. 7: The Quadrant Window in AFM
Contact Mode

Page 11
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6. Modos de Medida
p Contacto Contínuo entre Punta y Muestra

n Modo Contacto (contact mode)
n Medida de Fuerzas (Curva de Fuerza)

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

p Otros Modos:
n Fuerza Magnética (MFM)
n Fuerza Eléctrica (EFM)
n Potencial de Superficie (SPM)
n Fuerzas Químicas (CPM)
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AFM enAFM en MODO CONTACTOMODO CONTACTO

Fuerza constante

• TopografíaTopografía
• Afectada por la respuesta mecánica del material

Curvas de fuerzaCurvas de fuerza

Permite distinguir zonas con 
diferente comportamiento 
mecánico

Ciclo Conoce el ICTP
23 Julio 2013

6. Modo Contacto 
p Topografía
p Afectada por la respuesta mecánica del material
p Permite distinguir zonas con diferente comportamiento 

mecánico

Agosto de 2024 80

http://virtual.itg.uiuc.edu/training/AFM_tutorial/

80



27/8/24

41

6. Modo No Contacto e Intermitente
p Contacto Intermitente (Force 

Modulation):
n El cantilever oscila, 

interaccionando con la muestra
p No Contacto

n El cantilever oscila, sin Interacción 
con la Muestra
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CONTACTO INTERMITENTECONTACTO INTERMITENTE –– Contraste de faseContraste de fase

Topografía

Fase

Modo No ContactoModo No Contacto
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CONTACTO INTERMITENTECONTACTO INTERMITENTE –– Contraste de faseContraste de fase

Topografía

Fase

Modo No ContactoModo No Contacto
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AFM IN AC MODE

Channel Image Distance Channel Unit Display
Scan Curve Caption

Lock-in R X X Amplitude [V ] Status Window
Lock-in Phi X X Phase [�] Status Window
Sum Quadrant Window
X-Sensor [µm] Status Window
Y-Sensor [µm] Status Window
Z-Sensor X X Topography [nm] Status Window

Quadrant Window
Feedback X Feedback [nm

⇤]
Microscope Z [µm] Status Window

Table 1: Output channels and their sequencers in the AFM AC configuration.

2.4 Quadrant Window

The Quadrant Window is used for the alignment and display of the beam deflection
system. A detailed description of this window is given in the WITec Control manual
Chapter 7.

In AFM AC Mode , the Quadrant Window shows the amplitude of the oscillation
measured as the length of the red arrow on the display. The orientation of the arrow
indicates the relative phase shift (see Fig. 4).

Fig. 4: The Quadrant Window
in AFM AC Mode

3 Beam Path

In this section, the beam path is illustrated schematically. The parts common to
all instruments are displayed in dark grey. Parts not common to all instruments,
but necessary for the described measurement mode are indicated in blue. Optional
parts which may be present with the instrument, but are neither common to all
instruments nor are necessary for the described measurement mode are displayed
in light grey. The parts indicated are listed below the figure where an alpha300

Page 9
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6. Modo No Contacto e Intermitente
p Elección del Cantilever:

n Tapping Mode (Force Modulation):
p Resonancia: 65-85 kHz 
p Constante k=2.8 Nm-1

p Algo de Interacción con la muestra
n Modo No Contacto

p Resonancia: 230-300 kHz 
p Constante k=42 Nm-1

p Muestras muy “blandas” 
p (ej.: Polímeros, geles, 

microorganismos, etc). El Objetivo 
es la Phase Constrast image.

n Imágenes de Fase:
p Propiedades Viscoelásticas.
p Potencial de Adhesión.Agosto de 2024 82
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AFM IN AC MODE

the tip touches the surface due to the air compression between the lever and the
surface as shown in Fig. 1.

Fig. 1: Phase (green) and Amplitude (blue) as a function of tip$sample distance. The effect
of the setpoint selection is also indicated.

2 WITec Control AFM AC configuration description

This description is intended to be used in combination with the WITec Control man-
ual. The WITec Control manual contains the description of the full functionality
of WITec Control , whereas this section indicates only which functionalities are in-
cluded in this configuration. Please refer to the WITec Control manual for further
details. The configuration-specific speed buttons, as well as the layout of the Con-
trol Window, will also be illustrated below.
The AFM AC configuration is used to perform AFM AC mode measurements. Dur-
ing an AFM AC mode measurement, data can be acquired using the following se-
quencers:

• Image Scan: acquisition of AFM AC mode images,

• Line Scan: acquisition of amplitude- & phase-distance curves along a line,

• Distance Curve: acquisition of amplitude- & phase-distance curves at the cur-
rent position.

Page 3

6. Modo No Contacto e Intermitente
p Selección del Modo de 

Medida
p Ajuste del Set-Point:

n Amplitud amortiguada del 
tip, debe ser inferior a la 
de la amplitud libre.

p Tapping Mode 
(Intermitente)
n Set Point ↓

p Modo No Contacto
n Set Point ↑
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6. Medidas de Fuerza y Adhesión
p La adhesión se determina localmente mediante 

curvas de Fuerza.
p Topografía mecánico.
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Curvas de FuerzaCurvas de Fuerza

La adhesión se puede determinar localmente mediante Curvas de Fuerza
Las curvas de fuerza permiten distinguir zonas con diferente comportamiento mecánico

D. Olmos, F.J. González
UC3M

El resultado puede verse afectado 
por la topografía de la muestra

UC3M

Ciclo Conoce el ICTP
23 Julio 2013
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Micro Raman AFM Dual
p Alpha 300R è Alpha 300RA

n FSE_1_2014_1_102008 - ANII
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6. Ejemplos: Modo No Contacto
p Reduced Graphene Oxide
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6. Ejemplos: Modo No Contacto
p GOQD sobre sustrato de silicio
p 60 nm de diámetro y 13 nm de alto
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6. Ejemplos: Bacterias con Ag-NP
p NC AFM

n Amplitud
n Fase
n Topografía
n Feedback
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5. Nanopartículas lipídicas funcionalizadas
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Abstract: Aptamers are oligonucleotides that have the characteristic of recognizing a target with
high affinity and specificity. Based on our previous studies, the aptamer probe Sgc8-c-Alexa647 is a
promising tool for molecular imaging of PTK7, which is an interesting biomarker in cancer. In order to
improve the delivery of this probe as well as create a novel drug delivery nanosystem targeted to the
PTK7 receptor, we evaluate the co-association between the probe and preformed nanostructures. In
this work, preformed pegylated liposomes (PPL) and linear and branched pristine polymeric micelles
(PMs), based on PEO–PPO–PEO triblock copolymers were used: poloxamer F127® and poloxamines
T1307® and T908®. For it, Sgc8-c-Alexa647 and its co-association with the different nanostructures
was exhaustively analyzed. DLS analysis showed nanometric sizes, and TEM and AFM showed
notable differences between free- and co-associated probe. Likewise, all nanosystems were evaluated
on A20 lymphoma cell line overexpressing PTK7, and the confocal microscopy images showed
distinctness in cellular uptake. Finally, the biodistribution in BALB/c mice bearing lymphoma-tumor
and pharmacokinetic study revealed an encouraging profile for T908-probe. All data obtained from
this work suggested that PMs and, more specifically T908 ones, are good candidates to improve the
pharmacokinetics and the tumor uptake of aptamer-based probes.

Keywords: Sgc8-c aptamer; probe; polymeric micelles; liposomes; active targeting

1. Introduction

Aptamers are small, single-strain oligonucleotides that can bind a wide range of
ligands with high affinity and specificity [1]. Typically, the dissociation constant (Kd)
for aptamer–target complexes is in the high pico-molar to low nano-molar range [2,3].
Aptamers can be selected against proteins, peptides, dyes, metal ions, viruses, bacteria,
toxins, and whole cells, even against non-immunogenic molecules. Functionally, aptamers
are similar to antibodies; however, aptamers have an ease of synthesis and easy chemical
modification that allows conjugation with a variety of molecules and stability at a higher
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Abstract: Aptamers are oligonucleotides that have the characteristic of recognizing a target with
high affinity and specificity. Based on our previous studies, the aptamer probe Sgc8-c-Alexa647 is a
promising tool for molecular imaging of PTK7, which is an interesting biomarker in cancer. In order to
improve the delivery of this probe as well as create a novel drug delivery nanosystem targeted to the
PTK7 receptor, we evaluate the co-association between the probe and preformed nanostructures. In
this work, preformed pegylated liposomes (PPL) and linear and branched pristine polymeric micelles
(PMs), based on PEO–PPO–PEO triblock copolymers were used: poloxamer F127® and poloxamines
T1307® and T908®. For it, Sgc8-c-Alexa647 and its co-association with the different nanostructures
was exhaustively analyzed. DLS analysis showed nanometric sizes, and TEM and AFM showed
notable differences between free- and co-associated probe. Likewise, all nanosystems were evaluated
on A20 lymphoma cell line overexpressing PTK7, and the confocal microscopy images showed
distinctness in cellular uptake. Finally, the biodistribution in BALB/c mice bearing lymphoma-tumor
and pharmacokinetic study revealed an encouraging profile for T908-probe. All data obtained from
this work suggested that PMs and, more specifically T908 ones, are good candidates to improve the
pharmacokinetics and the tumor uptake of aptamer-based probes.

Keywords: Sgc8-c aptamer; probe; polymeric micelles; liposomes; active targeting

1. Introduction

Aptamers are small, single-strain oligonucleotides that can bind a wide range of
ligands with high affinity and specificity [1]. Typically, the dissociation constant (Kd)
for aptamer–target complexes is in the high pico-molar to low nano-molar range [2,3].
Aptamers can be selected against proteins, peptides, dyes, metal ions, viruses, bacteria,
toxins, and whole cells, even against non-immunogenic molecules. Functionally, aptamers
are similar to antibodies; however, aptamers have an ease of synthesis and easy chemical
modification that allows conjugation with a variety of molecules and stability at a higher
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Abstract: Aptamers are oligonucleotides that have the characteristic of recognizing a target with
high affinity and specificity. Based on our previous studies, the aptamer probe Sgc8-c-Alexa647 is a
promising tool for molecular imaging of PTK7, which is an interesting biomarker in cancer. In order to
improve the delivery of this probe as well as create a novel drug delivery nanosystem targeted to the
PTK7 receptor, we evaluate the co-association between the probe and preformed nanostructures. In
this work, preformed pegylated liposomes (PPL) and linear and branched pristine polymeric micelles
(PMs), based on PEO–PPO–PEO triblock copolymers were used: poloxamer F127® and poloxamines
T1307® and T908®. For it, Sgc8-c-Alexa647 and its co-association with the different nanostructures
was exhaustively analyzed. DLS analysis showed nanometric sizes, and TEM and AFM showed
notable differences between free- and co-associated probe. Likewise, all nanosystems were evaluated
on A20 lymphoma cell line overexpressing PTK7, and the confocal microscopy images showed
distinctness in cellular uptake. Finally, the biodistribution in BALB/c mice bearing lymphoma-tumor
and pharmacokinetic study revealed an encouraging profile for T908-probe. All data obtained from
this work suggested that PMs and, more specifically T908 ones, are good candidates to improve the
pharmacokinetics and the tumor uptake of aptamer-based probes.

Keywords: Sgc8-c aptamer; probe; polymeric micelles; liposomes; active targeting

1. Introduction

Aptamers are small, single-strain oligonucleotides that can bind a wide range of
ligands with high affinity and specificity [1]. Typically, the dissociation constant (Kd)
for aptamer–target complexes is in the high pico-molar to low nano-molar range [2,3].
Aptamers can be selected against proteins, peptides, dyes, metal ions, viruses, bacteria,
toxins, and whole cells, even against non-immunogenic molecules. Functionally, aptamers
are similar to antibodies; however, aptamers have an ease of synthesis and easy chemical
modification that allows conjugation with a variety of molecules and stability at a higher
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Abstract: Aptamers are oligonucleotides that have the characteristic of recognizing a target with
high affinity and specificity. Based on our previous studies, the aptamer probe Sgc8-c-Alexa647 is a
promising tool for molecular imaging of PTK7, which is an interesting biomarker in cancer. In order to
improve the delivery of this probe as well as create a novel drug delivery nanosystem targeted to the
PTK7 receptor, we evaluate the co-association between the probe and preformed nanostructures. In
this work, preformed pegylated liposomes (PPL) and linear and branched pristine polymeric micelles
(PMs), based on PEO–PPO–PEO triblock copolymers were used: poloxamer F127® and poloxamines
T1307® and T908®. For it, Sgc8-c-Alexa647 and its co-association with the different nanostructures
was exhaustively analyzed. DLS analysis showed nanometric sizes, and TEM and AFM showed
notable differences between free- and co-associated probe. Likewise, all nanosystems were evaluated
on A20 lymphoma cell line overexpressing PTK7, and the confocal microscopy images showed
distinctness in cellular uptake. Finally, the biodistribution in BALB/c mice bearing lymphoma-tumor
and pharmacokinetic study revealed an encouraging profile for T908-probe. All data obtained from
this work suggested that PMs and, more specifically T908 ones, are good candidates to improve the
pharmacokinetics and the tumor uptake of aptamer-based probes.

Keywords: Sgc8-c aptamer; probe; polymeric micelles; liposomes; active targeting

1. Introduction

Aptamers are small, single-strain oligonucleotides that can bind a wide range of
ligands with high affinity and specificity [1]. Typically, the dissociation constant (Kd)
for aptamer–target complexes is in the high pico-molar to low nano-molar range [2,3].
Aptamers can be selected against proteins, peptides, dyes, metal ions, viruses, bacteria,
toxins, and whole cells, even against non-immunogenic molecules. Functionally, aptamers
are similar to antibodies; however, aptamers have an ease of synthesis and easy chemical
modification that allows conjugation with a variety of molecules and stability at a higher

Pharmaceuticals 2022, 15, 15. https://doi.org/10.3390/ph15010015 https://www.mdpi.com/journal/pharmaceuticals
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6. Resumen: AFM/EFM/MFM
p Diferentes Modos de Medida:

n Contacto
n No Contacto e Intermitente (Tapping)
n Liftmode

p AFM/EFM/MFM
p Topología y Propiedades Físicas:

n Dureza
n Viscosidad
n Adhesión

p Posibilidad de medir en Líquidos
Agosto de 2024 93
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Difracción de Rayos X
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Experimento de Difracción
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Difracción de Monocristal
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¿Qué es polvo policristalino?
p Conjunto muy numeroso (infinitos) de 

cristales microscópicos (infinitesimales) 
idénticos (esféricos) ordenados 
aleatoriamente.
n Ejemplos: Azúcar impalpable, sal fina.
n 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?
p Cada cristal en el polvo actúa de forma idéntica a 

un cristal único, generando su propio patrón de 
difracción.

p La presencia de infinidad de cristales produce 
superposición de patrones observándose un 
nuevo tipo de diagrama.

p La información contenida en el patrón de 
difracción es la misma, pero la superposición de 
muchos cristales.
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Difracción de Monocristal
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Difracción de Polvo
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¿Qué es polvo policristalino?
p Conjunto muy numeroso (infinitos) de 

cristales microscópicos (infinitesimales) 
idénticos (esféricos) ordenados 
aleatoriamente.
n Ejemplos: Azúcar impalpable, sal fina.
n La coherencia interna en cada cristal es la 

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

101

Condiciones para XRPD
p 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 
difracción.
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Difractómetro: Rigaku Ultima IV

103

Geometrías de Haz de Rayos X
p Geometría Para 

focalizante Bragg-
Brentano

p Geometría de Haz 
paralelo, Cross-
Beam-Optics CBO

104



27/8/24

53

Difractómetro: Rigaku Miniflex

Agosto de 2024 105
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Geometría Bragg-Brentano o para-focalizante.
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El Patrón de Difracción

107

Información contenida en un 
diagrama de difracción de polvo

p Posiciones de los picos
n Sistema Cristalino
n Grupo Espacial de Simetría
n Simetría Traslacional
n Dimensiones de la celda 

unidad
n Información Cualitativa de 

fases

p Intensidades
n Contenido de la Celda 

Unidad
n Simetría Puntual
n Fracción cuantitativa de 

fases

p Forma y ancho de picos
n Tamaño de cristales (2-200 nm)
n Tensiones internas no uniformes 
n Presencia de defectos de cristales (fallas de apilamiento, 

dislocaciones, inclusiones, gradientes de fase, etc.)
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Al Pd

nλ=2dhklsinqdhkl =
a

h2 + k2 + l2

Dimensiones y contenidos de la 
celda (ejemplo cúbico)
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Análisis Cuantitativo
p El diagrama de difracción de polvo de una fase es “la 

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

p Algoritmos de búsqueda-ajuste son utilizados para 
comparar diagramas experimentales con otros 
almacenados en una base de datos (ICDD) de 
compuestos ya estudiados. I100/I100_corundun

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

p Puede ser utilizado para identificar polimorfos de un 
mismo compuesto.
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Software: Search-Mathch
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Tarjetas JPCD-ICDD

115

¿Qué sucede en el polvo real?
p Pueden no cumplirse una de las 3 

condiciones fundamentales:
n Orientación aleatoria de los cristales

p Orientación Preferencial.
n Tamaño de cristales entre 1 y 10 µm.

p Ensanchamiento por tamaño (size-broadening)
p Intensidad falsa de máximos (spikey peaks)

n Forma regular de los cristales
p Ensanchamiento anisotrópico (anisotropic-broad.)
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Otras plicaciones generales:
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Nano-HAP

118



27/8/24

60

Dispersión a Bajo Ángulo (SAXS)
CARACTERIZACIÓN DE POLÍMEROS:

Bajo ángulo (SAXS)

Generalidades

Intensidad de dispersión:

𝑰 = 𝝓𝑷 𝒒 𝑺 𝒒

con: 

𝝓 (fracción en volúmen)

𝑷 𝒒 = 𝝆 𝒓 − 𝝆𝒔 𝟐 ∫ 𝑭 𝒒𝒓 𝟐𝒅𝒓 (función intrapartícula)

𝑺 𝒒 = 𝟏 + 𝟒𝝅𝒏∫ 𝒈 𝒓 − 𝟏 𝒔𝒆𝒏(𝒒𝒓)
𝒒𝒓

𝒓𝒅𝒓 (función interpartícula)

siendo: 𝒈 𝒓 (función de distribución de pares)

119

Dispersión a Bajo Ángulo (SAXS)
CARACTERIZACIÓN DE POLÍMEROS:

Bajo ángulo (SAXS)

Generalidades

𝑰 = 𝝓𝑷 𝒒 𝑺 𝒒

Sistemas diluídos:
𝑺 𝒒 ~ 𝟏
Sin interacciones entre polímeros

Sistemas concentrados:

𝑺 𝒒 = 𝟏 + 𝟒𝝅𝒏∫ 𝒈 𝒓 − 𝟏 𝒔𝒆𝒏(𝒒𝒓)
𝒒𝒓

𝒓𝒅𝒓

Interacciones entre polímeros 
Ej: atractivas, repulsivas, etc.

JACS (2005) 127,15688
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Dispersión a Bajo Ángulo (SAXS)
CARACTERIZACIÓN DE POLÍMEROS:

Espacios vacíos

La curva de SAXS se suaviza
con el aumento de la polidispersión (σ) 

en la distribución de tamaño de los 
espacios vacíos o fillers

Función de Guinier:

𝒒 → 𝟎 (ej: q < 0.1 nm-1)

𝑰(𝒒)~𝑮𝒆ି
𝒒𝟐𝒔𝟐
𝟑

(no interactuantes)
0,0 0,1 0,2 0,3 0,4

107

108

109

1010

1011

1012  = 0.20

 = 0.10

 = 0.06

 = 0.03

I(q
) (

u.
a.

)

q (nm-1)
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Dispersión a Bajo Ángulo (SAXS)CARACTERIZACIÓN DE POLÍMEROS:

Estructura laminar 

Dominio
laminar

𝑳𝒏[𝑰 𝒒 ]~ −
𝒒𝟐𝒔𝟐

𝟑

Distancia de 
correlación

𝑫 = 𝟐𝝅
𝒒𝒎𝒂𝒙

d ~ 4.2 nm

D ~ 6.5 nm
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Ejemplo: NPs de Ag por 
Biosíntesis

Tesis de Doctorado de la B.C. 
Belén Estevez
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Caracterización de PchNPs: Tamaño

SAXS
DLS

TEM

TEM DLS SAXS

17(7) nm 43(15) nm
PDI: 0,3 26(1) nm

124
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Caracterización de PeNPs: Tamaño

TEM DLS SAXS

32(11) nm 16(4) nm
PDI: 0,2

16(1) nm
40(1) nm

TEM SAXS
DLS

125
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Conclusiones
p No hay una única técnica para analizar

nanomateriales.
p No hay una única técnica para concluir sobre

algún aspecto de la caracterización de 
nanomateriales.

p Se trata una tarea compleja, de la cual se debe 
concluir luego de un análisis amplio y de 
consenso.
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Gracias!
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