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p Microscopia Óptica y Confocal
p Microscopia Raman Confocal
p Aplicaciones de Microscopía Raman Confocal
p Microscopia de Fuerza Atómica
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1. Modos Vibracionales

Mayo de 2019 3

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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1. Modos Vibracionales
p Número de modos depende de los grados de libertad

n Moléculas no Lineales
p Nº modos=3N-6
p Ejemplo: Benceno 

§ 30 modos

n Moléculas Lineales
p Nº modos=3N-5
p Ejemplo: CO2

§ 4 modos

Mayo de 2019 5

2. Reglas de Selección: IR vs Raman
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2. El efecto Raman
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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

Mayo de 2019 8
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2. Infrarrojo vs. Raman
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2. 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

Mayo de 2019 10
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2. Espectroscopia RamanRaman Spectrum C60

chemical, but NO spatial resolution
Mayo de 2019 11

2. Identificación de Bandas
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2. Métodos Teóricos
p Cálculos ab initio o Primeros Principios

p DFT
n Gaussian

Mayo de 2019 14
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2. Simulación de IR y Raman

Mayo de 2019 15

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

Mayo de 2019 16
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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 informationMayo de 2019 17

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

Mayo de 2019 19

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

Mayo de 2019 20
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3. Características de la Técnica
p No Destructivo
p Identificación Química Directa
p Identificación de Propiedades de Materiales
p Fácil o nula preparación de muestra
p Sólidos cristalinos, sólidos amorfos y Líquidos
p Detección 3-dimensional
p Variación de Temperatura (Linkam)
p Combinación de detección química con AFM (EFM & 

MFM)

Mayo de 2019 21

3. WITec Alpha 300 RA
WITec Confocal Raman Microscope System Alpha300R de alta 
sensibilidad para longitudes de onda de excitacio ́n de 532 nm y 785 nm.
p Imagen Espectral Raman: adquisicio ́n de espectros Raman completos 

en cada pixel (mapping)
p Adquisicio ́n de espectros Raman en a ́reas seleccionadas (micro-

Raman) 
p Ima ́genes 3D Raman confocal.
p Microscopía confocal de Reflexio ́n
p Resolucio ́n O ́ptica: Límite de difraccio ́n, típico 300 nm @ 532 nm 

delongitud de onda de excitacio ́n (objetivo NA 1.4)
p Taman ̃o de la muestra: ma ́x. 120 mm x e y direccio ́n, 25 mm de altura
p Dos espectro ́metros y detectors CCD optimizados, uno para IR 

cercano y otro para rango Visible.
p Criostato para micro-confocal rango T= -196 C  a 600 C (Linkam)
Mayo de 2019 22
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3. Plataforma Piezoeléctrica
p Plataforma piezoeléctrica para el barrido de muestras.
p Rango continuo de barrido de hasta 200µm en ejes X e Y y 20

µm en eje Z.
p Dispositivo de barrido lineal con feedback de loop cerrado
p Resolución de barrido:

n Precisión de posicionamiento:
n < 2 nm en eje ejes X e Y
n < 0.2 nm (2 Å) en eje Z

p AFM, MFM y EFM
n FSE_1_2014_1_102008 Fondo Sectorial de Energía - ANII
n “Nanomateriales para almacenamiento de energía: nueva serie de ca ́todos

para baterías de ion-Litio”
Mayo de 2019 23

3. Doble CCD optimizada para cada 
región del espectrowww.witec.de

dual wavelength system (532nm + 785 nm)

loss of 532 nm system when
equipped with DD-CCD

gain at 785nm excitation when
equipped with DD-CCD

BI                             

BI (DD)                      

Copyright WITec GmbH

solution for optimized dual wavelength system:

=> 2 spectrometers + 2 cameras

532nm excitation: 500nm blaze,  standard BI-CCD

785nm excitation: 750nm blaze,  DD-CCD

Front Illuminated CCD camera has
much lower QE.

Mayo de 2019 24
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3. Disposición

Mayo de 2019 25

4. Aplicaciones
Microscopia Raman Confocal

Mayo de 2019 26
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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
Mayo de 2019 27

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

Mayo de 2019 28
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Stents para Drug Delivery

www.witec.de

Raman cross-sectional image 
of a coating of a drug plus
polymer on a stent. 
Polymer (red), 
amorphous drug (green),
crystalline drug (blue), 
polymer + amorphous drug ( yellow).
100x 10 microns scan.

Drug Coating of Stents
Confocal Raman Imaging on Medical Devices

Image Courtesy:
Dr. Klaus Wormuth, SurModics (www.surmodics.com)Mayo de 2019 29

Polímeros
www.witec.de

Thin Film of PMMA - PET
Confocal Raman Imaging

Copyright WITec GmbH

20x20 µm2 scan area, 150x150 pixel
•0,05 s integration time
•total 22500 spectra

Raman image

20x20x0.2  µm3 scan area

AFM image

Mayo de 2019 30
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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).

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

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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2

3

4 5

Fig. 6: AFM Image of the scratched PMMA-SBR film, .

6 7

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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Medidas de Tensiones Residuales

417 rel. 1/cm
A 1G Mode

Sample: Vickers Indent in Single Crystal Sapphire
Internal Stress Measurement based on Peak Shift of Raman Spectrum 

AFM Image of Vickers Indent

3D Raman Spectral Imaging

Thomas Wermelinger and Ralph Spolenak, ETH Zürich 
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Células Bacterianas
www.witec.de

Courtesy A. Hermelink, RKI, Berlin:  Hermelink et al (2009) 
The Analyst, 134, 1149-1153

Yellow: vegetative cells
Green: incorporation traces of PHB
Magenta: spores after stationary growth 
phase

! Diagnostic power to identifying 
phenotypic heterogeneity

Bacillus Cereus
Three cellular components

Confocal Raman Imaging of Bacterial Cells
Characterization and Detection of Metabolic Compounds

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



14/5/19

19

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)

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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Tabletas: API y Excipientes

www.witec.de

Confocal Raman Image overlaid 
on the topography

Corresponding Spectra
Red & Blue : API
Green : Excipient

True Surface Microscopy 
Tablet

Mayo de 2019 39

Stents para Drug Delivery

www.witec.de

Raman cross-sectional image 
of a coating of a drug plus
polymer on a stent. 
Polymer (red), 
amorphous drug (green),
crystalline drug (blue), 
polymer + amorphous drug ( yellow).
100x 10 microns scan.

Drug Coating of Stents
Confocal Raman Imaging on Medical Devices

Image Courtesy:
Dr. Klaus Wormuth, SurModics (www.surmodics.com)Mayo de 2019 40
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Polímeros
www.witec.de

Thin Film of PMMA - PET
Confocal Raman Imaging

Copyright WITec GmbH

20x20 µm2 scan area, 150x150 pixel
•0,05 s integration time
•total 22500 spectra

Raman image

20x20x0.2  µm3 scan area

AFM image

Mayo de 2019 41

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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Experiencias
WITec alpha300RA
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Ejemplo 1: Blend PMMA+PS
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Ejemplo 2: Mesocestoides vogae
larva tetrathyridea

Ejemplo 2: Mesocestoides vogae
larva tetrathyridea
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Ejemplo 2: Mesocestoides vogae
larva tetrathyridea

Ejemplo 2: Mesocestoides vogae
larva tetrathyridea
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Ejemplo 3:
Formulaciones: Mannitol+ API

Mayo de 2019 49

Materia Prima

Beta Manitol

Delta Manitol

Ejemplo 4: Grafeno
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Ejemplo 4: Grafeno
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Ejemplo 4: Grafeno
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Ejemplo 4: Grafeno y MLG
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

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
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Ejemplo 4: Grafeno
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Ejemplo 4: Grafeno
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Ejemplo 4: Grafeno
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Ejemplo 4: Grafeno en Solución
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Ejemplo 4: 
Cuantificación de DefectosReview. Defects in nanocarbons 5361
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Figure 3. (a) Evolution of the first-order Raman spectra (using a l = 514 nm laser) taken from a
graphene monolayer sample deposited on an SiO2 substrate, subjected to Ar+ ion bombardment.
The ion doses are from the bottom to the top, 1010, 1011, 1012, 1013 and 1014 Ar+ cm−2 (Lucchese
et al. 2010). (b) The ID/IG data points from three different monolayer graphene samples as
a function of the average distance LD between defects. The solid line is a modelling of the
experimental data with equation (3.1). The inset shows a plot of ID/IG versus LD on a log scale
for LD for two samples: (i) open points for an approximately 50-layer graphene sample and solid
circles are for a small piece of HOPG near a graphene piece and (ii) solid diamond points, for a
2 mm thick bulk HOPG sample, the measured values of which are here scaled by (ID/IG ) × 3.5
(Lucchese et al. 2010).

(a) (b) (c) (d) (e)

Figure 4. (a) Definition of the ‘activated’ A-region (darkest grey) and ‘structurally disordered’
S -region (dark grey). The radii are measured from the ion impact point, which is chosen randomly in
our simulation. (b–e) shows 55 × 55 nm portions of the graphene simulation cell, with snapshots of
the structural evolution of the graphene sheet for different defect concentrations. (b) 1011 Ar+ cm−2,
(c) 1012 Ar+ cm−2, (d) 1013 Ar+ cm−2 and (e) 1014 Ar+ cm−2, as in figure 3 (Lucchese et al. 2010).

but the proximity between defects causes a mixing of Bloch states near the K
and K′ valleys of the graphene Brillouin zone, thus causing a breakdown of the
selection rules, and leading to an enhancement of the D-band intensity. We call
this the activated or A-region. In qualitative terms, an electron–hole excitation
will only be able to ‘see’ the structural defect if the electron–hole pair is created
sufficiently close to the defect site and if the excited electron (or hole) lives
long enough for the defective region to be probed by Raman spectroscopy. If
the Raman scattering process occurs at distances larger than ℓ = rA − rS from
the ion impact point, the wavevector k is a good quantum number for analysing

Phil. Trans. R. Soc. A (2010)
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experimental data with equation (3.1). The inset shows a plot of ID/IG versus LD on a log scale
for LD for two samples: (i) open points for an approximately 50-layer graphene sample and solid
circles are for a small piece of HOPG near a graphene piece and (ii) solid diamond points, for a
2 mm thick bulk HOPG sample, the measured values of which are here scaled by (ID/IG ) × 3.5
(Lucchese et al. 2010).

(a) (b) (c) (d) (e)

Figure 4. (a) Definition of the ‘activated’ A-region (darkest grey) and ‘structurally disordered’
S -region (dark grey). The radii are measured from the ion impact point, which is chosen randomly in
our simulation. (b–e) shows 55 × 55 nm portions of the graphene simulation cell, with snapshots of
the structural evolution of the graphene sheet for different defect concentrations. (b) 1011 Ar+ cm−2,
(c) 1012 Ar+ cm−2, (d) 1013 Ar+ cm−2 and (e) 1014 Ar+ cm−2, as in figure 3 (Lucchese et al. 2010).

but the proximity between defects causes a mixing of Bloch states near the K
and K′ valleys of the graphene Brillouin zone, thus causing a breakdown of the
selection rules, and leading to an enhancement of the D-band intensity. We call
this the activated or A-region. In qualitative terms, an electron–hole excitation
will only be able to ‘see’ the structural defect if the electron–hole pair is created
sufficiently close to the defect site and if the excited electron (or hole) lives
long enough for the defective region to be probed by Raman spectroscopy. If
the Raman scattering process occurs at distances larger than ℓ = rA − rS from
the ion impact point, the wavevector k is a good quantum number for analysing

Phil. Trans. R. Soc. A (2010)
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Ejemplo 5: Nanotubos de Carbono
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Ejemplo 5: Nanotubos de Carbono
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Ejemplo 6: Depth Scan Cu2O
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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 .
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PCA para los 
fotoelectrodos de 

HTNT
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Modelado: Espectros Raman de 
polimorfos de TiO2

Espectros Raman Calculados

Espectros Raman Calculados y Experimental:
Dylla et al, J. Phys. Chem. Lett. 2012, 3, 2015 2019 

Cálculos DFT: Código VASP
Ecut=400 eV 
Ondas Planas
DFPT fonones

Eg

Eg

B1g

A1g

Eg

A1g

Ag 
Bg

Ag 
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p Raman con AFM

Mayo de 2019 67

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
68

Análisis de Componentes Principales

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

Evaluación de la Interacción PchNPs-Microorganismo. Candida
albicans.

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

Microscopía Raman Confocal

Corrimiento 
Raman

(cm-1) (±4cm-1)

Asignación de 
bandas

Comparación con 
células tratadas 

con PchNps

670 Ácidos nucleicos Disminuye

788 Aminoácidos Disminuye

885 Aminoácidos Disminuye

999 Polisacáridos Disminuye

1100 Polisacáridos Disminuye

1319
Aminoácidos o 

ácidos nucleicos Disminuye

1596 Ácidos grasos Disminuye
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Ejemplo 8: 
Interacción de Bacterias con Ag-NP
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Evaluación de la Interacción PeNPs-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 PeNp

624 Ácidos nucleicos Desaparece

810 Aminoácidos Disminuye

982 Polisacáridos Aumenta

1186 Polisacáridos Desaparece

1308 Aminoácidos o 
ácidos nucleicos Aumenta

71

Ejemplo 8: 
Interacción de Bacterias con Ag-NP

Evaluación de la Interacción PeNPs-Microorganismo. 
Staphylococcus aureus.
Microscopía Raman Confocal

Corrimiento 
Raman

(cm-1) (±4cm-1)
Asignación de 

bandas
Comparación con células 

tratadas con PeNp

993 Polisacáridos Disminuye

1092 Polisacáridos Disminuye

1327 Aminoácidos o 
ácidos nucléicos Disminuye

1587 Ácidos grasos Disminuye

Asignación según De Gelder et al., J Raman Spectroscopy, 2007, 38(9), 1133-1147
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Ejemplo 8: 
Interacción de Bacterias con Ag-NP
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Evaluación de la Interacción PeNPs-Microorganismo. Candida
albicans.

Corrimiento 
Raman

(cm-1) (±4cm-

1)

Asignación de 
bandas

Comparación con células 
tratadas con PeNp

698 Ácidos nucleicos Disminuye

750 Aminoácidos Disminuye

991 Polisacáridos Igual

1318 Aminoácidos o 
ácidos nucleicos

Igual

1597 Ácidos grasos Disminuye

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

Microscopía Raman Confocal

73

Ejemplo 8: 
Interacción de Bacterias con Ag-NP

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 
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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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Resumen: Micro Raman Confocal
p No Destructivo
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 AF
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Microscopía de Fuerza 
Atómica
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1. Introducción
p Historia

Mayo de 2019 79

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 2013

1. Introducción
p Esquema

Mayo de 2019 80

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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1. Introducción: Raman & AFM Dual
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1. Introducción
p Partes relevantes:

n Sustrato
n Cantilever
n Probo
n Fotodiodo

Mayo de 2019 82

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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2. 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)

Mayo de 2019 83

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

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

mecánico
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3. 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

Ciclo Conoce el ICTP
23 Julio 2013

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

Ciclo Conoce el ICTP
23 Julio 2013

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

3. 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.Mayo de 2019 86
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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

3. 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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2. EFM & MFM

Mayo de 2019 88
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3. Medidas de Fuerza y Adhesión
p La adhesión se determina localmente mediante 

curvas de Fuerza.
p Topografía mecánico.

Mayo de 2019 89

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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4. Ejemplos:
Contact mode: Triángulos de Al
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4. Ejemplos: Modo No Contacto
p Reduced Graphene Oxide
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4. Ejemplos: Modo No Contacto
p GOQD sobre sustrato de silicio
p 60 nm de diámetro y 13 nm de alto
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p MFM
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4. Ejemplos: Caracterización de NT: 
Microscopia Raman

• Muestra de NT calentados  hasta 
T=200ºC.

• Crecimiento de Nanopartículas 
de Anatasa en muestra de TNT .

Funcionamiento:

• Cada pixel de la imagen contiene  un 

espectro Raman, constituyendo una 

técnica hyper-espectral.

• Con esta información es posible

reconstruir todo tipo de imágenes, por

ejemplo siguiendo la intensidad de una

determinada banda Raman
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4. Ejemplos: Caracterización de NT: 
Microscopia Raman

• Espectros de HTNT antes y después 
de la preparación del fotoelectrodo.

• Análisis por PCA: calidad del 
fotoelectrodo

4. Ejemplos: AFM

Figure 3.- AFM images for the anatase photoelectrode: (a) contrast phase, (b) topography and 
(c) 3D-topography images. Idem for HTNT photoelectrode: (d)3D-topography (e) phase 
contrast and (f) topography images.
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4. Ejemplos: Modelado: Espectros 
Raman de polimorfos de TiO2

Espectros Raman Simulados por DFT

Espectros Raman Calculados y Experimental:
Dylla et al, J. Phys. Chem. Lett. 2012, 3, 2015 2019 

Cálculos DFT: Código VASP
Ecut=400 eV 
Ondas Planas
DFPT fonones
Primera derivada de la Polrización

Eg

Eg

B1g

A1g

Eg

A1g

Ag 
Bg

Ag 

Pobre información referente a 
estructuras de NTs de TiO2

exp
-- Teo

4. Ejemplos: Bacterias con Ag-NP
p NC AFM

n Amplitud
n Fase
n Topografía
n Feedback

Mayo de 2019 100



14/5/19

51

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
Mayo de 2019 101
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