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1. Modos Vibracionales

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
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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. 

2. Reglas de Selección: IR vs Raman



15/6/18

4

2. El efecto Raman

Rayleigh scattering

hνo

hνvib
h(νo±νvib)

Stokes Raman Anti-Stokes Raman

The Raman Effect 

Virtual state Virtual state Virtual state

E
n

e
rg

y

distance distance distance

Rayleigh scattering

v = 0

v = 1

v = 0

v = 1

v = 0

v = 1

h(νo-νvib) h(νo+νvib)

Stokes Raman Anti-Stokes Raman

Copyright WITec GmbH

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

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
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2. Espectroscopia RamanRaman Spectrum C60

chemical, but NO spatial resolution

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

n Molecular: Gaussian
n Estado Sólido: Quantum Espresso y VASP
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2. Simulación de IR y Raman

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 information

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



15/6/18

10

3. Microscopio Confocal + 
Espectrómetro Raman

SNOMConfocal Microscope + Raman Spectrometer 

Copyright WITec GmbH

Imaging with chemical sensitivity

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. 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)

3. WITec Alpha 300 RA
WITec Confocal Raman Microscope System Alpha300R de alta 
sensibilidad para longitudes de onda de excitación 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 áreas seleccionadas (micro-

Raman) 
p Imágenes 3D Raman confocal.
p Microscopía confocal de Reflexio ́n
p Resolucio ́n Óptica: 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: máx. 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)
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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 cátodos

para baterías de ion-Litio”

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.
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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

3. Disposición
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4. Aplicaciones
Microscopia Raman Confocal

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

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)
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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

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
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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, .

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

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 

Reconstrucción 3D
Sample: Vickers Indent in Single Crystal Sapphire
Visualization of Stress Distribution 

Layer by Layer 

Visualization 

3D Raman Spectral Imaging

3-D Reconstruction

Visualization 

Thomas Wermelinger and Ralph Spolenak, ETH Zürich 
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Aplicación Celdas Solareswww.witec.de

• Multilayer structure
• Ga concentration increases the 

bandgap energy
– increase of efficiency of solar cells

• Interface between CIGS and Mo 
back contact
– Formation of a MoSe2 compound 

=> ohmic type contact 

• Experimental Parameter:
– Frequency doubled NdYAG laser

• Samples:
– Cu poor composition of CIGS
– Ga concentration is varied from

x = 0 (CIS)      x = 1 (CGS)

Source: W. Witte et al., ZSW, Stuttgart, “ Influence of the Ga content on the Mo/Cu(In,Ga)Se2 interface formation”, IEEE, 2006
http://www.laborpraxis.vogel.de/analytik/mikroskopie/raster/articles/301586/index1.html

Glass Substrate

Mo 

CuIn1-xGaxSe2

CdS
Transparent contact (ZnO)

Confocal Raman Spectroscopy
Composition of a CIGS (CuIn1-xGaxSe2) solar cell

Mapping: Variación de 
Concentración con posición

www.witec.de

Raman line scans on cross-sections to identify 
MoSe2 interface layers

Source: W. Witte et al., ZSW, Stuttgart
“ Influence of the Ga content on the Mo/Cu(In,Ga)Se2 interface formation”, 2006

Confocal Raman Spectroscopy
Composition of a CIGS (CuIn1-xGaxSe2) solar cell
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Mapping de Variación de 
Concentración con posición

www.witec.de

Raman line scans on cross-sections to identify 
MoSe2 interface layers

Source: W. Witte et al., ZSW, Stuttgart
“ Influence of the Ga content on the Mo/Cu(In,Ga)Se2 interface formation”, 2006

Confocal Raman Spectroscopy
Composition of a CIGS (CuIn1-xGaxSe2) solar cell

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
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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)

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
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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

Chocolate Blanco (toblerone)
p Sacharose, Maltose and Fats
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Experiencias
WITec alpha300RA

Ejemplo 1: Blend PMMA+PS
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Ejemplo 2: Asesoramiento
p Ejemplo de identificación de componentes: 

n Activo
n Excipientes

p Primero se realiza Análisis por
Componente Principales (PCA)

p Luego se procede a la generación de 
imágenes conProject FOUR

15/6/18 47

PCA: Componente 1

15/6/18 48

Materia Prima (Activo)



15/6/18

25

PCA: Componente 2

15/6/18 49

Delta Manitol (excipiente)

PCA: Componente 3

15/6/18 50

Beta Manitol (excipiente)
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Formulaciones: Mannitol+ API

15/6/18 51

Materia Prima

Beta Manitol

Delta Manitol

Conclusión:
p 1 solo activo 
p 2 excipientes: 

n Manitol forma Beta 
n Manitol forma Delta

15/6/18 52
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Ejemplo 3: Grafeno

Ejemplo 3: Grafeno

T. Diening et al Confocal Raman Microscopy, Springer 2010
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Ejemplo 3: Grafeno

T. Diening et al Confocal Raman Microscopy, Springer 2010

Ejemplo 3: 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
the WITec Project software. With this
algorithm the color coded Raman image in
Fig. 1c was generated. The colors of the spectra
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Ejemplo 3: Grafeno

Ejemplo 3: Grafeno
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Ejemplo 3: Grafeno

Ejemplo 3: Grafeno
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Ejemplo 3: Grafeno en Solución

Ejemplo 4: Nanotubos de Carbono

T. Diening et al Confocal Raman Microscopy, Springer 2010
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Ejemplo 4: Nanotubos de Carbono

T. Diening et al Confocal Raman Microscopy, Springer 2010

Ejemplo 4: Nanotubos de Carbono

T. Diening et al Confocal Raman Microscopy, Springer 2010



15/6/18

33

Ejemplo 6: Depth Scan Cu2O

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

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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4. Ejemplo: Rutilo
p Rutilo:
p Grupo Espacial P 42/m n m
p a=b= 4.5977(4)Å y c=2.9564(2) Å
Ti4+ 2a 0.0  0.0  0.0
O2- 4f 0.3023(3) 0.3023(3)

4. Ejemplo: Rutilo
p Modos Raman Activos

A1g     B1g
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4. Ejemplo: Rutilo
p Modos Raman Activos

Eg Eg

4. Ejemplo: Rutilo
p Actividad Raman

mode freq(cm-1)    alpha beta2 activity Irrep.
001   806.01625   0.0111139       0.119     0.842        B2g
002   595.69219   3.6897265  126.828  1500.431      A1g
003   481.19473   0.0093502      0.000     0.005      Eu
004   481.19473   0.0017736      0.000     0.001      Eu     
005   451.96183  -0.0246816   43.201   302.435      Eg
006   451.96183   0.0092582   43.239   302.678      Eg
007   425.86581   0.0028455    0.000     0.001      A2g
008   387.96675   0.0016885    0.000     0.000      B1u

009   377.61627   0.0072289    0.000     0.002      Eu
010   377.61627   0.0039901    0.000     0.001      Eu
011   130.66567   0.0017733    0.042     0.300      B1g
012   102.57426   0.0134835    0.000     0.008      Eu
013   102.57426   0.0080623    0.000     0.004      Eu
014     82.10969   0.0392713    0.000     0.071      A2u
015     80.61206  -0.0024535    0.000     0.000      B1u

dσ i

dΩ
= 2πvs

c
⎛
⎝⎜

⎞
⎠⎟
4 I Ram

45
h ni

b +1( )
8π 2vi
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L. Fernández-Werner et al. Journal of Energy Storage12 (2017), 66-77

Ejemplo 6: Temp. Scan.
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Ejemplo 7. LLTO-PMMA: 
p Microscopia Raman Confocal:

n LLTO muestra muy buena 
afinidad con grupos nitrato
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Ejemplo 8: PANI-GQD

PANI: modelo polarón

D. Mombrú et al. Tuning Electrical Transport Mechanism of
Polyaniline−Graphene Oxide Quantum Dots Nanocomposites for Potential
Electronic Device Applications. J. Phys. Chem. C 2016, 120, 25117−25123

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 AFM
p Variación de Temperatura (Linkam)
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Micro Raman AFM Dual
p Alpha 300R è Alpha 300RA

n FSE_1_2014_1_102008 - ANII

AFM y Raman
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Métodos de Medida

Contacto AC Mode

Contact mode: Triángulos de Al
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Contact mode: Triángulos de Al

Grafeno: Microscopia de Fuerza 
Atómica
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Grafeno: Puntos Cuánticos

Grafeno: Puntos Cuánticos
p 60 nm de diámetro y 13 nm de alto
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EFM & MFM

Raman & AFM Dual
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p MFM
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Resumen: AFM/EFM/MFM
p Diferentes Modos de Medida:

n Contacto
n No Contacto
n Liftmode

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

n Dureza
n Viscosidad
n Adhesión

p Posibilidad de medir en Líquidos

Agradecimientos
p Parque Científico y Tecnológico de Pando (PCTP) / 

Instituto Polo Tecnológico de Pando
p ANII- Proyecto EQC_X_2012_1_14.
p ANII-FSE_1_2014_1_102008 Fondo Sectorial de Energía.

n Grupo de Farmacología & LEA, CIENFAR - FQ
n Microbiología-Biotecnología, DEPBIO – FQ.
n Instituto Nacional de Donación y Trasplante - INDT
n Grupo Física del Estado Sólido– IF-FING
n Cátedra de Química Inorgánica –FQ
n Cátedra de Análisis Instrumental – FQ
n Cátedra de Fisicoquímica -FQ
n Laboratorio de Biomateriales – FCIEN



15/6/18

47

Gracias
]


