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Punteo
p ¿Qué son los polímeros?
p ¿Cómo se preparan?
p Algunos ejemplos
p Investigación en FQ y el IPTP

n ¿Cómo “vemos” los polímeros?
n ¿Qué investigamos?

p Formulaciones Farmcéuticas
p Microplásticos
p Celdas Solares y Baterías
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Introducción
p Introducción
Los polímeros se caracterizan por ser macromoléculas, en las que se distinguen unidades
químicas más pequeñas, que se repiten, y que se denominan monómeros. Un polímero es el
resultado de la unión de monómeros.
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•Griego “Poli” (muchos) “mero” (parte), sinónimo de MACROMOLÉCULA

• Sintetizados por “polimerización” de monómeros (partes sencillas)

• Polímeros (a no ser ALGUNOS polímeros naturales) son polidispersos: mezclas o familias de moléculas 
con estructura similar y distinto tamaño (peso molecular)  
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Polipropileno

Poliuretano

Polietileno

Poliestireno

Poliestireno

PVC
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Poli-isopreno Nylon
Nylon

Poliéster Poliacrilonitrilo, RAYON

Algodón (celulosa)
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PVC

policarbonatos

PHEMA, poliacrilamidas
Hidroxietil celulosa, siliconas, PEG
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polihidroxietilmetacrilato
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policarbonatos

PVC

Poliéster, acetato de celulosa

Nitrocelulosa, acetato de celulosa, Poliéster
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Polímeros emisores de luzAdhesivosPinturas y recubrimientos

Resinas de intercambio iónico
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Hemoglobina Lisozima

Colágeno
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ARN

ADN
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Polímeros en roles no tradicionales 
(altísimo valor agregado)
p Polímeros reactivos
p Resinas de intercambio iónico
p Soportes para reactivos y 

catalizadores
p Polímeros filtrantes
p Membranas y filtros
p Membranas reactivas
p Nano- y micro-materiales
p Cristales coloidales, nanoesferas
p Litografía y fotolitografía

p Materiales de uso biomédico
p Prótesis y Tejidos artificiales
p Materiales en productos farmaceúticos
p Nanomedicinas
p Polímeros conductores y fotoactivos
p Polímeros conductores de electrones, 

protones y iones
p Celdas de combustible
p Materiales electrónicos
p Metales orgánicos
p Polímeros emisores de luz (sistemas de 

display)
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¿Cómo se forman? Polimerización
p Monómeros y Polimerización
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¿Cómo se hacen las bolsas de PE?
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•Vulcanización del caucho
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Polímeros Elásticos: El Caucho natural
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Polimerización en la vida diaria: “La Gotita”
p Ciano-Acrilato:

p Polimerización, catalizada por la presencia de agua (humedad)
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Hidrogeles de PVA
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Slime: PVAc reticulado con Borax
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Caracterización de Polímeros
¿Cómo vemos los polímeros?
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1. Modos Vibracionales
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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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Espectros
p Tablas y simulación
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2. Espectroscopía Vibracional
p Raman: Microscopio Raman Confocal
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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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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

Imagen Raman:  dispersión agua-aceite
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Microscopio Raman Confocal
Ejemplo de Funcionamiento:

• Muestra de NT calentados a 
T=200ºC.

• Presencia de Nanopartículas
de Anatasa en muestra de NT .
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Ejemplo: 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, .

6 7

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

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.

1

2

3

4 5

Fig. 6: AFM Image of the scratched PMMA-SBR film, .
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Ejemplo: Blend PMMA+PS

Mayo de 2022 26

26



Mayo de 2022

14

Líneas de Investigación
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Líneas de Investigación
p Formulaciones Farmacéuticas
p Microplásticos en muestras ambientales
p Preparación de compósitos nanopoliméricos

n Celdas Solares
n Baterías de ion-Litio

p Simulación Computacional de Polímeros
n Polímeros conductores
n Dinámica molecular
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Ejemplo 1: Nanocristales
p Formulación de PA + Poloxamer 

(polímero)
n PA: FBZ
n Excipient:e Poloxamer
n Preparación of nanocristales

p Mezcla húmeda
p Secado por spray

p Comparación:
n Dispersión sólido (SD)
n Nanocristales (NC)

FBZ

Figure 8 COick heUe WR acceVV/dRZQORad;FigXUe;FigXUe 8.Wif

FBZ NC
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Ejemplo 1: Poloxamer
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Hidrofílico         hidrofóbico        hidrofílico

Poloxamer a=18 y b=15
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Ejemplo 1: Formulaciones Farmacéuticas

31gaussview
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Ejemplo 1: Formulaciones Farmacéuticas
p Val-Feb Mezcla Física con P188
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Raman de MF y NC
p MF: 

n Regiones bien definidas de PA y 
del excipiente.

p Nanocristales: 
n Muy buena distribución.  
n No es posible diferenciar zonas o 

regiones de cada uno.

Mayo de 2022 33

Poloxamer

FBZ
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Ejemplo 2:  Identificación de Microplasticos
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Ejemplo 3: 
p Polímeros conductores (CP)

n Propiedades Electricas
n Propiedades Opticas
n Aplicaciones:

p Celdas solares orgánicas
p Recubrimientos
p Sensores

p Politiofeno
n Conductor
n Requiere dopaje
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Ejemplo 3:

p Modelo de polímero P3HT
p Role del dopante:

n Lithium bis(trifluoro-methanesulfonyl)imide 
(LiTFSI) 

p Transporte electrónico y ionico mixto

p Incorporación de aditivios:
n dimethoxyethane (DME)
n Mejora del transporte del Li+

p Obtención de propiedades físicas
n Difusión(MSD)
n Conductividades
n Movilidad

36

DME

LiTFSI
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Results 2:
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T=1500 K
t= 4 ps
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Ejemplo 3: 
Desplazamiento cuadrático medio (MSD)
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Ejemplo 3: Difusión del Litio
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D. Mombrú, M. Romero, et al., The Journal of Physical 
Chemistry C, 124 (2020) 7061-7070.
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Ejemplo 3: Conclusiones

1. Lo importante de modelar situaciones reales
2. Dinámica molecular como herramienta para entender mecanismos

varios.
3. Obtención de buenas propiedades de transporte
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D. Mombrú, M. Romero, et al., The Journal of Physical Chemistry C, 
124 (2020) 7061-7070.
D. Mombrú, M. Romero, et al., macromolecules (2021)
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¿Preguntas?
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