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Introduction:
Dielectric Spectroscopy of Polymers

Measures the dielectric properties of a medium as a function of frequency (time).
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Motivation.

• Polymers are widely used in nanofabrication processes (nanowires,

nanoimprinted surfaces or polymer nanoparticles).

• Confined polymers are present in a broad range of advanced materials and 

emerging  nanotechnologies, with applications including biomaterials, 

micro- and optoelectronics, and energy capture/storage… 

• Besides cutting-edge fabrication strategies, control over the changes 

in properties induced by nanoscale confinement is 

required.
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Glass transition - Segmental Dynamics

x(T) Correlation length



Glass transition – Confinement experiments

D  x Confinement effects

Real experiments:  Pure finite size effects but also… 

• enhanced role of interfaces

• interfacial free volume

• Conformational changes



Dielectric spectroscopy.

Confinement experiments

• Thin films (1 of the Dimensions is confined)

 Free standing

 Capped

 Cylindrical geometry (2 of the Dimensions are confined)

 Porous inorganic templates

 Block copolymers

 Nanowires

 Nanoparticles (3 Dimensions are confined) 
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Dielectric spectroscopy.

1-D Confinement experiments: Thin films

Capped films Supported films

Interdigitated electrodes
Local dielectric spectroscopy

Napolitano et al. Eur. Phys. J. E (2013) 36 :61



Dielectric spectroscopy.

1-D Confinement experiments: Thin films

Fukao et al. Europhys. Lett., (1999) 46 (5), pp. 649-654
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1-D Confinement experiments: Thin films

Serghei and Kremer,

Phys. Rev. Lett. 

(2003), 91, 165702



Dielectric spectroscopy.

1-D Confinement experiments: Thin films

Napolitano and Wubbenhorst, Nature Communications, (2011) 2, 260

hads
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Dielectric spectroscopy.

2-D Confinement experiments: Cylindrical geometry

Martín et al. Polymer (2012) 53, 1149-1166

Al2O3

Al
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2-D Confinement experiments: Cylindrical geometry
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Dielectric spectroscopy.

2-D Confinement experiments: Cylindrical geometry

Martín et al. Macromolecules (2009)42, 5395-5401

-150 -100 -50 0 50 100
0.0

0.5

1.0

1.5

-150 -100 -50 0 50 100
0.00

0.05

0.10

0.15

-150 -100 -50 0 50 100
0.00

0.02

0.04

0.06

-150 -100 -50 0 50 100
0.0

0.2

0.4

0.6

0.8
 

 

"

Bulk

b




c

 

 

"

60nm

 

 

"

35nm

 

 

"

T(ºC)

20nm

0.0

0.3

0.6

0.9

1.2

0.00

0.08

0.16

0.00

0.03

0.06

10
-1

10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

0.0

0.2

0.4

0.6

0.8

 

 Bulk

 

 60nm

 

35nm

"

 

20nm

F(Hz)



Dielectric spectroscopy.

2-D Confinement experiments: Cylindrical geometry

Martín et al. Macromolecules (2009) 42, 5395-5401
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Dielectric spectroscopy.

2-D Confinement experiments: Cylindrical geometry

Duran et al. Macromolecules (2009), 42, 2881-2885

Poly(γ-benzyl-l-glutamate) Peptides in Silanized Alumina Templates



Dielectric spectroscopy.

2-D Confinement experiments: Cylindrical geometry

Martín et al. Chemistry of  Materials (2017) 29(8), 3515-3525
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2-D Confinement experiments: Cylindrical geometry

Bulk

Nanotubes

Martín et al. Chemistry of  Materials (2017) 29(8), 3515-3525
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2-D Confinement experiments: Cylindrical geometry

Bulk Nanotubes

Martín et al. Chemistry of  Materials (2017) 29(8), 3515-3525



Dielectric spectroscopy.

Confinement experiments
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Dielectric spectroscopy.

3-D Confinement experiments: Nanospheres

Landfester, K. Adv. Mater. (2001), 13, 765-768
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Glass transition under 3D 

Confinement.

Martinez-Tong et al. Macromolecules (2013), 46 (11), 4698-4705

Martinez-Tong D et al. Macromol. Chem. Phys (2014) 215(17), 1620-1624



Dielectric spectroscopy.

3-D Confinement experiments: Nanospheres

Zhang et al. Polymer (2013), 54(1), 230-235



Dielectric spectroscopy.

3-D Confinement experiments: Crystalline Phase

Transitions in Ferroelectric Polymer Nanospheres
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Dielectric spectroscopy.

3-D Confinement experiments: Crystalline Phase

Transitions in Ferroelectric Polymer Nanospheres
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Dielectric spectroscopy.

3-D Confinement experiments: Crystalline Phase

Transitions in Ferroelectric Polymer Nanospheres



Properties of the ferroelectric polymer

nanoparticles
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Martínez-Tong et al. Polymer (2015), 56(1), 428-434 
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Martínez-Tong et al. Polymer (2015), 56(1), 428-434 



Other physical properties under 3D 

confinement: Ferroelectricity

The property of some materials to store a permanent electric field, by 

analogy with the storage of a magnetic field by ferromagnetic materials. 

P

E

PARAELECTRIC

FERROELECTRIC

Spontaneous polarization: a net electric dipole moment in the absence of an

external electric field. This spontaneous polarization can be reversibly switched by

an external field, resulting in a normal electric displacement-electric field (DvsE)

hysteresis loop



Properties of the ferroelectric polymer

nanoparticles

Martínez-Tong et al. Polymer (2015), 56(1), 428-434 



Conclusions

Dielectric spectroscopy is a very useful tool to explore polymer properties under 

confinement in different geometries. 

We have presented a review of different approaches for using BDS to explore 

confinement effects referred to segmental dynamics.

Other properties with technological impact such as ferroelectricity under confinement 

can be investigated by BDS. 
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Other physical properties under 3D 

confinement: Ferroelectricity

• FeRAMs: Ferroelectric Random Access 
Memories.

Advantages: 

– Higher speed in write mode than today's conventional memories

– Low power consumption

– High endurance

Nowadays limitations:

– Reliable performance and material characteristics when considering ultra-sense/small 
capacitors. 
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Other physical properties under 3D 

confinement: Ferroelectricity

PVDF and PVDF based copolymers.

Main PVDF 

crystalline forms

Improving information density in ferroelectric polymer films by using

nanoimprinted gratings

Martínez-Tong DE, Soccio M, García-Gutiérrez MC, Nogales A, Rueda DR,

Alayo N, Pérez-Murano F, Ezquerra TA Applied Physics Letters 2013, 102

(19), 191601



Objective

Preparation of polymer spheres of different sizes

(Isotropic confinement) and compare their glass

transition with that of the bulk polymer


