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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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Dielectric Spectroscopy of Polymers
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Motivation.

* Polymers are widely used in nanofabrication processes (Nanowires,

nanoimprinted surfaces or polymer Nanoparticles).

e 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.



Glass transition in confinement
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Glass transition — Confinement experiments

D ~¢ Confinement effects

Real experiments: Pure finite size effects but also...
* enhanced role of interfaces

* interfacial free volume

* Conformational changes



Dielectric spectroscopy.

Confinement experiments

e Thin films (| of the Dimensions is confined)

v" Free standing
v' Capped

u Cylindrical geometry (2 of the Dimensions are confined)

v" Porous inorganic templates
v" Block copolymers
v Nanowires

- Nanoparticles (3 Dimensions are confined)
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Dielectric spectroscopy.

|-D Confinement experiments: Thin films

Capped films Supported films
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Dielectric spectroscopy.

|-D Confinement experiments: Thin films
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Dielectric spectroscopy.

|-D Confinement experiments: Thin films
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Confinement-Induced Relaxation Process in Thin Films of Cis-Polyisoprene
A. Serghei and E Kremer
Institute of Experimental Physics I, University of Leipzig, 04103 Leipzig, Germany
) (Received 18 January 2003; published 17 October 2003)
Serghei and Kremer,

Phys. Rev. Lett.
(2003), 91, 165702

Broadband dielectric spectroscopy i1s employed to investigate the molecular dynamics of cis-1,4-
polyisoprene (PI) in thin layers down to thicknesses comparable with the chain extension. The
segmental and the normal mode dynamics of the PI chains is found not to depend on the layer
thickness. Additionally, a novel confinement-induced relaxation process is detected. It is assigned to
fluctuations of terminal subchains which are formed due to the immobilization of chain segments at an
interface. Most of the experimental findings can be well described by simulations of the chains as ideal
random walks.

DOI: 10.1103/PhysRevLett.91.165702 PACS numbers: 83.10.Mj, 64.70.Pf, 68.60—p
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Dielectric spectroscopy.

Confinement experiments
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Dielectric spectroscopy.

2-D Confinement experiments: Cylindrical geometry
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Dielectric spectroscopy.

2-D Confinement experiments: Cylindrical geometry
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Dielectric spectroscopy.

2-D Confinement experiments: Cylindrical geometry
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Dielectric spectroscopy.

2-D Confinement experiments: Cylindrical geometry

Pore sizes < 25nm
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Dielectric spectroscopy.

2-D Confinement experiments: Cylindrical geometry

Poly(y-benzyl-I-glutamate) Peptides in Silanized Alumina Templates
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Dielectric spectroscopy.

2-D Confinement experiments: Cylindrical geometry
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Dielectric spectroscopy.

2-D Confinement experiments: Cylindrical geometry
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Dielectric spectroscopy.

2-D Confinement experiments: Cylindrical geometry
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Dielectric spectroscopy.

Confinement experiments

e Thin films (| of the Dimensions is confined)

v" Free standing
v' Capped
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Dielectric spectroscopy.

3-D Confinement experiments: Nanospheres

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

Confinement.

(a)

Endao
—>

“dH/dT

PEMA 3]

C (J/g°C)
DS Assistedrrrrrvm505 Freerrrrrr

__\

BULK
Id A | " L A | A 1 A Il A L " L A
40 60 80 100 120 40 60 80 100 120
T(C) TCC)

Martinez-Tong et al. Macromolecutes (2013), 46 (11), 46984705
Martinez-Tong D et al. Macromol. Chem. Phys (2014) 215(17), 1620-1624

]51.4 Jig'e

PS-NANO

C (J/g°C) £s

PS-BULK

T (°C)
PBAC

T (°C)

Endo
—_—
YT

PBAC-NANO.

(J/g°C)

C

L To.4ugc

T (°C)

140160 180 200 140 160 180 200

T (°C)

dH/dT

dH/dT

80 100120 140 80 100 120 140



Dielectric spectroscopy.

3-D Confinement experiments: 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

N
st

th

Lt

Tk

vty
‘i“‘:‘:n‘l““m
“‘.“l\““l‘l“‘
T
o

T
T
‘l“‘.“'m

Al
!
1!
il

it

50

T
A

’’’’’’ _ PVDF B relaxation region i
o ]
3 < 3
-2 0 P <><> ]
10" f
2 10% PTIFE() 1
10'6 ,. 56:44 .,
. 73:27
10 r 77:23 :
10° r PVDF 1
10°F
10'10 i . ] . ] . ] . ]
0.002 0.003 0.004 0.005 0.006

UT (K



Dielectric spectroscopy.
3-D Confinement experiments: Crystalline Phase
Transitions in Ferroelectric Polymer Nanospheres
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Properties of the ferroelectric polymer

nanoparticles
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Properties of the ferroelectric polymer
nanoparticles
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Properties of the ferroelectric polymer
nanoparticles
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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
| — PARAELECTRIC
FERROELECTRIC
E

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
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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

Main PVDF
crystalline forms
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Improving information density in ferroelectric polymer films by using
nanoimprinted gratings

Martinez-Tong DE, Soccio M, Garcia-Gutiérrez MC, Nogales A, Rueda DR,
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Preparation of polymer spheres of different sizes

(Isotropic confinement) and compare their glass
transition with that of the bulk polymer



