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Abstract

In recent years, dielectric hydrogels were found to take an enabling role in important fields of polymer chemistry and material science. Tailored
dielectric hydrogels combine the unique dielectric properties with the flexibility and properties of macromolecular architectures, giving rise to a new
family of functional polymers that opens new areas of applications such as stretchable electronics. In this short colloquy, an overview of dielectric
hydrogels has been provided. It is envisioned that these materials will impact a range of sensory applications in material science field.

Opinion

The discovery, development and deployment of new polymeric
materials given a new dimension to the present era, this young
branch of chemistry, has been the subject of great development both
as a basic and applied science provides new business opportunities
as well as to drive advances in high value application ranging from
microelectronics to medicine [1,2]. In the first instance, polymers
are generally known for their insulating property because of the
covalent bonds present in saturated carbon compounds. Since
desirable properties can be conveniently attained by tailoring the
polymer structure and also by incorporating additives; scientists
have been enthusiastic to explore the possibility of transforming
insulating polymers into conducting or semiconducting materials
predicting such special characteristics like low density, ease of
fabrication, flexibility of design, low energy and labor requirements
for fabrication and processing. Later the possibility of combining
new chemical functions in a backbone opened new fields of
applications for macromolecules. So structures with specific uses
were developed creating new interfaces with technological fields
[3,4].

In particular, the development of polymers for electronics is still
an open field where polymers are used not only as insulators, but
where the electronic properties of these featured macromolecules
can be tailored for specific applications [5]. The great effort that is
still pursued in this field is responsible for both the optimization
of new polymeric structures and for the upsurge of developing
new and more efficient synthetic protocols. The fast development
of this branch of polymer science has stimulated the interest
of the industrial world and nowadays there are several small,
medium and big enterprises, both in the chemistry area and in the

microelectronics sector, developing high frequency power devices,
high frequency small signal amplifiers, in many discrete appliances
and actuators [6,7].

Hydrogel is a cross linked three-dimensional (3D) network
structure composed of hydrophilic polymers that can hold the
large amount of water inside the matrix. Due to their momentous
water content, hydrogels possesses degree of flexibility similar
to natural tissues. The network hydrophilicity of the hydrogels
is due to the presence of hydrophilic moieties such as -NH,, -
COOH, -SO,H, -PO,H -OH, -CONH,, and -CONH-. Hydrogels are
ubiquitous in many industrial applications, such as drug delivery,
tissue scaffolds, microfluidics, and fuel cell membranes, where
controlling selective transport is critical to the performance of the
device [8]. Current trends in microelectronic packaging have shown
a need for developing advanced dielectric materials for realization
of high performance interconnects of electronic devices. Much of
the research has focused on developing complex micro patterns
switched by hydrogel-actuated nanostructures to achieve higher
system performance in high speed digital applications.

Dielectrics are materials that do not conduct electricity,
essentially functioning as insulators,
performance must meet more stringent requirements. When
exposed to an electric field, the electric charges in a dielectric
material, including permanent and induced electric dipoles, can
be moved, thus polarizing the material. Although the equilibrium
polarization remains a material constant for a given electrical field,
it is the dielectric constant, €, or also symbolized by k, that is used
to characterize the dielectric properties of the dielectric. In an
alternating (AC) field, the dielectric constant is a complex quantity,

but whose electrical
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€* and is the combination of a real component, called the relative
permittivity or dielectric constant, €, and an imaginary component,
called the dielectric loss or dissipation factor, €”. This form, also
called the complex dielectric permittivity, is defined by the formula
(1):

eM=gN-je” (1)

Dielectric constant (€’) is a critical electrical parameter for a
microelectronic polymer dielectric. The magnitude of € depends
on the amount of mobile (polarizable) electrical charges and
the degree of mobility of these charges in the material. Because
the charge mobility depends on temperature, € is temperature
dependent, and since polarization of the material requires a finite
amount of time, the frequency of the electric field also influences
the measured dielectric constant. The lower the dielectric constant,
the faster the signal propagation velocity, as given by the Equation

(2):
V=c/(Ver) (2)

Where Vv, is the velocity of propagation and c is the speed of
light. A lower dielectric constant allows for wider signal traces and
a decrease in the dielectric thickness. It also allows a designer to
maintain the same characteristic impedance while lowering the
line resistance and crosstalk [9].

Inorganic materials/ceramics show high dielectric constant
than polymers. It possesses ions and polar functional groups
intrinsically and contributes to their high dielectric constant.
Both polymer dielectrics with low and high dielectric constant are
essential in electronic industries. Low dielectric constantis required
basically as insulators and preferably useful in designing integrated
circuits (IC). High € materials are used as polarizable media for
capacitors, and in apparatus such as rectifiers and semiconductor
devices, piezoelectric transducers, dielectric amplifiers,
memory elements [10].

and

Recently, Gao et al. [11] has designed pH-responsive dielectric
hydrogels with improved mechanical and dielectric properties.
The properties and classical applications of polyelectrolytes are
being outspreading in the last few years by the introduction of
dielectric materials into the polymer matrix. These new materials
are being developed due to the scientific and technological interest

in the field of stretchable electronics [12,13]. The field of dielectric
hydrogels has expanded over the past few decades and has become
fundamental to the science of polymer technology, the intriguing
properties and the wide range technological interests has been an
ever increasing stimulus to fully focus on specialized applications
[14] and thus promising candidates for energy storage applications.

References

1. Lendlein A, Rehahn M, Buchmeiser MR, Haag R (2010) Polymers in
biomedicine and electronics. Macromol Rapid Commun 31(17): 1487-
1491.

2. Teo AJT, Mishra A, Park I, Kim Y], Park WT, et al. (2016) Polymeric
biomaterials for medical implants and devices. ACS Biomater Sci Eng
2(4): 454-472.

3. Facchetti A, Yoon MH, Marks T] (2005) Gate dielectrics for organic field-
effect transistors: New opportunities for organic electronics. Adv Mater
17(14): 1705-1725.

4. Cataldo S, Pignataro B (2013) Polymeric thin films for organic electronics:
Properties and adaptive structures. Materials 6(3): 1159-1190.

5. Wallace GG, Spinks GM, Kane-Maguire LAP, Teasdale PR (2009)
Conductive electroactive polymers. (3" edn), Taylor & Francis, CRC
Press, USA, pp. 231-246.

6. Maier G (2001) Polymers for microelectronics. Mater Today 4(5): 22-33.

7. Miller R (1989) Materials for microelectronics: Introduction. Chem Rev
89(6): 1271-1272.

8. CholletB, LiM, MartwongE, Bresson B, Fretigny C, etal. (2016) Multiscale
surface-attached hydrogel thin films with tailored architecture. ACS Appl
Mater Interfaces 8(18): 11729-11738.

9. Alexander AD, Alexandra N (2005) Materials fundamentals of gate
dielectrics, Springer. Netherlands, pp 37-55.

10. Fiedziuszko SJ, Hunter IC, Itoh T, Kobayashi Y, Nishikawa T, et al. (2002)
Dielectric materials, devices, and circuits. 706 IEEE transactions on
microwave theory and techniques 50(3): 706-720.

11. Gao X, Sadasivuni KK, Kim H-C, Min S-K, Kim ] (2015) Designing pH-
responsive and dielectric hydrogels from cellulose. ] Chem Sci 127(6):
1119-1125.

12. Wirthl D, Pichler R, Drack M, Kettlguber G, Moser R, et al. (2017) Instant
tough bonding of hydrogels for soft machines and electronics. M Sci Adv
3(6): €1700053.

13.LinS, Yuk H, Zhang T, Parada GA, Koo H, et al. (2016) Stretchable hydrogel
electronics and devices. Adv Mater 28(22): 4497-4505.

14.X Li, Gu T, Wei B (2012) Dynamic and galvanic stability of stretchable
supercapacitors. Nano letters 12(12): 6366-6371.

How to cite this article: Shimoga D G. Dielectric Hydrogels: Materials for Sustainable Energy Storage. Res Dev Material Sci. 2(1). RDMS.000526. 2017. 95

DOI: 10.31031/RDMS.2017.02.000526


http://dx.doi.org/10.31031/RDMS.2017.02.000526

http://onlinelibrary.wiley.com/doi/10.1002/marc.201000426/abstract
http://onlinelibrary.wiley.com/doi/10.1002/marc.201000426/abstract
http://onlinelibrary.wiley.com/doi/10.1002/marc.201000426/abstract
http://pubs.acs.org/doi/abs/10.1021/acsbiomaterials.5b00429
http://pubs.acs.org/doi/abs/10.1021/acsbiomaterials.5b00429
http://pubs.acs.org/doi/abs/10.1021/acsbiomaterials.5b00429
http://onlinelibrary.wiley.com/doi/10.1002/adma.200500517/abstract
http://onlinelibrary.wiley.com/doi/10.1002/adma.200500517/abstract
http://onlinelibrary.wiley.com/doi/10.1002/adma.200500517/abstract
http://www.mdpi.com/1996-1944/6/3/1159
http://www.mdpi.com/1996-1944/6/3/1159
http://www.sciencedirect.com/science/article/pii/S1369702101802534
http://pubs.acs.org/doi/abs/10.1021/cr00096a600
http://pubs.acs.org/doi/abs/10.1021/cr00096a600
http://pubs.acs.org/doi/abs/10.1021/acsami.6b00446
http://pubs.acs.org/doi/abs/10.1021/acsami.6b00446
http://pubs.acs.org/doi/abs/10.1021/acsami.6b00446
https://link.springer.com/book/10.1007/1-4020-3078-9
https://link.springer.com/book/10.1007/1-4020-3078-9
http://ieeexplore.ieee.org/document/989956/
http://ieeexplore.ieee.org/document/989956/
http://ieeexplore.ieee.org/document/989956/
http://www.ias.ac.in/article/fulltext/jcsc/127/06/1119-1125
http://www.ias.ac.in/article/fulltext/jcsc/127/06/1119-1125
http://www.ias.ac.in/article/fulltext/jcsc/127/06/1119-1125
http://advances.sciencemag.org/content/3/6/e1700053
http://advances.sciencemag.org/content/3/6/e1700053
http://advances.sciencemag.org/content/3/6/e1700053
http://onlinelibrary.wiley.com/doi/10.1002/adma.201504152/abstract
http://onlinelibrary.wiley.com/doi/10.1002/adma.201504152/abstract
http://pubs.acs.org/doi/abs/10.1021/nl303631e
http://pubs.acs.org/doi/abs/10.1021/nl303631e

	Title
	Abstract
	Opinion
	References

