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Ionic polymers and ionomers consists of polar and charged group within the poly-
meric structure. These functionalities leads to certain properties and enables speci-
fic functions. Within the current study, we investigated ionomers with different
amounts of ionic groups regarding the utilization as self-healing polymers as well as
polymeric electrolytes for dye sensitized solar cells.

For this purpose, neutral polymers were synthesized (right) and functionalized after-
wards resulting in zwitterionic polymers. The spacer between the negatively and
positively charged moiety was varied. Finally, the amount of ionic groups was
changed from 5% (Z1 and Z4) over 10% (Z2 and Z5) to 15% (Z3 and Z6) in order to
study the influence on the performance later.
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Summary

In summary, ionic polymers are an interesting material
class and feature interesting properties. Therefore,
these polymers can be utilized for different
applications.
Thus, it was possible to design polymers featuring self-
healing abilities, i.e. these materials were capable of
scratch healing.
Furthermore, novel polymers for the application as
polymer electrolytes in DSSCs were synthesized using a
pyridine moiety. The quaternization afterwards resulted
in ionic polymers. Thus, a good performance of solar
cells could be obtained.
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Figure 2. Evaluation of the self-healing behavior of polymer Z1
at 120 °C.
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First of all, the polymers were studied regarding their thermal and mechanical properties, and it could be shown that the introduction of ionic groups leads to a significant increase
in the glass transition temperature as well as in the hardness of the materials (Figure 1). Furthermore, the self-healing properties were studied in detail. For this purpose, a novel
technique was established enabling a detailed analysis of the healing ability. Thus, a scratch was inserted using an indenter. Afterwards, the scratch was scanned in order to obtain
a 3D profile of the scratch. Afterwards, the healing was performed at 120 °C and the residual scratch was investigated after a certain time. Consequently, the healing efficiency
could be calculated. It was found that the healing strongly depends on the polymeric structure since a lower amount of ionic groups leads to a better and faster crack closure.[1]

Furthermore, ionic polymers were synthesized in order to be studied as electrolytes for dye-sensitized solar cells
(DSSC). For this purpose, a pyridine containing polymer was synthesized via a controlled radical polymerization.
Afterwards, the pyridine moiety was functionalized via methyl iodide resulting in ionic polymers (see above). Addition of
iodine leads to the polymer electrolytes featuring the iodide/iodine redox mediator for the DSSC.
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Figure 1. Representation of the
Vickers hardness of the
polymers. It can be seen that
the hardness is increased by
introducing ionic groups.
Furthermore, the longer spacer
between the two charges leads
to harder coatings.

Different compositions of the polymer electrolyte
have been studied. The best ratio of iodide/
triiodide was 15:1. Also different polymer
compositions (i.e. different amounts of cationic
comonomers) have been studied. Hereby,
polymers with a ratio of 1:1.2 (vinylpyridine :
PEGMEMA) showed the highest efficiencies.
Comparably high efficiencies of 1.2% could be
achieved for the DSSC. Standard test cells with
liquid electrolytes resulted in 4.21% efficiency.

Polymer electrolyte

Electrolyte Voc (mV) Jsc (mAcm-2) FF PCE (%) 

Liquid 564 19.07 0.40 4.21 

Gel 586 12.83 0.56 4.75 

Polymer 1:2,05 493 4.84 0.28 0.50 

Polymer 1: 1,2 577 4.87 0.43 1.20 

Polymer 1:4 417 1.84 023 0.39 

 


