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Polymeric ionic liquids have emerged as a distinct class of functional macromolecular

materials at the interface of polymer chemistry, physical chemistry, and materials science.

Unlike low-molecular-weight ionic liquids and conventional polyelectrolytes, these systems

combine a high density of ionic centers with a tunable macromolecular architecture,

which results in specific supramolecular organization, relaxation dynamics, and segmentally

controlled mechanisms of ionic transport. This paper summarizes an architecture-oriented

approach to describing polymeric ionic liquids and proposes a classification logic based

on how charged fragments are integrated into the polymer chain: side-chain ionic polymers,

ionene-type polymers, and crosslinked/network structures. Key structure–property

dependences are analyzed, including the effects of ion-pair chemistry, glass transition

temperature, molecular weight, and domain organization on ionic conductivity and the

stability of operational characteristics. It is shown that insufficient standardization of

macromolecular parameters and limited experimental verification of domain structures

reduce reproducibility and comparability of results and hinder the development of

generalized «structure–property» models. The prospects for a transition to rational design

are substantiated through controlled synthesis of ionene architectures, systematic

correlation of «structure–glass transition temperature/rheology–conductivity» parameters,

and the creation of hybrid materials of the polymeric ionic liquid–ionic liquid and

polymeric ionic liquid–nanofiller types. Application areas in electrochemical energy

technologies, membrane processes, electrocatalysis, and sensing are summarized, and

the need to integrate sustainability criteria, particularly life-cycle assessment, long-term

stability, and recyclability potential, is emphasized.
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Introduction
Ionic liquids (ILs) and IL-based materials occupy

an important place in modern chemistry and chemical
technology due to their combination of low volatility,
high thermal and electrochemical stability, and broad

opportunities for structural design [1,2]. Initially, ILs
were positioned as promising «green» solvents in line
with the principles of green chemistry formulated by
Anastas and Warner [3]. However, subsequent studies
have demonstrated that the environmental viability of
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ionic systems cannot be assessed solely on the basis
of vapor pressure or thermal stability; a comprehensive
analysis of toxicity, synthesis energy intensity, and
material behavior throughout the life cycle is required
[4–6].

A logical stage in the development of ionic liquid
chemistry has been the formation of the field of
polymeric ionic materials, in particular polymeric ionic
liquids (PILs). The transition from low-molecular-
weight systems to a macromolecular state improves
the stability of functional media, reduces migration of
ionic components, and expands the range of
application-relevant properties [7,8]. At the same time,
polymerization of ionic fragments causes qualitative
changes in interionic interactions, relaxation processes,
and phase behavior, making it necessary to consider
PILs from the standpoint of polymer science rather
than merely as modified ionic media. Therefore, recent
review papers indicate a shift from treating PILs as
“solid analogues” of ionic liquids toward analyzing
them as full-fledged macromolecular systems where
chain architecture, ionic group density, and
crosslinking type are decisive [5,7–9].

Polymeric ionic liquids as a class of
macromolecular compounds

Historically, the first polymeric ionic systems
were developed within polyelectrolyte chemistry, where
charged groups are predominantly localized in the
side chains of macromolecules and are compensated
by mobile counterions [10–13]. Such systems played
an important role in shaping concepts of electrostatic
interactions in polymer media; however, their
physicochemical nature differs substantially from that
of PILs.

PILs are characterized by a high density of ionic
centers combined with macromolecular architecture
and a reduced role of an external solvent. As a result,
the ionic component ceases to be auxiliary and becomes
a structure-forming factor that governs the glass
transition temperature, segmental mobility, rheological
behavior, and transport properties [11,14–17]. The
generalization of current data allows PILs to be viewed
as an evolutionary outcome of two fields–ionic liquid
chemistry and functional polymer chemistry. In early
works, ILs were considered primarily as media
alternative to molecular solvents with unique
electrochemical characteristics [16–18]; however, the
further development of the «designer solvents» concept
has led to the understanding that combining ionic
nature with macromolecular architecture provides
fundamentally new possibilities for property control
in materials [9,19].

Zhu and Yang [9] showed that polymerization
of ionic fragments is not simply a way to immobilize
an ionic liquid in the solid state; it also induces a

reorganization of interionic interactions and relaxation
dynamics. Unlike low-molecular-weight ILs, where
transport is governed by the collective dynamics of
ionic clusters, in PILs segmental motion of the
polymer backbone plays a key role; this brings PILs
closer to conventional polymer electrolytes but
distinguishes them by a higher density of ionic centers
and a weaker dependence on an external solvent [9,20].

For many PILs, nanoscale phase segregation
into polar and nonpolar domains has been established
[19,21–23]. The spatial characteristics of these domains
depend on macromolecular structure, the nature of
ionic groups, and synthesis conditions, and they
significantly affect thermodynamic and kinetic
properties of the materials.

Classification of polymeric ionic liquids
There is no unified approach to PIL classification

in the modern literature, which is largely due to the
interdisciplinary nature of these materials. They are
grouped by the type of ionic groups, the nature of
counterions, the synthesis route, or application area
[7,8]. However, from the standpoint of polymer
chemistry, the decisive criterion is macromolecular
architecture and the way ionic fragments are
incorporated into the polymer chain. Even for
identical ion pairs, materials may exhibit markedly
different electrochemical characteristics depending on
chain structure [24,25]. Therefore, an architecture-
based approach is appropriate: side-chain ionic
polymers, ionene-type polymers, and crosslinked/
network structures [5,9].

Side-chain polymeric ionic liquids
The most common class comprises PILs with

ionic groups in side chains, obtained by polymerization
of ionic monomers or by post-synthetic modification
of neutral polymers [14,15,23]. Such systems feature
a high local concentration of charged fragments, which
promotes formation of stable ionic associates and
increases Tg. This often creates a trade-off between
ionic conductivity and mechanical stability [24–26].

Analysis of application-driven studies indicates
that in many works the polymer matrix is treated
mainly as a mechanical host for an ionic phase, whereas
fundamental macromolecular parameters (molecular
weight, dispersity, spacer length and flexibility) are
frequently not normalized or not analyzed. This
complicates comparison between studies and limits
the establishment of universal structure–property
relationships. Reviews emphasize the need to shift
from empirical formulation screening to controlled
synthesis with reproducible macromolecular
characteristics [5,19].

Crosslinked and network polymeric ionic systems
Crosslinked and three-dimensional PILs exhibit

high mechanical strength and thermal stability, making
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them promising for membrane technologies and
catalysis [27–30]. However, a rigid network
architecture restricts segmental mobility, so ionic
transport is governed predominantly by counterion
diffusion within local domains.

Ionene-type polymeric ionic liquids
A fundamentally different strategy is

implemented in ionene-type PILs, in which charged
fragments are incorporated into the main chain of
the macromolecule [16,17,31]. This architecture
provides a more uniform charge distribution, reduces
the likelihood of forming rigid ionic domains, and
creates prerequisites for maintaining segmental
mobility even at high ionic group densities. Ionene
systems are therefore regarded as a promising platform
for reconciling glass transition temperature and ionic
conductivity [24,25].

Current studies indicate that incorporating
charged fragments into the backbone reduces the degree
of microphase segregation and weakens the role of
rigid ionic domains. As a result, ionic transport in
such systems is more tightly coupled to segmental
mobility than to local counterion diffusion,
distinguishing them from conventional polyelectrolytes.
At the same time, synthetic complexity and the limited
number of scalable routes for preparing ionene-type
PILs remain important barriers to broad
implementation [5,9].

Supramolecular organization and domain
structure of PILs

One of the key features of PILs is self-organization
into nanoscale polar and nonpolar domains. For low-
molecular-weight ILs, such nanostructuring is well
known and is related to the amphiphilic nature of
ions [20,32]. In PILs, domain organization is
complicated by the presence of a macromolecular
chain, which acts simultaneously as a structure-forming
and constraining factor.

According to Silva et al. [20], domain
organization is determined not only by the length of
alkyl substituents but also by backbone rigidity and
crosslinking density. In crosslinked PILs, polar
domains tend to be localized and form isolated regions,
restricting transport. In contrast, in linear ionene-
type systems, domains may form percolation pathways
that enable effective charge transport even at high Tg
[5,9].

Importantly, in a considerable portion of
application-focused studies, domain structures are not
experimentally analyzed, and their role in property
formation remains hypothetical. This constitutes a
substantial methodological limitation, particularly for
studies in electrochemical energy technologies and
membrane processes [24,30]. Therefore, when

interpreting transport properties of PILs, it is advisable
to consider Tg, segmental dynamics, and domain
organization simultaneously as interrelated parameters.

Structure–property relationships
Establishing structure–property relationships is

a central task in polymer science. For PILs, this task
is complicated by the combination of polymer factors
(molecular weight, dispersity, chain architecture) with
strong Coulombic interactions [33]. A generalization
of current data shows that PILs do not exhibit a
universal correlation between ionic conductivity and
viscosity or ionic group concentration, typical of low-
molecular-weight ILs. Instead, PIL conductivity is
determined by a set of factors in which Tg, segmental
mobility, and supramolecular domain organization
play key roles [20,32,33].

Tg is among the most sensitive characteristics of
PILs. With increasing ionic group concentration, Tg
typically increases due to formation of ionic domains
that act as physical crosslinks [14–17]. Introducing
flexible aliphatic fragments or using less coordinating
counterions can reduce Tg, but this is often
accompanied by decreased mechanical or thermal
stability [25].

Molecular weight and its distribution are
fundamental parameters for polymers; however, for
PILs these characteristics are often omitted, hindering
comparison across studies [26]. Available data suggest
that increasing molecular weight may reduce segmental
mobility and, consequently, ionic conductivity,
although strong ionic interactions can partly
compensate for this effect. An additional challenge is
the lack of standardized methods for determining
molecular weight of PILs. As noted by Salas et al.
[5], many publications describe PILs without reporting
Mw or Mn, which is atypical for polymer chemistry
and significantly limits reproducibility.

In studies focused on electrochemical applications,
high ionic conductivity is often claimed as the key
advantage of PILs. However, proper interpretation
requires considering ó in close connection with Tg
and segmental dynamics. According to Bodin et al.
[25], increased conductivity in some PILs is achieved
at the expense of reduced mechanical stability or
thermal robustness. Matuszek et al. [26] showed that
in hybrid PIL/redox ionic liquid systems, transport
can be mixed, combining a segmentally controlled
mechanism with local redox processes. This broadens
design opportunities but complicates interpretation
unless macromolecular parameters are carefully
accounted for.

Application areas
PILs are actively investigated as electrolytes for

lithium-ion batteries, supercapacitors, and other
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electrochemical systems, where they offer improved
safety and an expanded operating temperature range
[24–26,34,35]. A substantial body of work addresses
membrane technologies, particularly proton-exchange
membranes for fuel cells, where PIL components
enhance conductivity and chemical stability
[27–30,36]. Individual studies also demonstrate the
promise of PILs in electrocatalysis, sensing, and
sorption processes [20,32,37–40].

At the same time, in most application-focused
papers, PILs are treated as functional matrices or
additives, whereas the influence of macromolecular
architecture on transport mechanisms, degradation
pathways, and property reproducibility is analyzed
only fragmentarily. This limits rational materials design
and underscores the need for a systematic approach
that integrates ionic liquid chemistry with polymer
science concepts [24–26,30,34].

Methodological limitations in contemporary PIL
research

Despite the rapid growth in publications, the
current state of PIL research is characterized by several
methodological limitations. One of the key issues is
the fragmented approach to property analysis: emphasis
is placed mainly on application-relevant characteristics
(ionic conductivity, electrochemical window, thermal
stability), while macromolecular parameters of the
polymer component often remain outside systematic
analysis [5,9].

In a significant number of works, data on
molecular weight, dispersity, and chain architecture
are missing, which impairs reproducibility and
comparability [5]. Even with identical ion pairs,
differences in macromolecular architecture may lead
to different ionic transport mechanisms and relaxation
behavior [24,25]. Another limitation is the
predominance of empirical design, where optimization
proceeds by compositional screening rather than by
developing generalized «structure–property» models
[24,30,34].

A separate issue is insufficient attention to
supramolecular organization and domain structure.
In many studies, domain formation is postulated by
analogy with low-molecular-weight ILs without
experimental verification of spatial characteristics or
transport relevance [20,32]. This hampers correct
interpretation and the development of physically
grounded models.

Thus, further progress requires a transition from
descriptive and empirical studies to a systematic
methodology rooted in polymer science, with
controlled macromolecular parameters and verified
supramolecular organization [5,7–9].

Scientific novelty and distinctions of this review
The scientific novelty of this review lies in a

systematic consideration of PILs not as derivatives of
low-molecular-weight ionic systems, but as a full-
fledged class of macromolecular compounds with
specific structure–property patterns. Unlike reviews
primarily focused on applications or functional
performance [19,24,26], this work emphasizes
macromolecular architecture as the governing factor
for ionic transport, relaxation phenomena, and
supramolecular organization.

Structure–property relationships are summarized
from a polymer-science perspective, and the lack of
standardization of macromolecular parameters in
application-driven studies is critically analyzed [5,9].
The potential of ionene-type PILs as a platform for
coordinated control over segmental mobility and ionic
transport – often insufficiently covered in existing
reviews – is highlighted as well.

Unresolved scientific problems and development
prospects for polymeric ionic liquids

Despite significant progress in synthesis and
applications, PIL research still faces several fundamental
challenges. One of the most important is the lack of
consistent physicochemical models that adequately
describe the interplay between macromolecular
architecture, supramolecular organization, and ionic
transport mechanisms. Many existing models are
borrowed from theories of low-molecular-weight ILs
or classical polymer electrolytes and do not capture
the specific combination of high ionic center density
with macromolecular segmental dynamics [5,9,20].

A major unresolved issue is the role of domain
organization. Although polar/nonpolar domains are
reported in a number of works, their spatial
characteristics and influence on transport have not
been studied systematically. The absence of correlations
between structural data (SAXS, WAXS, AFM) and
macroscopic properties (conductivity, Tg, rheology)
complicates the establishment of universal relationships
[20,32].

Controlling molecular weight and dispersity
remains another challenge. In many publications, PILs
are described without key macromolecular parameters,
preventing meaningful comparison and predictive
modeling [5]. The development of controlled
polymerization methods for ionic monomers and
scalable routes to ionene-type polymers remains a
priority [9].

Considerable difficulties are also associated with
long-term stability in practical systems. Most studies
report short-term electrochemical or thermal stability,
while degradation processes related to macromolecular
restructuring, phase segregation, or counterion
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migration are addressed only fragmentarily [24–26,30].
This is particularly critical for energy and membrane
applications requiring stability over thousands of cycles
[34].

Future progress is expected to rely on rational
design based on clear structure–property principles.
Ionene-type PILs are of particular interest as an
architecture-controlled platform capable of tuning
segmental mobility and ionic center density without
inducing overly rigid domains [5,9]. Hybrid systems
such as PIL–ionic liquid and PIL–nanofiller are also
promising, where synergy between polymer architecture
and ionic dynamics may be achieved [24,26].

An important direction is the integration of green
chemistry principles and life-cycle assessment into
PIL design. Environmental viability should be
evaluated considering synthesis energy intensity,
recycling possibilities, and long-term stability, not
merely operational performance [5,7,8].

Nevertheless, results reported in a number of
recent studies indicate that the field can move from
empirical formulation screening to controlled property
formation via a polymer-chemistry-driven approach
to synthesis and analysis. In particular, ionene-type
PIL studies show that synthesis parameters
(temperature, time, solvent composition and polarity,
concentration regimes) can serve as tools for controlling
molecular weight and structural state [41,42]. This
logic is crucial for overcoming reproducibility issues
and enabling correct interlaboratory comparisons.

In [41], it was shown that premature precipitation,
collapsed chain conformations, and reduced end-group
reactivity can arise predictably from an unfavorable
choice of polymerization conditions. Optimizing
temperature–concentration regimes and selecting
solvents that stabilize a homogeneous reaction medium
allow higher macromolecular parameters and more
stable rheological and transport characteristics to be
obtained.

The promise of this approach is particularly
evident for ionene-type systems based on tetrahydro-
1,4-oxazine. In [42,43], it was established that varying
substituents at the quaternary nitrogen atom, spacer
type, and the distance between charge centers enables
coordinated tuning of Tg/melting behavior and ionic
conductivity. Importantly, these studies rely not only
on reporting «high values» but on correlation analysis
between structural parameters, thermal characteristics,
and s, bringing the field closer to predictive «structure–
property» models for PILs.

Overall, the current development stage of PILs
is defined by the need to integrate polymer-science
methodology with ionic-system design concepts. The
most promising trajectory is the development of

ionene-type polymeric ionic liquids as an architecture-
controlled platform for establishing reproducible
structure–property relationships and enabling rational
design of materials with targeted functional
performance [5,9,41–43].

Conclusions
The current state of polymeric ionic liquid

research indicates that the field is undergoing a
methodological transition: from empirical accumulation
of application-driven results toward systematic analysis
of structure–property relationships from a polymer-
science perspective. PILs should be regarded as an
independent class of macromolecular materials in
which chain architecture, ionic center density, and
supramolecular organization are decisive.

It is shown that the absence of universal
correlations between ionic conductivity and parameters
typical for low-molecular-weight ILs is caused by the
complex interplay of segmental mobility, glass
transition temperature, and domain structure.
Therefore, interpretation of transport properties requires
simultaneous consideration of macromolecular
parameters that are not systematically reported in many
application-oriented studies.

Ionene-type polymeric ionic liquids represent
the most promising architectural platform for
coordinated regulation of segmental mobility and ionic
transport. Their development enables a transition
toward reproducible structure–property relationships
and predictive materials design. Controlled synthesis
of PILs with targeted molecular weight and predictable
physicochemical characteristics is possible only by
integrating ionic liquid chemistry with polymer-science
methodology.

It is also shown that ionene-type dimeric ionic
liquids can serve as effective model systems for
interpreting relaxation and transport processes in PILs,
and as functional components in hybrid «PIL–ionic
liquid» materials. Further progress in the field is
associated with standardization of macromolecular
parameters, systematic consideration of supramolecular
organization, and integration of green chemistry and
life-cycle assessment approaches, providing a basis
for implementing PILs in high-technology
electrochemical, membrane, and sustainable chemical
processes.
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ÏÎË²ÌÅÐÍ² ²ÎÍÍ² Ð²ÄÈÍÈ ßÊ ÎÁ’ªÊÒ ÑÓ×ÀÑÍÎ¯
Õ²Ì²¯ ÒÀ Õ²Ì²×ÍÎ¯ ÒÅÕÍÎËÎÃ²¯: Ì²Í²-ÎÃËßÄ
ÀÐÕ²ÒÅÊÒÓÐÈ, ÇÀÊÎÍÎÌ²ÐÍÎÑÒÅÉ ÑÒÐÓÊÒÓÐÀ–
ÂËÀÑÒÈÂÎÑÒ² ÒÀ ÏÐÈÊËÀÄÍÈÕ ÍÀÏÐßÌ²Â

Câåðäë³êîâñüêà Î.Ñ., Ïîòàï÷óê Ì.Î.

Ïîë³ìåðí³ ³îíí³ ð³äèíè ñôîðìóâàëèñÿ ÿê îêðåìèé
êëàñ ôóíêö³îíàëüíèõ ìàêðîìîëåêóëÿðíèõ ìàòåð³àë³â íà
ñòèêó õ³ì³¿ ïîë³ìåð³â, ô³çè÷íî¿ õ³ì³¿ òà ìàòåð³àëîçíàâñòâà.
Íà â³äì³íó â³ä íèçüêîìîëåêóëÿðíèõ ³îííèõ ð³äèí ³ êëà-
ñè÷íèõ ïîë³åëåêòðîë³ò³â, ö³ ñèñòåìè ïîºäíóþòü âèñîêó
ù³ëüí³ñòü ³îííèõ öåíòð³â ³ç êåðîâàíîþ ìàêðîìîëåêó-
ëÿðíîþ àðõ³òåêòóðîþ, ùî çóìîâëþº ñïåöèô³÷íó íàäìîëå-
êóëÿðíó îðãàí³çàö³þ, ðåëàêñàö³éíó äèíàì³êó òà ñåãìåíòàëü-
íî-êîíòðîëüîâàí³ ìåõàí³çìè ³îííîãî òðàíñïîðòó. Ó ðîáîò³
óçàãàëüíåíî àðõ³òåêòóðíî îð³ºíòîâàíèé ï³äõ³ä äî îïèñó
ïîë³ìåðíèõ ³îííèõ ð³äèí ³ çàïðîïîíîâàíî ëîã³êó êëàñèô³-
êàö³¿ çà ñïîñîáîì ³íòåãðàö³¿ çàðÿäæåíèõ ôðàãìåíò³â ó ïî-
ë³ìåðíèé ëàíöþã: ñèñòåìè ç ³îííèìè ãðóïàìè ó á³÷íèõ
ëàíöþãàõ, ³îíåíîâ³ ïîë³ìåðè òà çøèò³/ñ³ò÷àñò³ ñòðóêòóðè.
Ïðîàíàë³çîâàíî êëþ÷îâ³ ñòðóêòóðíî-âëàñòèâ³ñí³ çàëåæíîñò³,
çîêðåìà âïëèâ õ³ì³÷íî¿ ïðèðîäè ³îííî¿ ïàðè, òåìïåðàòóðè
ñêëóâàííÿ, ìîëåêóëÿðíî¿ ìàñè òà äîìåííî¿ îðãàí³çàö³¿ íà
³îííó ïðîâ³äí³ñòü ³ ñòàá³ëüí³ñòü åêñïëóàòàö³éíèõ õàðàêòå-
ðèñòèê. Ïîêàçàíî, ùî â³äñóòí³ñòü ñòàíäàðòèçàö³¿ ìàêðîìî-
ëåêóëÿðíèõ ïàðàìåòð³â ³ íåäîñòàòíÿ åêñïåðèìåíòàëüíà âå-
ðèô³êàö³ÿ äîìåííî¿ ñòðóêòóðè îáìåæóþòü â³äòâîðþâàí³ñòü
³ ïîð³âíÿíí³ñòü ðåçóëüòàò³â òà ãàëüìóþòü ïîáóäîâó óçàãàëü-
íåíèõ ìîäåëåé «ñòðóêòóðà–âëàñòèâîñò³». Îá´ðóíòîâàíî
ïåðñïåêòèâí³ñòü ïåðåõîäó äî ðàö³îíàëüíîãî äèçàéíó ÷åðåç
êîíòðîëüîâàíèé ñèíòåç ³îíåíîâèõ àðõ³òåêòóð, ñèñòåìíå
ç³ñòàâëåííÿ ïàðàìåòð³â «ñòðóêòóðà–òåìïåðàòóðà ñêëóâàííÿ/
ðåîëîã³ÿ–ïðîâ³äí³ñòü», à òàêîæ ñòâîðåííÿ ã³áðèäíèõ ìàòå-
ð³àë³â ïîë³ìåðíà ³îííà ð³äèíà–³îííà ð³äèíà òà ïîë³ìåðíà
³îííà ð³äèíà–íàíîíàïîâíþâà÷. Óçàãàëüíåíî ïðèêëàäí³
íàïðÿìè âèêîðèñòàííÿ â åëåêòðîõ³ì³÷í³é åíåðãåòèö³,
ìåìáðàííèõ òåõíîëîã³ÿõ, åëåêòðîêàòàë³ç³ òà ñåíñîðèö³ é
ï³äêðåñëåíî íåîáõ³äí³ñòü ³íòåãðàö³¿ êðèòåð³¿â ñòàëîñò³,
çîêðåìà îö³íþâàííÿ æèòòºâîãî öèêëó, äîâãîòðèâàëî¿ ñòà-
á³ëüíîñò³ òà ïîòåíö³àëó ðåöèêë³íãó.

Êëþ÷îâ³ ñëîâà: ïîë³ìåðí³ ³îíí³ ð³äèíè; ³îíåíîâ³
ïîë³ìåðè; ìàêðîìîëåêóëÿðíà àðõ³òåêòóðà; ñòðóêòóðíî-
âëàñòèâîñòí³ çàëåæíîñò³; ³îííèé òðàíñïîðò; äîìåííà
îðãàí³çàö³ÿ; ìåìáðàíí³ ìàòåð³àëè; åëåêòðîõ³ì³÷íà åíåðãåòèêà.
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Polymeric ionic liquids have emerged as a distinct class of
functional macromolecular materials at the interface of polymer
chemistry, physical chemistry, and materials science. Unlike low-
molecular-weight ionic liquids and conventional polyelectrolytes,
these systems combine a high density of ionic centers with a
tunable macromolecular architecture, which results in specific
supramolecular organization, relaxation dynamics, and segmentally
controlled mechanisms of ionic transport. This paper summarizes
an architecture-oriented approach to describing polymeric ionic
liquids and proposes a classification logic based on how charged
fragments are integrated into the polymer chain: side-chain ionic
polymers, ionene-type polymers, and crosslinked/network
structures. Key structure–property dependences are analyzed,
including the effects of ion-pair chemistry, glass transition
temperature, molecular weight, and domain organization on ionic
conductivity and the stability of operational characteristics. It is
shown that insufficient standardization of macromolecular
parameters and limited experimental verification of domain
structures reduce reproducibility and comparability of results and
hinder the development of generalized «structure–property»
models. The prospects for a transition to rational design are
substantiated through controlled synthesis of ionene architectures,
systematic correlation of «structure–glass transition temperature/
rheology–conductivity» parameters, and the creation of hybrid
materials of the polymeric ionic liquid–ionic liquid and polymeric
ionic liquid–nanofiller types. Application areas in electrochemical
energy technologies, membrane processes, electrocatalysis, and
sensing are summarized, and the need to integrate sustainability
criteria, particularly life-cycle assessment, long-term stability,
and recyclability potential, is emphasized.

Keywords: polymeric ionic liquids; ionene-type polymers;
macromolecular architecture; structure–property relationships;
ionic transport; domain organization; membrane materials;
electrochemical energy technologies.
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