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PROTIC POLYMERIC IONIC LIQUID OF A BLOCK OLIGOMERIC 
STRUCTURE WITH IONIC BONDS IN THE MAIN CHAIN

A method for the synthesis of protic polymeric ionic liquid (PIL) of a block oligomeric structure with ionic bonds in the main 
chain, which turns into a liquid state at temperatures below 50 °C, was developed. Ionic bonding was used to form a polymer 
chain. It was formed as a result of neutralization reaction between oligomers of telechelic structure with terminal acidic and 
basic groups. A new linear oligomer containing basic tertiary nitrogen atoms at the ends of the oligoether chain (PEO-2NEt

2
) 

was obtained by reaction of α,ω-diglycidyl ether of polyethylene glycol MW 1000 with N,N-diethylamine. A linear oligomer 
with terminal sulfonic acid groups (PEO-2SO

3
H), which is a product of the interaction of polyethylene glycol (MW 1000) 

with the cyclic anhydride of 2-sulfobenzoic acid, was used as an acidic linear oligomer. Th e synthesis of PIL [PEO-2H-
2NEt

2
]2+ [PEO-2SO

3
]2- was carried out by neutralization of basic oligomer PEO-2NEt

2
 with the acidic oligomer PEO-2SO3H 

in their molar ratio of 1:1. Th e structure of the obtained compound was characterized by the methods of FTIR and 1H NMR 
spectroscopy. According to the DSC data, the synthesized PIL contains an amorphous phase with a glass transition 
temperature of -49.7 °С and a crystalline phase with a melting temperature of 34.5 °С. Th e decomposition onset temperature 
corresponding to 5% weight loss is 271 °C according to the TGA. Th e ionic conductivity of PIL studied by dielectric relaxation 
spectroscopy under anhydrous conditions in the range from 40 °C to 100 °C increases with increase in temperature and 
reaches 2.7·10-4 S/cm. Th e resulting compound is promising as a proton-conducting medium for various electrochemical 
devices.

Keywords: polymeric ionic liquids, acid-base interaction, proton exchange media, proton conductivity.
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ПРОТОННА ПОЛІМЕРНА ІОННА РІДИНА БЛОКОЛІГОМЕРНОЇ БУДОВИ 

З ІОННИМИ ЗВ’ЯЗКАМИ В ГОЛОВНОМУ ЛАНЦЮЗІ

Розроблено спосіб синтезу протонної полімерної іонної рідини (ПІР) блоколігомерної будови з іонними зв’язками 

в головному ланцюзі, яка переходить у рідкий стан за температури нижче 50 °С. Для формування полімерного 

ланцюга використовували іонне зв’язування, яке реалізувалося в процесі нейтралізації між олігомерами 

телехелевої будови з кінцевими групами кислотної та основної природи. Новий лінійний олігомер основного 

типу, який містить на кінцях олігоетерного ланцюга третинні атоми азоту, отримували реакцією α,ω-

дигліцидилового етеру олігоетиленоксиду ММ 1000 з N,N-дiетиламіном (PEO-2NEt
2
). Як лінійний олігомер з 

кінцевими сульфокислотними групами (PEO-2SO
3
H) використовували продукт взаємодії олігооксіетиленгліколю 

ММ 1000 з циклічним ангідридом 2-сульфобензойної кислоти. Синтез ПІР здійснювали повною нейтралізацією 

основних центрів олігомеру PEO-2NEt
2
 кислотним олігомером PEO-2SO

3
H за мольного співвідношення 1:1. 

Будову отриманої сполуки охарактеризовано методами ІЧ- та 1Н ЯМР-спектроскопії. Згідно з даними ДСК, 

синтезована ПІР містить аморфну фазу зі значенням температури склування –49,7 °С і кристалічну фазу зі 

значенням температури плавлення 34,5 °С. Встановлена методом ТГА температура початку розкладання, яка 

відповідає 5 % втрати маси, становить 271 °С. Провідність ПІР, досліджена методом діелектричної релаксаційної 

спектроскопії за безводних умов у діапазоні від 40 °С до 100 °С, зростає з підвищенням температури і досягає 

2,7·10-4 См/cм. Отримана сполука перспективна як протонпровідне середовище для різних електрохімічних 

пристроїв.

Ключові слова: полімерні іонні рідини, кислотно-основна взаємодія, протонообмінні середовища, протонна 

провідність.

Introduction

Polymer ionic liquids (PILs), which combine the 
properties of polymers and ionic liquids, have at-
tracted considerable interest in many applications 
[1, 2]. Th ey are used to develop nanofi bers, mem-
branes for gas capture, transport, and storage, bi-
osensors, antimicrobial coatings, and catalysts [1]. 
One of the promising areas for the use of PILs is 
the development of electrolytes for lithium batter-
ies, supercapacitors, dye-sensitized solar cells, and 
fuel cells [2]. Of particular interest are proton PILs, 
which are used as a proton exchange media for fuel 
cells that can operate in the temperature range of 
100-200 °C in the absence of moisture [3–5]. Th ey 
are mainly prepared by the polymerization reac-
tion of low molecular weight protic ionic liquids. 
In this case, the ionic groups are located in the side 
branches of the main polymer chain of the synthe-
sized PILs. However, it should be noted that the 
proton conductivity of the resulting PILs is signi-

fi cantly reduced compared to the initial monomers 
[5] due to the transition to a solid aggregate state 
and the retarded movement of charge carriers.

Recently, a new direction of research related to 
the synthesis of PILs, which are characterized by 
low T

g
 values and a wide temperature range of ex-

istence in the liquid aggregate state has emerged 
[6–9]. To obtain such compounds with ionic 
groups in side branches, the chain polymerization 
of monomers containing ionic groups with bulky 
counterions including oligoester fragments is used 
[6, 7]. Another way is the block copolymerization 
of two types of monomers, especially one of them 
contains ionic groups, and the other oligoether 
fragments [8, 9]. Th e signifi cant size of counteri-
ons and the asymmetry of the structure of the ob-
tained PILs weaken the ability of opposite charges 
to attract and minimize intermolecular interac-
tions, which leads to a decrease in Т

g
 values [6]. 

Th e resulting compounds are considered not only 
as ion-conducting media, but also as solvents for 
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substance dissolution and separation, and as reac-
tion medium for catalysis and colloidal synthesis 
[6].

A signifi cantly diff erent approach to obtaining 
PILs with a wide temperature interval of existence 
in a liquid aggregate state is proposed by us in 
works [10, 11].  It consists in the synthesis of PILs 
of block oligomeric structure using ionic bonds to 
build a polymer chain. For this purpose, a neutra-
lization reaction between telechelic oligomers with 
acidic and basic end groups was used. It should be 
noted that polymers containing covalently bonded 
cations in the main polymer chain are currently 
known in the literature [12]. Th ey are also known 
as polyiones [13]. In contrast to polyiones, the 
structural element of the polymer chains in the 
PILs developed by us is ionic groups [10, 11]. Due 
to the formation of these groups, the oligomeric 
blocks are linked to form a polymer chain. Func-
tionalized poly (ethylene oxide) containing two 
types of basic centers in the composition of the 
end fragments, namely secondary amino groups 
and nitrogen atoms of imidazole heterocycles, was 
used as an oligomer with basic properties [14]. 
Th e protonation of these basic centers leads to the 
formation of two types of ionic groups. By partial 
(50%) or complete (100%) neutralization of the 
basic centers of this compound with an acid-type 
telechelic oligomer [15], polymers of block oligo-
meric ion-extended [10] or ion-crosslinked [11] 
structure have been obtained. An increase in the 
content of ionic groups with an increase in the 
degree of neutralization of the basic centers leads 
to an increase in the electrical conductivity in an-
hydrous conditions, which reaches the value of 
3.1·10-4 S/cm at 100 °C. At the same time, the mi-
gration of protons between diff erent types of basic 
centers during their partial neutralization allows 
to increase the conductivity of block-oligomeric 
ion-extended PIL, similar to what was previously 
found for low-molecular ILs [16] and oligomer-
ic ionic liquids [14, 17] with two types of ionic 
groups. It should be noted that for low-molecular 
protic ILs with two types of ionic groups, the pre-
sence of such migration was confi rmed by com-
paring their conductivity with the conductivity of 
ILs with one type of ionic groups [16]. A protic PIL 
with one type of ionic groups in the main chain 
of polymer can be obtained by using of a teleche-
lic oligomer with one type of basic centers at the 
chain ends as a starting compound for neutraliza-

tion by the above-mentioned acid-type telechelic 
oligomer. Th e purpose of this work is to develop 
a method for synthesizing protic PILs of a block 
oligomeric structure with ionic bonds in the main 
chain containing single type ionic groups and to 
establish the features of their structure and proton 
conductivity in comparison with analogous PILs 
containing ionic groups of two types obtained by 
us previously.

Experimental 

Materials. Diethylamine (Sigma-Aldrich, ≥99.5 %), 
epichlorohydrin (Sigma-Aldrich, ≥99.0%), 2-sul-
fobenzoic anhydride (Sigma-Aldrich, ≥96.0 %) 
were used without further purifi cation. Polyeth-
ylene glycol with MW 1000 (PEO-1000) (Sig-
ma-Aldrich, 1000, for synthesis) was dried under 
reduced pressure. Ethanol was distilled before use.

Synthesis of PEO-2Ep. PEO-2Ep was prepared 
by the reaction of PEO-1000 and epichlorohydrin 
according to the method described in [18].

Synthesis of PEO-2NEt
2
. 0.46 g (0.00626 mol) 

of diethylamine was added to a solution of 4.03 g 
(0.00313 mol) PEO-2Ep in 6 ml of ethanol. Th e 
reaction was held at 50°C and stirred until the ab-
sorption band of epoxy groups in the FTIR spect-
rum disappeared. Th e solvent was removed under 
reduced pressure. Th e obtained PEO-2NEt

2
 was 

dried in a vacuum at 60 °C. Yield was 4.31 g (96 %).
Th e product was a viscous colorless liquid, soluble 
in DMF, DMSO, acetone, ethanol, and water. Con-
tent of tertiary amino groups: calculated 1.95 %, 
found 1.92 %.

FTIR: ν OH (3074 – 3699 cm-1), ν C-H bonds 
of CH, CH

2
 and CH

3
 groups (2871 cm-1), δ C-H 

bonds of CH, CH
2
 and CH

3
 groups (1460 cm-1), 

ν C-O-C (1109 cm-1).
Synthesis of PEO-2SO

3
H. PEO-2SO

3
H was 

synthesized by the reaction of PEO-1000 with 
2-sulfobenzoic anhydride in a molar ratio of 1:2 
according to the method described in [15].

Synthesis of [PEO-2H-2NEt
2
]2+ [PEO-2SO

3
]2-. 

A solution of 1.59 g (0.00111 mol) PEO-2SO
3
H in 

3 ml of ethanol was added to a solution of 1.62 g 
(0.00111 mol) PEO-2NEt

2
 in 3 ml of ethanol. Th e 

synthesis was carried out for 6 hours at room tem-
perature. Th e solvent was partially removed under 
reduced pressure. Th e product was then precipi-
tated and washed twice with ethyl acetate. Th e 
obtained [PEO-2H-2NEt

2
]2+ [PEO-2SO

3
]2- was 
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dried under vacuum at 60 °C. Th e product was a 
clear, light brown viscous liquid, soluble in DMF, 
DMSO, acetone, ethanol, and water.

FTIR: ν ОH, ν NH+ (3105 – 3703 cm-1), ν ar С-Н 
(3060 cm-1), ν С-Н bonds of СН, СН

2
, СН

3
 (2871 

cm-1), ν C=O (1730 cm-1), δ NH+ (1645 cm-1), ν ar 
С-С (1593 cm-1), δ С-Н bonds of СН

2
, (1460 cm-1), 

ν C-O-C (1108 cm-1), ν
sym

 SO
2
 (1020 cm-1), δ

oop
 ar 

C-H (761 cm-1).
1H NMR (400 MHz, DMSO-d

6
): δ 1.18 (СН

3
-

СН
2
-N+, 12Н), 3.01-3.14 (СН

3
-СН

2
-N+, NH+-CH

2
-

CH(OH)-, 12Н), 3.42, 3.50 (-O-CH
2
-CH(OH)- , 

4H), -(O-CH
2
-СН

2
)

n
-), 3.68 (-СН

2
-СН

2
-O-СО-Ar-

SO
3
-, 4H), 3.99 (-CH

2
-CH(OH)-CH

2
-, 2Н), 4.23 

(-СН
2
-СН

2
-O-СО-ArSO

3
-, 4H), 7.26, 7.36, 7.43, 

7.71 (СН(Ar), 8H), 8.86 (NH+, 2H) ppm
Characterization. FTIR spectra were record-

ed using a TENSOR 37 FT-IR spectrophotome-
ter operated in the 600 4000 cm-1 range. 1H NMR 
spectra were recorded with a Varian VXR-400 
MHz spectrometer using DMSO-d6 (Cambridge 
Isotope Laboratories, Inc.) as a solvent. Th e tem-
perature dependence of the heat fl ow of the ob-
tained compounds was studied using Q2000 (TA 
Instruments, USA) in the temperature range of -80 
to 100 °C at a heating rate of 20 °C/min under a 
nitrogen atmosphere. Th e heating and cooling cy-
cle was repeated twice and the data obtained du-
ring the second cycle were used to characterize the 
structure of the compound. Th e onset temperature 
of thermal oxidative degradation, which was taken 
as the temperature of 5% weight loss of the sam-
ple, was determined using Q50 (TA Instruments) 
in the temperature range of 20 to 700 °C at a heat-
ing rate of 20 °C/min in air. Th e ionic conductivity 
(σ

dc
) was measured by dielectric relaxation spect-

roscopy using a dielectric spectrometer based on 
a P5083 AC bridge scheme (0.1–100 kHz) and a 
two-electrode stainless steel cell (measurement 
accuracy of 0.03%). Samples were dried at 100 °C 
under a nitrogen fl ow for 30 min prior to measu-

rements. Measurements were performed in a dry 
nitrogen atmosphere at a temperature of 40 to 
100 °C.

Results and Discussion

Synthesis and Characterizations of PIL. In order 
to obtain PIL of a block oligomer structure with 
ionic bonds in the main chain and one type of 
ionic groups, the telechelic oligomer containing 
functional fragments with tertiary amino groups 
(PEO-2NEt

2
) at the ends of ethylene oxide chains 

was used as the initial oligomer with basic proper-
ties (Fig. 1). It was synthesized by the reaction of 
α,ω-diglycidyl ether of polyethylene glycol (MW 
1000) (PEO-1000)  with diethylamine in a molar 
ratio of 1:2. As acidic telechelic oligomer, a prod-
uct of the interaction of polyethylene glycol (MW 
1000) with the cyclic anhydride of 2-sulfobenzo-
ic acid with terminal sulfonic acid groups (PEO-
2SO

3
H) was used, as in our previous works [10, 

11]. Neutralization of basic oligomer PEO-2NEt
2
 

Fig. 1. Scheme for synthesis of the protic PIL of block oligomer structure with ionic bonds in the main chain

3

2

1

1000 2000 3000 4000

Wavenumber. cm-1

Fig. 2. FTIR spectra: PEO-2SO
3
H (1), PEO-2NEt

2
 (2) and 

PIL [PEO-2H-2NEt
2
]2+ [PEO-2SO

3
]2- (3)
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with acidic oligomer PEO-2SO
3
H was performed 

at a molar ratio of 1:1 (Fig. 1).
According to the simulation data from ACD/

Laboratories [19], the pKa value of the conjugate 
acid for the tertiary amino group of PEO-2NEt

2
 is 

9.96, and the pKa value of the sulfonic acid group 
of the PEO-2SO

3
H oligomer is -0.74. Th e value of 

ΔpKa, which is equal to the diff erence between 
the pKa values of the conjugate acid for the base 
and the pKa of the acid [20], was 10.70. Since, ac-
cording to [20], proton transfer from acid to base 
is nearly complete in systems with ΔpKa > 8, it can 
be assumed that the tertiary amino groups of the 
PEO-2NEt

2
 are completely protonated during its 

neutralization with PEO-2SO
3
H. Th e synthesized 

[PEO-2H-2NEt
2
]2+ [PEO-2SO

3
]2- was a clear, light 

brown viscous liquid at ambient temperature, sol-
uble in DMF, DMSO, acetone, ethanol, and water.

Th e structure of the initial telechelic oligomers 
and the protic PIL based on them were studied by 
FTIR (Fig. 2) and 1H NMR (Fig. 3) spectroscopy. 
In the FTIR spectrum of PEO-2SO

3
H (curve 1 in 

Fig. 2) [15], absorption bands of stretching (2873 
cm-1) and deformation (1452 cm-1) vibrations of 
C-H bonds of CH

2
 groups, as well as stretching vi-

brations of C-O-C bonds (1107 cm-1) of ethylene 
oxide fragments are observed. Absorption bands 
of stretching vibrations of C=O bonds of ester 
groups (1726 cm-1), C-H bonds of aromatic rings 
(3072 cm-1), out-of-plane deformation vibrations 
of C-H bonds of aromatic rings (ar C-H δ

oop
) with 

substituents (763 cm-1), symmetric and asymmet-
ric stretching vibrations of SO

2
 groups of sulfonate 

anion (maximuma at 1020 cm-1 and 1174 cm-1), 
and stretching vibrations of O-H bonds of sulfonic 
acid groups (a broad absorption band in the range 
of 3681–3135 cm-1) characterize the structure of 
terminal fragments of PEO-2SO

3
H. 

In the FTIR spectrum of the oligomer PEO-
2NEt

2
 (curve 2 in Fig. 2), absorption bands of 

stretching vibrations of C-H bonds of CH
2
 groups 

(2871 cm-1), deformation vibrations of these 
groups (1460 cm-1) and stretching vibrations of 
C-O-C bonds (at 1109 cm-1) in the composition 
of oligoether fragments are observed, as well as 
absorption bands of stretching vibrations of O-H 
bonds of secondary hydroxyl groups (in the range 
of 3699-3074 cm-1) of terminal fragments [21].

Neutralization of the basic centers of PEO-2NEt
2
 

by oligomer PEO-2SO
3
H leads to the appear-

ance of absorption bands of stretching vibrations 

of C=O bonds of ester groups (1730 cm-1), C-H 
bonds of aromatic rings (3060 cm-1), out-of-plane 
deformation vibrations of C-H bonds of aromatic 
rings (ar C-H δ

oop
) with substituents (761 cm-1) in 

the spectrum of the compound [PEO-2H-2NEt
2
]2+ 

[PEO-2SO
3
]2- (curve 3 in Fig. 2). Th e positions 

of these bands are close to those in the spectrum 
of PEO-2SO

3
H (curve 1 in Fig. 2). Th e absorp-

tion band at 1020 cm-1 corresponds to symmetric 
stretching vibrations of SO

2
 groups of sulfonate 

anion, while the absorption band of stretching 
vibrations of N+-H bonds of protonated tertiary 
amino groups overlaps with the absorption band 
of valence vibrations of O-H bonds of secondary 
hydroxyl groups.

In the 1H NMR (DMSO-d
6
) spectrum of the 

compound [PEO-2H-2NEt
2
]2+ [PEO-2SO

3
]2- 

(Fig. 3), similar to the spectra of the compounds 
[PЕO-2H-2Im]2+ [PEO-2SO

3
]2- [10] and [PЕO-

4H-2Im]4+ 2[PEO-2SO
3
]2- [11], there is an intense 

signal of protons of ethylene oxide fragments (3.50 
ppm, -(OCH

2
CH

2
)

n
O-). 

Signals of protons of methylene groups at α- 
(-СН

2
-СН

2
-O-СО-ArSO

3
-) and β- (-СН

2
-СН

2
-O-

СО-ArSO
3
-) positions to the ester bonds of PEO-

2SO
3
H fragments are observed at 4.23 ppm and 

3.68 ppm, respectively. Th e signals of protons of 
benzene rings (CH(Ar)) of the PEO-2SO

3
H frag-

ment are at 7.26 ppm, 7.36 ppm, 7.43 ppm, and 
7.71 ppm.

9 8 7 6 5 4 3 2 1 0
ppm

Fig. 3. 1H NMR (DMSO-d6) spectrum of [PEO-2H-

2NEt
2
]2+ [PEO-2SO

3
]2-
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Th e presence of PEO-2NEt
2
 fragments in the 

composition of PIL is evidenced by the signals of 
protons of methyl groups in the β-position to am-
monium ions at 1.18 ppm (СН

3
-СН

2
-NН+), methy-

lene groups in α-position to ammonium ions 
(NH+-CH

2
-CH(OH)-, СН

3
-СН

2
-N+) in the range 

of 3.01-3.14 ppm, and CH groups in α-position 
to secondary hydroxyl groups (-CH

2
-CH(OH)-

CH
2
-) at 3.99 ppm. Th e spectrum of [PEO-2H-

2NEt
2
]2+ [PEO-2SO

3
]2- also shows a signal appears 

at 8.85 ppm corresponding to protons involved in 
the protonation of tertiary amino groups appears.

Th ermal Properties. Th e currently known 
protic [6] and aprotic [7, 8] room temperature 
PILs contain ethylene oxide fragments and ionic 
groups in side chains. Th e ethylene oxide frag-
ments are either part of the counterions of ani-
onic [6] or cationic [7] PILs or are side branches 
of block copolymers [8]. Th e latter were obtained 
by copolymerization of a methacrylate-type mon-
omer containing ethylene oxide fragments (n = 
8–9) and a low molecular weight ionic liquid with 
double bonds [8]. Such PILs are characterized by 
an amorphous structure and low Tg values of the 
amorphous phase, caused by a decrease in inter-
molecular interactions in the system due to the in-
troduction of bulky fragments [6].

A diff erent behavior is characteristic for the 
PILs of block oligomer structure described by us in 
previous works [10, 11]. Both ion-extended [PЕO-
2H-2Im]2+ [PEO-2SO

3
]2- [10] and ion-crosslinked 

[PЕO-4H-2Im]4+ 2[PEO-2SO
3
]2- [11] block oli-

gomeric PILs are characterized by the absence of 
glass transition and the presence of two types of 
crystalline formations formed by poly (ethylene 
oxide) units with melting points ranging from 36.3 
to 46.2 °C (Fig. 4). 

Th e introduction of one type of ionic group into 
the protic block oligomeric PIL [PEO-2H-2NEt

2
]2+ 

[PEO-2SO
3
]2- obtained in this work, according to the 

DSC data, causes signifi cant changes in the structure 
compared to the PIL with two types of ionic groups 
(Fig. 4). Th us, a type of crystalline phase with a T

m
 

value of 34.5 °C (Fig. 4) is formed in the synthesized 
PIL, while another type of crystalline phase charac-
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teristic of the PILs with two types of ionic groups 
disappears. In addition, an amorphous phase with 
a glass transition temperature of -49.7 °C appears in 
the synthesized PIL. It is probably formed by poly 
(ethylene oxide) units that have lost their ability to 
crystallize. Such structural changes may be associat-
ed with a decrease in the intensity of intermolecular 
interactions during the transition from PILs with 
two types of ionic groups to PILs with one type of 
ionic group. Th e content of ionic groups is probably 
not a determining factor in this case, since, on the 
contrary, it is slightly higher for the block oligomeric 
PIL with one type of ionic groups [PEO-2H-2NEt

2
]2+ 

[PEO-2SO
3
]2- than for ion-extended block oligomer-

ic PIL with two types of ionic groups (0.69 meq/g 
and 0.65 meq/g, respectively). For ion-crosslinked 
PIL [РЕО-4Н-2Im]4+ 2[PEO-2SO

3
]2-, the content of 

ionic groups is higher and amounts to 0.88 meq/g.
As follows from the analysis of the TGA curves 

(Fig. 5), the T
d
5% value of the resulting PILs is in the 

temperature range from 242 to 271 °С and increases 
slightly when moving from PILs with two types of 
ionic groups to PILs with one type of ionic group.

Ionic Conductivity. Th e conductivity (σ
dc

) of 
the protic block oligomeric PIL with one type of 
ionic groups in the main polymer chain obtained 
in this work was studied under anhydrous condi-
tions at a temperature from 40 to 100 °C (Fig. 6).
It was found that the σ

dc
 values of this com-

pound increase with increasing temperature from 
2.2∙10-5 S/cm to 2.7∙10-4 S/cm, which indicates 
the ionic nature of the conductivity [22], while a 
non-Arrhenius dependence of the conductivity on 
temperature is observed.

It should be noted that at a temperature of 40 °C, 
the conductivity value of the PIL with one type of 
ionic groups [PEO-2H-2NEt

2
]2+ [PEO-2SO

3
]2- ob-

tained in this work (2.2·10-5 S/cm) is close to that 
of the ion-extended PIL with two types of ionic 
groups [РЕО-2Н-2Im]2+ [PEO-2SO

3
]2- (2.3·10-5 

S/cm) described by us earlier [10], although the 
content of ionic groups in PIL [PEO-2H-2NEt

2
]2+ 

[PEO-2SO
3
]2- is slightly higher (0.69 meq/g com-

pared to 0.65 meq/g). Th is may be due to the con-
tribution of proton migration between diff erent 
types of basic centers to the increase in the con-
ductivity of PIL [РЕО-2Н-2Im]2+ [PEO-2SO

3
]2-. 

Th is phenomenon was discovered by us earlier 
when studying the conductivity of protic ionic liq-
uids with partially neutralized two types of basic 

centers, both in the composition of low-molecular 
ionic liquids [16], and oligomeric linear [14] and 
star-shaped [17] ionic liquids.

However, with increasing temperature, the con-
ductivity of protic block-oligomeric PIL with one 
type of ionic groups [PEO-2H-2NEt

2
]2+ [PEO-

2SO
3
]2- increases more intensively than the con-

ductivity of ion-extended PIL with two types of 
ionic groups [РЕО-2Н-2Im]2+ [PEO-2SO

3
]2- (Fig. 

6). In the temperature range 60–100 °C, the con-
ductivity of PIL [PEO-2H-2NEt

2
]2+ [PEO-2SO

3
]2- 

is higher than the conductivity of [РЕО-2Н-2Im]2+ 
[PEO-2SO

3
]2-, but lower than the conductivity of 

ion-crosslinked PIL with two types of ionic groups 
[РЕО-4Н-2Im]4+ 2[PEO-2SO

3
]2-, which correlates 

with the content of ionic groups in the composi-
tion of these PILs. At the same time, for PIL [PEO-
2H-2NEt

2
]2+ [PEO-2SO

3
]2-, as well as for PILs with 

two types of ionic groups, the non-Arrhenius de-
pendence of conductivity on temperature is pre-
served (Fig. 6).

Conclusion

A method for the synthesis of a protic polymer-
ic ionic liquid (PIL) of a block oligomeric struc-
ture with ionic bonds in the main chain by ionic 
bonding using linear oligomers of the basic and 
acidic types has been developed. It was found that 
the synthesized PIL transforms into a liquid state 
at temperatures below 50 °C. It contains both a 
crystalline phase with a melting point of 34.5 °C, 
formed by poly (ethylene oxide) fragments, and an 
amorphous phase with a glass transition tempera-
ture of -49.7 °C. Th e conductivity of PIL under an-
hydrous conditions in the range of 40 °C to 100 °C 
increases with increasing temperature and reaches 
2.7·10-4 S/cm.

Compared to the PILs with two types of ionic 
groups we described earlier, the introduction of 
one type of ionic groups into the PIL of block oli-
gomeric structure is accompanied by a decrease 
in the intensity of intermolecular interactions and 
the disappearance of one of the two types of crys-
talline phases. Th e conductivity of the resulting 
compound is of the same order as that of PILs with 
two types of ionic groups. Th e resulting compound 
is promising as a proton-conducting medium for 
various electrochemical devic es.
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