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Preparation of tough ionic liquid gels based on host—guest interactions
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Yuichiro Kobayashi

Tonic liquid gels (IGs) which were obtained from swelling polymeric material in ionic
liquid have been received much attention due to high conductivity. Although most IGs
were prepared using chemical crosslink, conventional non—covalent bonds (cation—anion,
cation-mw, m-7m, etc.) were not considered because formation of the non—covalent bonds
was inhibited due to positive and negative charged ion of ionic liquids. In this
research, we demonstrated that the use of host—guest interaction is a useful synthetic
strategy to prepare the supramolecular IG. The supramolecular IG was prepared by
immersing elastomer cross—linked by host—guest interaction of inclusion complexes
between cyclodextrins (CDs) as host molecules and guest molecules in ionic liquid. The
fracture energy of the supramolecular IG was higher than that of IG cross—linked by
covalent bond. In addition, the ionic conductivity of the supramolecular IG (o = 8.0
mS/cm) was higher than that of IG cross—linked by covalent bond and was comparable to

native ionic liquid (o = 8.9 mS/cm).
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(d) Chemical structures of acrylate (R and R’
Methyl acrylate (MA) tR: Ao R':AH
Ethyl acrylate (EA) 1R Ao~ R':AH
Butyl acrylate (BA) R A0~~~ R': AH
Methyl methacrylate (MMA) : R : Ao~ R’ : ACHs

Figure 1.

Chemical structures of (a) peracetylated 6-acrylamido methylether-y CD monomer (PAcy CD) as the host monomer,

(b) 1-ethyl-3-methylimidazolium bis (trifluoromethylsulfonyl)imide (EMIm TFSI) as an ionic liquid, and (¢) supramolecular

polymeric ionic liquid gel (PAcy CD-Ad-Acrylate IG) and chemically cross—linked ionic liquid gel (Acrylate-I1G). (d)

Group of main chain monomers (R and R’ ):

methacrylate (MMA),

methyl acrylate (MA),

ethyl acrylate (EA), butyl acrylate (BA), and methyl

and x, y, and z indicate the mol% of PAc+yCD, Ad, and BDA units, respectively.
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Figure 2. Preparation of the PAcy CD-Ad-Acrylate elastomer (x,y) by bulk polymerization. then the PAcy CD-Ad-Acrylate

elastomer was swelled in the EMIm TFSI to become PAcy CD-Ad-Acrylate IG (x,y), and x and y indicate the mol% of PAcy CD

and Ad units, respectively.
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Figure 3. Relationship between the fracture energy and

Young’ s modulus for the Acy CD-Ad-Acrylate 1G(x, y) and

Acrylate 1G(z). [[J: MA IG(»), M : PAc y CD-Ad-MA
I6(x, ), <t EA 1G(2), @: PAcyCD-Ad-EA IG(x »), A:
BA 1G(2), A: PAcyCD-Ad-BA 1G(x, y), V: MVA 1G(2), V¥:
PAc y CD-Ad-MMA 1G(x, y); Black, blue, and red colour for
0.5, 1, and 2 mol%, respectively]. [Methyl acrylate
(MA), ethyl acrylate (EA), butyl acrylate (BA), and
methyl methacrylate (MMA)]. The MA IG(z), EA IG(z), BA
1G(z) and MMA 1G(z) are chemically cross—linked ionic
liquid gels. The PAcvy CD-Ad-MA IG(x, ), PAcy CD-Ad-EA
1G(x, ), PAcyCD-Ad-BA IG(x, ), and PAc+y CD-Ad-MMA
1G(x, y) are supramolecular ionic liquid gels, and x, ¥,
and z indicate the mol% of PAcyCD, Ad, and 1,4~

butanediol diacrylate (BDA) as the chemically cross—

linking unit, respectively.

VEBEMERTZERMLN TS, T DORER
B, KA MR NEEERZLEERE LTHY
BT, A IR N ORGEER - BOREE, St
M ETHZENAREE oz,

2.2, AFVBRETINODAAERE

Fig. 4124 AV EEMEDORERE R L. A4
WIRT N DY o TRPMMEL 22 DI1E EA F L EER)
LRI AZERRE LN, ZFEECHREIATY
DA T RET NV E =BT DR TH S, MA, EA, BA
WLIRERD Y o T EE R LTINS, A A EBEMEITR R
STz, ZAUEBA £V b MA X EA O J5 HMAIEH 23/ )

cMA I1G(2)

*e o u PAcyCD-Ad-MA IG(x,y)

6 SEAI1G(2)
#PAcyCD-Ad-EA IG(x,y)
~BA 1G(z)

2] ) APAcyCD-Ad-BA IG(x,y)

- 1 <MMA 1G(z)
E 7 vPAcyCD-Ad-MMA IG(x,y)
(%]
@ 0.6 <>/> = 0.5 mol%
= 1 mol%
5 04 AA g = 2 mol%
0.2
0.008 Yy
1 v
JAVAN
N N oy SR—
0 0.01 01 1 10 100 1000
Young's modulus (MPa)
Figure 4. Relationship between the ionic conductivity

(¢) and Young’ s modulus for the Acy CD-Ad-Acrylate
I1G(x, y) and Acrylate IG(z). [[J: MA IG(z), M: PAcy
CD-Ad-MA 1G(x,y), <: EA 1G(2), €@ : PAcy CD-Ad-EA
IG(x, »), At BA IG(2), A: PAcyCD-Ad-BA IG(x y), V:
MMA IG(z), W: PAcyCD-Ad-MMA IG(x, y); Black, blue, and
red colour for 0.5, 1, and 2 mol% respectively].
[Methyl acrylate (MA), ethyl acrylate (EA), butyl
acrylate (BA), and methyl methacrylate (MMA)]. The MA
1G(z), EA 1G(z), BA 1G(z) and MMA 1G(z) are chemically
cross—linked ionic liquid gels. The PAcvy CD-Ad-MA
1G(x, y), PAcy CD-Ad-EA 1G(x, y), PAcy CD-Ad-BA 1G(x, »),
and PAcy CD-Ad-MMA 1G(x, y) are supramolecular ionic
liquid gels, and x, y and z indicate the mol% of

PAcy CD, Ad, and 1,4-butanediol diacrylate (BDA) as the

chemically cross—linking unit, respectively.
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