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Synthesis of Networked Polymers by Novel Epoxide Having

a Lithium Sulfonate Salt Structure-Poly (ethylene Glycol)-Based
Difunctional Epoxide Copolymerization and their Property
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Poly (ethylene glycol)-based networked polymers that had lithium sulfonate salt structures on the net-
work were prepared by heating a mixture of poly (ethylene glycol) diglycidyl ether (PEGGE), poly (ethyl-
ene glycol) bis (3-aminopropyl) terminated (PEGBA), and lithium 3-glycidyloxypropanesulfonate (LiGPS).
Flexible self-standing networked polymer films showed high thermal stability, low crystallinity, low glass
transition temperature, and good mechanical strength. The materials were ion conductive at room tempera-
ture even under a dry condition, though the ionic conductivity was rather low (10°~10"° S/m). The ionic
conductivity increased with the increase in temperatre to above 1 x 10 S/m at 90C. The film samples be-
came swollen by immersing in propylene carbonate (PC) or PC solution of lithium bis (trifluoromethane-
sulfonyl) imide (LiTFSI). The samples swollen in PC showed higher ionic conductivity (ca. 1 x 10® S/m at
room temperature), and the samples swollen in LiTFSI/PC showed much higher ionic conductivity (nearly

1 S/m at room temperature).
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Figure 1 Chemical structures of compounds used
for the networked polymer synthesis
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Scheme 1 Synthesis of LiGPS

Figure 2 Time vs conversion for addition of -
octylamine to LiGPS or PhGE
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Table 1 Preparation of PEG-Based Networked
Polymers with/without LiGPS

Sample PEGGE LiGPS PEGBA | Yield (wt%)

PEGGE/PEGBA 320mg, none 450mg, 98
0. 60mmol 0. 30mmol

PEGGE/LiGPS-0.5 | 120mg, 22mg, 210mg, 93
/PEGBA 0. 22mmol | 0. 11mmol | 0. 14mmol

PEGGE/LiGPS-1.0 | 130mg, 48mg, 270mg 83
/PEGBA 0. 24mmol | 0. 24mmol | 0. 18mmol

PEGGE/LiGPS-2. 0 79mg, 61mg, 230mg, 65
/PEGBA 0. 15mmol | 0. 30mmol | 0. 15mmol
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Figure 3 Photographs of networked polymer films
prepared from PEGGE, LiGPS, and
PEGBA: (a) PEGGE /LiGPS-0.5/PEGBA,
(b) PEGGE / LiGPS-1.0/PEGBA, (c)
PEGGE/LiGPS-2. 0/PEGBA
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Figure 4 IR spectra of LiGPS, PEGGE/PEGBA and PEGGE/LiGPS-2. 0/PEGBA
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Figure 5 TGA results of PEGGE/PEGBA and PEGGE/LiGPS-1.0/PEGBA

Figure 6 DSC charts of heating scans for PEGBA, PEGGE/PEGBA, PEGGE/PhGE-1. 0/PEGBA, and PEGGE/
LiGPS-1. 0/PEGBA. Samples were annealed at 60C for 5min and rapidly cooled to -100C. Heating

rate:10C /min
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Table 3 Ionic Conductivity of the Networked Poly-
mers Prepared from PEGGE, LiGPS, and

PEGBA
Sample LiGPS content | Ionic conductivity
(wt%) (S/m)
PEGGE/LiGPS-0. 5/PEGBA 6.3 4.8x10°
PEGGE/LiGPS-1. 0/PEGBA 11 6.8 x10°
PEGGE/LiGPS-2. 0/PEGBA 19 3.4x 107
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Table 2 Mechanical Properties of the LiGPS-
Derived Networked Polymer Films
Sample Young's modulus | Tensile strength | Elongation
(MPa) (MPa) at break
PEGGE/LiGPS-0. 5 3.4 0.76 0.33
/PEGBA
PEGGE/LiGPS-1. 0 1.4 1.1 1.39
/PEGBA
PEGGE/LiGPS-2. 0 0.32 0.28 1.64
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Figure 7 Stress-strain curves for networked polymers prepared with LiGPS
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Table 4 Swelling of LiGPS-Derived Networked
Polymers with PC

Sample Solvent | Swelling degree | Conductivity
(S/m)
PEGGE/LiGPS-0. 5/PEGBA PC 3.2 1.6 x 107
PEGGE/LiGPS-0.5/PEGBA | LiTFSI/PC 4.7 2.4x10"
PEGGE/LiGPS-1. 0/PEGBA PC 3.8 2.6x10°
PEGGE/LiGPS-1. 0/PEGBA | LiTFSI/PC 6.4 3.6x 10"
PEGGE/LiGPS-2. 0/PEGBA PC 5.4 4.0x10°
PEGGE/LiGPS-2. 0/PEGBA | LiTFSI/PC 11 9.2x 10"
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