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Abstract
The polyimide-rotaxane compound ( elastic polyimide-crown: EPI-C ) was synthesized from
pre-polymer, which was prepared from 1,6-hexamethylenediisocyanate ( HDI ),
triethyleneglycol ( TEG ) and crown-ether ( 18-crown-6-ether: 18C6 ), and pyromellitic
dianhydride ( PMDA ) by stirring for 1 hour at 150 °C in N-methyl-2-pyrrolidone ( NMP ) under
Argon atmosphere. The sheet was formed by treating the reaction mixture in a centrifugal
casting machine for 1 hour at 100 °C, and then the sheet that was obtained was cured for 4 hours
at 100 °C in reduced atmosphere ( 267 ~ 400 Pa ). The structure of polyimide-rotaxane was
conformed by FTIR spectra. Tensile test shows that the modulus extremity decreased and the
elongation increase at breaking point by adding 18C6. Swelling rate was increased, water
absorption rate was decreased, and glass transition temperature ( 7, ) was raised. These results

suggested that this compound is rotaxane compound.
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Scheme 1. Synthesis of Elastic Polyimide-Crown ( EPI-C )
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Elastic Polyimide-Crown ( EPI-C)
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Table 1. Recipe for the Elastic Polyimide-Crown ( EPI-C)

Sample name Reagent ( X 10°* mol )
TEG* HDI® PMDA* Ring compound
EPI-C,, 1.00 2.00 1.00 18C6° 1.00
EPI-C,, 1.00 2.00 1.00 15C5® 1.00
EPI-C,, 1.00 2.00 1.00 12¢4° 1.00
EPI-D 1.00 2.00 1.00 Dge 2.00
EPI 1.00 2.00 100 - -

“Toriethylene glycol, Mw = 150.18. "Hexamethylene diisocyanate, Mw = 168.19.
“Pyromellitic dianhyderide, Mw = 254.15. 418-Crown-6-ether, Mw = 264.32.
215-Crown-5-ether, Mw = 220.26. f12-Crown-4-ether, Mw = 176.21.
£]-Diethyleneglycol dimethylether, Mw = 134.17.

Table 2. Atomic Distance and Real Distance of Ring Compounds

Reagent Chemical Chosen R,1+R,2" Atomic distance? Real distance
structure atoms (A) Max(A) | Min(A) | Max(A) | Min(A)
18C6* o 154 729 - 575 -
00 1.46 - 457 - 311
15Cs¢ c 1.54 6.13 - 4.59 -
oo 1.46 - 3.80 - 234
12¢4* cc 1.54 5.06 . 3.52 -
00 1.46 - 343 - 197
Prepolymer N-C-0 0.73 245 - 3.18
HCCH 0.74 112 - 1.86
EP1 O=C-N-L=0 1.46 4.63 - 6.09
0=C-C=C-CH 110 571 - 6.81

*Atomic radius. *Atomic distance were measured by CS Chem. 3D ( MM2 ) program.
¢18-Crown-6-ether, Mw = 264.32. ¢15-Crown-5-ether, Mw = 220.26. ¢12-Crown-4-cther, Mw = 176.21.
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EPL [ZHEAREY 2T AIIMM U, BEWTHEEIT Figure 1. Tensile test ( Stress-Strain curves ) of elastic
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Table 2 127", EPI-C MOFSEEIL 146 ~  Table3. Physical Properties of Elastic Polyimide-Crown
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Sample name Swelling Rate DSC
EPI-D % 140 % &3 EPI ¢ RZEDOE% ) o) )
(%) o (° (®
~L7z, DSC HIETIX, & EPI-C ® TEG
. - . EPI-Cj3 146 -20 349
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EPI-Cs 154 -14 301,342
EPI-C;s T -20 °C IZH, EPI-C;s Tix

EPI-Cy; 155 -2 358
-14 °C | EPI-D Ti3 -6 °C . EPI-C;; Tit

: EPI-D 140 -6 345
2 °C LJEIZ EPL @ T, (-3 °C ) ITEW
. EPI 138 -3 359
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- o . Swelling test conditions: Solvent = tetrahydrofuran ( THF ),
)] Eﬁa fﬁl c\— j@ ii] T E) B 7 ( EP I‘CIS- T H = measurement temperature = room temperature ( 232 °C),
measurement time = 24 hrs.

o, . — N S
349 C, EP I‘CIS‘ T H ~ 301 j;o ct O 342 OC, Differential scanning calorimetry ( DSC ) measurements were
performed at a heating rate of 10 °C/min over the temperature

EPI'CIZ: TH =358 °C }5 cl: U EPI-D: 359 °C ) range -100 ~ 400 °C under an Ar atmosphere.
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