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Abstract

High molecular weight (M, = 11-81 kDa) polymers of intrinsic microporosity (PIM) were
successfully — prepared by the polycondensation of 5,5°,6,6’-tetrahydroxy-3,3,3°,3’
-tetramethyl-1,1°-spirobisindane (TTSBI), decafluorobiphenyl (DFBP), and bisphenols in aprotic
polar solvent at the initial monomer concentration of 0.1 mol/L at 100-140 °C for 10-144 h.
Transparent, highly thermostable (Tg 161 to 376 °C by DMA, Tgs in N2 410-514 °C) polymer films
were successfully fabricated by solvent-cast method. The copolymer films also showed good
mechanical properties (tensile strengths of 45 to 67 MPa, breaking elongation of 2.2—23.1%,
and tensile elastic moduli of 1.5 to 3.3 GPa), and insulating properties (relative permittivity of
2.27 to 2.59, and dissipation factor of 0.00191 to 0.00466 at 20 GHz frequency).
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Table 2. Thermal properties of poly(TTSBI-Bisphenol-DFBP)®

° o(™M)¢) o(ye)
fBi::hSel:{)la) MY MM . (Efi( C)TMA TuseeCO) NT‘""'V' O itm
2
4.4°-BP 4/6 41600 15.7 357 349 496 516 Flexible
5/5 41200 14.7 369 378 485 519 Flexible
0/10 80700 6.3 255 257 538 564 Flexible
1/9 73100 8.3 270 270 514 527 Flexible
2/8 30800 32 273 287 497 522 Flexible
BHPE 3/7 40300 48.4 310 316 495 512 Flexible
4/6 37400 20.3 343 327 496 511 Flexible
5/5 38900 64.2 376 374 507 523 Flexible
0/10 23500 24 145 157 505 515 Flexible
1/9 43,000 33 161 175 487 502 Flexible
Bis-A 2/8 13,800 4.4 179 196 501 512 Flexible
3.3/6.7 14,900 3.0 224 255 496 510 Flexible
5/5 17,000 5.5 305 318 499 514 Flexible
1/9 44700 4.4 187 185 410 452 Flexible
TMBis-A 2/8 16600 3.1 202 206 434 457 Flexible
317 21800 42 217 237 435 482 Flexible
¥ Conditions ; (TTSBI+Bisphenol) : DFBP =1 : 1. b) Determined by GPC (THF or CHCl;, Pst). © Tys, and Ty g0, are the temperatures for

5 % and 10 % decomposition of the polymers, respectively (in nitrogen or air, heating rate 10 °C/min).
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Figure 2. DMA curves of poly(TTSBI-Bisphenol-DFBP), (a) 4,4’BP and BHPF, (b) Bis-A and TMBis-A.

Table 3. Results of BET surface area measurement

T, 20GHz 1T
BiFsHR)~—7 4

Bisphenol TTSBI Pore capacity Pore Diameter = e

NN X =¥ it P /Bisphenol (cm/g) (nm) (m/g)
IR A2 H W THIE
L 7-. W ERE R~ 4/6 0.3556 4.8731 291.9
I B, 4.4°-BP

Table 41277 ?ﬁ e 5/5 0.4231 44275 382.28
KL 2.27-2.64, FHE
T e I+ - 10/0 0.7482 4.6708 640.75

0.00181-0.00733 DA~ L7z, 4,4’ BP =° BHPF, Bis-A L LEE L7-R Y ~—DihER
132.42-2.64 & 72 0 LBV VB BRI 2 7R L72, TMBIs-A L 3LEA L72AR Y ~—Ti,
MEBEBNWA/NL P AFIEBHFILIC L OMOE AT = ) — LI THmAMz S, L0
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Table 4. Diclectric constant of copolymers

Bisphenel BLII;?:]:[I:(’]I Th(i:.]:nr;ess (21;)(;:11) (mlzir:){z) " &9
44°BP 4/6 17 2.55 0.00466 1.570 2.47
5/5 34 2.52 0.00303 1.561 2.44

0/10 61 2.42 0.00182 1.6003 2.56

1/9 29 242 0.00213 1.596 2.55

BHPF 2/8 51 2.52 0.00733 1.592 2.54
3/7 81 2.64 0.00633 1.588 2.52

4/6 28 2.64 0.00743 1.584 2.51
5/5 51 2.58 0.00258 1.575 2.48

0/10 41 2.53 0.00289 1.565 2.45

Bis-A 2/8 43 2.54 0.00355 1.566 2.45
3.3/6.7 79 2.52 0.00435 1.562 2.44
5/5 39 2.53 0.00413 1.563 2.44
1/9 34 2,27 0.00191 1.548 2.40
TMBis-A 2/8 41 2.40 0.00287 1.548 2.40
3/7 29 2.29 0.00235 1.552 2.41

2 Measured by cavity resonator (20 GHz TE mode). ® Average refractive index : nay = (nyg + 2np)/3. © Optically estimated dielectric constant; & = iy
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I J B Table 5. Mechanical properties of copolymers
2R prop polym
. TTSBI/ Thickness Y E," 7,9
2.2-3.3 GPa Bisphenol Bisphenol (pm) (MPa) (%) (GPa)
W) E % L4BD 4/6 25 53 7.4 22
. ’ 5/5 42 57 14 2.6
mLTe, BV 0/10 44 65 14.6 25
23 B5/5 12307 1/9 32 67 109 3.1
o 2/8 43 66 6.9 23
3 & TTSBI BHPE 37 34 64 48 28
D é\ 7@ E A 4/6 42 57 47 2.8
5/5 32 60 7.7 2.9
N
3 iE' j]l] j— % 0/10 88 62 9.2 2.5
LN o BieA 28 10 64 2.2 33
) 3.3/6.7 37 50 55 22
T, WE 2 s/5 61 56 43 24
BRI AN 1/9 40 45 6.2 27
TMBis-A 28 40 49 59 2.6
B0 U B R ‘
3/7 34 60 23.1 25
gﬁ }_E ﬁ§ /ff& T  Tensile strength. ® Elongation at break. © Tensile modulus. (b)
= . 70
T5HZ N ‘ T idwess og ———————— —HsA
— BHI:F_ 0.:]0 & 0 Bis-A 3.3/6.7
% ZFE\ é j’b 7= gﬂ;: ;: 730 ——Bis-A 5/5
2y 2 | —— TMBis-A 1/9
S MR B —_BHPET 20 ——TMBis-A2/8
0 > %Wgﬁg — EEFF ‘;;.2 0 —TMB::-A 37
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Strain (%) Strain (%)

Z (E faf < Jl’lf, Figure 3. Stress-Strain curves of poly(TTSBI-Bisphenol-DFBP) (a) 4,4’BP and BHPF; (b) Bis-A and TMBis-A.
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