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ABSTRACT: Alicyclic polyimides with high glass transition temperatures (Tgs’) were
synthesized from cyclopentanone bis-spironorbornane tetracarboxylic dihydride(CpODA) and
aromatic diamines. Flexible polyimide films with high molecular weights were obtained by
heating the poly(amic acid) above Tg. The poly(amic acid)s were imidized by two
methods. The imidization ratio of PI(CpODA+3,4’-DDE) reached 100% at 200 °C
using a combined chemical and thermal imidization method. All the polyimide
films possessed excellent thermal stability and most of the polyimides had Tg’s over
330 °C. The CTE value of thermally imidized PI(CpODA+4,4-DABA) was as low
as 15 ppm/K which is comparable to that of copper. The polyimide films exhibited
Aeut-ofts’ shorter than 336 nm, and the Tvis value of each polyimide film was over
85%. Especially, PI{(CpODA+3,4-DDE) prepared by a combined chemical and
thermal method had outstanding optical properties (Tvis:88 %, Acut-o:278 nm) due to
the low temperature film-fabrication.
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Scheme 1. Synthetic route of alicyclic polyimides and the structure of monomers.
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Figure 2.  Depolymerization of poly(amic
acid) and recombination(post-polymerization).
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Figure 1. Effect of imidization temperature on
the molecular weight.
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Table 1. Imidization ratio in chemically imidized | PIsoln. | L | PI film |

polymers. amide aromatic
N-H region
Deh);d:'at;on Dehydrattmg Temp. Time Condition of Imidization
catalys agen C h solution ratio(%)” TH-NMR
/ mmol / mmol PI(CpODA+3,4’-DDE)
TEA TFAA r.t. 16 homogeneous 32
1 0.6
Tli:A TﬁiA 70 1 precipitate 96 carbot:;x{ylic
TEA AcO Imidization
€2 r.t. 16 homogeneous 60 200°C only ratio
1 0.6 56 %
Pyridine TFAA r.t. 19 homogeneous 60 TEA, TFAA
1 0.6 +200°C,1h cure
Pyridi Ac,0 e
yridine © rt. 20 gel - et
NMIEPIP 0.6 ‘1‘1‘H‘L‘KH"I‘ZHHI‘I‘H‘I‘OHH“)“H“‘H“F)T[
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Figure 3. 'H-NMR spectra of
CpODA=1mmol, 3,4'-DDE=1mmol a)by 'H-NMR PI(CpODA+3,4’-DDE) and imidization

ratio.
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Figure 4. UV-vis spectra of CpODA-based polyimide films.
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Table 2. Thermal stability of polyimide films prepared
from cyclopentanone bis-spironorbornanetetracarboxylic
dianhydride CpODA and aromatic diamines by a thermal
and a combined chemical and thermal imidization
methods.
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©) (o) (¢ (ppm/K)
44-DABA 481 501 ND? 15

method®  diamine

44-DDE 468 488 354 49

T 13-BAB 487 496 2907 56
m-Tol 459 475 322 69

34'-DDE 467 483 333 57

C+T  34-DDE 472 488 331 56

AT: thermal imid ization, C+T: combined chemical and thermal
imidization. ” 5% weight-loss and c)decomposition temperatures in N2
at 10 K/min. “measured by TMA at 10K/min. @ not detected below 400
°c. by DSC. 9 coefficient of thermal expansion (100-200°C).
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