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Recent Progress in Colorless and Transparent Polyimide with High
Thermal Stability
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(Department of Materials Science, Fudan University, Shanghai 200433, China)

Abstract: Polyimides (PIs) have extensive applications in the aerospace industry, microelectronic and optoelectronic
engineering, liquid crystal display, and separation membrane due to their high-temperature resistance, outstanding mechanical
properties, chemical and radiation resistance, and excellent dielectric properties. Conventional PIs possess strong inter- and
intra- molecular charge transfer interactions, resulting in an intense stack of the molecular chains, which leads to strong
absorption in the visible region and brings deep color to PIs. This has considerably restricted their applications in the area of
optoelectronic and microelectronic engineering. With the rapid development of display technology, PIs with
excellent optical and thermal performance are desired to serve as substrate materials. However, achieving a breakthrough in
the molecular design of the satisfied PIs remains challenging with regarding to the trade-off between good transparency and
thermal stability of PI films. Recently, enormous research efforts have been devoted to the development of colorless and
transparent PIs with high thermal stability via rational molecular structure design, as summarized in this review. These
fabrication strategies mainly include the introduction of strong electronegative groups, alicyclic structures, bulky pendent

units, asymmetric and rigid noncoplanar segments, and polymerizable inorganic nanoparticles. The incorporation of these
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structures plays an important role in disrupting the conjugation between the PI chains. This disruption reduces the regularity
and weakens the stack of the molecular chains, while increasing the free volume of the PI chains, thus prohibiting the
formation of inter- and intra- molecular charge transfer complex. All these are beneficial to minimize the absorption in the
visible region and the formation of colorless PIs. Then, the influences of molecular structures on the properties of PI, such as
thermal properties, optical performance and solubility, are discussed. Finally, the prospect of colorless and transparent PI with
high thermal stability is discussed with respect to their development trends and potential applications.

Key words: polyimide; molecular structure design; thermal properties; optical performance

VAR, B2 6L 28 1 1) 2 8, A% 50385 WA B 3 AR 2L TC 76T 1 R Mg i Bk, BB W R AW T A
B, T b S, ER R R R A WA E | EE R A HLOG R BH R b AR . D
Jl] L 5% AR T 45 Al S5 42 8 A B 2 g TR U1, SRR R 0 TR, e R R AR R AR ok AR R
B AL B, VR AR A R A LA R R I L AN, 7E A A TR R R AP0 R O A AR T AR
(AMOLED ) i3 & v, 2214 5 - 40 IS 56 M 1) i T3R8 5 2K F 300 CU3-151, (R, VB b B BRI R A WA
1A R HI3B 63R,  T B4 B B AL 5 AR IR (Ty) o BT C R TR MR, IR —H iR o
1% (PET, T, ~ 78 °C) . B % “ W £ —- WG (PEN, T, = 120 °C) . BEIREE (PC, T, ~ 120 °C) I BN (PES, T, ~
225 °C) JC I Tl AL T g Rk A B2 SR 10 1012 853 W Ik AR AP 22 A6, VR A e AR R A IR 75 ZEHA R AP R
SRR M R L DR SR TRE E, I ELBUIRE T A e 100,

R e (PD) T HA R AR e v . 00 RSB B . WO e ek, nl iz i il 7 O
PO 111216241 SRR, AL SRR PL— A A £ AR B €007 WA RE, X R T PLArF 4504 T A AE B0 i e it
PR (8 2R ik (ODA) ) Fl L T 32 1A (1128 DU YR —F (PMDA) ), £E PI 434k PN 5l 734 A1 JE ) o 21 14
T B2 A (CTOVE R (B 1), 3 5o 55 S HEAR, fif PLAE ] WL [ oy EHL AT S| L A Wi . — e Fn i
B A 5 AT F 48 v, 1 R R oL - BE 7 MR, B 5 T CTC RSO, PT A (0 sl Bl ¢, 3 7™ o FR 1) 1~ PI7E DG H
TTRR AT R 121, S i, A SR % g R TG 2035 B PR B I S i SR .
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Fig. 1 Intra- and inter- molecular charge transfer interactions of PMDA/ODA
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Fig. 3 Molecular design of colorless and transparent PI with high thermal stability
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Fig. 4 Diamines and dianhydrides with strong electronegative groups™~*!
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