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Fig. 1 Transmission WAXD patterns (a)
highly ordered sBPDA/PPD (HO), and (b)
less ordered SBPDA/PPD (LO) films.
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Fig. 2 Volumetric thermal expansion

behaviors of PI films having different

packing structures.

(83F St - BEBRGICHEIR) A I MO FHEAZBEE & AR EROMEEZ]

SR, Mo RN

SFROIARES BEAT D, —RIC, IIIRRE S T
J3 1 D BARAR B /NS 2o, JERBIIIC L0 4y TR BT /e S B L ko T,

IZBWTH 84
el



DRSS IS THEME 5. ST, 9 FRORIICHL g

EVED T RESL 2B AL Pl ClX, L CVE A D L) Jf“; \ SO {

B R T LR ST, Ll SRS GO Jf{%*ﬂ
5 Pl OHEM R T R E TR AR, 22T (@ EBPAPPD (b) BTDAIDAD

ARECIT, BEEERERLL LT phenylethynyl A SestE v Fig. 3 Chemical structures of (a) thermal- and (b)
» : ’ photo-crosslinkable Pls.
B HEFLLE LT benzophenone F:%& L85 Pl

(Fig. 3) ZFHRL TEOBMFHZEB ZARHTLT-. foegon 494, R _
EBPA/PPD-400 DZEFERLE % Far-IR A7 MLt 144 J T '}'rmal Expan5|Jn

Of;éred aggregation Crosslink (10%) NOT Reduced

10 %lRE L. £72, UV 2l m»rbRHELE
_ _ et ess et P
BTDA/DAD (UV both-side) DZEAEGE % Mid-ATR- ¢ : A
IR AXZILHE 60 %likE LTz, K4HED EBPA/PPD .&gzggKJ iradiation M
IR TS 2 TE L, ZUE IO ERF RSN ELSAL Fig. 4 Schematic images of effects of thermal- and photo-
275, BIKEIL Pl @ CVE SN SR Clda, — crosslinking on the thermal expansion of PI films.
73, RZEHED BTDAIDAD I THY, JeIAME SISO BRI BB 2 7R LD CVE 2V )ha<ia
5. UL EORERMNG, 53 FRIfEE OB KIS CVE Bz 720 el TBZR B RED I A 12 fED
CVE H§ RABL< DRGSR E AW 5 50 8D CVE filENC N REY T D ZEAHIHNIT LT,

i
Thermal Expansion
Reduced

(£4F KRUA I FOILFBENREREREI~NEZ 59R]

BT ==L T NI HLR U MK (BPDA) 1EZE O Jr° . Jr: ¢
RALIC KD T AR R TR RIB R R0, (R @Jrn Q,n

R ~DEEBIIH OG- THR\., 2T, sBPDARB LW (a)sapwppn (b) SBPDA/MPD
aBPDALPPDI L UMPDZ AL A& W 72PI (Fig. 52 M) Za B -~ o
LT, HEE RIS SRS LM TE B AR 25 8 1 ST { v RS @
&6&#%2%%%%[/7‘: (c) aBPDA/PPD (d) aBPDA/MPD

Fig. 5 Chemical structures of isomeric Pls.
e ~ 0 N=! e
SBPDA/MPD i3 80~280 °C (i Il =T 1137 Table 1. Glass transition temperatures; Tgq, and S relaxation

ppm/K @ CVE % rU7z. WE /et A 924U 7N temperatures; Ty of Pl films.
poly(p-benzamid) D fuAs 7> CVE (104 ppm/K) (Pt T Tp CVE
W32/ S78 CVE 75§i$k72 Pl %H%G:;Bb VR, X sBPDA/PPD-HO 36((:?10 = p1p3r2./;<
7=, ERRORE "SR EZ AT sBPDAPIs NEH  gppappD-Lo 360510 20F0 ooy
L7-#5iE %A 45 aBPDA-PIs 2 ~T/NE7: CVE 27”9 SBPDA/MPD 3384  210+£10 1137
— 77, ERIRODT IR 4+ % PPD-Pls 3R HIL7Z aBPDA/PPD 3973  170£10 1469
HES% 4795 MPD-Pls 12l ~C A7 CVE %79 myys _@BPDAIMPD 3526  160+10 1397
DL o7, B iREE R AE R A 9% SBPDA/MPD 53, 70 hipdEtRiE% A 9% sBPDA/PPD i bt~
T/N&72 CVE Zn 3 Zlid e THHLRZE . DMA HIliEE DFT FHAZ W - [RlERRERE = 0L — 3D, )
A (Fig. 6) (27”7851, MPD-PIs 1% PPD-PIs L5720 B #RFIIZERL T z-flip rotation 235G MHE(LS 7202
EDITRESHL, PPD-PIZ AT BB IIHISIL TV D EE L HID.

Fig. 5 {27~ 9 Pl 1, —150~300 °C Dl EIRIZ I T B FEFIO A NBHIE AL, i oK E/ 13700
SEARREIE DS IR DG5BT B REFNREE £/ TR S AL LT Z8030, ZILHD PI @ B #EFAZE 7 = =/L
EAIR =T == VER Gy BT Dl FE DAL A FRFIIE B ) R L=




[% 5B (RAEEEERAEE R TEEAMERVAINORZ]

A, TS T LT AT AR O GV 54 T I F©§”‘ @Qm gﬂ’@@%e
FRER BRI TS, —C(CRa)— SR ER Ul — kb5 S d -
EALD PLIZSY 1N CT EB IS A 728 r Uk COENT Fluctuation of main-chain
BT, LsLRnsD, MEHIC—CRs 524435 Pl I8 i PN . L@ .

? sBPDA/PPD 7212 H_RTAE7: CVE 2 T 5L MESH “@f(N{',\gNm gﬁiﬁo o%

TWA. RETIE, B4 THLN-H AR, BAFHD/N © ©

X7 CVE 2R 938 Pl OB A2 HRGELT-. . o _ .
~C(CFa)— 3 LGN I AT GFDAIMPD (Fig.7b) 1%, Wit [0 © STOmats. (et tn f rotmcanon

SIS 410 nm S UBEIIMEA L, S5IC 146.0 ppm/K L/ p-phenylene vs. m-phenylene linkage.

72 CVE %51 L7-. sBPDAIMPD L[k, ~150~300 °C i=

B35 tan 6 MBI 1L SEERIOZTHDH, ~CFs 1) 0

SEOMERERIA-150 °C KDL Tk LA T @+ jespesdel Jf

¥ 6FDA/MPD 0> CVE % K& 72 W REMED &% i oo s
HPMDA/MPD (Fig. 7¢) 1, 5\ i B (Wl s It ]] |||

£ 300 nm) Z7/RL, 7> 6FDA/MPD (ZH~_T/NE7R H! ;,, ;

CVE (137.4 ppm/K) ZRL7-. fEFREL T, B fe 4 o - ; ;

K& m-phenylene HEs A4 b A2 LG, Fammire 1 oFPPM/K 146 ppm/K 137 ppm/K

M O/NS7e CVE 2T MBI O BIF I B LTz, Fig. 7 Chemical structures and appearance of PI films
with CVE values.

[#aFE] AWFFETIL, RUAIN(P) O NEEEAREE ) [ AUERE IR, [N, B A ER 820
AR R BN LIT T EBOMIAZR AT, 8 2 =, [MRUENESENFECSHA, BEEIRRENE: P
M/INETR CVE R ) ZEH DI ULTZ. 55 3 BTl 2GR OB ENE(LL2WG A, 2GSRI
PEo>TC CVE 138325 1 22BN L. 5 4 3 ClX, m-phenylene #1&E% 4725 Pl X z-flip [Rl#s5ES)
DEMALENZ2NT=DIZ, p-phenylene 15154492 PHIZHE R T/NE7: CVE 233 | ZEEBAGNILT-. 65
BT, 4 B TR R Z RIS T AER ) D/NS7e CVE 2R T 8T BLIRER = P O BRZS 12k B L
72 5 6 BTIL, PHCRITD A E A BAEH OBI N ERR Pl O CVE IZHET S| 2R ORe§ 255 5
T,

Phenyl-rotational relaxation
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