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T, AERNRMBYEE S THECTH DAY A 2 K (PD) 2B 2825y i & B B
PEE OMBEIC KT D RO LE B E LT, L FORR &7 72,

F1E Fam TiE, PLIEAS RIS - BT - EEIED A2 BEE 0072 m A& O T, R OVEEERIC
AW E o OREE - MITERENTIZBE T A BEEOMITIC OWTHERR T 5 L & b, KXo BMEERERLT.

Wow REFHFRAY A I FMEROERESE & ERREA oMM T, BERMES X OEiEo—
WHEYE 2459 5 955 1% PI (sSBPDA-PI 3 X UV aBPDA-PI) D% 772305735, 2.0 GPa £ TOJE 8 Tld 4y F 81
O BB ORI D BEE R EREEMREZ L, —F, TRUEOELTIIYT I U ONE B HEICHRFY
USRI NS R EREMRE AT T Z L AL NC LE. £, WHIEICRT D KRR R L L BE R T4
C2ETES (LE (r—n")) T 3/LX—I%, 2.0 GPa F TOE I T3 s 8 BREE O (2 fE 5 2o B A ER
OKIZE Y BEFEICRD T DT, TNLLEOENE TIIZ ORI TEAOIHIIREE (0.1 MPa) (2B CTo 1 8HERE
NETHAIEEWMT S 2L LE. &5IT, 2.0 GPa LLFDE ST sBPDA-PI RO MEIZE S LE
(me—m*) e SEERE DD IEIL, 0.1 MPa TOL FHEENRE CTH LT ERELL BRI EERALNIT L.

3T DEHFFREAY A I REBRICB T 550 78R INEE & RhEIREES TN 7' 1 b Bl efetE o tH BIfAEA |
TiE, FhEDIREESY TN R BBy (BSIPT) #3E, MU Siuiz PI 20 78820 O RETHC EE — MKW A3 38 <
BESE L 7= “UREEIR” ~ D Forster Bl = 3 )L ¥ — 8 (FRET) (JHEIK 3 5 800t (BREEREE) &2~ -957 & PI (3H-PI)
I SUNT, 0.1 MPa—4.0 GPa @£ /738, T ESIPT & FRET A HVMIEEA L, JESIORIINTALE 5 4584 T BERHE o
DITHEER LT FRET ZhER 03880045 Z & T, ESITPIC%F L C FRET N K WB(LIZR D Z L 26N LTZ. 72
3H-PI DRIBHA~DEE WA FLIEE T R U 7oA m AFLFEOBAIC L0 58 EERES B R L, & m v Rl &
A &720 3H-PLICLE LT 1.0 GPa £ TOJIENIKICI 1) 5 FRET Al &b Z & 2L Lz

FATE TEBRBERY A I FEOEETIZRIT 206 - B8ROm0 RGVERL] T, mARmAEZ R
THENR P (PMDA/ODA) JEORER X OWEHIZH 95 7Y o 7 UEGLIALE 217V, 0.1 MPa-2.0 GPa O /7
{28\ T PMDA/ODA D JEHT 3 L OE N m N/ TRFHTH Y, mEFIZB W TY PLy F8H O ENELM
PERRFFSND Z LMD L. F72, 2.0 GPa DESFINC L2 PLIEOEEEME & b, REOEEmT
RN 1.68005 180 FTT0% LHATLHZLEHALMNT L.

WHE [ )~ —HN DA LIZERM IR Y A 3 FOBEEEININCEE S KTk 7 OJEHE & RS ORI
TiE, 0.1 MPa—4.0 GPa O EJJ3KIZ 3\ T, MIE IR P (PMDA/PPD) Oy 185 7 A1 O 7l (a Hhds L O b i)
DOMEITEE D BAD, FELEOHEME & IR T 2 L2 PLNC Lz, £, RLERRRRECTH- T
AL fEI T T RICIRE e8| I EAER (F A U EEOKRER/E) BB HEIE, HEER M RWGE
L AR TR O MMEIC R 9 BAIN/NEL 2D, a B IO b SHONMEICEE D BABRMEAT S Z EAREBEN
7e. —J5, PMDA/PPD D L H7ea AR A— 2 Y HBEOERW PLIZEBWTIE, Mt Ioa F8RmNA IRV A E
NBHZ L THETOINNPEL, B TOINOREDEARL & HIZ, /5 THETT RO T8 (c ) OMEIZHE S E
PNKELRDZEERASMNZLT-.

HeE [EHICT I FEAZAT2EMMIERY 4 2 RICBW KB A P EREMCRET RS <
FHICT I FREAEZAT DKERKEM PI (PMDA/DABA) & Z OREHEBZEICH Y T 5IEAKERHEME PI
(PMDA/APAB) Dftisht&+DIMEIC X 2 AT O il 6, PMDA/DABA Tliday 187 M O X 0 48 &+
#ih (b i) H T X REMTONTRIKFERA B S 4L, PMDA/APAB (2 L 'C PMDA/DABA Tl 0.1 MPa—4.0
GPa OJEIIRITHB T DINEIFED bEAOEALN I D /SN E BT L. £7-, PMDA/DABA TIIEHD
HEAMZ A D o FEMBEEEORINC LY, 7 X FEM TSN A KBR-AERENBLT 52 L2 60IC L.

BTE RG] T, AFEZELC TEONAEEERRRELZENT L L L HIZ, SHOBEIIONTIRRT

ii% -« FSCE R, F13C 2000 F & B 300 FEE 1HBSORMT 24, b L <IFIEIL 800 7F & 1 HHRIH L T 7230y,
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In a series of seven chapters, this thesis describes a comprehensive study on the structure—physical
properties relationships in polyimide (PI) materials based on high-pressure experiments of PI films and
highly crystalline PI powders.

Chapter I provides background information regarding the higher-order structures in PI films. It also
provides literature reviews on high-pressure experiments for polymer materials.

Chapter II focuses on the pressure-induced variations in the molecular aggregation structures and optical
properties of amorphous semi-aliphatic PI films. The PI films exhibited a gradual volumetric compression
and definite bathochromic shifts of locally excited (LE) absorption bands up to 2 GPa, which was
attributed to the compression of interchain free volume and enhanced intermolecular interactions. In
contrast, the volumetric compression of the PI films and bathochromic shifts of the LE absorption bands at
pressures above 2 GPa are correlated with the deformability of the PI chains.

Chapter III focuses on the excited-state intramolecular proton transfer (ESIPT) fluorescence property of
semi-aliphatic PIs (3H-PIs) with/without bulky side groups at high pressures. This study clarified that the
ESIPT fluorescence efficiency was effectively enhanced by incorporating —CH3 and —CF; side groups in
the PI chain due to suppression of densely aggregated structures of PI chains in the solid films.

Chapter IV reports the pressure-induced variations in refractive indices and acoustic velocities of a
spin-coated aromatic PMDA/ODA PI film. Anisotropies in acoustic velocity and refractive indices between
the in-plane and out-of-plane directions in the PI film were clearly observed up to 2 GPa based on Brillouin
scattering measurements. Additionally, the average refractive index of the PI film increased from 1.68 to
1.80 by pressure application to 2 GPa owing to the densification of PI chains.

Chapter V clarified that the crystalline lattice compression behaviors of rigid-rod PMDA/PPD PI, which
are dependent on its higher-ordered structures. The linear compressibility along the a- and b-axes
(inter-chain directions) increased with an increase in crystallinity owing to the difference in the strain
between crystalline and amorphous regions. Besides, the linear compressibility along the c-axis
(main-chain direction) increased with an increase in the degree of lattice disorder induced by the voids
between PI chain ends.

Chapter VI focuses on the influence of inter-chain hydrogen bonds on the crystalline lattice compression
by comparing aromatic PIs containing amide and ester linkages in the main-chain. The linear
compressibility along the b-axis, parallel to the inter-chain hydrogen bond of the PI having amide linkage,
was larger than that of a PI having ester linkage below 4 GPa. This result shows that the inter-chain
hydrogen bonds effectively decrease in the compressibility along its direction.

Chapter VII summarizes the major findings and conclusions of this study as well as suggestions for
future perspectives in this research field.
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