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Phase Transition of Liquid Crystalline Polymers Under Pressures

Yoji Maeda

(Received September 3, 1992)

Phase transition behavior of thermotropic liquid crystalline polymers under hydrostatic pressure

has been studied by using a high-pressure DTA and a wide angle X-ray scattering equipment for high

temperature and hydrostatic pressure. Phase diagrams of some main-chain thermotropic polyesters have

been reported. Some experimental results of pressure-induced crystal polymorph and pressure-induced

liquid crystalline phase of main-chain thermotropic polyesters are described.
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Fig.l Nematic-isotropic transition temperature Ty as a

function of the number of methylene groups n in
the flexible spacer of poly o, ®-[4,4"-(2,2’-dimethyl
azoxyphenyl)]aikanedioates(6).
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Fig.2 Block diagram of a high-pressure DTA apparatus.
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Fig.3 Block diagram of a high-pressure WAXS detecting
system.
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Fig4 DSC curves of DDA-9 and AZA-9 polyesters:
{a)DDA-9 (M =20,000); (b)DDA-9 (M_=4,000),
(CYAZA-9 (M =36,000).
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Fig.5 High-pressure DTA curves of the DDA-9(A2H= L
20,000) polyester.
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Table 1 Thermodynamic data of the K-N and N-I 100 300 500
transitions of the DDA-9 and AZA-9 polyesters. P/MPa

Sample K-N transition N-I transition Fig.6 Phase diagram of the DDA-9(A2H=20,000)polyesler.

T (dT/dP), , AS AV T(dT/dP),, AS
K K/MPa J/Kmol cmmol K k/MPa }/Kmol cm3/mol

High Mw
DDA-S 393 0288 265 76 437 0397 165 65

Low Mw
DDD-9 389 0246 242 6.0 420 0304 140 42

AZA-9 418 0.344 43 15
Annealed
AZA9 367 0280 212 59 419 0343 40 14

DDA-9(High MW)
K-N transition

Tyx=121.2+0.288P-0.000162P°
N-1 transition

o
= 2 <
Ty, =163.5+0.397P—0.000344P = (K)
L 2
3
AZA-S
Glass transition 2
T,=20.6+0.331P—0.000222P> sl /
K-N transition Glass
TK,.\,=95.O+0.280P—00001461’2 )
N-I transition '
\ 1 1 L i
Ty, =145.8+0.353P-13 0.000238P 100 300 500
P/MPa

=15 D (T/AP), 1 % Clausius-Clapeylon DRITALA
<; B ETable 1452 515 o AZAOWHIBFHII RN TS Fig7 Phase diagram of the AZA- polyester
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Fig.8 High-pressure DTA curves of the PB-8( 7 =0.75)
polyester.
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Fig.9 Phasc diagram of the PB-8 polyester.
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Fig.10  Temperature dependence of the d spacing of the

in the WAXS
pattern of the PB-8 at indicated pressures.
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Fig.11 WAXS patterns of the DDA-9 polyester on heating

and the subsequent cooling at 100 MPa.
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Fig.12 WAXS patterns at 24°C and 1 atm of the DDA-9
crystals formed by slow cooling from the nematic
phase at temperatures just above the Ty, point at
indicated pressures.
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Fig.13 DSC curves of the pressure-crystallized sample
and the
subsequent cooling(run 2) and reheating (form 1 ,

having the form II structures(run 1) ,

run 3) curves.
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Fig.14 X-ray powder diagrams and WAXS patterns of the
low-pressure crystal K1(A) and the high-pressure
crystal K2(B) of the "HIQ-20" polyester(18).
(SamulskiFIE D TEEIC L D ER)
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Fig.15 Proposed phase diagram for HIQ-20: KI, the

low-pressure crystal form; K2, the high-pressure
M2 the
pressure-induced mesophase; I the isotropic phase
(19). (Samulski#i# O ZIEREIC & HER)
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Fig.16 High-pressure DTA curves of the PB-12 polyester
at indicated pressures.

5. EHFEENEZEE

FhH3imzs2 it o THEETIELRW AT Y
SRR AXTF v S MOBEESRES 5p-T M ¥ VREE
BOR F AL E AT FUF FINT S FUA

x

VEVOLICEECRBTAAA STy JIBFHHED
PE TSR AVENTORSHEBOBERIZ (MR
TWh, BHTTREFFOLI LBERS 2V, Bl
HELUERTHAERREN TS L, FEOBRMES, SR
DWSFEAT IR T A BR L R0 H LD, i
TR FEY—F a7 RY LA T VPB-121F
1RETAAZFy FHSOH% L b, K-198C—8,-231C
SIDEB R, 300MPat TOENTOEEDTAMR
% Fig 1615 o EHD LR & & b ICK-S, I OF T
¥ 2 FOREICHA LT 300 MPa TIRIZTHR T 5 — 4

100MPa bl EOEE N TK-S, 858 & HRIRIC 70— FRlk
B —sHHER, EOOLRLEBIIASVE-S LR
3. SOEEIERDLESENOEBHAFATEN L LI
BT 2HER LTS, IREL 150 MPa 2817544
8, S AHB X CEESHOMAN S WAXS B/ ¢5 — 2 &
Fig 17i0RY o & 2 TK-SEBIZBI A/ M ORI
EEHT2E, 18E~90MPa TIEARNY 7 L, #&
D d spacing(1 RJE T~23.0A) 45 S, Ml TR 2ABD T B 775,
9OMPall LOEE T TR~ 7 ML, £
d spacing D26 TANE WK T B, DL ITAATF
7 MOBSE MRS S ER TR 2 BESFRVEE
Nize FORERFIgIBIIRT, 1REDARX S F v 7
S, M TH Y, layerBIIE LTHFAN LTS S
EMRERTVEY, —F, BIETTERTHAAS
F v & ¥ d spacing i3 1Z1ZPB-12 3 F DM T & § SRICH
BFBIEdh, S, BOt BEHEL, TROLATAH
layerB 13 LCRBE T AZEERZ LD, LPDTTF T
NHBOBRFERK-SEBORB TRI-NA Z b, AX
s Fy FESHHATH D LH#FE Lc, 22T, K-SEiiBi
I - TSHORBBE#HFEL 2 5)50MPar b
150MPa ¥ TO R B TWAXSHIE R 1TV, TOS, 48
— S AR DB DV TIRE Lz & 25, SAlidS A
AR HHHEET L 23 RV Lz, 20K %
Figl19ll R Yo 2D &) RHBBHEROET 2HEP, £
OEBEBIZESHL TRV, $-EEDTAOT— 4
EXBERTOERT — & BEEEUOT TELEL, HE
BEAY ST TVWAEETH S,

# @

A H4TD 10721, DDAYB L TFAZAGHK Y LA
F U OEE P R L Tz 2 » 72Kk E Lowell KED
A. Blumstein#2, $7:PBnd ) —XDRY LZAF V&R
PR L Tz A, RO HEEIR B
Sk, BT B OS5 NCARGZHBIE £ viziin
72 B LR TR BB IR S O (A 72

Netsu Sokutei 20(1) 1993



BRSTFOBET OMERRE

U i T T T T T T

L 1 atm

Intensity / arbitrary units

i 1 !

3 9 15 21

! ! 1

206 /degree

Fig.17 WAXS patterns of the crystal and smectic phases
of the PB-12 polyester at latm and 150 MPa.
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