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E F F E a  OF PRESSURE ON PHASE BEHAVIOR OF A DIMESOGENIC 
LIQUID CRYSTAL COMPOUND 

YOJI MAEDA', YONG-KUK YUN2, and JUNG-IL JIN2 
'National Institute of Materials and Chemical Research, 
Tsukuba, lbaraki 305, Japan 
2Departmcnt of Chemistry, Korea University, Seoul 136-701, Korea 

Abstract Structural phase behavior of a dimesogenic liquid crystalline 
compound(KI5) was investigated under hydrostatic pressures by wide-angle 
x-ray scattering apparatus quipped with a high pressure sample vessel. An 
additional, enantiotropic mesopahse transition is found at all pressures. It is 
found that applying pressure induces the formation of a crystalline polymorph. 

INTRODUCTION 

Most of the low molar mass liquid crystals has been composed of two blocks of differ- 
ent chemical nature; in their molecules one single rigid core is covalently bonded to one 
or two alkyl chains in a rod-like configuration. On this concept of two distinct parts, 
dimesogenic liquid crystals containing two rigid cores, joined by a central flexible 
alkylene spacer are of much interest. Hardouin, Achard, Jin, Shin, and Yun192 studied 
the synthesis and characterization of such liquid crystals containing cholesteryl and 
other mesogenic units. They reported several interesting results on the phase transition 
behavior of a dimesogenic liquid crystal, N-[4-(6-cholcsteryloxycarbonyl) penty1oxy)- 
benzylidene]-4-n-butl~ne, called as KI-5, by polarizing optical microscopy, x-ray 
scattering, and differential scanning calorimetry. The KI-5 compound exhibits many 
polymorphism including two incommensurate SA(SAmc) phases as well as cholesteric 
and helical smectic phases(TGB and Sc* phases) between the normal crystal CI and 
isotropic liquid I. The phase assingmcnt for the KI-5 compound is: 

CI c*- sAhC- S ~ C "  s A ~  c) S&+TGB C, N*O I 

It is very interesting to study the phase transition behavior of the KI-5 compound under 
pressures. In this study, the effect of pressure on the phase behavior of the KI-5 com- 
pound has been investigated by using a high-pressure wide-angle x-ray scattering appa- 
ratus equipped with a curved position-sensitive proportional countcr(PSPC) measuring 
system. 
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86 Y. MAEDA et nl. 

EXPERIMENTAL 
The synthesis and the characterization of the KI-5 compound are described elswhere1*2. 
The thermal and optical characterizations of the KI-5 compound were performed using 
a Perkin Elmer DSC 7 and Olympus polarizing microscope BH-2 equipped with a 
Mettler FP 82 hot-stage. DSC measurement of the KI-5 compound was performed at a 
scanning rate of lO'C/min. High-pressure wide-angle x-ray scattering(WAXS) appa- 
ratus used in this study is already described e l~where~9~.  The WAXS system was op- 
erated a! hydrostatic pressures up to 100 h4Pa and at temperatures up to 200'C. 
Dimethyl-silicone oil of low-viscosity(l0 centistokes) was used as a pressure transmit- 
ting medium. A PSPC counter, having a distance of 200 mm between the sample and 
itself, is capable of detecting x-ray reflections up to the scattering angle of 28=28'. The 
beryllium spindle as sample holder is sandwiched between the upper and lower 
pressure blocks wound by an electric heater. The sample in the spindle is pressurized 
hydrostatically at any desired pressure and then x-ray scattering experiments were 
performed using a Ni-filtered Cu K a  x-rays of an 12 kW rotating anode x-ray 
generator(Rotaflex RU-200, Rigaku, Ltd.). The resolution of the PSPC probe was 
less than 200 pm. X-ray diffraction patterns were taken at a counting period of 200 

second. 

RESULTS and DISCUSSION 
The DSC heating curve of the KI-5 compound in Figure 1 shows clearly two strong 
peaks of the crystal melting at 83'C and isotropization at about 193'C, in addition to the 
multiple peaks of the mesomorphic 
transitions between 14O'C and 160 
'C. In addition to the five enantio- 
tropic transitions already identified', g I on 
a very small transition is found at w' 
about 98'C, although the origin for t 
this peak is not clear at present. The 3 

8 
transition indicates clearly that an 
additional smectic phase exists 
between the normal crystal CI and , , 

mination of texture of the KI-5 
compound was performed on cool- 
ing and heating processes by a 
polarizing microscope with a Mettler 

1 %  

CI 
N* I 

1.0 

H IM I40 II# 
the S A ~ ~  phase. Preliminary exa- r I 'C 

FIGURE 1 DSC heating curve of the KI-5 
compound. 
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EFFECT OF PRESSURE ON PHASE BEHAVIOR OF LC a7 

FP82 hot stage. Cooling from the isotropic liquid resulted in the formation of an iri- 
descent cholesteric phase, in the form of cholesteric fan texture. Subsequent cooling 
produced very subtle changes in the texture until 160'C. A homeotropic texture appears 
spontaneously on further cooling the unaligned sample below 1 W C  and this texture is 
kept until the formation of the CI crystal at about 50'C. The change in texture can be 
observed reversibly. 
X-ray diffraction studies under pressures 
We performed the x-ray diffraction experi- 
ment of the KI-5 compound at various pres- 
sures up to 100 MPa. Figure 2 shows the 
scattering profiles of the sample on heating 
at atmospheric pressure. The CI crystal has 
several strong crystal reflections over the 
diffraction angle up to 20=28'. The x-ray 

pattern of the CI crystal changed to the one 
of an unidentified smectic mesophase (Sx) 
at SOT. The Sx phase shows the x-ray 

pattern having two reflection peaks at lower 
angles up to 20=5'. Although a very small 
enantiotropic transition occurs at about 98°C 
on the DSC curve, the scattering patterns of 
the Sx phase at 95°C and the SAmc phase at 
llo'C in Figure 2 are slightly different. 
The profile of the S A ~ ~  phase at tempera- 
tures above llO'C shows only a strong refle- 
ction peak at 20=2.15'. The profiles at high- 
er temperatures above 140°C show only a 
diffuse pattern. Subsequent cooling from 
200'C shows the reversible change of the 
x-ray pattern and the characteristic peak of 
the S A ~ ~  phase is observed at temperatures 
as low as 50°C. The typical pattern of the 
CI crystal can be seen at room temperature. 
The d spacings of the diffraction peaks 
larger than 1.0 nm are plotted against tempe- 
rature in Figure 3. Applying pressure on 
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88 Y. MAEDA et al. 

the KI-5 compound induces a drastic change in the thermal and structural behavior 
during the phase transition. The measurements of the x-ray diffraction patterns at 20 
and 40 MPa suggest an appearance of a new crystalline phase between the CI crystal 
and the Sx phase. The WAXS profile of the KI-5 sample at 100°C and 40 MPa is 
different from those of the CI crystal and Sx phase, indicating the formation of a crystal 
polymorph (Cn crystal). On cooling, how- 
ever, the typical pattern of the CI crystal is T I T  1 
observed at 23'C. Further increasing pres- 
sure makes clear the formation of the Cn 
crystal. Figure 4 shows the WAXS pat- 
terns of the KI-5 sample on cooling at 80 
MPa. The diffraction patterns at relatively 

tern suggesting a low crystalline solid, but 
we can see clearly a different crystalline 
pattern if the applied pressure is released 
to atmospheric pressure. The WAXS pat- 

, 

F - 
3 low temperatures show an ambigous pat- - 

2 6 10 14 18 22 26 

28 / degree 

tern at 30'C and 0.1 MPa shows a profile 
of crystalline solid with several specific 

FIGURE 4 WAXS patterns of the 
KI-5 sample on cooling at 80 MPa. 

reflections in addition to the typical reflec- 
tions from the CI crystal. This suggests 
strongly the concurrent formation of the Cn crystals with the CI crystal. The double 
endothermic peaks of the resultant samples in Figure 5 supports the concurrent 
formation of the CI and Cn crystals. Figure 6 shows the WAXS patterns on sub- 
sequent cooling process at 100 MPa. The WAXS patterns on cooling show clearly the 
structural evidence of the predominant 
formation of the Cn crystal via the Sx 
phase. Figure 7 shows the temperature 
dependence of the d spacing estimated 
from the reflection peaks of the KI-5 
compound on heating and subsequent 
cooling at 100 MPa. The relation of 
d spacing to temperature exhibits clear- 
ly the specific trend of the characteristic 
reflections of the CI , Cn crystals, Sx, 
and S A ~ ~  phases. Both crystals do not 
have the long periodicity corresponding 

FIGURE 5 DSC heating curves of the 
samples cooled at 80 MPa and 0.1 MPa. 
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EFFECT OF PRESSURE ON PHASE BEHAVIOR OF LC 89 

to the extended chain conformation of the 
KI-5 molecule. In the Sx phase, two low- 
angle reflections corresponding to the d 
spacing of about 3.0 and 4.0 nm appear. 
It is interesting to note that the longest 
d spacing of about 4.0 nm increases 
gradually with increasing temperature 
in the Sx phase. The WAXS pattern 
at 180°C shows the Characteristic pat- 
tern of the SAmc phase having a strong 
reflection at 20=2.1" and broad scat- 
tering around 20=17", while the WAXS 
pattern at 200'C shows only a diffuse 
diffraction pattern. On cooling from 
200"C, the enantiotropic transition of the 

T I 'C 

Ir aoo 

2 6 10 14 18 22 26 

20 I degree 

FIGURE 6 WAXS patterns of the 
KI-5 sample on cooling at 100 MPa. 

mesophases can be observed, except that the Cn crystals are formed predominantly at 
100 MPa. The Cn crystal shows an entirely different pattern from the one of the CI 
crystals. From this series of WAXS experiments at various pressures, the phase 
behavior of the KI-5 compound is sum- 
marized as follows. The formation of the 
Cn crystals from the Sx phase is strength- 
ened kinetically with increasing pressure 
and the Cn crystals are formed predomi- 
nantly at 100 MPa or higher pressures. 
The Sx mesophase can be discriminated 
from the Cn crystal and also from the 
S*hc phase at high pressure because the 
stable region of the Sx phase is enlarged 
with increasing pressure. Figure 8 
shows the T vs P phase diagram of the 
KI-5 compound obtained by high- 
pressure WAXS method. It is impor- 
tant to note in Figure 8 that the Sx 
phase found by the high-pressure 
WAXS is the same phase as the one 
observed by DSC at atmospheric 
pressure. From the experimental facts 

FIGURE 7 Relation of d spacing to T 
of the KI-5 sample at 100 m a :  open and 
filled symbols are the data on heating and 
cooling processes, respectively. 
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90 Y. MAEDA et a1 

obtained in this study, the Sx phase might 
be deduced to be an additional smectic C* 
phase because the the longest d spacing is 
short of the extended-chain length, 4.6 nm, 
of the molecular model for the KI-5 
compound1. A complete description of the 
Sc* phase would need precise x-ray diffrac- 
tion studies on aligned samples. In sum- 
mary, we can modify partly the Hardouin 
et al's assingmentl of the phase behavior 
for the KI-5 compound and propose the 
formation of a new crystalline polymorph 
at high pressure : 

c, c. sooL so 100 110 

P / MPI 

FIGURE 8 T vs. P phase diagram 
of the KI-5 sample. 

Cn *SC**SA~~- SC'U possibly the same process * N*- I 
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