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High-pressure mesomorphic behavior of a chiral polyacrylate by x-ray diffractionin situ
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The high-pressure mesomorphic behavior of a chiral liquid crystalline polyacrylate has been studied by x-ray
diffraction in situ. The results show the existence of monolayer smekticand bilayer smecti€* me-
sophases that coexist in the thermally untreated sample over a well-defined range of temperatures, from
ambient pressure up to 133 MPa. Hydrostatic pressures of the order of 100-220 MPa are found to affect
strongly the polymorphic behavior of the sample. The smekticmesophase, which at ambient pressure
coexists with an interdigitated smect®* structure, is stabilized over a temperature range which increases
with pressure, whereas the formation of the sme€ficphase is inhibited above 220 MPa. The pressure
increment is found to introduce static positional disorder, and to reduce the long-range positional order in the
smectic structure strongly. A transition sequence from the isotropic melt through the siegiltase to a
new crystalline structure is found by cooling isobarically down to room temperature. The proposed pressure-
temperature phase diagram suggests the occurrence of peculiar disorder-order-disorder transitions as pressure
is reduced isothermallyS1063-651X%97)12606-X]

PACS numbg(s): 61.30.Eb, 61.10.Eq

I. INTRODUCTION tural rearrangements and degradation processes in the molten
state which made the polymer promising for technological
Chiral smectic liquid crystals containing biphenylene applications.

units are currently the focus of major interest in material This paper reports the results of a high-pressure x-ray-
science[1-4]. These polymers can form chiral smead@ié- diffraction study of polyacrylate 1 performed in order to de-
phases with optimal ferroelectric and nonlinear optical chartermine the modifications induced by an external pressure to
acteristics comparable to those of their low-molecular counthe mesomorphic behavior as a consequence of the reduced
terparts. In addition, it has been shoWs| that they can molar volume. The study of pressure-induced structural
exhibit chiral smecticA* phases with electroclinic properties modifications in liquid crystallinéLC) polymers is a field of
[6]. The ferroelectric properties of the chiral smedfit-me-  research essentially unexplored, and only few reports are
sophase and the peculiar electroclinic response of the chirgivailable in the literature concerning this topi4—18. In
smecticA* phase have shown great potential in a variety oft"€ mesophases of LC polymers, the mesogenic and poly-
electro-optic applicationg7—9]. These findings have stimu- Meric properties are closely coupled, and the macromolecu-
lated further investigation into the synthesis and properties o’ Packing arises from a critical interplay between the order-

. . . : ity, as imparted by anisotropic interactions
chiral smectic polymers containing the biphenyle cdr@]. Ing propensi . ! . ;
In recent pager)éll 19 it has begen reporr)ted t):1e synthesis among the mesogenic groups, and the chain constraints dic-

and the liquid crystal behavior of the chiral polyacrylate 1’tated by the configurational characteristics. In principle these

based the biohenvl . it d7 thIatter should be strongly affected by pressure as a conse-
ased on the biphényl mesogenic moiety spaced from Suence of the variation of the molar volume. Apart from the

backbone by a heptamethylene spacer and substituted in the, jamental interest, these studies are also interesting from
4-position by a methylbutoxy group. an applicative point of view, since they allow one to explore
§ . the possibility of extending the interval of thermal stability
of the chiral smectic mesophases, in particular up to room
(H=COO(CH,),0 OCHZCIHCHZCH3 temperature, by submittingahe materiari to an exteprnal pres-
CH, CH, sure. This possibility seems to be promising since high-
1 pressure treatment does not necessarily imply a complication
in the material processing, as high pressures are routinely
used in polymer industry.
This polymer is one member of a family of side-chain poly- The pressure-temperature phase diagram of polyacrylate
acrylates consisting of variously spaced and substituted bit, derived on the basis of the experimental observations,
phenilene unit§13]. The x-ray-diffraction patterns at ambi- highlights the strong influence of hydrostatic pressures of the
ent pressure showed the existence of monolayer smattic- order of 100—-220 MPa on the polymorphic behavior of the
and bilayer smecti€* mesophases which coexisted over apolymer. In particular, it shows that a pressure-induced sta-
well-defined range of temperature. The high thermal stabilitybilization of the chiral smecti&x* phase of the polyacrylate
of the mesogenic unit combined with the relatively low tran-can be achieved, and suggests the occurrence of a peculiar
sition temperatures of polyacrylate 1 prevented microstrucdisorder-order-disorder transition as pressure is reduced iso-
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FIG. 1. Schematic representation of the macromolecular ar- é
rangementa) in the Sy, and(b) Scx, mesophases. 2 A
—
thermically. The former effect was reported in a previous 3
paper[14]. The pressure effects on the smectic ordering are

guantitatively evaluated in terms of the modification of both
the electron density profile along the normal to the smectic
layers, and the positional smectic order parameters.
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FIG. 2. Selected x-ray-diffraction patterns obtained during the

Il. EXPERIMENTAL DETAILS first heating cycle with the sample under a pressure of 133 MPa.

The experiment was carried out by using the small-angle
x-ray scattering camera of the high brilliance beam(it®  deduced from the experimental diffraction pattern, indicated
at the European Synchrotron Radiation Facility, Grenoblethe presence of a minor interdigitation of the terminal sub-
France, equipped with a high pressure cell which can operatgituents, thus indicating that the configuration of the side
up to 1 GPa at temperatures up to 570[19]. This cell  chains does not depart considerably from the fully extended
consists of a cylinder of hardened maraging steel with a pergne. |n agreement with this, the high values of the positional
pendicular bore for the x-ray windows. Pressure is producedmectic order layer parameters calculated for the first five

by a piston driven by a hydraulic oil pump through @ me-p4monics of the positional distribution function suggested a
chanical amplifier. Heating is provided by an external coil,\ye|-ordered layer structure.

and the temperature at the sample_position is megsured py aFigure 2 shows selected x-ray-diffraction patterns mea-
standard thermocouple place_d_out5|de the pressurized regiof),req during the first heating cycle with the sample under a
short below the sample position. Measurements were pefassyre of 133 MPa. At a temperature of 430 K four Bragg
formed on a 3-mm-thick powder sample at two differentyeays are visible in the diffraction pattern recorded for a
pressure$133 and 220 MPg in the temperature range be- gample not thermally cycled, whereas at the same tempera-
tween 300 and 500 K; the highest temperature in all caseg,re ynder atmospheric pressure the sample is in the isotropic
being above the clearing point of the sample. The wavejiqyid phase. A similar pattern is observed up to about 450
length of the incident beam was=0.0763 nm and th& K Three of the Bragg peaksignals 1, 2 and 3correspond
range explored varied between 0.63 and 5.03 hnfq g spacingsl which are in the ratio 1:2:3, and are associated
=4 sind/\). with a Sc«, lamellar structure with periodicitdc=42.1 A;
the fourth one(signal 4 is characteristic of &,x4 structure
Ill. RESULTS AND DISCUSSION with layer thicknessl,=25.2 A. Therefore, under these con-
ditions the Sc«, and Sp«; mesophases coexist, as already
observed at ambient pressure in the temperature range be-
A detailed description of the mesomorphic behavior of thetween 373 and 406 K11]. Above a temperature of about
sample at atmospheric pressure was reported in a previods0 K, only theS,«; mesophase is still present, and persists
paper[11]. On cooling down from the isotropic liquid, two up to about 460 K where finally isotropization occurs. Figure
different disordered smectic structures, namely, a bilayeB shows the trend of thd spacing of both the bilayer and
smecticC* (Sc+,) and a monolayer smectis* (Sy«1), CO-  monolayer smectic mesophases with temperature, in the ther-
exist in the temperature range between the isotropizatiomal range covered in the first heating cycle. We observe a
point (T=406 K) and T=373 K. However, theS,«, phase temperature dependence much slighter than that measured at
occupies a volume fraction which becomes progressivelatmospheric pressufd 1], which is in agreement with the
smaller as the temperature is reduced, and finally disappearsduced molar volume available at high pressure. The rela-
at about 373 K. Below this temperature, Bg, mesophase tive contractionAd/d of the layer spacing on passing from
is stable, down to room temperature where no crystallizatiomtmospheric pressure to 133 MPa is similar for the two me-
is observed even after prolonged annealing. Bae; me-  sophases, i.eAd/d=6.6% andAd/d=7.5% for the Sy«
sophase is not observed in the first heating of a thermalland Sc«, phases, respectively. This means that the pressure
untreated sample, but it appears above 373 K in all the theincrement has essentially the same effect on the structural
mal cycles following isotropization, which highlights the reorganization of the macromolecules in the different smec-
enantiotropic nature of this phase. A schematic picture of théic domains due to the reduced molar volume. However, the
macromolecular organization in the two mesophases ibtigher value ofAd/d for the Scx, mesophase reflects the
shown in Fig. 1. The electron density profij¢z) along the  higher layer compressibility of this structure as a conse-
normal to the smectic layers in the smedfit-mesophase, quence of the bilayer interdigitated arrangemiéfig. 1(b)].

A. Mesomorphic behavior at 133 MPa
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FIG. 3. Temperature dependence of thepacing of the bilayer
smecticC* mesophaséfull dots) and the monolayer smecti*
mesophaséopen squargsn the thermal range covered by the first
heating cycle.

) ] ) FIG. 5. X-ray-diffraction patterns recorded during the first cool-
Figure 4 shows selected x-ray-diffraction patterns meamg cycle atp—133 MPa, for temperatures between 428 and 388 K.

sured during the first cooling cycle at 133 MPa. The smecticrhe sample does not exhibit tie«, structure observed in the first

A*— isotropic phase transition is reversible on cooling, antheating cycle, but undergoes a phase transition from the monolayer
the Sy«; phase appears again below 445 K. The intensitys,, 1o the crystalline phases.

increase of the peak characteristic of $&, phase, as the

temperature decreases, is shown in the inset of Fig. 4. How- _ . . )

ever, as shown in Fig. 5, a further temperature reduction doe¥nerep(2) is the electron densityp) its average valu , is

not result in the formation of th&cx, mesophase. Crystal- e structure factor of th€00”) reflection, d. is the layer
lization begins instead below 420 K, and is completed afPacing, and the origin of theaxis is chosen in the middle
about 390 K, as shown in detail in Fig. 6. The diffractogram®f the smectic layer. The phase problem was solved by using
of the solid phase is similar to the one of tBg,, but the & pattern recognition approach based on the histogram of the

positions of the Bragg peaks are no longer in the 1:2:3 ratio®'€ctron density mapp(z) [21], following the same steps
detailed in Ref[11]. The results are shown in Fig. 7, where

they are compared with the profile at ambient pressure. The
two minima of Ap(z) correspond to the aliphatic spacers, the
The presence of several orders of reflection in the x-raytwo principal maxima are associated with the mesogenic
diffraction patterns of th&c«, phase means that the projec- cores, and the two secondary maximaat=0.5d. are due
tions of the electron density along the normal to the smecti¢o the polymer backbones. At ambient pressure, the high
layers cannot be described by an ideal single sinusoidalalue of the secondary maxima indicates that the backbones
modulation. Such behavior, already shown at atmospheriare strongly confined between adjacent sublayers of me-
pressure, is different from the one of conventional smectiGogenic cores, whereas the extension of the principal maxima
phases encountered in low molar mass systgd® The alongz, corresponding approximately to tlaeprojection of
projection of the electron density profile along the normal the length of the mesogenic cores, indicates only a small
to the smectic layersip(z), in the Sc«, phase was calcu- expansion due to the translational fluctuations of the chains.
lated as a Fourier sum from the intensity of the Bragg peakg#ccordingly, at atmospheric pressure the configuration of the

B. Electron density profile in the Sc«, mesophase

(1, 2, and 3 in Fig. 2 side chains does not depart considerably from the full ex-
3 tended one. This situation is modified by applying pressure:
p(2)—(p) , Z the secondary maxima have a smaller relative intensity and a
Ap(Z)=[< > — 2 1/222 F/CO 27T/d_ y
p(2))—=(p)°] /=1 C
()

_rl'l'l'l‘l'l'l'_

I p=133 MPa ]

Covevtonvelnrentannatoinlinaidersn = C 28K T
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FIG. 4. X-ray-diffraction patterns recorded during the first cool-
ing cycle atp=133 MPa. The inset shows the evolution of the  FIG. 6. Temperature evolution of the diffraction intensity in the
intensity of the peak characteristic of the sme&itmesophase. angular region of the smectic reflection.
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T F =2, ( exp(2mi/ zpn/de) ) mexp( 2w / 2o Idc).
E{ £ P (4)
-g E 7
=~k % If z,, is supposed to be the same for all atoms in the mol-
LN\ / 3 ecule, then the intensitly, of the 00~ reflection can be writ-
% - =] — 133 MPa - ten as
I e 100 KPa .
oo e vy ey v bw oy 40y 0 3
05 03 0.1 01 03 05 | ,=C|F|?=7%19, (5
2de A

. _ ~whereC is a proportionality constant, ana is the intensity
FIG_. 7. Electroq density profile along the nor_mal to the_ smecticigr g perfectly ordered smectic layer. When more orders of
layers in the smecti€* phase, calculated at ambient and high pres-refiection are observed, as it is for polyacrylate 1, then the
sure from the intensities of the Bragg peaks. assumption of a simple model fof. and a form forf(z)

larger width, revealing a distortion of the backbones. The]teor:a]alze)s[gz]to obtain,. By assuming a Gaussian distribution

principal maxima get closer to each other as a consequence
of the layer thickness contraction which results in a stronger f(z)=[2m(z2)] Y2exp( — 222(22)), (6)
interdigitation of the terminal substituents. From the position

of these maximaz==0.11dc, it is possible to obtain a the smectic layer order parameters take the form

reliable estimate of the average tilt angl®f the side chains

with respect to the layer normal In fact, if we assume that r,=exp — 2w/ X z%)1d2), (7)

the main maxima correspond to the position of the centers of

the aromatic cores and consider the side chain in the fullyhere (z?) is the mean-square displacement of the atoms
extended conformation, an average tilt angleBef28°+3°  along the normal to the smectic layers, i.e., the mean-square
is found. This value is very close to the ong=30°, ob- longitudinal fluctuation of the layers. From E&) we obtain
tained at atmospheric pressure from the x-ray-diffraction pat-

tern of the oriented mesophase of the fiber saplé The ., 7.,1%,
substantial coincidence of these values indicates that the I, = 7_3 —|9 . (8

layer compression associated with the pressure increment is
absorbed by the sample through a stronger interdigitation of T intensity rati0519 1“(/’ (/=1,2,...) can be calcu-
the terminal substituents, without any appreciable modificajzeq for a simple modél where the side chains assume a
tion of the tilt angle. _ planar fully extended conformation, with an average tilt
Moreover, the broadening of the other features of the,ngie of 28° to the layer normal. The values obtained are not
electron density profile indicates an increase of the posmona‘}ery sensitive to the details of the model, especially for the
disorder inside the smectic layer. This effect is itati ; ; oy ;
: : yer. | _quantltatlvelybwer values of/. In particular, with/'=1 we obtainl 5/19
estimated by calculating the positional smectic layer order

: £ th itional distribution functi t th =2.05. The ratiol,/l, is determined from the x-ray-
parameters of the positional distribution tunction ot € gt o tion data, and the value obtained &&431 K is
smectic layersf(z).

1,/1,=0.21. With these values fd§/12 andl,/I,, Eq.(8)
gives 7,/ 7y=0.32. Expressing the ratio,/ 7, by means of
Eq. (7) finally gives the average square fluctuation of the
Following the procedure described is Ref82,23, f(z)  smectic layers (z%))*?=5.84 A. Once we determined
can be expanded in terms of a Fourier series (222, Eq. (7) allows one to calculate the whole set of po-
sitional smectic order parameters. In particular we find

” z = = = i -
1+ E 27/c05<277/— )) / de. ) 7,=0.68, 7,=0.22, andr;=0.03 for the first three harmon
/=1

C. Positional smectic order parameters

f(2)= dc ics of the distribution function. A similar calculation per-

formed for theSc+, mesophase at ambient pressure and tem-
wherer,=(cos(27/'z/d¢)) is a smectic layer order param- peratureT=363 K [11] gave a lower value of the average
eter, which ranges from 1 for the perfect layer structure to Gquare fluctuations{zz>l/2= 3.13 A, and higher values of the
for absence of layer structuring. The scattering fagtpifor ~ positional smectic order parameters, i.e;=0.91, 7,
the scattering vectay along thez direction can be written as =0.69, 73=0.43, 7,=0.22, andrs=0.09 for the five har-
monics experimentally observed. The faster decayrof
_ C compared to ambient pressure is a consequence of the stron-
F/_% (fmexp(2mi/ zr/do)), © ger fluctuations of the layers, in agreement with the expan-
sion of the electron density maxima shown above. However,
wherem denotes the atoms in the moleculg, is the atomic  the stronger thermal fluctuations due to the higher tempera-
form factor of themth atom, and the average is taken over alltures of theSc«, mesophase stability range at high pressure
molecular configurations. If we indicate lay,, thez coordi-  are not sufficient to account for the observed increment of
nates for a perfectly ordered smectic structure=€1), then  (z2)¥2 with increasing pressure. In fact, according to the
z,,=Zmot+zm, Wherez,, gives the fluctuation of thenth  model of de Gennes and Pr¢g0], the mean-square fluctua-
atomic position around,,g, and Eq.(3) can be written as  tion in a smectic liquid crystal can be written as
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kT

b L
(Z)=ZmB

E) , (9) T=418K
220 MPa

In

wherekg is the Boltzmann constant, is the absolute tem-
peratureL is the linear size of the smectic domaahjs the
layer spacingB is the elastic constant for compression, and
\ is a characteristic length of the material of the order of the
layer thickness. In practice, a simple proportionality relation
between(z?) andT holds if we consider that the constants in
Eq. (9) are only slightly temperature dependdatpecially
far from the smectic to isotropic phase transijiobhis tem- -
perature scaling law was experimentally verified for the .

sample at ambient pressure, by comparing the values of 0 oz o2 08 os
(%) calculated at room temperature andTat363 K. From 2% (nm™)

Eq. (9), we obtain (z2)|1—431=(431/363)2?)| 1= 363, i.€.,
(z%)Y2=3.41 A. Accordingly, the remaining difference be-
tween this value and the one measuredpatl33 MPa,
(z2)Y2=5.84 A, is a direct consequence of the pressure ef-

fects on the structural properties of the mesophase, and cafowever, we should expect that a pressure increase results in
be explained in terms of the induced static positional disora higher layer rigidity for compression and, therefore, in
der of the smectic layers as a consequence of the reducéddgher values oB. According to these considerations, any
molar volume. If we neglect, to a first approximation, the pressure increment acts in the sense of redu¢Ap differ-
pressure dependence of the const@tk, andd in Eq.(9), ently from what was experimentally observed. This result
and assume a Gaussian distribution function for the statisupports our interpretation of the pressure-induced increment
disorder [25], we can write the mean-square fluctuationof (z?) as an effect of the increment of the static positional

Intensity (arb. units )

133 MPa |

FIG. 8. Diffraction patterns recorded at 418 K at 133 and 220

(z?) as the sum of two contributions disorder, even though, to account for the unknown pressure
dependence 0B, the value(z?)p=4.74 A must be consid-
(22 =(2*)1+(2%)p, (10)  ered as a lower limit for the static positional disorder.

where the first term represents the thermal contribuftm D. Mesomorphic behavior at 220 MPa

(9)], and the second one is the mean-square fluctuation of the After reaching the minimum temperatur€=363 K, in
layers due to the static positional disorder. From the knowlthe cooling cycle ap=133 MPa, a further increase of pres-
edge of (z)?=5.84 A and(z?)¥?=3.41 A, the value sure up to 220 MPa does not modify the crystal habit of the
(22)¥2=4.74 A can be estimated by means of EtD). This  sample, but only produces a contraction of the crystallo-
result shows that the effect of the static positional disordergraphic cell, as revealed by the shift of the Bragg peaks.
which is negligible at atmospheric pressure, at high pressurdowever, the range of stability of the crystal phase is ex-
is of the same order as that due to the thermal fluctuationstended to higher temperatures. In fact, as shown in Fig. 8, at
A more accurate evaluation ¢£%)p should take into ac- T=418 K andp=220 MPa, the system is still in the crystal-
count the pressure dependencé i+, i.e., the variation of line phase, whereas at the same temperaturga83 MPa
the quantities, L, andd in Eq. (9) with pressure. A reliable the smecticA* order is dominant. At higher temperatures, a
estimate ofL can be obtained by means of the Scherrer forfeak corresponding to a periodicity di=25 A appears in

mula[26] the diffraction pattern at =428 K, indicating the beginning
of a transition toward &,x, phase which is completed only

0.9 at 463 K (Fig. 9. The range of this transition is unusually

L= A(q/2m)’ (1) large even for a polymeric liquid crystal, and reflects the

whereA(q/27) is the full width at half maximum(FWHM) ]
of the Bragg peaks in thevs q/27 experimental curvéFig. 5

T
1

2). The values obtained fak(q/2m), after deconvolution of b @D A ®
the Bragg peaks for the instrumental resolution function, are . © N7 @
41x10 % A-! (at atmospheric pressyreand 7.9 1t

x10~* A~1 (atp=133 MPa which correspond th ~1140 K ®/\ ] ® ]

and 220 A, respectively. In additiod,varies from~46 A, at
atmospheric pressure, te42 A, atp=133 MPa. Therefore b ]
both quantitiesL. and d, reduce with increasing pressure. o] b
However, the reduction of being rather small and the de- 01 03 05 07 01 03 05 07
pendence orl/d relatively weak[see Eq.(9], this effect g/2m (nm™)

does not seem to play a critical role in the above calculation

of the static positional disorder. Concerning the elastic con- FIG. 9. Temperature evolution of the diffractograms recorded
stantB, experimental values are not known, and no theoretduring the heating cycle at 220 MP@) 419 K, (b) 423 K, (c) 437
ical model is presently available for its pressure dependencé, (d) 447 K, (e) 456 K, (f) 463 K, (g) 473 K, and(h) 493 K.

(a) 1T (e)

Intensity ( arb. units )
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FIG. 10. Diffraction patterns obtained on cooling from the iso-

tropic melt, with the sample under a pressure of 220 MPa. FIG. 11. Proposed pressure-temperature phase diagram for the
investigated polymer. The symbols refer to the isotropic nfielt

reduced mobility which follows the molar volume contrac- and monolayer smectia* (Sy+), the smecticS* (Sc«), and crys-
tion. TheS,«, phase is stable up to 493 K, where isotropiza-talline (K) phases. The broken lines show the pathways along which
tion occurs. measurements have been carried out. The shadowed regions indi-

By cooling down isobarically from the isotropic melt cate the uncertainties on the phase boundaries.
(Fig. 10, the Sa+4 phase is regained at about 460 K, and
remains stable down to about 400 K, where a short-rangemecticA* phase fopp>100 MPa. The interval over which
crystalline order starts to develop, as revealed by the appeathie polymer exhibits theS,«; structure becomes progres-
ance of broad and diffuse diffraction peaks. The effect of thesively larger as pressure increases, mainly because the tran-
pressureg on the smectic long-range positional order can besition to the solid phase shifts toward lower temperatures.
determined by considering the behavior of the longitudinalThis finding suggests that a further increase of pressure could
correlation length in theS,«; mesophaseg,, whenp is  resultin the extension of the smec#¢-order down to room
raised from ambient pressure up to 220 MPa. The correlatioklemperature. Moreover, if the proposed phase boundaries are

length is calculated as correct, an isothermal increase of pressure at temperatures
around 420 K should result in a reversible isotropiccrys-
2 talline — smectic transformation sequence, which appears to
g”_A_q' (12 pe an unusual behavior.

whereAq is the FWHM _of the Lor_ent2|an curve describing IV. CONCLUSIONS

the shape of the diffraction peak in the experimental pattern

deconvoluted for the instrumental resolution function. The The phase behavior of a chiral side-chain polyacrylate has

values obtained arg~400 A, at ambient pressure, agd  been observed upon increasing pressure up to 220 MRa by

~100 A at pressures higher than 133 MPa. The reduction oéitu x-ray diffraction. The modifications of the macromo-

the correlation length with increasing pressure up to 133ecular organization in th&:«, mesophase have been dis-

MPa is in agreement with the measured increment of theussed in terms of the electron density profile along the nor-

static positional disorder. The constant value¢épbbserved mal to the smectic layers. The pressure effects on the smectic

above 133 MPa clearly indicates a saturation which isordering have been quantitatively estimated by calculating

reached as a consequence of the minimization of the moldhe variation of the positional smectic order parameters and

volume (compatible with the steric packing requiremgnts the longitudinal correlation lengths. The stabilization of the

This is also confirmed by the constancy of the layer spacingmecticA* phase at high pressure has been shown. This

above 133 MPa. could play a significant role in technological applications of
On the basis of the observations described, the schematahiral liquid crystals for electro-optical devices and compo-

pressure-temperature phase diagram shown in Fig. 11 haents.

been deduced. It refers to the behavior of the system when

the temperature is lowered |sobar|ca_lly from high to room ACKNOWLEDGMENTS

temperature. Of course, the boundaries must be considered

only as tentative lines interpolating the experimental data. Itis a pleasure to thank Professor E. Chiellini and Profes-

An increase of the clearing point with the pressure is evidentsor G. Galli, of the University of Pisa, Italy, who provided

but the most salient feature is the stabilization of thethe samples used in this investigation.

[1] K. Kondo, S. Eera, M. Isogai, and A. Mukoh, Jpn. J. Appl. [4] G. Scherowsky and M. Sefkov, Lig. Cryst2, 355(1992.

Phys.24, 1389(1985. [5] L. Komitov, S. T. Lagerwall, B. Stebler, E. Chiellini, G. Galli,
[2] G. Decobert and J. C. Dubois, Mol. Cryst. Lig. Crys44, 199 and E. Dossiunpublishedl
(1987. [6] S. Garoff and R. B. Meyer, Phys. Rev. Le38, 848 (1977);

[3] J. W. Goodby, M. A. Waugh, S. M. Stein, E. Chin, R. Pindak, Phys. Rev. Al19, 338(1979.
and J. S. Patel, Naturgondon 339, 449(1989. [7] N. A. Clark and S. T. Lagerwall, Ferroelectrig8, 215(1984).



55 HIGH-PRESSURE MESOMORPHIC BEHAVIOR OK .. .. 7127

[8] G. Andersson, I. Dahl, P. Keller, W. Kuczynski, S. T. Lager- [18] S. Rastogi, M. Newman, and A. Keller, Natu863 55(1991J).
wall, K. Skarp, and B. Stebler, Appl. Phys. Lefil, 640 [19] P. Besecke, O. Diat, and B. Rasmussen, Rev. Sci. InstGén.

(1987). 1636(1995.

[9] G. Andersson, I. Dahl, W. Kuczynski, S. T. Lagerwall, K. [20] P. G. De Gennes and J. Proshe Physics of Liquid Crystals
Skarp, and B. Stebler, Ferroelectrig4, 285 (1988. (Oxford University Press, Oxford, 1983

[10] E. Chiellini, G. Galli, F. Cioni, E. Dossi, and B. Gallot, J. [21] V. Luzzati, P. Mariani, and H. Delacroix, Macromol. Chem.
Mater. Chem3, 1065(1993. Macromol. Symp15, 1 (1988.

[11] ©. Francescangeli, D. Rinaldi, M. Laus, G. Galli, and B. Gal- 271 p_ 3. wojtowicz, inintroduction to Liquid Crystalsedited by
lot, J. Phys(France Il 6, 77 (1996. E. B. Priestley, P. J. Mojtowicz, and P. ShetRjenum, New

[12] M. Laus, A. S. Angeloni, G. Galli, and E. Chiellini, Termo-
chim. Acta227, 49 (1993.

[13] E. Chiellini, G. Galli, F. Cioni, E. Dossi, and B. Gallot, J.
Mater. Chem3, 1065(1993.

[14] R. Caciuffo, O. Francescangeli, B. Paci, P.sBoke, C. Fer-
rero, and M. Lorenzen, Europhys. Le8#, 501 (1996. [24] A. J. Leadbetter, J. C. Frost, J. P. Caughan, G. W. Gray, and A.

[15] Y. Maeda and J. Watanabe, Macromoleci28s1661(1995. J. Mosley, J. Phys(Parig 40, 669(1979' ) . .
[16] Y. Maeda, N. Tanigaki, and A. Blumstein, Mol. Cryst. Lig. [25] R. Hosemann and S. N. Bagchlirect Analysis of Diffraction
Cryst. 227, 407 (1993. by Matter (North-Holland, Amsterdam, 1962

[17] S. Rastogi, M. Newman, and A. Keller, J. Polym. Sci. Polym. [26] B. D. Culiity, Elements of X-Ray Diffraction(Addison-
Phys.31, 125(1993. Wesley, Reading, MA, 1978

York, 1974.

[23] A. J. Leadbetter, imhe Molecular Physics of Liquid Crystals,
edited by G. R. Luckhurst and G. W. Gragcademic, Lon-
don, 1979.



