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The molecular dynamics of a side-chain polymer liquid crystal with a(padéghyl acrylate¢ backbone and a
(p-alkoxy-phenyl-benzoate mesogenic group have been studied in the unaligned state as a function of tem-
perature and pressure using dielectric spectroscopy. Polarizing optical microscopy, differential scanning calo-
rimetry, and pressure-volume-temperatuR/(T) measurements revealed three transition temperatures sepa-
rating four phasesglass, smectic, nematic, and isotrgpibDifferent dynamic processes have been identified
reflecting librational modesgy procesy local relaxation of the mesogenic grogg procesg the segmental
mode(a proces$ associated with the dynamic glass transition, and a slower prééesecess reflecting the
side-chain dynamics within the liquid crystal order. Pressure exerts a stronger influencecoastitempared
to the & process. Starting from the nematic phase, pressure was found to induce the nematic-to-smectic
transformation. The associated dynamic changes were in excellent agreement vt Tiresults implying
that the dynamics are directly coupled to the thermodynamic state. Pressure was found to enhance the stability
of the smectic order within thB-T phase diagram.
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[. INTRODUCTION first was on unaligned polyacrylates wititcyano-phenyl
benzoate side group forming a nematic phekH. The di-
Thermotropic polymer liquid crystals are hybrid materials electric measurements were made for some temperatures in
that exhibit similar mesophases characteristic of ordinary ligthe range from 323 to 413 K, for frequencies in the range
uid crystals, yet retain the useful and versatile properties 010 2 to 1¢° Hz and for pressures up to 5 kbar. It was found
polymers. Among the different polymer liquid crystals, side-that pressure can induce an isotropic-to-nematic transition
chain polymer liquid crystals are by far the most promisingwith a dTy,/dP of 40 K/kbar. Furthermore, from the two
[1,2]. Side-chain polymer liquid crystals, where the mesogenelaxation processes identified asnd é relaxation, the lat-
unit is attached on the side chain of a polymer backboneter was found to be less affected by pressure and thus less
have attracted a lot of attention because of their commercialolume demanding. The second std@] dealt with a side-
applications ranging from high strength materials such ashain liquid crystalline polysiloxane, studied in the tempera-
fibers to optical nonlinear devices including waveguides andure range from 323 to 358 K, for frequencies in the range
electro-optic modulators in poled polymeric slab wavefrom 10 to 16 Hz and for pressures up to 1.5 kbar. Two
guides. A key point for the use of polymer liquid crystals in relaxation processes have been identified, discussediad
the display industry is the response time to an external elecs process, with the latter showing much narrower width. The
tric field that is determined by the reorientational dynamicsfact that thes process had a width close to a single relaxation
of the polymer backbone and of the mesogen. time process was discussed as revealing a different mecha-
This requirement motivated several investigation of thenism for motion as compared to the more cooperatiy@o-
dynamics in thermotropic side-chain polymer liquid crystalscess. The third studj13] was made on two unaligned de-
mainly by dielectric spectroscopfDS) and NMR [3-15.  rivatives (called H3 and H9) of poly(norbornene
Temperature, however, is not the only determining factordiethylestey with different spacer length& and 9 giving
Pressure, based on simple thermodynamics, should also afse to a nematic and a smectic mesophase, respectively.
fect the mesoscopic structure but, until now, a completeMeasurements were made in the temperature range from 190
phase diagram for polymer liquid crystals is missing. to 433 K, for frequencies in the range from #oto 10° Hz
There have been three reports on the effect of appliednd for pressures up to 3 kbar. It was shown that the seg-
pressure on the dynamics of liquid crystalline polymers. Themental(«) process reflects the dynamic glass transition and
that the slower(é) process, observed only in the polymer
with the longer spacer lengttH@), reflects the side-chain
*Corresponding author. Email address: gfloudas@cc.uoi.gr dynamics within the smectic layers. The possibility of com-
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FIG. 1. Schematic of the structure of the side-chain polymer
liquid crystal.

plete reorientation of the mesogen around the backbone was
excluded as a dynamic process due to the double bonds in
the norbornene backbone that restrict such a motion. In ad-
dition, it was shown that the two modes merge by decreasing
temperature and by increasing pressure, suggesting a com-
mon origin under conditions of low and/or high compres-
sion.

In the present study we employ a side-chain liquid crys-
talline polymer, composed from d&p-alkoxy-phenyl-
benzoate side chain linked to a p@ikyl acrylate backbone
by six methylene spacer units exhibiting multiple me-
sophases and investigate the effect of temperature and pres- ) )
sure on inducing phase transformations. Our aim is to con. /G- 2. Optical micrographs taken at 366 (fop) and 393
struct aP-T phase diagram and to investigate the stability of (bottlonj Correspondmg 0 .the smectic and nematic phases,
the different ordered mesophases. Furthermore, we investri?SpeCt'vely' The size of the micrographs is 208 X 150 um.
gate how the dynamic processes are coupled to the therm
dynamic state of the system. For this purpose we emplo
both “static” [i.e., pressure-volume-temperatufg\(T), dif-

Pﬁeating. Two exothermic peaks exist on cooling followed by
% glass transition. On heating, the glass temperature is lo-

; . . . cated at 300 K(with a heat capacity step ofAc,
ferential scanning calorimetryDSC)] as well as dynamic —0.6 J/gK) followed by two endothermic peaks at 370 K

probes(i.e., dielectric spectroscopywWe found that there is a {}H — 2.5 J/g) and at 397 KAH = 2.6 J/g) corresponding to

nice correspondence between the thermodynamic state arﬂ‘| X ; 4 : .
the associated dynamics. the §mecﬂc—to-nerr_1aﬂ¢8l\b and nematic-to-isotropi¢NI)
transitions, respectively.

The pressure-volume-temperature\(T) measurements
Il. EXPERIMENT were made using a fully automat@NOMIX high-pressure
dilatometer. The powder material was modeled at 473 K

The structure of the polymer is shown in Fig. 1. )
Poly g prior to the measurements and abdug was used in the

The weight- and number-averaged molecular weights we

; : / ts. We first performed runs by changing pres-
13500 and 5900 g/mol, respectively. Details on the SyntheSIEneasuremen g
and chemical characterization can be found in RefsSUres from 10 to 200 MPa (1 MP<.01 kbar) in steps of 10

[16,17. MPa at constant temperaturé=., under “isothermal” con-

A Zeiss polarizing optical microscope was used togethepitions) from 300 to 473 K Subseq_uently, measurements
with a Linkam heating stagéTHMS 600) with temperature were made by heating/cooling experiments with a rate of 1

programmer. The experiments were made by heating to a _”_““" a.tdifferent fixed pressurége., under “isobaric” con-
initial temperature T=410 K) corresponding to the isotro- itions) in the range from 10 to 100 MPa. The result from the

pic state followed by subsequent cooling to temperatures Co;js:)etr;ermal” measurements is shown in Fig. 3 at some pres-

. T . u
responding to the liquid crystalline structures. Subsequentl§ The setup for the pressure dependent dielectric measure-

images were taken corresponding to the smectic ( i isted of the followi ived el h
=366 K) and nematic T=393 K) regimes. Representative ments consisted of the Tollowing partdescribe elsewnere
n detail: temperature controlled sample cell, hydraulic clos-

optical microscopy images are shown in Fig. 2 with textured . .
exhibiting a smectic(x rays identified a smectid me- Ing press with pump, and a pump for hydrostatic test pres-

sophaspand a nematic mesophase, respectively. sure. Silicon oil was used as the pressure transducing me-

A Mettler Toledo Star DSC capable of programmed cyclic
temperature runs over the range 113-673 K was used.
Samples were first heated with a rate of 10 K/min to tem-

i ) : Sampl M M Tq K)  Tyansiion (K)  AH (J/
peratures corresponding to the isotropic state and subsga"P® h " g (K) Transiion (K) /9

TABLE I. Molecular characteristics and transition temperatures.

guently cooled to 273 K with the same rate. The experiment 370 K
was repeated with a rate of 5 K/min and the results for theeas 13500 5900 300 S——N 2.5
transition temperatures and enthalpies obtained with the low- 397 K
est rate(5 K/min) are summarized in Table |. Typical DSC N— | 26

traces are shown in Fig. @op) on cooling and subsequent
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N 04 T T dium. The sample cell consisted of two electrodes of 20 mm
Q A diameter and a sample with a thickness of pth. The
A 0zl " -—-—~————\ ] sample capacitor was sealed and placed inside a teflon ring to
g . ;T separate the sample from the silicon oil. The dielectric mea-
= 021 \—_“‘ﬂf“ﬁr—"‘# ] surements were made at different temperatures in the range
3 163 to 413 K, for pressures in the range from 1 bar to 3 kbar,
T o S e e and for frequencies in the range from ¥oto 1P Hz using
{Glass|  Smectic Nemati  Isotropic a Novocontrol BDS system composed from a frequency re-
0.08 - sponse analyze(Solartron Schlumberger FRA 126@nd a
broad band dielectric converter. Measurements in the fre-
0.06 1 quency range from foto 1 Hz were made with a coaxial
reflectometer based on th&P4191 impedance analyzer.

0.04 1 The complex dielectric permittivitg* =&’ —ie”, where
e’ is the real an&t” is the imaginary part, is a function of
frequency , temperature T and pressure P, &*

=&*(w,T,P). In Fig. 4, some representative dielectric loss

AV (cm’g)
g

0007 T.(P) spectra are shown under isobarl=¢ 1 bar) and isothermal
S (T=363 K) conditions. The spectra reveal multiple relax-
002 7 ation processes which are indicated with the Greek lefiers
oo a, and § by increasing temperature. In the analysis of all DS
"T280 300 320 340 360 380 400 420 440 460 spectra we have used the empirical equation of Havriliak and
T (K) Negami(HN) [18]
FIG. 3. (Top) DSC trace of the polymer taken on cooling and e*(T,P,w)—e.(T,P) 1

subsequent heatin@ith a rate of 10 K/min indicating a glass ((B)]
transition at 300 K, a smectic-to-nematic transition at about 370 K
and a nematic-to-isotropic transition at 397 K. The transition tem-
peratures are indicated by vertical lin¢Bottom) Relative change  \here r,,(T,P) is the characteristic relaxation time in this
in the specific volume 4AV) as a function of temperature for dif- equation, Ae(T,P)=e4(T,P)—e..(T,P) is the relaxation
ferent pressures in the range from 10 to 200 MPa. The data Wer&trength of the process under investigation, andy de-
obtained undgr “isothermal” conditions. The lines throu_gh_the 1oscribe, respectively, the symmetrical and asymmetrical
MPa data points are guides to the eye. The arrows '”d'“?‘te thBroadening of the distribution of relaxation times. In the fit-
pressure dependence of the glass temperafiye 6f the smectic- ting procedure we have used thévalues at every tempera-

to-nematic transitionTsy), and of the nematic-to-isotropic transi- .

tion (Ty,). Notice the steeper dependencies of the first order tran'Eure and pressur_e and in some case_sath@la?a were also
sitions as opposed to the glass temperature. These dependencies'é?@d as a Consflsten'cy check. The linear rise of.d’hea;t
discussed in more detail with respect to Fig. 10. lower frequencies is caused by the conductivity

As(T,P) T+ [lon(T,P)]"

1

T T=363K

P

0.1

102 10" 10° 10" 10® 10° 10* 10° 10° 10" 10° 10" 10® 10° 10* 10° 10°
f (Hz) f (Hz)

FIG. 4. Dielectric loss spectra plottgteft) at atmospheric pressure for different temperatiitds: T=303 K, (¥): T=308K, (#):
T=313K, («): T=318K, (»): T=323 K] and (right) at 363 K for different pressurdsM): P=0.1 kbar, (OJ): P=0.3 kbar, (®): P
=0.6 kbar, (O): P=0.9kbar, (A): 1.2 kbar, (A): P=1.5kbar, (¥): P=1.8kbar, (V): P=2.1kbar, (¢): P=2.4kbar, (¢): P
=2.7 kbar,(®): P=2.9 kbar].
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FIG. 5. “Master-curve” construction of the isobarfeft) and the isothermdright) spectra using the same data as in Fig. 4 shifted to the
corresponding reference spectrum. The reference spectra we&re33 K andP=2.9 kbar for the isobaric and isothermal experiments,
respectively.

~(ooleg)w ™, whereay is the dc conductivity and, is the ~ The effect of T on the dielectric loss spectra at atmospheric
permittivity of free spackwhich has been included in the pressure(i.e., under “isobaric” conditions are compared
fitting procedure. with the corresponding spectra at 363ike., under “isother-
mal” conditiong by changing pressure in Fig. 4. Three dy-
namic processes affect the loss spectra withinTrend P
ranges shown in Fig. 4. Starting from higher frequencies, the

The results from the polarizing optical microscoffsig.  “fast” g process is followed by the intermediateprocess
2) indicated a change of the mesoscopic structure at approxand at lower frequencies by th&process. Two additional
mately 370 K that could imply a transition from a smectic to processes were foun@vhich are not shown in Fig. 4 for
a nematic order. In addition, the isotropization temperaturelarity reasons a y process at even lower temperatures and
was found at about 400 K. The same transitions affect thanother slower process under conditions of Higind lowP
DSC trace on cooling and subsequent heatffig. 3). Two  (Maxwell-Wagner polarization, see belawFor the three
first-order transitions have been identified on heating, at 37@rocesses shown in Fig. 4, increasifigesults in a strong
and 397 K, associated with the smectic-to-nematic anghift of the « and & processes to higher frequencies and to a
nematic-to-isotropic transitions, respectively. In addition, asmaller shift on the3 process. The effect of increasimyis,
glass transition has been identified at lower temperaturegualitatively, similar to decreasing, that is, all processes
(Tg=300 K). Another direct evidence of the nature of the become slower but ther and § processes are again more
transitions in PA6 is provided by thPVT measurements affected. Increasing pressure, however, has more functions
also shown in Fig. 3. Figure 3, depicts the relative volumethan just decreasing temperature. The modes become more
change AV) as a function of temperature for different pres- intense due to the densificatige procesy and due to im-
sures in the range from 10 to 200 MPa. Notice the change gfroved order(s process Furthermore, as a result of the im-
slope associated with the glass temperature and, at highproved order, pressure can stabilize certain mesopliases
temperatures, the two first-order transitions accompanied blyelow).
a stepwise increase in specific volume. The effect of com- We attempted to construct master curves by shifting each
pression on the three temperatures is very distinct. As exeurve of Fig. 4 to thex process maximum loss at a reference
pected, pressure affects the glass temperature to a lesser @xandP, by multiplying the frequency axis of each curve by
tent as compared to the first-order transitions at higheappropriate shift factors; and ap at eachT and P. The
temperaturegsee the discussion with respect to Fig.).10 result of the attempted time-temperature superpositi@s
Thus, polarizing optical microscopy, DSC aRd/T results  and time-pressure superpositi@®s) is shown in Fig. 5 and
revealed the existence of considerable mesoscopic order asveal thattTs and tPs fail over a broadf-T-P range. Small
well as transitions between the different liquid crystallinevertical shifts(with factorsb: andbp) were also required.
phases. In addition, DSC aR\V T, identified a temperature The failure oftTs and tPs reveals that the three processes
of structural arrest T,). These “static” thermodynamic have differentT and P dependencies involving different ap-
properties will be compared with the associated dynamigarent activation energies or apparent activation volumes
changes, below. (see text below

DS: temperature dependencehe DS results, performed The results from the HN fit to the relaxation times at
over a broad frequency, and P ranges are discussed next. maximum loss for each process are depicted in Fig. 6. Two

IIl. RESULTS AND DISCUSSION
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TABLE II. Activation parameters for the different relaxation
processes.

PAG 5 P B y
log(7,/9) -6.4 9.2 -16.8  —13.6
E (kcal/mol) 14.6 7.2
B (K) 237+8 218+ 26
To (K) 278.6' 278.6+2

#/alue held fixed.

the two processes will freeze at the same temperature as was
found in a recent study of the dynamics of another side-chain
liquid crystalline polymer[i.e., polynorbornene diethyl-
estej]. It has been discussed earlier, that thend & pro-
cesses reflect the dynamic glass transition and a local reori-

FIG. 6. Arrhenius representation of the relaxation times for theentation of the mesogen within the LC layers. The

different processeqA) y process (M) B process(O) a process,

(®) & process and the process corresponding to the Maxwellf

Wagner polarization(¥). The vertical lines correspond to the
nematic-to-isotropic and smectic-to-nematic transitions.

processe$B and y) with an ArrheniusT dependence exist at
lower temperatures that can be described as

2

10910 Tmax= 1091070+ 2 30RT

where 7, is the relaxation time at practically infinite tem-
perature ancE is the activation energy. The process, with
an activation energy of 7.2 kcal/mol and with a constant
albeit low, dielectric strength offAe~30 reflects a very
localized librational motion of the side chain. TBgrocess,
studied here over 11 decades in frequency, has an activati
energy of 14.6 kcal/mol and dielectric strength which varie
with T from a TAe value of 100 at lowT to about 300 at

higherT suggesting the unfreezing of dipoles with increasing

T. Earlier NMR investigation§19] on a similar sample with

a deuterated phenyl ring on the phenylbenzoate mesogenliﬁ

group identified a8 process operating on comparable time
scales related ter flips of the phenyl ring. Such a process
would be dielectrically inactive but the similarity in the time

scales of the two processes could suggest a concerted moti

of the ester and phenyl ring within the mesogenic unit a
responsible for the8 process.

At higher temperatures, the two processes namadd 4,
have distinctly differentT dependence, when compared to
the processes at lowdr, that conform to the Vogel-Fulcher-
Tammann(VFT) equation

3

10010 Trmax= 10010 70+ =——=—,
0910 Tmax= 10010 7o T—T,

where B is the apparent activation energy and,
(=278.6 K) is the “ideal” glass transition temperature lo-
cated 21 K below the calorimetrit,. We should mention

parameters of all processes are summarized in Table Il. No-
ice that at higher frequencies a single—albeit broad—
dielectrically active process was found whose location lies in
the extrapolation from the low temperatyBeprocess. How-
ever, within this frequency range, the rate of the slower
a-process approaches the rate of the fagtgarocess, thus
making the deconvolution of the two processes a very diffi-
cult task. A slower process with very high intensity which
can not have molecular origin was also identified which as-
sociates with the Maxwell-WagnefMW) polarization
mechanism due to the locally inhomogeneous environment.
Most of the relaxation times of Fig. 6 are reported for
temperatures within the smectic mesophase and onlyBthe
'and 6 processes were followed within the nematic phase. The
effect of the smectic-to-nematic transition on the length scale
of the B process is insignificant due to the local character of

gﬂe process that is unaffected by the loss of translational

order. In contrast, the more cooperat@erocess is affected

by the transition becoming faster as a result of the change in
local friction.

DS: pressure dependenceressure is an additional ther-
odynamic variable that affects the dynamic proces¢Bip

4) [20-29. For example, pressure was helpful in the study
of the dynamics in type-A polymerg21,22, in polymer
blends and block copolymef23,2Q, as well as in studying
process of crystallizatidi24] and the associated kinetics

s[25] in semicrystalline polymers. The pressure dependence

of the relaxation times corresponding to the maximum loss
for the a and & processes is shown in Fig. 7. Notice the
different response to pressure for the two processes: a linear
pressure dependence for th@rocess and a strongly nonlin-
ear dependence for theprocess. The linear dependence for
the & process can have different origins. Transition state
theory[20] predicts

4

here that due to the small frequency range for the slofver whereAV is the difference in the molar volumes of activated
process thel, value was kept fixed to the corresponding and nonactivated species. In addition, free volume theory
value from thea process. This corroborates the notion that[20] results in the same equation assuming the exponential
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FIG. 7. Pressure dependence of the relaxation times correspond-
ing to the maximum loss for the: (open symbolsand & (filled (P /P _1 )'1
symbolg processes at different temperatures as indicated. The lines 0

are fits to different equationsee te . . .
a "t X% FIG. 8. Pressure dependence of the normalized relaxation times

n%)f the « process as a function of reduced pressure for five tempera-

model, which results in a linear dependence of the logarith lures as indicated. The line is only a guide to the eye.

of shift factorsap, defined as the ratio of the relaxation
times 7p at pressurd® to the corresponding value at a refer-

ence pressur®, In addition, pressure can affect the mesophases by induc-

ing order-to-order or disorder-to-order transitions as already
Inap=A(P—Py). (5) shown by thePV'_r _results(Flg. 3. For (_axample, basgd on
PVT, we can anticipate that compressing the nematic phase

In the above equation\ is independent of pressure and be- will result in a nematic-to-smectic transformation. Figure 9
cause of the similarity of Eq4) to (5), the coefficientA is
interpreted also as an apparent activation volume, ie.,
=AV/RT. The shortcomings of the free volume approach 1
have been discussed in the literature. The linear pressure 3
dependence for thé process shown in the Fig. 7, results in

an apparent activation volume ranging from 160 to 90

cm®/mol within the T range from 323 to 363 K. In contrast,

the P dependence for the process can be parametrized ac- ___ y
cording to n o A

0.1

Tmax= Ta exp( DP) , (6) = %

max

m

\.\
A S ]
~
PO_ P b ‘\-\ b
g '\_ B
. . . - \
where 7, is the segmental relaxation time at atmospheric 1 N 1
pressure at the given temperatuRy, is the pressure corre-
0.01 4 4
) ' ) '
0.5 1.0

sponding to the ideal glass transition, ddds a dimension-
less parameter. The lines through the data points correspond 0.0

ing to thea process in Fig. 7 are the result of the fit to Eq. P (kbar)
(6). Notice, that there exists a finite pressuim) at the

corresponding temperaturd,), obtained by extrapolation, FIG. 9. Pressure dependence of the relaxation times ofsthe
where the two processes merge. _ process at four temperatures. Squar@s=368 K, circles: T

The universality of Eq(6) can be tested by plotting the _ 373k up trianglesT=378 K, and down trianglesT =388 K.
reduced relaxation times as a function of reduced pressurgne open and filled symbols correspond to data obtained in the
This is shown in Fig. 8 and results in a reasonable linearityyematic and smectic mesophases, respectively. Notice the slower
with a zero extrapolation. We mention here that the scalingelaxation within the smectic mesophase as compared to the nem-
of the a process shown in the figure represents relaxatiortic phase. The line gives the dependence ofdipocess relax-
times obtained within the temperature range from 323 to 363tion times on pressure at the nematic-to-smectic transition, result-
K, that is, solely within the smectic mesophase. ing in adP/dT of 0.035 kbar/K.

T T
15 20
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TABLE lll. Calculated change of specific volum@y) from
the Clausius-Clapeyron equation.

Transition dT/dP (K/kbar)  AV(10 3 cmd/g)
370 K
S—— N (DS 32+4 2.1+0.8
370 K
S—— N (PVT) 31.4+0.8 2.0+0.5

PHYSICALREVIEW E 67, 031705 (2003

Figure 10, compares the pressure dependence of the three
temperatures separating the four different reginglass-
nematic-smectic-isotropjicin this respect, Fig. 10 serves as
a phase diagram for the side-chain polymer liquid crystal
sample. In the figure, both data from tR&/T (open sym-
bols) and DS(filled symbolg measurements are included for
the Ty and Ty transitions, however théy, transition could
only followed byPVT. In DS, we have employed the results
of Fig. 9 for the nematic-to-smectic transformation whereas

397 K for the T,(P) we have used the usual operational definition
_ 9 .
N I (PVD) 33.250.9 20505 of T, as the temperature corresponding toeprocess re-
laxation time of 100 s. Notice the good agreement between

depicts the change of the relaxation times at maximum los{'€ static £VT) and dynamidDS) results for the two tem-

by pressurization of thé process in going from the nematic Peratures Ty and Tsy) suggesting that the dynamic pro-
(open symbolsto the smectidfiled symbol mesophase. CESSes are directly coupled to the thermodynamic changes
Notice that the effect of the mesophase transformation on thE"PoSed by pressure. As expected, pressure affects more the
dynamics is to slow-down the relaxation times by a factor oftwo .fII‘St order transitions as opposed to the, largely kmeyc in
2. The slower dynamics within the smectic mesophase can B¥19in, glass-to—llqy!d transfor.ma'uon. The latter can be fitted
understood in terms of the higher translational order thafo!lowing the empirical equatiofi29]:

restricts the reorientational motion of the mesogen. The re-
sultedd P/dT dependencéarrow in Fig. 9 of 0.035 kbar/K

is in good agreement with thBVT results (see Table
below). Furthermore, the linear pressure dependence of the
logarithm of the relaxation times at a givéris preserved in

the induced smectic mesophase with a similar apparent actjyherea, b, andc are fitting parameters. The solid line in Fig.
vation volume as in the nematic phase implying essentiallyl0 gives the result of the fit to the DS data alone with pa-
the same molecular mechanism in both mesophases. rameters ¢=T,(0)=300K, b=5.7=0.05, and a=15.7
+0.5 kbar. For the former transitions, the linear dependence
can be rationalized in terms of the Clausius-Clapeyron equa-
tion

1b

: )

b
1+-P
a

T4(P)=c

500 -—p————T T T T 7

4504 y dP AH

a7~ TAV ®)

T (K)

400
whereAH is the latent heat associated with the smectic-to-

nematic or nematic-to-isotropic transformation and is the
associated volume change. Using th&/d T value of 0.0319
= kbar/K for the smectic-to-nematic transformation and the as-
sociated heat of fusiori2.5 J/g from DSC, we obtain a
change of volume of 2:110™2 cm®/g at the transition. Due
to the parallel behavior of th€y,(P) dependence, a similar
volume change is also calculated for the nematic-to-isotropic
transition. These estimates are in excellent agreement with
the volume changes associated with both transitions from the
PVT result(Fig. 3) as indicated in Table III.
P (kbar) Pressure can strongly influence the stability of the differ-
FIG. 10. Pressure dependence of the three characteristic terg_](;e mesophases. T.hls results _fr_om the dlfferent_
) ! i : pendence of the first order transitions among the me
peraturesT, (open and filled circles correspond to data obtained h d of th | ¢ t E le th
from thePVT and DS, respectively Ty (open and filled triangles sophases and of the giass lemperature. For exampie, the
correspond to data obtained frofVT and DS, respectively and smectic me.sophase. is stable over 70 K at gtmqsphenc pres-
gure, but this range is doubled at 3 kbar. This brings forward

Tni (open and filled inverse triangles correspond to data obtaine > !
from PVT and DS, respectively The solid lines for the nematic- & N€W possibility of control of the mesophase structure in

to-smectic and nematic-to-isotropic transitions are the result of linJiquid crystals; application of pressure results in a broader
ear fits to thePVT data (see text Notice the stronger pressure Smectic mesophase within the-T phase diagram. On the
dependence of the two first-order transitions. ForEheP) depen-  Other hand, the stability of the nematic phase is less influ-
dence the line represents the result of the fit of the DS data t€nced by pressure due to the parallgh(P) and Ty,(P)

Eq. (7). dependencies.

Ton (K)

350

—_—

X 300
o

|—
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IV. CONCLUSIONS agreement was found between the sta&/() and dynamic

DS) probes of the glass transition temperature as well as of

he smectic-to-nematic transformation suggesting that the

dynamics are coupled to the thermodynamic state of the sys-

a}gm. Pressure exerts a strong influence on the melt me-

aophases by increasing the local order. As a consequence,
Increasing pressure results in a stable smectic mesophase

over a larger temperature range.

Herein we investigated the structure and dynamics in
side chain polymer liquid crystal with a pdiypethyl acry-
late) backbone and &-alkoxy-pheny)-benzoate mesogenic
group. Three transition temperatures were identified separ
ing the four equilibrium phases: glass, smectic, nematic, an
isotropic. T and P were used in the study of the dynamics
and the results have been compared with DSC BT
measurements. Apart from the identification of the different ACKNOWLEDGMENT
dynamic processes we presented a complete phase diagram
of the four phases within th€& range from 300 to 470 K and We thank Mr. A. Best aMPI-P for the PVT measure-
for pressures in the range from 0.001 to 5 kbar. An excellentnents and for fruitful discussions.
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