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Dynamics of side-chain liquid-crystalline polymers: A dielectric spectroscopy investigation
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We have studied the dynamics in two side-chain liquid-crystalline derivatives ofrmolyornene diethyl-
estej with dielectric spectroscopy within the temperature range 190—-433 K and the pressure range 1-3000
bars. Optical microscopy, x-ray scattering, and differential scanning calorirtiz8¢) revealed the formation
of a nematic- and a smectiephase, respectively, in the polymers with the shorter and longer spacers. Multiple
relaxation processes exist originating from the backbone and mesogenic dipoles. In the Anpbetse two
relaxation processes exist above the DSC glass tempefatared «') which merge with decreasing tempera-
ture or with increasing pressure, thus suggesting a common molecular mechanism. The faster process is the
segmental(@) relaxation associated with the dynamic glass transition, whereas the slower process reflects
mainly the side-chain dynamics within the smectic layers. Pressure was found to increase the glass temperature
in the nematic and smectic phases anddfig/dP was 18.7 and 16.9 K/kbar, respectively. However, the effect
of pressure in inducing the isotropic-to-smectic transition is more drasticTggd P=26.4 K/kbar.
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[. INTRODUCTION The theory of aligned nematic SC-PLC was developed by
Attard and co-worker§14,15 as an extension of the Maier,

In the past 20 years, there has been a major interest in tHdartin, and Saupe theoifyL6] of low molecular mass liquid
synthesis of side-chain polymer liquid cryst/SC-PLQ crysta_ls. Accordlng_to the th_eory, the splitting of _the relax_-
where the mesogenic unit is located on the side chain of th@tr'](?nh'? tge ?emanc tphgst‘? IS ‘1‘{[‘; to Ithe nematic potednttﬁll
polymer backbonél—3]. These polymers have many com- W¢h 1€ads fo the retardation of the Slower process and the

. o . . concomitant acceleration of the faster process, the magnitude
mercial applications, such as high-strength materials for us

: ical and el ical devi ¢ th 6t the effect depending on the nematic order parameter. Sub-
In optical and electro-optical devices. In many of these apgequent experiments investigated the effect of spacer length

plications, it is the reorientational dynamics of the mesogeis 7] and of surface treatmef®,13] on the relaxation pro-
and of the backbone that determines the response of the sygesses of SC-PLC. It was found that increasing the spacer
tem in an external field. length further splits the two relaxations, whereas surface
In a series of investigationg!—13], mainly on oriented treatment can induce macroscopic alignment and affect the
samples, the single relaxation in the isotropic phase waspectral shape.
found to split into two processes by entering the nematic Although the effect of temperature in inducing the phase
phase, which could be separately observed by choosing difransitions in SC-PLC has been studied extensively, there is
ferent orientations of the director. The slower relaxationonly one repor{17] where pressure was employed to study
(called thes process was attributed to the end-to-end reori- the dynamics and the thermodynamic changes associated
entation of the longitudinal dipole moment in the mesogenidVith it. Pressure has been very successful in the past in the
group about its short molecular axis. Since it is this compo-S€éparation of mixed relaxation processes, like the segmental
nent that carries most of the dipole moment, the slower prot®) from the more local@ process[18,19. More recently
cess was found to be the most intense. In the sméctic-[zo’zﬂ’ we ha_ve studied the effect of pressure on a longer
phase, this mode was interpreted as being due to the Siq’gngth scale, i.e., of the size of the end-to-end vector. We
group flipping around the polymer backbone as the mesoge und that pressure exerts a stronger mfluence on the seg-
was hopping from one smectic layer to another. The fastemental(a) as compared to the global chain dynamics. Pres-

1 X sure was also employed in systems of current interest where
relaxation(called thea procesy was attributed to transverse the thermodynamics play a role. For example, it was found
dipole moments rotating about the mesogens long axis. Howg, i q,ce dynamic miscibility in an athermal diblock copoly-

ever, steric hindrance prevents a simple reorientation of thg, o, [22]. Lastly, recent experimental efforf@3,24 have
side-chain mesogen about its long or short axes giving rise t@eated the effect of pressure on the crystallization process
highly cooperative processes involving both rotation andyith emphasis on thi situ monitoring of the crystallization
translation of the mesogen and of its immediate environmenbrocess.
The evidence for cooperativity comes from a strong tempera- |n the present investigation we employ pressure in addi-
ture dependence of the relaxation times and spectral broagion to temperature to study the complex dynamics in two
ening. SC-PLC derivatives of polyporbornene diethylestemwith
different spacer lengths giving rise to nematic and sme&tic-
mesophases. Since pressure leads to the densification of the
*Corresponding author. Present address: Department of Physicgaterial, it strongly affects the dynamics, mainly by slowing
University of loannina, 45110 loannina, Greece. down the relaxation processes. However, different processes
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reaction is a useful tool to get well defined block copoly-

COOCH,CH; n mers. The molecular weights were determined by gel perme-
n - . ation chromatographyGPQO with THF as solvent using the
COOCH,CHj . . . .
COOCH,CH; followmg arrangement: a Merck Hitachi L6000 pump,
OOCH,CHs separation columns of Polymer Standards Service,

8x300m STV 5um grade size(10°, 10*, and 500 A; a
refractive index detector from Wyatt Technology, and a
model Optilab DSP interferometric refractometer; polysty-

rene standards obtained from Polymer Standards Services
COO(CHZ)"_OCN were used for calibration.
n A Zeiss Axioskop 2 polarizing optical microscope was
used together with a Linkam heating stad&MS 600 and
COO(CHz)"_OCN a TP93 temperature programm@eating and cooling rates
of 0.1 to 90 K/min. The system is also capable of monitor-
ing the kinetics in real time by continuous recording using a
charge-coupled devidg€cCD) camera(3” SONY color cam-
erg and a fast frame grabbécapable of up to 50 frames/s
The experiments were made by heating to an initial tempera-
n ture corresponding to the isotropic state followed by subse-
CO0 guent cooling to temperatures corresponding to the liquid-
crystalline structures. Subsequently images were taken while
heating the samples over the smectic-isotropic and nematic-
isotropic transition temperatures. Representative optical mi-

(CH,)x0 ©
© @ O croscopy images for the SC-PIH® andH3 are shown in
CN

00
| (CH,)xO

CN Fig. 2 with macroscopic textures reminiscent of a sme#tic
and a nematic mesophase, respectively. The two images
shown forH9 andH3 polymers were taken at 393 and 360
K with the same magnification.

A Polymer Laboratories DSC capable of programmed cy-

have different volume requirements and thus pressure can §8C temperature runs over the range 113-673 K was used.
helpful in their identification. The two relaxation processes>amples were first heated with a rate 10 K/min to tempera-
in the smecticA phase are shown to have a common origin.tures correspondlng to the isotropic state and sqbsequently
The effect of pressure on inducing the isotropic-to-smecticce0led to 153 K with the same rate. The experiment was
transition is stronger than the shift of the glass transitiorféPeated with several different rates and the results for the
temperature. The present work demonstrates that the djfansition temperatures and enthalpies obtained with the low-
namic state of such complex materials can only be com&St rateg4 K/min) are shown in Table I. Typical DSC traces

pletely accounted for if both temperature and pressure ar@® shown in Fig. 2 on cooling and subsequent heating and
specified. indicate an exothermic peak on cooling due to the formation

of the LC mesophase followed by an endothermic peak on
Il EXPERIMENT heating signifying the dissolution process. . .
The setup for the pressure-dependent dielectric measure-
Liquid-crystalline(LC) monomers based on a norbornenements consisted of the following parts: temperature-
dicarboxylic acid were synthesized25,26, bearing controlled sample cell, hydraulic closing press with pump
4’'-cyanobiphenyl groups as mesogenic units, which wera@nd pump for hydrostatic test pressure. Silicon oil was used
coupled to the core unit via alkylene spacers with three oms the pressure transducing medium. The sample cell con-
nine methylene groups. The length of the spacer is resporsisted of two electrodes with 20 mm in diameter and the
sible for the formation of a nematic or a smectic mesophaseample with a thickness of 5@m. The sample capacitor was
(see belowin the SC-PLC withx=3 (indicated asH3) and  sealed and placed inside a Teflon ring to separate the sample
x=9 (indicated a#H9), respectively. The backbone polymer from the silicon oil. The dielectric measurements were made

FIG. 1. Synthesis and structure of the polgrbornene-
diethylester and the LC homopolymers.

poly(norbornene diethylester (more exact at different temperatures in the range 253-363 K for pres-
poly(diethylbicycld 2.2:1]-hept-5-enedicarboxylafe  was  sures in the range from 1 bar to 3 kbars, and for frequencies
also used in the present investigati@ee Fig. 1 in the range from 10° to 1° Hz using a Novocontrol BDS

The homopolymer polymerization reactions were carriedsystem composed from a frequency response analBzer
out under inert conditions in a glove box via ROMing  lartron Schlumberger FRA 126@nd a broadband dielectric
opening metathesis polymerizatioemploying a Schrock- converter. The complex dielectric permittivite* =¢’
type molybdenum alkylidene initiator in absolute chloroben-—ie”, wheree’ is the real ang@” is the imaginary part, is a
zene. Due to the living character of the ROMP, this methodfunction of frequencyw, temperatureT, and pressureP,
ology provided well defined polymers with exact moleculare* =¢* (w,T,P). For the H9 phase additional measure-
weight and low polydispersity. Therefore this polymerizationments at higher frequencies were made®d0® Hz). In
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FIG. 2. Optical micrographs of the homopolynit¢® (left) andH3 (right) thin films observed between crossed polarizers at 393 and 360
K, respectively. The structures correspond to sme&t{et9) and nematicl3) phases. The DSC traces of the two samples are also shown
on cooling and subsequent heatimgte of 4 K/mir).

Figs. 3 and 4, representative dielectric permittivity and losssuccesful. The derivative method yields”~ — (7/2)
spectra are shown under isobarie< 1 bar) conditions for  x[ge’(w)/dIn w] as a conduction-free dielectric loss peak
the SC-PLCH3 andH9, respectively. In Fig. 3 the spectra and the result is shown in the inset to Fig. 4, where the
are representative of all relaxations in th&3 polymer,  “fast” and “slow” processes are depicted asand a’, re-
whereas for thed9 polymer only spectra at higher tempera- spectively. In the analysis of the remaining dielectric spec-
tures are shown, for clarity. The spectra for tH8 polymer  troscopy(DS) spectra we have used the empirical equation
(in Fig. 4, only the high-temperature processes are showrof Havriliak and Negam{HN) [28],

reveal multiple relaxation processes which are indicated with

the Greek letterss, y, B, and « by increasing temperature e*(T,P,w)—&.,(T,P) 1

(we have used the traditional nomenclature for polymeric Ae(T,P) = A+ [iom(T,.P) 1%
relaxation processgdt is the latter(«), however, that carries ’ ’
most of the intensity and has the steepelependence of the
loss maximum(see below. Four processes were also found
in theH9 polymer, two above and two below the differential

scanning c?lorimetrX(I_:)SC) glass transitiony (indicated as osnectively, the symmetrical and asymmetrical broadening
6,yanda,a’, respectively. The high-temperature spectra of ot the gistribution of relaxation times. In the fitting proce-

H9 display two main processes which are better depicted iy e we have used the’ values at every temperature and

the permittivity than the loss spectra due to the strong Conbressure and in some cases tHedata were also used as a

gycr;ci¥ity contributiorr]\ in the Igtter. In rt]he art;alys(ijs of trrl]ese consistency check. The linear rise of tifeat lower frequen-
igh-T spectra we have used a methi@y] based on the cies is caused by the conductivity”~ (oo/go) @1, where

derivative of the dielectric permittivity which has proven oo is the dc conductivity and, is the permittivity of free

spacé and has been included in the fitting procedure.
TABLE I. Molecular characteristics and transition temperatures

of the two homoplymers.

@

where 7\ (T, P) is the characteristic relaxation time in this
equation,Ae(T,P)=¢,(T,P)—¢.(T,P), is the relaxation
strength of the process under investigation atnddescribe,

Ill. RESULTS AND DISCUSSION

Sample M, M; PDI Tg(K) Tyansiion(K) AH (J/g Four dielectrically active relaxation processe®s,y,a)
H3 35200 48200 1.44 344 N383| 0.6 _eX|st|ntheH3 polymer and the relaxation times corresponq-
Eg ing to the maximum loss for each process are plotted in Fig.
H9 27000 45500 1.58 294 g™ S 5, in the usual Arrhenius representation. Three of these pro-
cesses display a linear dependence in this representation
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FIG. 3. Dielectric permittivity and loss spectra of the SC-PLC FIG. 4. Dielectric permittivity(top) and loss(bottom) spectra of

H3 at some selected temperatur(_as as in_dicate_d. Four processes & sc-PLCHO at three temperatures as indicated. In the inset, the
shown by the Greek lettes,5,7,d in the dielectric loss spectra. derivative of the dielectric permittivity is shown as a function of

frequency. The fast and slow processes are indicated @ o',

whereas the one at higher temperatufesis curved. The respectively.

7(T) dependence for thé, y, and B8 relaxations can be de-

scribed by the Arrhenius dependence =9.95 kcal/mol, and a relaxation strengthTof ¢ =300, and

E a highT process described with the VFT parameters:
log;o 7=10010 0t 5 30RT (2)  log(ry/9)=—11.0,B=797K, T,=233.5K, and with a relax-
' ation strength off Ae=400.
wherer, is the high-temperature intercept aBds the acti- The low-T o relaxation in both SC-PLC originates from

vation energy. Alternatively, the(T) dependence of the  the backbone since it has similar activation parameters with

relaxation can be described by the well-known Vogel-the low-T relaxation in polynorbornene diethylesterMore-
Fulcher-TammaniiVFT) equation, over, the dielectric strength§ Ae) of 100 and 50 in théd3

andH9 polymers, respectively, can be understood in terms
of a dilution of the ester dipoles by the side chains. The weak
10g10 7=10010 70+ -7, (3 (TAs=2-3) yprocess, on the other hand, does not relate to

the backbone since it is only observed in tH8 andH9
where B is the apparent activation energy aig is the  SC-PLC. This process may originate from a very local mo-
“ideal” glass transition temperature. In th¢9 polymer, four  tion of the side chains without involving the motion of the
dielectrically active processes exi&d,y,a,a’), two below  mesogenic group. By increasing another Arrhenius pro-
(8,7 and two abovéa,a’) the DSC glass transition, and the cess(called the 8 process, Fig. bis detected in theH3
corresponding characteristic relaxation times are plotted ipolymer. Traces of the same process could also be observed
Fig. 6. The two processes beldly, display a linear depen- in theH9 polymer, however, with much less intensity, which
dence and Eq(2) was employed, whereas for the two pro- made the decomposition impossible. The signature of this
cesses abovg,, the VFT equation was employed. The pa- process is the increasing dielectric strength with increaging
rameters extracted from the fits of th€T) for all processes (TAe from 40 to 200, suggesting the unfreezing of the side-
are summarized in Tables Il and Il for tHd3 andH9, chain dipoles. At even higher temperatures, ki polymer
respectively. The backbone polymer, polgrbornene di- exhibits the segmenték) relaxation which is unaffected by
ethylester (Fig. 1, top was also studied for comparison and the nematic-to-isotropic transition. In contrast, the smestic-
two dielectrically active processes were found: a low-forming SC-PLCH9 has two VFT relaxationga and ')
temperature Arrhenius process with leg)=—16.5,E;_ that “freeze” practically at the same temperatufg. The
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1x10°® ————— —— TABLE II. Activation parameters for the relaxation processes in
73 \ H3 i the H3 polymer.
1x107 4 Ty 1
1x10° 3 5 i H3 polymer a B Y )
_ 1x10%] log(7o/9) ~9.9 129 109 -168
& 1x10*4 3 E (kcal/mol 16.1 10.9 10.4
5 1x10°4 B (K) 550+ 30
PE , 3 To (K) 295+1.5
1x107 9 1
1x10" 4 ]
1x10°‘é — 3 reflects a cooperative relaxation that is influenced by the lo-
cal smectic order. This relaxation is coupled to thprocess
1x10" 3 o— B- ] since both processes have similar VFT parameters, suggest-
woe_ ] ing that they freeze at the same temperature. In many cases
25 30 35 40 45 50 55 the slow (') relaxation has been attributed to the reorien-
1000/ T ( K'1 ) tation of the longitudinal component of the dipole moment in

the side-chain mesogeru(=4.2D), originating from the
FIG. 5. Temperature dependence of the relaxation times for th€yanobiphenyl end groupCN), around the backbone. The
different processes in the SC-PIHE3 plotted in the usual Arrhen- fastera process was also attributed to the transverse dipole
ius representation. The different processes are indicated by th@oment originating from the oxy-grougu(~2 Debye ro-
Greek letterss,y,8,a by increasing temperature. The vertical line tating about the mesogens’ long axis. Such an assignment,
signifies the nematic-to-isotropic transition. Notice that thero- ~ however, would suggest that the slower process would be the
cess is continuous thoughout the transition. more intense, which does not agree with our finding that the
intensity of the slow process is only a fraction of the inten-
shift in the “ideal” glass transition temperatures |3 and  sity of the @ procesqFig. 4). Furthermore, the double bonds
H9 polymers reflects the reduction of the glass transitioron the norbonene backbof€ig. 1) do not allow for a com-
temperatures as measured by D8@ble | resulting from  plete reorientation of the mesogen around the backbone. A
the internal plasticization due to the longer side chain. Furmore plausible assignment of the process is of a local
thermore, the intensity of the process in theH3 andH9  reorientation of the side chains between different smectic
polymers isTAe =2500 and 2000, respectively; being higher layers. Moreover, the absence of thé process in thed3
than the backbone is likely to reflect the cooperative dynampolymer may reflect the lower order within the weak nematic
ics of the whole system, backbone and side chains but with phase.
dominant contribution from the mesogen. It is interesting to note thati) the « process accelerates
On the other hand, the’ process in theH9 polymer on passing into the isotropic regime afid that thea’ pro-
cess persists despite being very weak within the isotropic

1%10° 5 phase(dashed line in Fig. 6 The acceleration of the pro-
1x10° 4 cess at the smectic-to-isotropic transition reflects the change
1x107 in local friction due to the randomization of the mesogen and
1X10-s_% backbone motions in the isotropic phase. On the other hand,
1%10° 4 the existence of a weak’ processsee Fig. 1Din the iso-
P 4] tropic phase, which was not been reported before, is sugges-
o 1x10*d : : ,
~ x10° 3 tive of some kind of Ipcal order. The weak process ob-
g " 0,2; served in the dynamics may reflect pretransitional effects
e 3 originating from the enhanced static short-range order at
1x10" 4 iti
o >T.. Such pretransitional effects haye been reported for
' polymers composed of a nematogenic backbone and long
1x10 spacers to occur at— T~ 10K [29]. The origin of the local
1"103} order is the stiffening of the backbone prior to the transition
1x10
4 3 E|
1x10 2f0 ' 25 ' 310 j 3f5 ' 410 ' 4f5 ' sfo ' 5f5 | 6.0 _ TABLE lIl. Activation parameters for the relaxation processes
A in H9 polymer.
1000 /T (K™
H9 polymer a' a y 8
FIG. 6. Temperature dependence of the relaxation times for the
different processes in the SC-PIHD plotted in the usual Arrhen- log(o/s) —7.2 —9.6 -154  -141
ius representation at 1 bar. The different processes are indicated byE (kcal/mo) 12.8 7.3
the Greek letterss,y,a,a’ by increasing temperature. The vertical B (K) 659+ 30 658+ 20
line signifies the smectic-to-isotropic transitiéat 1 bajy. Notice T, (K) 236.5-2 236.5-1

the speed-up of the process at the transition.
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] FIG. 8. Pressure dependence of the relaxation times correspond-
ing to the maximum loss for the (open symbolsand ' (filled
T PPy symbolg processes in thel9 polymer for different temperatures as
10? 10° 10* 10° 10° indicated. The lines are the result from linear fiése texk
f (Hz)

) ) o ear dependence can be used to define an activation volume
FIG. 7. Dielectric permittivity(top) and loss(bottom) spectra of Ay,

the SC-PLCH9 at T=393K shown for three pressure@®) P
=1 bar, (A) P=0.5kbar, (V) P=1 kbar. In the inset the deriva-
tive of the dielectric permittivity is shown and the two processes are

indicated asx and «’. AV= RT( gIn T) , 4)
T

aP

which is described by a persistence lenfiincreasing with
the square of the nematic correlation Iengthaslp~§2/a,
wherea is the monomer size. Hencé/a>1 results inl,  whereAV is the difference in the molar volumes of activated
>¢ and in this regime chains appear as rigid already abovand nonactivated species. A simila(P) dependence can
T.. The increasing smectic correlation length prior to theresult from a second approach which is based on the free
transition may also influence the persistence length of th&olume theory. In this case, a model of variable free volume
backbone and result in some local order above the transitiocompressibility results in the definition of a characteristic
temperature. volume AV which is also described by E¢4). We refer to

To gain a further insight into the dynamics of theand  this volume also as “activated volume” because of the simi-
a’ processes in thél9 polymer and of thew and 8 pro-  larity to Eq. (4).
cesses in théd3 polymer, we have studied the response of The activation volumes obtained from the linear fits of
the different processes under external pressure. The result bfg. 8 to thea and o’ processes are shown in Fig. 9 as a
applying pressure on the dielectric spectra of th@ poly-  function of temperature. Both decrease with increasing
mer is shown in Fig. 7. By increasing pressure, the two rehowever, the volume associated with a@rocess displays a
laxation processegvhich are better resolved by the deriva- much stronger dependence. The two dependencies could be
tive method are shifted to longer times. The correspondingparametrized asAV,=1550-6.9T+0.008T? and AV,
pressure dependence of the relaxation times of the two pro=130-0.184T (T in K). The former dependence is reminis-
cesses is depicted in Fig. 8 for several temperatures belogent of the strong\V(T) found in the segmental modes of
but also above th&g, (as obtained at 1 barBoth processes polyisoprenes of different molecular weights and the strong
display a linear dependence on pressure, within the investincrease could imply a correlation with the cooperative vol-
gated pressure range, with theprocess showing a stronger ume.
dependence as compared to the sleWprocess. The fact Apart from slowing down the smecti&-phase dynamics,
that the two processes approach each other both by decregsessure can be used to test some basic thermodynamic prin-
ing T and increasing® suggest a common relaxation mecha-ciples. For a first-order transition, the Clausius-Clapeyron
nism atTy andP,. The linear dependencies found in Fig. 8 equation predicts that pressure should increase the transition
can result through completely different approacf8d. The  temperature provided that the transition is accompanied by a
first approach is based on transition state theory and the lirpositive volume change, as

031703-6



DYNAMICS OF SIDE-CHAIN LIQUID-CRYSTALLINE . ..

120

—~ 100
o]
£
"
o 80
N
>
<
60
40 1 1 1 1 1
340 360 380 400 420
T (K)

FIG. 9. Apparent activation volumes for the(open symbols
and ' (filled symbolg processes in thel9 polymer as a function
of temperature. The lines are to guide the eye.

dP AH

4T TAV ©

In the above equatiom\H is the latent heat associated with
the smectic-to-isotropic transition anklV is the change in
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FIG. 11. Pressure dependence of the glass transition temperature
T4 (open symbolsand of the isotropic-to-smectic transition tem-
perature(filled symbolg. The T, was operationally defined as a
temperature corresponding to a relaxation time of 100 s. The dashed
and solid lines represent linear and nonlinear fits toTth@) data
points (see text The lineTg,(P) represents a linear fit to the data
points.

7 8 9

trapolation of thea' process from the smectic mesophase.

specific volume at the transition. We have followed the effectBy applying pressure, both processes become slower but, in

of pressure on thé&g, by studying the spectral changes im-

posed by pressure on the isotropic phase dynamics dfi¢he
polymer. As mentioned earlier, the isotropic phase spectra,
atmospheric pressure, are influenced by the steopgocess
and by a very weak process whose dynamics lie in the e

6

f (Hz)

FIG. 10. Dielectric permittivity spectra of thd9 polymer at

addition, there is a critical pressui®,, above which the
slow a’ process intensifies reflecting an induced smectic-to-
"i‘éotropic transition by pressure. This situation is shown in
Fig. 10 where some representatid® spectra are shown at
X233 K, that is, well within the isotropic phase at 1 bar. In-
creasing the applied pressure above some critical value
(which is T dependent results in the induction of the
isotropic-to-smectic transition.

The Tg(P) and T4(P) dependencies in thd9 polymer
(here theT is operationally defined as the temperature cor-
responding to a relaxation time for theprocess of 100)s
are compared in Fig. 11. Pressure increases both characteris-
tic temperatures, but the effect is more pronounced in the
former due to the first-order nature of the transition. From
the linearTg (P) dependence we obtain

aTsi_r64 K 6
P 2“ipar ©
a dependence much stronger than theéT,/dP

=11.6 K/kbar found if a linear regression is used to describe
the T,(P) dependence. However, a nonlinear dependence
can better approximate the latter, i.&y(P)=295+16.9P
—0.48P2% (T in K, P in kban. The strongerTg,(P) than

433 K (corresponding to the isotropic phase at atmospheric presl o(P) dependence results in a greafeg(P) —Ty(P) at
sure plotted for different pressures(V) P=1bar, (A) P higher pressures. This leads to an apparently paradoxial situ-
—0.5kbar, (®) P=1kbar, (M) P=1.5kbar. In the inset, the de- ation where the pressurized smectic liquid just below the
rivative of the dielectric permittivity is shown. The strong dual re- isotropic transition is more mobile than the smectic liquid
laxation is used to define a critical pressure needed to induce th@btained at atmospheric pressure. We can now employ the
isotropic-to-smectic transformation. Clausius-Clapeyron equation to estimate the change of spe-
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more than the glassg process and thus to lead to a better
ol ° I separation of the two processes. Clearly, By@ocess is less

®e 1 volume demanding as anticipated by its weak Arrhenius-like
i T dependence. The characteristic volumes, shown in the in-
set, reveal a low and nearly independént for the 8 pro-
cess as compared to the much higher andependeniAV
associated with the segmental process. The latter results in a
N ] dT,/dP of 18.7 K/kbar, which is somewhat higher than in

300 320 340 3é0 3é0 460 450 =1 the H 9 polymer
TK)

AV (cm’fmol)

T IV. CONCLUSIONS

0 B_ The dielectric investigation of the dynamics in two side-
chain liquid-crystalline derivatives of polynorbornene, form-
ing smecticA and nematic mesophases, revealed multiple
17 dynamic processes. The main result of thie and
— T T 7T P-dependent investigation can be summarized as follows.
05 00 05 10 15 20 25 30 (i) The segmentala) process in the two SC-PLC reflects
P (kbar) the dynamic glass transition which is shifted to lower tem-
peratures in the polymer with the longer spacer due to the
FIG. 12. Pressure dependence of the relaxation times corrdnternal plasticization.
sponding to the maximum loss for the SC-PHB3. Two processes (il) The nematic-to-isotropic transition has no measurable
are shown: thex (filled symbolg and theg procesgopen symbols  effect on the dynamics at the length scale of thprocess;
The different temperatures afd) 398 K, (@) T=388 K, (W) T however, the smectic-to-isotropic transition is accompanied
=378 K, (V) T=358 K, (A) T=343 K, (O) T=303 K, (O) T by a speed-up reflecting the randomization of dipoles.
=297 K. In the inset, the apparent activation volume is plotted for  (iii) The « and the slower’ process found in the smectic
the two processes as a function of temperature. mesophase merge by decreasing temperature and by increas-
ing pressure, suggesting a common relaxation mechanism.
cific volume at the transition assuming that pressure does not (iv) Pressure increases the glass transition temperatures of
affect the heat content. Under this premiseT at408 K, we  theH3 andH9 polymers asiT,/dP=18.7 and 16.9 K/kbar,
obtain a change in the specific volume of 0.003Z/gniThe  respectively, but has a weak effect on tBeprocess of the
latter is in good agreement with the measured change in spé&t3 polymer.
cific volume at the smectic-to-isotropic transition of other (v) Pressure exerts a strong influence on inducing the
side-chain liquid-crystalline polymef81]. first-order isotropic-to-smectic transition asiTg/dP
We have also examined the effect of pressure omthed  =26.4 K/kbar, and this value is in agreement with the ex-
B relaxations in theH3 polymer. Based on their distinctly pected volume change at the transition.
different temperature dependence, the expectation is that the
two processes wi_II display also diﬁergnt pressure dependen- ACKNOWLEDGMENTS
cies due to the different volume requirements. The result of
the analysis of the relaxation times at maximum loss is We thank Professor J. Dorgan for his comments on the
shown in Fig. 12 as a function of pressure. According to themanuscript. M. M. thanks the Polish Science Foundation
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