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High-pressure studies of the low-frequency nonlinear dielectric effect in the isotropic phase
of octyl- and dodecylcyanobiphenyls

Aleksandra Drozd-RzoskaSylwester J. Rzoska, and Jerzy Zioto
Institute of Physics, Silesian University, ulica Uniwersytecka 4, 40-007 Katowice, Poland
(Received 30 September 1996

Results are presented for high-pressure, isothermal studies of the low-frequency nonlinear dielectric effect
(LF NDE) in the isotropic phase ai-octylcyanobipheny(8CB, isotropic-nematic liquid crystal phase transi-
tion) and n-dodecylcyanobipheny(12CB, isotropic—smectié- phase transition In both cases a linear pres-
sure dependence of reciprocals of LF NDE, with no distortions near the clearing point, was found. This
behavior is in agreement with classical relations derived from the Landau—de Gennes model. The pressure
dependencéup to 100 MPaof clearing temperatures and temperatures of extrapolated, hypothetical, continu-
ous phase transitions were determined. For 8CB isothermal pressure and isobaric temperature pretransitional
effects have been superimposed on one scaling curve. This makes it possible to investigate the pretransitional
effects under high pressure from temperature measurements carried out under atmospheric pressure.
[S1063-651%97)09302-1

PACS numbgs): 64.70.Md, 77.22.Ch.

INTRODUCTION such behavior occurs for both the isotropic-nematieN(
and isotropic—smectié- (I -Sm-A) phase transition. For the
Studies of the isotropic-nematid-(N) phase transition 1-N phase transition a good quantitative agreement with re-
have a long history and are still of considerable interestation (1) was ascertaineflL0,11]. _
[1-4]. Basic experimental facts are derived from measure- It is well known that the hydrostatic pressure strongly
ments in the isotropic phase of such physical properties agfluences both properties of the liquid crystalline phases
the Kerr effect(KE), Cotton-Mouton effect(CME), light ~ [12—19 and the phase transition behavi@9,12—20. For
scattering () [5-7], turbidity (t) [8], and nonlinear dielec- thel-N transition one could expect the pressure to influence

tric effect (NDE) [9-11]. They exhibit the same classical such impprtant parameters ag, AT! orar. It also poses
pretransitional anomaly in the isotropic phase. Their phe:[he question regarding dlffer_e_nce_s in the pretransitional be-
nomenological description made possible the application Ol{’uawor when the phase transition Is appr(_)ached by change of
the Landau—de Genne%dG) model ([5] and references emperature changes or isothermal density changes. Unfortu-
nately, pressure studies of physical quantities mentioned

therein. In the case of low-frequency NDE.F NDE), ap- e
plied in this paper, the appropriate relation has the formabc?Ve are very scard@,9,20. This is undoubted_ly due to
[10.11] serious technical problems encountered at the high pressures
' [21].

A$DE 2 This paper presents results of high pressiue to 100
ENDE= T y7 = 3 eo(Ae®?a;(T—=T*)"” (1) MPa LF NDE studies in the isotropic phase of two liquid

( ) crystallinen-octylcyanobipheny{8CB, I -N phase transition
with y=1, T>T and T~—T*=AT. where & and n-dodecylcyanobipheny12CB, | -Sm-A phase transi-
—(E—YE is a measure of NDE. anef and & are . tion). Apart from addressing the problems mentioned above
electric permittivities in a strong and in a weak electric field W€ discuss the possibility of scaling of pressure and tempera-

E, respectively. A is a molecular anisotropy of dielectric turé Pretransitional effects.
permittivity in the zero frequency limiAT is a value of the
discontinuity of the phase transitioa; denotes the constant
amplitude of the second-rank term in the LdG seriBsy NDE measurements were performed using an apparatus
andT* are the clearing temperatute-N, in this casgand  with frequency modulation of ahC generator described in
the extrapolated temperature of the hypothetical, continuougetail in our previous papefd0,11]. The parameters of the
phase transition. For the LF NDHO,11: f ¥/r<1 up to the  weak measurement field were=250 kHz andJ =3 V. The
clearing point,f is the NDE measuring frequency, and additional, strong, steady electric field was applied in the
denotes relaxation time of pretransitional processes in théorm of a rectangular pulse of the length 4 ms, repeatability
isotropic phase. 3 s, and voltagé®) =300-900 V. The sample was placed in a
Recent investigations of the series mfcyanobiphenyls specially designed flat-parallel capacitgap 0.6 mmC,~4
(from 6CB to 12CB [10] point to a unique feature of LF pF) which was a modified construction presented[21].
NDE: starting fromT — T-~50 K the reciprocal of the effect The capacitor contained 0.8 ¢nof a sample. The tested
remains linear up to the clearing temperature. Additionally liquid was only in contact with stainless steel, quartz, and
Teflon. The pressure was exerted on the sample by the de-
formation of 40 um thick Teflon membrane. The pressure
* Author to whom correspondence should be addressed. chamber, within the capacitor was placed, was constructed

EXPERIMENT

1063-651X/97/563)/28884)/$10.00 55 2888 © 1997 The American Physical Society



55 HIGH-PRESSURE STUDIES OF THE LOW-FREQUENC. . 2889

0.4
& 06F P 120+ o} — A .
E P(const) = 0.1 MPa Py
AT =31K % osf feonst e g L
< 0a 2 odf v g 100 .
E 03} -~ / > a"
< 8" o e "
- W ooz P(const)=20.7 MPa o 80 o
= = o
- 0.1 %j”e -
w 02 0.0 M . . . L - % 60
=9 40 50 60 70 80 90 Y
W T (0 [
40
20
N I R o 1 NI 0 . + * * L ~ L
0 20 20 20 100 0 5 10 15 20 25 30

60
P (MPa) T-T(K

FIG. 1. Reciprocals of measured LF NDE in the isotropic phase FIG. 2. The scaling behavior of isothermal pressure and isobaric
of 8 CB, for few isotherms, denoted on the figure in relation to thet@mperature pretransitional LF NDE effects in 8CB. The plot con-
clearing temperature under atmospheric pressuréa'”s all experimental data from Fig. 1. The solid squares are for
[AT’ =T(measuremeitTc(P~0.1 MP3]. The inset shows re- isobaric temperature data and open squares are for the transformed

sults of temperature measurements under atmospheric pressure d§Ssure, isobaric data. The inset demonstrate the pressure depen-
for P=20.7 MPa. dence of theT, y (full circles) and T* (full circles). Solid and

broken lines are fits according to relati¢8). Arrows show direc-
by UNIPRESS, Warsaw, Poland and Experimental Work-tions of approaching the clearing point applied in this research.
shops of the Institute of Physics, Silesian University. The
pressure was transmitted from its soufspecial chamber with P<Pc, P*—Pc.=AP, T=const, whereA}" is the
with a piston under hydraulic prgsthrough a mixture of pretransitional amplitude for the isothermal, pressure studies.
octane and silicone oil. On approaching the phase transitioP. andP* denote pressure coordinates of the clearing point
point the applied high voltage was decreased to keep thand of the hypothetical, continuous phase transitioR. de-
response of the sample in the same range, from 5 to 30 fF. Adotes pressure value of the discontinuity of th&l phase
each measurement point the fulfillment of the conditiontransition.a, is the constant amplitude for the second-rank
(e — €)=E? was tested. The temperature was measured bgerm in the(isothermal LdG series. The obtained value of
means of Keithley 195A multimeter using a platinum resistorpretransitional amplitudes are constant, within the limit of
(Al class, DIN 43 76Plocated in the jacket of the sample the experimental error, for isothermal and isobaric paths.
and a copper-constantan thermocouple placed inside thHEheir average values are
pressure chamber. The temperature was stabilized with pre-
cision higher than 0.02 K/h. The pressure was measured by a ARPE=310+3x1071® m*V2MPa and
Nova Swiss tensometric pressure meter with accura@yl
MPa. Studies were conducted in the isotropic phase of 8CB
(T,.y=40.15°Q and 12CB {T,_gna=58.6 °Q, prepared
by the Ddrowskii group from the Military Technical Acad- . ) ) ,
emy, Warsaw. Each sample was degassed prior to measurE?€ Tc(P) andT* (P) lines, presented in the inset of Fig. 2,
ments. Data were analyzed by means ofdresin 3.5 soft-  @ré governed by linear relations:

ware (Microcal Inc). Errors are given as three standard
deviations. T*=37.8§+0.2+[0.327+0.006]P (°C),

AFPE=92+1x 10716 m? V2K,

RESULTS AND DISCUSSION T.=39.4*=0.2+[0.334+0.006]P (°C), 3

Results of isothermal, pressure measurements in the iso-

_ ~1
tropic phase of 8CB are shown in Fig. 1. The inset in Fig. 1/here dT*/dP=0.327-0.006 KMPa" and dTc/dP

— -1 ; ;
demonstrates the isobaric temperature measurements at ¥Q.3_34to.(_)06_ KMPa®. These dep_end_enues predl_ct that
the discontinuity of the phase transition increases with pres-

mospheric pressure and f&=20.7 MPa. In both cases re- - > ~°
ciprocals of NDE remain a linear function of pressure orSuré fomaT~1.6 K for P=0.1 MPa t0AT~2.3 K for

temperature up to the clearing point. Noteworthy is the ranggzzLOO MP,‘"" A similar trerlld. oAT(P) was observed in
in which this simple classical behavior hold.—P~70 MBBA, yetis based on turbidity measuremef#.

MPa and T—T.~50 K, respectively. Applying the LdG Figure 2 shows that the obtained isothermal pressure and

model [5—7 1qc and th'e Landay22] suggestion of the isobaric temperature pretransitional effects can be superim-
L . * .

equivalence of pressure and temperature in this series of@Sed on one curve, plottingl™/Eype) as a function of

) . .
can easily derive a relation for the isothermic, pretransitional | — 1) With pressure data converted into the temperature
effect: scale by the relation:

NDE *
Ap

ENDE=ﬁ=§eo(Aeo)za,;l(Pc—P)_l 2 P*—P—>T—T*(P)=<dp)(P*—P), 4
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I-N phase transition for the LF NDE. Taking into account
1o ’5 ,././_ the recently postulated critical character of pretransitional ef-
& 7o //’,« ' fects [2,3,1] in the isotropic phase of nematogens this
NE 08F .k Cost 7/ equivalence may be regarded as a consequence of the iso-
© ) " aoll morphism postulate of critical phenomefd. The classical
2 osh behavior of the pretransitional effect holds also fe/SmA
w o 20 :bM;b %0 60 79 phase transition in 12CB.
‘TW% sl ST Basing on the well-known solution of the Landau model
| aTr=sk [7,22] one can rewrite relationdl) and (2) in the following
NN form:
02 _S\B\&S‘SQ% \\\\
Enpe=constx (A€%)2y*, 6)
0. . 1 MRS I TSR L . t LN
00 10 20 30 40 50 60 70

where the termy* denotes the generalized susceptibilfigr
the weakly discontinuoukN transition), i.e., the isothermal
FIG. 3. Reciprocals of LF NDE on approaching theSmA Com_presﬁl,blmyx? , for chorls,t,’ a,nd ihermal éxpansion co-
transition in 12CB. Studies were carried out for two isotherms,fficient (“isobaric compressibility’) xj , for T=const. Re-
denoted on the figure in relation to the clearing temperature undd@tion (4) is similar to that applied in critical, binary, solu-
atmospheric pressur@T'). The inset shows the pressure depen-tions. Indeed, recent theoretical and experimental studies
dence ofT,_gsma (Open circles and T* temperaturesfull circles).  [2,3,11,23 pointed out the close relationship between the
The slope of the solid line isITc/dP~0.38 K MPa . Arrows  pretransitional behavior in the isotropic phase of nematogens
show directions of approaching the clearing point applied in thisand in the homogeneous phase of critical solutions. Relations
investigation. (1), (2), and(5) for the isothermal and the isobaric approach-
ing the (T*,P*) point, gives

P (MPa)

whereT* (P) anddT*/d P are taken from relation). Scal-

ing behavior, presented in Fig. 2, offers the possibility of & (T) a;X(T-T*) x* (V/Idp)F 1. dT*
determining the properties under higher pressures from tem- =TT por o x * =T
perature measurements under atmospheric pressure. Enoe(P) ap (P*=P)  X; (VIIT)p_ e dp

Figure 3 enables comparison of the results presented ©®)
above with the properties 6fSm-A transition in 12CB. The
LF NDE pretransitional effects in the isotropic phase als
exhibit classical behaviofrelation (2)] but amplitudes
ANPE are definitely different for the two tested isotherms:

This relation (“equation of state’) shows that the scaling
%ehavior of LF NDE, presented in Fig. 3, reflects the rela-
tionship between susceptibilitigg: and xy . Note that dif-
ferences in pretransitional effects in 8CB and 12CB may
arise from dependencé&* (p). Noteworthy is also an in-
crease of the discontinuity of the phase transition with pres-
sure, particularly taking into account the disagreement be-
tween experimentgunder atmospheric pressufd—10 and
theoretical values oAT ([2—4] and references thergin

ARPE=115+2x10"*6 m®>v2MPa ! and
ARPF=64+2x10"1% m?V 2MPa *

for the lower and upper isotherm, respectively. THg P)
andT.(P) dependencies are nonling@nset in Fig. 3.
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