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

Aleksandra Drozd-Rzoska,* Sylwester J. Rzoska, and Jerzy Zioło
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 ofn-octylcyanobiphenyl~8CB, isotropic-nematic liquid crystal phase transi-
tion! andn-dodecylcyanobiphenyl~12CB, isotropic–smectic-A 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
dependence~up to 100 MPa! of 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.
@S1063-651X~97!09302-1#

PACS number~s!: 64.70.Md, 77.22.Ch.
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INTRODUCTION

Studies of the isotropic-nematic (I -N) phase transition
have a long history and are still of considerable inter
@1–4#. Basic experimental facts are derived from measu
ments in the isotropic phase of such physical properties
the Kerr effect ~KE!, Cotton-Mouton effect~CME!, light
scattering (I ) @5–7#, turbidity (t) @8#, and nonlinear dielec-
tric effect ~NDE! @9–11#. They exhibit the same classica
pretransitional anomaly in the isotropic phase. Their p
nomenological description made possible the application
the Landau–de Gennes~LdG! model ~@5# and references
therein!. In the case of low-frequency NDE~LF NDE!, ap-
plied in this paper, the appropriate relation has the fo
@10,11#

ENDE5
AT
NDE

~T2T* !g 5
2

3
e0~De0!2aT

21~T2T* !2g ~1!

with g51, T.TC , and TC2T*5DT, where ENDE
5(eE2e0)/E2 is a measure of NDE, andeE and e0 are di-
electric permittivities in a strong and in a weak electric fie
E, respectively.De0 is a molecular anisotropy of dielectri
permittivity in the zero frequency limit.DT is a value of the
discontinuity of the phase transition.aT denotes the constan
amplitude of the second-rank term in the LdG series.TI -N
andT* are the clearing temperature~I -N, in this case! and
the extrapolated temperature of the hypothetical, continu
phase transition. For the LF NDE@10,11#: f21/t!1 up to the
clearing point, f is the NDE measuring frequency, andt
denotes relaxation time of pretransitional processes in
isotropic phase.

Recent investigations of the series ofn-cyanobiphenyls
~from 6CB to 12CB! @10# point to a unique feature of LF
NDE: starting fromT2TC'50 K the reciprocal of the effec
remains linear up to the clearing temperature. Additiona

*Author to whom correspondence should be addressed.
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such behavior occurs for both the isotropic-nematic (I -N)
and isotropic–smectic-A ~I –Sm-A! phase transition. For the
I -N phase transition a good quantitative agreement with
lation ~1! was ascertained@10,11#.

It is well known that the hydrostatic pressure strong
influences both properties of the liquid crystalline phas
@12–19# and the phase transition behavior@7–9,12–20#. For
the I -N transition one could expect the pressure to influen
such important parameters asTC , DT, or aT . It also poses
the question regarding differences in the pretransitional
havior when the phase transition is approached by chang
temperature changes or isothermal density changes. Unfo
nately, pressure studies of physical quantities mentio
above are very scarce@8,9,20#. This is undoubtedly due to
serious technical problems encountered at the high press
@21#.

This paper presents results of high pressure~up to 100
MPa! LF NDE studies in the isotropic phase of two liqu
crystallinen-octylcyanobiphenyl~8CB, I -N phase transition!
and n-dodecylcyanobiphenyl~12CB, I –Sm-A phase transi-
tion!. Apart from addressing the problems mentioned abo
we discuss the possibility of scaling of pressure and temp
ture pretransitional effects.

EXPERIMENT

NDE measurements were performed using an appar
with frequency modulation of anLC generator described in
detail in our previous papers@10,11#. The parameters of the
weak measurement field were:f5250 kHz andU53 V. The
additional, strong, steady electric field was applied in
form of a rectangular pulse of the length 4 ms, repeatabi
3 s, and voltageU5300–900 V. The sample was placed in
specially designed flat-parallel capacitor~gap 0.6 mm,C0'4
pF! which was a modified construction presented in@21#.
The capacitor contained 0.8 cm3 of a sample. The tested
liquid was only in contact with stainless steel, quartz, a
Teflon. The pressure was exerted on the sample by the
formation of 40mm thick Teflon membrane. The pressu
chamber, within the capacitor was placed, was construc
2888 © 1997 The American Physical Society
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by UNIPRESS, Warsaw, Poland and Experimental Wo
shops of the Institute of Physics, Silesian University. T
pressure was transmitted from its source~special chamber
with a piston under hydraulic press! through a mixture of
octane and silicone oil. On approaching the phase trans
point the applied high voltage was decreased to keep
response of the sample in the same range, from 5 to 30 fF
each measurement point the fulfillment of the conditi
(eE2e)}E2 was tested. The temperature was measured
means of Keithley 195A multimeter using a platinum resis
~A1 class, DIN 43 760! located in the jacket of the samp
and a copper-constantan thermocouple placed inside
pressure chamber. The temperature was stabilized with
cision higher than 0.02 K/h. The pressure was measured
Nova Swiss tensometric pressure meter with accuracy60.1
MPa. Studies were conducted in the isotropic phase of 8
~TI -N540.15 °C! and 12CB (TI –Sm-A558.6 °C!, prepared
by the Dąbrowskii group from the Military Technical Acad
emy, Warsaw. Each sample was degassed prior to mea
ments. Data were analyzed by means of theORIGIN 3.5 soft-
ware ~Microcal Inc.!. Errors are given as three standa
deviations.

RESULTS AND DISCUSSION

Results of isothermal, pressure measurements in the
tropic phase of 8CB are shown in Fig. 1. The inset in Fig
demonstrates the isobaric temperature measurements
mospheric pressure and forP520.7 MPa. In both cases re
ciprocals of NDE remain a linear function of pressure
temperature up to the clearing point. Noteworthy is the ra
in which this simple classical behavior holds:PC2P'70
MPa andT2TC'50 K, respectively. Applying the LdG
model @5–7,10# and the Landau@22# suggestion of the
equivalence of pressure and temperature in this series
can easily derive a relation for the isothermic, pretransitio
effect:

ENDE5
Ap
NDE

PC2P
5
2

3
e0~De0!2ap

21~PC2P!21 ~2!

FIG. 1. Reciprocals of measured LF NDE in the isotropic ph
of 8 CB, for few isotherms, denoted on the figure in relation to
clearing temperature under atmospheric press
@DT85T~measurement!2TC~P'0.1 MPa!#. The inset shows re-
sults of temperature measurements under atmospheric pressur
for P520.7 MPa.
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with P,PC , P*2PC5DP, T5const, whereAp
NDE is the

pretransitional amplitude for the isothermal, pressure stud
PC andP* denote pressure coordinates of the clearing po
and of the hypothetical, continuous phase transition.DP de-
notes pressure value of the discontinuity of theI -N phase
transition.ap is the constant amplitude for the second-ra
term in the~isothermal! LdG series. The obtained value o
pretransitional amplitudes are constant, within the limit
the experimental error, for isothermal and isobaric pat
Their average values are

AP
NDE531063310216 m2 V22 MPa and

AT
NDE59261310216 m2 V22 K.

TheTC(P) andT* (P) lines, presented in the inset of Fig. 2
are governed by linear relations:

T*537.8~60.2!1@0.327~60.006!#P ~°C !,

Tc539.4~60.2!1@0.334~60.006!#P ~°C !, ~3!

where dT* /dP50.32760.006 K MPa21 and dTC/dP
50.33460.006 K MPa21. These dependencies predict th
the discontinuity of the phase transition increases with pr
sure fromDT'1.6 K for P50.1 MPa toDT'2.3 K for
P5100 MPa. A similar trend ofDT(P) was observed in
MBBA, yet is based on turbidity measurements@8#.

Figure 2 shows that the obtained isothermal pressure
isobaric temperature pretransitional effects can be supe
posed on one curve, plotting~T* /ENDE! as a function of
(T2T* ) with pressure data converted into the temperat
scale by the relation:

P*2P→T2T* ~P!5S dT*dP D ~P*2P!, ~4!

e
e
e

and

FIG. 2. The scaling behavior of isothermal pressure and isob
temperature pretransitional LF NDE effects in 8CB. The plot co
tains all experimental data from Fig. 1. The solid squares are
isobaric temperature data and open squares are for the transfo
pressure, isobaric data. The inset demonstrate the pressure d
dence of theTI -N ~full circles! and T* ~full circles!. Solid and
broken lines are fits according to relation~3!. Arrows show direc-
tions of approaching the clearing point applied in this research
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whereT* (P) anddT* /dP are taken from relations~3!. Scal-
ing behavior, presented in Fig. 2, offers the possibility
determining the properties under higher pressures from t
perature measurements under atmospheric pressure.

Figure 3 enables comparison of the results presen
above with the properties ofI –Sm-A transition in 12CB. The
LF NDE pretransitional effects in the isotropic phase a
exhibit classical behavior@relation ~2!# but amplitudes
AP
NDE are definitely different for the two tested isotherms:

AP
NDE511562310216 m2 V22 MPa21 and

AP
NDE56462310216 m2 V22 MPa21

for the lower and upper isotherm, respectively. TheT* (P)
andTC(P) dependencies are nonlinear~inset in Fig. 3!.

CONCLUSIONS

The presented results suggest the equivalence~isomor-
phism! of temperature and pressure paths on approaching

FIG. 3. Reciprocals of LF NDE on approaching theI –Sm-A
transition in 12CB. Studies were carried out for two isotherm
denoted on the figure in relation to the clearing temperature un
atmospheric pressure~DT8!. The inset shows the pressure depe
dence ofTI –Sm-A ~open circles! andT* temperatures~full circles!.
The slope of the solid line isdTC/dP'0.38 K MPa21. Arrows
show directions of approaching the clearing point applied in t
investigation.
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I -N phase transition for the LF NDE. Taking into accou
the recently postulated critical character of pretransitional
fects @2,3,11# in the isotropic phase of nematogens th
equivalence may be regarded as a consequence of the
morphism postulate of critical phenomena@7#. The classical
behavior of the pretransitional effect holds also forI –Sm-A
phase transition in 12CB.

Basing on the well-known solution of the Landau mod
@7,22# one can rewrite relations~1! and ~2! in the following
form:

ENDE5const3~De0!2x* , ~5!

where the termx* denotes the generalized susceptibility~for
the weakly discontinuousI -N transition!, i.e., the isothermal
compressibilityxT* , for P5const, and thermal expansion co
efficient ~‘‘isobaric compressibility’’! xp* , for T5const. Re-
lation ~4! is similar to that applied in critical, binary, solu
tions. Indeed, recent theoretical and experimental stu
@2,3,11,23# pointed out the close relationship between t
pretransitional behavior in the isotropic phase of nematog
and in the homogeneous phase of critical solutions. Relat
~1!, ~2!, and~5! for the isothermal and the isobaric approac
ing the (T* ,P* ) point, gives

ENDE~T!

ENDE~P!
5
aT

21~T2T* !

aP
21~P*2P!

5
xT*

xp*
5

~]V/]p!T→T*
*

~]V/]T!p→p*
*

5
dT*

dp*
.

~6!

This relation ~‘‘equation of state’’! shows that the scaling
behavior of LF NDE, presented in Fig. 3, reflects the re
tionship between susceptibilitiesxT* andxp* . Note that dif-
ferences in pretransitional effects in 8CB and 12CB m
arise from dependenceT* (p). Noteworthy is also an in-
crease of the discontinuity of the phase transition with pr
sure, particularly taking into account the disagreement
tween experimental~under atmospheric pressure! @4–10# and
theoretical values ofDT ~@2–4# and references therein!.
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