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Quasicritical behavior of dielectric permittivity in the isotropic phase
of smectogenicn-cyanobiphenyls
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Results are presented of temperature and pressure studies of static dielectric perraijtizitg the non-
linear dielectric effectNDE) in the isotropic phase of smectogemicyanobiphenyls: 9CB, 10CB, and 12CB
(4-cyano-4-n-alkylbiphenyl,n=9, 10, and 12 For the mentioned properties, pretransitional effects can be
well portrayed by applying the relations used for the isotropic phase of nematogens, where evidence of the
quasicritical, fluidlike behavior with exponenis~0.5 andy=1 exists. This kind of behavior one can also
observe on approaching the isotropic—smectic A transition. NDE studies in 10CB and 12CB made it possible
to determine the pressure evolution of the discontinuityf( of the I-SmA transition. It was found that
pressure first decreases the discontinuity of the transition, and that next a gradual rise appears. This behavior
is unlike the one observed for the isotropic-nematic transition, where only an increaS€ wifith rising
pressure was observed.

PACS numbe(s): 64.70.Md, 77.22.Ch

INTRODUCTION smecticA(1-SmA) transition and for thd-N transition in
smectogens with a narrow nematic “gap” between the iso-
Pretransitional behavior in the isotropic phase of smectotropic and smectic phase. However, recently application of
genic compounds is still an almost unknown area. In monothe Iow-frequency(stati() nonlinear dielectric effectLF
graphs this item was simply omitted, unlike the pretransi-NDE) showed thaf25-28:
tional effects in the isotropic phagk of nematogen§l-5|.
The latter can be associated with the success of the mean-
field (MF) Landau—de GenndsdG) model[1] in describing 2 (A&9?

—1 -1 *\Y—
pretransitional anomalies of susceptibility-related properties, Enpe™ Anpe(T—T7)7= 3a°0T—T*
e.g., light scatteringl(), the Kerr effect(KE), the Cotton-
Mouton effect(CME), and turbidity ¢ ) [1-7]:
for f~i>7 T>T. and y=1, 2

Exg Eonip & HE Tex TT= AT =T,

where&ype=(£E—£)/E? is the measure of the NDE, and
(1) g SONoE e gt -

&= are dielectric permittivities in a weak and strong electric
field E, respectively, and\ype is the pretransitional ampli-
tude, A% is the molecular anisotropy of dielectric permittiv-
ity in the zero-frequency limit, and is the amplitude of the
'second rank term in the LdG series which may be associated
with the amplitude of susceptibilityl - is the clearing tem-
peraturef is the frequency of the weak measuring field, and
7 is the relaxation time of collective pretransitional pro-

W|th ’)/:1, fOI’ T>T|_N:T*+AT,

whereéye, &, Ecme, andé; are experimental measures of

KE, I, CME, andr_, respectivelyA, denotes the pretran-
sitional amplitude, appropriate for a given physical property
T,.n is the nematidN) clearing temperaturel* is the ex-
trapolated temperature of a hypotheti¢altual) continuous
phase transition, and T is the measure of the discontinuity
of the transition. esses.

. . . . . C
Relation (1) made it possible to estimate experimentally Particularly noteworthy is the fact that E€2) remains
the value of parametekT=0.7-2 K[1-17. Such a small " \3ji4 yp to aboutTo+40K both for thel-N and I-SmA

value of AT is the result of the weakly discontinuous char- yanitions, with no distortions in the immediate vicinity of
acter of the -N transition. This constituted the main point of T. and without an additional, “nonpretransitional” back-

disagreement with the theoretical, MF based models Whic@round term. In a series of smectogenicyanobiphenyls, a

gave a much higher valueT=27-7 K[1,18-20. Recently g stamatic increase frodT~1.7 K(8CB) to 6.5 K (12CB)
Mukherjee and co-workerf21-23 obtained an agreement ¢ ohserved25]. These results are in a good agreement

with experiment, assuming fluidlike, critical description of \ it 4 recent preliminary considerations on a fluidlike de-
thel-N transition. In this model the nematic clearing point is scription applied to the LdG model for theSmA transition
located on the branch of a hypothetical binodal curve. in Ref.[29]. These authors obtained a single term singular-

_In smectogens the linear temperature dependence preg \yith the exponenty=1, and theoretically estimated the
dicted by relation(1) is observed only remotely from the iseqntinuity of the transition in 12CBYT~6.78 K, in good

cl_elaring point, whereas in its fairly broad Vic_i”WEl' Ecwies agreement with the experimental value given above.
&~ etc bend strongly up or down, or remain cons{&i8— In earlier considerations for smectogenic compounds, the
12,24. This behavior was observed both for the isotropic—application of the perturbation theory to the LdG model by
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taking into account the coupling between the orientational Almost two decades ago Bradshaw and Rayi3& and
(nematig and positionalsmectig ordering in pretransitional Thoen and Men{i39] suggested that a strong bending down

fluctuations gavé6,30,3] of the static dielectric permittivity on approaching the nem-
atic clearing point may be associated with the pretransitional,
o B2 B, critical-like effect. However, this method of analysis has
x =C t— (t—Ao)3’2+ (T Ag) ™2 (3)  hardly been explored since thésee Refs[3], [4], [40] and

references thereinOnly recently it was shown that in nem-
atogenic n-cyabiphenyls K CB), relations analogous to

" % g . those applied in the homogeneous phase of critical solutions
Tin, andTisp, are the bare temperatures, i.e., in the abysy_ 44" made it possible to parametrize the behavior of di-
sence of orientational or translational ordering, of hypotheti-actric permittivity even remote from the clearing point
cal continuous phase transitior@, B,, andB, denote am- E26_28:

plitudes. In nematogens only the first term should be present.

Both in nematogens and smectogens an additional, non- g=g*+b"(T-T*)+BT(T—T*)' ¢ P=const,
singular background term is expected. Relati®nwas suc- (63
cessfully applied only inl| studies where distortions from
relation(1) are relatively small and similar to those observed &=&* +bPx(P*—P)+BPXx(P*—~P)*"* T=const,
in nematogens Whera’Ll slightly bends down from the lin- (6b)

ear dependence on approachifigy[6]. o where (T*,P*) and (Pc,T¢) are the coordinates of the vir-
Another way of empirical quantitative analysis in smecto-tya| continuous phase transition point, and the coordinates of
gens is the application of relatidl) but with the adjustable  tne discontinuous transition at the nematic clearing paiht,
exponenty. For thel-SmA transition, y=0.8—-0.4 was ob- P BT andBP, denote amplitudes.
tained[6,32]. It is noteworthy that the MF approximation It was shown that relatiofi6a) can portray well the ex-
gives y=1 [relation (1)], and predicts no pretransitional perimental data even up _y+ 100K with the exponent
anomaly in the high temperature phase for properties such §§=0.5+0.02. In one of the first attempts at a quantitative
density(p) or specific heatgy) [6]. However, in nematogens analysis of the anomaly of the static dielectric permittivity in
pretransitional anomalies ¢f(T) [33,34 andc,(T) [6.35]  critical, binary Misturg45] pointed out that the derivative of

where t=(T-T5)/Tin, Ao=(TiN—TEsma) Tismas

were observed. For the latter, the permittivity should be directly proportional to the
- ) anomaly of the specific heat. To the best of the authors
Co(M=A(T=T*) "+ A+ Ax(T=T*) +Ag(T-T")%, knowledge, there is no experimental test of this possibility in

4 critical mixtures. However, its validity was clearly shown in
the isotropic phase of nematogemecyanobiphenylq28].
whereA is the critical amplitudeA; are amplitudes of the The obtained parameters are in a good agreement with re-
“background” term, anda is the exponent of the specific sults of analysis by means of relatiof@. It is noteworthy
heat. here that also relatiof2), describing the pretransitional NDE
Despite the minute scale of the anomaly and the limitechnomaly, can be derived basing on the model of the pretran-
range of its appearance {- T, y<4 K) the estimate ofx  sijtional behavior in the homogeneous phase of critical solu-
=0.5-0.3 was found to be reliab[85]. The eventual valid-  tions[27,46.
ity of @=0.5 may point to the tricritical or Gaussi#6,36] Measurements of NDE, the dielectric permittivif26—
nature of thd -N transition. In the case of the lower value it 28 47, 48 and the turbidity[7] for nematogens were also
was treated as the result of the effective exponent caused Rpnducted as functions of pressure. They pointed to the va-
the crossover between=0.5 anda~0.11. The latter value |idity of the postulate of isomorphism of critical phenomena
appears in the three-dimensional Ising universality class, tp6] for thel-N transition[27,28. However, investigations of
which critical solutions belond6,36]. For smectogens the the influence of pressure on properties characterizing the iso-

perturbation theory predicts an additional tef@37] tropic liquid-crystalline mesophase phase transitions are
scarce[40]. This is undoubtedly due to experimental diffi-
8Co(t+Ag) 32 (5)  culties encountered when the physical properties mentioned

above are adopted to high-pressure conditions. Foi tNe
There are reference data of the appearance of the pretrangiansition, apart from results mentioned above, a systematic
tional anomaly for properties associated with exponeit  increase oA T was obtained7,26—28,48,4F Such a behav-
smectogeng6]. However, the experimentally observed di- ior is in good agreement with theoretical predicti¢as]. A
vergence on approaching the smectic clearing point is muckecent paper indicated the possibility of a decrease in the
lower than in nematogens. Hence it seems impossible tdiscontinuity of theAT with rise of pressure in 12CB47].
reach a conclusive fitting of experimental dé6d. This can This paper presents results of “linear” and “nonlinear”
be related to the greater discontinuity of th&mA than of  dielectric permittivity studies in smectogens with th&mA
I-N transition. Regarding the parametrization of pretransitransition: 4-cyano-4decyl-alkylbiphenyl (10CB, T,.gma
tional anomalies in smectogens, there is a clear trend to in=323.8K) and 4-cyano-‘4dodecyl-alkylbiphenyl (12CB,
crease the number of fitted parameters in comparison witl,.s,a=331.2 K), and with a narrow nematic gap between
nematogens. This feature additionally increases the unceisotropic and smectic phasesT,(y— Tn.sma~1.5K):
tainty of the eventual fitting of experimental data in smecto-4-cyano-4-nonyl-alkylbiphenyl(9CB, T,.y=323.05K). Re-
gens. sults obtained made possible investigations of the influence
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of pressure on the discontinuity of tHeSmA transitions
(AT), Ti.sma, andT*. They also show the pretransitional
behavior of nonlinear and linear static dielectric permittivity 10
in tested compounds. These gave estimations of the expc
nentsa andy, for pressure and temperature paths of studies

in smectogenic compounds.

105 Ff

EXPERIMENT

permittivity

Q04 l
The measurement setup for NDE studies was described iig '**

detail in Ref.[50]. The frequency of the weak measuring 3 0,02 AR 0 o 0

field was f=200kHz and the voltagepeak-peak U, S Te 5 10 15 20 25 30 35 40

=1.5V. A strong electric field was applied in the form of 103y ) , 7T ) . .
rectangular pulses of duratioAtp,=8 ms and voltageU 50 60 70 80
=300-1200V, so the conditiod>U,, was well fulfilled. T ()

The registered changes in capacitance were from 1 fF to 5 fF.

ét ’fj‘éﬁ‘ meas;ur?n(;en_lghpmtr.lt the vallld!tyt ogthe gog‘d'fnf 9CB. The dashed arrow shows the clearing temperature. The solid
e was lested. The ime scale 'P roduced by the Treq;nqq parameterize Eq(6a): &=10.16.¢7—0.044.¢qod T—T%)

qguency of the weak measuring fieltl, *>r, made it pos- +0.29, g o T—T%)0442000 \yith T* =320.30.5K. The inset

sible to avoid the influence of relaxation processes on resultgy s results of the differential analysis of the experimental data.
In pressure studies, to reduce the possible error associat@inis case the solid line is parametrized by relati@n with the

with the gradient of temperature along the pressure chambeyalye of the exponent given in the inset and the amplitAde
measurements were conducted isothermally as a function afo.14+0.02. The error for the exponent is equal+®.1.

pressure. Measurements of the static dielectric permittivity
were made_ using a Solartrqn 1260A i_mpeda_mce analy_zer. RESULTS AND DISCUSSION
The averaging over 1000 periods made it possible to obtain a
five digit precision. The applied measurement frequencies Figures 1 and 2 show results of dielectric permittivity
(f=1-10kHz) i.e., within the static permittivity region for Studies in the isotropic phase of 9CB and 12CB. In both
n-cyanobiphenyls. For temperature measurements the Invgases equatiof6a) portrays the experimental well. The ob-
capacitor withC,= 7.6 pF and gajpl=0.5 mm was used. For tained values of discontinuity of the transitioA,T~4.0K
pressure measurements a specially designed chamber withCB) andAT~6.7 K (12CB), agree with those obtained by
Co=5.94 pF and gapl=0.3, which needed only 0.3 chof  the LF NDE method25]. It should be noted that the error
the sample, was used. In both cases quartz rings were usedfas ¢(T) fit of experimental data is much larger than for LF
spacers. In these studies pressure was transmitted into tRDE results. For the latter only a simple linear regression fit
sample via the deformation of a S@w-thick Teflon film. is needed. The inset of Fig. 2 shows the behavior of dielec-
Hence there was no influence of the pressurized ligsii  tric permittivity for the isothermic pressure path on ap-
cone oi) on the samples. The capacitor for temperature studproaching the smectic clearing point in 12CB. In this case
ies under atmospheric pressure was placed in a special
jacket, fed from a Julabo FP 45HD thermostat with an exter-
nal circulation. In the same way the temperature of the pres- g8}
sure chamber was stabilized. The temperature was measurec
by means of a miniature platinum resist@IN 43 260
placed in one of the capacitor’s covers by a Keithley 195A 2
multimeter. In pressure studies, temperature was measuredg
by means of the platinum resistor placed in the jacket of the
pressure chamber and by a copper-constantan thermocouple
placed inside the same chamber. An additional thermocouple &
scanned the temperature gradient along the pressureg
chamber—it was smaller than 0.02 K. Pressure was measured® _ | :
using a Nova Swiss tensometric pressure meter placed ina 8% %6
special valve, 10 cm from the pressure chamber. This made . .
it possible to avoid the influence of temperature changes on 330 a0
the pressure sensor. T (O

The tested compounds, carefully degassed prior to mea- rig 2. The behavior of static dielectric permittivity in the iso-
surements, were obtained thanks to Roman D'browski angopic phase of 12CB, for the temperatdreain parj and the pres-
Krzysztof Czupryski from the Military Academy of Tech-  syre the inset paths approaching the smectic clearing point. The

nology (WAT), Warsaw,_PoIaan. Clearing temperatures andstar shows the position of the virtual critical point. The dashed
pressures were determined with accuraciest6f05 MPa  arrows denote clearing points. Solid curves parametrize equations

and =0.01 K due to the strong change in dielectric permit-g(T)=9.55. g7~ 0.035. g god T— T*) + 0.2, g oy T— T*)0:44=006,
tivity on passing the clearing point. Experimental data wererT* =327.2+0.8 K, £(P)=9.3L 06— 0.01L o oo P* —P)
analyzed using QGIN 5.0 software. +0.14, g oo P* — P) 05009 ' and p* =101.8+ 1 MPa.

FIG. 1. Dielectric permittivity behavior in the isotropic phase of

12CB
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FIG. 3. Results of differential analysis of experimental data P (MPa)
from Fig. 2 (the isotropic phase of 12QBSolid lines are param-
etrized by relatior(7) with values of critical exponents given in the
figure (the errors= 0.05 and amplitudesA;=0.1+0.02 K, and
Ap=0.8+0.02 MPa.

FIG. 4. Reciprocals of the experimental NDE values for tested
isotherms in the isotropic phase of 10CB. The dashed lines show
clearing pressures. Intersections of the solid lines with abscissa de-
termine the parameters of virtual critical point§ypg— ). The
. . . left-hand inset gives values of the temperaturds,,,=Tc(P)
,E'Xpe”mental data are well parametrized by &), Wh'Ch_ —Tc(0.1 MP3 (K). The right-hand inset shows the e?/olution of
is the pressure analog of E(Ga). For all data presented in \pg pretransitional amplitudes for 10 CB and 12 CB.

Figs. 1 and 2, the same value of exponéntl—a~0.5
was obtained. A straightforward estimation of the critical. _. . . .
exponenta can be obtained by applying the differential in Fig. 4 determined the pretransitional amplitudgs. The

analysis to experimental data in Figs. 2 and 3. These resul{8Set in Fig. 4 presents the experimental behavioAgfin
are Zhown in FI)Zig. 312CB) and theginset to Fig. 19CB). 10CB and 12CB. The latter was plotted based on data from

Ref. [47]. It also contains results of measurements which

Solid lines parametrize the following relations: . -
P g made it possible to extend the range of pressures up to 300

de A MPa. The obtained evolution of the amplitude is similar in
aT- (T=TF) @ +const and both compounds.
R Figures 5 and 6 show the obtained dependencies of
de A T*(P) and T¢(P) for 10CB and 12CB, respectively. For

+ const. both compounds these parameters rise with the increase in
pressure as in the-N transition[7,26—28,4T. They can be

The application of the differential analysis made it possibleP@rametrized by equations given below. For 10CB,
to reduce the number of fitted parameters. The validity of
relations(6) and(7) also supports the existence of the fluid-
like behavior{21-23,26—28in the isotropic phase of smec- 30 -
togens. Noteworthy is the fact that analysis by means of
relation (7) was possible in the whole tested range of tem-
peratures and pressuresT-(Tc~40K), and Pc—P 340
~90 MPa). e
The pretransitional behavior of nonlinear changes of di- -

electric permittivity on approaching the smectic clearing 5 550
point are shown in Fig. 4 for 10CB. Tests were conducted for ™
a series of isothermal pressure paths. The obtained pretran-

sitional behavior suggests that it can be portrayed by the

de ___Ap
dP~ (P*—P) ©

10CB

Isotropic liguid

P (MPa)
20 40 60 80 100

=]

pressure analog of relatigi2): a20 ? S"’IA T T
-1 -1/ px [¢] 20 40 60 80 100
Ap(P*—P) for
EnpEXAp T ( ) P (MPa)
P<P., P*=Pc+AP, and y=1, (8)

FIG. 5. Temperature dependence Tf(P) (full circles) and

h Ao is the isoth | t iti | litud f T*(P) (open circlesfor 10CB. The solid line and the dashed curve
where Ap 1S the Isothermal pretransitional amplitude of ;o parametrized by means of relati@®). The inset shows the

NDE_’ P* is the pressur(.alcoorQInate of th,e virtual point of aexperimental dependence of discontinuity of the transitilefi-
continuous phase transitioR is _the cIc_ear_mg pressure, ?Dd hand and bottom axgsThe solid line parametrizes the equation
AP is the isothermal pressure discontinuity of the tranSItIOﬂ.Ap(ATeXp,):g_g_ollmTeXpt(Mpa)_ The dashed curve shows the

The validity of Eq.(8) in the whole range of tested pres- gependence of the temperature discontinuityT(P)=Tc(P)
sures, without any additional “background termi8—12,  —T*(P), calculated from Eq(9a) (upper and right-hand axes
made it possible to estimate the value Bf and conse- The minimum of the dashed curve is equal AT, (54 MPa)
qguently the value oA P. Reciprocals of slopes of solid lines =2 K+0.2.
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12CB .- 10CB to minimize AT and AT(0.1 MPa)AT,,,(P)~3 for
both compounds. It should be noted that the transformation
to AT(P) scale destroys the possible linear dependencies of
- . AP(T) (the solid lines in the insets in Figs. 5 and Ranges

360 50100 150 200 250 500 of eventual linearity forAP(T) seem to be approximately
2o the same as foAp(T).

v Concluding, the reason for such different pressure behav-

380 -

Isotropic liquid

T..T (K

8
7
340 -sg iors of the discontinuities off-N andI-SmA transitions still
jj remains unsolved. One may expect that in nematogens the
o Smd oo . increase of pressure reduces the free volume, and conse-
%20 , , ° " B otwen quently causes a rise of the uniaxial, orientational ordering.
0 50 100 150 200 250 300 Hence the distance between symmetries of the isotropic lig-
P (MPa) uid and the nematic phase, and consequently the discontinu-

ity of the I-N transition, may increase. For theSmA tran-

FIG. 6. Temperature dependence B(P) (full circles) and  sition, the distance between symmetries of the isotropic and
T*(P) (open circlegin 12CB. The solid and the dashed curves aresmectic phases is larger than for nematogens. Hence, values
parametrized from relatiofBb). The inset shows the experimental of AT [25] and of the latent he6] for the |-SmA transition
dependence of discontinuity of the transitideft-hand and bottom are higher than for thé-N transition. For smectogens the

axes. The solid line parameterizes the equatiP(ATe.)=20 . . . :
—0.25\T,,(MPa). The dashed curve shows the dependence of théncrease of pressure will probably shift rodlike molecules

temperature discontinuity calculated from E@9b): AT(P) _Ia_lr:)_ng the c?lr(atctlor;hoféf; freffrred Ocrjlematlor][ﬁl ordering.
=Tc(P)—T*(P) (upper and right-hand axesThe minimum of IS may destroy the structure and cause the appear-

the dashed curve is equal #T (125 MPa)= 3.2 K= 0.2. ance of a similar structure to that known as the high pressure
: re-entrant nematic pha$é]. Such an evolution will narrow
To(P)=323.8+0.31F the distance between symmetries of the mesophase and iso-
' ' ' tropic liquids, and should lead to a decrease of the disconti-
T*(P)=319.8+0.3%+0.0007 P2, (93 nuity transition up to the appearance of the pressure-induced
nematic phase. Next, in the nematic phase, the degree of
and, for 12CB, orientational ordering will increase with the rise of pressure,
which may result in a rise oAT.
Tc(P)=330.9+0.276P+0.000FP?, Results presented above also show that pretransitional ef-
(9b)  fects of the static “linear” and “nonlinear” dielectric per-
T*(P)=324.5+0.327°+0.0003P?, mittivity exhibit similar pretransitional behaviors in smecto-

gens and nematogens. In both types of compounds critical
exponentsx~0.5 andy= 1. The application of Josephson’s

. o L E"scaling law[6,36] givesd=3, i.e., the same dimensionality
discontinuity of thel-SmA transition in the tested com- in critical, binary solutions. This fact, as well as the ob-

Z%Jr_]rds' It SthUId b'e s;rel_slsed that ex.perimeﬂtal valugs Phined isomorphism of the pressure and temperature paths of
(T) were determined. However, owing to the equationsgy, 4y, hoint to the critical fluidlike behavig1—23,26—28

above, it was also. possible to pldT(P) dependencies. of thel-SmA transition at least as far as orientational order-
Such a transformation enabled us to compare the results o g is concerned

tained in the studies with results of LF NDE investigations
under atmospheric pressuf5]. It is evident that the discon-
tinuity  decreases from AT(0.1MPaF4.2K to
ATLin(54MPa2 K in 10CB, and from AT(0.1MPa) The authors would like to acknowledge the support of the
~6.4K10AT,(125)~3.2K in 12CB. Hence one may con- Committee for Scientific ResearciKBN, Poland, Grant
clude that higher pressure is required for 12CB than folNo. 2P03B 020 15.

whereT(K) and P(MPa).
The insets of Figs. 5 and 6 present the evolution of th
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