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Effect of the nematic range on the critical behavior and anisotropy
of the heat transport parameters at the smecticA—nematic phase transition
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The photopyroelectric technique has been used to study the specific heat, the thermal conductivity, and the
thermal diffusivity at the smectié—nematic phase transition of homeotropic and planar samples of
4-n-pentylphenylthiol-4-n-octyloxythiolbenzoatg8S5 and 4n-nonyl-4 -cyanobiphenyl(9CB). It has been
shown that, as in the case ofrdectyl-4'-cyanobiphenyl(8CB), the thermal conductivity remains approxi-
mately constant at the smect#ic-nematic A-N) phase transition and therefore the specific heat and the
thermal diffusivity have the same critical exponent. ThoughARB transition in 9CB is quite close to the
tricritical point, it turns out that tricriticality does not affect the critical behavior of the thermal conductivity.

The temperature dependence of the thermal conductivity anisotropy, which can be considered as a macroscopic
order parameter, has been reported for all the samples investigated. It has been shown that the influence of
smectic ordering on the order parameter becomes progressively more important whAeN thiritical point

is approached.S1063-651X98)02201-9

PACS numbd(s): 64.70.Md

INTRODUCTION also available at the smectie—nematic A-N) transition for
4-n-pentylphenylthiol-4-n-octyloxybenzoatg(8S5) [1] and
Photothermal techniques have been applied recently to thén-octyl-4'-cyanobiphenyl(8CB) [5], compounds having
study of the critical behavior of dynamic thermal parametersdifferent nematic ranges. In both cases, a dip in the diffusiv-
such as the thermal conductivitk)( and the thermal diffu- ity and a smooth conductivity have been found close to the
sivity (D=k/pc, wherep is the density and is the specific transition temperature. In the case of 8CB, measurements
hea}, close to liquid-crystal phase transitiofs]. These were performed on aligned samples, but no differences were
techniques need to introduce a small temperature gradient fiound between the homeotropic and planar cases.
the sample to obtain a good signal-to-noise ratio, thus allow- Though the results are puzzling, the situation is somewhat
ing a high-temperature resolution in the determination of thdess complicated with respect to what has been found in the
thermal parameters close to the phase transition. The resultase of magnetic materials where the same transition in dif-
available in the literature, however, do not provide a cleaferent materials showed different behavior for the thermal
picture of the critical behavior dd andk and the lack of any conductivity[6]. On the contrary, in the case of liquid crys-
guantitative theoretical prediction makes their interpretatiortals so far, compounds having the same transition have
extremely difficult. It is a worthwhile to note that these dif- shown the samé& behavior. Collective long-range phenom-
ficulties in understanding the critical behavior of the thermalena and in particular nondissipative mode couplings could be
transport parameters are not surprising at all if one considengsponsible for the divergence &ffor the A-C transition
that even the physical mechanism of heat transport in liquid4,7], while the smoothk behavior obtained for thé\-N
crystals, away from the transition temperature, has not beemansition could be explained either with a dissipative mode
explained on a quantitative basis. coupling between the nonconserved order-parameter mode
A divergence in the thermal conductivity and a dip in and the conserved energy dendi%| or, more simply, as-
the thermal diffusivity have been reported at the smecticsuming that the heat conduction is governed by short-range
A-hexaticB transition of n-hexyl-4-n-pentyloxybi- processes. The influence of tricriticality on tkandD criti-
phenyl-4-carboxylaté650BQ [2]. Again a divergence ik cal behavior is another open question: While it seems
has been found at the smec#ie-smecticE (A-C) transition  strongly relevant in the case of the C transition[4], the
of N-(4-n-heptyloxybenzylidene4’-n-butylaniline (70.4),  situation is not clear for thé&-N one. For &5[1] and 8CB
while a dip with a superimposed peak at the transition temf{5], the conductivity close td 5y could be fit with a linear
perature has been found B [3]. A similar behavior has temperature dependence and it was therefore possible to de-
been reported for theA-C ftransition of racemic scribe thec andD critical behavior with the same critical
4 - (3 - methyl- 2 -chlorobutanoyloxy-4'-heptyloxybiphenyl  exponent. A very small increase knat the transition tem-
(A7) [4], the peak inD at T, being much more pronounced perature was, however, detected in the latter case. It should
than the one of 70.4. Such behavior was related by the aue noted that 8CB is much closer to the tricritical point than
thors to the fact that the latter compound is much closer t@S5, but not close enough to show a tricritical behavior.
the mean-field tricritical point than 70.4. Measurements are The aim of this paper is to try to clarify the role of tric-
riticality on the heat transport parameters, in the case of the
A-N transition, in compounds with different nematic ranges.
*Electronic address: mercuri@utovrm.it The photopyroelectric technique has been used to determine
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simultaneously the specific heat, the thermal conductivity,

and the thermal diffusivity on aligned samples &38and 4- 6
n-nonyl-4' -cyanobiphenyl (9CB) with a MacMillan ratio :
Tan/Tn Of 0.936 and 0.994, respectively. The results have i
been compared with the ones already reported for §&B ‘
which has ar 5y /Ty =0.977. It turns out that, in the critical
region,k behaves in a similar smooth fashion in all the in-
vestigated samples, thus showing no influence of tricritical-
ity. On the other hand, the width of the nematic range affects
the thermal conductivity anisotropy. In fact, beldvgy, K

—k, (wherell and_L refer to homeotropic and planar align-
ments, respectivelyshows a feature that becomes more evi-
dent as the tricritical point is approached. This feature results

from the contribution of the smectic ordering to the orienta- 35 40 45 50 55 60
tional order parameter. An analysis of the results in terms of T (°C)

a simple qualitative picture for the heat conduction mecha-

nism previously proposel8] will be given. FIG. 1. Specific heat as a function of temperature for homeotro-

pic (light gray dotg and planardark dot$ 9CB samples.

EXPERIMENT , ] ] ] ,
trimethylcetylammonium bromide. In order to achieve opti-

A photopyroelectric setuf®] has been used to determine mum alignment, the volume fraction of the solution was var-
simultaneouslyc, k, and D, the sample density being jed and thek, value at a fixed temperature was monitored.
known. In the configuration we have used, the sample iSVe observed a maximum of this value at the concentration
sandwiched between a glass plate and a pyroelectric trangalue of the surfactant of about 5% in weight. Bearing in
ducer. One of the sample surfaces was periodically heateshind that, as shown later on in more detail, improvements in
and the temperature oscillation introduced at the oppositéne alignment result in an increaselgfand in a decrease of
surface, which is estimated to be less than 1 mK, was dex, , we used such a value of the surfactant concentration for
tected by the transducer. The amplitude and the phase of thgtimum homeotropic alignment. Planar alignment was ob-
photopyroelectric signal, which depends on the sample thettained by sputtering a thin quartz film at a grazing angle on
mal parameterg9], were analyzed by a lock-in amplifier. hoth the surfaces in contact with the liquid crystal and a

The transducer was a 3Q@m thick LiTaO; single crystal procedure similar to the one mentioned above was used to
and the sample was 30m thick. The surface of the glass optimize the deposition conditions

plate in contact with the liquid crystal was coated with a
200-nm optically opaque Ti layer, which was thermally thin
and therefore had a negligible effect in the heat diffusion RESULTS
processA 5 mW He-Ne laser, acousto-optically modulated
at 64 Hz and absorbed by the metallic coating, was the heat- Figure 1 shows the specific heat for two 9CB liquid-
ing source. The sample and the transducer were contained @ifiystal samples with homeotropic and planar alignments in
a oven. The intensity of the heating beam and sample heatiri§e temperature range 35 °C—60 °C. As expected, the two
rate were decreased as much as possible to minimize tH@irves superimpose quite well in the whole temperature
effect of thermal gradients. It is well known that the thermalrange investigated. The same data sets for the signal ampli-
gradients, together with the sample purity, are responsibléude and phase from whict values have been calculated
for the “rounding” that affects data points very close to the
transition temperature. The width of the rounding region,
which in the case of 8CB was about 5 mK frofipy on 3.5 P, N
either side of the transition, can be used to derive an uppe )
limit for the extent to which thermal gradients in the sample
affect the resolution of the measurements. For a temperatur
scan on a wide temperature range, the heating rate was abo
20 mK/min, while for high-resolution measurements close to
a phase transition, the rate was 0.5 mK/min. No substantia
differences were found in the determination of the thermal
parameters when taking into account the temperature deper
dence of the sample densit§0], which in the case of 9CB
shows a variation of about 2% in the temperature range
30 °C-60 °C, or when considering it as a constant. Samples
have been recrystallized several times before their use. 35 40 45 50 55 60

A polarizing microscope was used to check the alignment. T (°C)
Homeotropic alignment was achieved by treating the glass
plate and the pyroelectric surfaces in contact with the liquid FIG. 2. Thermal conductivity as a function of temperature for
crystal with a surfactant agent consisting of a solution ofhomeotropic(light gray dot$ and planardark dot$ 9CB samples.
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TABLE |. Values of the adjustable fitting parameters for the specific be#te thermal conductivitk, and the thermal diffusivityp for (a) homeotropic andb) planar 9CB samples.

X2

G (W/cm K?)

H (W/cm K)

BUgK E@WQgK A (JgK D~ D*

Tc (K)

Parameter a ATIA™

Fit

1.08

—2*+1 —-1.7+0.9

0.4:0.3 0.6:0.1

2.9-0.3

321.003:0.007

0.52+0.03 0.9 0.2

c

la

0.98

(—1+2)x10°°

(2.7£0.2)x 1073

2.8-0.2 0.2:0.4 0.66-0.09 —-1.9+0.7 -1.9*+0.9

321.0050.005

0.52+0.04 0.94-0.09

DH

2a
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1.11

(—-1+2)x1074

(2.7+0.1)x 1078

kH

3a

1.00

2.9-0.2 0.5:0.3 0.5:0.1 -1.9+0.9 -1.9+0.9

321.002-0.005

0.52+0.04 0.98-0.09

c

1b

1.01

(0+5)x107*

(1.29+0.06)x 1073

0.2:0.4 0.570.08 —2.0+0.5 -1.9*+0.6

2.9-0.2

321.006:0.005

0.52£0.03 0.9-0.2

D,

2b

1.01

(1+2)x10°*

(1.29+0.03)x 102

k,

3b

e

1.5
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FIG. 3. Thermal diffusivity as a function of temperature for
homeotropic(light gray dot$ and planardark dot$ 9CB samples.

have been also used to obtain the thermal conductivity and
the thermal diffusivity.

Figure 2 shows the temperature dependende ahdk,
in 9CB. In the isotropic phase the two data sets coincide and
the values remain fairly constant from thid-1 transition
temperature up to 60 °C. A discontinuity is clearly evident at
Ty in both cases, with an increase kgf that is larger than
the corresponding decrease lof. In the nematic phask,
increases with decreasing temperature, but the rate of such an
increase shows a drastic change just belowAhN transi-
tion temperature. Finally, well within the smectic phakg,
seems to tend to a saturation value. On the other hand, a
slight decrease ok, with decreasing temperature has been
obtained in the nematic phase, while its value remains fairly
constant in the smectic phase down to 35 °C.

Figure 3 showsD, and D, temperature scans in 9CB.
Again, the two superimpose in the disordered phase and
show a dip at theN-1 and A-N transition temperature. The
values ofD, are always larger than the value DBf, in the
nematic and in the smectic phases and this is of course due to
the thermal conductivity anisotropy. The temperature depen-
dence ofD, in the smectic phase, however, is essentially
connected to the specific-heat behavior sikcds approxi-
mately flat in that temperature region. The same happens
over the transition temperature, where the dip®iseem to
originate from the peaks in the specific heat.

To check in more detail this conclusion, high-resolution
measurements have been performed close té\tihetransi-
tion temperature. Figure 4 show the specific-heat behavior vs
the reduced temperature for homeotrot@. 4(a)] and pla-
nar [Fig. 4(b)] samples, with the solid line representing the
best-fit curve and the dotted one corresponding to data points
in the rounding region that have not been considered in the
fit. The data for the specific heat have been fit to the expres-
sion

C=B+E(T—To) +A™[T—T| “(1+D*[T-T"9,

where the plus and minus signs referfio-T, and T<T,,
respectively and where we considef<T;) as (T—T.)/
[1 (K)]. The results of the fit have been reported in Table I.
The two fits for homeotropic and planar samples, as ex-
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FIG. 4. High-resolution measurements of the specific heat as a ) . I
function of the reduced temperature (T—Tay)/Tay for (@) ho- FIG. 6. High-resolution measurements of the thermal diffusivity
meotropic andb) planar 9CB samples. The solid line represents the®S @ function of the reduced temperattre(T—T,n)/Tay for (a)

best-fit curve. The dotted line corresponds to a temperature regioflPMeotropic andb) planar 9CB samples. The solid line represents
that has not been considered in the fit. the best-fit curve. The dotted line corresponds to a temperature

region that has not been considered in the fit.

pected, are quite similar, showing a critical exponent close t

;c/fi]gutsr:crlgczgr; Tje?e:l?l'%i]n dT:]e?ji%% ?gni%rgngzr:nvzgz E\)/\r/ i' tricritical value of A*/A~ is not universal in the experimen-
y rep : tally accessible temperature rangg], but a value of ap-

amplitude ratios is within the statistical uncertainty, while, as . . .
expected12], the ratio between the parameté&rsn the fit is Flrz])qmately 1 has been obtained for polar cyanobiphenyls
Figure 5 shows the temperature dependendg ahdk;
4 in 9CB in the critical region. In both cases the thermal con-
ductivity remains smooth over the whole temperature region
investigated. A sharp and narrow peak close to the transition
temperature was obtained in photoacoustic measurements of
the k critical behavior in a nonaligned 9CB sampl5]. It
has been shown that the photoacoustic technique needs to
introduce in the sample a larger thermal gradient than the
one needed by the photopyroelectric techniffl@ and our
Nodesimmemai e el Ayl oot bpahse conclusion is therefore that the very narrow peak shown in
those data is at least partially contained in the rounding re-
gion due to thermal gradients. Figurgggand &b) showD,
andD, vs reduced temperature and the data have been fitted
with the expression

%pproximately 1 in both cases. It should be noted that the
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FIG. 5. High-resolution measurements of the thermal conductiv- B+E(T—To) +A™[T—T¢[ #1+D7|T—T[*)
ity as a function of temperature closeTgy for homeotropidlight
gray dot$ and planardark dot3 9CB samples. the fit results are reported in Table I. It is evident that it is




600 F. MERCURI, U. ZAMMIT, AND M. MARINELLI 57

| 3.5
_ 4‘5 N »\\“hv:»xr\m';,‘v‘“m““ N 3
% E25
S35 . \ : 2'”@%
o 3 I o e e ns . :
= =) LI LI DA By R L T %
— - 15 D A v . 3
725 -, SRR ':' qu
I 2 L ‘gl 1 . ...*0’ . .
2 ’
15 — |
1 | N |
60 65 70 75 8 8 90 Y16 477 418 479 48 481 482
T €0 o

FIG. 7. Thermal conductivity as a function of temperature for  FIG. 9. High-resolution measurements of the thermal conductiv-
homeotropic(light gray dot$ and planar(dark dot$ 855 samples. ity anisotropy as a function of temperature closeljg, for 9CB.

possible to fitk with a linear temperature dependence and17]. In many other cases, the two quantities have been con-
that the anomaly in the diffusivity depends on the specific-sidered to be proportional, but this is based on an arbitrary

heat anomaly. assumption about the correlation functidiv].

Eigure 7 shows the temperature dependende, ehdk The behavior of the order parameter at the transition tem-
of 8S5. Some differences with respect to 9CB should beperature depends on the order of the phase transition: A dis-
noted. No features appear in bdthandk, close toTy, continuity is expected for a first-order transition, while the

which remaims quite smooth over the entire transition regiororder parameter remains continuous for a second-order one.
and seems to have reached a saturation value in the smeclitthe isotropic phase,—k, is obviously zero and shows a
phase. Moreover, the decreasekof in the nematic phase clear discontinuity at thal-1 transition. Such discontinuity is
with decreasing temperature is more evident than in 9CB. Orelated to the first-order nature of this transition. It should be
the other hand, as in the case of 938, remains approxi- noted that although the photopyroelectric technigue is an ac
mately constant in the smectic phase. calorimetric technique, it can be used for a straightforward
Figure 8 shows the temperature dependence of the anisafetermination of the order of a phase transition, thanks to its
ropy in the thermal conductivitk,—k;, of 8S5, 8CB, and sensitivity to anisotropy in the heat diffusion process. This
9CB. It is well known that a macroscopic order parameteraspect, combined with the ability of the technique to measure
can be defined by extracting the anisotropic part of a quantitgimultaneously and with a high resolution the critical behav-
that has a tensorial nature in the ordered phf$@k Ther- ior of static quantities, such as the specific heat, and dynamic
mal conductivity fulfills such conditions and we can there-quantities, such as the thermal conductivity, makes it unique
fore define k—k, as a macroscopic order parameter.for the study of thermal parameters close to phase transi-
Though the macroscopic and microscopic order parametetons. It should be noted that other high-resolution ac calori-
are related, a proportionality between the two can be quantimetric technique$18] have been used previously to assess
tatively derived only in the case of magnetic susceptibilitythe order of a phase transition. In particular the behavior of
the phase lag of the measured ac signal was related to the
presence of a latent heat, but this was only possible in a quite

3™ indirect and qualitative way.
T The anisotropy ofk in 9CB increases with decreasing
25 temperature in the nematic and smectic phases and resembles

the behavior ok . This can be easily explained considering
the much weaker temperature dependende, ofiith respect
to k; . Just belowT »\ there is a rapid increase of the anisot-
ropy with decreasing temperature. Approximately one degree
below T,y, the rate of change of the anisotropy decreases
1 T : andk,—k, tends to approach a saturation value.
The temperature dependencekgfk, of 8CB has been

3
[\S]
]

" W/emK)

k, -k, (10
W

)
Py

0.5 obtained from the data reported in RES). The behavior is
0 ‘ ‘ ; ‘ approximately the same as the one reported for 9CB. A dis-
30 25 20 -15 -10 -5 0 continuity at theN-1 transition and a continuous behavior at

T - Ty °C) the A-N one, which has been confirmed by high-resolution

temperature scan@ot shown, have been found. The in-

FIG. 8. Thermal conductivity anisotropy as a function Bf ~ crease of the anisotropy beloWw,y seems to be less pro-
— Ty for (a) 8S5 (b) 9CB, and(c) 8CB. The arrows indicate the nounced in this case than in 9CB. To check whether this
A-N transition temperature for the three compounds. effect is related to the width of the nematic range, we have
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also shown the anisotropy measurements 8b.8 he anisot- posed by Rondelez, Urbach, and Hervet. In 9@&B, de-

ropy shows a smooth behavior ovEx,, where it seems to creasegslightly) in the nematic phase as a function of tem-

have reached the saturation value. perature, but remains fairly constant in the smectic one. A
Figure 9 shows high-resolution measurementkefk,  similar behavior has been found in 8CB] and in &5,

close to theA-N transition. No discontinuity can be detected Where the decrease & with temperature in the nematic

in the transition region and this leads to the conclusion thatPhase is more evident because of the progressive increase of

within the resolution of our technique, teN transition in  the nematic range. In both cases the¢emperature depen-

9CB is of second order. It could be, however, that the resodence is weaker than the one. Similar results fok, have

lution of our technique is not high enough to detect discon2€€n found also for 4;4di-hexylazoxybenzen€sAB) [22]

tinuity in the order parameter in very weakly first-order andl 4n-FtJﬁntyI£)4-cyanobtipher:jyf%B) [23] t;elo;vl'(l' ni- TO
phase transitions. As already stated, the resolution can 2%” asi ?ng\’;;e.g Icrjr?oere sini\i/tli(\)/:alqtoar\]/ariatioggeof
estimated from the rounding region that in the case of oufh u u !

. e molecular long axis direction around the average align-
measurements on 8CB was about 5 mK fray, on either ment one in the homeotropic case than in the planar one.

side of the transition. This resolution, in the case of Spec'f'CAnother possible explanation could be the that the degree of

heat measurements, is comparable with the resolution Qfjignment which can be achieved in the case of planar
other ac calorimetric techniqug$8], but lower than the one samples with the various procedures is always poorer

of adiabatic scanning calorimetASC), which is at least  than the one obtained in the homeotropic one. In fact, the
0.001 K[19]. The results we have obtained from the fitaf  5p0ve mentioned behavior &f was observed using differ-
data are, however, in good agreement with the ones obtainegt procedures for the alignment such as rubléAB) [22],

With ASC. ASC measurements in 8CB at theN transition  magnetic field 5CB) [23] and quartz depositiofthis work).

give an upper limit for the latent heat of 0.4 J/mol and An even more complicated temperature dependence for
Thoen, Marynissen, and van Dael concluded that the transhas been found ifN-(4-methoxybenzylidene4’-butylaniline
tion is a second-order onfé&9], but recent measurements on (MBBA) [24], p-azoxyanisole  (PAA), and

the movement of interfaces between the nematic and SmeCtE-butoxybenzylidenep- n-octylaniline (BBOA) [25], where
phases[_ZO,_Z]] seem to suggest a very weak first-order na-after a minimum belowTy, , it was found to increase with
ture. It is important to point out, however, that the main yecreasing temperature. This behavior is surprising since it
characteristic of the photopyroelectric technique is its abilitycoyid lead, as in the case of RE24], to an order parameter

to perform high-resolution measurements for the study of thgna; after a peak belowW,,, unrealistically decreases with
critical behavior of dynamic as well as static thermal prop-iemperature.

erties. All these considerations clearly show not only the success
but also the limits of the simple description proposed by
DISCUSSION Rondelez, Urbach, and Hered] and lead to the conclusion
that more effort is needed to clarify the mechanisms of ther-
The behavior of the thermal conductivity in all the mal conduction in liquid crystals. In this respect measure-
samples investigated can be tentatively explained using theients on thenCB homologous series, with a goal of clari-
simple arguments introduced by Rondelez, Urbach, andying the role of the molecular shape and interactions, are
Hervet[8], which suggest an analogy between the elongate@resently being taken and will be presented elsewhere.
liquid crystal molecules and grains in a polycrystalline solid. ~ The proposed mechanism for the heat conduction in liquid
The thermal conductivity in these materials is limited by thecrystals basically assumes that the thermal conductivity is
grain size since the phonon mean free path cannot exceefbminated by short-range processes. What happens when the
this dimension. Now, considering the molecules as rigid rodsransition temperature is approached? Collective phenomena
and assuming that the intramolecular thermal conductivity iglue to the divergence of the correlation length and therefore
exceedingly high with respect to the intermolecular one, ilong-range interactions take place and these interactions are
turns out that the heat diffusion in a given direction is domi-responsible for the anomaly observed in many physical
nated by the number of interfaces among molecules encouruantities. In dynamics, long-range interactions lead to pos-
tered in that direction. The number of interfaces for a fixedsible coupling of long-lived modes. If the coupling is non-
sample thickness is larger for a planar sample than for @issipative, a divergence in the thermal conductivity is ex-
homeotropic one and therefore the thermal conductivitypected, while if it is dissipative, it remains finif&]. It could
should be larger in the latter case. This is what has beebe, however, that short-range processes dominate close to the
observed in many liquid-crystal compoun{s,8,22—-29%.  transition temperature, which could also give a smooth con-
Following this approach, the thermal conductivity tempera-ductivity all over the transition region. The results reported
ture dependence should be somehow related to the tempeiia- Fig. 5 show no anomaly in the thermal conductivity of
ture dependence of the molecules alignment and therefore @iCB at theA-N phase transition as in the case of 8CB and
the microscopic orientational order paramet8r The  8S5, thereby ruling out the possibility of a nondissipative
increase ofs with decreasing temperature should corresponatoupling between the order parameter mode and the energy
to an increase ok, and a decrease df, . The results ob- density.
tained fork, in this work, as well as the ones found in lit-  9CB is known to be very close to thfe N tricritical point.
erature, confirm this hypothesf§,22—29. The situation is Nonetheless, the behavior of the thermal conductivity close
more complicated in the case kf , which shows a weaker to the transition temperature is similar to the ones observed
temperature dependence with respecktp a result that is in 8CB and &5, which have an increasingly wider nematic
difficult to explain in terms of the simple description pro- range. These results suggest that forAk#l transition there
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is no influence of tricriticality on the behavior & On the thermal conductivity aT 5p in 8CB[5], it turns out that what
contrary, as already stated, it has been suggested that in thad been described as a minor increask anoundT »y Was
case of theA-C transition[4] tricriticality substantially af- in reality a change in slope similar to the ones described
fects the critical behavior ok, which in all the reported above.
cases showed a divergen&:4].

The proximity of theA-N andN-I transitions, however,
seems to have an effect dqg-k, close toT,y since the
change in slope of this quantity just below the transition Measurements of the specific heat, thermal conductivity,
temperature is much more_pronounced in 9CB than in 8CBand thermal diffusivity have been performed on three com-
and is practically absent inS%. Considering the coupling pounds with MacMillan ratios of 0.936 and 0.977 and 0.994,
between the smectic and the nematic order parameters, riéspectively. It has been found that in all the cdsesmains
turns out that smectic layering induces an increase in thepproximately constant close 1o, and the thermal conduc-
orientational order parameter given byS=S—Sy(T) tivity critical behavior at theA-N transition is not affected
=XCp§ [17], whereSy(T) is the order parameter in the ab- by tricriticality. Results on the temperature dependende, of
sence of the smectic phasg,is a constantp, is the first andk, for all the compounds investigated have been re-
harmonic of the density modulation in the smectic phase, angorted and they have been discussed according to a descrip-
x(T) is a response function that increases upon approachingpn given by Rondelez, Urbach, and Hervet, which assumes
Ty - The observed behavior &f-k, is therefore related to a that the thermal conductivity is strongly affected by the
decreasing coupling & andp, going from 9CB to 8CB and shape of the liquid-crystal molecule. It has been possible
8S5 because of the increase in the nematic range. In othavith the photopyroelectric technique to study the behavior of
words, asT 5\ progressively moves away frofry,, Sy tends  the macroscopic orientational order paramekgk, as a
to saturate and cannot substantially change any longer whduanction of temperature and thus determine the order of the
the smectic ordering also occurs. A similar contribution ofphase transition. It turns out that also in the case of 9CB,
smectic ordering to the nematic order parameter has beenithin the limit of our experimental resolution, ti#e N tran-
reported in a mixture of 8CB and 10CB in the isotropic sition is a second-order one. The influence of smectic layer-
phase close tdy, as a function of applied field anéS has ing on the order orientational parameter has been reported
been estimatef26]. Finally, it should be noted that from a and it has been shown that it becomes less important when
more accurate analysis of the previously reported data of théhe nematic range increases.

CONCLUSIONS
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