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High temperature resolution measurements of thermal conductivity, thermal diffusivity, and specific heat,
with simultaneous polarized light visual inspection of the sample, have been performed at two different liquid
crystal phase transitions: the 8a8mC (SmecticA—Smectic€) and the SPA-HexB (SmecticA—hexaticB)
in racemic A7 [4-(3-methyl-2-chlorobutanoyloXy4’-heptyloxybiphenyl and 650BC (-hexyl-
4'-n-pentyloxybiphenyl-4-carboxylateompounds, respectively. In the past, anomalies in the thermal conduc-
tivity at the transitions have been reported. Our results indicate a nonsingular behavior of the thermal conduc-
tivity at both transitions, similarly to what has been previously reported for the smfeetiematic phase
transition. It is also shown how, in several cases, the nature of the transition can be affected by the sample
thermal history due to the presence of strain annealing phenomena.
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[. INTRODUCTION the smecticA phase for theAC one. The picture is less clear
for the AB transition and for the possibility to determine its
The smecticA—nematic AN), smecticA—smecticC predicted[7,21,23 tricritical point. It was initially assumed
(AC), and the smecti&-—hexaticB (AB) phase transitions for this transition that the large measured values of the spe-
in liquid crystals have been extensively studied in recentific heatc critical exponent, close to 0.5, could be taken as
years. It has been predicted that such transitions can be coan indication of the tricritical behavior. But neither a con-
tinuous and all of them were indicated to belong to the 3Dtinuous crossover from the 3RY to tricritical behavior nor
(three-dimensional XY universality class for the critical a connection between the values and the width of the less
fluctuations[1]. Experimentally there are indications con- ordered phasg5] could be found even though it has been
firming such hypothesis for thA&N transition in samples definitely shown that théAB transition may be first order
with wide enough nematic rangsee, for instance Ref2], [7-9].
and references thergimvhile for the AC one, experimental The situation seems even more confusing in dynamics
results have showf8] that it can be well described in terms where very few measurements of thermal transport param-
of extended mean-field theory. According to Safyeizal.  eters are available in literature and their theoretical interpre-
[4], this is possible because the bare correlation length of th&ation appears inadequate. A number of recently published
fluctuations at theAC transition is so large that the critical papers reported on the behavior of the thermal transport pa-
region becomes experimentally inaccessible. The nature ahmeters at thé N [and also at the nematic-isotropibl ()]
the AB transition seems not as yet well established anghase transition in liquid crystal®3]. In all studied com-
shows a critical behavior ruled by peculiar values of the criti-pounds the thermal conductivity is never found to show
cal quantities. For the specific heat critical exponentfor  either critical behavior or pretransitional effects, suggesting
instance, values fronae=0.48 to «=0.68 are reported in that its behavior is dominated by short range proce4ls
literature [5—10] while the measured values for the order In contrast, the behavior of the thermal diffusiviby=k/pc
parameter exponeng are in the range 0.15-0.291-13 (p is the sample densitat the transition temperatures shows
being in both cases very different fromy,=—0.007 and a critical slowing down which is due to the anomaly in the
Bxy=0.345, respectively14,15, predicted by the 3DXY  specific heat. An anomaly ik[6] and a divergence iD [25]
model. have, on the other hand, been observed atBeand at the
Concerning the presence of a tricritical point, it has beenAC phase transitions, respectively, and an explanation of the
well established that thAN transition shows a crossover to results, based on critical dynamic theories, has been pro-
a tricritical behavior which is characterized by the value posed. Moreover, sharp peaks have also been observed in the
=0.5[2,16] and theAC transition has been shown to go k behavior at theAN transition for different cyanobiphenyl
through a mean-field tricritical poirfl7—20. In both cases compounds[26,27 but no physical explanation was pro-
such a crossover can be associated with a decreasing tenided. In this latter case, improvements in the experimental
perature range of the nematic phase for ¢ transition or  technique led the same authors to conclude that the observed
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anomalies were likely artifacts arising from thermal gradi- @
ents present in the samgl23]. 25r S J—

In this paper we have performed under different experi- I N 2
mental conditions an analysis of theD, andc behavior at % \ /
the AC and AB phase transitions of the racemic AZ-(3- 2 v
methyl-2-chlorobutanoyloXy4’ -heptyloxybiphenyl ~ and 3 151 I
650BC  (n-hexyl-4'-n-pentyloxybiphenyl-4-carboxylate f%/ i |
compounds, respectively. Our goal is to arrive at a more z 10r g
complete picture and understanding the nature of all those & i + cooling from isotropic
phase transitions at which anomalies in the thermal transport 5 ¥ heating
parameters have been reported. For this purpose we have - {
exploited the capabilities of the photopyroelect(iePB 0 - - L - - - - -
technique as it allows the simultaneous determinatiok of 63 64 65 66 67 68 69 70 71 72
andD, and also the possibility of cell wall treatment creating T(°C)
a preferred direction for molecular alignment. In addition, 60
we have monitored the liquid crystal textures by visual in- . == L (®)
spection with polarized light during the high resolution mea- a0l
surement$27,2§. |

In what follows we present a study of the thermal trans- ~ |
port parameters over wide temperature range showing how, E’ 20r }
at theAB andAC transitions, the sample thermal history can 3 |
affect the nature of the transition itself. We show that, after & Of
the A7 sample enters the $wCrG transition region, even & _ o
when not achieving completely the final crys@ilstructure, 20} ;g‘;';,"ng from isotropic
during the subsequent heating run the PPE signal amplitude
and phase from which the thermal parameters are extracted o , . ., ., .,
showed a peculiar behavior across &€ transition different 63 64 65 66 67 68 69 70 71 72
from that obtained when cooling the sample across the tran- T(°C)
sition itself. Such a behavior is not observed when scanning
the temperature up and down acrossAl@transition region FIG. 1. Amplitude(a) and phasgb) behavior of the PPE signal

as long as the sample is not cooled enough to reach crystdit theAB transition of the 650BC compound.

G phase. A similar sample thermal history dependence of the - . .
ample confining surfaces are electrically conductive, an ex-

PPE signal is also observed for the 650BC compound at thtﬁ | electric field 150 b lied 10 th e al
AB transition where the peculiar behavior of the amplitude eral electric field can also bé appiied to the sample along

and phase was observed only during the first cooling ruﬁhe direction of heat propagation in order to influence the

from the isotropic phase. These results suggest that thrgolecular alignment. In addition, along the same direction, a

anomalous behaviors associated with the sample thermal hi Olarized llght beam '(‘;’ ,?h”O\?./ed.dto pr(:plagate ':hrou?jh_ the
tory are due to processes of strain annealing. Further, it wil lrants%a[)enthse?tsor_ an | € Iqtutlh Ckr)yita sa;ntr;]e an” $hre-
be shown that the amount of strain present in the liquid crys- ected Dy the ttanium layer at the bottom ot thé cell. The

tal mesophase can be affected by the action of external of:Merding beam goes through an _analyzer and reaches a
charge-coupled device camera. The images are recorded dur-

dering fields as, for example, that due to the cell walls. Fi- . !
nally, we show that in the absence of such strain annealin ng the PPE high re§olutlon meas‘.”em‘?”ts so that the sample
' exture can be monitored by polarized light and related to the

the thermal conductivity does not show any critical behavioth | ters behavi tallt " . tiaated
over both theAB and theAC transitions similarly to what [Zg]rma parameters behavior at all temperatures mvestigate

occurs at theAN transition. This indicates that in all the
phase transitions in liquid crystals where the critical behavior
of the thermal conductivity has been studi@dso including A. Results on 650BC
the nematic-isotropic transitignthere are no anomalies in  One of the studied compounds is 650BC which melts into
the thermal conductivity across the phase transition. the hexaticB phase at 62.6°C, becomes smedicat
67.7 °C and isotropic at 83.7 °C. On cooling its phase tran-
sition sequence is 1-(83.7°C)-Fn(67.7 °C)-HeB-
(60.3°C)-CE-(52.7°C)-K. Concerning theAB transition
The experimental setup used is the standard photopyrasf this compound, it has recently been suggested by the work
electric working in its back detection configuration that hasof Hagaet al.[8], to be weakly first order.
been fully described elsewhe27]. In the current measure- Cooling the 650BC sample from the isotropic phase with
ments, the sample has a thickness of 30, and is sand- a temperature rate change of 20 mK/min, we obtained for
wiched between the titanium coated glass cover and thPPE signal amplitude and phase, the black dot curves re-
transparent pyroelectric sensor which is coated on both sidgsorted in Fig. 1. The focal conic texture of the corresponding
with transparent indium-tin oxiddTO) electrodes. Since the smecticA phase obtained under these conditions is shown in

Il. EXPERIMENTAL METHOD AND RESULTS
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(1 V/um) was applied to the sample during the smeétic-
phase onset. Under these conditions, the focal conic domains
are of a much larger dimension and the PPE signal amplitude
and phase curves fully reproduce starting with the first cool-
ing run. The shapes are those seen in Fig. 1 for the first
heating run, and do not have the anomalous peak in the
phase. We believe this to further indicate that strain in the
material affects the nature of teB transition giving rise to

the appearance of the anomalous peak in the PPE signal
phase. Therefore, we have determined the thermal param-
eters behavior for th&B phase transition from the PPE sig-
nal amplitude and phase dataset corresponding to the light
gray dots in Fig. 1. The results for k, andD are reported in

Fig. 3 and discussed below.

1. Specific heat

Following a standard approach to second-order
fluctuation-dominated transitions for 30Y systems, we fit-
ted the specific heat data to a power law expression. Al-
though theAB transition in the 650BC compound, as al-
ready mentioned, can be taken to be weakly first ofgra
power law expression can be successfully used in this case if
one allows the critical contribution of theregular behavior
(defined below to be different below and abové.. We
have therefore fitted our specific heat data to the expression

C=B " +E(T-T)+A*|T-T¢|™* (1)

FIG. 2. SnA focal conic textures observed @69 °C in the
650BC compound when cooling the sample from the isotropicreferring, here and hereaftet; and — to T>T¢ and T
phase. Across thel-SmA transition temperature:(a) rate <Tc, respectively.
=20 mK/min, no external field applie_db) rate=1 mK/min, qell Th,e B* parameter is defined by the expressB)ﬁ= By,
walls treated with surfactant, electric field of 1 Mh rms applied. i Bé , WhereBé represent the critical contribution to te

Fig. 2@. In Fig. 1, the light gray dot curves have been ob-regular behavior an@,, is the constant term of the specific

tained from the subsequent heating run, inverting the direct®at noncritical backgrounth=B,+E(T—Tc). In Fig. 3a
tion of the temperature change at 64°C, well inside thdhe specific heat data are shown together with the black solid

HexB phase. Continuing cycling the sample temperature peline curve corresponding to the value parameters obtained by
2 of Table I. The fit quality is good ¥>=0.999) and it

tween 64 °C and 71.5°C, all subsequent heating and coolinﬁt _ i - i !
curves perfectly reproduce the original heating run of Fig. 1Should be pointed out that no improvement is obtained intro-
By comparing heating and cooling measurements, Figs. 1 ducing mtg the f|tt|n0g75expressui_|1) the correction to scaling
and 1b), it can be noted that the two signal amplitude valuesler™ 1+ D~ |T—Tc[>"as used in previous work at the same
differ slightly at their minima at thé\B transition while the ~transition[5,8]. , _ N
phase shows a completely different behavior between them, In_order to check_the flrst-order_ nature _of this transition,
with a peak appearing over the phase transition when coolinge fitted the _specmc Peat +data introducing the const_ram
the sample from the isotropic phase. An analogous observas =B (thatis to sayBc =B¢). The results are reported in
tion was reported in Ref[8], where, when cooling the fit 2 of Table I. The fit quality is relatively poor x*
sample from the isotropic phase, the specific heat curves 1.425) and could not be improved even by introducing a
showed some anomalies that were interpreted as due to straffrrection-to-scaling term in the fitting expression. Imposing
present in the material. Bc=B¢ makes impossible to get a fit quality comparable
In order to better investigate the possible role of thewith that of fit 1, indicating the presence of a step disconti-
strain, we have repeated in our sample the cooling measurguity at Tc and, consequently, the first-order nature of the
ment from the isotropic phase under conditions such as t&ransition.
increase the domain size in the material which should corre- A final remark concerns the reduced temperature range
spond to a reduction of strain. Figuréb® shows the focal selected for data fitting. Fits 1 and 2 in Tableas well as fits
conic texture of the Sk phase obtained after the sample 3, 5, 6 and, in Table IlI, fit 1Bhave been performed fqt]
was cooled more slowly1 mk/min), the cell walls were <|t|max=1.1X10" 2. When the fitted data region is extended
treated by a surfactant so as to try to induce a preferredp to |t|na,=2.1X10 2, no substantial changes are intro-
molecular orientation, and an external electric fieldduced in the fitting parameters values.
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FIG. 3. (a) Specific heat(b) thermal conductivity, andc) ther-
mal diffusivity vs temperature in the 650BC compound over the

64 65 66 67 68 69 70 71
T(°C)

AB transition.

Figure 3b) shows the thermal conductivity data at th8

2. Thermal conductivity

PHYSICAL REVIEW E 68, 051705 (2003

Fig. 3(b). Fit 4, obtained by fitting a different measurement,
will be discussed later on in this paper.

3. Thermal diffusivity

The evidence that thk data can be fitted with a linear
temperature dependence supports the idea that thermal con-
ductivity behavior is nonsingular across tA® transition. It
also suggests that the anomaly in the thermal diffusivity is
simply related to the specific heat critical behavior. Consid-
ering the fundamental relation among thermal parameéters
=D/pc, and hereafter assuming=10° g/m?®, the D data

72 was fit to the expression

D=[H+G(T-To)/[B*+E(T—Te)+A*|T—T¢| *].
(

The thermal diffusivity data are plotted in Fig(c3 with

the continuous line representing the best fit curve corre-

sponding to fit 6 of Table I. We had first tried to fit dafa

5) fixing the values of thél andG parameters to those found

in fit 3. The fit quality was good and the free parameter

values were substantially in agreement with those from fit 1.

However, releasing all fixed parametdff¢ 6) leads to a

significant improvement of the? value (from 1.710 to

1.065) while, at the same time, all the obtained parameter
72 values remain very close to those obtained with fits 1 and 3.

B. Results for racemic A7

The racemic A7 compound is obtained by mixing 50% of
the d and | enantiometer. On heating it melts into the
smecticA phase at 75°C and becomes isotropic at about
82°C. On cooling its phase transition sequence is
1-(82.10°C)-Sm\-(72.50°C)-SnC-(70.25°C)-C6.  The
AC transition is continuous and basically corresponds to the
mean-field tricritical poin{17].

We started the analysis of racemic A7 sample by studying
the PPE signal vs temperature from which the thermal pa-
rameters behavior can be obtained. In Fig. 4 the light gray
dots curves represent the PPE signal amplitude and phase vs
temperature, obtained when cooling the sample from the iso-
tropic phase. Both amplitude and phase exhibit a dip at the
transition temperature. If the sample is prevented from reach-
ing the CG phase, the PPE signal is reproduced in all the
subsequent heating and cooling cycles across the transition
temperature.

When on the other hand the sample is heated from the
crystalG phase to the temperature region of the smectic
phases, the PPE signal amplitude and phase curves are dif-

72

transition for the 650BC compound. There is no singularferent from those obtained in the cooling run. In particular,

behavior ofk, rather it seems to linearly depend on temperathe amplitude shows a greater value at its minimum at the
ture. We therefore decided to fit the thermal conductivitytransition while the phase shows a peak at the transition and
data to the expression

Fit 3 in Table | is the best fit obtained for thedata using

k=H+G(T-Te).

2

its values in the smecti€C- phase are larger than those ob-
tained when cooling the sample from the isotropic phase.
The subsequent cooling run from the Smphase shows that
the PPE signal amplitude and phase curves reproduce the
light gray dot run in Fig. 4no peak in the signal phasas

did all the subsequent heating and cooling cycles across the

expression(2), and is plotted by the continuous black line in transition temperature provided, once again, that the sample
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TABLE I. Parameters values for fitting k, andD data in the 650BC compound over tA® transition temperature region. Fits 1, 2, 3,
5, 6 have been obtained on a reduced temperature tarayng|t|,a,=1.1X 10" 2. Fit 4 has been obtained from dataset which is a different
from the other ones, and ontaange that ha$t| .= 1.9<10 2. Units of E, A*, andG obtained assumingT(—Tc) as a dimensionless
quantity (i.e., divided by 1 K.

B~ B* E A N a T, H G X
Fit  (J/gK) (JIgK) (IIgK) (JlgK) (°C) (W/mK) (W/mK)
[ 1 1.793 2.050 0.030 0.836 1.010 0.671 67.745 0.999
+0.004 +0.004 +0.001 +0.002 *£0.003 *=0.009 +0.001
2 1.942 8M) 0.0717 0.769 0.906 0.681 67.745 1.425
+0.005 +0.0006 *+0.005 *+0.008 +0.002 +0.001
k 3 67.745 0.169 «10°* 1.309
(Fixed) +0.001 +2x10°4
4 67.745 0.171 Xx10°* 1.211
(Fixed) +0.002 +2x10°4
D 5 1.802 2.021 0.028 0.864 1.037 0.689 67.745 0.169x10 4 1.710
+0.004 +0.004 +0.001 +0.004 +0.007 +0.005 +0.001 (Fixed) (Fixed)
6 1.795 2.019 0.026 0.897 1.063 0.687 67.745 0.170x 1G4 1.065
+0.004 +0.004 +=0.008 +0.005 *0.009 =*0.009 +0.001 +0.004 +4x104
is prevented from reaching the Gmphase . quent heating to the smectikphase. Typical smectié-fo-

Figures 5a—0 represent the sequence of textures showrgal conic[Fig. 5a)] and smecticc focal conic broken fan
by the racemic A7 sample when cooling it from the isotropic[Fig. 5b)] textures are exhibited by the sample during the

phase to the crystdb, and Figs. &) and 5e) the subse- first cooling run from the isotropic phase. Further cooling
leads to the onset of the crysi@lphase whose mosaic tex-

ture is shown in Fig. €. When the sample is heated above
@ the CiIG melting temperature, its texture is characterized by a
pattern which basically reproduces the crystabne with
the superposition of striations. In this stage, the PPE signal
phase values are found to be larger than the values obtained
in the same temperature range when cooling from the isotro-
pic phase. We take this to indicate that theSiphase was
not properly formed. Upon heating the sample further to its
smecticA phase the texture continues to show the same
background pattern but the striations are now absent. The
cooling from isotropic PPE signal amplitude and phase values, however, are now
2r * heating from crystal-G the same as those obtained when cooling the sample from the
T S T S T isotropic phase, thus showing this to be a true smektic-
71.0 715 72.0 72,5 73.0 735 74.0 phase. We therefore believe that the peak in the PPE signal

T(°C)

_k::{__ﬂq

-

g

Ampl. (arb. units)

40

i (b)
20

k‘;;:.‘,v.:»-

Phase (deg)

cooling from isotropic
60 * heating from crystal-G

71.0 71.5 72.0 72.5 73.0 73.5 74.
T(°C) FIG. 5. Textures observed in different phases for the racemic A7
compound during sample coolii¢g) SmA at T=77 °C, (b) SmC
FIG. 4. (a) Amplitude and(b) phase behavior of the PPE signal atT=72°C, andc) CrG at T=68 °C] and during subsequent heat-
at theAC transition of the racemic A7 compound. ing [(d) at T=72°C and(e) at T=77 °C].
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8 ) 1. Specific heat
a
As previously mentioned, thAC transition is supposed
to belong to the 3DXY universality class and a heliumlike
6 critical behavior may be expected. Nevertheless, if we look
“ at the specific heat data in Fig(e®, the abrupt jump shown
o ‘ by thec anomaly in the high temperature side of the transi-
? 4l tion seems to be the characteristic of mean-field-like transi-
data tions. In fact, it has been shown that tbéehavior atAC
/" fit 8 transition of the A7 compound can be fitted to
L. . . . c=co (T>To), @
71 72 73 74
T(°C) C=Cot+AT|T,—T| Y2 (T<Te), (5
0.16
I (b) obtained from the extended mean-field mofjl where, in
0.14 L the Landau expansion of the free energy
g 012r f=f,+ate>+be*+ceb, (6)
= I
; 0.10 | the sixth-order term is included. In expressi@), a, b, and
o - c are the expansion coefficients,is the director tilt a_ngle
0.08 | data which represents the order parameter for &A@ transition,
- fit9 fg is the nonsingular part of, andt=(T—T¢)/T¢ is the
0.06 - reduced temperature witi the transition temperature.
7'1 7'2 7'3 7'4 In the fitting expressiong4) and (5), A=a%12c(T¢)°
and T,,=Tc(1+ty/3), where ty=b%ac is a quantity
T(°C) characterizing the excess specific heat sharpness @& @he
0.6 transition and whose value depends on how close the transi-
© tion is to the tricritical point(whenb=0). Finally, c,=B
05F +Et is thef, contribution to the specific heat witB andE
7 o4l the two parameters that characterize the nonsingulimear
> background. It must be noted that on both side of the transi-
FE 03L tion temperature pretransitional fluctuations effects are
2 present in thec curve that are not taken into account in the
= 021 above extended mean-field expressiéfisand (5). So, un-
o1l g?t?z like in previously reported results for A7, we included the
' Gaussian fluctuation termsg =cq(T/T¢)?[t|"Y? and ¢,
00k = (122)cy(TITe)t| Y2 in the fitting expressions. The
7'1 7'2 7‘3 7‘4 expressions for such perms were Qerived from a more gener-
alized model also valid for thin film$§29] and after using
T(°C) suitable scaling lawg30].

Fit 7 has been obtained with expressig¢dsand (5) and

FIG. 6. (a) Specific heat(b) thermal conductivity, andc) ther-
mal diffusivity vs temperature in the racemic A7 compound over
the AC transition.

the corresponding curve is represented by the dotted line
plotted in Fig. &a). It is clear, particularly forT>T., that
the fit quality is poor, as also stressed by the corresponding
phase observed when heating the sample from the cr@stal-large value ofy?=2.963. Fit 8 has been obtained with the
phase does not reflect the true nature of Af@ transition,  expressions
similar to what occurred at th&B transition. As further
discussed later on, a possible explanation is that the phase
that forms after melting from @ is excessively defective
and a real Si@ order can be obtained in the sample only
when cooling it from the S phase.

For this racemic A7 compound, we have also determined
the thermal parameters behavior at th€ transition from
the PPE signal amplitude and phase curves that show no
peak in the phase over the transition, i.e., when cooling the The corresponding fit curve is shown in Figag by the
sample from the isotropic phase. The resultsdok, andD  continuous line. The fit quality has now greatly improved
are reported in Fig. 6 and described below. and that is confirmed by a value gf=1.005.

c=Co+Cy(T/T)?t] M2 (T>To), 7)
C=Co+ AT T—T| ™ Y24 (1/22) cy(T/T¢) 2|t~ 12

(T<To). ®
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TABLE II. Parameters values for fitting k, andD data in the racemic A7 compound over € transition temperature region. All the
fits have been obtained on a reduced temperature rah@eng|t| .= 4.5<10 2.

B E A T Te Cq H- H* G X2
Fit  (J/gK) (J/gK) (JIgKe?) (°C) (°C) (J/gK) (W/mK)  (W/mK) (W/mK)
c 7 2.097 -21.8 214103 72.486 2.963
+0.002 +0.4 +0.01x10 3 +0.002
8 1.936 —-6.04 2.3x10°3 72.493 72.490 418103 1.005
+0.002 +0.05 *0.02x10°% +0.002 +0.001 +0.05x103
k 9 0.1022 0.1076 —0.05 1.395
+0.0001 =£0.0001 +0.03
10 0.1021 0.1079 -0.14 1114
+0.0001 *0.0001 +0.04
D 11 1.927 -6.7 2.31x10°3 72.490 72.486 4x10°°3 0.1021 0.1079 -0.14 1.144
+0.005 +05 *0.01x10%® +0.003 *+0.02 =0.9x1073 (Fixed  (Fixed (Fixed)
12 1.94 -7 2.13x1073 72.487 72.486 41073 0.1002 0.1085 -0.19 1.095
+0.03 +1 +0.02<1073 +0.005 £0.02 +0.9x10°3 +0.0008 *+0.0008 +0.05
2. Thermal conductivity D=(H +Gt)/(cotcy) (T>Te), (10)
In Fig. 6(b) we present the thermal conductivity data that,
also in this case, do not show any critical behavior atAi® D=(H"+Gt)/(co+AT|Ty—T| Y*+cg)  (T<To),
transition temperature. Thi dependence on temperature (13)

seems approximately linear with a very small jumpTat.

The data was fit to the expression given by the simple ratio of thk to c expressions.

In fit 11 of Table Il theH= andG parameter values have
k=H*+Gt. (9)  been fixed to those obtained from fit 10. The fit quality is
i i ) ~good and improves when all the parameters are released. The
Fit 9 of Table Il lists the values obtained for the fitting result is reported in fit 12 and the corresponding curve is
parametersi™ andG; the solid line in Fig. o) represents  shown by the solid line in Fig.(6). All values obtained for
the corresponding fitting curve. The fit quality is rather goodihe fitting parameters agree well, as expected, with those

except for few data in the temperature rangebQ mK) just  gptained by fittingk and ¢ separately.
aboveT. where thek value rapidly increases by about 5%.

Such a jump i_n thek_ vaI_ue may t_)e_ explained in terms of Il DISCUSSION
molecular reorientation in the vicinity of th&C transition.
In the SnA phase, which forms cooling down the sample In the case of théAB transition, in order to explain the
from the isotropic phase, due to the effect of the cell wallsgexisting discrepancy between the 3IY nature predicted for
the orientation of the smectic planes may eventually not béhat transition and the experimental results so far reported in
purely random. During the onset of the smectic phase, thénhe literature, such a system has been prop¢8¢do be a
molecules may tend to align preferably normal to the cellquasitricritical one. The quasitricritical nature would be
walls with the smectic planes parallel to them. This effect,originated from the coupling between the amplitude of
even if very weak, could be responsible for a nonzero comhexatic order parametéW| and the in-plain position density
ponent of the average director of the sample molecules in ther strain. Quasitricriticality implies for the system to always
direction perpendicular to the cell walls. Entering theGm have a first-order character even if very weak. In this respect
phase, molecules tilting can make tkevalue slightly vary.  the question about which is the order of th& transition in
We therefore tried to fit the thermal conductivity excluding the 650BC compound, considered in the past as either first
those data belonging to that temperature redf@nl0) and  or second order, becomes relevant.
found an appreciable improvement in the fit quality?( We have shown how in the analysis of our specific heat
=1.114). data that our best data fits have been obtained wiBh
A final remark concerns the possibility to have different=AB.=B{—Bc>0. That represents, according to Ref.
values of theG parameter folT<T. and T>Tc, respec- [8], the first-order character of the transition. In particular,
tively. Fitting thek data to the expressidd™+G™t, allow-  from our bestc and D fits we have obtainedAB,
ing G~ to be different fromG™, the best fits are always =0.257 Jg* K~! and ABg=0.224 Jg* K ! (the indice
obtained forG values that are the same below and abbye  refer to the number of the corresponding.fBimilar values
ranging from 0.157 Jg' K~! up to 0.208 Jg! K~ we
found in Ref.[8]. In order to have a more significant com-
Once more, the nonsingular character of thbehavior  parison with the results in Ref8], we reanalyzed our spe-
across the critical region suggests to fit the thermal diffusivcific heat data following the approach used therein. First,
ity data to the following expressions: from thec data over a wide temperature range, we extracted

3. Thermal diffusivity
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10 temperature distance below the transition temperature and
annealed when cycling the temperature over Al transi-

81 tion. In that case it was assumed that the strain was associ-
_ ated with contraction in the material upon ordering in the
ﬁ, 6 hexaticB phase due to the reduced lateral intermolecular
S distance in hexati® 650BC. It was argued that cycling
> 4r around the transition temperature produced progressive an-
< data nealing of the strain due to the in-plane increase of the cor-

2_' fit 13 relation length; in the hexaticB phase giving rise to short

ol range but well correlated regions combined with regions that

) ) ) ) ) ) ) ) are more disordered. Similar annealing of surface induced
63 64 65 66 67 68 69 70 71 72 strain upon cycling has also been reported in 650Bd.

T(°C) The occurrence of such annealing may be reflected in

- ) changes in PPE signal phase not associated with thermal

FIG. 7. Excess specific heat vs temperature in the 650BC comyjiffysivity changes but to, for example, enthalpy release. As
pound over theé\B transition obtained by subtracting the nonsingu- giateq earlier on, further indication that the anomalous peak
lar backgrounct,, from the specific heat data reported in Figa)3 in the PPE signal phase may be associated with strain in the
material, is the fact that such peak can be reduced or re-
moved altogether when strain is decreased by increasing the
domain size in the material.

Concerning the racemic A7 compound, the specific heat
behavior at theAC transition has been shown to be well
described by an extended mean-field model. The fitting ex-

cp=[2.12+0.0265T—T¢)] Jg L KL, (12)  bressions(7) and (8) for ¢, where the Gaussian fluctuation
terms are included, give excellent fits to our dataset. Due to

Subtracting such a background from our specific heathe presence of theg terms in the fitting expression, in
data, we obtained the excess specific eafplotted in Fig.  addition toT,,, T¢ is also a fit parameter. That makes it
7 where the solid black line represents the fit curve correpossible to have a straightforward indication of the tricritical
sponding to the parameters values listed in fit 13 of Table Ill.character of the transition from the evaluationtgf 3(T,,
From such a very good quality fit we obtainetlB,;  —T¢)/T¢. Using theT,, and T values of fit 8, a very small
=0.276 Jg 1 K1, very close to the values determined from value oft,=3x 10 ° is obtained revealing the proximity of
the previous fits t& andD and similar to those of Ref8].  the transition to a tricritical point. Such a value wfis in
In conclusion, the results of ouwr data analysis support a agreement with published resultss].
weakly first-order nature of thAB transition in the 650BC As already mentioned, an important point in the investi-
compound. gation of the properties of the A7 compound is represented

Concerning the hypothesis of a quasitricritical nature ofby the initial condition of the sample determined by its pre-
such a system, if we assume that it can be due to an in-plangous thermal history as also shown in the case of 650BC
coupling betweerf¥| and the straif{8], it should not be compound. At theAC transition, when the sample is heated
surprising that strain annealing phenomena related to the omstarting from the G& phase, the value of the amplitude at its
set of the transition from the smecticto hexaticB phases minimum over the phase transition, is considerably larger
could affect the nature of the transition itself. In that respectthan the one obtained in the previous cooling [Eiy. 4(a)].
the anomaly shown just beloW,: by the PPE signal phase The phase shows a sharp pg&lg. 4(b)] which is no longer
curve [Fig. 1(b)] during the first sample cooling from the observed in the subsequent cooling and heating runs unless
isotropic phase could be related to some strain annealinthe sample is allowed again to enter the cry&Ggbhase.
processes relative to the onset of the in-plane short positional Considering the peak in the PPE signal phase over both
order. The detection of a similar annealing phenomena wathe AB andAC transitions, assuming the condition of valid-
also described in Ref8] where a small anomalous rounded ity of the theoretical model for the analysis of the PPE signal
peak in thec vs T curve was observed at a5L0 ° reduced s satisfied(a homogeneous sample, no latent heat involved

its noncritical background,=B+E(T—T¢). The tempera-
ture range considered was 20 °C, from 61(}@Gt above the
CrE-HexB transition temperatujeup to 81 °C, well within
the smecticA phase. The obtained specific heat background
taking Tc=67.745°C, is

TABLE Ill. Parameters values for fitting the excess specific heat for the 650BC compound oveB the
transition. Fits 13 has been obtained on the same reduced temperatureotfigel, 2, 3, 5, 6. Units oA~
obtained assumingT(—Tc) as a dimensionless quantifiye., divided by 1 K.

B, B A- ATIAT @ T, X2
Fit — (J/gK) (J/gK) (J/gK) (K)
Ac=c—c, 13 —-0.331 —0.055 0.832 1.016 0.674 67.745  0.993

+0.002 *=0.004 +0.002 +0.003 +0.004 +0.002
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and therefore that changes in the signal phase are only due ficientsH and G in expression(15) are very close to those
changes in thermal diffusivijywe would expect a peak in obtained in fit 3 in the more reduced temperature range, and
the thermal diffusivity and a consequent peak also in thenearly coincide with those obtained by fitting thelata be-
thermal conductivity, as reported in Rg6] for the AB tran-  longing to the more extended temperature range previously
sition and in Ref[25] for the AC one. A possible explana- mentioned(fit 4), where the backgrounds for the specific
tion for differences with published results concerning theheat and thermal diffusivity have been calculated.
critical behavior ok andD and this study, may be connected  Finally, for the behavior ok across theAC transition in
with those samples affected by thermal history effects in thehe racemic A7 compound, some doubts remain about the
material associated with strain annealing phenomena whicbrigin of the small discontinuity observed B¢ . We believe
at the time of those measurements were not known and thukat our explanation, based on molecular reorientation argu-
could not be prevented. ments, needs to be more thoroughly investigated. It may be
Our results clearly indicate that for both theC and the  possible to vary the assumed nonzero residual component of
AB transitions the thermal conductivity is nonsingulaiTat ~ the average molecular director by means of external fields or,
while the thermal diffusivity shows a dip simply related to alternatively, to minimize it by using much thicker cells. In
the specific heat anomaly. The behaviokaicross the tran- the latter case, in fact, the effect of the cell walls would be
sition is independent of the critical behavior@édndD, only  negligible and the sample would be expected to form a per-
depending on their backgrounds. To verify this conclusionfectly random polydomain in the smecticphasek would
similarly to what was done for the specific heat, we extractedshow no discontinuity aT.
from the thermal diffusivity, the nonsingular background

Dp=U+W(T—-T¢) (13 IV. CONCLUSIONS

from the measurement performed in 650BC over the more The main issue we have addressed in this work is whether
extended temperature range that allows a reliable determin?€ thermal conductivity can be singular at a liquid crystal

tion of the background. This background was combined witHPhase transition. We have found that, unlike in previously
¢y, according to the relatiok=pc,,D,, and compared to the reported results, the thermal conductivity shows no anoma-

curve of the thermal conductivity data. Consideriig  |0US behavior across theB and AC phase transitions, in
—67.745°C. we obtain analogy with reports for th& N and NI transitions. In par-

ticular, the thermal diffusivity simply shows a critical slow-
D,=[0.811-7.8x10 3(T—T,)]x10 ' m?s %, (14  ing down related to the excess specific heat.

We have also found that the thermal history of the sample
which, when combined with expression 12, and assuming can affect the behavior of the observed quantities across the
=10 g/n?, gives AB andAC phase transitions in connection to strain anneal-

ing that under certain conditions takes place in the sample.
k=pCpDp=H+G(T-Tc) Finally, for the studied A7 and 650BC compounds, we
—[0.1715%10 4T-T,)] Wm 1K™, (15  also presented specific heat measurements and relative data
analysis over théAB and AC transitions, respectively, con-
where nonlinear terms have been neglected. Kberve ob-  firming the first-order nature of the transition in the first case
tained (not reported results are basically indistinguishable and including Gaussian fluctuations in the data analysis in
from those of fit 3 seen in Fig.(B). The values of the coef- the second case.
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