PHYSICAL REVIEW E 67, 031703 (2003
First-order character of the smecticA to chiral nematic transition in chiral liquid-crystal mixtures
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An investigation into the smecti8-to chiral nematic I’A) transition in liquid crystals is presented by
using adiabatic scanning calorimei%SC). It is predicted theoretically that chirality drives this transition to
first order. This transition is studied in mixtures of the nonchiral liquid crystal octyloxycyanobipt®&D¢B)
and the chiral 42-methylbuty)-4’-cyanobipheny(CB15), a system with a largéchiral) nematic region that
widens upon increasing the chir@B15) fraction. An ASC measurement on pure 80CB showed no evidence
for a latent heat, in agreement with previous ac calorimetric studies, with an upper boundary for the latent heat
(if any) of 1.8 J/kg. Since pure 80CB has no measurable latent heat, and taking into account the widening of
the chiral nematic region, the possibility of a continuous to first-order crossover due to the coupling of the
nematic and the smectic order parameters, as occurring in several cases of sneatiematic NA) tran-
sitions, can be excluded. However, for all examined mixtures a latent heat could be determined at the smectic-
A to chiral nematic transition. This confirms theoretical predictions of the first order character of this transition.
Quantitatively, theoretical predictions of the evolution of the entropy discontinuities and latent heats of this
transition were not consistent with the experimental results. It was further observed that the transition tem-
perature decreases linearly in agreement with theoretical predictions and a previous ac calorimetric study.
Finally, it was observed that the pretransitional specific heat capacity shows an interesting evolution upon
increasing chiral fraction, and it may be concluded that any theoretical model based on Landau theory is not
sufficient to describe this transition.
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I. INTRODUCTION (TGB), and blue phase®P9, which a nonchiral compound
cannofl9,10]. It is suggested theoreticall\{t1,12 that chiral-

Liquid crystals exhibit one or more mesophases locatedty always drives the smectié-to chiral nematic N*A)
between the solid and the isotropic liquid states and having &ransition first order. If indeed this is the case, and if one
symmetry intermediate to liquids and that of crystals. A widewould like to test this, one would like to rule out any possi-
variety of such liquid crystalline phases can be found, posbility of a crossover effect similar to that of tHéA transi-
sessing orientational order but having no or reduced position. In order to distinguish both effects, one thus has to
tional order{1,2]. make sure that the chiral nematic width is sufficient. Further-

In this field of research, the transition between themore, it would be interesting to study the influence of chang-
smecticA (SmA) and the nemati¢N) phase in(nonchira) ing overall chirality on the latent heat of tie* A transition,
liquid crystals has been the subject of intensive study, botfif present.
theoretically and experimentall3]. It has been shown by de This can be accomplished by investigating mixtures of a
Genneq 1,4] that the strength of the coupling between thenonchiral compound—exhibiting aNA transition—and a
smectic and the nematic order parameter affects the order chiral compound—chosen such that Bif A transition is
the smecticA to nematic transition. Strong coupling, which present in these mixtures. In this manner, by varying the
corresponds with narrow nematic ranges, results in a firsamount of the chiral compound, mixtures with varying over-
order transition, while weak coupling, associated with a largeall chirality are obtained. In order to rule out any continuous
nematic width, should give continuous transitions. Adiabaticto first order crossover not associated with chirality, two re-
scanning calorimetryASC) measurements on the mixtures quirements have to be fulfilled. First, tiNA transition in the
of 9CB+10CB[5] and of 8CB+10CB (CB, cyanobiphenyl  pure nonchiral compound has to be continuous, i.e., the nem-
[6] are consistent with this picture. However, it was predictedatic width has to be sufficiently large. Second, upon addition
by Halperin, Lubensky, and M§7] that fluctuations may of the chiral compound, the chiral nematic width should in-
drive a continuous transition to first order when two interact-crease, so one can be sure that no increase in coupling of the
ing order parameters are present, and that consequently tBenectic and nematic order parameters occurs.
NA transition is(very) weakly first order. Recently a study = Therefore we have investigated mixtures of the nonchiral
using a high-resolution real-space optical technique showeliquid crystal octyloxycyanobiphenyBOCB) and the chiral
quantitative evidence for the presence of a snfaliout 2  4-(2-methylbuty)-4'-cyanobiphenyl(CB15). Investigations
mK) two-phase region and a smectic order parameter discorof pure 80CB using the ac calorimetric technique show no
tinuity for the NA transition in 8CB[8]. evidence for a coexistence region at thBA transition

It is now well established thatcalamitig chiral liquid  [13,14], which is not surprising in view of the large nematic
crystals can exhibit a number of phases, such as chiral nemvidth of about 13 K. As was pointed out by Hwareg al.
atic (N*), chiral smectic€ (SmC*), twist-grain-boundary [15], mixtures with CB15 result in aN* A transition with an
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increasingly large chiral nematic width upon increasing the 1 (Kg%)z

weight fraction of CB15. ThéNA transition in pure 8OCB Cne="5 ", )
was closely examined in order to investigate whether or not 2
evidence could be found m_thys compound of the HaIIC?e“n'with K, including all enhancements due to fluctuations, so
Lubensky-Ma effec{7] predicting a first-ordeiNA transi-

N ! . nearT, it diverges a,=K3|t| ~*. A transition occurs when
tion. By employing ASC values were further obtained for theEA:GN* 50 the transition temperature decredsE in

evolution of transition temperatures, latent heats, as well a . Y

effects on the pretransitional specific heat capacity as a fundi® Scaling regime iusingdv=2-a)
tion of an increasing chiral CB15 fraction. This is compared
with theoretical approaches as proposed in Rdf2,11].

(6)

1

(KOqO)Z) U[(d—1)v]
2
2€0

ATtSrC: Tc|ttr| = Tc(

Il. THEORETICAL BACKGROUND
(heret;,| is the value of|t| at the transition The author
further makes a crude numerical estimate of this decrease
In 1975, Lubensky11] proposed a theoretical model of leading to an order of magnitude AfT,, /Tya~10"3. Fur-
the smecticA to chiral nematic transition based on an anal-thermore, the entropy changeS=Sy, —S, at the chiral
ogy with superconductors following the groundbreakingnematic to cholesteric transition can be obtained from(&x.
work of de Genne$l]. This model will be sumarized here. and(6), usingS=—T(JdG/dt),:
The free energyF, of a smecticA liquid crystal, with
layer spacing d is equal to

A. The Lubensky model

€p _ —a
AS=(2=a)Too [ty P~ ATy " 7

b
Fo=a| V|24 < |¥|*+ 5|V ¥ |2+ y, |(V, —igson) P |?
n=a¥| 2| ISP 7 (T —iasom ¥ Inserting the value oft,,| [see Eq(6)] yields (for d=3)

K K K - 14 —a —alvy
5 (Ve =2 (- (VX)) 5 (nX (VXn)?, ASe(qg) PO Do (gg) (e, ®)

1) So a latent heaAH, =T, AS is present, meaning that this
model predicts thé* A transition to be first order.

where|, L refer, respectively, to the variations parallel and

perpendicular to the directar; d is the smectic layer spac- B. The model of Benguigui

Ing; qs=2/d; Ky, Ko, andKs are the Frank elastic con-  a | andau approach has also been proposed by Benguigui
stants; anda=ao(T—Tya) With &, a positive constant and 15 Here, the smectié to chiral nematic transition is gov-
Tna the smecticA to nematic transition temperature. erned by a free energy in terms of the smectic order param-

For the transition from the smecti&-to a chiral nematic eter W, and the angles between the director and an axis
phase, a cholesteric twist term is added to the free en@rgy perpendicular to the helicaly) axis of the chiral nematic

giving phase, which can be written f52]
G=F,+KJgo(n-(Vxn)), ) A, CoKy(de |2
sz 51 Wol*+ 7 [Wol*+ 7| 47~ do| AV, (9

whereK?, g, are the high-temperature, i.&\* phase, twist

elastic constant and twist wave number, respectitiy lat-  \hereq, is the wave vector of the director rotation in the

ter thus is the wave number of the director rotation arounghiral nematic phases., is the Frank elastic constant, and
the helical axis in the chiral nematic phasehis expression ¢~ g) is a positive constant. The coefficient of the second-
is analogous to the Gibbs potential of superconductors. Frorg,qer term is written ad=ay(T—T*) wherea,>0 andT*

this equivalence, the decreadd™" of the transition tem- are constants.

K2eP |W,| is equal to zero, and the free energy is
mfy2 _ 210
(ATtr) _Tc AC '’ (3) K2 de 2
N = | gz o] (10

whereAC is the (mean-field specific heat capacity jump. In
the scaling regime the free energy of the smeétishase has \hich is minimized byg,=d6é/dz, so it reduces to zero. In

the form ¢=(T—T)/T. is the reduced temperatyre the smecticA phase, there is no rotation of the director
around a helical axis, s06/dz=0 in Eq. (9).
Gam — @mz,a 4) In the absence of the chiral terthe., whenqgy,=0) we
A 2 ’ obtain an expression for a continuoN#\ and transition thus

T* =Tya being theNA transition temperature. The minima
with €y setting the energy scale, while | W | min in the Gibbs free energy are
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0 when A>0,

¥ olmin= \/_g when A=<0.

A phase transition between the smediand the chiral
nematic phase occurs whey, =G,, thus at A=

- \/2K2Cq02:ao(TN*A—TNA) and consequently

V2K,Caj

)

(11)

Trnxa=Tna— (12)

This transition is first order, since there is a discontinuou
jump in the order parameter at the transition temperatur

between

4 [2K,05
|Wo|=0 and |¥ol=1/ éq‘).

13

The entropy discontinuityA Sy« 4 at this transition can easily

be calculated to be
ASN*A:SN* _SA:aO (14)

C. Relation to experiments

What is most interesting about these theoretical results for
the transition temperature and entropy discontinuities of the

PHYSICAL REVIEW E67, 031703 (2003

ASyx A= EXchiral » (20
with
D K2 ar d E 2K2C o
=a =~ an = .
0 2C Pchiral Qo Pchiral
I1l. EXPERIMENT

A. Adiabatic scanning calorimetry (ASC)

The setup used for the measurements presented herein is

n adiabatic scanning calorimeter consisting of four stages.

he inner stage consists of the sample enclosed in a holder,
which is surrounded by two concentric temperature-
controlled shieldgstages 2 and)3The whole is enclosed in
a third shield(stage 4 placed inside a hot air oven. The
stability of this oven is about 1 K. However, excellent sta-
bility may be ensured inside: temperature fluctuations of
stage 3 can be controlled th2 mK and the difference be-
tween cell and the inner shieldtage 2 can be kept within
+0.2 mK. This calorimeter can be used to carry out heating
and cooling runs at very slow scanning rates, down to 1
mK/min, ensuring thermodynamic equilibrium. When apply-
ing a known constant heatifgooling powerP to the inner
stage, the experimental curve of temperature versus time,
T(t), provides a direct measurement of the enthalpy change

Ty T
H(T)—H(TS)=f CdT+AH,_+f cdT (21

N* A transition is that they can be related to the experimental Ts Tir

data by considering the fact that the wave vedgrof the
chiral nematic director rotation is related to the pitetas

|o| = 7/p. When we consider a mixture of a nonchiral with
a chiral compound, the pitch of this mixture is, to a good

approximation, given by16,17]

1 _ Xchiral

(19

Pchiral+nonchiral ~ Pchiral

where the indess refers to the starting conditions. This fea-
ture is unique to an ASC. Upon the occurrence of a first-
order transition, the sample temperature will remain essen-
tially constant at the transition temperatdrig during a finite
time intervalt;—t;=AH_/P whereAH, is the latent heat.
For a continuougsecond-order transition, AH, =0. One

wherepepira is the pitch of the(pure chiral compound and should distinguish between the actual latent hesl (i.e.,
Xehiral iS the molar fraction of the chiral compound. This the enthalpy jump at a first-order transitjcand the pretran-
provides a means of relating the theoretical predictions of théitional enthalpy increases, whereas the total transition heat
previous sections to the experimental results obtained frorls the sum of both. One must also note that, in practice,

such mixtures, sinco| is proportional toX¢pi4; -

first-order transitions usually have a two-phase coexistence

Thus, the results of Lubensky in the mean-field approxi—region' due to impurities or inhomogenitities in the sample.

mation[Eq. (3)] may be written as
A-[-{Tr]fxxchiral . (16)

Usingdv=2—« for d=3, in the scaling regimg¢Egs. (6)
and(8)] one obtains

ATtsrcoc(Xchira1l)3/(2_ a)'

(17
A S (Xgpira) 327, (18

Also, the predictions of BenguigliEgs. (12) and (14)]
can be rewritten as

Tnxa= Tna— DXehiral » (19

This results in a broadening of the latent heat jump over a
(smal) temperature interval. The heat capacly of the
inner stage is the sum of that of the hold&;,, and the
sampleCg:

p
Cp=Cs+ Ch:?’ (23)

whereT=dT/dt is obtained by numerical differentiation of
theT(t) data. The specific heat capacity of the sample is thus
calculated by simply subtracting the holder contribution,
which is measured in a separate experiment, and by dividing
by the sample mass. This technique has already been em-
ployed for the study of a wide variety of phase transitions in
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TABLE I. Details of the investigated 80OCB- CB15 samples 5000
(in order of preparation
4500 -
wt.% XcB1s5 Msampie (MQ)
0 0 658.0 40001
5.4 0.066 1831.4 ;:,, w500
10.2 0.12 1929.3 —ﬁ
7.0 0.085 1922.0 =
11.9 0.14 1741.6 U 2000
16.0 0.19 1827.8 2500 |
19.0 0.22 1895.8
0.8 0.01 1807.2 2000 ' . . . .
3.6 0.044 1685.6 74 76 78 80 82 84 86
8.6 0.10 1779.4 T(C)
2.7 0.033 2048.5 4000
4.1 0.050 2077.1
5.8 0.071 1959.0 3500 A
8.3 0.10 2007.0
13.8 0.17 1800.0 ;:D 3000
0 0 3922.4 2 2500
0.74 0.0092 3922.1 o
1.8 0.022 3962.7 = 2000
=)
T 1500
pure or in mixtures of liquid crystalsl8—21], liquid crystal-
aerosil mixtureg22], and other system23—25. The ASC 1000
technique is described in more detail in R4%6,27). 500

79.0 79I.2 79I.4 79I.6 79I.B 8(;.0 80I.2 80I.4 80I.6 8(;48
T(°C
B. Properties of the investigated samples €0
The nonchiral 80CB is a member of the cyanobipheny! FI_G_. 1._ Specific heat capacity and enthalpy change neaKthe
family of homolog. Pure 80OCB has a phase sequenc&ansition in pure 8OCB.

Cr-SmA-N-I, having a nematic width of about 13 K. The cB15 concentration mixtures were prepared inside a larger

Ilts melting point lies around 4°C. Both compounds weresgmple.

obtained from Merck.

A study empolying optical polarization. microscopy and IV. RESULTS FOR PURE 80CB
DSC by Hwanget al. [15] reveals that mixtures of these
compounds exhibit a phase sequence CASWT -1, where In view of the discussion surrounding the nature of the

the chiral nematic width gets larger upon increasing CB19NA transition, we have conducted a close investigation of
fraction. Unfortunately, the width of the Skregion was pure 80OCB. A preliminary study on a rather small quantity
found to diminish with increasing CB15 fraction, until it was (658 mg of 80OCB already showed that a possible latent heat
reported to vanish at a concentration of about 25 wt.% ofvould be quite small: an upper bound of 5 J/kg was estab-
CB15 where a crystalline to chiral nematic transition re-lished. The transition temperature was determined to be
mains. Moreover, it is claimed in this paper that a TGB-like Tya=66.913°C. TheNI transition was clearly first order
phase is present between the SandN* phases, based on with a latent heat of 154050 J/kg. A two-phase coexistence
a polarization microscopic investigation. At concentrationsregion of 0.09 K was present, extending from 79.95°0 to
of more than 40 wt.%, blue phases were observed between80.04°C. The specific heat capacity and enthalpy change
the chiral nematic and the isotropic phases. near this transition are plotted in Fig. 1. When comparing to
Mixtures were prepared inside the sample holder, byliterature values offy,=67.12 andTl,=80.2[14], a down-
keeping its contents well above thi transition temperature wards temperature shift of 0.21 K for tiNA transition and
of 80OCB so that both compounds are in the isotropic phasef 0.2 K for theN| transition is observed for this sample, the
while stirring for a period of approximately 1 h. In this man- values of which are consistent with one another.
ner, a homogeneous mixture of both components is obtained. A more detailed experiment was performed where a rela-
All investigated mixtures were prepared according to thistively large quantity of 3.922 g of pure 80CB was studied,
procedurgsee Table)l In order to achieve better resolution since this allows detection of smaller latent heats. An over-
in the low CB15 concentration region, where small latentview of the specific heat capacity of this sample can be found
heats are expected, one pure 80CB sample and two lowm Fig. 2. Based upon specific heat capacity data of this pure
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T,=66.5951 °C
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FIG. 2. An overview of the specific heat capacity of pure 80OCB.

80CB sample, one may locafg, between 66.5925 and
66.5940°C: a detail plot of th& A heat capacity shows
some rounding of th&€(T) curve between these tempera- 04
tures(see Fig. 3.

An additional method to distinguish between the first or- o0
der and the continuous behavior is based on the quaBtity
defined as

C-C, (K 'kg")
3

T,=66.5923 °C

C= (24)

C-C, (K 'kg")
3

H, H. being the enthalpy at the temperatdrand the criti-
cal temperatur@ ., respectively. If the specific heat capacity
C, is of the form e

Cp:A7|t|7 +B, (25 FIG. 4. Plot of the quantitfC—C, vs the reduced temperature

) .. . ) t=(T—-T.)/T, for different choices of T,. Clearly T,
with t=(T—Tc)/T¢, A” is the critical amplitude above and _gg 5938 yields linear behavior both fd>T. and for T
below T¢, a is the critical exponent, an@ in the back- 1 : 5o this is an appropriate value for the transition temperature.
ground term, it can be shown that In contrast, theT,=66.5923 °C andl,=66.5951 °C curves differ
from this behavior, thus showing that the actual transition tempera-
ture is different from these temperatures. See text for further details.

+

A_
C—Cp=7—1t| %, (26)
—

Upon close examination of thé—C, versust curves for

so a log-log plot ofC—C,, versust shows linear behavior different choices off ., one can establish that, is not lower
with slope— a for a continuous transition. When, however, a than 66.5927°C and not higher than 66.5946 °C. Therefore

value for T, different from the actual critical temperature is W€ arrive at an upper boundary of a two-phase region

used to calculat€, deviations from this linear behavior oc- any of 2 mK, located at 66.59370.001°C. The corre-

cur. This provides a means to check the location of the tranSPonding upper bound for the latent heat, being the enthaply
sition temperaturéthis is illustrated in Fig. 4 for three dif- increase corresponding to the upper bound for the two-phase

ferent choices ofr,). region, isAH"#*=1.8 J/kg. The difference in transition tem-
perature between the high mass and low mass sample is
20 probably related to the fact that a sample of a different batch
26004 N of 80CB was used. Moreover, a shift of the thermometers
oo ,‘ used may also play a role, especially when considering the
& ! long time between the two experimer(the low mass ex-
2 periment was performed nearly 3 yr before the high-mass
- experiment and the fact that a different sample holdesith
2200 ] a different thermometgmas used.
2100 4
2000 I | V. RESULTS FOR MIXTURES OF 80CB AND CB15
6656 66.57 66.58 6659 66.60 66.61 66.62 66.63

TeO) A. Transition temperatures

FIG. 3. Detail of the specific heat capacity of pure 80OCB near Because the width of the chiral nematic region is of im-
the NA transition. portance to the results, a heating run was performed to also
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FIG. 6. Detail of the specific heat capacity of pure 80CB
(black) and the mixture with the lowest examined chiral fraction

*1 Xcgis= 0.0092(gray) as a function off — Ty« 5. The NA transition
SmA in pure 80CB is found to be continuous within the experimental
50 resolution. TheN* A transition in the mixture has an observable
latent heat, as is noticable from the broadening near the transition
temperature.
45<
With Eq. (17), a literature value of the effective critical ex-
o = - e - . ponenta=0.27 [13] suggests thal ya— Trx o (Xep1s) -
Such an almost quadratic decreasergt o does not corre-
Xca1s spond to the experiment. This exponent 1.7 must be consid-

FIG. 5. Phase diagram of 8OCB CB15 mixtures as obtained ©€d an upper limit, since it is known for theA transition
by an ASC. For the smectié-to chiral nematic KI*A) transition  that this critical exponent decreases with decreasing Mc-
only the peak temperatures are ploti@its, since the two-phase Millan ratio Tya/Ty,, i.e., with increasing nematic width
regions of these transitions are very small. For the chiral nematic tés€€ Fig. 19 in Re{.18]). However, even if a crossover effect
isotropic (N* 1) transition, the beginning and end of the coexistencewould occur for theN* A transition and the critical exponent
region are plottedtriangles. Full lines represent linear fits through decreases to th&Y model d=3,n=3), value of ayy=
these points. Open symbols are data from three high-mass experi-0.007, this would still give a dependendga— Tn*a
ments(see text for further details = (Xcpys) - not in agreement with the experimental values.
. . . . It must be noted that a previous ac calorimetric examina-
determine the location of the| transition for each m|xtlire ton of a system consisting of nonchiral octylcyano-
(except forxcgy5=0.050). Beginning and end of th biphenyl (8CB) liquid crystal with equal amounts of chiral
+1 coexistence region are pI_otted In Fig. 5 conflrmlng.anCBlS and 4-(2-methylbutylphenyt4’-(2-methylbuthy)-4-
increasing chiral nematic width upon increasing chlralbiphenyl carboxylate(CE2) already revealed thal
(CB13 fraction. l.t s intergsting to n_otice thgt these tempera-_ Tns a iNcreases linearly with the molar fraction of trTé Ichi-
tures decrease linearly W.'th the Ch'f‘?" fraCt'K?@Blﬁ' More- compound for four mixtures investigated between a chiral
over,_t_he tw_o-phase_ coexistence region of th!s first ohfelr weight fraction of 0 up to 28%17]. In our study, we have
transition widens with increasing chiral fraction. used results on 14 concentrations, Upxigss=0.19 (16

Figure 5_ also reV(_aaIs that th&* A transition tempera}tures Wt.%). At higher concentrations of CB15, the nphase is
decrease linearly witicgys. Only peak temperaturgse., longer presenta direct transition from the crystalline to
temperatures of the maximum of thg(T) peaK are shown, the chiral nematic phase was present@s;s=0.22), limit-

i i i ifi i i * - . - . . - .
Wh.'Ch IS JUSt'f'.able In view of thg very smal™ + SmA co ing our investigation to the previously mentioned concentra-
existence regionssee furthexr. This corresponds to the pre- tion interval

diction of Benguigui[see Eq.(19)] [12] as well as to the
prediction derived by Lubensky in the mean-field approxi-
mation from an analogy with superconductdisg. (16)]
[11]. A linear fit through the obtained values yields an inter- The result from our ASC investigation is that, for all in-
cept with the temperature axis of 67B.2 °C, close to vestigated 8OCB+ CB15 mixtures, a latent heat was ob-
Tya=66.913 and a slope of 116+2 K. From this fit, the served, so that the$¢* A transitions are first ordésee Figs.
data point atxcg;5=0.19 was omitted, which probably suf- 6 and 7. Since the chiral nematic width is larger for mixtures
fers from an error in the determined CB15 weight fraction. Itthan for pure 80OCB and the latter hagndthin experimental
must be noted that the transition temperatures of the threkesolution$ continuous transition, one can conclude that the
high-mass experimentsdicated by open symbols in Fig) 5 first-order character of thed¢* A transitions is related to the
are not considered in this analysis. It can be observed thaffect of the presence of chirality in these mixtures, ruling
these samples tend to have a slightly IowEYA transition — out the possibility of a continuous to first-order crossover
temperature. As discussed in the preceding section, this &ffect similar to that of the smecti-to nematic transition.
probably related to the use of 80OCB from a different batch.This is a direct confirmation of the first order character of the

B. Enthalpy and latent heats
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~"| Xcp15=0.066 "1 Xepis=0.085
£” ] er :
e T :
T o"'/ % -M
o e e
n Xcpi5s=0.19
» ) wf
<, - Teo
= o4 r
E Zoo FIG. 9. Evolution of the specific heat capacity near tieA
= E | o transition in mixtures of 8OCB CB15. The chiral fractioxXcg,5 of
the mixture is indicated above eaCh(T) peak.

e me me o mr ma we @z @2 @s @5 w5 a1 as
o
T(°C) T(CO)

A Sy« a% (Xcp15) - This must be considered as a lower limit:
FIG. 7. Enthalpy change near th& A transition in the mixtures  if the critical exponentx were to diminish with increasing

of 80OCB and CB15. chiral nematic width to a value afyy=—0.007, this would

yield a dependence of\Sy«a*(Xcpd)l® However, if

N* A transition, as was predicted in Ref&1] and[12]. Even A Sy 5 Were to be proportional to a power of the chiral frac-

though qualitatively these predictions are correct, quantitayon’ experimental values suggest that this would be a power

tively they do not agree with our experimental results. TheIess than 1, so also this madel does not give a good quani-

. . : I : tative agreement.
gvolut|qn of theN A entropy @scontmwueg&SN*A with It must also be noted that for all investigated mixtures, no
increasing chiral fractiorisee Fig. 8 is not linear, as was

) g "> additional phase was present between the sméctod the
suggested in Ref12]. In contrast, it seems that there is a P P

4 i ; _ chiral nematic phases, in contrast to the claims emerging
relatively sudden increase @atery) low chiral fractions, fol- from an optical polarization microscopy study of REFS],

lowed by a more gradual evolution for higher CB15 concen-ys he presence of a TGB-like phase between thedSmd
trations. Unfortunately, the evolution at concentrations abovey* phases. One might speculate that a texture at the coex-

Xcp15~0.20 could not be investigated due to the fact that thgstence of the Sty and theN* phase, which occurs since the

SmA phase vanishes betweagg;s=0.19 andxcg15=0.22  N*A transition is first order, was misinterpreted.
(0.16 and 0.19 wt.% Insertion of the valuex=0.27 [13]

into the prediction of Lubensky11] [see Eq.(18)] yields C. Pretransitional specific heat capacity

w An overview of the specific heat capacity of the mixtures
near theN* A transition is given in Fig. 9. The pretransitional

specific heat capacity of the* A transitions shows a very
] interesting evolution as a function of increasing chiral frac-
2" { { } tion. In order to clarify this, Fig. 10 shows the plots of Fig. 9
2 o9 {} after subtraction of a linea€,(T) contribution and with the
3 o { transition temperatures shifted to zero. For reasons of clarity
o] the different curves were further shifted over multiples of 1
1] } K and 100 JK! kg™!. It can be observed that first, the
- low-temperature side of the pretransitional specific heat ca-
000 002 004 008 006 010 012 0M 0% 0% 02 pacity clearly becomes suppressed with increasing chiral

Xeats fraction. Its high-temperature counterpart is not affected as

much by a change in composition of the mixture, but at the
highest CB15 concentrations one can observe that the pre-
% transition at the high-temperature side becomes suppressed
000 } } } as well. The significance of this unusual phenomenon is not
i1

0.05

0.04

clear, and no account for this behavior is given in the theo-
™ { retical approaches to thié* A transition, which we discussed
earlier. Clearly, a normal Landau theory description is not
001 1 { sufficient, since such an approach yields a zero excess spe-
{ cific heat capacity in the high-temperature phase. At high
O o o ou 0w 0w 0w o ove ov om om CB15 concentration one rather observes a rather undisual
Xeo1s verted Landau typebehavior.

A8y (UK kg

FIG. 8. Evolution of the latent heat and the entropy discontinui-
ties of theN* A transition in 80OCB-CB15 as a function of the
chiral fraction Xcg15. For pure 80CB only the upper bound for The evolution of the smectié-to chiral nematic N* A)
AH_ andASy,  is given. transition in mixtures of the nonchiral liquid crystal 80OCB

VI. CONCLUSION
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amined mixtures a latent heat could be determined. Because
of the increasing chiral nematic width, the possibility of a
crossover effect prediction for themorma) NA transition
can be ruled out. It was further observed that €A tran-
sition temperature decreases linearly with temperature ac-
cording to the theoretical predictions of Bengui@2] and
to the results derived by Lubensky from an analogy with
superconductors in the mean-field approximatjaf], and
also confirming the observation of a previous study].
However, quantitative predictions of Lubensky and Ben-
guigui for the evolution of the entropy discontinuity and the
latent heat at this transition did not agree with the experi-
mental values.
Moreover, a very interesting behavior of t@g(T) pre-
2 a4 o0 1 2 3 4 5 s 7 8 transition was observed. Upon increasing chiral fraction, the
AT K low-temperature side became clearly suppressed. Addition-
FIG. 10. Evolution of the pretransitional specific heat capacitya”y’ also S(_)me _dep_ress_lqn of the_ high-temperature SpeCIf'C
near theN* A transition in mixtures of 8OCBCB15. The chiral heat capacity wing is visible at high 9815 concentrations.
fraction xcgys of the mixture is indicated next to each curve. See 1NuS, theCy(T) peak near thé&l* A transition becomes more
text for further details and discussion. asymmetric in shape when the chiral fraction increases. This
kind of behavior is not included in the current theoretical
and the chiral CB15 was studied by using an ASC. It waglescriptiong11,12. The reasons for its occurrence are not as
confirmed that, within experimental resolution, pure 80CBYet clear.
exhibits a continuouBl A transition in agreement with litera- ~ Finally, theNI transition of pure 80CB was found to be
ture[14,13. An upper limit for the latent heat is established clearly first order, with a latent heatAH, =1540
at 1.8 JkgL. Mixtures with CB15 exhibit a phase sequence +50 Jkg ' and a two-phase coexistence region located be-
Cr-SmA-N* — | with an increasing chiral nematic widfa5],  tweenT=79.95°C andr=80.04°C.
until the SnA phase vanishes betweeftg5=0.19 and
Xcpis=0.22. This rules out crossover behavior from a con-
tinuous to a first-order transition as is the case for the
smecticA to nematic transition if the nematic width is small ~ This work was supported by the Fund for Scientific Re-
enough[5,6]. search Flander@Belgium) (FWO, Project No. G.0264.97N
Theoretical predictions of the first order character of thisand G.0246.02 P. J. gratefully acknowledges financial sup-
transition[11,12 were confirmed by the fact that for all ex- port from the Research Council of the KU Leuven.
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