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Phase behavior in the reentrant-nematic region of chiral frustrated smectic liquid crystals
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A high-resolution ac calorimetric study has been carried out on two homologous polar liquid crystals with
aromatic cores containing three phenyl groups and a flexible chiral linking group. The expected smectic
polymorphism occurs, and there are several prominent thermal features in the nematic range between smectic-
Ad and smectic-C̃ phases. It is suggested on the basis of characteristic thermal signatures, helical pitch
variations, and optical textures that a twist-grain-boundary phase and chiral line liquids (NL* ) exist as well as
twisted nematic liquid crystals (N* ) with other kinds of short-range order.@S1063-651X~98!03607-1#

PACS number~s!: 64.70.Md, 65.20.1w, 61.30.2v
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I. INTRODUCTION

Smectic polymorphism and reentrant nematic pha
are well known in ‘‘frustrated’’ smectic liquid crystals ex
hibiting long ~three-ring! aromatic cores and a polar en
group @1#. The best experimentally studied systems of t
type are alkoxybenzoyloxy cyanostilbenes~T7 and T8! @2#
and mixtures of alkoxyphenyl-nitrobenzoyloxy benzoa
(DB8ONO21DB10ONO2) @3,4#. The theory of such system
has been developed along two different lines@5,6#, both of
which involve a competition between two length scales. O
of these lengths is the molecular lengthL and the other is the
polarization periodicity reflected in the layer spacingd for
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the partial bilayer smectic-Ad (SmAd) phase~d;1.2 L in the
systems studied here!.

It is also well known that chirality promotes twiste
phases@7# such as the blue phases~BP’s!, cholesteric (N* ),
and twist-grain-boundary~TGB! phases. Theory has pre
dicted both TGBA and TGBC phases@8–10#; the most exten-
sive experimental studies of TGBA and TGBC are reported in
Refs.@11, 12# and Refs.@13, 14#, respectively.

Recently, studies have been carried out on the mesog
phenyl butyratesR-~1!-4-@~E!-2-~4-alkoxyphenyl!-1-diazen-
oxid#-phenyl-3-~4-nitrophenyl!-butanoate, with the structura
formula
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for homologs withn511– 17 @15,16#. This compound was
denotednAZY in Ref. @15#, but we prefer the more structur
ally related abbreviationnOPBNO2 and will refer to it by
this name. Since this polar compound contains a three-
aromatic core with a chiral linking group, it should exhib
phase aspects of both frustrated smectics and chiral ma
als. The partial phase diagram shown in Fig. 1 exhibits
expected smectic polymorphism, and previous DSC stu
of the n514– 17 homologs@16# indicated a prominent ther
mal feature in the nematic region, which was tentatively
cribed to a transition similar to the nematicNd-nematicN1

transition reported in Ref.@17#. The present investigation
involves a high-resolution ac calorimetric study of t
R-enantiomers of 14OPBNO2 (M5611.74 g mol21) and
15OPBNO2 (M5625.77 g mol21), with special emphasis on
the nematic region. One first-order transition and three n
transitional thermal features were observed in this region
described in Sec. II. A discussion comparing the new res
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with those for systems with known TGB phases and prop
ing severalN* regions with differing short-range order i
given in Sec. III. It should be noted that the pitch in most
the nematic range for thesen514 and 15 compounds i
found to be less than 0.2mm ~ultraviolet region!, which in-
dicates a substantial chirality~twisting tendency!.

II. CALORIMETRIC AND OPTICAL RESULTS

The synthesis and purification of the investigated phe
butyrates~as described in Ref.@15#!, optical observations of
textures and helical pitch, and DSC scans were carried ou
the University of Warsaw. The heat capacity data given
then514 and 15 homologs in Figs. 2 and 3 were obtained
MIT with a high-resolution ac calorimeter, operated over
range of frequency from 2v0 to v0/8, where v052p f 0
50.196 s21. A small mass (;30 mg) of liquid crystal was
cold-weld sealed into a thin silver cell, and the temperat
was scanned slowly (0.1– 0.2 K h21) to ensure thermody-
595 © 1998 The American Physical Society
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FIG. 1. Partial phase diagram for the chiral homologous se
nOPBNO2. Data forn514– 16 are based on theCp results in Sec.
II. All other data are taken from Ref.@16#, which gives full dia-
grams for theR-enantiomer and racemic mixtures. The vertic
short dashed line shows where freezing occurs on slow coo
runs. The long dashed lines represent nontransitional evolution
short-range order. Further information about ‘‘transitions’’T2-T7

involving twisted nematicsNa* -N«* is given in Table I.

FIG. 2. Heat capacityCp for 14OPBNO2 obtained on a cooling
run with a scan rate of20.1 K h21. The labelsTn correspond to
features shown in Fig. 3 and listed in Table I. Two insets ofCp9
behavior support the assignment thatT2 andT6 are first-order phase
transitions.
namic equilibrium for the mesogenic phases. No apprecia
drift in the position ofCp peaks was observed over a perio
of eight weeks. The calorimeter and the equations for a
lyzing the observedTac response to thePac5P0 exp(ivt)
heat input are described elsewhere@18,19#. The 14OPBNO2
data in Fig. 2 were obtained atv0/4 ~7.8 mHz! and the
15OPBNO2 data in Fig. 3 atv0/2. In both cases, these ar
static values in one-phase regions sinceCp values obtained
at lower frequencies agreed well with those shown.

Also displayed in Figs. 2 and 3 are insets indicating t
typical anomalies in the imaginary componentCp9 , related to
phase shiftsf betweenTac andPac seen at first-order transi
tions where there is two-phase coexistence@18,20#. In other
regions,Cp9 is essentially independent ofT and very small
(;0.003 J K21 g21) except for an unusual smooth rise inCp9
for 15OPBNO2 on cooling from ;338 K to the freezing
point at 330.7 K. Over this;7 K range,Cp9 increases by
0.061 J K21 g21 ~from ;0.006 to 0.067 J K21 g21! for v0/2.
This effect is frequency dependent: the increase inCp9 is
0.115 J K21 g21 at 2v0 but disappears atv0/6 and v0/8.
Thus, thisCp9 effect is due to sluggish dynamics in this tem
perature region and not to two-phase coexistence@19#.

The thermal features shown in Figs. 2 and 3 are listed
Table I together with melting temperatures of the crys
phase on heating and previously reported DSC values for
high-temperature isotropic (I ) –smectic-Ad (SmAd) transi-
tions. Note that several of the transitions are monotro
since there is a considerable difference between the free
and melting temperatures. In the case of 14OPBNO2, the
sample was quenched to 330.5 K and a heating run
immediately begun prior to any freezing. This was not do
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FIG. 3. Heat capacityCp for 15OPBNO2 for a cooling run with
a scan rate of20.15 K h21. The labelsTn correspond to those in
Fig. 2 and Table I. The insets showCp9 peaks associated with two
phase coexistence at the first-orderT2 and T6 transitions. See the
text concerning a frequency-dependent behavior ofCp9 for tempera-
tures belowT6 .
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TABLE I. Transition temperatures~K! and enthalpies (J g21) for chiral nOPBNO2. T32T5 denote
three nonsingular~rounded! Cp features that do not correspond to thermodynamic phase transitionm
denotes that the feature is monotropic.

Phase
Proposed
structure

Proposed
transition Order n514 n515

I I
I -SmAd 1st T1 @16# ;396 ;399

DH1 @16# 5.4 DSC 7.3 DSC
SmAd SmAd

SmAd-Nd* 1st T2 359.68 350.60
DH2 @16# 0.08 DSC 0.06 DSC

N«* Nd*
(Nd* -N* ) non T3 ? 349.6

Nd* N*
(N* -NLA* ) non T4 344.55 342.94

Ng* NLA*
(NLA* -NLC* ) non T5 340.57,m 340.25

Nb* NLC*
NLC* -TGBC 1st T6 331.22,m 336.66,m

DH6 @16# 0.19 DSC 0.26 DSC
Na* TGBC

TGBC-SmC̃ 1st? T7 335.3,m

DH7 ;0.05 DSC

SmC̃ SmC̃
freeze to K 1st T8 330.35a 330.73b

K K
K melt 344.05a 339.75b

aTGBC freezes into K; K melts intoNLA* .
bSmC̃ freezes into K at a scan-rate-dependent temperature; K melts intoNLC* .
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for 15OPBNO2, and only cooling run data are available b
low 340 K. The symbolsNa* to N«* are used in Fig. 1 and
Table I to denote the various twisted phases observed in
reentrant nematic region. The low-temperature smectic ph
that we assign as SmC̃ is denoted as SmX in Ref. @16#, where
on the basis of preliminary x-ray powder patterns it w
shown to be either a weakly tilted SmC̃ phase or an incom
mensurate orthogonal smectic mesophase. A discussio
possible structures forNa* –N«* in terms of twist-grain-
boundary, chiral line liquidsNL* , and twisted nematicN*
phases is given in Sec. III.

The first-order character of the transitions atT2 andT6 is
very clear. In both compounds there are characteristic l
frequencyCp9 peaks that arise from ac phase-shift anoma
and indicate two-phase coexistence@20#. The width of the
coexistence region atT2 is ;0.8 K for n514 and;1.0 K
for n515, while the coexistence width atT6 is 0.35 K for
n514 and 0.23 K forn515. Furthermore, there is a substa
tial hysteresis of 0.5 K at theT2 transition forn515. TheT6
hysteresis is very small for then514 compound~0.01 K!
and was not investigated forn515. Estimated values of th
latent heatsDH2 andDH6 given in Table I are taken to b
the total DSC enthalpies reported in Ref.@16# for these tran-
sitions.

The nature of theT7 thermal feature observed i
15OPBNO2 is uncertain. If it were found by structural stud
ies to be a TGBC-SmC̃ transition, one would expect it to b
he
se
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first order like the analogous TGBC-SmC* transition @14#.
However, in the latter case the variation ofCp(ac) is very
small and the latent effect associated with this transition
observed only by nonadiabatic scanning calorimetry, wh
was not used in the present study. Both theCp(ac) and the
new DSC runs show a roundedT7 feature for 15OPBNO2,
and there are no obvious anomalies in the phase shiftf sig-
naling two-phase coexistence atT7 . However, suchf
anomalies are subtle at the TGBC-SmC* transition@14#. We
have tentatively assumed a first-order character and list
DSC area in Table I as the latent heatDH7 . This value of
;0.05 J g21 agrees well with latent heats of 0.052 an
0.126 J g21 reported for two TGBC-SmC* transitions@14#.
Note that a ‘‘T7 transition’’ is missing for 14OPBNO2 due to
the sample freezing just belowT6 .

The features labeledT3 , T4 , and T5 denote nontransi-
tional evolutions of the short-range order in the nema
phase. These three features are obvious from roundedCp
peaks observed for 15OPBNO2, but the T3 feature is not
obvious for 14OPBNO2 and the T5 feature is seen as
rounded step~see Fig. 2!. None of theT3 ,T4 ,T5 features
exhibit hysteresis, there are noCp9 peaks or otherCp9 anoma-
lies associated with these features, and the shapes of thCp
peaks do not correspond to either first-order behavior or
gular second-order behavior.

Although it is difficult to make a precise evaluation of th
excess heat capacityDCp due to ambiguities in



ce

i-

rm
a
C

e
c

e
p
on
te
an
T
t a

ac

nc-
tes.
of
g
on
e

ow

-

in
tial
of

of

pi-
s.
dly,

ts
-

ed
o-
w-
as

d

-

us-
e-
e
e
he
in
ses
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Cp(background), an estimate has been made of the ex
enthalpydH associated with the combinedT4 and T5 fea-
tures using

dH5E DCpdT, ~1!

where the excess heat capacity isDCp5Cp(observed)
2Cp(background). TheCp(background) values are ind
cated by the dashed lines in Figs. 2 and 3. The choice
Cp(background) is especially difficult for 15OPBNO2 since
the first-orderT6 transition is much closer toT4 ~;6.3 K
compared to;13.3 K for 14OPBNO2!. The resulting enthal-
pies dH are 0.65 J g21 for 14OPBNO2 and ;0.61 J g21 as
an estimatedlower boundfor 15OPBNO2.

DSC scans carried out at Warsaw University confi
qualitatively most of the thermal features obtained with
calorimetry. For then515 and 16 compounds, better DS
resolution was obtained than that shown in Ref.@16# and six
peaks corresponding toT2–T7 were observed above th
freezing temperature. For then514 compound, DSC and a
calorimetry agree in that neither shows a peak atT3 and both
show freezing occurs just belowT6 ~even at a DSC scan rat
of 5 K/min!. The DSC forn514 does not show the ste
feature inCp at T5 . DSC transition temperatures obtained
heating are systematically 1.1 K higher than those de
mined with ac calorimetry, due in part to rapid DSC sc
rates and in part to absolute temperature calibrations.
n516 points in Fig. 1 have been shifted by 1.1 K to permi
better correspondence with the present data forn514 and
15. It should be noted that DSC scans do not allow one
distinguish first-order and second-order transitions from e

FIG. 4. Phase diagram for mixtures ofR-16OPBNO2 and its
racemate obtained from DSC scans made at 1 K min21. XR is the
mole fraction of the chiral enantiomer.
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other or from nontransitional thermal features. Such disti
tions require high-resolution data obtained at slow scan ra

An additional DSC study was undertaken on mixtures
chiral R-16OPBNO2 and its racemate, and the resultin
phase diagram is given in Fig. 4. As the chiral mole fracti
XR is decreased, theNa* and N«* phases disappear and th
phase sequence becomes SmAd-Nd* -Ng* -Nb* -SmC̃ at XR

50.8. Note that the location of theT3 line is uncertain since
DSC scans of mixtures do not resolve the smallT3 feature on
the low-temperature side of an asymmetricT2 peak. As the
chirality is further reduced, the remainingN* phase regions
decrease and disappear and a SmCd* tilted bilayer phase ap-
pears. The DSC enthalpy for the combinedT41T5 features
decreases from 0.45 J g21 at XR50.9 to 0.07 J g21 at XR
50.7.

Optical measurements made at Warsaw University sh
that the helical pitch for then514 and 15 homologs in the
Nb* , Ng* , andNd* phases is less than 0.2mm. As the tem-
perature approaches the SmAd and SmC̃ boundaries, the he
lical pitch increases rapidly (udP/dTu;0.13mm/K) to give
selective light reflections in the visible. Such a small pitch
reentrantNb* -Nd* nematic phases confirms the substan
chirality of these compounds. Also the width of the region
rapid increase in pitch on heating 15OPBNO2 near the SmAd
boundary is 1.0 K, which exactly agrees with the width
the calorimetric region labeledN«* , and the width of the
region of rapid increase of pitch on cooling near the SmC̃
boundary is 0.75–1.7 K, which compares well to theNa*
range of 1.36 K from calorimetry.

In the nematic region fromT3 to T6 , where Fig. 1 indi-
cates the presence ofNb* , Ng* , andNd* , smooth optical tex-
tures with a few oily streaks were observed, which are ty
cal for chiral nematics with small helical pitch value
However, when the sample was heated or cooled rapi
small square defects appeared in theNg* temperature range
betweenT4 andT5 . These may be due to parabolic defec
induced by small discontinuities in the helical pitch. At tem
peratures aboveT2 and belowT7 , fan textures were ob-
served. In a freely suspended film~which should align the
smectic layers parallel to the film surface!, the SmAd phase
yielded a uniform homeotropic texture. The uniaxial untilt
character of the SmAd phase was also confirmed by con
scopic figures. In a freely suspended film of the lo
temperature SmC̃ phase, a uniform homeotropic texture w
never observed and a weak fan texture was seen.

III. DISCUSSION

For the chiralnOPBNO2 homologous series, the observe
phase sequence is SmA1-N* -BP’s-I for n<12 and
SmA1-Nr* -SmAd-N* -BP’s-I for n513, whereas the se
quence is SmC̃(5SmX)-N* -SmAd-I for n514– 16 @16#.
Such smectic phase behavior is typical for long-core fr
trated smectic liquid crystals with rigid linking groups b
tween the phenyl rings@1–6# and occurs here wher
nOPBNO2 has a flexible chiral linking group in the core. Th
discussion below will focus on the thermal behavior in t
nematic region and will provide qualitative arguments
support of the structures proposed for the five pha
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Na* –N«* . The most likely assignments for these phases
TGBC or TGBC̃ ~twist-grain-boundary phases with SmC or
SmC̃ blocks! for Na* , NLC* ~chiral line liquid with short-
rangeTGBC or TGBC̃ order! for Nb* , NLA* ~chiral line liquid
with short-range TGBA order! for Ng* , cholesteric N*
~twisted nematic with weak smectic fluctuations! for Nd* ,
and Nd* ~a weakly twisted nematic with dominantshort-
range SmAd fluctuations! for N«* . These proposed assign
ments are summarized in Table I. High-resolution x-ray st
ies on aligned single domain samples are needed to ve
the presence of such TGB and chiral line liquid structure

Based on the assignments proposed above, the trans
at T2 corresponds to SmAd-Nd* , where the nematic phas
Nd* is a long-pitch cholesteric with substantial short-ran
SmAd fluctuations, which are expected to decrease
change in character on further cooling@21#. An example
where such reentrantNd behavior is established in analogo
nonchiral frustrated smectic liquid crystals is given for oct
oxybenzyloxy cyanostilbene~T8! in Ref. @2#. However, the
presence of an asymmetric chiral center inside the arom
core should strongly promote twisting, and the SmAd fluc-
tuations are in competition with this twisting tendency. Th
one expectsNd* to evolve intoN* , which has a short pitch
and weak smectic fluctuations. We assign this nontra
tional change in nematic character to the thermal featur
T3 in 15OPBNO2 and the associated significant change
pitch variationudP/dTu. No thermalT3 feature is visible in
14OPBNO2, but this is consistent with the smooth evolutio
of short-rangeSmAd character toshort-rangeSmC charac-
ter in the nematic phase of T8 with only a sing
Cp(SmAd-N) peak @2#. In the present materials, the asym
metry of theCp peak associated with the first-order transiti
at T2 is different from the usual shape of second-ord
Nr-SmAd peaks. However, similar asymmetry~largeN* pre-
transitional wing and small SmAd wing! has also been ob
served in mixtures of octylcyanobiphenyl~8CB! and a chiral
compound@22#, where it is ascribed to energy effects relat
to the development~or expulsion! of the cholesteric twist.

The most prominentCp feature in the nematic region i
the broad rounded peak atT4 . This has been assigned to th
nontransitional development ofshort-rangeTGB character
to create a chiral line liquidNL* . Such a chiral line liquid has
been predicted theoretically@10# as the liquid crystal analogy
of the Abrikosov flux vortexliquid in type-II superconduct-
ors. SinceN* andNL* have the same macroscopic symmet
no thermodynamic transition should occur, and this is ve
fied experimentally. Indeed, a large roundedCp peak is a
striking characteristic of the evolution ofN* into a chiral
line liquid @12,14#. Furthermore, theCp feature atT4 does
not correspond to behavior like that observed forNd-N1
transitions in nonchiral systems where the smectic fluct
tions change from SmAd-like to SmA1-like @17#. It should
also be noted thatracemic 14OPBNO2 and 15OPBNO2
samples do not exhibit an analogousT4 thermal feature in
their reentrantN phases. Furthermore, the character of
small texture changes reported nearT4 in the chiral ho-
mologs @16# supports this assignment as a change in
short-range order. Thus the evidence for the appearance
chiral line liquid atT4 is indirect but very strong.
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We suggest that the smectic blocks in theNg* chiral line
liquid may have SmA character and use the symbolNLA* to
indicate this assignment. The thermal feature atT5 is also
experimentally shown to be a nontransition—no first-ord
coexistence or latent heat butCp(T) is not singular as it
would be at a second-order transition. We suggest this
ture may be due to a change in the character~tilt ! of the
smectic blocks that make up the short-range TGB order
NLA* -NLC* . The presence of short-range smectic-C order is
supported by the presence of a stable SmCd phase in Fig. 4
and in racemic 15OPBNO2 @16#.

The observed rapid increase in pitch on cooling bo
14OPBNO2 and 15OPBNO2 belowT6 corresponds very wel
with previously observed pitch variations in the TGBC phase
@13#, and the first-order transition atT6 is assigned as
NLC* -TGBC . This is analogous to the establishedNLC* -TGBC

transition in chiral compounds with a SmC* phase@14#. We
are assuming that parallel behavior can occur where the
derlying smectic phase is SmC̃ rather than SmC* . However,
in view of the very smallDH7 latent heat associated with th
TGBC-SmC̃ transition in 15OPBNO2, the structure of the
TGBC phase must be very similar to that of the SmC̃ phase.
Thus it might be possible that this is a new TGBC̃ phase
where the smectic blocks have SmC̃ structure. The argumen
against this is that such a structure would require gr
boundaries with two types of more or less orthogonal dis
cations, and the stability of these complex grain bounda
would be poor@23#.

It is appropriate to mention two other possible phase
quences: ~1! SmC̃-TGBC-TGBA-NL* -N* -Nd* -SmAd or ~2!

SmC̃-TGBC1-TGBC2-NL* -N* -Nd* -SmAd where there are
two different TGBC phases. There is theoretical@8,9# and
experimental@11,13,14,24# support for each of these se
quences. However, if the transition atT5 were to correspond
to a NL* -TGB transition it should be first order@12,14#,
whereas the present data show that theT5 heat capacity
peaks are nontransitional features. Furthermore, in the
ond case one would expect a rapidly varying and large p
in both TGBC phases@24#, whereas we see a rapid increa
in pitch on cooling only over a narrow temperature ran
corresponding to the singleNa* region shown in Fig. 1.

It is useful to compare the widths and integrated entha
ies for the combinedT4 andT5 peaks with published value
for N* -NLA* in TGBA materials andN* -NLC* in TGBC mate-
rials. The ‘‘width’’ is ;15 K and dH50.65 J g21 for
14OPBNO2, and these values are;10 K and *0.61 J g21

for 15OPBNO2. ForN* -NLA* , the widths range from 5 to 11
K and dH values vary from 0.8 to 1.8 J g21 @12,14#. For
N* -NLC* , the respective values are 5–8 K an
0.28– 0.7 J g21 @14#. Thus the substantial amount of shor
range ordering that occurs over a wide temperature rang
comparable in all three cases. The latent heats of 0.14
0.30 J g21 for two NLC* -TGBC transitions reported in Ref
@14# also correspond very well with the DSC latent heat
timates for the transitions atT6 that we ascribe toNLC* -TGBC

~see Table I!. It has already been pointed out in Sec. II th
the TGBC-SmC̃ DH7 latent heat of;0.05 J g21 is compa-
rable to TGBC-SmC* values@14#.

Evidence about the structure of the low-temperat
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smectic-X phase for compounds withn>14 is limited in
Ref. @16# since it is based on the x-ray powder pattern of
n516 compound at a single temperature plus microsco
textures as a function of temperature for several homolo
Our assignment of this phase as SmC̃ is largely by analogy
with the phase behavior of nonchiral frustrated smec
@3,4#. Note that a SmC̃ phase can exhibit weak molecular til
see Ref.@4# and Fig. 10 in Ref.@3#. Clearly a high-resolution
x-ray study is needed to confirm our SmC̃ assignment and to
establish the structures of the TGBC andNLC* phases. How-
ever, it should be pointed out that the microscopic texture
the SmX phase of Ref.@16# are typical of the SmC̃ textures
reported in Ref.@25#. Moreover, recent x-ray studies of th
n516 compound as a function of temperature@26# show that
in the temperature range corresponding to the SmC̃ phase
there are two Bragg reflections at 2q0 and q8,2q0 . The
q952q02q8 peak expected for SmC̃ should be at a smal
angle ~less than 1°! and thus difficult to resolve with the
low-resolution Siemans area detector system used in
work. Two relatively strong diffuse x-ray reflections we
also observed in the reentrant nematic phase. Their grow
intensity on approaching the SmC̃ phase indicates the exis
tence of SmC̃-like fluctuations in the low-temperature end
the nematic phase~the TGBC region!. Thus, all the currently
available information is consistent with our assignment
SmX as SmC̃.

A final comment should be made about the overall
crease inCp on cooling 15OPBNO2 betweenT3 andT8 . In
this case, the background slopedCp /dT is negative~roughly
2431023 J K22 g21! rather than positive like 14OPBNO2.
~approximately16.331023! or the TGBC systems in Ref.
@14# ~approximately13.031023!. The results in Figs. 2 and
-
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3 were reproducible on several runs taken on two differ
samples of each compound, but we have no definite ex
nation of this different 15OPBNO2 behavior. As noted in
Sec. II, there are sluggish dynamics below 338 K
15OPBNO2 suggesting long-range effects. We speculate t
this feature might be due to a pretransitional rise inCp
associated with a transition that is preempted by freez
For example, the SmC̃-SmC2 transition in DB8ONO2
1DB10ONO2 mixtures exhibits a large inverted LandauCp

peak with the SmC̃ heat capacity showing an increase
cooling starting;10 K above the transition@3#. A similar
pretransitional increase in the smectic heat capacity also
curs in butyloxybenzlidene octylaniline~4O.8! above the
SmA-plastic CrB transition@27#. In the case of 14OPBNO2,
freezing preempts the SmC̃ phase so this feature is not see

In summary, the competition between chiral twist a
long-core frustrated smectic length scales gives rise to
interesting and rich phase behavior. One first-order transi
and several nontransitional thermal features have been e
lished in the nematic phase of 14OPBNO2 and 15OPBNO2.
A variety of indirect evidence has been presented for
existence of a TGB phase and chiral line liquidsNL* as well
as two types ofN* twisted nematic phases. A high
resolution x-ray study of well-aligned samples is needed
confirm the proposed phase structures.
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