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compounds with twist grain boundary phases

A. Anakkarl* N. Isaertt M. Ismaili,! J.-M. Buisine? and H. T. Nguyeh
Laboratoire de Dynamique et Structure des fiex Moleculaires, URA CNRS No. 801, Equipe de Physique des Stases Anisotropes,
Universitedes Sciences et Technologies de Lille, F-59655 Villeneuve d’AstexCErance
2Laboratoire de Dynamique et Structure des fiex Moleculaires, URA CNRS No. 801, Equipe de Thermophysique de lafelatie
Condense, Universitedu Littoral, Quai Freycinet 1, Boe Postale 5526, F59379 Dunkerque, France
SCentre de Recherche Paul Pascal, Avenue A. Schweitzer, 33600 Pessac, France
(Received 23 June 1998

In order to study critical behaviors of pure compounds anticipated by Renn and Lubensky’s theoretical
calculations, high-pressure experiments have been performed on six tolan series homologous to the
3-fluoro-4{(R) or (S)-methylheptyloxy-4'-(4"-alkoxy-2",3’-difluorobenzoyloxy), which exhibit the twist
grain boundaryfTGB, and TGB.) mesophases. Measurements were carried out by thermobarometric analysis.
Six pressure-temperature phase diagrams are determined. The studies establish the existence of multicritical
points twisted-smecti€ (S&)—TGB.—TGB,, TGB:—TGB,—cholesteric nematicN*) and Sg-TGBe-N*
for single component systems in pressure-temperatlrd ) phase diagrams. Our results also show that a
pressure increase has the same effect onBh@&) phase diagrams as a decreasing number of carbon atoms in
the aliphatic chain; then pressure change can have the same effects on intermolecular interactions as those
observed when shortening the molecular length. The existence of transition lines with negative slope values
was also found. The experimental results are in qualitative agreement with the model proposed by Renn and
Lubensky.[S1063-651X99)07107-X

PACS numbg(s): 64.70.Md, 05.70.Jk, 07.35k

I. INTRODUCTION 24], reentrant mesophas€®,3,21-26, a twist inversion in
cholesteric mesopha$21], etc. Thus, experiments under at-
Many publications have shown that liquid crystals are ma-mospheric pressure performed on mixtures have shown the
terials especially well fitted to theoretical and experimentaleffect of composition on the stability of TGB mesophases
studies of critical phenomena. The evidence of such thermd12—15,27. These studies have led to the observation of all
dynamic behavior is most often improved in temperaturethe multicritical points involving TGR and TGE me-
concentration T-X) phase diagramfil—3], and this is sel- Sophases[12-14,21,24,27-30 predicted by Renn and
dom shown in pressure-temperatufe-T) phase diagrams Lubensky’s theory. _ _
[3-5], especially for multicritical points. In this last case, At the same time, all th9se interesting phenomena can
nematic—smectid—smecticC (NAC for shorb for achiral also be observed by increasing pressure. As a matter of_fact,
molecules[6,7] and cholesteric smectid—twisted smectic some mesophasgg can appear or dl_sappear as a function of
C, denoted (NAC] for chiral molecule[8] multicritical pressure. Thus, it is well known that it leads to the observa-

. ; tion in the pressure-temperature phase diagram of triple
points have been observed T phase diagrams. and/or multicritical points which are due to pressure-

In 1992, Renn and_Lubensk&Q—lZ] calculated three p,,,ngeq andjor pressure-induced mesomorpHid3in-33.
phase diagrams showing the new twist grain boundary

(TGB) smectic mesophasé3GB,, TGB:, and TGE.) in A
which several multicritical points are displayed. The phase r
diagram obtained by Renn and Lubensky and given in Fig. 1
contains two of these mesophadd$B, and TGR.) and

five multicritical points denoted®,, B,, B3, L, and CEP.

It is well known that, for chemical series, systematic
variation of aliphatic chain lengths considerably influences
the thermal stability of mesophases: phase sequences change
versus the number of carbons in the aliphatic chaB+16
and sometimes an odd-even effect can be obsdri/ed19.

The binary mixture of two compounds having different or
the same phase sequences can exhibit a large number and a
great variety of new phenomena: induced mesophg&s

>

FIG. 1. Theoretical phase diagram predicted by Renn and
Lubensky (reproduced from Refl12]); solid lines are associated
* Author to whom correspondence should be addressed. Electronigith first-order phase transitions and dashed lines with weakly first-
address: anakkar@lip5rx.univ-lillel.fr order or second-order phase transitions.
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TABLE I. Experimental data for the phases and transitions under atmospheric pressure: Transition temparadigathalpy changes
AH, note that the isotropic phase exists for all values.of

Cr St TGB. Sa TGB, N* BP

AH AH AH AH AH AH AH
n TK) kimory) T((K) (kImol) T((K) (kImoll) T((K) (kImoll) T(K) (kImol'h) T(K) (kImold T (K) (kdmol?)
9 336.2 35 361.3 a 3723 058 376.7 387.4 3875 0.99
10 3322 344 3715 a a 3789 058 3876 388.8 1.1%
11 3195 448 373.7 3744 071 a 377.3 385.0 385.8 19
12 309.9 27.7 375.7 376.1 P7 a a 383.6 384.8 1.19
14 3343 4829 3774  0.69 a a a 380.8 381.0 1.89
16 330.8 41.32 3777 0.9 a a a 379.4 379.6 24

&The phase does not exist for the compound.

PThe sum of two transitions: Sy-TGB, and TGB-N* or S5-TGB, and TGB,-N* or Si-TGB¢ and TGB.-TGB, or S:-TGB. and
TGBc-N*.

“The sum of two transitions\*-BP and BP-I.

However, only a few high-pressure studies of TGB me-pears in long lateral chainsi&10). The TGB, temperature
sophases have been carried out. T@8-1 [34] and  range is between 3 and 7.4°C, and it disappearsifof2.
S¢-TGBa-I [33] triple points in pure compounds have beenThe TGB. mesophase exists only for=11 and 12 com-
obtained under pressure. Until today, oy [32] andB;  pounds and displays a very narrow temperature rafess
[31,32 were observed in pressure-temperature phase dighan 0.7 °G. It is interesting to note that the enthalpy values
grams for single component systems. Moreover, multicriticakor transitions between mesophases are very small. More-
points with TGE: mesophase have not yet been observed iver, these transitions are weakly first-order or second-order
pure compounds. ones.

In order to give experimental evidence of new multicriti-
cal points in pure ferroelectric liquid crystalELC), in this
paper we will first report thermobarometric measurements . RESULTS
performed especially on compounds which display 1GB

and TGB. mesophase®-T phase diagrams are interpreted Studies of phase transitions were performed under pres-

and a qualitative comparison with Renn and Lunbensky’sSure by thermobarometric analys{$BA) using an auto-

theoretical phase diagram is presented. This work is part of mated metabolemet¢BCERES, MAB 02 A 20 Measure-
more eneFr)aI stud %f the eF;fect of .ressure on rf)ase Sﬁjents consisted in recording, versus temperature, the
9 y " P P ressure of a small samplabout 10 my enclosed in a me-
guences, on the thermal stability of mesophases, and on the,. : . ; . :
" . . “tdllic cell. The details of this technique and interpretations of
nature of a transition for new FLC compounds involving h b h b fficiently d ibed el h
TGB mesophases thermobarograms have been sufficiently described elsewhere
' [37-4Q in the classical liquid crystalline systems without
TGB mesophases, and more recently, in ferroelectric liquid
crystals involving TGR mesophase in Ref§31, 34.
Our present studies relate to the homologous series with Measurements were performed for temperatures between

chiral molecules: 3-fluorat-[(R) or (S)-methylheptyloxy]

II. COMPOUNDS

-4'-(4"-alkoxy-2',3"-difluorobenzoyloxy) tolan A
(nF,BTFO;M, for shorh whose chemical formula igl3] 1204 P (MPa)
F F
H(CHz),.Obf coo__<: :>_CEC4©§—O __¢CH — CgHy3 1001+
|

CH;

Six chiral liquid crystal compounds are chosen. Phase 807 b
identifications and transition temperatures under atmospheric »
pressure were determined by both thermal microscopy and 607 !
differential scanning calorimet§DSC) [13,35,38. This ho- $
mologous series is very interesting because of its rich meso- 40T :
morphism involving TGB mesophases, which are sensitive $
to changes in the alkoxy chain length. The phase sequences 207 $

and transition temperatures and enthalpies, at atmospheric
pressure, are presented in Table I. 0 j
All members of the series display the following me- 330 350 370 390 410

sophases between the crystallii@) and isotropic(l) phas- FIG. 2. Pressure-temperature phase diagram fgBBFO,M.

es: twisted smecticC (S¢), cholesteric N*), and blue  The disappearance of TGBnesophase under pressure leads to the
phase(BP). The S, mesophase exists far=9 and disap- S,-TGB,-N* multicritical point notedB; .

K]
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FIG. 3. Pressure-temperature phase diagram fosBDFO,M>. 1
The pressure-induced mesophase isSgrone. Then, this diagram

shows the multicritical poinS:-S,-TGB, notedB,,. 0 : :
POINBE-Sx- TGBA 2 300 320 340

300 and 500 K and for pre;;sures up tcr)—-,ﬁleo MPa_ Ther- FIG. 5. Pressure-temperature phase diagram fosBPIFO,M-.
mobarograms were plotted with a 0.5 deg miheating rate.  Tyo mesophases are induced: TG#nd TGB,; three multicriti-
The exploitation of thermobarogram networks including sev-ca| points are presenB,, Bs, andL (insej.

eral heating runs plotted for different initial conditions led to

the pressure-temperature phase diagrams presented in Figg&nn and Lubensky’s diagram as is shown in Fig. 8. For

2-7. In these diagrams, transitions are reported as solid "nee?(ample the straight line showing the phase sequence of
for equilibrium curved(first-order transitions Dashed lines

- > =9 is located between poinf8; andB,; for n=10 it is
correspond to second-order or weakly first-order transition

: MN$etweenB, and B, etc. The temperatur€l) axis is obvi-
Some mesophases can appear or disappear as a functionfg\y defined by the transition from an ordered phase to a

pressure; in both cases, such behavior led to triple and/Qfisorgered one. The pressuf axis was chosen in order to

multicritical points. , , be consistent with our experimental results. This choice will
Some pressure-temperature domains of phasgstalline justified in the next discussion.

and isotropi¢ or mesophases were easily identified from

phase sequences under atmospheric pressure. Nevertheless,

. . . . B. Singular points and melting curve in the
the identification of pressure-induced mesophases requires (P-T) phase diagrams
argumentation. These results will be discussed in detail be- P 9
low. n=9
For then=9 compound, the phase sequence, under atmo-
IV. DISCUSSION spheric pressure, is C3g-Sp-TGBA-N*-BP-I. In the P-T
A. Position of the different compounds in Renn and phase diagranfFig. 2), the TGB, temperature range versus
Lubensky’s diagram pressure first increases slightly, then rises to a maximum,

The phase sequences, under atmospheric pressure, of the
six homologous series can be represented by straight lines in " AP(MPa)

A P(MPa) 0
120 p
Voot 80 4
-+ ‘\ U 1 ]
100 \ & | T
VOt od F
801 AN 601
) b O T |
S e
601 Cr PO A 40 1
L oed
Thq 5/ 1
4 * | b 4
40 S¢ vy 20
oL Ind
20T QEA*I: ! 0
\ti ) T(K) 330
0 f ' R —p _
310 330 350 370 390 410 FIG. 6. Pressure-temperature phase diagram for

14FEBTFOM;.  Sx=TGB. and Sy=TGB,. Two multicritical
FIG. 4. Pressure-temperature phase diagram foyBTFO,M;. points are present. CEP ahd
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FIG. 7. Pressure-temperature phase diagram fo,BBFO,M>.
Like 14FEBTFO;M, this diagram presents clearly the CEP dnd
multicritical points.

FIG. 9. Experimental transition lines of 1L4BTFO,M- (thick
lines) in Renn and Lubensky’s phase diagram.

and, finally, decreases and disappears to give rise to multi- The the.”“a' stability. range for the BP mesoehase, u_nder
critical point S,-TGB,-N* denotedB; in Renn and Luben- atmospheric pressure, is about or less than 0.1 °C, and is too

sky's phase diagram. Thus, it appears clearly that the disapmall to be clearly separated.

pearance of the TGBmesophase under pressure justifies our 1€ ransition line form ofS5,-TGB, suggests the exis-
choice for the position of thé axis (Fig. 8 in Renn and tence of a reentrant phenomenon. In fact, at constant tem-

Lubensky’s diagram. perature between 370.3 and 372.3 K, the following phase
The temperature range of th8X mesophase vanishes sequence can be observed versus pressiBg:TGB,-S,.

when pressure is increased. Therefore, there is &CB,
singular point. In thermobarograms, no pressure increment is
detected in th&E- S, transition, which can be interpreted as ~ For then= 10 compound, the sequence under atmospheric
a second-order or weakly first-order transition. Because thpressure is CSg-TGB,-N*-BP-I. A high-pressure branch-
melting (Cr-Sg for lower pressure, CB, for higher pres- ing of the SE-TGB, line gives way to two transition lines
sure has to be of first order, point C8%-S, can be a triple  (Fig. 3. Thus, a new mesophase is induced under pressure.
point if the Sg-S, transition becomegéweakly) first order in - By comparison with Renn and Lubensky’s diagréfig. 8),
the vicinity of this point. On the contrary, if thg:-S, tran-  this mesophase can be identified asSanone. Then, point
sition remains second order up to the intersection point, thi$¢-Sa-TGB, corresponds to a multicritical poir,. The
point is a multicritical one. The resolution of our equipmentinduced mesophase, betwe&i and TGB,, might be a
has not allowed us to solve this problem and to determine th&GB¢ one. This possibility may be excluded because it is at
topology of this singular point. variance with the choice of th® axis position(Fig. 8),
which has been confirmed by time=9 compound. The dis-
appearance of the TGBnesophase corresponding to g
point is not experimentally observed for this compound.
Point B, exists perhaps at too high a pressure to be detected
with our equipment; it can also be located above the melting
AP curve as shown in Fig. 9.
4 S / The S§ mesophase disappears under pressure in a singular
- A B > point Cr-St-S, ; for the reasons such as those evoked for the
n=9 compound, the CB¢-S, can be a triple or multicriti-
cal point.

n=10

n=

/

S ~
Bo™p—" 4 =10
B3 4.TGBA|

~— n=11
TGBCY L n=11

1

1

1
i

s¢

=12 Forn=11, two TGB mesophases exist under atmospheric

\CEP pressure. Thé>-T phase diagrantFig. 4) shows that their

n=14 domains of stability increase under pressure. The extrapola-
T tion of the Sg- TGBc line transition leads to the prediction of

> a singular point CrSg-TGBc for pressures superior to 120

FIG. 8. Theoretical phase diagram predicted by Renn andPa. Above this singular point, at constant pressure, upon
Lubensky[12] in the pressure and temperature axes. Phase sd€ating in the Cr phase, it undergoes a direct transition into
quences under atmospheric pressure for all the members of the séie TGER. mesophase. The TGBTGB, transition line can
ries. also intersect the melting curve but for high-pressure values.
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SE-TGBA-SA-N*,  and SE-TGB¢-Sa-N*  (inverted  se-
quence for the TGB twi$t there are two solutions left:
SE-TGBc-TGBA-N*  and SE-Sa-TGBA-N*  phase  se-

]

72}

>
X

\ B, - ,{f’ @@ guences. This means that the TGBiesophase is to appear
2/,‘; oL under pressure and the TeBnesophase will display an en-
/. ' § BP closed area. Then, somewhere below the singular point, we
Cr 4, / ) should get a TGB-TGB, transition line in theP-T diagram,

as shown in the top right-hand corner in Fig. 5.

For the first solution, theé?-T phase diagram has two
TGB: domains and there may be two poirBs. This is
more unlikely and disagrees with Renn and Lubensky’s the-
oretical phase diagram.

The only reasonable solution consists in deducing that the
pressure-induced mesophase above the 55 MPa singular
point is anS, one. It corresponds to the following phase

FIG. 10. Experimental transition lines of 1BTFO;M; (thick sequenceSe-Sy-TGB,-N*. L .
lines) in Renn and Lubensky’s phase diagram. . Som_e other arguments bear out this |r_1terpretat|on._ Indeed,
dielectric measurements at atmospheric pressure innthe

. : =12 compound43] show an important soft mode associated
Then, we should have the Cr-TGBIGB, singular point with the TGR:.-N* transition. This behavior is in agreement

and above it there should be a direct transition from a crys-

: with a typical A mesophase in the vicinity of atmospheric
talline phase Cr to the TGBmesophase. Such Cr-TGRr
-~ : . ressurghere TGB, mesophase So, the TGR mesophase
Cr-TGE transitions, which have never been observed in O.u'[r?n st appear under pressure for values very close to atmo-
compounds under atmospheric pressure, have been obtaing . :
in other types of compoundg 1,47 Spheric pressure and the TgBesophase disappears at low
Another hypothesis could t’Je fhe existence of a TGB pressure. In addition, the TGBthermal stability range de-

termined by optical and DSC measurements under atmo-
bounded mesophase betweisé and TGEA. _mesgphases. spheric pressure is less than 0.4 °C. ThenPit§ domain
Thus, we should have a®gi-TGB, transition line that

X , would be very weak. That is why thermobarograms plotted
should intersect the melting curve. Then, there should be ey re|atively weak values of the pressure did not allow us to
singular points; the first one should be St-TGB, and the obtain separately TGBand TGB, mesophases using the
second oneSg-TGBc-TGB,, denotedB; in Renn and presentP-T equipment.

Lubensky’s phase diagram. The uncertainty concerns the po- As a result, four singular points can be deduced: a singu-
sition of the melting curve which can be below paB¥ (Fig.  |ar point Cp-S%-S, (obtained by extrapolationand three

10, linea) or above poinB; (Fig. 10, linesb andc). Inthe 1 iticritical pointsSE-Sa-TGB, (observed experimentally
first case(a), both pointsB, andB; are in a metastable area St-TGBe-TGB,, and TGB-TGB,-N* (reasoned argu-

corresponding to the crystalline phase. In cag®sand (c), meny denotedB,, B3, andL in Renn and Lubensky’s phase
point B, is in a metastable region. Poii; could be ob- diagram T

tained if the slope that characterizes the melting curve has Let us see what happens with the phase sequences and
the a:de_qua@te vaquhln Renn aad Lubens.I:y's dla:gram;.tz)aln Sfow their positions are related to the last three multicritical
ample is given with curvéc). However, it is not possible points. As before, we assume that the temperature increases

with our P—T. equipment to have access to these metastablﬁ;om the St mesophase to thi* one at different constant
states experimentally. pressures

n=12 Up to pointL, the phase sequence$$-TGB.-N*. Be-
) ) _ tweenL andBj, there is arSg-TGBc-TGB,-N* phase se-

First of all, under atmospheric pressure the followmgquence_ FromB; to B,, we have anSi-TGB,-N* one.
phase sequence @Cr-S¢-TGBc-N*-BP-l for then=12  apove point B,, the St-Sa-TGB,-N* sequence occurs.
compound does not display ## and TGB, mesophases. These phase sequences are ordinary ones: all have been ob-
On the other hand, the-T phase diagraniFig. 5 shows  served, under atmospheric pressure, on other compounds
that the stability range d¢ decreases slowly when pressure g|sewherd 14,15,44— 46
increases. Eventually, it disappears in the singular point de- To sum up, the built-up analysis along the arguments has
duced by extrapolation for about 130 MPa. more and more confirmed our choice of the pressure and

~ Of course, the appearance of a mesophase that leads tQginperature axes in Renn and Lubensky’s phase diagram.
singular point, clearly experimentally identified under 55

MPa, is the most important thing. The identification of such
an induced mesophase is not easy. n=14

Let us consider the effect of heating from t&8 me- For then=14 compound, initial studiegl3] performed
sophase to thBl* one, at constant pressure, above and belownder atmospheric pressure, i.e., DSC measurements and op-
the singular point corresponding to 55 MPa. Above this sindical texture observations, have not revealed |Génd
gular point, if we exclude improbable phase sequences suchGB: mesophases. Our additional optical observations have
asSg-TGBA-TGBc-N* (inverted sequence for the t#/C), ~ shown the existence of a monotropic T&Biesophase on a
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very narrow temperature range. Then the phase sequence un- C. Relationship between the pressurgP) and
der atmospheric pressure is the aliphatic chain (n)
* Figure 8 displays Renn and Lubensky’s theoretical dia-
Cr > SC > N* > BP > 1 gram with the new experimental axes pressure and tempera-
ture. For each compound we have reported, Treis cor-
/t responds to atmospheric pressure. If we superpose the
TGBC experimental diagrams on the theoretical one, we will obtain

interesting behaviors. One is as follows: according to this
figure, forn=14 and 16, the increase of pressure first has to
induce the TGB mesophase and then the TGBne. Actu-

two mesophases appear in each experimental phase dia-
gram of bothn=14 and 16 compounds. A very similar
analysis can be carried out for the other compounds. Then, it

The P-T phase diagran{Fig. 6) shows a bounde®g
mesophase and two pressure-induced mesophases which
denotedSy and S, . According to what was said above for
n=12, there remain only two possibilities for the me-

sophases that appear under pressuBg=S, and Sy  pecomes clear that a pressure increasspectively a de-
=TGB, or 5,=TGBc andSy=TGB,. . . creasg has the same effect on the T phase diagrams as a
The first oneSy= Sy andSY=TGBA, requires the disap- decreasdrespectively an increasén the number of carbon
pearance of the TGBmesophase f'ISt and afterwards there,ioms in the aliphatic chain. A similar result has also been
must be three multicritical points:Sg-TGBc-N* (denoted  t5,nd in other series by Spratte and Schne[dér4g.
CEP, SA-TGBs-N* (point B;), and finally Sg-Sa-N*,
which may be near atmospheric pressure. The last singular
point, though it is well known, according to the theoretical ) N )
phase diagrams that have been established by Renn and For all the studied substances, the stability domains of
Lubensky, cannot occur when there are some TGB meboth BP andN* mesophases often increase with pressure.
sophases. Moreover, dielectric measurements were carridfhen theS, mesophase exists, it is also stabilized by pres-
out for then=14 compound43]. The soft mode observed Sure. However, for all the compounds of the series, the tem-
for n=14 is half as important as for=12. Thus, a typeh  Pperature range of th8% regularly decreases when pressure is
mesophaséS, or TGB,) has to be far from atmospheric increased and finally vanishes at high pressure leading to a
pressure. So, this solution does not seem to be suitable. boundedSz mesophase. Then two types of singular points
Therefore, the induced mesoph&eis the TGR: one; it  appear on thé>-T diagrams: CrSg-Sy or Cr-Sg-TGBc .
is monotropic under atmospheric pressure and becomegdoreover, our experimental results show that the tempera-
enantropic when pressure is increased. Taking into accoumtire ranges of TGR and TGB. mesophases can disappear
that for low pressures the TGBmesophase is monotropic when increasing the pressure, but can also increase first, then
and its temperature range is very narrow, the coordinates afse to a maximum, and finally completely disappear at high
point SE-TGB-N* (denoted CEP in Renn and Lubensky’s pressure. For most of the transformations, the transition tem-
diagran are not very accurate. perature varies in the same way as pressure. However, it
So the high-pressure-induced mesoph&sds a TGB,  must be noted that the slopes of t88-S,, Si-TGB,,
one, which leads to a multicritical point TGBTGBA-N* SE-TGB¢, and TGR.-TGB, transitions are negative, show-

D. Concerning the stability domains of phases

(denotedL in Renn and Lubensky’s diagram ing that, in these cases, the transition temperature decreases
when pressure is increased. Detailed discussion of this be-
n=16 havior is presented in Ref32].

A very similar phase diagrariFig. 7) has been found for
the last compouneh=16. This diagram clearly shows two
pressure-induced mesophases. Following the interpretation This homologous series has also been studied by Na-
given for n=14, they were also identified as T@Band vailles et al. [49]. Using high-resolution calorimetry, under
TGB, . However, the CEP multicritical point was found with atmospheric pressure, they observed new phenomena. It is
more accuracy than fan=14, because the TGBwas not useful to note that the quantittypically 50 mg used by
detected as monotropic under atmospheric pressure. Then, inem is five times larger than that reported in this paper, and
then=14 and 16 P-T) phase diagrams, we have four sin- their scan rates are much smaller than ours.
gular points: CEPL, Cr-SE-TGB: and Cr-TGR.-TGB, As can be seen in thermograms of DSC experiments ac-
(the last point was determined by extrapolajioFhus, when cording to the previous studies of Nguyetal. [13], the
temperature is increased at some constant pressures, the crggolution from TGB, mesophase thl* is characterized by a
talline phase Cr can directly pass to TGBr TGB: me-  wide peak in then=10 and 11 compounds and for= 12 the
sophase. In this case, using the arguments which are corh* basic line is not a straight line.
pletely similar to those given fan=10 and 11 compounds, For n=10, in the TGB, domain that was determined by
the melting curve is such that it masks poifs and B,. DSC, Navailleset al. detected a very weak enthalpy varia-
Concerning poinB,, it can also be masked or may be found tion which was interpreted as the melting of the screw dis-
for pressure superior to 120 MPa. location network. Then, in the previous TG Rrea, there are

Once again, both phase diagrams confirm the choice divo mesophases: the TGBone is found in the low-
the P and T axes in Renn and Lubensky’s theoretical phasdemperature range, and a new mesophase, with a short-range
diagram. TGB, structure in which screw dislocations are disordered,

E. About the chiral line liquid
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and which is called chiral line liquid, noted; [49,50, is V. CONCLUSION

found |n*the high-temperature range. o High-pressure measurements have been performed by

As Ni andN* are not thermodynamically distinct me- {hermobarometric analysis on six homologous, 9 to 12, 14
sophases, the enthalpy variation detected from &BN]  and 16,nF,BTFO,M; chiral chemical series. The pressure-
is not interpreted as a phase transition but rather as a locus @mperature phase diagrams have been determined for all
maximum heat capacity49,50. compounds. They show that the appearance and/or disap-

For n=12, in the previousN* domain [13], high- pearance of some phases lead to the observation of several
resolution calorimetry also revealed a weak maximum of thesingular  points. Thus, singular points Gf-S,,
heat capacity; this behavior is interpreted as the existence @r-S¢-TGB:, and Cr-TGB-TGB, have been shown in
N} with a local TGB: structure in the low-temperatui¢* these diagrams. Our investigations also show that the pres-
range. sure can have the same effects on intermolecular interactions

It appears necessary to use high-resolution methods t@s shortening the molecular length. Concerning the multi-
observe the above phenomena, whereas classical techniqué#ical points predicted by Renn and Lubensky, we have
such as DSC calorimetry13,35,36, optical microscopy again obtained,-TGB,-N* (B;), S¢-Sa-TGB, (B,) and
[13,51,53, dielectric spectroscopy[43,52,53, or ther- in single component systems we have established the exis-
mobarometry are not able to detect them. tence  of  multicritical  points  SE-TGBc-N*,

Finally, with the classical techniques, it is practically im- TGBc-TGBA-N*, and S¢-TGBc-TGB,, denoted, respec-
possible to distinguish thil} mesophase, respectively, from tively, CEP,L, andB;. These results are appreciably in good
the TGB, one for then=10 compound and from the usual @greement with Renn and Lubensky’s theory.

N* one for then=12 compound.

In then=10, theN} domain shows a strong TGR:har-
acter recently confirmed by x-ray studigs4]. Perhaps, for
n=12, theN} domain also exhibits a very weak TGBhar-
acter.
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