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Abstract: Tetradental cis-enaminoketone Ni (Il) complexes with different molecular shape have been
synthesized. Intramolecular hydrogen bonds, which stiffen the mesogenic core and restrict rotation of some
molecular parts, have been introduced in these compounds. In the case of molecules with two hydrogen
bonds and alkoxy terminal chains filling the inner molecular space, the uncommon phase sequence Iso—
Dn—Iso,e—SmA (series 1lI-3) was detected. For the first time, it was observed that the isotropic re-entrant
(Isore) phase (short-range order) is separating the columnar (D) (high-temperature) and the lamellar (SmA)
(low-temperature) phases, both revealing long-range ordered structures.

1. Introduction

To facilitate both lamellar and columnar phase formation in

The nature of a liquid crystalline phase is distinctly dependent ©N€ Substance, the rodlike or disklike mesogenic shapes were

on the shape of its constituent molecules. Rodlike or disklike

modified to obtain molecules with a hybrid shape (between rod-

molecular anisotropy facilitates molecular ordering leading to @nd disklike). The substances with a triangular mesogenic core,

the lamellar or columnar phase, respectivef/However, many

formed by two cis-enaminoketone rings, similar to the com-

other substances, which do not follow this general rule, have Pl€xes reported previousty;?have been synthesized. In this
already been synthesized. In particular, there are compoundg®@Per, we describe the case of Ni(ll) complexes where lamellar
which form both types of mesomorphic structure within a single (SMA) @s well as columnar hexagonaljiphases were found
homologue series and a few examples of compounds exhibiting'n the same compound as a function of temperature. The phase
smectic as well as columnar phases as a function of tempera-Separating both liquid crystalline structures is the re-entrant
ture4-8 The columnar phase appears more frequently as the |_sotrqp|c phase. According to our best knowledge, th|§ is the
higher temperature phase; however, the reverse phase sequend®st time that such a phase sequence has been found in a pure

especially with an oblique columnar mesophasg,bas also

compound. However, it should be noted that the isotropic re-

been reported. For some substances, the phase transition €ntrant phase has been already reported for a tetracatenar
between these two types of structures has been found to bgMesegen where the IgeCub phase sequence separates two
direct2® but there are also compounds in which the substantial lamellar phase$,and also for truxene derivatives where a
rebuilding of the liquid crystalline structure needs a transitional COlUmnar phase is surrounded by two isotropic phasts.

phase. This is the case of some tetracatenars mesogens Where gxperimental Section

the separating phase is of cubic ty}8.

2.1. Structure of the Complexes.To receive the substances

*To whom correspondence should be addressed. E-mail: ulkam@ exhibiting both lamellar and columnar phases, three main series of

chem.uw.edu.pl.
TIPCMS, Groupe des Matiaux Organiques.

(1) Serrano, J. LMetallomesogensVCH: Weinheim, 1996.

(2) Szydtowska, J.; Kneczytski, A.; Garecka, E.; Pociecha, Dnorg. Chem.
200Q 39, 4879.

(3) Krowczytski, A.; Szydtowska, J.; Gecka, E.Liq. Cryst 1999 26, 685.

(4) Diele, S.; Gaoing, P. InHandbook of Liquid Crystaj©emus, D., Goodby,
J. W., Gray, G. W., Speiss, H.-W., Vill, V., Eds.; Wiley-VCH: Weinheim,
1998; Vol. 2B, p 887.

(5) Kolbel, M.; Beyersdorff, T.; Sletvold, I.; Tschierske, C.; Kain, J.; Diele,
S. Angew. Chem., Int. EA999 38, No. 8, 1077.

(6) Tschierske, CAngew. Chem., Int. E200Q 39, No. 14, 2454,

(7) Donnio, B.; Bruce, D. WJ. Chem. Soc., Dalton Tran&997, 2745.

(8) Hegemann, T.; Peidis, F.; Diele, S.; Tschierskeli@. Cryst.1995 10,
1261.

(9) Weissflog, W.; Pelzl, G.; Letko, I.; Diele, $ol. Cryst. Liq. Cryst1995
260, 157.

(10) (a) Guillon, D.; Heinrich, B.; Ribeiro, A. C.; Cruz, C.; Nguyen, H.Mol.

Cryst. Lig. Cryst1998 317, 51. (b) Nguyen, H. T.; Destrade, C.; Mdltee
J. Adv. Mater. 1997, 9, 375.

8884 m J. AM. CHEM. SOC. 2002, 124, 8884—8890

complexes, in which the relevant molecular shape can be adjusted, were
synthesized (Scheme 1, Table 1).

Alkoxy chains substituted at different positions of aroyl rings allowed
for the elongatiofor broadening of the molecules and enforced the
particular conformation. Simultaneously, the hydroxy groups at ortho-
positions broadened and stiffened the molecular core. In the first series,
the octyloxy chains were attached to the aroyl rings at the fourth
positions; in the second series, these chains were substituted at the fourth
and fifth positions; and in the third series, alkoxy chains were substituted
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Scheme 1. Schematic Structures of the Synthesized Series of
Complexes I-Ill
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Table 1. Synthesized Series of the Compounds
R; R, series | series |l series |1l
H H I-1 -1 =1-1 -1 =1-1
OH H I-2
OH OH I-3 11-3 IlI-3a —3d?
OCHs H I-4
OCHs OCH; I-5 -5
OCHs OH I-6 11-6
OGCgH17 OH I-7 I1-7 -7
OGCgH17 OGCgH17 1-8 11-8 111-8

a For materialdll-3a —3d, the details are in Table 3.

at the third and fourth positions of the aroyl rings. In each of these
series, the substituents Bnd R at the second positions were modified,
and the H, OH, OCkl OGsHi7 groups were applied.

In all of the compounds, the nickel ion was inserted into the
coordination plane to allow NMR structural studies; however, other
complexes with transition metals such as Cu(ll) or Co(ll) could also
be synthesized.

2.2. Synthesis.The synthetic procedure to obtain the designed
complexes with identical or different aroyl moieties is sketched in

Scheme 2. Synthetic Route to the Tetradental cis-Enaminoketone
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added to the boiling mixture. After 5 min of reflux, the mixture was
cooled, resulting in the precipitate of compouhdvhich was filtered

off. The productl was recrystallized from hexane. The complexes
having di- or trialkoxy-substituted aroyl rings were recrystallized from
2-propanol. For the symmetrical ligands (AAr»), the 4,5-dioctyloxy-
1,2-phenylenediamin2(1 mmol) and the 2-hydroxy substituted formyl
ketone, sodium sal¢ (3.3 mmol), were used, and the complexes
obtained after 10 min of reflux were chromatographed on silica gel,
eluted with hexane/methylene chloride solvents (1:1). To obtain the
II-3d complex, the same synthetic procedure was applied using
3-methoxy, 4-octyloxy 1,2-phenylenediamine Zasubstrate.

The NMR spectra as well as the results of elemental analyses are
presented as Supporting Information.

2.3. Measurements.The mesophase identification was based on
microscopic examination of liquid crystalline textures. A Zeiss Je-
napol-U polarizing microscope equipped with a Mettler FP82HT hot
stage was used. Phase transition temperatures were mainly determined
by calorimetric measurements performed with a DSC-7 Perkin-Elmer
setup at a scanning ratdf & K min~t. When heat effects were
undetectable or when the phase transitions were monotropic, the
temperatures were taken from the microscopic observations. For some
compounds, the mesophase structure was studied by X-ray diffraction.
The measurements were carried out on powder samples in Lindemann
capillaries; the patterns were registered with an Inel CPS 120 curved
positional sensitive counter and confirmed with a Gunier setup. The
sample temperature was controlled within 0.1 K. Molecular dimensions
were estimated by molecular modeling (Hyperchem). NMR spectra were
recorded by a Varian Unity Plus spectrometer operating at 500 MHz.

3. Results and Discussion

The mesomorphic properties, the phase sequence, phase
transition temperatures, and enthalpy changes of the synthesized

Scheme 2. The starting materials are known substances, and theicompounds, are summarized in Tables 2 and 3. Enantiotropic

synthesis is a routine. Formyl ketone sodium safigere obtained by
the Claisen formylation reaction. 4,5-Dioctyloxy-1,2-phenylenediamine
2 (2 mmol) and the sodium salt of formyl ketoB¢1 mmol) dissolved
in methanol (100 mL), neutralized with acetic acid (to pH about 6),

reacted at room temperature selectively. The aroylvinyl group was joint

only to one of the amino groups resulting in a crystalline intermediate
4. Compound4 was purified by recrystallization from octane (yield
~80%). The remaining amino group of compouhdeacted further
with a formyl ketone derivativés (1 mmol) at the boiling point of
ethanol (50 mL), giving rise to the tetradentate lig&halfter 10 min.

A metal salt, nickel(ll) acetate, dissolved in hot ethanol (15 mL) was

as well as monotropic liquid crystalline phases are observed.
Similar to the complexes described previouSlyost of the
compounds included in serié¢sexhibit smectic phases (SmA
and SmC). When the aroyl rings of the mesogenic core are
substituted at ortho-positions {Rnd R), their rotation around
the phenyt-carbonyl bond is substantially biased. The introduc-
tion of the hydroxy moieties leads to the formation of intra-
molecular hydrogen bonds between protons coming from the
hydroxy groups and oxygen atoms belonging to the carbonyl
groups. These weak bonds totally restrict the aroyl ring’s rotation
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Table 2. Melting Points, Phase Sequences, Phase Transition
Temperatures (in °C), and Phase Transition Enthalpy Changes (in
Parantheses, J g~1) for the Synthesized Compounds

The mesophase’s stability was found to be slightly better for
complexI-2 with one hydrogen bond than for complexe3
with two hydrogen bonds or compourd. without any. This
suggests that the too strong stiffening of the molecular core

phase sequence, phase transition

complex no. melting point temperatures, and enthalpy changes . b
- depresses the calamitic phase formation.

-1 137.2 (37.6) SmA-122.2 (micr. obs.)- Iso e . i .
-2 146.7 (35.6) SmA- 132.6 (micr. obs.}- Iso Further modification of the Rand R moieties by using the
1-3 135.3 (37.9) SmA- 108.5 (4.4 Iso alkoxy groups of various length reveals their destructive
I-4 124.5 (50.92) SmC- 114.4 (0.6)~ influence on rodlike structures. The presence of two methoxy
15 1245 (39.0) Sirxfslll.zlégji)—lslso groups (compoundt5) seems to disturb the mesophase forma-
-6 139.5 (29.6) SmG- 118.2 (1.1~ tion more than the presence of one methoxy group (compound

SmA 126.5 (1.5)- Iso I-4). The isotropization temperature is higher in the latter
::g %fél(gf)z) SmA- 100.0 (micr. obs.) 150 complex I-4 than in the former compounét5. Comparing
-1 115.1 (12:0) : T complexI-5 to compound-8,2 the liquid crystalline stability
-3 below roomtemp  R210.5 (micr. obs.)- Iso was found to be enhanced for the complex with the longer
-7 100.3 (52.0) R—137.2(2.1)- Iso terminal chains, the clearing point being higher for compound
::f3a _3g ngT(gg’{?s [-8. It can be supposed that both ortho-substituted octyloxy
-5 60.1 (40.1) chains are directed along the molecular symmetry axis and can
11-6 59.4 (24.6) stabilize the calamitic phases. As for the compounds containing
-7 78.3(12.7) different R and R groups, complex-6 having the hydroxy
:{I/'_Sl gg{g"{;g%;ﬂ temp ggg%gg?g;):'slgo and methoxy substituents exhibits SmA and SmC phases,
V-1 below room temp P— 189.9 (2.2)- Iso whereas complek7 having the hydroxy and octyloxy groups

does not reveal any liquid crystalline property. The mesophase
creation probably results from two competitive tendencies:
stiffening of the molecular core by the hydrogen bond, which
depresses the calamitic phases, and elongation of two ortho-
substituents promoting these mesophases.

Broadening the molecular structure (setligsby introducing
octyloxy chains at the fourth and fifth positions of the aroyl
rings destroys the lamellar phases definitely for compound
[I-1. Two hydroxy groups, forming the hydrogen bonds, inserted
as R and R drastically change the mesomorphic properties
that lead to the conversion of the lamellar into the columnar
phase. Complexl-3 exhibits the columnar hexagonal phase
stable over a wide temperature range (more than 190 K) with
the melting point below room temperature. The isotropization
and make the mesogenic core flat and more rigid. The presenceenthalpy was difficult to measure because of decomposition of
of the hydrogen bonds was proved by the proton NMR spectra. complexll-3 above 200°C. Two inner hydrogen bonds appear
The proton signal of the hydrogen bond was found at ca. 12 to be essential in the columnar phase formation because of
ppm as a singlet (e.g., in compouh®8). Further confirmation stiffening and broadening of the molecular core. In compound
of the hydrogen bond was taken from the peak related to the Il-7, the hydrogen bond and the long octyloxy chains at the R
other ortho-substituted proton of the same aroyl ring. This signal and R positions, respectively, biased the rotation of both
is changed and can be seen at 7.49 ppon comparison, when molecular parts. However, this molecular core is less rigid than
the second aroyl ring has not any substituent (e.g., compoundthat in compoundl-3, resulting in the formation of the columnar
I-2) or has (e.g., compourléé) an ortho-substituent unable to  hexagonal phase, which is stable in a narrower temperature
form the hydrogen bond, the NMR signal of the residual ortho- range.
proton is not influenced and appears at its usual place at ca. 8 No mesophase was found for compoui@ having both
ppm. For compoundV-1, in which the epoxymethano-bridge ortho-octyloxy (R and R) substituted aroyl rings. Complex
stops the aroyl ring rotation (Scheme 3), the nonshifted ortho- 11-8 has an external molecular shape similar to that of complex
substituted proton signal at ca. 8 ppm can also be seen. I-8.12 These two molecules, in their most probable conforma-

Scheme 3. Structure of Complex V-1
O OCgH,;

OCgHy;

Table 3. Melting Points, Phase Sequences, Phase Transition Temperatures (in °C), and Phase Transition Enthalpy Changes (in
Parantheses, J g~1) for Compounds Ill-3a—3d

phase sequence, phase transition

complex no. group I11-3 melting point temperatures, and enthalpy changes

I1-3a n,m=38 102.2 (37.3) SMA-77.7 (1.6)— Is0e — 95.0 (1.8)—
Dp — 197.5 (2.2)- Iso

111-3b n,m=10 93.3(29.2) SmA-76.2 (2.9)— Isge — 103.2 (1.3
Dp — 164.2 (1.1)- Iso

I1I-3c mixture 0.25 oflll-3a, 0.25 oflll-3b , 92.2(28.2) SmA-76.5 (2.8)— Isae — 101.3 (1.4

0.50fn=8,m=10 Dp — 179.3 (0.5)— Iso
111-3d n==8 98.1 (13.7) SmA 104.1 (2.4) Iso
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(’ 2 ey S IJ Figure 2. Texture at the R-Isge phase transition of compourid-3b .

Figure 1. The D, phase of compountl-3b growing from the Iso phase
at 161°C observed without polarizers.

tions, differ in filling the inner molecular space between the
para-substituted octyloxy chains. In compouf&] this space,
remained free, promotes the smectic A phase formation.

It is worth noticing that compleX/-1 having two hydroxy
groups at Rand R positions, forming inner hydrogen bonds
and bearing only two octyloxy chains, joint at the fifth positions,
without any alkoxy chains at the para-positions (Scheme 1),
exhibits the enantiotropic columnarPhase. The temperature
range of this [} phase is slightly narrower than that of the
broadest one found in thepphase for compleX-3.

For the compounds substituted at the second, third, and fourth
positions (II-3 series), the mesophases appear only in the Figure 3. Fanlike texture of SmA phase of compouhid3c .
complexes having two hydrogen bondd-8 su_bgroup de- Scheme 4. Structure of Complex 11-3d
scribed separately) or when all of the substituents are the OCeH, 7
octyloxy chains (compoundl-8 ).12 The contour of the latter
compoundlll-8 is the closest to a circular shape, so the

columnar hexagonal phase, stable at room temperature, is OCsH

formed. For complexesll-5, 11I-6, and lll-7 with mixed H,CO N 0 0

hydroxy and alkoxy ortho-substituents, the aroyl ring’s rotation j@[ >m E

is biased. However, the stiffening of the core is too weak and H,,C0 N o o

the molecular shape is not disklike enough to promote columnar OC.H
8§47

phases.

From the point of view of the mesomorphic behavior, the o

8117

complexes from the subgrouipl-3 appear to be the most
interesting and are described below.

3.1. Isotropic Re-entrant Phase Separating Lamellar and ~ Were identical to the liquid ones formed at the upper-Bo
Columnar Phases.In subgrouplll-3, two hydrogen bonds clearing point. The smectic A phase is monotropic and is
enforce the molecular conformation in which the meta-substit- difficult to determine immediately in compoundsi-3a,
uents always fill the inner space between the para—substituted”"3b . To lower the recrystallization temperature, the mixture
octyloxy chains, as was similarly found for tHe8 compound. 11I-3¢c exhibiting the same phase sequence was prepared, and
Stiffening of the molecular core by the hydrogen bonds is the presence of the monotropic smectic A, being the lowest
essential and leads to an exotic polymorphism. Homologous temperature phase, was confirmed (Figure 3).
complexes with either octyloxy or decyloxy terminal chains were  Further attempts to reduce the recrystallization temperature
synthesized. The compounti$-3a, 11I-3b, and the mixture by symmetry breaking of the synthesized compounds were not

I1I-3c exhibit an uncommon phase sequence:—Ba—Is0e— fully successful. By replacing one octyloxy chain at the diamnio-

SmA. The phases were identified because of characteristicphenyl molecular part by the methyloxy moiety, we found that

optical textures (Figure 1). the corresponding compournid-3d exhibits only a smectic A
On cooling, at the transition temperature between tharil phase (Scheme 4).

Isae phases, a black isotropic texture appeared against the A planar focal-conic texture of compldX-3d is identical

background of the birefringent texture of the hexagonal colum- to the texture of the smectic A phase of the3c mixture.

nar phase (Figure 2). The nature of the phase is also confirmed by a contact sample
The viscosity of the isotropic re-entrant phase was substan-preparation between the two smectic A phases formed by

tially lower than that of the Pphase, and the isotropic droplets  substance#il-3a andlll-3d , showing a complete miscibility.

J. AM. CHEM. SOC. = VOL. 124, NO. 30, 2002 8887
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Table 4. Crystallographic Distances (in A) Obtained from X-ray Diffraction Signals for Complexes 11I-3b and I11-3d and (in Parentheses)
Values Calculated from the Hexagonal Crystallographic Cell & — Correlation Length (in A)

complex no. phase low angle high angle cell dimensions
111-3b Iso 249 3.4 4.6
£=100 £=6.0 £=31
Dn (200)= (110) (020)= (310) (400)= (220) (001) a=49.4
24.7 14.3 12.3 3.4 4.6 b=28.5
c=34
=19 £=095 £=33
ISOre 26.2 3.4 4.3
£E=35 E=73 £=35
111-3d SmA (001) 4.4
27.4
£=163 £E=26

aLimit of the diffractometer resolution.

i

T T T (a) (200

~
%.

ELLT

@
= 80000
3 Cry ||| Iso, D, Tso .W%
£ re 2000 Iso
<
3 a0l ] b}
—% 40 SmA = 60000 1000 M‘ ».
= ) E M\""‘M .
= I
B & £ ' S O
s = ‘ 10 a0 an
Z 40000 ‘
0 1 1 1 1 g || o ey
80 120 160 200 = | A =165 C, Iso
. 20000
T/°C G0 400 T=125°C, D
. II"|—/ e e ]
Figure 4. DSC thermograph of compouritl-3a . I )
|/ T=85C, Iso,
0 — = = ]
10 20 30
26/ deg ?

The DSC thermograms for all of the compounds of this
subgroup llI-3 confirm the phase transition temperatures
detected under microscope (Figure 4).

The enthalpy changes at the-Blsq. transition on cooling
are exothermic. At the 1sg-SmA transition, the values of the
enthalpy changes are rather smah-@.J/g) in comparison to
the common IseSmA transition (usually 1630 J/g) More-
over, for thelll-3d compound, exhibiting only the smectic A
phase, the transition enthalpy at the isotropization point is also
relatively small and similar to that of the lge SmA transition. Figure 5. (a) X-ray diffraction pattern of compourd-3b ; in the inset is

Crystallographic distances measured in the X-ray studies arethe enlarged high angle region. (b) Diffused low angle signal recorded in
collected in Table 4. The diffractogram of tHe3b compound ISae phase showing liquidiike molecular ordering.

(Figure 5a) confirms the nature of the columnar hexagonal
phase. In the small angle region, the most intensive signal is
assigned to (2005 (110) = (1-10) crystallographic |nd|ce_s_ rather broad peak of low intensity in the small angle region are
related to the_ centered planar rectangular cell, describing visible, suggesting that some short-range order remains from
hexagpnal latt'C?', Also, (02_09: (310) and ,(400): (220) the Dy, phase structure. The low angle signal is slightly shifted
reflections are visible. The |ntercolumna_r distance calculated toward longer distances when compared to the (200) reflection
form the X-ray datalf = 28.5, Table .4) is smaller than the of the D, phase. The shape of the low angle peak, obtained in
largest measured m_olecula_r dimension (35 A) for the mo;t the Guinier camera, is smooth (Figure 5b), thus excluding any
extended conformatlon,.whlch ,Cou,ld suggest_that about six ordered phases, for example, the cubic phases. This confirms
carbon gtoms of the teymmal chayns |nterQ|g|tate in thebase. that the low-temperature phase is undoubtedly a re-entrant
In the W|de-angle region, tyvo diffused signals are obseweq isotropic phase. On the contrary, the X-ray spectra of the known
one being related to the d_|sta_m<_:e between the molecular Q'Sks’cubic phases reveal crystallographic distances, characterized by
and the_, other one to tr_\e liquidlike order of the alkoxy chains. a series of sharp peaks in the small angle re§iris

Assuming that in the single crystallographlc cell there are two The X-ray spectra of the upper temperature isotropic phase,
molgcules, we found .the density of the phase calculated from just above the clearing point, also show broad signals at positions
received cell dimensions (see Table 4) to be ca. 0.88 J/tm
seems to be a very low value; however, the mesogens of similar(15) Donnio, B.: Bruce, D. W.: Delacroix, H.; Gulik-Krzywicki, Liq. Cryst
structure, described before, also have very low density in the ;¢ E?ﬁl’é’&“@; Donnio, B.; Hudson, S. A Levelut, A, M.; Megtert, S..
Dn phase’-:lz Petermann, D.; Veber, Ml. Phys. Il Francel995 5, 289.

In the diffractogram of the low-temperature re-entrant iso-
tropic phase, two signals in the wide-angle region as well as a

8888 J. AM. CHEM. SOC. = VOL. 124, NO. 30, 2002
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Scheme 5. Possible Conformation of the Alkoxy Chains (a) for Complex I-3, (b and c¢) for Compound 1lI-3a
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similar to those in the Pphase, pointing to the presence of 4. Conclusions
columnar-like fluctuations. However, the low angle peak is
somewhat more intense and narrower as compared to the relate
signal in the Is@ phase. The data (for tHd-3b complex) of

the low angle peaks fitted to the Lorentzian line sh&m ~

[1 + &g — 90)4 ! (g = 2n/d) indicate a transverse correlation

q We have synthesized the lath-like tetradental cis-enaminoke-
tone Ni(ll) complexes. Some of them (compouritis3a —c)
exhibit the Ise-Dp—Isa.—SmA phase sequence, which has
never been observed before. The isotropic re-entrant phase
lengthé that changes substantially for successive phases (Tableseparates the colum_nar and_lamellar phases. The described
4). For the re-entrant Isophase, the value seems to be compound§ ha}ve an |nterm§d|aFe molecular shape between the
constant in the whole phase temperature range. In the Iso phaser,Od' and disklike ones, ,Wh'Ch is probably necessary for the
close to the clearing point, this correlation length is much higher appearance of '_[h's unique phase sequence. However, the
than that for the Isphase, but drastically falls with increasing |mpo_rtant factor in the molecular structure_ls the presence of
temperature. The longitudinal correlation length taken from the WO intramolecular hydrogen bonds that stiffen the molecular
wide-angle signals, related to the intracolumnar molecular order core. These bondg restrict the aroyl ring’s rgtatlon and limit
(signal (001)), is the highest for the,Phase. In both isotropic the number of available molecular conformations.

phases, these peaks are much weaker and give signitdues. In subgrou.[dll-s , containing. the hydroger! bondg, the meta-
The correlation length related to the distance between alkyl @lkoxy-substituents at aroyl rings always fill the inner space
chains remains almost unchanged in three phases. between the para-substituted chains so the molecular width

depends exclusively on the external para-chains. At higher
temperature, almost all terminal-chain conformations are avail-
able, and thus the chains broaden the molecular shape ef-
fectively. Moreover, the para-chains are pushed away by the

because of the interdigitation of the terminal alkoxy chains. ~nner meta-substituents (Scheme 5b). In the case of the most

. . . spread-out structure, the length to width/My) ratio was
Assuming that the in-plane disordered SmA phase has a IOC"J.‘Iestimated to be 1.1, which is inherent to thg fihase. In the

Q%i?grclzaiggﬁﬁgliglSrrrzzggehm;srg (gnS% tr;;m?:i‘zﬁ:u?aetgzlty Sower temperature, the carbon atoms of the alkoxy-chains are
P ©0 g expected to be in all trans-conformations. For this low-energy

the molecular area (in the plane perpendicular to the director) .

to be 77 R for the single layer arrangement. It gives an averaged systgm, the .molecules teqd to form parallel alignment of the

8-9 A intermolecular distance, which is much smaller than the terminal chains that result in the elongated molecular structure

molecular width (11 A), being éxpected in the SmA phase from (Scheme 5c). The measurkfN ratio is 29 which is identical

molecular modeling (écheme 5a). However, because of theto that of compound:3 (Scheme 5a), having the_same external
) ’ molecular shape and revealing only the smectic A phase.

triangular core shape and possible alternating molecular ar- | b d that th lecules forming | I
rangement in one layer, the molecules could be packed with a tcan be supposed qtt € Same molecules forming fameliar
or columnar phases differ in their conformations. These

shorter averaged molecular distance than that estimated from . ; . .
molecular dimensiony. structural differences give the various length to widthV)

ratios which seem to be crucial for the molecular microsegre-

(17) Krowczyrski, A.; Garecka, E.; Pociecha, D.; Szydtowska, J.; Przedmojski, gation into proper “qUId crystalllng phases in-which  the
J. Lig. Cryst.1996 20, 607. molecules rotate around one of their axes. In the hexagonal

The X-ray diffractogram of théll-3d compound, forming
only the smectic A phase, reveals one low angle signal (Table
4). The smectic layer thickness (27.4 A) is slightly shorter than
the molecular length (32 A) measured by molecular modeling,
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columnar phase, molecules rotate around the short axis perpen- It is also worth emphasizing that in our compounds the
dicular to the flat core and, in the smectic A phase, around the intramolecular hydrogen bonds promote the columnar and
long axis placed in the core plane. However, in some temper- depress the calamitic phases. In the presence of the hydrogen
ature range in which the molecular shape is not distinctively pond, the columnar phase appears for the substafde
elongated or flat, the molecules do not have any single axis to containing only one pair of meta-substituents, whereas for the
rotate exclusively around. It seems that the rotation around compounds lacking the hydrogen bonds, as many as six external

neither the short nor the long axis is prevailing enough 10 qcvioxy substituents (completti-8 ) are necessary to create
dominate and form a liquid crystalline phase. Thus, effectively the columnar phase

the molecular movement appears to be isotropic, and the re-

entrant isotropic phase emerges as the intermediate phase Acknowledgment. The work was supported by KBN Grant
between lamellar and columnar phases. The presence of bothO_ 3TO9A 046 15.

lamellar and columnar phases fluctuations is probably respon-
sible for the shorter correlation length measured in the tean

in Iso phase. In the latter, thep[Phase fluctuations may only
appear. Moreover, in the re-entrant isotropic phase, the molec-
ular rotation can be supposed to take place only around two
axes without movement around the third, medium axis. JA026234V
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