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Abstract: The influence of water, formamide, amedodecane on the liquid crystalline properties of several
rodlike 4,4'-bis(decyloxy)p-terphenyl derivatives incorporating nonionic hydrophilic groups in a central position

was investigated by polarizing microscopy and X-ray scattering. Up to three different rectangular columnar
mesophases have been found for molecules with large hydrophilic groups with increasing concentrations of
protic solvents. Remarkably only one lattice parameter changes in dependence on the mesophase type and the
number of solvent molecules coordinated to the polar groups. We propose that the columns represent ribbons
consisting of the rigid terphenyl units, separated laterally by the segregated regions of the hydrophilic groups,
whereby the three different columnar mesophases should result from an anisotropic swelling of the polar regions
on addition of solvents. Lipophilic solvents (dodecane) destabilize the columnar phases and replace them by
smectic layer structures {$hases).

Introduction polymorphism (see Table #)-¢ Smectic layer structures were

The formation of a wide variety of different supermolecular reported for compoundsa,b, whereas rectangular columnar

structures, such as thermotropic and lyotropic mesophases,
micelles, vesicles, and ordered thin films, is a well-known C1oHO O Q Q OC 1oHa1
feature of amphiphilic molecules consisting of a polar head
. . . L. . 1 OH
group connected with flexible lipophilic chains, such as dio oH
detergents and lipids. In addition to these classical amphiphiles, n=0-3 \_L/
n

novel nonconventional amphiphiles such as gemini surfaétants
and rigid spiro-tensides and -phospholipflase of growing

interest because they are characterized by unusual properties Gty O Q Q OC o,
and novel supermolecular structures.

We have synthesized a novel class of nonconventional 2
amphiphiles, in which the hydrophilic group is grafted in a n=12 0+0+0\_,0H
position lateral to a rodlike rigid coreHere, the tendency of n

the calamitic units to arrange parallel to each other is in
competition with the segregation of the hydrophilic groups in mesophases (Gdlwere found for compoundsc,d, in which
distinct domains. This means that the two main driving forces therac-2,3-dihydroxypropyl groups are connected via polyether
controlling the self-organization are directed orthogonal to each chains with the terphenyl rigid cof®.For these columnar
other in these molecules. Such compounds are of interestmesophases a ribbon structure as shown in Figure 1 was
because in some respects they resemble the amphiphilic patterproposed® The ribbons should consist of the parallelly arranged
of certain biomolecules, such as cholic acid salts and facial rigid p-terphenyl cores which are separated by the segregated
amphiphilic peptide$ These amphiphiles are able to form well-  hydrophilic domains of the rather large, flexible, and polar lateral
defined thin films at the airwater interface as recently sho®n.  groups. The lipophilic alkyl chains are molten and fill up the
Additionally, in the pure state, they have an interesting space between the ribbons. This arrangement enables a parallel
T University Halle. organizatic_m of t_he ro_dlik_e molecules and_ also a segregati(_)n of
# University Marburg. polar and lipophilic units into separate regions. In this contribu-
* Fax: (0345) 55 27030. E-mail: cogfx@mlucom6.urz.uni-halle.de.  tion we report the influence of protic and of lipophilic solvents

g; mggggp IE ,\";I' Siitrtlgubgh@-\],{, Ac;”;égﬂhg;”é fgg%g%gn 1451. on the mesophase behavior of this novel type of amphiphilic
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Figure 1. Schematic illustration of theahases of compounds—c

(the polar regions, indicated by black dots are randomly distributed
within the layers of the rigid cores) and of a possible ribbon arrangement
for the rectangular columnar phases (©a¥f compoundslc,d.?® The

black areas represent the phase-separated regions of the polar groups.
The polar groups are sufficiently large that the molecules in the middle
of the ribbons can cross over the neighboring calamitic terphenyl units
and are incorporated in the polar segregated regions. XH0o —>

Figure 2. Binary phase diagram of compoudd with water®
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Table 1. Thermotropic Phase Transition Temperaturt§§) of
Compoundsl and 22 ——————T——T——T— T

compd n K Col, Sa Iso 3.7 nm (01)
la 83 _ _ _ 114 2.75 nm (11)

0 . . 2.05 nm (20)
1b 1 . 66 — — — 73 . 1.86 nm (02)
1c 2 . 54 ( 40 . 48) . I
1d 3 o 45 ( 40) o - . 5
2a 1 ° 61 - - (o 52) ® S, 13,98 nm (10) 4
2b 2 . 44 — — (o 31) . > \ 3.63 nm (01) compound 1d
@ Abbreviations: K= crystalline solid, N= nematic phase, 5= g /2'64 am (1)
smectic A phase, Cal = rectangular columnar mesophase, ko € 2.03 nm (20)

isotropic liquid)? 181 nm (02)

Materials and Methods compound 1¢

The synthesis and the thermotropic mesophase behavior of com-
poundsl and 2 have been described receftlfsee Table 1). All 100 150 200 250 3.00 350 400 450 500 550 500
compounddl are racemic mixtures. Solvent-saturated samples as well
as the formation of mesophases in the contact region between the pure
compounds and the solvents (water, formamide,radddecane) were ~ Figure 3. Small-angle region of the X-ray scattering diagrams of the
studied as a function of concentration by polarizing microscopy. Binary lyotropic mesophase of the water-saturated sample of compbeiatl
mixtures of selected compounds were investigated in more detail by 80 °C (Col,) and of the lyotropic mesophase of the water-saturated
calorimetry, and binary phase diagrams were established. Finally, thesample of compoundd at 60°C (Cols).
water-saturated samples of selected compounds were sealed in capil-
laries and investigated by small-angle X-ray scattering using a Kratky mesophase occurs, which is significantly stabilized on further
compact camera. increase of the water content. The maximum of the water
uptake amounts to a ratio of approximately four molecules water

g/nm!

Results per molecule ofilc (Xu,0 ~ 0.8).

A. Oligo(oxyethylene) Derivatives with Terminal 1,2-Diol The mesophase of the water-saturated compalmevas
Groups. Mesomorphic Properties in the Presence of Water. investigated by X-ray scattering. A diffuse scattering in the
At first we will consider the diol derivativesa—d. The smectic wide-angle range indicates that the mesophase is a phase without
phase of compounda, which has therac-3,4-dihydroxy-2- long-range order. A smectic phase of higher order can therefore

oxapentyl group directly attached to the rigid core, is obviously be excluded. The peaks in the small-angle region can unam-
not influenced in the contact region with water. Probably, this biguously be assigned on the basis of a rectangular 2D lattice
rather small hydrophilic group is shielded by the lipophilic (see Figure 3). The lattice parameters amoura t04.02 nm
residues and is not able to take up water. The other compoundsandb = 3.63 nm (at 8C°C). The lattice parametexis nearly
1b—d incorporating at least one oxyethylene unit take up water identical with the corresponding value of the columnar phase
more readily. The smectic A phase Hj is slightly stabilized of the pure compoundic (a = 4.04 nm and = 3.44 nm at 39
in the contact region with water (clearing temperature of the °C)3 whereas only the parametéris enlarged. Thus, in
water saturated sample, = 84 °C), whereas the Sphase of dependence on the water content, there are two different
the bis(ethylene glycol) derivativie is destabilized and replaced  rectangular columnar phases ga@nd Col,. The numbering
by other mesophases at higher water concentrations. of the columnar phases is arbitrary according to the order of
The phase diagram of the binary system of compdLowith their appearance with increasing solvent content (there is no
water is shown in Figure 2. The pure compound hassa S relation with the descriptors of direct and inverted mesophases
Col; dimorphism. An increase of the water content gives rise in conventional lyotropic systems). Gpbccurs in the water
to a destabilization of the smectic A phase and to a stabilization free sample and is stable up to a water content of ca. 2 mol of
of the rectangular columnar phase. At a water content of ca. water/mol of diol. It displays a spherulitic texture (see Figure
two molecules water per molecule diat (X,0 = 0.67), another 4a) and has a rather low viscosity. The second rectangular
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Figure 5. Binary phase diagram of compoudd with water.

Furthermore, this columnar phase has a significantly higher
viscosity than the Cgl phase.
The binary phase diagram of thel/water system is shown
in Figure 5. The pure compourid, which incorporates one
more oxyethylene unit thafic has exclusively a rectangular
columnar thermotropic mesophase (@ol In the contact zone
with water two new mesophases are induced. The@bhse,
which shows the same mosaic-like texture as thg@dlase
of 1c, already appears at a water content of ca. 1 mol of water/
mol of 1d (Xu,0 = 0.55). An additional phase (Gglis formed
at Xu,0 = 0.8, which corresponds to a ratio of approximately
four molecules water per molecule of amphiphile. It displays
a spherulitic fan texture. This mesophase can take up a
maximum of about 11 molecules water per moleculd a@f
The water-saturated sample Id was investigated at 60C
by X-ray diffraction. The diffraction pattern of the Gophase
is of the same type as the one of the gohesophases of
compoundLc (see Figure 3). This mesophase is consequently
also a rectangular columnar mesophase §LolThe lattice
parameter amount ta = 4.1 nm andb = 3.7 nm (at 60°C).
Again, only the parametdris enlarged and the lattice parameter
a is nearly identical with the corresponding lattice parameter
of the columnar phase (Ggl of the pure compoundd (a =
4.15 nm,b = 3.18 nm at 39C)3p
It is really surprising that independent of the water content
all investigated columnar mesophases of compouhdd
display rectangular 2D lattices which differ only in one of the
lattice parameters.
Mesophases in the Presence of FormamideThe meso-
phases of the new amphiphiles can also be influenced by using
! formamide as a protic solvent. Thg Phase oflais slightly
Figure 4. Optical photomicrographs of the mesophases of compound destabilized (clearing temperature of thg Bhase of the
1c (crossed polarizers). (a) Spherulitic texture of the,Quthase at 39 formamide-saturated samplg = 103°C). The principal phase
°C obtained by cooling from thea$hase. (b) Fern-like texture &t= diagrams of the binary mixtures of compountls—d with
87 °C of the lyotropic Cab phase of the water-saturated sample as formamide are shown in Figure 6. Because these simplified
obtained on COOling from the isotropic state. (C) Mosaic-like texture of phase diagrams were obtained from contact preparations' they
the Col, phase aff = 83 °C. can give only a qualitative picture of the phase behavior in
) ] dependence on the solvent content. Again, thepBases of
columnar phase Celis formed in the presence of more than 2 1, ¢ are destabilized; the columnar phases on the other hand

mol qf \{vater/mc_)l of diollc,and it displays a mosalc-llke texture 5.0 always stabilized. The phase diagram of compduhdith
consisting of differently colored plates (Figure 4c). Some of
these regions appear completely black without birefringence, (7) A rectangular columnar mesophase< 4.1 nm ando = 2.9 nm)
which points to a perpendicular orientation of the optical axis Was also found for a lyotropic system consisting of a'4(decyloxy)-
ith h h . l hi p-terphenyl derivative with a lateral 18-crown-6 unitdah M aqueous
with respect to the surface of the microscope slides. This kg schrier, J. A.: Tschierske, C.; Wittenberg, M.; Wendorff, J. H.

excludes a tilted arrangement of the molecules in this phase.Angew. Chem., Int. Ed. Engl997, 36, 1119.
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(b) Figure 7. Simplified principal phase diagrams of compouidl (a)
) 56 Colj| with water and (b) with formamide (Co¥ columnar mesop_hase With
48 spherulitic texture and Cgl= columnar mesophase with mosaic
50 1 texture)?
Sa 46
‘40 Coly seems that formamide favors the formation of colgmna}r
30 - Col mesophases more strongly than does water. The stabilization
" of the Cog phase by formamide is also obvious from comparison
of the phase diagrams of the compoubcwith formamide
1c Xformamide —» (Figure 6b) and with water (Figure 2). Only in the case of the
7°C formamide-saturated samples of compotnds the Co} phase
il detected. Furthermore, a columnar mesophase can be induced
90 1 by formamide in the case of the ethylene glycol derivafite
which has exclusively the Sphase as pure compound and in
1 Col, the presence of water. This induced columnar phase displays
70 4 the same spherulitic texture as observed for the;Pblases of
l Iso lC,d.
1 &3 B. Oligo(oxyethylene) Derivatives with a Single Terminal
(C) Hydroxy Group. The tris(ethylene glycol) ethéa with only
50 1 Col, one hydroxy group exhibits exclusively a thermotropicfBase
40 42 which is slightly stabilized by addition of watef{ = 55 °C).
No columnar phase was detected on cooling the water-saturated
30 A Col, sample. However, the corresponding tetrakis(ethylene glycol)
derivative2b forms two different columnar phases on addition

of water. The principal phase diagram is shown in Figure 7a.

1d Xformamide — The columnar phase which occurs at lower water content
Figure 6. Simplified principal phase diagrams of compourids-d dls_plays a spherulitic and the other phase a mosalc-l_lke texture.
with formamide as obtained by investigation of the contact regions 11iS Phase sequence resemble that found for theldfotater
between crossed polarizers. el columnar mesophase with spherulic ~ SyStems. The main difference between the two phase diagrams
texture; Col = columnar mesophase with mosaic-like texture;sGol is that the Cal phase still exists in the pure diol compoutci
columnar mesophase with spherulitic textéire. whereas it is induced in the monohydroxy compo@ibd Only

one columnar phase with a spherulitic texture (@ found

formamide (Figure 6c) is very similar to that with water (Figure on addition of formamide t&@b (Figure 7b). This is contrary
5). In both cases, three different mesophases were observedo the observations made with the didbd—d. Here, the
and their textures are identical with those of the corresponding lyotropic systems with formamide have a larger number of

phases in theld/water system (Cel= spherulitic, Col = columnar phases.
mosaiC-Iike, CQ; = Sphel’ulitic). Therefore, we can assume also C. Lyotropic Properties in the Presence ofn-Dodecane.
that these mesophases are columnar mesophaies.only In addition, the behavior of the amphiphiles was investigated

difference between these two phase diagrams is that the Col with respect to the phase behavior in the presence of the
phase is more dominant in systems containing formamide. It lipophilic solvent n-dodecane. Most compounds are easily

(8) Most_probably the phases GolCol, and Coj also represent  Soluble in this hydrocarbon and their liquid crystalline phases
rectangular columnar mesophases. are suppressed. The diolx,d are only weakly soluble in
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proposed for the thermotropic columnar phases of compounds
Iso 1c,d.3* The ribbons can be regarded as fragments of a collapsed
7 57 smectic layer structure, and their formation should be caused
50 | “8 | by the segregation of the hydrophilic regions of the lateral
' groups from the rigid and lipophilic terphenyl cores into separate
40 () regions. An increase of the polarity and of the size of the lateral
\ polar groups should facilitate the segregation. This was
30 Coly \ achieved for the thermotropic mesophases of the series of
compoundsla—d by the introduction of a growing number of
oxyethylene unitg®
In this contribution we have shown, that the same effect can
be realized by the addition of protic solvents which specifically
T°C | interact with the polar groups. Up to three different rectangular
Iso ' columnar phases are apparent: /£with a spherulitic texture,
) the highly viscous Cel phase with a mosaic texture, and (gol
again with a spherulitic texture. The order of their occurrence
(b) on increasing solvent concentration is always CaCol,—
Col;s. The number of columnar phases depends mainly on the
length of the lateral hydrophilic groups and their ability to
coordinate solvent molecules. Only a gglhase is found for
molecules with a medium size of the hydrophilic group, whereas
all three columnar phases can be found for molecules with long
1d Xdodecane ——> polyether chains which can take up larger amounts of solvent.
Figure 8. Simplified phase diagrams of compoundsd with Surprisingly, the lattice parameters of the columnar meso-
dodecané. phases in all investigated systems are of the same order of
magnitude. Especially parametwvaries only a little (4.02
dodecane due to their rather large hydrophilic groups. These4.15 nm); larger differences are found for paramétés.18—
binary systems were investigated in more detail. The principal 3.7 nm)? The length of the molecules in their most extended
phase diagrams dfc,d with dodecane are given in Figure 8. In  conformation amounts tb = 4.1 nm (CPK models). Because
the contact region of the bis(ethylene glycol) derivatheeand the alkyl chains are molten in the columnar mesophases, the
n-dodecane, the smectic A-phase is stabilized and the columnareffective length of the molecules in the mesophases is decreased.
mesophase is significantly destabilized. After reaching a nearly For S, phases of different 4'4bis(decyloxy)terphenyl deriva-
equimolar ratio no columnar phase can be detected at all (seijves, d values between 3.13 and 3.5 nm have been reported
Figure 8a). and a value ofl = 3.9 nm was found in the more ordered S
The tris(ethylene glycol) derivativéd displays a slightly phaseé®12Therefore, we assume that the thickness of the ribbons
different behavior (see Figure 8b). With increasing the amount (which represent fragments of an Bhase) should be correlated
of n-dodecane, the columnar mesophase is at first stabilized. Awith the parameteb as already proposed for the thermotropic
further increase of the-dodecane concentration causes however Col, phases ofLc,d.3? However, this requires that the lateral
a decrease of the stability of this columnar phase and gives risedistance between the ribbons, which is represented by the
to the appearance of a smectic A phase. The smectic phasgyarameter, must remain constant, independent of the type of
remains stable until saturation. It seems that in contrast to protic Col, phase and independent of the number of solvent molecules
solvents which stabilize the columnar mesophases lipophilic incorporated in the polar regions. This means that on addition
solvents destabilize columnar mesophases in favor of lamellar of solvent molecules only the thickness of the ribbons grows.

TI°C

02 0.4 06 038
xdodecane

50 -

30 1 Colyy

phases. Using eq 1 and assuming a densitypof= 1 g cnT?8, it can
) ) be calculated that on the average 5.1 molecule$caghould
Discussion be arranged in the cross section of the ribbons of the thermo-

The facial amphiphiles described here represent a novel, verytrOpiC Col: phase with a heighthj of about 0.45 nn#?

interesting class of amphotropic material¥hese molecules
consist of three distinct and incompatible parts: a rigid central
part, two flexible and lipophilic chains, and a flexible and
hydrophilic unit are connected in these Y-shaped moleddles. A value of 4.9 molecule was found for the Gabhase of the
The pure compounds can form smectic and two of them also water-saturated sample @t with a water content o = 4
columnar mesophases. Microsegregdfiafthe incompatible molecules. For compourid, the corresponding values are 4.5
parts into segregated regions and the rigid rodlike shape of thefor the thermotropic Cel phase and 4.2 for the Ggphase of
p-terphenyl units are responsible for their self-organization. A the water-saturated sample & 11 molecules water). Obvi-
ribbon model as described in the Introduction (Figure 1) was ously, the number of moleculdsarranged on the average side
by side in the cross sections of the ribbons remains constant on
addition of water. Because both the lateral distance between

n = abhN,(M + mM, o) 'p 1)

(9) Tschierske, CProg. Polym. Sci1996 21, 775.
(10) Related rigid molecules with terminally attached polyether chains

have also been reported: (a)imann, B.; Finkelmann, HColloid Polym. the ribbons and the number of molecules in the ribbons do not
Sci 1987 265 506. (b) Lee, M.; Oh, N.-K.; Zin, W.-CJ. Chem. Soc.,  change on addition of water, the lateral diameter of the polar
Chem. Commurll996 1787. (c) Lee M.; Oh, N.-K.; Lee H. K.; Zin, W.-

C. Macromoleculed996 29, 5567. (d) Neumann, B.; Sauer, C.; Diele, S; (12) Andersch, J.; Tschierske, C.; Diele, S.; Lose JDMater. Chem
Tschierske, CJ. Mater. Chem1996 6, 1087. (e) Lindner, N.; Kibel, M.; 1996 6, 1297. Andersch, J.; Diele, S.; TschierskeJCMater. Chem1996
Sauer, C.; Diele, S.; Jokiranta, J.; Tschierske,JPhys. ChemB 1998 6, 1465.

27, 5261. (13) The value of 0.45 nm corresponds to the average lateral distance

(11) Review: Tschierske, Q. Mater. Chem1998 8, 1485. between the centers of the alkyl chains.
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Lipophilic
regions |

cores regions

Figure 9. Cross sections through the three possible structures of the columnar mesophases of facial amphiphiles. The black areas represent the
phase-separated polar regions consisting of the polar groups and the solvent molecules.

regions must remain constant. This means that the polar regionghe Col; phase is obtained. Thus, the proposed model explains
can only expand into the lipophilic layers of the alkyl chains. the observed order of mesophases and all other experimental
The consequence is that the lateral space available for the alkylfindings.

chains decreases on addition of protic solvents, the alkyl chains With formamide as solvent the appearance of the columnar
become more stretched, and the thickness of the ribbonsphases is often shifted to molecules with smaller polar groups,
increases. This would explain why only the lattice parameter i.e., the Cof phase can be induced in compoutiand Cols

b increases on addition of solvent molecules. Assuming this, is already found forlc.® Probably formamide can coordinate
there are three possible models for the lyotropic columnar slightly better with the diol groups, or due to its larger size,
mesophases which are shown in Figure 9. In case A the fewer solvent molecules are necessary to get the same volume
hydrophilic domains (black regions) do not exceed the length Of the polar regions.

of the rigid units. The molten alkyl chains form layers in the ~ According to this model the columnar phases represent ribbon
X/Z plane, and the hydrophilic domains represent cylinders Phases (modulated smectic phasésjemarkably the ribbons
extended only in th& direction. This model is the same as are arranged isimplerectangular lattices in contrast to most
shown in Figure 1 for the thermotropic columnar phases of Other ribbon phases which form oblique or centered rectangular
compoundsic,d In case B the polar domains are extended in lattices. This special arrangement is provided by the topology
the Y direction and disturb the layers of the lipophilic chains. ©f the connection of the polar groups with the rigid cores in
The thickness of the lipophilic layers becomes significantly Ccentral positions. The hydrogen bondings in the polar regions
smaller in the regions between the polar domains, i.e., the layersProvide the strongest attractive force. Because they are located
of the lipophilic region are strongly modulated. Probably, some &t both lateral sides of the ribbons, they keep them in a side-
neighboring polar domains can fuse providing randomly dis- by-S|de_ arrangement, providing the simple rec_tangular lattice.
tributed linking points. Finally, in case,Ghe polar regions .The IlppphlIllc.solvenn-dodecar?e shoulq sp.ecn‘lcally interact
are completely fused in the direction and form layers in the  With the lipophilic parts of the facial amphiphiles. On addition
Y/Z plane. The layers of the alkyl chains are patterned into of this solyent the columnar ph"?‘ses are de_stat?lllzed a_nd repla_ced
cylinders extending only in th2 direction. Thus, in all three by smectic A phases. Also this observation is consistent with

phases, the ribbons of the rigid cores remain unaffected and®' model of the columnar m?SOphaSes' The lipophilic dode-
the rectangular 2D lattice is maintained. Only the shape of the cane r.n.OIeCU|eS should be mainly builtinto the sublayers_ of the
lipophilic and polar regions and the space occupied by the lipophilic alkyl chains. A small number of them may contribute

different regions changes. We propose that the phasas, Col to a better space filling in the I|poph|I|9 region. Therefore the
columnar phases can tolerate a certain amount of dodecane. If
Col, and Coj; correspond to the arrangementsB and C,

. . " the polar groups are large as for example in compdidydt is
respf_ec_'qvely. The st_rong_ly modulated lipaphilic I{_;lyers ar_ld the alsoppossgi]ble E)hat the cgolumnar phasgs are sligfltly stabilized.
possibility of cross-links in the case &f can explain the high On further increasing the dodecane concentration, however
viscosity found in the C@l phase. According to this model, ' f

the t f col h | v d d the vol the lateral distances between the rigid cores are further enlarged.
€ lype of columnar mesophase largely depenas on th€ VOlUMErye rag it is that free space becomes available between the rigid
of the polar regions, consisting of the polar groups and the

. .~ cores. The lateral groups are able to fill up the space and get
coordinated solvent molecules. The lateral groups of the diols homogeneously distributed between the terphenyl cores. Thus,
1a,band compounda, for example, can coordinate only_a small the segregation of the hydrophilic domains from the aromatic
number of water molecules. The size and the polarity of the jgiq cores is lost and only the segregation of these combined
polar regions cannot reach the critical value which is Necessary no|arfrigid regions from the aliphatic regions remains. Thus, a
for their segregation from the rigid cores. Therefore, exclusively gmectic layer structure is found which is stabilized by hydrogen

Sa phases are found. In compoudd, the larger and more  ponding between the polar groups distributed within the layers
polar lateral group itself is able to segregate and athermotroplc(See S phase shown in Figure 1).

Coli; phase is formed. Addition of water further increases the

size of the polar regions, and the Gglhase is found. Because Conclusions

of the increased size of the hydrophilic group bél in The molecules discussed in this contribution combine typical
comparison talc, less water is necessary to obtain the £ol features of three different types of mesophase-forming mol-
phase. Additionally, a much larger number of water molecules ™12y Hardouin, F.; Levelut, A. M.; Achard M. F.; Sigaud, G. Chim.
can be coordinated to this group and at higher water contentPhys 1983 80, 53.
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ecules: the anisometric (specifically calamitic) mesogens, the lecular structures. Furthermore, their mesomorphic properties
amphiphilic molecules, and the block copolyméts. can be influenced by molecules, which specifically interact with
In contrast to classical amphiphiles, which are well investi- one of the distinct molecular parts. However, the anisometry
gated, these new molecules can provide unusual novel superof the rigid cores provides a preferred parallel arrangement of
molecular structures. Thus, the smectic phases of thesethe rigid units. This combination of rigidity and incompatibility
amphiphiles represent monolayer structures .in contrast to theand the special topology of the connection of the rigid and
double-layer lamellar mesophases of classical amphiphiles.fiexiple molecular parts gives rise to an anisotropic swelling of

Furthe_rmore, different rectangular columnar phases _have beenpe polar regions and thus provides the unique properties of
found in dependence on the solvent concentration instead ofipaca novel block moleculds6

hexagonal columnar phases which are predominately observe

for lyotropic systems of flexible amphiphiles. )
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