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Novel double-chained ammonium amphiphiles carrying one
azobenzene moiety (I} have been synthesized. The bilayer-
stabilizing effect of different azobenzenes (ABs) has been in-
vestigated by measuring the "“gel-to-liquid crystalline” phase
transition temperatures of the formed bilayers in water using
differential scanning calorimetry. It is found that the stabili-
zing effect of the azobenzenes strongly depends on the sub-
stituents at the aromatic ring. The stabilizing effect increases
in the sequence F < H < NO; < CN < OCHj3; < N=N-Ph,
which cannot be correlated with the electron-withdrawing
or -donating properties of the substituents. It is concluded
that dipole-dipole interactions between the ABs are of minor

importance for the overall stabilization of the bilayer. Instead,
other factors determine the strength of the van der Waals
interactions between the ABs. In the bilayers the ABs form
H-aggregates as is observed by the blue shift of the UV ab-
sorption maximum. This blue shift is not affected by the "gel-
to-liquid crystalline” phase transition. Bilayers of
I-N=N-Ph do not exchange monomers with vesicles of di-
dodecyldimethylammonium bromide, whereas all other
investigated bilayers do. Compound I-N=N-Ph forms mo-
nolayers at the water-air interface, which are much more sta-
ble than the monolayers of the other investigated com-
pounds.

Introduction

In recent years much attention has been payed to the de-
velopment of new organic materials containing azobenzene
(AB) units. Being a potential mesogenic unit, the incorpo-
ration of AB moieties can induce the formation of thermo-
tropic liquid crystalline phases in both monomeric and
polymeric compounds. Another attractive property of ABs
is their photoinduced trans-cis isomerization!! = so that the
physical properties of AB-containing materials can be sim-
ply altered by irradiation with UV light.

Kunitake et al.>~!2] incorporated ABs into the hydro-
phobic tails of single-chained ammonium amphiphiles.
Some of these compounds form bilayer membranes whose
permeability can be altered by isomerizing the AB units.
The stacking of the ABs in the bilayer results in a shift of
the n—=n* absorption maximum. This shift is a direct meas-
ure for the degree of molecular order in the bilayer.

Substituents at the azobenzene units are important in de-
termining the AB’s dipole moment and therefore its self-
organizing properties'®!4, In this contribution we report
the synthesis of a series of novel double-chained am-
monium surfactants carrying different ABs at the terminus
of one of the hydrophobic chains. The effect of different
substituents at the AB moiety on the aggregation behaviour
of these compounds in water and at the water-air interface
was studied.

The aggregate morphology was investigated by means of
optical and electron microscopy. The aggregate stability was
judged by differential scanning calorimetry experiments
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and monomer exchange experiments. The stability of
monolayers at the water-air interface was studied by using
a Langmuir trough.

Results and Discussion

A series of novel compounds I have been synthesized.
The molecular structures are given in Scheme 1. The purity
of the compounds was checked by thin-layer chromatogra-
phy, elemental analyses and 200 MHz '"H NMR. Of the
compounds I, only I-N=N-Ph exhibits an enantiotropic
liquid crystalline phase, which is probably smectic A as was
determined by polarization microscopy. Upon cooling from
the isotropic phase, the liquid crystalline phase appears first
as batonettes that develop into a fan-shaped focal-conic tex-
ture typical of a smectic A phase. Compound I-N=N-Ph
also has a considerably higher isotropisation temperature
than any of the other compounds I (see Table 1). This
shows that this double azobenzene AB—N=N-—Ph has
stronger mesogenic properties than the other investigated
ABs. This is probably due to stronger interactions between
these more extended aromatic units.

Lyotropic Properties

The Krafft temperatures of the compounds I are given in
Table 1 and lie all above room temperature (The Krafft
point is the temperature at which the hydrated crystals are
transformed into bilayer structures!’™). Compounds I-H
and I-N=N-Ph have the highest Krafft temperatures (80
and 65°C). This means that these compounds fit very well
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Scheme 1. Molecular structure of compounds I
Br
Gt

I-H R=H

I-F R=F

I-CN R=CN

I-NO, R =NO,

I-N=N-ph R = N=N-ph
Table 1. Melting points (T,), Krafft temperatures (Tx o) and

phase-transition temperatures (7;) for compounds I; also the UV
absorption maxima of the vesicles in water (A,,) and the monomers
in ethanol (Ag,on) are given

Compound T4 [°C] Tieam [°C] T [°Cl  Agion [nm] Ay [nm]

I-H 132 80 24;28 346 324
I-F 105 29 19 347 326
I-CN 151 52 39 363 334
1-NO, 119 48 27 375 341
1-OCH, 135 50 ) 357 338

I-N=N~Ph 151-sP.182 65 ol 381 368

lal' An enantiotropic smectic liquid crystalline phase is observed.
I*] Not observed under the employed experimental conditions.

in a crystal lattice and therefore have a poor tendency to
get hydrated and to form bilayer structures. The compounds
I-CN, I-NO, and I-OCH; have Krafft temperatures
around 50°C indicating that hydration of the molecules in
the crystal to give bilayer structures occurs more easily.
Compound I-F has the lowest Krafft point. Probably, the
unfavourable miscibility between fluorocarbon and hydro-
carbon segments destabilizes the molecular packing in the
crystal lattice.

The double-chained compounds I ail form bilayer ves-
icles upon sonication in water as was observed by electron
microscopy (see Figure 1). Giant vesicles, which can be ob-
served by light microscopy, are also formed by allowing the
crystalline materials to hydrate above their Krafft tempera-
tures following the procedure described by Menger et al.['®l.
The stability of the vesicle dispersions at room temperature
varies from a few hours for I-H to months for
[-N=N-Ph and 1-F. Although the vesicles are not
thermodynamically stable at room temperature, crystalli-
zation is kinetically inhibited at room temperature.

The absorption maxima of monomers in ethanol and of
vesicles in water at 20°C are given in Table 1. For the vesicle
dispersions, a blue shift of the absorption maximum is ob-
served (see Figure 2) which is attributed to the formation
of H-aggregates of the AB units. Previous studies revealed
that the ABs from opposite leaflets of the bilayer are inter-
digitated!"”L. This interdigitation of mesogenic units is very
often observed in thermotropic LC phases!'-!”l.

All the investigated bilayer vesicles, except those of
I-N=N-Ph, show a “gel-to-liquid crystalline” phase tran-
sition (7.) by DSC. The DSC thermograms are given in
Figure 3. The phase transition temperatures as observed
upon heating are also given in Table 1. Scan rates of 10°C/
min were used for the DSC experiment. Using lower scan
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Figure 1. Electron micrograph of vesicles of I-CN, prepared by
sonication and stained with uranyl acetate

Figure 2. UV absorption spectra of I-CN as vesicles in water (—)
and as monomers in ethanol (--)
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rates did not affect the observed phase transition tempera-
tures much. Upon cooling the phase transitions are usually
observed at lower temperatures. Under the applied exper-
imental conditions no phase transitions were observed for
I-H and I-F upon cooling. The vesicles of I-—H exhibit
two phase transitions at 24 and 28°C upon heating. The
phase transition temperatures of didodecyldimethylammon-
ium bromide (C»C;sN*Br~) and dioctadecyldimethyl-
amonium bromide (C,3C,gN"Br™) bilayers are found at
17°CE% and at 45°CR2Y, respectively. These compounds are
structurally related to the compounds I but lack the azo-
benzene unit. When the 7.’s of vesicles of compounds I are
compared with those of C;,C,N™ vesicles, it is seen that
the introduction of the AB—F moiety (7. = 19°C) hardly
affects the phase transition temperature. All the other ABs
cause an increase in 7, with respect to that of C,C,N™.
Vesicles of [I-OCH; (T, = 42°C) have a T, almost as high
as that of C,3sC3N* bilayers. This shows that very subtle
structural changes in the compounds I cause changes in 7T
which can only be realized in the dialkyldimethylammon-
ium bromide bilayers by drastic elongation of the alkyl
chains.
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Figure 3. DSC thermograms of 1 wt-% vesicle dispersions of com-

pounds I; the solid traces are the heating curves, the deshed traces

are the cooling curves; only the regions are displayed where the
phase transition peaks are observed
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The T, thus increases in the series I-F < I-H <I-NO,
< I-CN < I-0OCH;. The nature of the terminal group is
important in determining the dipole moment of the AB and
therefore its self-organizing properties. Because the alkoxy
spacer at the 4-position is an electron-donating group, elec-
tron-withdrawing substituents at the 4’-position give rise to
ABs with high overall dipole moments. For side-chain
liquid-crystalline polymers it has been found that apolar
substituents on the mesogen tend to induce nematic phases.
Polar electron-withdrawing (CN or NO,) substituents in-
duce the formation of more ordered smectic phasest!? 141,
This has been ascribed to the tendency of mesogens with
large dipole moments to assume an antiparallel, interdigi-
tated arrangement.

The observed trend does however not fit with the picture
of bilayer stabilization by increased dipole-dipole interac-
tions between the ABs. Also parameters like the polari-
zability of the ABs and the precise packing mode probably
contribute to the stabilization through van der Waals inter-
actions. The various interactions between aromatic units
have also been termed m-m stacking interactions. Bilayers of
I—F have the lowest 7.. Possibly, the mesomeric electron-
donating property of the F substituent results in reduced
dipolar interactions between the AB—Fs. Alternatively, the
unfavourable miscibility between fluorocarbon and hydro-
carbon segments might destabilize the bilayer. Bilayers of
I-OCH; have a T, which is relatively high although the
methoxy substituent is also an electron-donating substitu-
ent. This shows that specific AB-AB interactions, which are
not necessarily dependant on the dipole moment of the AB,
stabilize lyotropic lamellar mesophases.

Because the blue shift in the absorption spectrum due to
the formation of H-aggregates 1s very sensilive to the AB-
AB distance, it was expected that the phase transition
would influence this spectral shift. Interestingly, the extent
of the blue shift of the UV absorption maxima is not altered
by the phase transition. This was tested by measuring the
UV absorption spectra of 0.2 mm vesicle dispersions in a 1-
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cm cuvette at different temperatures. This means that al-
though the molecules have increased mobility, the average
stacking distance between the ABs remains the same above
the phase transition temperature. Sharpening of the NMR
signals, however, confirms an increased molecular mobility
above the phase transition temperature (data not shown).

When lower concentrations of AB-vesicles are used (0.07
mM), the blue shift disappears at higher temperatures. This
is attributed to a dissolution of the bilayers into monomers
as a result of the increasing critical bilayer concentration.
Ishikawa et al.l*?l, who investigated single-chained amphi-
philes of the type headgroup-space-AB-tail, observed a de-
crease in blue shift at increasing temperatures that was attri-
buted to the bilayer phase transition.

The compounds I-H, I-CN, I-F and I-OCH; un-
dergo facile trans-cis isomerization in the bilayer state upon
irradiation with UV light of 366 nm as could be monitored
with UV spectroscopy. The fact that these bilayers are in
their gel phase at room temperature does not seem to ham-
per the isomerization. The thermal isomerization from the
cis to the trans form is very slow at room temperature. For
I-NO, and I-N=N-Ph no cis isomer is detected upon
irradiation at this wavelength. This means that either the cis
isomer is not formed or that it isomerizes back to the frans
isomer very rapidly. Figure 4 shows the effect of trans-cis
isomerization on the “gel-to-liquid crystalline” phase tran-
sition of vesicles from I—-H. For bilayers in the trans state
two phase transitions are observed at 24 and 28°C. After
isomerization the high-temperature transition is lost. This
shows that the isomerization affects the bilayer’s physical
state.

Figure 4. DSC thermograms of a 1 wt-% vesicle dispersion of [-H
before (lower trace) and after irradiation (upper tracc) with UV
light of 366 nm
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Monomer Exchange Experiments

When vesicles of I-H, I-NO,, I-CN, I-OCH; or I-F
are mixed with an equimolar amount of vesicles of didode-
cyldimethylammonium bromide (C;,C;>N*Br™), the blue
shifted absorbance maximum mmediately returns to its
monomer value. This is due to the formation of mixed bi-
layers in which the ABs lose their stacking interaction. This
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process is too fast to be followed with our experimental
setup. Previous studies in our group have shown that this
mixing occurs by a monomer transfer mechanism[?*l, When
vesicles of [-N=N-—Ph are mixed with a large excess of
vesicles of didodecyldimethylammonium bromide, no spec-
tral changes are observed in the UV absorption maximum
at all and a phase-separated state is maintained. Therefore
it is concluded that any form of monomer exchange is ab-
sent. The penetration of the I-N=N—Ph bilayers by dido-
decyldimethylammonium bromide monomers is probably
hampered by the strong AB-AB interactions in these bilay-
ers. On the other hand, the monomer concentration of
I-N=N-—Ph must be very low so that the I-N=N—-Ph
monomers do not escape from their bilayers to migrate
towards the didodecyldimethylammonium bromide bilay-
ers.

It can thus be concluded that I-N=N—Ph must have a
much lower critical bilayer concentration than any of the
other compounds I. When the hydrophobicities of
I-N=N-Ph and 1-H are calculated using Rekker’s hydro-
phobic fragmental constant®, both compounds have ap-
proximately the same hydrophobicity. The low critical bi-
layer concentration of I-N=N—Ph as compared to that
of I—H can thus not be caused by the hydrophobic effect.
Probably, the larger aromatic system results in stronger AB-
AB stacking interactions resulting in a lower critical bi-
layer concentration.

Monolayer Stability

The monolayer-forming properties of compounds I have
also been investigated in order to obtain information about
the monolayer-stabilizing effects of the different ABs. The
n-A isotherms of the compounds I-H, I-CN and
I-N=N-Ph are given in Figure 5. The isotherms of I-F
and I-NO, (not shown) are similar to those of [-H and
I-CN, respectively. In all the isotherms, an initial rise of
the surface pressure is observed around an area of 200 A2
molecule. At this molecular area the molecules start to in-
teract. This area corresponds to a situation in which the
molecules have their AB-carrying tail flat at the water sur-
face. This orientation would be favoured by a positive inter-
action between the AB and the water surface. This has also
been found before by Heeseman!?3-2%, Upon further com-
pression the surface pressure rises until a plateau value Is
reached at 33 mN/m. At this pressure the interaction be-
tween the AB and the water subphase is broken and the
AB-carrying tails are lifted from the surface. The transition
to the plateau is sharp for I-CN, I-NO, and I-OCHj3;
and smooth for I-H and I-F. This is ascribed to a better
interaction with the subphase caused by the more polar
substituents. This could result in a greater ordering of the
molecules in the monolayer of the former three compounds
resulting in a more cooperative (sharp) phase transition.
Subsequently, the molecules can be compressed until the
chains are in a close packed arrangerment at about 40 A%/
molecule. Further compression would cause the surface
pressure to rise, but the monolayers collapse almost im-
mediately after this point has been reached. Monolayers of
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C,5C 3N do not collapse below a pressure of 40 mN/m/?7.,
Obviously the close-packed arrangement of the molecules 1
in the monolayer is not a very stable one. Probably the
packing mode of the hydrocarbon tails and of the ABs do
not match well leading to a destabilization of the mono-
layer.

Figure 5. n-A isotherms of compounds I-CN, I-H and
I-N=N-Ph
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The monolayer of I-N=N-Ph shows a quite different
n-A isotherm. The plateau value is reached at lower surface
pressure. This means that either the interaction of this AB
with the subphase is weaker or that the configuration in
which the AB-tail is perpendicular to the surface is more
favourable than for I-H, I-CN and I-NO,. Before the
plateau is reached an overshoot is observed in the isotherm.
This means that the relaxation time of the molecules is slow
compared to the rate at which the pressure is exerted on
them. Usually, these overshoots decrease when lower com-
pression rates are observed. When the close-packed ar-
rangement is reached at 40 A2/molecule the surface pressure
rises and upon further compression no macroscopic col-
lapse is observed until a surface pressure of 60 mN/m.
Upon expansion the isotherm is largely reversible but the
overshoot is missing. Upon recompression the initial iso-
therm is recovered. At 25 mN/m the compressed monolayer
is fairly stable in time.

It is obvious that the larger aromatic unit of
I-N=N-Ph results in a stabilization of the monolayer,
probably due to enhanced AB-AB interactions between
these mesogenic units. These interactions are also held re-
sponsible for the bilayer-stabilizing effect and good meso-
genic properties of this azobenzene unit.

Conclusions

A series of novel double-chained ammonium amphiphiles
have been synthesized, which carry an azobenzene unit at
the terminus of one of the chains. The effect of different
substituents at the AB unit on the aggregate stability has
been investigated.

The double-chained amphiphiles I form bilayer vesicles
in water and monolayers at the water-air interface. The ABs
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exert a stabilizing effect on the bilayer due to specific AB-
AB interactions. The bilayer “gel-to-liquid crystalline”
phase transition temperature increases in the sequence I-F
< I-H < I-NO, < I-CN < I-OCH; < I-N=N-Ph.
The strength of the AB-AB interaction does not correlate
with the AB dipole moment but depends strongly on the
extension of the aromatic system. Possibly, the different
substituents contribute to the AB-AB interactions through
van der Waals interactions rather than through electrostatic
interactions between the permanent dipoles of the AB’s.
The bilayer vesicles of [-N=N-Ph do not exchange
monomers with bilayer vesicles of didodecyldimethylam-
monium bromide, whereas all the other compounds I give
a very rapid monomer exchange. This is caused by extra
stabilization of the bilayer by this extended AB system.

All the compounds I, except for I-N=N-Ph, give
monolayers at the water-air interface which collapse at sur-
face pressures around 33 mN/m. Only I-N=N-Ph gives
more stable monolayers due to stronger AB-AB interac-
tions.

Experimental Section

Syntheses:  4-Hydroxyazobenzene (HO—AB), 4’-fluoro-4-
hydroxyazobenzene (HO—AB—F), 4'-cyano-4-hydroxyazobenzene
(HO—AB—CN), 4-hydroxy-4'-nitroazobenzene (HO—AB—-NO,)
and 4-hydroxy-4'-methoxyazobenzene (HO—AB—OCH;) were pre-
pared by reaction of the diazonium salts of aniline, 4-fluoroaniline,
4-nitroaniline, 4-aminobenzonitrile and 4-methoxyaniline with phe-
nol?8l, — Benzeneazobenzeneazophenol (HO—AB—N=N-Ph)
was prepared by reaction of the diazonium salt of 4-phenylazoani-
line with phenol. This compound was purified by column chroma-
tography on silica gel using MeOH/CH,CI, (5:100; v/v) as eluent.

1-AB-12-bromododecane: A mixture of 25 mmol of the appropri-
ate hydroxyazobenzene and 50 mmol of 1,12-dibromododecane
and 50 mmol of K,CO; in 50 ml of 2-butanone was refluxed for
16 h. The salt was removed by filtration and the filtrate was concen-
trated by evaporation of the solvent. The product was purified by
column chromatography on silica gel using petroleum ether (b.p.
40—60°C)/CH,Cl, (1:1; v/v) as eluent (yield 60%). — '"H NMR
(CDCl;, TMS): 6= 140 (m, 16H, [CH;), 1.80 (m, 4H,
BrCH,CH,, AB—OCH,CH,), 3.40 (t, 2H, BrCH,), 4.00 (1, 2H,
AB—-OCH,), 7.00—8.40 (m, 8H, AB-H); in case of AB—OCH;:
& = 3.78 (s, 3H, AB-OCHa).

N-(12-AB-dodecy!)-N, N-dimethyl-N-dodecylammonium Bromide
(I): A solution of 0.8 mmol of the 1-AB-12-bromododecane and a
fourfold excess of N-dodecyl-N,N-dimethylamine in 2-butanone
was refluxed for 16 h. The mixture was allowed to cool and the
solvent was removed under vacuum. The residue was dissolved in
a small amount of dichloromethane and precipitated by addition
of diethyl ether. The precipitate was collected and recrystallized
from acetone (yield 60%). Melting points are given in Table 1. —
'H NMR (CDCl;, TMS): & = 0.90 (t, 3H, CH3;), 1.40 (m, 34H,
[CH,)s, [CH1)y), 1.80 (m, 6H, NCH,CH,, AB-OCH,CH>), 3.40 [s,
6H, CH,N(CH5;),], 3.50 [m, 4H, CH,N(CH;),], 4.00 (t, 2H, AB-
OCH,), 7.00—8.40 (m, 8H, AB-H); in case of I-OCHj;: 8 = 3.78
(s, 3H, AB-OCH,).

[-H: C33HBrN;O - 0.3 H,O (664.24): caled. C 68.71, H 9.80,
N 6.33; found C 68.70, H 9.77, N 6.20.

I-F: C3;5Hg;BrEN;O (676.82): caled. C 67.43, H 9.38, N 6.21;
found C 67.67, H 9.51, N 5.92.
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I—-CN: C35Hg;BrN4O - 1.2 H>0O (705.46): caled. C 66.39, H 9.34,
N 7.94; found C 66.34, H 9.16, N 7.88.

I-NO,: Cy3Hg;:BrN4O; - 4.4 H,O (775.90): caled. C 58.82, H
9.22, N 7.22; found C 58.83, H 9.07, N 6.96.

1-OCH;: C3yHggBrN;O, - 0.2 H,O (692.46): caled. C 67.64, H
9.67, N 6.07; found C 67.54, H 9.74, N 5.98.

I-N=N-Ph: C44,H¢BrNsO (762.94): caled. C 69.26, H 8.98, N
9.18; found C 71.77, H 9.31, N 9.02.

Methods. Vesicles were prepared by sonication of the solid com-
pounds in ultrapure water until clear solutions were obtained using
a Vibracell sonifier from Sonics and Materials Inc. Giant unilamel-
lar vesicles were prepared by allowing 0.1—0.2 mg of crystals of
the compounds to hydrate for several minutes in 200 pl of water at
70—80°C. — The Krafft temperature was determined by heating
an aqueous dispersion of the crystalline material. The temperature
at which the formation of bilayer structures was observed by light
microscopy was taken as the Krafft point. — The sample solutions
for the Differential Scanning Calorimetry (DSC) measurements
(Perkin-Elmer DSC 7) consisted of a 1% (w/w) vesicle dispersion
in water prepared by sonication. Scanning rates of 10°C/min were
used. Monomer transfer experiments were performed by mixing
sonicated vesicle dispersions of the AB compounds I (0.05 mm)
with vesicle dispersions of didodecyldimethylammonium bromide
in thermostatted cuvettes at 23°C. The rate of the monomer trans-
fer was monitored by the spectral changes as a function of time. —
The monolayer experiments were performed using a Lauda FW2
trough filled with ultrapure water. The monolayers were spread
from chloroform solutions (ca. 1 mg/ml) using a Hamilton syringe.
After spreading, the monolayer was allowed to equilibrate for §
min. A compression rate of 1000 cm>h was used.

U T. Asano, H. Furuta, H. Sumi, J 4Am. Chem. Soc. 1994, 116,
5545.

21 7. F. Liu, K. Morigaki, T. Enomoto, K. Hashimoto, A. Fujishi-
ma, J Phys. Chem. 1875, 96, 1992.

Bl S. Xie, A. Natansohn, P. J. Rochon, Chem. Mater. 1993, 5, 403.

M C. D. Eisenbach, Makromol Chem. 1978, 179, 2489.

5} N. Kimizuka, T. Kunitake, Chem. Lett. 1988, 827.

el M. Shimomura, R. Ando, T. Kunitake, Ber Bunsenges. Phys.
Chem. 1983, 87, 1134.

' T. Nishimi,Y. Ishikawa, R. O., T. Kunitake, Recl. Trav. Chim.
Pays-Bas 1994, 113, 201.

Bl T. Nishimi, Y. Ishikawa, T. Kunitake, M. Sekita, G. Xu, K.
Okuyama, Chem. Lett. 1993, 295.

1 M. Shimomura, T. Kunitake, J Am. Chem. Soc. 1982, 104,
1757.

U9 M. Shimomura, T. Kunitake, J Am. Chem. Soc. 1987, 109,
5175.

UU'N. Kimizuka, T. Kawasaki, T. Kunitake, Chem. Lett. 1994,
1399.

21 K. Kano, Y. Tanaka, T. Ogawa, M. Shimomura, Y. Okahata,
T. Kunitake, Chem. Lert. 1980, 421.

(31 H. Richard, M. Mauzac, H. T. Nguyen, G. Sigaud, M. F. Ach-
ard, F. Hardouin, H. Gasparoux, Mol. Cryst. Lig. Cryst. 1988,
155, 141.

U4 T. Schieek, C. T. Imrie, D. M. Rice, F. E. Karasz, G. S. Attard,
J Polym. Sci., Part A: Polym. Chem. 1993, 31, 1859.

[13) K., Shinoda, Pure Appl. Chem. 1980, 52, 1195,

61 £ M. Menger, K. Gabrielson, J Am. Chem. Soc. 1994, 116,
1567.

U7 M. D. Everaars, A. T. M. Marcelis, A. I. Kuijpers, E. Laverdure,
J. Koronova, A. Koudijs, E. J. R. Sudholter, Langmuir 1995,
11, 3705.

['81 G. Vertogen, W. H. de Jeu, Thermotropic Liquid Crystals, Fun-
damentals, Springer Verlag, Berlin, 1988, p. 36.

(1) p. Zugenmaier, A. Heiske, Liquid Cryst. 1993, 5, 835.

1201 F. M. Menger, K. Gabrielson, Angew. Chem. 1995, 107, 2260;
Angew. Chem. Int. Ed. Engl. 1995, 34, 2091,

[211'Y. Okahata, R. Ando, T. Kunitake, Ber. Bunsenges. Phys. Chem.
1981, 85, 789.

25



FULL PAPER

M. D. Everaars, A. T. M. Marcelis, E. J. R. Sudhdlter

22y, [shikawa, T. Nishimi, T. Kunitake, Chem. Lett. 1990, 165.
123 M. D. Everaars, A. T. M. Marcelis, E. J. R. Sudholter, Langmuir
1996, /2. 3463.
24 R. F. Rekker, The Hydrophobic Fragmental Constant, Elsevier
_ Scientific Publishing Company, Amsterdam, 1977.
1231 . Heesemann, J. Am. Chem. Soc. 1980, 102, 2167.

261 3. Heesemann, J. Am. Chem. Soc. 1980, 102, 2176.
[27] H. Fukuda, T. Deim, J. Stefely, F. J. Kezdy, S. L. Regen, J Am.
Chem. Soc. 1986, 108, 2321.

1281 A, 1. Vogel, Textbook of Practical Organic Chemisiry, Longman
Scientific & Technical, Harlow, 1989, p. 949.

[96257]

Liebigs Ann./Recueil 1997, 21-26





