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Two laterally nonsymmetric cryptands have been derivatized by reacting with acid chlorides of different alkyl chain lengths
to form a new generation of triple-tailed amphiphiles. When selectively allowed to react these cryptands can form single-
tailed amphiphiles. The cryptand cavity can accommodate a Cu(ll) ion forming yet another set of cryptand based
amphiphiles. These amphiphiles form robust monolayers at the air-water interface and can be deposited onto a number of
substrates such as glass, ITO-coated glass and fluorite. They form Y-type Langmuir-Blodgett films. A nucleic acid base
such as thymine can be attached to the cryptand headgroup affording molecular recognition studies at the air-water
interface.
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1 Introduction ingredient of supramolecular chemisfryThese

Amphiphilic molecules are crucial to life starting MPlecules can host different types of guests depending
from forming cell walls to translocation of upon the structure and the nature of the donor atoms

biomoleculesn vivo. They are known to form a great giving rise to mtergstmg sysc';_ems% Herelno,l bthe d
variety of supramolecular structures such as micellegiScussion is centered on our studies of cryptand base

vesicles, monolayers, bilayers, multilayer rods, and s%urfactants at the air-water interface in a Langmuir

on. The LB techniqusis one of the most effective trough. The ultimate aim of these studies is forming

ways of depositing extremely thin films of amphiphiless'[flebIe LB films with cryptand_ based smart mat??'a's-
. . . : . tis therefore, necessary to first probe the stability of
with precise molecular dimension and high structura‘ L ;

. : . monolayers of cryptand based amphiphiles and in the
order. This technique has assumed great importance : )
in recent & with the demand for materials with present article we describe our results on these

recent years: . s aspects of supramolecular chemistry.
tailored interfacial properties. Thus, the quest for new
microbiosensofs has brought the need for highly 2 Synthesis of the Amphiphiles

selective as well as sensitive organic molecules inthe Tpe cryptand headgroup can be synthesizeg
form of thin layers which can be incorporated intocoypling two podand units under moderate dilution at
electronic, optical or electrochemical devices. In thisse C. The three secondary amino groups readily react
situation, amphiphilic molecules with signalling with acid chlorides of different chain lengths affording
capability alongwith metal ions for signal transductiontriple-tailed amphiphiles in high yields ( Scheme 1). The
can be very useful. The LB films can be useful inthree amino groups in the parent cryptand have different
metal-mediated charge-separation, in understandirp](a value$’ which make it possible to have single-
molecular interactions on biological cell surfaces, andailed amphiphiles as shown in Scheme 2. The triple-
in developing novel 2D nanostructures composed ahiled surfactants describ@tiere are collected in Fig.
multiple chemical speciésA large number of 1 while the single-tailed surfactants are shown in Fig.
synthetic amphiphiles with both acyclic as well as2. Each amphiphile could be easily purified through
cyclic headgroups and one or more hydrophobic taileecrystallization from ethanol several times before use.
with different chemical structures have been repértedSatisfactory elemental analyses were obtained and
4 The cyclic headgroups include crown etherseach amphiphile showed a clean mass spectrum
calixarenes, phthalocyanins, polypyrrols, fullerenesshowing the molecular ion peak as 100% pointing to
cyclodextrin, etc. Cryptands are an importanthe high stability of the compounds.
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Fig. 1. Triple-tailed amphiphiles with two different cryptand headgroups
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Fig. 2. Single-tailed amphiphiles
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Cu(I)-complexed amphiphile could be prepared ik
by reacting an amphiphile with a Cu(ll) salt such as
cupric perchlorate or cupric nitrate in methanol to obtain
the desired product as a greenish-blue solid. Inclusidrd- 3
of the metal ion inside the cavity was ascertained by
spectroscopic measurements as well as mass spectral
data.

Arve M Moelecuis Angarom -

Pressure-area isotherm gL . (Series A amphiphiles)
at 298 K. The Series B amphiphiles show similar isotherms

3 Studies at the Air-Water Interface Froe  Cu-Uunples

The pattern of the isotherms for the triple-tailed LT T
amphiphiles either as metal-free or Cu(ll)-complexed
are illustrated in Fig. 3. The area per molecule shrinks
while going from the metal-free amphiphiles to the
corresponding Cu(ll)-complexed one ( Fig. 4). This, .
however, is expected from our previous experiences '

with the cryptands. The X-ray crystallographic studies : ]“i
reveal that the donor nitrogen atoms of the cryptand PPN
move inwards by a small extent with respect to the e 13
free cryptand. The extent of shrinkage is more when

the hydrophobic chains are longer. As the hydrophobic : : -
chain length increases, the monolayer can sustain high&g. 4. comparison of maximum surface pressure (mN/m)
surface pressure due to better packing of the sustained by the amphiphiles

amphiphiles. Again, the monolayers of the complexed

amphiphiles can sustain higher pressure compared to

their uncomplexed counterparts. Comparing the radius
of the cryptand headgroup in the amphiphiles with that

of the cryptan® itself leads to the fact that the pseudo
three-fold axis passing through the bridged nitrogen o=
atoms of the cryptand is perpendicular to the Wate;r -
surface. This result reflects the association tendenciess<

= 0.8%

: f
and orientations of the hydrocarbon chains. The stability = ’ . '

of the monolayers is found to be dependent upon the  os
decreases monotonically with the decrease in cha$n o 5 i 15 0 s

Presaure tmM omo
kd

[ 16 —m— 15 —a— 14 =13 ~w—-[1 —e—L:
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length of the hydrophobic chains. The stability!
length (Fig. 5). In Fig. 5, a typical scale presentin Time (min)
the ratio between the area of the monolayer

determined at time ( at a constant surface pressureFig. 5. Comparison of the stability of the monolayer at the air-
M), A(t), and at time t=0, A(0), was used. The water interface for the amphiphiles- L
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amphiphiles with palmitoyl groups are able to sustain &ither in pure water or in 0.1 M Cu$®ub-phase
pressure of 25 mN/m for over 30 min without anybecause once Cu(ll) ion enters the cavity of the
significant area loss whereas the one with valeroytryptand, it forms a stable compféx

group is the least stable showing the area loss of about Interestingly, the monolayers formed by the single-
15% at the same pressure. When the headgrouptailed amphiphiled -L . can sustain a surface
changed to a more rigid cryptand ( Series B), th@ressure of 45 mN/m or more ( Fig. 7) which is
isotherms do not change to any significant extent exceptgnificantly higher compared to those obtained with
for the fact that they are able to sustain higher surfadbe triple-tailed amphiphiles with the same chain length.
pressure compared to the corresponding Series With the pseudo three-fold symmetry of the cryptand
amphiphiles. They still orient themselves in theheadgroup, the three alkyl chains attached cannot pack
monolayer such that the pseudo threefold axis iB1 an interdigitizing fashion. The crystal packing
perpendicular to the water surface. The effect of sutstudie* on them also showed that the hydrophobic
phase pH (2.5, 4.7, 7.9, 9.5 ) on the area/molecule abains are not aligned. We have not been able to obtain
well as the stability of the monolayers are negligibleany of the present set of amphiphiles in single crystal
However, at low pH values, the monolayers couldorm. However, with one hydrophobic chain attached
sustain more than 50 mN/m of surface pressure due to the cryptand unit, the chains can align in an
protonation of the secondary amino nitrogens. Nonmterdigitizing fashion and thus in the monolayer, the
of the surfactants ( Series A and B; free or Cu(ll)individual molecules can pack efficiently and give a
complexed ) shows any width of the hysterisis curveigid film. The molecular radii of the amphiphiles
(Fig. 6) on repeated compression and expansion whiaalculated from the isotherms lie in the range, 8.0-8.5
exclude multi-layering or collapsing of the fltnin A while the distance between the bridgehead nitrogens
other words, these amphiphiles form robust monolayersf the cryptand is ~6.6 A as found from X-ray
capable of withstanding repeated compression aratystallographif. This suggests that the pseudo three-
expansion without any major change in the monolaydold axis passing through the bridgehead nitrogens of
structure. Under our experimental conditions, palmitiche cryptand is slightly tilted with respect to the water
acid (used as control) also showed no hysterisis. Traurface.
speed of compression also had no observable effect.
Besides, the isotherms obtained in the quasi-static mode

(i.e., compression of 20 é&min and waiting for 2 We have studied the behaviour of the mixed Langmuir
min) are the same as that of the continuous one. BotRonolayers. The surface pressuf§) {s. area per
these observations are attributable to the well-behavéaolecule (A ) isotherm for mixed cryptand based
amphiphiles. The Cu(ll)-complexed surfactants shovamphiphiles + stearic acid (SA) was investigated under-
no changes in the formation or stability of the monolayegteady state conditions at the air-water interface. These

4 Mixed Monolayers
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Fig. 6. Representative successive compression and expansidtig. 7. Pressure-area isotherms for the single-tailed amphiphiles
cycles ( hysterisis) with a monolayerlof L,L,,at298 K
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studies provide much insight into existing interactionamphiphiles behave in a similar manner. Therefore,
between the constituents of the mixed monolayer. Suatearic acid does not interact with these surfactants;
studied are important from the perspective othey merely occupy the void space available that result
incorporating compounds with desirable properties ifirom the large size of the cryptand headgroup.
supramolecular LB films to satisfy specialized needs
such as high photorefractivity, photoconductivity, large
nonlinear responses and so on which are deemed to bee LB films of the triple-tailed amphiphiles could be
important in the design of molecular devices. In thdransferred onto a number of substrates such as glass,
present studies, mixed monolayer have been obtainédartz, ITO-coated glass, and fluorite. Deposition takes
at several ratios. For two component systems of norplace at each downward as well as the upward
interacting molecules, the average area per molecufgovement of the arm. The transfer ratio for the upward
of the mixed system (4 is given by a relatich and downward dipping was comparable to each other
suggested by several workers : suggesting Y-type deposition of the LB films. When
A,=NA + NA the glass surface is untreated, the transfer ratio varies

Where N, A, and N, A, are the mole fractions and from 60-80%. However, if the glass is precoated with
the area per molecule at zero pressure of the first agtgaric acid ( 10 layers), the transfer ratio can reach
second components respectively, & the average Uup to 95%. Typically, 50 layers can be transferred
area per molecule at zero pressure of the mixeithout encountering any problem. When the substrate
monolayer of the two-component system. Thds fluorite, the transfer ratio is found in the range, 60-
pressure-area isotherms of the mixed monolayer ha$%. Scanning electron microscopic studies on the LB
the following characteristics: films show that the free amphiphiles make

i) when mixed with stearic acid, the minimum inhomogeneous films. In contrast, the Cu(ll)-complexed
pressure sustained by the surfactants increases, ii) ta@phiphiles make films showing distinct edges with
shape of the isotherm becomes steeper in nature, aftflered aggregates. The single-tailed amphiphiles can
iii) with increase in stearic acid concentration in thebe transferred onto glass pre-coated with stearic acid
spreading solution, the limiting area per moleculd 10 layers) although the transfer ratio for the upward
decrease monotonically. The experimental data foand downward dip do not reach beyond 60%. The
Series A amphiphiles are shown in Fig. 8. The datamphiphiles might behave better when they are further
show positive deviation from the ideal behaviourderivatized with different groups of interest or different
indicating that at all composition of the mixture, thesubstrates are chosen. Efforts are on along these lines
experimentally obtained area per molecule of the mixewith the ultimate aim of having stable Langmuir-
system is greater than sum of the areas of the pul?dodgett films with desired interfacial properties.
compc_)ne.nts. Thls suggeStshe existence of a 6 Studies on Molecular Recognition at the Air-
repulsive interaction between SA and the surfactants. Water Interface

The Series B amphiphiles as well as all the single-tailed _ o _
The single-tailed amphiphiles are excellent candidates

for attachment of different groups of interest. Presently,
“Caled. RExpt, | we have attached a thymine moiety ( Scheme lll) to
study molecular recognition in aqueous medium.

Molecular recognition relies upon the complementarity
- of size, shape and intermolecular foféeldydrogen-
bonding is a highly directional secondary valence force
compared to other non-covalent interactions such as
— — =
Cu-La

electrostatic, van der Waals and hydrophobic forces.
It plays decisive roles in biological molecular recognition
such as replication of nucleic acid, maintenance of the
) ) . ecul | of enzymes. Intensive efforts have been made
Fig-8. Comparison of average area per molecule (exp. & calcdg, oo 1427 15 develop organic host molecules that
of Cu(ll)-complexed surfactants and stearic acid mixture e .
(1:1) at 15 mN/m surface pressure specifically binds substrates by complementary H-

5 Formation of LB Films
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tertiary structure of proteins, and substrate recognition
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bonding. Unlike biological molecular recognition, most j \
of the artificial systems are not effective in aqueousz - T
medium due to interference from strong H-bonding= \\
nature of water. However, molecules at the air-water; :o- Y
interface behave very differenttycompared to their = \ \
behaviour in the bulk water. First of all, then interface= .
introduces a directionality in the molecular interactions™
and causes a particular orientation of the molecules.
Secondly, the average separation of the molecules at
the interface is generally much smaller than in bulk 0 , , : , |
solution. The high local concentration increase the o 50 10 150 200 250
probability of forming desired entitites through Area/Maiecule ZAngstrom®
intermolecular bonds. Shimomura and coworKers Fig.9. Pressure-area isotherms ligr at 298 K (a) with pure
investigated the binding of aqueous nucleosides to a water as sub-phase and (b) adenine (0.1 M) in pure water
cytosine-functionalized monolayer (Scheme 4). Kitano as sub-phase
and Ringsdoff have found that the pressure-area
isotherm of an adenine functionalized amphiphilehe sub-phase (Fig. 9) due to the formation of A-T
expands when thymine is present in the aqueous subase pair at the interface. also , no change in the
phase due to formation of the complemetary A-T typenaximum sustainable pressure was observed signifying
pair at the interface. the base-pair association had no effect on the
The amphiphild. . gives a well-behaved isotherm orientations as well as packing behaviour of the
in pure water as the sub-phase. The isotherm &mphiphiles. Such an expansion does not take place if
expandedt by about 20% when adenine is present irany other nucleic acid base is present in the sub-phase.

104
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7 Conclusion

molecules. Our present research efforts are on along

In conclusion, cryptand based amphiphilic moleculed€se lines.
form robust monolayers at the air-water interface.
These monolayers can be transferred onto different
substrates and the Cu(ll)-complexed amphiphiles forfPKB) wishes to thank the Department of
well defined aggregates in the LB films. The cryptandBiotechnology, New Delhi for the financial support of
headgroup can be selectively derivatized with groupéis work. Author (PT) thanks CSIR for the award of
of interest leading to cryptand based smart amphiphiles senior research fellowship.
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