A self-assembled monolayer of a fluorescent guest for the screening of host

molecules
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The polarity-dependent fluorescence of self-assembled
monolayers of dansyl adsorbates on glass enables monitoring
of its specific interactions with [3-cyclodextrin.

Host—guest interactions are intensively studied phenomena in
supramolecular chemistry.® The synthesis and functionalization
of host molecules has led to alarge variety of compounds with
high affinities and selectivities for guests, varying from metal
ionsto (bio)organic molecules. Recent developmentsin combi-
natorial chemistry allow the preparation of synthetic receptor
libraries.2 The large number of host moleculesthat is generated
in thisway requires analytical techniques which enable the fast
selection of suitable hosts for a specific guest. Self-assembled
monolayers (SAMs) offer the possibility to immobilize guest
derivatives on a variety of substrates, and monitor their
interactions with compounds in the contacting solution. So far,
several groups have used electrochemically active SAMs of
ferrocene for the binding of macrocyclic hosts from agueous
solutions.3 The complexation of the ferrocene headgroup
resulted in a shift of its redox potential, which can be detected
by cyclic voltammetry. Fluorescent self-assembled monolayers
have rarely been used to monitor host—guest interactions.
Hieftje et al. used a monolayer of fluorescently labeled single-
stranded DNA to monitor interactions with proteins by
fluorescence anisotropy.4 Myles et al. reported the detection of
barbituric acid derivatives by a self-assembled monolayer of
fluorescent receptors on gold.5 Here we describe the selective
binding of 3-cyclodextrin to self-assembled dansyl monolayers
on quartz and oxidized silicon wafers, detected by fluorescence
spectroscopy.

Self-assembled monolayers of dansyl adsorbates were pre-
pared in a two-step procedure. First, a monolayer of 3-amino-
propyltriethoxysilane was attached to the substrate.6 This layer
was converted into the desired dansyl SAM by reaction with
dansy! chloride.” Ellipsometric measurements showed that the
initially formed propylamine layer had a thickness of 6.7 + 0.4
A, which is close to the estimated length of the molecule (7.5 A
based on CPK models).8 After reaction with dansyl chloride the
layer thickness increased by 5.3 A to avalue of 12.0 + 0.4 A.
Since the length of a dansyl group is 8.4 A, the observed
increase of only 5.3 A was attributed to a relatively loose
packing of the fluorescent groups. From these numbers a
surface coverage of approximately 60% of the most densely

packed monolayer was calculated. Wettability studies showed
advancing contact angles with water of 67 + 1 and 58 + 1° for
the 3-aminopropyltriethoxysilane SAM and the dansyl mono-
layer, respectively.® The hysteresis between advancing and
receding contact angle for both surfaces was 30 to 35°, which
indicates that monolayers were formed with a high degree of
disorder. UV-VIS absorbance of the monolayer showed astrong
absorption at 220 nm with a shoulder at 250 nm, and a third
weak absorption at 330 nm (see Fig. 1).10 Both position and
relative intensity of these peaks are in good agreement with a
spectrum of dansylamide takenin MeCN. The absorption at 220
nm was used to estimate the surface density of dansyl groups (p)
from the Beer—Lambert law (p = Ae—1), using the experimen-
tally determined absorption coefficient of dansylamide in
MeCN (&250 = 38900 M—1 cm—1). Theresulting density of 0.93
dansy! groups per 100 A2 indicates that only 25% of the amino
groups had reacted with dansyl chloride.l! Based on a CPK
model, the adsorbate would cover an area of approximately 52
A2, This results in a surface coverage of 50%, which is in
reasonabl e agreement with the 60% surface coverage cal cul ated
from the ellipsometric thickness.

Fluorescence measurements of the dansyl SAM in air showed
the characteristic broad emission centered at 480 nm.12
Exposure of the monolayer to water resulted in a shift of the
emission maximum to 510 nm. Hence, the well-known polarity
dependence of the emission maximum of 1-(dimethylamino)-
naphthal ene-5-sulfonate!3 was maintai ned upon itsimmobiliza-
tion in a monolayer. Apparently, the packing density was not
enough to prevent water from solvating the dansyl groups.

Titration of the layer with aliquots of a concentrated aqueous
solution of PB-cyclodextrin resulted in an increase of the
monolayer fluorescence, accompanied by a shift of the
fluorescence maximum from 510 nm (pure water) to 480 nm
(11.3 mM of B-cyclodextrin), as shown in Fig. 2. Thisindicates
that the host molecules are bound to the layer, which resultsin
an effective shielding of the dansyl groups from the aqueous
environment.14 The dansyl SAM showed no significant changes
of the position or the intensity of the emission maximum in
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Fig. 1 UV-VIS absorption spectra of (a) 44 uM dansylamide in MeCN
(shown absorbance was divided by a factor of 100) and (b) two dansyl
monolayers (one on each side of the quartz dlide).
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Fig. 2 Emission spectra of a dansyl monolayer (excitation at 350 nm) at
different concentrations of (-cyclodextrin in the contacting aqueous
solution: (a) 0, (b) 2.4, (c) 5.3, (d) 8.8 and () 11.3 mM.

titration experiments with solutions of «- and y-cyclodextrin.
Hence, the observed changes of the emission spectra were the
result of molecular recognition rather than aspecific binding of
cyclic oligosaccharides to the dansyl monolayer. Moreover, the
addition of aiquots of a competitive guest (50 mM cyclohex-
anol) to the 10 mM p-cyclodextrin solution resulted in
decomplexation from the dansyl layer and changed the
wavelength of the emission maximum and its intensity to the
values observed in pure water. Due to the covalent binding of
the dansyl group to the propylamine monolayer, we exclude the
possibility of the complexation of one dansyl group by two 3-
cyclodextrin molecules as was reported by Dunbar et al. for
solution experiments.15 Consequently, the observed phenomena
are attributed to the 1 to 1 complexation of the immobilized
dansyl guests by 3-cyclodextrin hosts.

To provide enough space for every dansyl group to bind af3-
cyclodextrin molecule, the average area per dansyl group
should be 180 A2, which would result in alayer thickness well
below the determined 12 A. This means that not every dansyl is
capable of forming an inclusion complex. The determined
surface density of fluorophores would alow 60% of the dansyl
groups to be complexed by a cyclodextrin molecule. Conse-
quently, the observed emission spectrum is the sum of the two
fluorescent species present at the surface (free dansyl, and the
complex of B-cyclodextrin and dansyl). The fluorescence
intensity (1) at agiven wavelength istherefore given by egn (1),

I = Kyand dans] + kcompl[comp] D
where Kyans and Keompr represent the proportionality constants
that connect the intensities and the surface concentration of the
species.’6 Combined with the equation for the association
constant (K = [compl]/[dans][$-CD]) this results in egn. (2),

I _ 1+ (kcompI/kdans)K[B B CD]

I 1+ K[B — CDJ @
where |y is the emission intensity in the absence of f3-
cyclodextrin. From thefit of egn. (2) to the experimental values,
an association constant of 221 + 19 M—1 was obtained (see Fig.
3), which is of the same order of magnitude as the reported
values of 100200 M—1 for complexes in agueous solutions.14

In summary, self-assembled monolayers of 3-aminopropyl-
triethoxysilane can be effectively modified by reaction with
sulfonyl chlorides. In thisway, different functions like dyes can
be introduced. Efficient solvation of the surface-bound dansyl
groups maintains their polarity dependent emission, which has
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Fig. 3 Relative fluorescence intensity at 505 nm in dependence of the f3-
cyclodextrin concentration. The solid line shows egn. (2) with an
association constant of K = 221 M~ and Keompi/Kdans = 2.67.

been used to study theinteractionswith several hostsin agueous
solutions.
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