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Abstract

The effect of cyclodextrins (CDs) in the excited state proton transfer process of indole compounds has been studied by fluorescence quenching, in
acid and alkaline media. The quenching efficiency decreases in the presence of CDs in both media indicating a remarkable protection mediated by
CD against external quenchers. An interesting non-linear behaviour for the Stern—Volmer plots was observed in basic media. This was interpreted
as total inhibition of the quenching process by ionized cyclodextrin. Induced circular dichroism has been used to determine the indole position into

the cyclodextrin cavities.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Tryptophan and its simple derivatives have been used as
intrinsic fluorescent probes due to their high dependence on the
polarity and rigidity of the surrounding matrix [1]. These prop-
erties are also interesting for the development of new electrolu-
minescent materials and artificial photosynthetic devices [2].

The fluorescence quantum yield of simple indoles is inde-
pendent of pH in the range 3.00-10.00, but is quenched at lower
and higher pH [3]. This behaviour is due to two different excited
state proton transfer reactions: acid catalyzed protonation of the
indole ring and base catalyzed deprotonation of the -NH group.

In other aromatic compounds, it has been demonstrated that
the proton induced quenching at moderate acid concentration
(pH~ 1) proceeds via electrophilic protonation at one of the
carbon atoms of the ring in the excited singlet state, leading
to proton exchange [4]. Also, it is known that proton induced
fluorescence quenching is competitive with proton transfer reac-
tion in the excited state of naphthylamine, naphthols and related
compounds [5].
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CDs are cyclic oligosaccharides consisting of six (a-
CD), seven (B-CD) or eight (y-CD) units of a-D-glucose
linked by a-(1,4) bonds. Among the native CDs derivatives,
hydroxypropyl-B-cyclodextrin (HPBCD) has been extensively
used due to its higher solubility in aqueous media. The ability
of CDs to incorporate guest molecules into their hydrophobic
nanocavity (internal diameter/nm: 0.45, 0.70 and 0.85 for a-
CD, B-CD and v-CD, respectively) leading to the formation of
host—guest inclusion complexes [6] has permitted their use in
different fields [7] like pharmacology, analytical chemistry [8]
and synthesis [9]. Additionally, CDs could be used as biological
models due to their abilities to modify the photophysical [10]
and photochemical properties [11] of the fluorophore included
into their cavities. In the literature fluorescence quenching
studies using B-cyclodextrin have been reported to character-
ize the host—guest complexes with 2-acetylnaphthalene [12],
acridine [13], dibenzofuran [14] and 1-naphthol [15]. Some
examples of the CDs protection towards external quenchers
have been published [16]. Low quenching efficiency in the
presence of B-CD has been reported for 1-methoxynaphthalene
[17] and B-naphthol [18] by proton and iodide ions, respec-
tively. Nevertheless, these results do not agree with those
found with carbazole by hydroxide in the presence of CDs
[19].
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Scheme 1. Structures of indole derivatives (S).

Only in few cases the participation of the ionized form of CD
has been taken into account [20]. Recently, the formation of the
inclusion complex between 1-chloronaphthalene with y-CD in
alkaline solution has been reported [20a]. However, no attention
to difference in the efficiency of the quenching process of neutral
and ionized cyclodextrin has been considered before [18,19].

The aim of this work is to analyze the effect of cyclodextrins
nanocavities in the fluorescence quenching of indole deriva-
tives at pH’s where excited stated proton transfer takes place,
and particularly to compare the influence of neutral and ionized
cyclodextrin. Moreover, from the results of this quenching study
and the induced circular dichroism, further knowledge of the ori-
entation of indole compounds inside the cyclodextrins is gained.

Tryptophan metabolites with important implications in the
biological area have been chosen for the study (Scheme 1). The
electronic characteristic of the substituent at different pHs is
considered.

2. Experimental

All the determinations were made at 25.0£0.1 °C, and the
temperature of the cell compartment was controlled with a con-
stant temperature circulator. The solutions were not degassed. A
solution of 2.40 wM of the substrates at pH 7.0 was used as a ref-
erence for the fluorimetric measurements. Buffer solutions were
used in order to maintain the pH value. The ionic strength (1)
of all solutions was 0.124 M by adding NaCl. (All other experi-
mental details are in electronic supplementary material (ESM).)

3. Results and discussion

Stern—Volmer plots were used to evaluate the CDs role
in the fluorescence quenching by proton and hydroxide. Two
cyclodextrin species had to be considered in the basic media (pH
11.00-13.00), the neutral (CD) and the ionized (CD™), accord-
ing to the CD pK, (12.2) [21]. The association constants for
the ionized receptor at high pH were determined in order to be
compared with the values for neutral CDs.

3.1. Effect of pH and CDs on the fluorescence of indoles

The UV/vis spectra of the substrates (not shown) were
not significantly affected by pH changes from 1.00 to 13.00

nor by the presence of 3-CD or HPBCD. The molar absorp-
tivity at the maximum around 280.0nm of the reference
solution at pH 7.00 was (48.440.4)x 102cm~!M™!
for 3MI  (52.5+05)x 102cm™ M1 for 3IAA,
55+ 1) x 102cm~'M~! for T, (56.0+0.5) x 102cm~' M~!
for SMT and (56.5+0.4) x 10>cm™! M~! for M.

No change was observed in the fluorescence intensity of
3MI and M in the pH range 3.00-11.00. The emission wave-
length maximum (A™#*) is 370.0nm (fluorescence quantum
yield (¢PH 7 =0.23) and 352.0 nm (¢PH 7 = 0.20) for 3MI and M,
respectively (see ESM)). In the case of 3IA A, the emission inten-
sity at pH 3.00 was lower than at pH 7.00 (¢PH 3/¢PH7 =0.46).
The spectrum does not change between pH 5.50 and 10.00, but
AT is 354.0 nm at pH 3.00 and 366.0 nm at pH > 5.50.

On the other hand, the fluorescence of T and SMT
was the same from pH 3.00 to 7.00 with A™¥* =355.0 and
338.5nm, respectively. In the case of T, the fluorescence of
the no-ionized substrate was higher than the ionized form
(¢PH107/6PHT — 1 23) with A™2% =364.0 nm, whereas for SMT
the opposite effect was observed (¢PH !1/¢PH7 =0.90) with
AMX =359.0 nm.

In the case of indoles, a simple acid—base equilibrium cannot
be attained during the lifetime of the excited state [22]. There-
fore, titration curves give the acid—base dissociation constant
(K,) in the ground state [23]. This method was used for 3IAA,
T and SMT (Table 1).

The acid-base properties in the excited state of aromatic com-
pounds are closely related to the electronic structure and are
considerably different from those in the ground state [4,24].

The acidity constant in the excited state (pK}) was deter-
mined by the Forster cycle [25] (see frontal face cube in
Scheme 2). The values obtained indicate that excitation increases
the acidity of the emitting species, as observed in other indole
derivatives (Table 1) [22].

For all substrates, an increase in the fluorescence intensity
and blue shifts of their maxima were observed with 3-CD and
HPBCD. These changes are evidence of the inclusion complex
formation [26] as observed in other indole derivatives [22,27].
This behaviour was not exhibited in the presence of a-CD,
v-CD or glucose (weight equivalent to 10mM B-CD) con-

Table 1
Values of pK, for the free (S) and bound (SCD) substrates in the ground and the
excited state

Substrate pkS pKS’ (ApK)S™S
31AA 4.48 + 0.022 3.87 +£ 0.05 0.61

T 9.5+0.2 84 +£02 1.1

SMT 9.9 +£0.2 7.7 £ 0.1 2.2
Substrate pK?CD pKfCD* (ApKa)SCD_SCD*
3IAA-BCD 4.8 +0.1 39+£02 0.9
3IAA-HPBCD 4.63 + 0.03 3.21 £0.05 1.42

T-BCD 93 +£02 9.1+03 0.2

T-HPBCD 9.1 £0.2 9.1+£02 -

SMT-BCD 9.8 £0.2 9.7 £ 0.1 0.1
SMT-HPBCD 9.6 £0.3 9.5+ 0.2 0.1

2 This value agrees with literature [23].
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Scheme 2. Representation of acid—base equilibriums in the ground and excited
state for the free and complexed substrate with cyclodextrin.

firming that there is some specific interaction with 3-CD and
HPBRCD.

The association constants (K ) were previously reported by
the authors [28] for protic (3IAA, T and SMT) and non-protic
substrates (3MI and M) at pHs where there is no acid or alkaline
quenching. The K values with 1:1 stoichiometry were higher
with HPBCD than with 3-CD for all the substrates studied. The
fluorescent quantum yield ratios between bound and free sub-
strate (¢SCP/¢S) were >1. The increase in the quantum yield can
be attributed to a decrease in the non-radiative rate constants due
to hindered molecular motion for the included substrates. This
indicates that the receptor provides a more protected environ-
ment for the excited substrate and a lower polarity of the cavity
compared with the polarity of water [28].

In the presence of CD, we can represent the system as shown
in Scheme 2, where the front and back faces of the cube rep-
resent the acid—base equilibriums in the ground and excited
state for the free and bound substrate, respectively. The bottom
face represents all the equilibriums occurring for the substrate
in the ground state when CD is present (thermodynamic cycle),
whereas the top face corresponds to the equilibriums taking place
in the excited state.

The acidity of the complexes pK ZSlCD, lower with 3IAA and
higher with T and SMT, indicates a better interaction between
not ionized substrates and the hydrophobic CDs cavity. The
pK; for the complexes (pK ECD*) was determined by the Forster
cycle. A small increase was obtained in the acidity of the excited
state complexes pKECD* compared to ground state complexes
pKCP (Table 1).

3.2. Fluorescence quenching induced by proton

All the substrates showed fluorescence quenching at pH
below 3.00 and above 11.00 as previously mentioned in the
literature (Fig. 1 is representative) [3,29].

The fluorescence response was measured at different HCI
concentrations in the pH range 1.00-3.00. Data were fitted with
the Stern—Volmer equation for dynamic quenching (Eq. (1)),
where F( and F indicate the fluorescence area in the absence

4000

3000+

2000+

Fluorescence

1000+

T T T
300 350 400 450
Wavelength, nm

Fig. 1. Fluorescence spectra of 3MI at different pH’s: (a) 7.0, (b) 2.0 and (c)
12.00.

(at pH>3.00) and in the presence of quencher (proton ions),
kq represents the bimolecular quenching constant, and 7 is the
substrate lifetime in the absence of Q. The expression for 7
as a function of non-radiative and radiative decay processes is
70 = (kor + k)~ L. Linear Stern—Volmer plots were obtained and
the quenching constant values (Kq) were determined from the

slope of the plots. The K (52 are summarized in Table 2.

@—1+kr[ =1+4+KJ 1
7= QnolQ] =1+ Kl Q] (D

Two species accessible to the quencher, the free and bound
substrate, were considered for the cyclodextrin effect (0.01 M)
in the quenching process. The K2CP was calculated by Eq. (2),
where f; corresponds to the fraction of fluorescence of each
species i (S or SCD) at a pH where there is no quenching.

n -1
Fo Ji
-_— = - < 2
F ; 1+ K501 @
Table 2

Values of Stern—Volmer fluorescence quenching constants by proton (K+) for
free and bound substrates

Substrate Ky+ ™M~h

S? S-BCDP S-HPRCDP
3MI 115.4¢ 35.1¢ 157404
3IAA 34.4° 19.77° 5.6+0.4
T 333403 24.8+0.8 11.6+0.5
5MT 10.540.1 6.040.2 <0.4
M 489403 18.6+0.6 46402

2 Value determined using Eq. (1).
b Value determined using Eq. (2).
¢ From Ref. [22].
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Fig. 2. Stern—Volmer plot for the fluorescence quenching by proton for free M
(a) and bound M with 3-CD (b) and HPBCD (c).

The smaller values of K| (SfD (Table 2) compared to K% indi-
cate the cyclodextrins protection towards the proton quencher.
A diminution around 80% was obtained for HPBCD in the K¢
with respect to the 30-60% with 3-CD, consistent with a more
hydrophobic environment for the former. The Stern—Volmer
plots for M are represented in Fig. 2 and similar plots were
obtained for the other substrates. A good linearity for the plots
using Eqgs. (1) and (2) was obtained. Only the dynamic quenching
was considered [22].

3.3. Fluorescence quenching in alkaline aqueous solution

The indole fluorescence response in the presence and absence
of CDs was analyzed at a pH range 11.00-13.00. A linear
behaviour was observed in the absence of CDs. Nevertheless,
non-linear plots were obtained in the presence of CDs (Fig. 3 is
representative).

0 T T T T T
0.00 0.02 0.04 0.06 0.08 0.10
[OH], M

Fig. 3. Stern—Volmer plot for the fluorescence quenching by hydroxide for free
and bound T with B-CD (H) and HPBCD (A).

In order to explain this curvature in the presence of receptors,
anumber of items must be considered: (i) the CD is partially ion-
ized in the pH range studied, therefore, the association between
the substrates and the ionized cyclodextrin (KiCDf) must be
taken into account. Three fluorescent species have to be consid-
ered in alkaline media: the free substrate (S), the bound substrate
with CD (SCD) and with CD™ (SCD™); (ii) each of these species
have different fluorescence quantum yields and they are rep-
resented by ¢3S, 5P and ¢SCP—; (iii) each of these species
have different Stern—Volmer quenching constants and they are
represented by Kg, K(SQCD and K3°P.

The association constants for the substrate with ionized
cyclodextrin (KiCDf) and the quantum yield ratio between the
bound and free substrate (¢5°P /¢S) were determined at pH
13.00 (where mainly the CD™ is present, Table 3) using the
same methodology as previously reported [28]. Fluorescence
enhancement indicates absence of quenching by the ionized
cyclodextrins.

For the neutral substrates 3MI, T, SMT, M and for the neg-

ative charged 3IAA at basic media, K32 and (¢SCD7/¢S

values are similar to those in neutral 3-CD (see Table 3, values
in parentheses). In the case of HPBCD, no difference is observed
in the KE\CD_ value for 3IAA (negative charged) in comparison
with the values for the neutral HPBCD. However, the Kf\C]T is
lower than for the neutral HPBCD with 3MI, T, 5SMT and M. In
all cases, higher (¢5°P" /¢S) values are observed for the ionized
CD.

Since all the K values are ~102 M~! (Table 3), these results
indicate that the interaction between the indolic substrates and
B-CD or HPBCD occurs mainly by the common aromatic moi-
ety, without interaction between the different lateral chain at
C-3 (R1) and the external edge of the 3-CD. Similar values of
K (~10> M~ 1) have been interpreted as preferential aryl inclu-
sion [8c,9¢c]. Also, the similar values of Ko for 3IAA™ with
neutral and ionized cyclodextrin indicate no repulsion between
the deprotonated secondary hydroxyl group and the carboxylate,
in agreement with an aromatic interaction between the indolic
compounds and the cyclodextrin cavity.

In the case of HPBCD, the higher interaction is found with
the neutral receptor (K3°P > K3CP7). This finding is consis-
tent with some previously reported results with arylic guest and
B-CD [20b,20c], but the opposite behaviour was found with a
naphthalenic derivative and y-CD [20a].

In all cases, in the present paper, ionized HPBCD seems to
be a better protector of the indole excited state than the neutral
receptor (¢SCP /¢S) > (¢5P/pS). The opposite effect produced
by ionized respect to neutral HPBCD on K and ¢ resembles
that observed between different cyclodextrins with the same sub-
strate, for example: HPBCD and B-CD with diazepam [8a] or
with carbofuran [8b], or between the same cyclodextrin and sub-
stituted benzenes [ 10c] or aromatic carbamates [8b]. The same or
the opposite variations in the K and ¢ values may be observed
by cyclodextrin effect. A general rule to predict these effects
cannot be determined, as the static and dynamic interactions are
specific to the studied systems and might strongly change at the
excited state [7b]. The K value depends on several parame-
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Table 3
Association constant with ionized cyclodextrins, K /S\CD7 (pH 13.00) and quantum yield ratio between the bound and free substrates (¢S5 /¢S)2
Substrate B-CD™ HPBCD™

Ka (x10°M™1) PSP /¢S Ka (x102 M1 $SCD /¢S
3MI 0.8+£0.5(1.5+0.3) 1.5+£02(1.43£0.1) 0.6+0.2 (1.8+0.1) 33+£04(2.1+£0.2)
3IAA 1.24+0.6 (1.8+0.1) 1.7+0.1 2.1+0.2) 1.1+£0.5(1.4+0.3) 3.0+£0.9(1.21£0.02)
T 24+0.1(2.8+£0.3) 1.40 £0.04 (1.25£0.01) 20+£02(4.9+09) 2.41£0.06 (1.33+0.02)
SMT 1.1+0.1 (1.6+0.1) 1.44+0.2 (1.15+£0.02) 1.7+0.1 2.5+0.1) 2.6+£0.06 (1.47 £0.03)
M 08+04(1.1£0.2) n.d.? (1.1940.03) 0.68 £0.03 (1.51+£0.07) 3.01 £0.07 (1.48 £0.03)

2 Substrate concentration 2.40 wM, cyclodextrin concentration 0—10 mM. For comparison purposes, the K f\CD values for neutral CDs are given in parentheses [28].

b Small changes in fluorescence areas to determine the association values.

ters like H-bonding, hydrophobic and van der Waals forces, size
and shape of the guest relative to the host cavity. Meanwhile,
the ¢ value is related with the rates of the radiative and no-
radiative transitions for the excited state, molecular restriction
and elimination of water molecules of the complex substrate
[10c].

In the absence of CDs, the values of Kg were calculated
from Eq. (1) (Table 4). These values for the substrates with
substitution at the 5-position of the indolic ring (M and SMT)
are smaller than for the others.

The excited state proton transfer reaction of indole and similar
structures in basic media has been studied using picosecond
time-resolved techniques. The process is diffusion controlled,
kg =26.38 x 10° M~ s~! for indole at 26 °C [30]. Theoretical
values of Kq, calculated (Eq. (1)) using ko and 7o from the
literature [22] are in the same order as the experimental values
reported in Table 4.

In presence of CDs, the molar fraction of the species acces-
sible to the quencher (S, SCD and SCD™) changes when the
concentration of hydroxide increases. Therefore, in order to find
the function that relates the ratio Fy/F to the hydroxide concen-
tration, some equations were considered (see ESM) to give the
following Eq. (3):

S
F 1+ K3l01) \ X3 1+ kP01
- — -1
SCD SCD SCD
O R B XQ ool
XSCD $SCD X SCD
Table 4

A detailed treatment of the data is described for T (ESM). The
constant value for the quantum yield ratio q)(S)CIT /5P with the
increasing hydroxide concentration indicates that the bimolec-
ular quenching constant for the ionized cyclodextrin kéCD_ is
practically zero.

The average ¢(S)CD7 /¢5CP values obtained following the same
procedure as before for all the substrates are informed in Table 4.

The protection of cyclodextrin nanocavities to the external
quencher like hydroxide was observed for both CDs but was
higher for HPBCD. Nevertheless, the best effect obtained was
with ionized cyclodextrin nanocavities that indicate that the
fraction of the substrate bond to CD™ is not accessible to the

quencher producing the downward curvature shown (Fig. 3)
[1d].

3.4. Structure of host—guest complexes

The orientation of the substrates into the cavity seems to play
a key role in the excited state proton transfer process. Thus, the
fact that the prototropic process is favoured or not, depends on
the CD-imposed microenvironment to the guest molecule and
the orientation of protonation/deprotonation centres.

The cyclodextrin effect in excited state proton transfer
reactions previously reported for other aromatic compounds,
indicates a decrease in the efficiency of proton and hydroxide
induced quenching for 1-methoxynaphthalene [17], 2-naphthols
[18] and 2-naphthylamine [31], and an increase in the deproto-
nation rate for carbazole [19,31].

In the cases of naphthalenes, the protection of protona-
tion/deprotonation centres included into cyclodextrin were

Stern—Volmer fluorescence quenching constant (K 8“7) by hydroxide and (¢5°P™ /¢SCP)? values

Substrate KgH mh ($5CD™ /5Py

s S-BCD® S-HPRCD® S-BCD~ S-HPRCD~
3MI 70 £1 21 £5 37£2 0.20 £ 0.02 0.341 £0.09
3IAA 60.0 = 0.5 27+ 4 17£3 0.15 £ 0.02 0.182
M 39.0 £ 04 30£5 20 £2 0.24 £ 0.01 0.38£0.01
T 71.1 £0.5 42 £ 7 36 £1 0.16 £ 0.01 0.181+0.08
SMT 393+03 28 £3 12£2 0.26 £ 0.01 0.30£0.03

4 Average value, independent of hydroxide concentration as indicated in the text, therefore K| (S)CD7 ~0.

® Value obtained from Eq. (1).
¢ See text for a detailed explanation.
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Scheme 3. Complex structures of indole derivatives proposed considering the
quenching fluorescence results. ‘A’ indicates that positions C-2, C-7 and -NH
are included into the cavity and ‘B’ indicates that positions C-4, C-7 are included
into the cavity.

proposed to be responsible for the proton transfer quenching
decrease [17-19].

On the other hand, for the proton transfer quenching increase
with carbazole [19,31] in the presence of 3- or y-CD, it was sug-
gested that the polar group NH (carbazole) was peeping through
the bulk water phase, and the aromatic rings remained within
the less polar CD cavity. Furthermore, a cyclodextrin coopera-
tive effect involving a flip-flop hydrogen bonding between the
CDs hydroxyl and the -NH group was proposed.

Induced circular dichroism spectra (ICD) provide informa-
tion about the orientation of the guest molecule into the CDs
cavities. The absorption spectrum of indole derivatives above
260 nm is a superposition of the two bands 11, Ovmax = 270 nm)
and 'Ly, (Amax =~ 280-290 nm). Fluorescence of indoles in polar
solvents can occur from both the 'L, and 'L, states although
emission only from the 'L, has been observed upon excita-
tion at 286 nm of the 'Ly, <— 'A band of indole or tryptophan
in propylene glycol [1a].

In the absorption region, the ICD spectra (not shown) of M
and T at pH 7.00 (as a model of neutral and ionized indolic
compound) have a negative Cotton effect, with a peak at 280.3
and 281.3 nm for M and a peak at 283.5 nm for T in the presence
of 10 mM of 3-CD or HPBCD, respectively, corresponding to
the 1Ly, transition.

The directions of the transition moments of indoles have
been previously determined [32a]. The negative Cotton effect
observed in ICD [32b] indicates that the 'Ly, transition is per-
pendicular to the CD symmetry axis from Kirkwood-Tinoco
rules [32c]. Two orientations of the substrates into the cyclodex-
trin cavity have been proposed, taking into account the carbon
atoms involved in the electrophilic attack at indolic ring (C-4
and C-2) by proton and the -NH indolic group deprotonation by
hydroxide (Scheme 3).

If the substrates were included by the benzilic ring (structure
B), the C-4 at the indolic ring could be protected by the CD envi-
ronment and the -NH group could form a hydrogen bond with
the secondary hydroxyl group of the bigger cyclodextrin side. A
similar structure has been proposed for carbazoles in the pres-
ence of cyclodextrin to explain the increase in the deprotonation
rate towards -NH group. In alkaline media, where CD is ion-

ized, a stronger hydrogen bond could take place. However, in this
study we have observed a quenching protection in the presence
of neutral CD and ionized CD™; consistently, structure B cannot
be considered. Therefore, structure A is proposed where the C-2
and —NH are included into the cavity. In this case, quenching
by proton can occur mainly at C-4 and the —-NH deprotonation
process is less accessible by hydroxide in the presence of neutral
CD. Also, this is practically inaccessible with ionized CD™, due
to an electrostatic barrier from the secondary ionized hydroxyl
of the cyclodextrin. Also, structure A is consistent with the idea
of the interaction of aromatic guests with cyclodextrins may be
accounted for in terms not only of the hydrophobic effect but the
dipole—dipole interaction between the host and the guest [6b].

In addition, the different orientation of naphthalene and
indole derivatives (two aromatic rings) inside the CD cavity with
respect to carbazoles (three aromatic rings) is consistent with the
smaller molecular size of the two first compounds resulting in
more deeply inclusion complexes.

No more insight was provided by H NMR studies. The shift
of the signal in presence of receptor with respect to the sig-
nal of the substrate or the cyclodextrin alone (AJ) is used as
probe of inclusion. The experiments performed with the maxima
cyclodextrin concentration or in the best condition only shown
Admax =0.01 ppm. These small changes are proof of inclusion
but do not permit the K5 determination or the complex structure
determination (see ESM).

4. Conclusions

The fluorescence quantum yield of the indole derivatives is
sensible to the pH (<3.0 and >11.0) and to the presence of
cyclodextrin nanocavities. The acid catalyzed protonation of the
indole ring and base catalyzed deprotonation of the -NH group
are responsible for the proton induced quenching process. An
important effect of CDs in the excited stated proton reactions
in acid and basic media has been observed. The Stern—Volmer
quenching constants showed smaller values in the presence of
the receptors indicating the protection of the excited stated.

The non-linear behaviour exhibited in an alkaline medium in
the presence of the receptors was explained by the co-existence
of three species accessible to the quencher, the free substrate and
the bound substrate with neutral and ionized cyclodextrin. The
changes in those fractions as the pH increases produce a curva-
ture in the Stern—Volmer plots. Interestingly, a partial protection
in the presence of a neutral CD was observed while the fraction
bound with the ionized CD was inaccessible to the quencher.

The 'Ly excited electronic state of the indoles was per-
pendicular to the cyclodextrin axis as demonstrated by ICD.
The C-2 and -NH group are partially included into the
receptor nanocavity and consequently protected from external
quenchers.
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