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Fluorescent spectroscopic studies on the complexation of
naphthalene-appended amino-�-cyclodextrins, 1 and 2, with
anionic, cationic, and nonionic surfactants have been carried
out. In host 1–surfactant system, an excellent fluorescent signal
change was observed. On the other hand, host 2 exhibits no
photophysical response in the presence of various surfactants.
The difference in the properties between 1 and 2 was interpreted
by difference in the inclusion depth of the naphthalene units for
the cyclodextrin cavity. The binding abilities and thermodynam-
ic (�Ho, �So, and �Go) quantities of 1–surfactant system have
been discussed to characterize structure/enegetics for the com-
plexation process.

In recent years, a large variety of artificial molecules that
act as fluorescent sensor received much attention in a broad area
of chemistry, biology, technology, and medical science.1,2

Particularly, the development of chemosensors based on cyclo-
dextrins (CDx) is very interesting topic because of their high
solubility and high affinities for various organic substrates in
water.3 For instance, fluorescent amino-�-cyclodextrin deriva-
tive 1 (Chart 1) which possesses very high solubility in water
compared with native �-CDx, exhibits the possibility for a fluo-
rescent anion sensor toward hydrophobic anions such as ClO4

�.4

From a point of view of environmental science, we have consid-
ered an application of this CDx derivative 1 to fluorescent sens-
ing for the pollutants in an earth environment. We report herein
the fluorescent sensing by host 1 for anionic (sodium 1-nonane-
sulfonate G1, sodium 1-decanesulfonate G2, sodium 1-dodecyl-
sulfate, SDS G3), cationic (1-dodecyltrimethylammonium chlo-
ride, DTAC G4), and nonionic surfactants (triton X-100 G5,
triton X-114 G6). The thermodynamic quantities in the host
1–surfactant guests system are also reported.

The fluorescent spectral change of 1 upon addition of
1-decanesulfonate anion (G2) in aqueous solution is shown in
Figure 1. Upon addition of G2, a gradual increase of fluores-
cence intensity (If) and a slight red shift in �max were observed.
In contrast to this remarkable increase of If , no fluorescent re-

sponse has been found in 2–anionic surfactant system. Since
the naphthalene unit of 2 is deeply included within the CDx cav-
ity compared with that of 1,4 the guest inclusion into the cavity
may be inhibited. The unexpected enhancement of If in 1–sur-
factant guest system would be rationalized by the relatively in-
creased rigidly and/or the subtle change in microenvironmental
hydrophobicity around the naphthalene unit arising from cooper-
ative host–guest complexation. The analyses of binding curves
(�If vs. [guest]) using least-square method show 1:1 host–guest
interaction.3a The binding constants (Kf) for the complexation
with G1–G6 are summarized in Table 1. It is noteworthy that
the increase in extending chain length of anionic surfactants such
as 1-nonanesulfonate anion (G1), 1-decanesulfonate anion (G2),
and 1-dodecylsulfate anion (G3) leads to higher stability. These
results indicate that hydrophobicity of the guest affects primarily
on the stability of 1–anionic surfactant complex. However, the
binding constant of 1 with G4 is much lower than that with
G3 which possesses the same alkyl chain length. This indicate
the existence of electrostatic repulsion (1-NHþ���þN-G4) in 1–
G4 binding. In contrast, the Kf values of 1–G5 and 1–G6 com-
plexes are considerably high (Kf ¼ 13665 and 14429mol�1

dm3, respectively). Harada et al., have suggested that the phenyl
group of Triton X could form a complex with native �-CDx
in aqueous solution.5 In the cases of 1–G5 and 1–G6 system,
the higher stabilities indicate that complexation may be occurred
with including the phenyl group of Triton X into the CDx cavity
of 1.

In order to obtain more detailed information on complexa-
tion in the 1–surfactant system, the thermodynamic parameters
such �Ho

incl and �Soincl were determined from the van’t Hoff
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Chart 1.

Figure 1. Fluorescence spectra of 1 in aqueous solution con-
taining various concentration of 1-decanesulfonate anion (G2).
[1] = 1:25� 10�5 mol dm�3, pH 7.0 and 298K. �ex ¼ 295
nm. [G2] = (a) 0, (b) 1:0� 10�4, (c) 5:0� 10�4, (d) 1:0�
10�3, (e) 2:5� 10�3, (f) 5:0� 10�3, (g) 1:0� 10�2, (h) 2:0�
10�2, (i) 3:0� 10�2 mol dm�3.
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plots (logKf vs. 1=T).
4 The values of�Ho

incl,�Soincl and Gibbs
energy term (�Go

incl) are also listed in Table 1. It is noteworthy
that enthalpic changes for inclusion of 1 with anionic surfactants
are ca. zero or positive. The favorable entropic contribution
(�Soincl) to the �Go

incl term is larger than the enthalpic contri-
bution, suggesting that complexation process between 1 and
anionic surfactant is mainly controlled by hydrophobic interac-
tions. To our knowledge, the �Ho

incl � 0 and the mostly entro-
py-driven inclusion process by the CDx has not been found yet.
Large positive�Soincl found in the 1/G1–G4 systems may be in
part attributed to the partial aggregation of the guests at the
smaller concentrations of the critical micelle concentration
(CMC). In contrast, inclusion reactions of 1 with Triton X
derivatives are enthalpically more favorable and entropically
less favorable. Such a tendency in �Ho

incl may be attributed
to the increase of van der Waals interactions for the complexa-
tion of 1 with the phenyl moiety of Triton X.

Figure 2 shows the fluorometric titration of 1 at various con-
centrations of G1, G2, G3, and G4 in aqueous solution. It is in-
teresting that the fluorescent intensity of 1 decreased drastically
over the CMC of anionic surfactants. This fluorescent behavior
of 1 was not observed by addition of excess of cationic and
nonionic surfactants. The fluorescent change mechanism for
the CMC detection is now unclear but considered to relate
the electrostatic interaction between 1 and anionic surfactants
(1-NHþ����SO3-Guest).

In conclusion, fluorescent amino-�-CDx 1 has shown the
excellent fluorescent response on complexation with various sur-
factants. Furthermore, host 1 may be a powerful tool for the de-
tection of CMC in aqueous solution. The application of 1 to fluo-
rescent sensing for other organic pollutants is now in progress.
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Figure 2. Flouorophotometric titration of 1with various surfac-
tants. [1] = 1:25� 10�5 mol dm�3, pH 7.0 and 298K. aCritical
micelle concentration (CMC) of anionic and cationic surfactants,
see ref 6.

Table 1. Binding constants and thermodynamic parameters for inclusion reactions of 1 with various surfactantsa

Guest Kf/mol dm�3 �Go/kcalmol�1 �Ho/kcalmol�1 �So/cal mol�1 K�1

CH3(CH2)8SO3
� (G1) 268.7b,d �3:30� 0:24 2:09� 0:12 18:1� 0:41

CH3(CH2)9SO3
� (G2) 572.8b,d �3:76� 0:04 �0:15� 0:02 12:1� 0:06

CH3(CH2)11OSO3
� (G3) 2757.4b,d �4:68� 0:14 0:09� 0:07 16:0� 0:23

CH3(CH2)11N
þ(CH3)3 (G4) 640.6b,d �3:83� 1:06 1:21� 0:53 16:9� 1:79

Triton X-100 (G5) 13665b,e �5:64� 1:40 �6:54� 0:69 �3:03� 2:39
Triton X-114 (G6) 14429c,e �5:58� 0:30 �5:36� 0:15 0:74� 0:52

aDetermined below the concentration of CMC. bAt 298K. cAt 293K. d�ex ¼ 295 nm. e�ex ¼ 305 nm.
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