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Abstract

The interaction of Rose Bengal (RB) in aqueous solution of LiClO4 0.1 M with a-cyclodextrin (a-CD), hydroxypropyl-h-cyclodextrins
(HP-h-CD) and hydroxypropyl-g-cyclodextrins (HP-g-CD) were studied by spectrophotometric measurements. The presence of Induced

Circular Signals and the results of the analysis of the modifications in the absorbance spectra of RB produced by the presence of CDs in

solution indicate that RB forms inclusion complexes only with HP-h-CD and with HP-g-CD.
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1. Introduction

The use of Rose Bengal (RB) as photosensitizer in dye

sensitizer photochemical cells has been subject to extensive

studies [1,2].

This molecule, belonging to the class of xanthenes, is

characterised by peculiar spectroscopic and photochemical

properties, such as a high absorption coefficient in the visible

region of the spectrum and a tendency to transfer electrons

from its excited triplet state producing long-lived radicals,

whichmake it particularly suitable as a photosensitizer in area

such as conversion and storage of light energy and photo-

catalysis [3,4].

The tendency of this bis-anionic dye to aggregate in

solution at high concentration restricts the widespread use

of RB in solution, because the formation of aggregate impairs

the photochemical response [5–7]. The formation of aggre-

gates is particularly important in salt solution; in fact, it is well

known that the maximum concentration at which RB can be

considered as monomer significantly decrease upon the

addition of salt. A strategy to prevent the dye self aggregation

can be its introduction in solution of cyclodextrins, cyclic

oligosaccharides which have the ability to include molecules

of organic compounds into their cavity. As previously
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evidenced [8,9], these macrocycles, interacting selectively

with monomer RB, can shift the equilibrium monomer-

aggregates towards the formation of the monomeric form;

the result is an increase of the dye efficiency also produced by

the protective action of CD against possible photooxidation

processes of the dye.

In this note, the results of a study on the aggregation and

electrochemical properties of RB in LiClO4 0.1 M solution

in presence of some cyclodestrines having cavities of

different size are reported.
2. Experimental

a-Cyclodextrin (a-CD), hydroxypropyl-h-cyclodextrin
(HP-h-CD) DS = 5.6, hydroxypropyl-g-cyclodextrin (HP-

g-CD) DS = 4.8 were purchased from ALDRICH. RPE

ACS D(+)-glucose, Rose Bengal (RB) and LiClO4 were

purchased from Carlo Erba and Fluka, respectively. All

chemicals were used as received. A solution of LiClO4

0.1 M was prepared with doubly distilled water and used as

solvent in the preparation of the RB stock solutions.

Visible absorption and circular dichroism were recorded

using a Varian CARY/3 spectrophotometer and a JASCO

J810 spectropolarimeter, respectively.

Electrochemical experiments were performed in a stan-

dard three electrode cells using as working electrode a MFE
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(Mercury Film Electrode). Voltammograms were recorded

by using the AUTOLAB PGSTAT10 potentiostat interfaced

with a personal computer.
Fig. 1. Experimental wavelengths of the absorptionmaximum, in the spectral

range 450–600 nm, of RB 1.9 10� 5 M as a function of the concentration (g/

ml) of (� ) D-(+)-glucose, (E) a-CD, (.) HP-h-CD and (x) HP-g-CD.
3. Results and discussion

The absorption spectra in the range between 450 and 600

nm of RB in water is characterised by a maximum at 548.10

nm and a shoulder at about 510 nm whose relative intensity

is usually used as a measure of the aggregation of RB in

solution [5,10]. The presence of LiClO4 0.1 M in solution

produces a shift of the bands of about 0.5 nm and alters the

relative intensity of the shoulder to the peak evidencing the

presence of a greater amount of dimer compared to water in

agreement with other studies on RB in salt solutions [7,11].

The addition of CD to water and to aqueous solution of

LiClO4 causes a batochromic shift of the RB spectra similar

to that obtained in solvent less polar than water [10],

suggesting the formation of inclusion complexes between

RB and CDs; in fact the observed shift may be the result of

changes in the polarity of the chromophore environment

produced by its transfer from the polar aqueous media to the

apolar cyclodextrin cavity [12]. Furthermore, it is also

important to note that the kmax shift may also be caused

by the changes in the solvent properties produced by the

addition of CDs and/or by the presence of interactions

between RB and CDs different from those involved in the

formation of inclusion complexes [13]. In order to discrim-

inate between the formation of inclusion complexes and

different effects, we performed the same set of experiments

substituting the CDs by comparable amounts of D-(+)-

glucose. The wavelengths corresponding to the maximum

absorbance of RB in LiClO4 0.1 M aqueous solutions of

different CDs and D-(+)-glucose as a function of CD and of

D-(+)-glucose concentration expressed as grams of saccha-

ride dissolved in 1 ml of solution are reported in Fig. 1.

These data show that the addition of increasing amounts of

both glucose and CD gives rise to an increase of the red shift

and that the entity of the shift depends on the nature of the

saccharide. In particular, the glucose produces only a small

red shift which is slightly lower than that observed in

presence of a-CDs and much lower than that observed in

presence of the HP-CDs. These results indicate that, in the

case of the a-CD, the observed spectral modifications of RB

are mainly due to effects similar to those produced by

glucose and therefore not associated to the formation of

inclusion complexes in agreement with the results of a study

on the interaction between a-CD and RB in water [13]. On

the contrary, in the case of HP-CDs, the observed kmax shift

is mainly caused by the formation of inclusion complexes

having a higher stability. Evidences of the formation of

inclusion complexes between RB and HP-h-CD and HP-g-

CD were also obtained in water [14].

In addition we have also observed that the relative

intensity of the shoulder to the peak of RB does not change
in the presence of different amounts of glucose or a-CD

while it decreases at increasing of HP-CDs concentration

(data not shown). This result can be considered a proof of

the inclusion of RB in HP-CDs. In fact, due to the molecular

dimensions, CD are able to include only RB monomer,

therefore, the formation of complexes, promoted by an

increase of the CD concentration, is expected to give rise

to a shift of the equilibrium monomer/aggregate of RB

towards the monomeric form.

The comparison between the dependence of kmax on HP-

h-CD and HP-g-CD molarity in water [14] and in LiClO4

0.1 M aqueous solution points out that, in general, inclusion

complexes formed between RB and HP-g-CD are charac-

terised by an higher stability constant than those formed

with HP-h-CD and that the presence of salt in solution,

differently from what was previously observed studying the

formation of inclusion complexes between CD and alcohols,

reduces the stability of the complexes [15].

Further evidence of the formation of complexes between

RB and HP-CDs is also given by the Induced Circular

Dichroism spectra reported in Fig. 2. The interaction between

the chiral environment provided by CDs and the achiral

molecule of RB gives rise an induced circular dichroism

signal whose intensity increases at increasing of the value of

the binding constant [16]. Therefore, the different intensity of

the induced circular dichroism spectra of Fig. 2 indicates that

the complexes formed in water are more stable than those

formed in salt solution. Furthermore, the opposite sign of the

induced circular dichroism signals obtained in the presence of

the two HP-CD having different size suggests a different

orientation of the electric transition moment of RB with

respect to the axis of the cavity of the two HP-CDs [17].

A further confirmation of the inclusion complex formation

was obtained by using Cyclic Voltammetry, an analytical

technique completely independent. The voltammograms

recorded for a 2� 10� 4 M RB solution containing different



Fig. 2. Induced circular dichroism spectra of RB (1.9 10� 5 M) in water (– )

and in aqueous solution of LiClO4 0.1 M (—) containing HP-h-CD 0.034

M (top) and HP-g-CD 0.031 M (bottom).
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CDs are shown in Fig. 3, compared with the simple

aqueous solution. The solutions containing the included

RB yield the same electrochemical characteristics of the
Fig. 3. Cyclic Voltammograms of a RB (2� 10� 4 M) solution in aqueous 0.1 M

0.034 M HP-h-CD, (-��-��-) 0.029 M HP-g-CD. Inset: Current intensity of peak II v

HP-h-CD, (j) HP-g-CD.
free aqueous RB, presenting two reduction peaks due to the

furan and pyrone rings [18]. It is necessary to point out that

the RB electrochemistry is particularly complicated because

it involves not well-known irreversible chemical reactions

following the electron transfer [18–21]. The two reduction

peaks (I and II) present in the voltammograms are affected

by the presence of ciclodextrine. In particular, it is possible

to note that the presence of h-HP-CD and g-HP-CD

determines a shift of the peak II potential toward positive

potential (from � 0.984 to � 0.946 V for h-HP-CD and to

� 0.945 V g-HP-CD) with a contemporarily peak current

decrease. Whereas the a-CD presence does not alter the

electrochemical behaviour of the dye. Further, it is possible

to note that the reduction is strongly influenced by adsorp-

tion phenomena as it is evidenced by linear dependence of

the wave II peak current in function of the scan rate (inset

of Fig. 3) [22]. The current intensity decrease of the CD-RB

solution, with respect to the free RB, can be ascribed to the

minor exposure of the RB molecule to the electrode surface

due to the CD-RB inclusion complex formation. As widely

shown in the literature [23,24], changes in the peak position

and intensity are indicative of the inclusion complex

formation.
4. Conclusions

The result of this study indicates that HP-h and g-CDs

are able to include RB in water and in salt solution. In
LiClO4 containing different CDs: (—) water, (- - - -) 0.052 M a-CD, (������)
s. scan rate of RB solution with the different CDs: (.) water, (o) a-CD, (z)
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particular, it was observed that, although the salt presence

reduces the stability of the complexes, the inclusion in CDs

shifts the RB monomer-aggregate equilibrium towards the

RB monomer.
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