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Abstract Aluminum chloride addition results in a self-
organized TURN-ON fluorescence of 3-hydroxyflavone
(3HF) by a complexation reaction in MeOH and subse-
quent ligand exchange reaction with fluoride or acetate ions
causes a fluorescence TURN-OFF of this complex, deliv-
ering a quantitative estimation route for fluoride and ac-
etate ions. The ternary complex of 3HF with Al (III), a hard
acid provides for a sensitive signalling system for fluoride
ion, a hard base in the concentration range from 6 µM to
50 mM by a concerted co-ordination of fluoride ion involv-
ing an intermediate mechanistic pathway, while the complex
is sensitive to acetate addition between 0–68 µM. The lig-
and exchange reaction of Al (3HF)2 complex by fluoride
or acetate ion, without interference from other common an-
ions, has been investigated by UV-visible and fluorescence
spetroscopies. The structure of the in-situ intermediate iso-
lated at higher Al (3HF)2 complex and acetate concentrations
was inferred from the FT-IR spectrum and ESI-MS of the
sample.

Keywords 3-hydroxyflavone . AlCl3 . Complexation .

Ligand exchange . Fluoride . Acetate

Introduction

The design and development of sensors for important
species, ions in environmental [1] and biological processes
[2] is important [3] due to its vital health implications [4] and
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hence is a frontier area of research in the field of supramolec-
ular host-guest complexation chemistry. Currently available
methods for anion detection include electrochemical (ion
selective electrodes) [5, 6], chromatography [7] and chro-
mogenic sensing systems [8, 9] involving spectrophotom-
etry [10, 11]. Chromogenic sensors for anions consist of
two parts: anion receptors and chromophores [12]. The dif-
ferent types of chromogenic anion sensors are classified
based on their non-covalent interactions as, electrostatic
[13], NH-based hydrogen bonding [14–16], Lewis acid [3,
4, 17, 18] and combinations of these interactions working
together [1]. Of these wide array of available synthetic flu-
orescent sensors [1, 19, 20], few systems are capable of
ion pair binding [21, 22]. While the organometallic metal-
lacrown complex [23] acts as receptor for lithium fluoride,
cryptands [24] have been used as ditopic fluorescent sen-
sors for potassium fluoride. In contrast the self-organised
systems directed by the displacement assay approach [25],
provide for a simple analytical detection. The latest work
here, involves the detection of anions [26] and metal
ions [27] with the design of alizarin-phenylboronic acid
ensembles.

An alternative approach designed by us, is a self-
organized, one-pot, in-situ complexation reaction of AlCl3
with 3-hydroxyflavone (3HF) in MeOH that provides for a
fluoride and acetate ion sensor through a ligand exchange re-
action. 3HF, a flavonoid compound plays an important role
as an antioxidant and metal ion chelator [28]. The chelat-
ing pattern and power of the 3-hydroxy-4-keto functional
group in 3HF has been well studied and characterized with
Al(III), Fe(III), Pb(II) and Zn(II) [29–32] involving high sta-
bility constants, resulting in stable in-situ metal complexes.
Consequently, 3HF has been used as a biological and phar-
maceutical agent [33] by its ability to act as free radical
acceptor and regulate the bioavailability and toxicity of a
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variety of metals. Our novelty lies in the extension of this
cation binding ability of flavonoids resulting in complexes
to sense fluoride and acetate ions in MeOH medium, as no
report on the use of this in-situ, 3HF-aluminum complex
for anion sensing, has appeared so far. This communication
deals with the absorption and fluorescence TURN-OFF of
the 3HF-aluminum complex by fluoride and acetate ions in
MeOH. The concept and data presented provide an insight
for the design of novel self-organized, one-pot molecular
sensors and brings to light a new field of fluoride and acetate
sensors that are still unexplored.

3HF molecule forms an Al (3HF)2 complex in pure
methanol as confirmed by spectrophotometric and quan-
tum semi-empirical AM1 methods [29]. Conceivably, this
Lewis acid-base complexation reaction triggered a fluores-
cence TURN-ON of 3HF. The high affinity of hard Lewis
acid, Al(III) to hard Lewis base, fluoride [34–36] (or acetate
ion) and the fluorescence characteristics of Al (3HF)2 com-
plex have been successfully utilized for fluoride and acetate
detection by a fluorescence TURN-OFF ligand exchange
reaction.

Experimental

Materials

All chemicals were purchased from Sigma. 3HF was re-
crystallized three times from MeOH. AlCl3, NaF, NaOAc
and spectroscopic grade MeOH were used without further
purification. All the other reagents and solvents used in this
study were of guaranteed reagent grade.

Methods

In 10 ml standard flasks, 1 ml of 40 mM 3HF and 0.5 ml
of 40 mM AlCl3 solution were equilibrated for 1 h to en-
sure complete complexation followed by addition of various
F− (or OAc−) µM concentrations and made up to the mark
with MeOH. After further equilibration of each solution for
1 h at room temperature (25◦C) the electronic and fluores-
cence spectra were recorded. The anion binding ability of
Al (3HF)2 was studied by means of UV-vis and fluorescence
titration experiments with MeOH as solvent.

Results and discussion

A successive increase in the fluoride ion concentration rang-
ing from 0–526 µM resulted in the decrease in absorbance
of the complex peak of the chelate at 402 nm, while the free
3HF peak at 344 nm showed an increase. With F− addition
between 0–105 µM, complex (2, Scheme 1), is at equilib-

Scheme 1

rium with intermediate (3) in solution, at the isosbestic point
at 362 nm (I1, Fig. 1) of the absorption spectra. This is
accompanied by a simultaneous enhancement in the fluores-
cence intensity of the complex with a smooth red shift from
the emission maxima, 448 nm to 458 nm. For 158-526 µM
F−, intermediate (3), is at equilibrium with 3HF (1), at the
isosbestic point at 366 nm (I2). A corresponding decrease in
the fluorescence intensity of the intermediate with a red shift
from 458 nm to 472 nm was observed with the regeneration
of 3HF. Fluoride ion detection range from 6 µM to 50 mM
is offered by this Al (3HF)2 complex and the intermediate
system by a concerted co-ordination of the fluoride ion [3]
having a high affinity to Al(III) [34–36].
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Fig. 1 (a) Change in
fluoresecence spectra
(λex = 402 nm) and (b) UV-vis
spectra for 3HF- Al(III)
complex (C) upon F addition in
MeOH at 25◦C

This unusual behavior of fluorescence enhancement
followed by subsequent decrease in fluorescence inten-
sity on fluoride addition has been explained in the
case of biaryl fluorophore [37], a fluorescent fluoride
chemosensor based on conformational restriction and its
loss, involving an intermediate complex species. Besides,
ferrocenyl-naphthalene dyad [38] yields greater fluores-
cence upon binding to fluoride, related to its excimer

emission, while for [1,8-bis(phenyluredio)naphthalene] [39],
it is due to enhanced planarity on in-plane bind-
ing. Mixed-ligand complexes of intense fluorescence are
formed by Tris(2-methyl-8-quinolinolato)aluminium [40]
on binding to HSO4

−. Based on the details available
from this literature and from our extended experimen-
tal study, Scheme 1 was adopted as the reaction mecha-
nism.

Fig. 2 (a) Change in
fluoresecence spectra
(λex = 402 nm) and (b) UV-vis
spectra for 3HF- Al(III)
complex (C) upon OAc addition
in MeOH at 25◦C
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In case of acetate ion addition between 0–68 µM, complex
(2), is at equilibrium with intermediate (4) in solution, at the
isosbestic point at 360 nm (I, Fig. 2) of the absorption spectra.
A corresponding increase in the fluorescence intensity of the
complex for 0–34 µM OAc− is followed by a subsequent
decrease for 34–68 µM OAc− with a continuous red shift
from 448 nm to 456 nm. Any further addition of OAc−, going
up to 0.1 M, does not cause a decrease in absorbance of the
intermediate peak at 400 nm and induces only a nominal
change in fluorescence intensity, similar to the derivative of
anthracene carbamate [41], that acts as an acetate sensor. This
is a strong indication about the stability of the intermediate
(4) and a measure to judge the Al(III) affinity and complexing
ability of F− and oxygen of OAc−. For, at 526 µM F−, we
have the complete regeneration of 3HF as compared to the
presence of intermediate (4), up to 0.1 M OAc−. The in-
situ intermediate (4), was precipitated as (5) out of MeOH
solution containing, 4 mM 3HF, 2 mM AlCl3 and 7 mM
OAc−. The structure of (5) was inferred from the FT-IR
spectrum and ESI-MS of the sample.

The confirmation on the presence of acetate groups in the
precipitated intermediate (5) was arrived at from studying
the IR absorptions (νmax/cm−1) of the sample. Acetates pro-
duce IR active vibrational modes of 2935 and 2833 (CH3),
1443 (δsy-CH3) and 1594 (COO) respectively. The carboxy-
late stretching frequency for the acetate group occurs at 1560
(COO) [42] as compared to 1594 (COO) in the intermedi-
ate, a strong indicator of a unidentate acetate ligand [43].
On comparison of the IR spectrum of the intermediate with
3HF, the conclusions arrived at were, the aromatic stretch
which appears at 3069 (CH) in 3HF, occurs at 3068 (CH)
in the intermediate, confirming that the 3HF moiety is still
part of the intermediate. The 3230 (OH) of 3HF is absent in
the precipitate, as the intramolecular H-bond is broken on
chelation with Al(III) and the Al(3HF)2 complex is mainly
stabilized by the pyronium form [29]. The carbonyl stretch
at 1628 (CO) is down shifted to 1615 (CO), as in the inter-
mediate (5), 3HF is still chelated to Al(III) and the 3448 (OH
br) of the precipitate is due to the solvent of crystallization,
MeOH in this case. Further, the ESI mass spectrum of the
precipitated sample, gave a molecular ion peak at an m/z 593,
consistent with structure (5) having three solvent of crystal-
lization, methanol molecules. Subsequent and consecutive
loss of the solvent of crystallization, methanol molecules,
resulted in a peak at m/z 561 and the base peak at m/z 529
respectively.

Interference study

The sensitivity and selectivity of the Al (3HF)2 complex sig-
naling system is determined by the affinity of this system to
F− (or OAc−) in presence of competing foreign ions. Com-
mon anions like Cl−, SO4

2−, NO3
−, I− and Br− did not in-

terfere even when the concentration of the ions are increased
hundred fold as compared to that of F− (or OAc−) µM in
methanol. This selectivity [42] may be due to high charge
density of F− and OAc− as compared to that of the 3HF
moiety, which enables them to strong binding and interac-
tion with Al(III) of the Al (3HF)2 complex in pure methanol.

Conclusions

The complexation reaction between 3HF and AlCl3 yields a
2:1 stoichiometry composition of the Al (3HF)2 chelate in
MeOH. The ligand exchange reaction of this chelate with
fluoride ion, releases both the 3HF molecules with a rapid
change in the absorbance and fluorescence intensity involv-
ing an intermediate pathway, while only one 3HF moiety
is released with that of acetate ion delivering a quantitative
estimation route for F− and OAc− ions in the concentra-
tion range from 6 µM to 50 mM and between 0–68 µM
respectively.
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