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Sulfide is an inorganic anion used in a large number of
applications by humans, for instance, conversion into sulfur and
sulfuric acid, dyes and cosmetic manufacturing, production of wood
pulp, etc.1 As a consequence of this, the sulfide anion can be found
in water not only due to industrial processes but also due to
microbial reduction of sulfate by anaerobic bacteria or formed from
the sulfur-containing amino acids in meat proteins. Although the
disagreeable “rotten eggs” smell is well known, there are important
reasons for developing a means to detect this anion, principally
due to its high toxicity in human body. It can irritate mucous
membranes and even cause unconsciousness and respiratory
paralysis.1,2 Therefore, the design of new and improved methods
for detection and sensing of sulfide anion can be of interest.

There has been recent attention in the development of a new
generation of chromogenic-sensing molecules which have the
advantage of showing easily observable color changes in the
presence of target guests.3 In this respect, anion detection by using
chromogenic reagents is an area of emerging interest within the
field of anion chemistry. There are not too many examples of
chromogenic reagents for anion detection, and many of them are
reported to work only in organic solvents. In this sense, the search
for selective anion-sensing systems effective in aqueous environ-
ments is still a challenge.4 The most common approach to
colorimetric sensors is provided by linking a chromophore with a
receptor unit by means of a covalent bond.5 As an alternative to
those chemosensors two main approaches have been reported. One
is the use of competition assays between a dye bonded to a receptor
and a certain anion.6 When receptor and dye are carefully chosen,
selective sensing even in water can be achieved. The other approach
is related to the use of new molecular systems that undergo guest-
induced chemical reactions coupled to suitable colorimetric events.
Those molecules are usually called chemodosimeters or chromoge-
nic reagents.7 Such specific reactions have advantages such as the
high selectivity usually reached and its accumulative effect. As a
further advance in the field of chromogenic reagents, in this
communication, we report a new design for the colorimetric and
selective detection of the sulfide anion.

The design is based on the use of 2,4,6-triphenylpyrylium
derivatives8 and on the well-known reactivity of the pyrylium cycle.
Thus, it has been reported that pyrylium salts can be easily
transformed into the parent thiopyrilium derivatives as is shown in
Scheme 1.9 Nevertheless, the conversion from pyrylium to thiopy-
rilum has never attracted attention as a potential colorimetric
reaction because most of the triarylpyrylium derivatives are yellow
as are also the thiopyrylium analogues. However, we envisioned
that a similar reactive motif could be used with the family of 2,4,6-
triaryl-pyrylium cations bearing an amine in the para position of
the 4-aryl group (see Scheme 2, compound L1). In this case, the
presence of the pyrylium-aniline backbone results in the appear-

ance of a characteristic charge-transfer band due to the presence
of the donor aniline group and the pyrylium acceptor moiety.

In fact, the presence of the amino group causes L1 to be magenta
(λmax ) 540 nm;ε ca. 3× 104 Lmol-1 cm-1) in contrast to the
2,4,6-triphenylpyrylium cation which shows the lowest-energy
absorption band at 405 nm.10 We considered that by transforming
the acceptor group in L1 from pyrylium to thiopyrylium, the charge-
transfer band would also change. This was confirmed by synthesiz-
ing11 the derivativeIII that shows a red shift in the charge-transfer
band (λmax ) 580 nm for III ) with respect to that of L1.
Transformation of L1 to the parent thiopyryliumIII compound can
take place even in mixtures containing a quite high percentage of
water. Therefore, we envisioned that this color change associated
with the reaction in Scheme 2 could potentially be applicable to
the development of selective chromo-chemodosimeters for sulfide
anion detection in aqueous environments.

The pyrylium-thiopyrylium transformation takes place in two
steps. It is known that pyrylium ring can undergo nucleophilic
addition to the C1 carbon. For instance, OH- attack results in the
formation ofI . In a similar manner, reaction with hydrogen sulfide
results in the formation ofII . When acid is added to basic solutions

Scheme 1. Transformation of Pyrilium to Thiopyrylium

Scheme 2. Reactivity of L1 with Nucleophiles Such as OH- and
SH-
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of I , cyclization occurs, and L1 is obtained. In contrast acid addition
to II results in the formation of the thiopyrylium cationIII . These
processes are depicted in Scheme 2.

In a typical experiment solutions of L1 ([L1] ) 5 × 10-5 mol
dm-3) in water:acetonitrile (1:1 v/v) buffered at pH 9 (TRIS 0.01
mol dm-3) were mixed with 30 equiv of different anions such as
fluoride, chloride, bromide, iodide, acetate, benzoate, sulfide,
phosphate, sulfate, nitrate, and cyanide. After 2 min of reaction,
30µL of H2SO4 (30%) was added to induce cyclization (see Scheme
2). As it can be seen in Figure 1, only the sulfide anion gave a
color change from magenta to blue.

The blue band increased with the concentration of sulfide anion.
Figure 2 shows a plot of the logarithm of the absorbance versus
sulfide anion concentration following the method described above.
Preliminary competitive assays revealed that the anions ATP,
oxalate, and sulfate (which previously have been reported to give
interactions with theI -L1 system) were interfering species in the
determination of sulfide following the method outlined above (see
Supporting Information). Among other species tested it was found
that cyanide also produced ring opening. In a similar manner the
presence of primary aliphatic amines transformed the pyrylium ring
into a pyridinium one.12 When present, all those species induced a
less effective transformation from magenta to blue in solutions
containing the sulfide anion. However, the combination of ring
opening and cyclization to give thiopyrylium (blue color) from
pyrylium (magenta) was only observed in the presence of sulfide,
making the reaction and color change highly specific and suggesting
that even in the presence of some interfering species the chro-
mogenic reaction could be used for the qualitative determination
of the sulfide anion in water.

In summary, a new colorimetric probe for sulfide anion deter-
mination in aqueous environments has been developed. The design
concept is based on the use of a pyrylium-thiopyrilium transforma-
tion. The molecule L1 shows a charge-transfer band due to the
presence of the aniline-pyrylium backbone that selectively changes
in color in the presence of sulfide anion when transformation to
aniline-thiopyrylium is achieved. The simplicity of the analysis
and low cost of the starting materials suggests that this new method
may find application in a variety of different environments where
easy and rapid determination of sulfide anion might be required.
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Figure 1. Color changes on solution of L1 (see text, [L1] ) 5 × 10-5 mol
dm-3) in water:acetonitrile, 1:1 v/v, in the presence of certain anions at pH
9 and further addition of 30µL of H2SO4 (30%). From left to right; no
anion, fluoride, chloride, bromide, iodide, acetate, benzoate, sulfide,
phosphate, sulfate, nitrate, and cyanide.

Figure 2. Logarithm of the absorbance at 610 nm versus sulfide
concentration in water:acetonitrile, 1:1 v/v, at pH 9 (TRIS 0.01 M). [L1] )
2.5 × 10-5 mol dm-3) after addition of 30µL of H2SO4 (30%).
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