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The sulfide anion is a corrosive, toxic and harmful compound found in a wide range of anoxic environments.
Metal-based complexes have been used as luminescent probes for sulfide determination. However, their
synthesis usually involves laborious procedures and the use of toxic reagents. In this paper, we describe
the synthesis, characterization and application of a new, sensitive and selective silver complex probe for
sulfide detection. The process of sulfide determination is based on rapid reaction in aqueous/methanolic
media between the silver (I) complex and sulfide leading to an increase in fluorescence intensity. Analytical
performance has been studied in the concentration range of 190 to 950 nmol L−1 of sulfide with
suitable linearity, and the limit of detection was calculated to be (3σ/S) to 20 nmol L−1. The probe's selec-
tivity to S2− was evaluated over other competing anions showing excellent results and its reversibility was
demonstrated upon addition of AgCF3SO3.
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Sulfides have been found in anoxic environments including natu-
ral water, wastewater, crude petroleum, natural gas and volcanic
gases [1]. Water containing sulfide does not usually pose a health
risk, but it can give water an unpleasant “rotten egg” smell and
taste [2]. Determination of sulfide concentration is an important pa-
rameter to guarantee drinking water quality. Controlling sulfides is
an important issue in wastewater since sulfide solutions can attack
metals, concrete and cause corrosion on pipe walls, resulting in sig-
nificant economic damage. In the human body, mercaptans are read-
ily oxidized to their respective sulfides and, consequently, sulfide can
be founded in animal halite. Animals showing signs of liver cirrhosis
produce more sulfides in their bloodstream and halite. Thus, deter-
mination of sulfide could be used as a marker of liver diseases [3].

Environmental sulfide concentration has been usually found in
concentrations of μmol L−1. For example, the recognition threshold
range which hydrogen sulfide odor can be detected by humans is
0.30–90 μmol L−1 [4]. Thus, the determination of sulfide is essential
in a variety of different human activities, but continues to present
challenges due to the complexity of samples, and the necessity to
determine low concentrations of sulfide.
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Fluorescence is an appealing technique for determination of sulfide
because of its high sensitivity and potential for selectivity. Indeed, mo-
lecular fluorescent probes can offer high sensitivity, real-time imaging,
high spatiotemporal resolution and have excellent potential as useful
tools [5–9].

Luminescent metal-based complexes have previously been
described as sulfide recognition and determination probes [10–15].
Mercury-complexing agents, such as alkaline fluorescein mercuric ace-
tate (FMA), havemainly been employed to sulfhydryl groupdetermina-
tion [10]. This well-known and sensitive reaction results in quenching
of FMA fluorescence. However, the drawback of this reaction is the
use of a toxic metal which generates residues which require expensive
disposal procedures. Zinc, ruthenium, copper and palladium have also
been used as luminescent probes, but usually involve laborious and
time-consuming synthesis, high cost, and often a low yield of the
desired product. Environmentally friendly metals with high affinity to
sulfides could be a promising alternative research path. Ag(I) ions rap-
idly react with sulfide forming a slightly water soluble compound
(Ksp = 1.48 × 10−51) [16], and has been used in several analytical
methods for sulfide determination [17] but has not been exploited
previously as a luminescent metal-based probe. Herein we describe, for
the first time, the synthesis of the new silver(I) complex bearing 1,10-
phenanthroline-5,6-[pteridine-2,4-diamine] (phenpte), and its use as a
sensitive on/off luminescent probe for sulfide determination.

The silver (I) complex was prepared by a two step route. Firstly,
ligand 1,10-phenanthroline-5,6-[pteridine-2,4-diamine] (phenpte)
was synthesized by the reaction of a 1:1 mixture of 1,10-
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Fig. 1. Synthesis scheme of 1,10-phenanthroline-5,6-[pteridine-2,4-diamine] (phenpte) and the new silver(I) complex [Ag(phenpte)]CF3SO3.
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phenanthroline-5,6-dione and 2,4,5,6-tetraminepyrimidine in
refluxing methanol for 2 h [18,19]. Subsequently, separate methanol
solutions of phenpte and AgCF3SO3 (1:1 ratio) were mixed with stir-
ring and exclusion of ambient light. After 30 min a yellow precipitate
had formed, was filtered, washed with cold methanol, chloroform,
diethyl ether, and dried in a vacuum. Elemental (C,H,N) analysis results
indicate formation of the complex [Ag(phenpte)]CF3SO3 as the product.
Spectroscopic data indicates that the phenpte ligand coordinates in two
different modes, the phenanthrolinemoiety chelates to the silver ion as
a bidentate ligand and the amino group coordinates to a different silver
ion as a monodentate ligand [21]. Fig. 1 shows the synthesis of phenpte
(I) and [Ag(phenpte)]CF3SO3 (II), and suggests a possible extended
structure of [Ag(phenpte)]CF3SO3 as a coordination polymer.

Preliminary luminescent studies of phenpte, in methanol, show
a strong emission peak centered at 492 nm when the ligand is ex-
cited at 376 nm. Upon addition of AgCF3SO3, ligand fluorescence
is strongly quenched as shown in Fig. 2. Moreover, phenpte lumi-
nescence is suppressed when an equivalent of Ag(I) is added to a
solution of phenpte, corroborating the proposed 1:1 metal–ligand
stoichiometry. Importantly the addition of metal ions such as
Pb2+, Al3+, Fe3+, Cd2+, Ni2+ and Pd2+ (1:1 ratio) had no significant
effect on phenpte fluorescence intensity. However, the addition of Cu+

and Cu2+ showed similar effects to Ag+ on phenpte luminescence
(Table 1).
Fig. 2. Effect on intensity of phenpte fluorescence upon the addition of AgCF3SO3. Concen-
tration of AgCF3SO3 solution: 0.2 mmol L−1. Volume of AgCF3SO3 added: 10, 20, 30, 40, 60
and 80 μL.
Upon addition of sulfide [20], the quenching effect (sensormode off)
of the Ag(I) cation is reduced by strong interaction between Ag(I) and
S2− (Ksp = 1.48 × 10−51 [16]), forming Ag2S and leading to the libera-
tion of the free ligand. As a result, an increase of fluorescence intensity
(sensor mode on) has been observed (see Fig. 3), and reached a plateau
in less than 2 min, after which no further increase was observed (up to
at least 2 h).

Among common potential interfering species, anions such as
NO3

−, NO2
−, SCN−, SO4

2−, Cl− and CO3
2− were evaluated and did

not increase fluorescence intensity (Table 2). Hence, excellent sul-
fide recognition has been demonstrated for this new silver
(I) complex.

Reversibility is a fundamental issue in probe design. The reversibility
of the [Ag(phenpte)]CF3SO3 probe inmethanolic solutionwas evaluated
by adding a further equivalent of AgCF3SO3, in methanol solution, fol-
lowing previous reaction between [Ag(phenpte)]CF3SO3 and sulfide.
The fluorescence signal shows a reversible cycle upon alternating
addition of sulfide and Ag(I) ions. Fig. 4 shows that fluorescence
intensity versus time (seconds) demonstrates the return of
the fluorescence signal to original values upon the addition of
AgCF3SO3, confirming the ability to rejuvenate the probe complex,
[Ag(phenpte)]CF3SO3.

Furthermore, an analytical curve of fluorescence intensity (λexc =
376 nm, λem = 492 nm) versus sulfide concentration has been
established for quantitative data evaluation. For each concentration,
measurements were performed in triplicate over a range of 0.19 to
0.95 μmol L−1. The curve linearity was evaluated over the same concen-
tration range, with a linearity factor of r N 0.99. The probe's limit of de-
tection (LD) has been determined as 0.02 μmol L−1. Repeatability was
evaluated by measuring the fluorescence intensity of ten repeat addi-
tions of 0.50 μmol L−1 of sulfide, achieving excellent results (4% R.S.D).

In conclusion, a new on/off luminescent probe has been
developed for sulfide determination. The new probe is based on a
Table 1
Effect of addition of one equivalent of metal cations
on phenpte fluorescence intensity comparing to
Ag+ (factor of 1.00).

Metal Effect factor

Ag+ 1.00
Al3+ 0.02
Cd2+ 0.04
Fe3+ 0.02
Ni2+ 0.02
Pb2+ 0.02
Cu+ 0.70
Cu2+ 0.90

Image of Fig. 1
Image of Fig. 2


Fig. 3. Luminescence response mechanism of [Ag(phenpte)]CF3SO3 towards H2S.

Table 2
Effect of interfering ions upon sulfide determination. In each instance a ratio of 100:1 of
interferent sulfide was used.

Interferent [ion]/[sulfide] Interference

NO3
− 100 −1.7%

NO2
− 100 −2.7%

SCN− 100 −3.6%
SO4

2− 100 −1.9%
Cl− 100 3.6%
CO3

2− 100 1.4%
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silver complex synthesized by mixing a luminescent dye (1,10-
phenanthroline-5,6-[pteridine-2,4-diamine]) and AgCF3SO3. The
probe fluorescence intensity increases proportionally upon sulfide
addition. Analytical performance of the probe shows excellent re-
sults competitive with other probes in the literature [10,13,19].
Moreover, the use of a non-toxic metal, ease of preparation and
reversibility of the probe represent a valuable contribution in
Fig. 4. Test for sensing capabilities of [Ag(phenpte)]CF3SO3 complex. Variation of the fluo-
rescence signal intensity at 492 nm, alternating additions of sulfide ions (signal intensity
increases) andAg+ ions (signal intensity decreases). Experimental conditions: Concentra-
tion and volume of the complex solution: 0.1 mmol L−1 and 3.0 mL; concentration and
volume of sulfide solution added: 10 μmol L−1 and 10 μL; concentration and volume of
AgCF3SO3 added: 0.2 mmol L−1 and 15 μL.
the development of metal-based luminescent probes for sulfide
determination.
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