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ABSTRACT

The synthesis and photophysical properties of a novel fluorescent sensor are described. The phosphorus-selenium moiety allowed a selective
mercury salt complexation, followed by the formation of phosphane oxide, which leads to a turn-on of the fluorescence. The sensibility and
selectivity toward mercury cations were evaluated (0.18 ppb) and found to be in complete adequation with the targeted level of the World Health
Organization, which makes the dye an efficient dosimeter for mercury cations.

Heavymetal ions such asmercury represent highly toxic
pollutants to the environment and are extremely danger-
ous for human health.1 A wide variety of symptoms
including digestive, cardiac, kidney, and especially neuro-
logical diseases result from a series of biological effects.1,2

Thus, the level of this detrimental ion is the object of
several official norms; the World Health Organization
established in 2004 a guideline for drinking water quality
which included a mercury maximal value of 1 μg 3L

-1.3

Whereas a wide set of analytical methods including induc-
tively coupled plasma spectroscopy, atomic absorption,
atomic emission, and electrochemical detection have been

developed, the development of new, inexpensive, and real-
time monitoring methods for the detection of Hg2þ still
instigates interest. In this context, optical methods based
on chromogenic and fluorogenic molecular chemosen-
sors have attracted ever increasing attention.4 The chalco-
genophilicity ofmercury5 has been extensively exploited by
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synthetic chemists to design “OFF-ON” fluorescent
chemodosimeters.6,7 Considering the stability of HgSe
and some naturally occurring detoxification systems based
on selenium,8 we hypothesized that selenide phosphane
would be a suitable template for the capture of mercury
cations. In linewith our recent investigations regarding the
use of phosphane oxides and phosphane sulfides bearing
polyphenylethynyl fluorophores as highly selective and
sensitive sensors,9 we therefore engaged in a study of
phosphane selenide as potential candidates for the detec-
tion ofmercury ions. In this paper, we report the synthesis,
the spectroscopic properties, and a thorough investigation
of cation-induced photophysical changes of a new fluor-
escent dosimeter.
In order to make a comparison between phosphane

oxide and phosphane selenide push-pull fluorescent sen-
sors, we engaged in the synthesis of the polar phosphorus
derivatives 1 and 2. The corresponding phosphane oxide
derivative 2wasusedas a comparison for the spectroscopic
measurements (Scheme 1).

The preparation of 1-2 was realized according to pre-
viousmethodologies.9 Reaction of theGrignard derivative
of 4-bromotrimethylsilylphenylacetylene 3 with PCl3 af-
forded the corresponding triarylphosphane (Scheme 2).
Treatment with an equimolar amount of selenium gave the
corresponding phosphine selenide 4 in 44% yield over two
steps. Desilylation was accomplished using K2CO3 in a
CH3OH/CH2Cl2 (2:1) solvent mixture to give phosphane

selenide 5 in 95% yield. Sonogashira coupling10 between 5

and the aryl iodide 611 was performed in the presence of
15 mol % of PdCl2(PPh3)2 and 30 mol % CuI in the pres-

ence of diisopropylamine in toluene at room temperature

and led to the phosphane selenide 1 in 44% isolated yield.

The phosphane oxide analogue 2 was prepared starting

from known compound 79 according to the same cross-

coupling methodology and was isolated in 67% yield.

The absorption and fluorescence spectra of the phos-
phane selenide 1 and oxide 2 ligands are shown in Figure 1,
and their photophysical characteristics are summarized in
Table 1. The fluorophore 1 shows an intense absorption
band in the near-UV region, and the absorptionmaximum
of 1 is blue-shifted by comparison of the phosphane oxide

Scheme 1. Fluorescent Phosphane Selenide Chemodosimeter 1
and Phosphane Oxide 2

Scheme 2. Synthesis of Phosphane Selenide 1 and Oxide 2

Figure 1. Absorption spectra and corrected normalized emission
spectra of phosphane selenide 1 and phosphane oxide 2 in
CH3CN/H2O 80:20 at pH = 7 (MES-NaOH buffer, 50 mM).
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derivative 2 which means that the electron-withdrawing
character of the phosphane is reduced in the case of 1. A
significant difference of the fluorescence quantum yield
between 1 and 2 was observed, 0.002 for 1 versus 0.2 for 2.

Upon addition of mercury salt to a solution of 1 in
CH3CN/H2O 80:20 at pH= 7 (MES-NaOH,12 50 mM) a
100-fold enhancement of the fluorescence is observed as
displayed in Figure 2. The inset of Figure 2 illustrates the
increase of the fluorescence upon addition of Hg2þ. Such
an effect can be explained by a mercury-induced irrever-
sible deselenization reaction (Scheme 3), which leads to the
formation of the fluorescent phosphane oxide derivative
(ΦF = 0.2). The proposed mechanism is in full agreement
with various spectroscopic and analytical data such as 31P
NMR spectra and HRMS data. To further probe the
chemical transformation of phosphane selenide to oxide,
we prepared the known triphenylphosphane selenide 3

13

and submitted this derivative to mercury salt. As antici-
pated we easily detected by 31P NMR spectroscopy the
formation of phosphane oxide 4. The reaction of phos-
phane selenide 3 in the presence of 1.2 equiv of mercury

perchlorate in an acetonitrile/water mixture at pH = 7
afforded the corresponding oxide in 4 h in 99% yield
(Scheme 3).
After optimizationof the conditions, the evolutionof the

fluorescence upon addition of increasing quantities of
Hg2þ is displayed in Figure 3.

The variation of the fluorescence intensity versus the
mercury complexation is shown in the inset of figure 3. A
linear responseof the fluorescence intensity as a functionof
mercury concentration was observed from 0 to 0.8 μM.
The detection limit calculated as three times the standard
deviation of the background/noise ratio was found to be
0.9 nM (0.18 ppb) which to the best of our knowledge
corresponds with one of the lowest reported sensitive
systems for the detection of mercury.4d,14

Table 1. Photophysical Properties of Phosphane Selenide 1 and
Oxide 2 Derivatives in CH3CN/H2O 80:20a

product

λabs/
nm

ε/
104 M-1 cm-1

λem/
nm ΦF

b

1 319 13.5 405 2 � 10-3

2 326 8.0 406 0.20

aMaxima of the absorption λabs (nm) and of steady-state emission
λem (nm), molar absorption coefficient ε (104 M-1 cm-1), and fluores-
cence quantum yield ΦF.

bWith 10% error.

Figure 2. Time evolution of the fluorescence of 1 alone and after
addition of 1 equiv of mercury under the same conditions ([1] =
0.74 μM CH3CN/H2O 80:20, 40 �C, pH = 7, λexc = 330 nm).

Scheme 3. Deselenation Reaction Proposed Mechanism of 1
with Hg2þ

Figure 3. Corrected emission spectra of 1 (3.2 μM) in the pre-
sence of increasing concentration of Hg2þ in CH3CN/H2O
80:20 at pH = 7 at 40 �C after 20 min of equilibrium time.
λexc = 330 nm. Inset: Calibration curve as a function of
mercury concentration.
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Having in hand a highly sensitive derivative, we exam-
ined the selectivity of 1 for Hg2þ with respect to other
cations such as Kþ, Naþ Ca2þ, Liþ, Mg2þ, Zn2þ, Pb2þ,
and Cd2þ. As shown in Figure 4, no significant changes of
the fluorescence is observed upon addition of interfering

cations at much higher concentrations. The selectivity
diagram displayed in Figure 4 shows that the addition of
interfering cation does not alter the fluorescence response
of 1.
In conclusion, we have synthesized and characterized a

simple and efficient mercury dosimeter. The phosphorus-

selenidemoiety incorporated in a push-pull chromophore

was found to be a selective complexation template for

mercury salt. We showed that the complexation was

accompanied by the chemical transformation of phos-

phane selenide to phosphane oxide, which leads to a

turn-on of the fluorescence. The sensibility and selectivity

towardmercurywere evaluated (0.18 ppb) and found to be

in complete adequation with the targeted level of the

World Health Organization.
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Figure 4. (Dark gray) Fluorescence intensity at 406 nm of 1
(1 μM) toward interfering metal ions (10-3 mol 3L

-1 for Pb2þ,
Cd2þ, Liþ, Mg2þ, Ca2þ, Zn2þ, Co2þ, Mn2þ; 10-4 mol 3L

-1 for
Naþ, Kþ). (Light gray) Response toward interfering ions (same
concentration as that for part a) plus mercury (1 μM) (λexc =
330 nm). Spectra were acquired in CH3CN/H2O 80:20 at pH=
7 at 40 �C in MES buffer.


