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Abstract A novel iminocoumarin precursor L was designed
and well characterized. Sensor L showed high selectivity to-
ward Pd*" in aqueous solution (CH;CN:H,O, v/v, 1:1) with a
detection limit is 2.1 x 10~’M. Iminocoumarin was formed
when added Pd*" to the solution of L by removing the

propargylic group.

Keywords Colorimetric sensor - Fluorescent sensor -
Palladium detection

Introduction

Palladium plays a vital role due to its extensive use in
many catalytic reaction and industrial applications [1].
However, Palladium compounds are hazardous to the
environment and human health because palladium ions
can bind to thiol-containing amino acids, proteins (ca-
sein, silk fibroin and many enzymes), DNA or other
macromolecules (vitamin B6), it can cause severe pri-
mary skin and eye irritations [2]. Governmental restric-
tions on the levels of residual heavy metals in end
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products are very strict. Typical contamination levels
of palladium remaining in the drugs range from 5 to
100 ppm [3]. Therefore, the development of efficient
methods for the detection of palladium in the environ-
ment is a very important issue. The traditional methods
used for quantification of palladium species are atomic
absorption spectrometry (AAS), inductively
coupledplasma atomic emission spectrometry (ICP-
AES), X-ray fluorescence. However these methods re-
quire complicated sample preparation steps, rigorous
experimental conditions, sophisticated instrumentation,
and well-trained individuals.

In contrast, fluorescent methods have high sensitivity,
good selectivity, short response time, real-time monitor-
ing [4, 5]. As a strong fluorescence quencher, Pd*"
could be detected by fluorescent ligands through fluo-
rescence quenching. Many works have done for the ex-
ploring highly sensitive and selective fluorescent sensors
for the Pd*" ions detection [6-13]. As a work search
high selective and sensitive fluorescent sensor for mon-
itor Pd*" in aqueous environment, a rhodamine deriva-
tive for Pd*" detection was reported by our group [14].
Here we reported that we have developed a novel pre-
cursor of iminocoumarin with a propargyl group, which
can be used as a colorimetric sensor for the detection
Pd*" in aqueous solutions.

Experimental

All reagents used were purchased from commercial sup-
pliers and used without further purification. The solu-
tions of metal ions were performed from their nitrate
and chloride salts and the stock solution of L was pre-
pared in DMSO. Double-distilled water was used
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Scheme 1 The synthesis route for L

throughout the experiments. 'H NMR and '*C NMR
measurements were performed with a Bruker Avance
300 (300 MHz) spectrometer with TMS as an internal
standard and CDCl; as solvent. MS measurements were
carried out on LC-Mass Spectrometer instrument
(Bruker).Fluorescence spectra were measured on a
Hitachi F-4500 with quartz cuvette (path length = 1 cm).
The absorption spectra measurements were observed by a
UV-6100s UV/Vis spectrometer (Mapada, China).

The fluorescent sensor L was designed and synthe-
sized in one step as shown in Scheme 1. To a solution
of compound | (2.55 g, 10 mmol) in anhydrous etha-
nol (30 mL) was added 2-Benzothiazoleacetonitrile
(1.74 g, 10 mmol). The solution was refluxed for
5 h. After cooling, most solvent was removed under
reduced pressure. The crude product was purified by
recrystallization from ethanol to give 2.51 g pink solid
in 54.8 % yield.

'"H-NMR: 8.36 (2H, s), 8.10 (1H, s), 8.03 (1H,d,
J=39Hz), 7.83 (1H, d, ] = 3.9Hz), 7.46 (1H, t, J = 3.6Hz),
7.34 (1H,t,J=3.6Hz),4.57 (1H, s), 3.31 (4H, 5), 2.79 (4H, 5),
2.56 (1H, s), 1.96 (4H, s). ">’CNMR: 165.1154.6153.1, 152.4,
148.9, 145.0, 142.8, 133.0, 127.9, 127.5, 124.6, 123.3, 123.1,
117.9, 113.5, 108.1, 105.8, 98.4, 79.6, 74.8, 65.1,61.4, 49.9,
49.6,44.4,27.3,21.8,21.2,12.7.

HR-MS (ESI) :412.1452.
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Fig. 1 UV-Vis changes of L (10 uM) in the present of various metal ions

in CH;CN-H,0. Inset: the color change of L in the present of Pd>*
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Fig. 2 UV-Vis changes of L (10 pM) with 5 equiv. of Pd*" in CH;CN-
H,O

Results and Discussion

The selectivity of sensor L were first investigated by
adding various metal ions (Pd**, Fe’*, Ag®, Pb*",
Cd**, Co*", Hg*", Cu*", Ni*'and Zn*") to the aqueous
solution (CH3CN/H,0, 1:1, v/v) of sensor L. Free sen-
sor L showed an absorption at 487 nm in CH3CN:H,O
solution, however, when 5 equiv. of Pd*" was added,
the absorption maximum has about a 36 nm red-shift
and the intensity of the maximum exhibited a decrease
(Fig. 1). Upon addition of other metal ions (Cd**, Cu®",
Hg2+, Mg2+, Ni**, Pb*", Fe*', Zn®" and Ag"), no sig-
nificant color or spectral changes were observed, there-
fore, sensor L can be considered as an effective color-
imetric probe for Pd**. Thus, naked-eye detection of
Pd** becomes possible.
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Fig. 3 linear correlation between the relative absorption intensity at
540 nm and Pd*" concentration



J Fluoresc (2015) 25:1165-1168

1167

0.40 —
035 —
0.30 —
0.25 —
0.20 —

0.15

Absorbance(a.u)

0.10

0.05

0.00

1 2 3 4 5 6 7 8 9

Fig. 4 Metal ions selectivity of L (10 uM) toward Pd*" in CH;CN-H,0.
1. Pd**only 2. Pd*"+Pb*" 3. Pd*'+Ag" 4. Pd*'+Cd*" 5. Pd*"+Hg*"
6.Pd**+Co”" 7. Pd**+Zn>" 8. Pd**+Fe*" 9. Pd**+Cu**

Figure 2 showed the results of absorption titration of
L with Pd*" ions. Upon the addition of Pd*", the absor-
bance at 487 nm was gradually decreased and a new
peak at 523 nm was observed. This absorbance change
reached saturation point upon the addition of 2 equiv. of
Pd**. It is note worthy that further addition of the Pd**
ion solution caused no significant change in the spectral
patterns. Moreover, there was a good linear correlation
(R = 0.9955) between relative absorbance intensity at
540 nm and Pd*" concentration in the range from
3.0 x 1077 to 1.8 x 107°M, as depicted in Fig. 3. The
detection limits for Pd*"at a signal to noise ratio of 3,
was estimated to be 2.1 x 107 'M.

Furthermore, to validate the high selectivity of L for
Pd*", the competitive experiments were studied. As
shown in Fig. 4, cations such as Cd**, Cu®*, Hg*",
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Fig. 5 Fluorescence spectra of L (10 uM) in the present of various metal
ions (5 eq) in CH3;CN-H,0, Ex = 485 nm
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Fig. 6 Fluorescence spectra of L (10 uM) in the present of various
amount of Pd*" (0-5 eq) in CH;CN-H,O after addition of equal amount
of EDTA, Ex = 485 nm. Inset: A:L + Pd*". B: L + Pd**+EDTA under
365 nm lamb

Ni**, Pb*", Fe’", Zn*" and Ag" have slight influence
on the absorbance intensity. It means that the detection
of Pd*" by L is hardly affected by these common coex-
istent metal ions.

To further explore the sensing behavior of L for Pd*" ion,
fluorescent spectra of L in CH3CN-H,0O were examined. As
shown in Fig. 5, free L shows an emission at 545 nm, upon
addition of 5 equiv. of Pd*", the fluorescence was quenched
due to the paramagnetic properties of Pd**. To gain deeper
insight into the sensing behavior of L with Pd*", the prepared
Pd**-L complex was treated with EDTA-2Na for 1 min, a
strong green fluorescence was observed. The quantitative na-
ture of the sensing of Pd*" ion by L was elucidated by fluo-
rescence titration of probe L in aqueous solution in the present
of'equal amount of EDTA, as shown in Fig. 6,the fluorescence
at 545 nm was enhanced with the concentration of the Pd**
increased.

The competitive experiment was studied by addition of
various competitive cations in the present Pd*". The Pd*" in-
duced fluorescence intensity was unaffected by 2 equiv. of
other metal ions. The excellent selectivity should be attributed
to the highly specific Pd*" catalyzed depropargylation [15,
16]. The proposed mechanism for L as shown in Scheme 2,
iminocoumarin was formed after removed propargylic group
by introduced Pd**, however, due to the paramagnetic prop-
erties of Pd*", the fluorescence was quenched and the fluores-
cence was recovered after the addition of EDTA.

Conclusion

In summary, a novel precursor of iminocoumarin was devel-
oped. Sensor L showed highly selectivity for Pd** detection
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Scheme 2 Proposed mechanism
of Pd*" depropargylation of NG
sensor L /
N
O‘\
L
both in colorimetric and fluorescence method due to Pd** 7.
catalyzed depropargylation reaction. Sensor L can be used
for Pd*" recognition in potential. 8.
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