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Abstract: A new highly selective chemosensor, based on fluorescein-allyloxy benzene conjugate 1,
was developed for the sequential detection of palladium and chromium oxyanions in a mixed aqueous
media, and was studied by UV-visible and fluorescence spectroscopy. The sensing of palladium ions
produces a chemodosimetric and ratiometric change in the emission band of 1 from 450 to 525 nm,
followed by the sensing of chromate ions by 2 that quenches the emission band at 525 nm in a buffered
H2O: DMF solution (9:1, pH = 7.4). The rate constants of palladium and chromate ions were found to
be 8.6 × 105 M−1, 2.1 × 105 M−1, and 5.4 × 104 M−1 respectively. The chemosensor 1 has a palladium
detection limit of 49 ppb while the sequential detection limit of chromate ions (CrO4

2− and Cr2O7
2−)

were 127 and 259 ppb. The ratiometric change in the emission is produced due to the deallylation of 1
by palladium to produce 2 that restores the ESIPT (excited state intramolecular proton transfer) of
the phenolic ring and enhances the electron transfer (ET) phenomenon from the phenolic group to
fluorescein. The sequential binding of chromate ions to 2 inhibits the ESIPT and causes chelation
enhanced quenching (CHEQ) of the fluorescence.

Keywords: sequential; chemodosimetric; ratiometric; fluorogenic; deallylation; chelation enhanced
quenching; electron transfer

1. Introduction

Palladium is a rare transition metal that belongs to the platinum-group elements (PGEs).
It plays a significant role in chemical transformations and acts as a catalyst in reactions such as
the Suzuki–Miyaura, Heck, Sonogashira, Buchwald–Hartwig, hydrogenation, and dehydrogenation
reactions that are widely used to make complex molecules in the pharmaceuticals industries [1–3]. It is
also extensively used as an important ingredient in various materials such as fuel cells, fine jewelry,
dental crowns, and alloys [4,5]. Palladium is also an imperative material in high-tech fields such as
navigation, aviation, and in the automotive industry, especially in automobile catalytic converters [6].
Its increased emission in the environment and non-biodegradable nature can cause serious health
hazards by accumulation in the food chain. Excess of palladium can result in the degradation of DNA
and cell mitochondria, and enzyme inhibition [7]. Thus, the proposed maximum dietary intake for this
ubiquitous and poisonous heavy metal is less than 1.5–15 µg per person per day and its threshold in
drugs is 5–10 ppm [8].
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There are many traditional analytical techniques used for the sensing of palladium that include
atomic absorption/emission spectroscopy (AAS), solid-phase microextraction high performance liquid
chromatography (SPME-HPLC), inductively coupled plasma atomic emission spectroscopy (ICP-AES)
etc. However, all of these methods need expensive facilities, complicated sample-pretreatment, and
rigorous experimental conditions [9,10]. Recently, optical (colorimetric and fluorescent) chemosensors
or probes have attracted more and more importance for sensing and monitoring of heavy and
transitional metal ions (HTM) due to its high selectivity, sensitivity, operational simplicity, rapidity,
and nondestructive nature [11–15]. One of the common ways to synthesize a palladium sensor is to use
palladium catalyzed reactions such as Pd-catalyzed cyclization for the formation of pyrone, pyrrole,
and oxazole [16,17], Pd-catalyzed depropargylation reactions [18] and deallylation reactions [19],
the Pd-catalyzed Heck [20], and the Suzuki–Miyaura coupling reactions [21]. However, many of them
still have impediments such as interference from other metal ions, insolubility in water, requirement
for additional reagents for analysis, and laborious synthesis procedures with expensive chemicals.

Chromium as a heavy metal is also toxic in nature. Its hexavalent chromium ion is soluble in water
and is carcinogenic and mutagenic in nature causing damage of DNA, protein, and enzymes [22–24].
It plays a very important role in the printing, electroplating, leather tanning, metal polishing, and
agricultural industries [25–27]. There are several chemical and instrumental methods applied for the
detection of chromate ions, among them inductively coupled plasma mass spectrometry (ICP-MS) [28]
and high-performance liquid chromatography coupled with atomic absorption spectrometry [29] are
most commonly used. However, these methods involve expensive instruments, time consuming, and
have prolonged sample pretreatments. On the other hand, the colorimetric or fluorometric methods
are much easier to handle and fast responsive.

Xanthenes (fluorescein and rhodamine) based chemosensors are very efficient fluorescent
chemosensor as they can be (a) easily synthesized and functionalized; (b) their excitation and
emission wavelengths lie in the visible region; (c) they also have a high fluorescence quantum yield,
molar extinction coefficient, photostability and water solubility; (d) they also possess an excellent
biocompatible nature [30–34]. Moreover, they are ideal for the construction of switch on–off type
chemosensors due to the conversion of spirolactam (nonfluorescent) to ring-opened amide (fluorescent)
structure [35]. The presence of heteroatoms such as oxygen, nitrogen, phosphorus, and sulfur with
the xanthene ring helps in the binding of soft metal ion like palladium and chromium [36]. However,
these sensors suffer from the interference of other coexisting metal ions, and also the pH-sensitive
fluorescein or rhodamine fluorophore may pose detection errors to the results. So it is extremely
desirable to produce a chemosensor that has the optical properties of a xanthene but are highly
selective and less pH sensitive. Recently, we synthesized a new chemosensor based on fluorescein
hydrazine-imidazole conjugate as a copper chemosensor [37]. In this paper we synthesized a new
chemosensor based on fluorescein hydrazone and allyloxy benzene conjugate (1) (Scheme 1), and
investigated its photophysical properties with different metal ions and anions. Compound 1 showed a
highly selective, chromogenic, ratiometric, and fluorogenic response upon interaction with Pd2+ in
a mixed aqueous solution containing 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES)
buffer (10 mM, pH 7.4). This deallylation based chemodosimetric response (in competition with other
cations) of 1 with Pd2+ leads to the formation of 2 which was then used in the same aqueous media for
the sequential detection of chromate ions (CrO4

2−, Cr2O7
2−).
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2. Materials and Methods

2.1. General Methods

Melting points were determined using a Thomas–Hoover capillary melting point apparatus and
are uncorrected. 1H and 13C NMR spectra were recorded on a JEOL 400 MHz spectrometer (Jeol, Japan)
using Me4Si as the internal standard. UV–VIS absorption spectra were obtained using a Jasco V-670
spectrophotometer (Oklahoma City, OK, USA). Fluorescence spectra were measured using a Horiba,
Fluorolog-3 fluorescence spectrophotometer, equipped with a xenon discharge lamp and 1 cm quartz
cells with slit width 5 nm. All of the measurements were carried out at 298 K.

Deionized water (double distilled) was used throughout the experiment as the aqueous media.
All other materials used for synthesis and solvents were purchased from Aldrich Chemical Co. (St. Louis,
MI, USA) and used without further purification. Compound 4 was synthesized in accordance with the
literature procedure [37]. The solutions of metal ions were prepared from their nitrate and chloride salts
(analytical grade), and subsequently diluted to prepare working solutions. HEPES buffer solutions at
different pH values were prepared using appropriate amounts of HEPES and KOH (all of analytical
grade) under adjustment by a Mettler Toledo pH meter (Saudi Arabia).
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2.2. Synthesis

2.2.1. Synthesis of 3

A mixture of salicylaldehyde (250 mg, 2.0 mmol), allyl bromide (135 mg, 1.1 mmol), and potassium
carbonate (275 mg, 2.0 mmol) in acetonitrile (10 mL) were refluxed for 12 h. The solvent was removed
under vacuum and the residue was diluted with water and extracted with ethyl acetate. The organic
layer was dried over anhydrous Na2SO4 and concentrated. The residue was purified by SiO2 column
chromatography (elution with EtOAc:hexane = 1:4) to give 3 as pale yellow oil in 95% yield. 1H NMR
(400 MHz, CDCl3), δ (ppm): 4.62 (d, J = 4.0 Hz, 2H), 5.30 (d, J = 8.4 Hz, 1H), 5.42 (d, J = 14.8 Hz, 1H),
6.0–6.1 (m, 1H), 6.94 (d, J = 6.8 Hz, 1H), 6.99 (t, J = 6.0 Hz, 1H), 7.49 (t, J = 6.0 Hz, 1H), 7.80 (d, J = 6.0 Hz,
1H), 10.5 (s, 1H), 13C NMR (100 MHz, CDCl3), δ (ppm): 69.0, 113.1, 118.5, 120.5, 125.3, 128.0, 132.2,
136.1, 162.1, 189.2.

2.2.2. Synthesis of 1

Fluorescein hydrazide (4, 0.5 g, 1.4 mmol) and 3 (0.275 g, 1.7 mmol) were mixed in 10 mL of ethanol.
The mixture was refluxed for 12 h with stirring, resulting in the formation of a yellow precipitate.
The precipitate was separated by filtration and washed with 3 × 10 mL of ethanol. After drying,
compound 1 was obtained as a yellowish solid in 90% yield. Melting Point 200–202 ◦C (CH2Cl2-hexane);
1H NMR (400 MHz, DMSO-d6), δ (ppm): 4.51 (d, J = 4.0 Hz, 2H), 5.32 (d, J = 6.8 Hz, 1H), 5.34 (d,
J = 12.4 Hz, 1H), 5.94–6.01 (m, 1H), 6.45 (d, J = 1.6 Hz, 1H), 6.46 (d, J = 1.6 Hz, 1H), 6.50 (s, 1H), 6.52 (s,
1H), 6.66 (d, J = 1.6 Hz, 2H), 6.93 (t, J = 6.4 Hz, 1H), 6.98 (d, J = 6.8 Hz, 1H), 7.1 (d, J = 6.0 Hz, 1H),
7.32 (t, J = 5.6 Hz, 1H), 7.57 (t, J = 5.6 Hz, 2H), 7.63 (t, J = 6.0 Hz, 1H), 7.93 (d, J = 6.0 Hz, 1H), 8.96 (s,
1H), 9.92 (s, 2H). 13C NMR (100 MHz, DMSO-d6), δ (ppm): 65.30, 69.01, 103.14, 103.34, 110.19, 112.88,
113.50, 117.44 117.87, 121.30, 123.16, 123.68, 124.08, 125.19, 128.23, 128.75, 129.47, 132.13, 133.59, 134.49,
135.05, 142.80, 143.00, 151.62, 152.37, 157.11, 157.41, 159.08, 164.29 (Figures S1 and S2). Anal Calcd for 1,
C30H22N2O5: C, 73.46; H, 4.52; N, 5.71, found: C, 73.35; H, 4.50; N, 5.62.

2.2.3. Synthesis of 2

Compound 1 (0.590 g, 1.2 mmol) and PdCl2 (0.250 g, 1.4 mmol) were mixed in 10 mL of acetonitrile.
The mixture was stirred for 1 h resulting in the formation of a yellowish precipitate. The precipitate
was separated by filtration and washed with 3 × 10 mL of water. After drying, a yellowish solid in
95% yield was obtained. Melting Point 325–327 ◦C (MeOH-hexane); 1H NMR (400 MHz, DMSO-d6), δ
(ppm): 6.48 (d, J = 2.4 Hz, 1H), 6.50 (d, J = 2.0 Hz, 1H), 6.53 (s, 1H), 6.55 (s, 1H), 6.68 (d, J = 2.0 Hz, 2H),
6.79–6.83 (m, 2H), 7.15 (d, J = 6.8 Hz, 1H), 7.22 (t, J = 7.6 Hz, 1H), 7.33 (d, J = 8.0 Hz, 1H), 7.59–7.67 (m,
2H), 7.94 (d, J = 6.4 Hz, 1H), 9.20 (s, 1H), 9.97 (s, 2H), 10.32 (s, 1H). 13C NMR (100 MHz, DMSO-d6),
δ (ppm): 63.91, 109.27, 112.88, 116.31, 118.18, 118.81, 119.24, 119.82, 121.31, 123.16, 123.68, 128.23,
128.75, 129.06, 130.11, 132.13, 134.49, 136.53, 150.63, 150.72, 151.62, 152.38, 157.11, 159.08, 161.22, 164.29
(Figures S3 and S4). Anal Calcd for 2, C27H18N2O5: C, 71.99; H, 4.03; N, 6.22, Found: C, 71.88; H, 4.00;
N, 6.15.

3. Results and Discussion

Compound 1 was synthesized by the conjugation of allyloxy benzaldehyde with fluorescein
hydrazide to get a Schiff base in which the excited state intramolecular proton transfer (ESIPT) is
inhibited by the allyloxy group. Compound 1 was prepared by the reaction of 4 with 2-(Allyloxy)
benzaldehyde 3, which in turn is obtained by the allylation of Salicylaldehyde in acetonitrile. Further
deallylation of 1 results in the formation of 2 (Scheme 1). Both compounds 1 and 2 were prepared
in good yields and their structures were confirmed using 1H, 13C NMR, and elemental analysis
(Supplementary Materials Figures S1–S4). In the 1H NMR the singlet peak at δ 8.96 and 9.19 ppm
corresponds to the formation of imine = C–H proton for compounds 1 and 2 respectively. From the
NMR spectrum, compounds 1 could be easily differentiated from 2 due to the presence of the doublet
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peaks at δ 4.51, 5.32, and 5.34 ppm and a multiplet peak at δ 5.94–6.01 ppm for the allyl group and the
absence of the phenolic peak at δ 10.3 ppm. The singlet peaks at δ 9.91 and 9.97 ppm corresponds to
the hydroxyl protons of the fluorescein group of 1 and 2 respectively.

All the UV-VIS absorption and fluorescence emission were investigated at a concentration of
10 µM and 1.0 µM in a water and DMF (9:1) mixed solution containing HEPES buffer (10 mM, pH 7.4)
respectively. The UV-VIS spectrum of chemosensor 1 displayed an absorption peak at 320 nm, due to
the absorption of the xanthene moiety [31,38]. Addition of Pd2+ into the mixed aqueous solution of 1,
produces a new red-shifted absorption band at 340 nm, and simultaneously decreases the absorption
band at 320 nm with an isobestic point at 330 nm (Figure S5b). The peak at 340 nm is attributed to
the deallylation of the conjugated phenol ring by the Pd2+ species and formation of compound 2.
The increase of the absorption bands at 340 nm is linear up to the addition of 1 equivalent of Pd2+

(Figure S5b, inset). The observed absorption response was highly selective for only Pd2+ ions as
compared to other metals cations (10 equiv.), such as the transition metals, as well as alkali and alkaline
earth metals, produce minute or no considerable spectral changes (Figure S5a).

Emission properties of chemosensor 1 were investigated by studying the complexation abilities of
1(1.0 µM) with 10 equiv. of various biologically relevant and non-relevant metal cations in a mixed
aqueous solution of water and DMF (9:1) with fluorescence emission. Chemosensor 1 has an emission
peak at 450 nm; on the addition of Pd2+ it produces a drastic red-shifted peak at 525 nm with a
fluorogenic change from blue to yellow fluorescence and a maximum ratio of fluorescence intensities
(I540/I390) (λex = 330 nm) (Figure 1 and inset). This distinct emission shift on interaction with 1 was
only produced by Pd2+ among all other cations (Figure S6).
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Figure 1. Fluorescence intensities ratio (I540/I390) of 1 (1.0 µM) with different cations (10 equivalents) in
H2O:DMF (9:1) containing HEPES buffer (10 mM, pH 7.4). (λex = 330 nm). Inset: fluorogenic change
from blue to yellow fluorescence upon illumination at 365 nm.

In fluorescence titrations, slow addition of Pd2+ synchronously decreased the emission peak
of 1 at 450 nm, and a new peak is formed at 525 nm with an isoemission point at 485 nm and a
bathochromic shift of 75 nm (Figure 2). Thus, the peak at 450 nm of chemosensor 1 was completely
switched off while a new peak at 525 nm was switched on, by the interaction with Pd2+ making it a
potential ratiometric chemosensor. The linear enhancement of the peak at 525 nm with the increase of
Pd2+ ion concentration indicated that after the addition of 1.0 equivalent of Pd2+ there is no further
emission enhancement (Figure 2 inset) which showed that only one equivalent of Pd2+ interacts with
one equivalent of the chemosensor 1. From the fluorescence titration, the rate constant for palladium
ion was found to be 8.6 × 105 M−1 (error estimated to be ≤10%) (Figure S7) [39] with a detection
limit of 49 ppb (Figure S8) [40]. The fluorescence quantum yield calculated for 1 is 0.12 and after



Chemosensors 2020, 8, 4 6 of 13

interaction with the one equivalent of Pd2+ fluorescence quantum yield was found to be 0.25 under
identical conditions.Chemosensors 2020, 8, x FOR PEER REVIEW 6 of 12 
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In order to study the mechanism of fluorescence we isolated the product 2 formed on the interaction
of 1 with Pd2+ (Scheme 1). The 1H and 13C NMR of 2 showed that it is formed by the deallylation of 1
with Pd2+ which is confirmed by disappearance of the allyl peaks and the presence of the phenolic
proton peak in 1H NMR (Figure S9). The fluorescein moiety has no absorption in the visible region and is
weakly fluorescent in solution due to the preponderance of the ring-closed spirolactam structure, which
is evident by 13C NMR signals at δ 65.3 and δ 63.9 ppm for compounds 1 and 2, respectively [41,42].
The blue fluorescence in 1 arises due to the electron transfer (ET) from allyloxy benzene to the fluorescein
ring. Deallylation of 1 with Pd2+ restores the ESIPT of the phenolic group that assist the electron
transfer (ET) phenomenon resulting in a ratiometric change in the emission [43–47]. The specific
ratiometric response of chemosensor 1 towards Pd2+ was further investigated by a competitive binding
experiment with different transition metals, alkali and alkaline earth metals. These coexisting cations,
did not intervene with the ratiometric response of 1 towards Pd2+, even though their concentrations
were 100-fold greater than the Pd2+ concentration (Figure S10).

Next, we also examined the fluorescence response of chemosensor 1 toward several typical
palladium species such as PdCl2, Pd(PPh3)4, Pd(OAc)2, PdCl2(PPh3)4, and Pd2(dba)3. We find that
the chemosensor 1 responds to most commonly used species of palladium and exhibits significant
ratiometric change in the emission. Thus, this chemosensor can be used successfully for the sensing of
different palladium species (Figure 3 and Figure S11).

For physiological and environmental applications, a chemosensor should operate within a broad
range of pH. In order to study the effects of pH, the emission intensities of 1 and 2 were examined in
the pH range of 2.0–12.0 (Figure 4). At neutral and basic pH fluorescein is colorless, non-fluorescent,
and exists in a closed spirocyclic form. At low pH value both 1 and 2 undergoes protonation of the
oxygen of the allyloxy benzene or the phenol ring and this impede the ET to fluorescein, resulting in
diminution of fluorescence. Compound 1 and 2 showed maximum fluorescence emission from pH 5.0
to 9.0. At higher pH values (>9.0), the negative charge density on the allyloxy benzene or the phenol
ring increases that consequently decreases the fluorescence intensity (Figure S12) [37,41,42,48,49].



Chemosensors 2020, 8, 4 7 of 13

Chemosensors 2020, 8, x FOR PEER REVIEW 7 of 12 

 

 
Figure 3. Comparison of the fluorescence change depending on different palladium complexes, 
measured for an equimolar mixture of chemosensor 1 (1.0 μM) and the palladium species in H2O:DMF 
(9:1) containing HEPES buffer (10 mM, pH 7.4). (λex = 330 nm). 

 
Figure 4. Effect of pH on the emission intensities of 1 and 2, in H2O:DMF (9:1) containing HEPES 
buffer (10 mM, pH 7.4). (λex = 330 nm). 

The compound 2 obtained was then used for the sequential detection of anions (Scheme 2). We 
investigated the complexation abilities of 2 (1.0 μM) with 10 equiv of various anions such as CH3CO2−, 
PO42−, SO42−, Cr2O72−, CrO42−, F−, Cl−, Br−, I−, HSO4−, MnO4−, and NO3−. It was found that chromium 
oxyanion (Cr2O72−, CrO42−) produced partial and complete quenching of the band at 525 nm on 
excitation at 330 nm in a mixed aqueous solution of H2O:DMF (9:1) containing HEPES buffer (10 mM, 
pH 7.4) (Figures 5 and S13). 

Figure 3. Comparison of the fluorescence change depending on different palladium complexes,
measured for an equimolar mixture of chemosensor 1 (1.0 µM) and the palladium species in H2O:DMF
(9:1) containing HEPES buffer (10 mM, pH 7.4). (λex = 330 nm).

Chemosensors 2020, 8, x FOR PEER REVIEW 7 of 12 

 

 
Figure 3. Comparison of the fluorescence change depending on different palladium complexes, 
measured for an equimolar mixture of chemosensor 1 (1.0 μM) and the palladium species in H2O:DMF 
(9:1) containing HEPES buffer (10 mM, pH 7.4). (λex = 330 nm). 

 
Figure 4. Effect of pH on the emission intensities of 1 and 2, in H2O:DMF (9:1) containing HEPES 
buffer (10 mM, pH 7.4). (λex = 330 nm). 

The compound 2 obtained was then used for the sequential detection of anions (Scheme 2). We 
investigated the complexation abilities of 2 (1.0 μM) with 10 equiv of various anions such as CH3CO2−, 
PO42−, SO42−, Cr2O72−, CrO42−, F−, Cl−, Br−, I−, HSO4−, MnO4−, and NO3−. It was found that chromium 
oxyanion (Cr2O72−, CrO42−) produced partial and complete quenching of the band at 525 nm on 
excitation at 330 nm in a mixed aqueous solution of H2O:DMF (9:1) containing HEPES buffer (10 mM, 
pH 7.4) (Figures 5 and S13). 

Figure 4. Effect of pH on the emission intensities of 1 and 2, in H2O:DMF (9:1) containing HEPES buffer
(10 mM, pH 7.4). (λex = 330 nm).

The compound 2 obtained was then used for the sequential detection of anions (Scheme 2).
We investigated the complexation abilities of 2 (1.0 µM) with 10 equiv. of various anions such as
CH3CO2

−, PO4
2−, SO4

2−, Cr2O7
2−, CrO4

2−, F−, Cl−, Br−, I−, HSO4
−, MnO4

−, and NO3
−. It was found

that chromium oxyanion (Cr2O7
2−, CrO4

2−) produced partial and complete quenching of the band
at 525 nm on excitation at 330 nm in a mixed aqueous solution of H2O:DMF (9:1) containing HEPES
buffer (10 mM, pH 7.4) (Figure 5 and Figure S13).
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Fluorescence titration of the 2 with the chromium oxyanions slowly quenches the emission band
at the 525 nm. Complete quenching is observed after the addition of 1 equivalent of CrO4

2− while
partial quenching takes place after the addition of 1 equivalent of Cr2O7

2− (Figures 6 and 7). The Job’s
plot also confirms that the binding ratio of 2 with the chromium oxyanions are 1:1 (Figure S14).
The binding constant calculated from the fluorescence titration plot was found to be 2.1 × 105

(Error estimated to be ≤10%) (Figure S15) and 5.4 × 104 (error estimated to be ≤10%) (Figure S16) for
CrO4

2− and Cr2O7
2− respectively. The limit of detection was calculated to be 127 ppb and 259 ppb

for CrO4
2− and Cr2O7

2− respectively (Figures S17 and S18). The 1HNMR titration of 2 with chromate
anion shows that the OH peak at 10.3 ppm disappears which inhibits ESIPT (Figure S19). The binding
of the chromate with 2 also results in the downfield shifts of the proton at δ 9.2 (imine proton), δ 7.63,
and δ 6.81 ppm. Thus binding of the chromium oxyanion inhibits the ESIPT and results in the selective
chelation enhanced quenching (CHEQ) of the emission at 525 nm [50]. We also checked the competitive
binding experiment in the presence of different anions and found that the quenching of 2 by the CrO4

2−

remain unchanged even in the presence of 100 equivalent of other anions (Figure S20).
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Figure 5. Quenching efficiencies of 2 (1.0 µM) with different anions (10 equivalents) in H2O:DMF (9:1)
containing HEPES buffer (10 mM, pH 7.4). (λex = 330 nm). Inset: fluorogenic change from yellow to
colorless fluorescence upon illumination at 365 nm.
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4. Conclusions

In summary we have prepared a new chemodosimetric, ratiometric, highly sensitive, chemosensor
(1) based on a fluorescein-allyloxy benzene conjugate for sequential detection of Pd2+ and chromium
oxyanions in a H2O-DMF (9:1) solution containing HEPES buffer (10 mM, pH 7.4). It was found that 1
produced a large (75 nm) bathochromic shift in emission upon deallylation with Pd2+ to form 2, with an
“on–off” type fluoroionophoric switching property that restores ESIPT. This behavior was identical with
different species of palladium and within a pH range of 5.0–9.0. The detection limit for the chemosensor
1 for palladium was found to be 49 ppb and a rate constant of 8.6 × 105 M−1. The compound 2
formed after deallylation can then sequentially detect chromium oxyanions (CrO4

2−and Cr2O7
2−) by

quenching of the fluorescence due to inhibition of ESIPT. The detection limit for the chemosensor 2 for
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CrO4
2−and Cr2O7

2− was found to be 127 ppb and 259 ppb with a rate constant of 2.1 × 105 M−1 and
5.4 × 104 M−1 respectively.

Supplementary Materials: The following are available online at http://www.mdpi.com/2227-9040/8/1/4/s1,
1H NMR, 13C NMR, spectrum, absorbance and emission spectrum, NMR titration, LOD calculations, Job’s
plot, competitive binding of cations and anions. Figure S1. 1H NMR of compound 1. Figure S2. 13C NMR of
compound 1. Figure S3. 1H NMR of compound 2. Figure S4. 13C NMR of compound 2. Figure S5. UV-Vis
spectra of 1 (10 µM) (a) with different cations (10 equivalents), (b) upon the addition of PdCl2 (100 µM) in
H2O:DMF (9:1) containing HEPES buffer (10 mM, pH 7.4). Inset: Mol ratio plot of absorbance at 340 nm. Figure
S6. Fluorescence spectra of 1 (1.0 µM) with different cations (10 µM) in H2O:DMF (9:1) containing HEPES buffer
(10 mM, pH 7.4). (λex = 330 nm). Figure S7. Linear regression curve of 1 obtained by plotting I0/(I-I0) as a
function of 1/[Pd2+] in H2O:DMF (9:1) containing HEPES buffer (10 mM, pH 7.4). (λex = 330 nm). Figure S8.
Plot of normalized fluorescence intensity of 1 as a function of log[Pd2+] in H2O:DMF (9:1) containing HEPES
buffer (10 mM). (λex = 330 nm). Figure S9. Partial 1H NMR spectra of 1 and 1 with PdCl2 in DMSO-d6. Figure
S10. Competitive metal ion selectivity of 1: Bars indicate the fluorescence intensity (330 nm excitation, 525 nm
emission). Salts of various metal ions (100 equivalent) were added to 1 and Pd2+ (a) 1 and Pd2+, (b) Ag+ + Pd2+,
(c) Pb2+ + Pd2+, (d) Zn2+ + Pd2+, (e) Mg2+ + Pd2+, (f) Fe3+ + Pd2+, (g) K+ + Pd2+, (h) Co2+ + Pd2+, (i) Al3+ +

Pd2+, (j) Fe2+ + Pd2+, (k) Na+ + Pd2+, (l) Cd2+ + Pd2+, (m) Sr2+ + Pd2+, (n) Rb+ + Pd2+, (o) Cu2++ Pd2+ (p)
Ni2+ + Pd2+, (q) Hg2+ + Pd2+, (r) Ga3+ + Pd2+, (s) Cs+ + Pd2+ (t) Ca2+ + Pd2+ in H2O:DMF (9:1) containing
HEPES buffer (10 mM). Figure S11. Change in the fluorescence emission spectrum with different palladium
complexes, measured for an equimolar mixture of probe 1 (1.0 µM) and the palladium species in H2O:DMF (9:1)
containing HEPES buffer (10 mM, pH 7.4). (λex = 330 nm). Figure S12. Effect of pH on the emission spectrum of 1
(390 nm) and 2 (540 nm) in H2O:DMF (9:1) containing HEPES buffer (10 mM, pH 7.4). (λex = 330 nm). Figure
S13. Fluorescence spectra of 2 (1.0 µM) with different anions (10 µM) in H2O:DMF (9:1) containing HEPES buffer
(10 mM, pH 7.4). (λex = 330 nm). Figure S14. Job’s plot for 2 with K2CrO4 in H2O:DMF (9:1) containing HEPES
buffer (10 mM, pH 7.4). (λex = 330 nm). Figure S15. Linear regression curve of 2 obtained by plotting I0/(I-I0) as a
function of 1/[CrO4

2−] in H2O:DMF (9:1) containing HEPES buffer (10 mM, pH 7.4). (λex = 330 nm). Figure S16.
Linear regression curve of 2 obtained by plotting I0/(I-I0) as a function of 1/[Cr2O7

2−] in H2O:DMF (9:1) containing
HEPES buffer (10 mM, pH 7.4). (λex = 330 nm). Figure S17. Plot of normalized fluorescence intensity of 2 as a
function of log[CrO4

2−] in H2O:DMF (9:1) containing HEPES buffer (10 mM). (λex = 330 nm). Figure S18. Plot of
normalized fluorescence intensity of 2 as a function of log[Cr2 O7

2−] in H2O:DMF (9:1) containing HEPES buffer
(10 mM). (λex = 330 nm). Figure S19. Partial 1H NMR spectra of 2 and 2 with K2CrO4 in DMSO-d6. Figure S20.
Competitive anion selectivity of 2: Bars indicate the fluorescence intensity (330 nm excitation, 525 nm emission).
Salts of various metal ions (100 equivalent) were added to 2 and CrO4

2− (a) 2, (b) CH3CO2
− + CrO4

2−, (c) PO4
2− +

CrO4
2−, (d) SO4

2− + CrO4
2−, (e) Cr2O7

2− + CrO4
2−, (f) F− + CrO4

2−, (g) Cl− + CrO4
2−, (h) Br− + CrO4

2−, (i) I− +

CrO4
2−, (j) HSO4

− + CrO4
2−, (k) MnO4

− + CrO4
2−, (l) NO3

− + CrO4
2−, (m) CrO4

2− in H2O:DMF (9:1) containing
HEPES buffer (10 mM).
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