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Abstract. A simple Schiff base probe PADP ((1,2-phenylenebis(azanylylidene)) bis(methanylylidene))bis(3-(diethylamino)phenol) was synthesized from 4-(diethylamino)salicylaldehyde and o-phenylenediamine and has been characterized using analytical and spectral methods. The emission spectrum of PADP
Schiff base shows notable enhancement in the emission intensity at 500 nm in the presence of Al3? in MeOHH2O (1:9 v/v). On the other hand, other relevant metal ions did not inﬂuence considerably the emission
spectrum of PADP. The detection limit and binding constant (Kb) of PADP towards Al3? were found to be
0.104 lM and 3.0 9 106 M-1 from the ﬂuorescence titration experiments. The 1:1 binding stoichiometry was
further determined by Job’s plot and ESI-MS spectroscopy. The MTT assay shows no or negligible toxic
nature of probe and thus it was utilized in vitro cell imaging studies of Al3? ions. The results show that the
probe PADP could be useful to detect Al3? in an aqueous medium.
Keywords. Schiff base; ﬂuorescence probe; aluminum ion; cell imaging.

1. Introduction
Aluminum is one of the most widely used and abundant metal in the earth’s crust and 8.1% of the crust
contains Aluminum. It is commonly used to manufacture electrical equipment, automobiles, building
construction, water puriﬁcation, clinical drugs,1
packaging materials,2 etc. It is neither toxic nor
essential to the human body. But unregulated amounts
of aluminum in the human body may lead to damage
to the central nervous system. The diseases such as
dementia, loss of memory, listlessness, severe trembling, Parkinson’s,3 Alzheimer’s4,5 and dialysis6 are
caused due to the increased amount of aluminum in the
human body. An even higher concentration of aluminum is toxic to plant growth and aquatic ﬁshes.7–9
Hence, the presence of aluminum ions has been strictly
regulated in drinking water and surface water by the
Environmental Protection Agency (EPA). Thus
selective and sensitive detection method of aluminum
ions becomes very much necessary. In recent years,

researchers focused on recognition of metal ions by
using ﬂuorescent chemosensor. The use of ﬂuorescent
chemosensor is not only an inexpensive method but it
also has advantages like high sensitivity, short
response time and facilitated detection to identify the
metal ions when compared to other sophisticated
utensils like AAS, ICP-MS, etc.10–17 Even though a
plethora of receptors were reported for the detection of
Al3?,18–24 it is still worthwhile to design ratiometric
and colorimetric ﬂuorescent probes that detect Al3?.
The design of chemosensors for Al3? is difﬁcult due to
its small size (53.5 pm) and high charge (?3). Moreover, Al3? undergoes strong binding with H2O, which
signiﬁcantly decreases its ligand coordination ability
in an aqueous medium. However, hard centers like O
may be suitably arranged to bind an Al3? ion due to its
hard acid nature.
Based on the above information, a simple N2O2
Schiff base ﬂuorescent probe has been designed and
synthesized by the condensation reaction of 4-(diethylamino)salicylaldehyde and o-phenylenediamine.
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The sensor has been developed based on photoinduced
electron transfer (PET) mechanism. When lone pairs
of electrons on the imine nitrogen or oxygen atoms are
used for coordination, then these electrons are no
longer available to quench the emission intensity of
the probe, thereby increasing the ﬂuorescence intensity. The ﬂuorescence ‘off–on’ sensing phenomenon
caused by Al3? was demonstrated by ﬂuorescence,
UV-Vis, mass spectrometry and NMR studies and was
also proved in the cellular medium using NCCS cells.
2. Experimental
2.1 Materials and methods
All chemicals were purchased from Sigma-Aldrich and
commercially available analytical grade solvents were used
without further puriﬁcation. Fresh double distilled water
was used throughout the experiments. Melting points were
checked on a Technico micro heating table and are uncorrected. Analytical data were obtained using Vario EL III
Elemental analyzer. UV-Visible and ﬂuorescence spectra
were recorded on Shimadzu 1800 and JASCO FP-8200
spectrophotometer respectively using a 1 cm square quartz
cell in DMSO–H2O (1:9 v/v) HEPES buffer solution (pH
7.4). 1H-NMR spectra were measured in DMSO-d6 or
CDCl3 on a Bruker AMX-500 spectrometer at 400 MHz.
The chemical shifts (d) recorded in ppm with reference to
tetramethylsilane (TMS). Electrospray ionization mass
spectra (ESI-mass) were collected on an advanced Q-TOF
microTM mass spectrometer. Cell imaging was done on the
(Eclipse Ti-U, Nikon, USA) ﬂuorescence microscope.

2.2 Synthesis of ((1,2phenylenebis(azanylylidene))
bis(methanylylidene))bis(3-(diethylamino)phenol)
(PADP)
4-(Diethylamino)salicylaldehyde (0.7724 g, 4 mmol) and
o-phenylenediamine (0.2162 g, 2 mmol) were added in
ethanol (20 mL) and the mixture was reﬂuxed at 80 °C for
12 h. The progress of the reaction was monitored by TLC
(Thin Layer Chromatography). After completion, the reaction mixture was cooled to room temperature and the solvent was evaporated. The orange color precipitate formed
was puriﬁed by column chromatography using petroleum
ether/ethyl acetate (8:2) mixture as eluent.
Yield (60% 0.52 g): M.p.: 90 °C. Elemental analysis for
C28H34N4O2: C, 73.33; H, 7.47; N, 12.22%. Found: C,
73.28; H, 7.42; N, 12.17; %. FT-IR (v/cm-1): 2963 (-OH
group), 1604 (CH=N), UV-vis (MeOH, kmax, nm): 352,378.
1
H NMR (CDCl3, ppm): 9.5 (s, 2H), 8.4 (s, 2H), 6–7.5 (m,
J = 7.21 Hz, 10H), 3.5–4.0 (q, J = 7.6 Hz 8H), 1.2–1.5(t,
J = 7.42 Hz 12H) (Figure S1, Supplementary Information)
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MS (ESI, m/z): 459.5 [M?H]?. (Figure S2, Supplementary
Information).

2.3 Synthesis of aluminum complex (PADP-Al3?)
The receptor PADP (0.458g, 1 mmol) and aluminum nitrate
nonahydrate (0.3751 g, 1 mmol) were dissolved in ethanol
(20 mL) and the mixture was stirred under the room temperature for 3 h. The green coloured precipitate formed was
ﬁltered and washed with cold ethanol.
Yield: 84%, 0.61g; M.p.: 300 °C above. Anal.Calc for
C28H34N5AlO6: C, 59.67; H, 6.08; N, 12.43%. Found: C,
59.17; H, 5.58; N, 11.93. FT-IR (v/cm-1): 1504 (CH=N),
UV-Vis [DMSO, kmax, nm]: 376, 410. 1H NMR (DMSOd6 ppm): 8.6 (s, 2H), 5.5–7.5 (d, J = 7.2 Hz, 10H) 3.5–4.0
(q, J = 7.41 Hz, 8H), 1.3–1.5 (t, J = 7.46 Hz, 12H) (Figure S3, Supplementary Information), MS (ESI, m/z): 561.1
[M-H]?.

3. Results and Discussion
The simple Schiff base compound PADP was synthesized by a single step using 4-(diethylamino)salicylaldehyde and o-phenylenediamine in ethanol
(Scheme 1). The formation of the compound was
conﬁrmed by analytical and spectral techniques such
as FT-IR, UV-vis, 1H NMR and ESI-MS.
3.1 UV-Vis spectroscopic studies of PADP
in the presence of Al3?
The cation recognition property of the probe PADP
was primarily studied by absorption spectra. The
absorption spectrum of free PADP shows intense
bands positioned at 352 and 378 nm which may be
attributed to the intramolecular charge transfer (CT)
transition. The absorption spectra of probe PADP with
various important metal ions like Li?, Na?, K?, Co2?,
Ni2?, Mn2?, Zn2?, Ag?, Ca2?, Mg2?, Cu2?, Cd2?,
Hg2?, Pb2?, Al3? and Fe3? in HEPES buffer in
DMSO: H2O (1:9 v/v) medium were recorded. As
shown in Figure 1, no appreciable changes in
absorption were observed during the addition of metal
ions with PADP except Al3? ion. When Al3? ion was
added to the PADP probe solution, peak at 352 nm
was shifted to 376 nm (redshift) with increasing
intensity. Simultaneously, the band at 378 shifted to
410 nm (redshift) with decreasing intensity. During
the addition of Al3? ion, the color of the receptor
solution changed from brownish yellow to greenishyellow. The color change was visible to the naked eye
under a UV lamp. This observation indicates that Al3?
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Scheme 1. The synthetic route of PADP.

Figure 1. UV-Vis Spectra of the probe PADP (10lM) in
MeOH/H2O (1:9 (v/v), HEPES = 50mM, pH = 7.4) and
with 100 lM of Al3? metal ion.

ion interacts speciﬁcally with probe over the other
metal ions. Besides, to ﬁnd out the strength and extent
of binding of Al3? ions with receptor, UV-Vis titrations were done. It was carried out by the gradual
addition of a standard solution of Al3? ions
(0–100 lM) to the solution of PADP (10 lM). The
results show that the absorption band intensity was
gradually increased at 376 nm (Figure S4, Supplementary Information) accompanied by redshift and
reach a maximum at 100 lM.
In addition, the reversibility of the PADP-Al3?
complex was also performed by the addition of
stronger chelating agent EDTA (ethylenediaminetetraacetate) by using absorption study. The absorption
spectrum shows that the PADP-Al3? complex was
completely reversed when the treatment of EDTA
(Figure S5, Supplementary Information).
3.2 Fluorescence spectral studies
3?

To ﬁnd the binding ability of PADP towards Al ,
ﬂuorescence emission study was carried out in HEPES
buffer in MeOH:H2O (1:9) medium. The probe PADP

shows very weak emission at 500 nm (kex = 450 nm).
After conﬁrming the ﬂuorescence property of PADP,
its sensing capability was tested. On the addition of
various metal cations (Ag?, Mg2?, Cu2?, Co2?, Ni2?,
Mn2?, K?, Zn2?, Cd2?, Ca2?, Hg2?, Pb2 and Al3?) to
the PADP, no signiﬁcant ﬂuorescence enhancement
was observed at 500 nm except in the case of Al3?
ions. The addition of Al3? ions caused a clear and
prominent enhancement in the emission intensity at
kmax 500 nm (Figure 2). The enhancement in ﬂuorescence intensity could be due to the strong binding
of Al3? ion to PADP because of the formation of a
chelate ring through which CHEF (chelation enhanced
ﬂuorescence) mechanism.
To examine the binding afﬁnity of PADP towards
Al3? ions further, the ﬂuorescence titration experiment
was carried out for PADP with the increasing quantity
of Al3? ions (Figure 3). The emission intensity of
PADP was gradually increased with the increasing
amount of Al3? ion (0–100 lM). The ﬂuorescence
intensity at 500 nm and Al3? concentration show a

Figure 2. Fluorescence response of probe PADP (10 lM)
in MeOH/H2O (1:9 (v/v), HEPES = 50 mM, pH = 7.4)
with 100 lM of metal ions (Ag?, Mg2?, Ba2?, Ca2?, Cd2?,
Cu2?, Zn2?, Mn2?, Hg2?, Pb2?, Fe3?, Cr3? and Al3?)
(kex = 450 nm).

83

Page 4 of 7

Figure 3. Fluorescence response of the probe PADP
(10 lM) in MeOH/H2O (1:9 (v/v), HEPES = 50 mM,
pH = 7.4) with 0–100 lM of Al3? (kex = 450 nm).

linear relationship over the range of 0–100 lM and
this indicates that the probe PADP is very much
suitable for quantitative recognition of Al3? ions. The
limit of detection (LOD) of Fe3? was measured to be
0.104 lM according to the (3r/slope) method (Figure 4), which is lower than most of the previously
reported Al3? sensors (Table S1, Supplementary
Information). The association constant (Kb) was calculated from the ﬂuorescence titration experiment by
using the Benesi-Hildebrand equation (Figure S6,
Supplementary Information) and the value was measured to be 3.0 9 106 M-1. The low detection limit
and high binding constant value show that PADP
could be an effective ﬂuorogenic sensor for the
detection of Al3? ions.
Furthermore, the ﬂuorescence emission spectrum of
PADP-Al3? complex with EDTA was recorded to
check the reversibility and the corresponding results
were depicted in Figure S7, Supplementary

Figure 4. Calibration curve between emission intensity
and concentration of aluminum ions.
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Information. From the results, it was noted that the
emission intensity of PADP-Al3? complex was completely quenched at 500 nm, upon addition of EDTA.
Simultaneously, ﬂuorescence titration experiment was
conducted with the increasing amount of EDTA
(0–70 lM). The emission intensity was gradually
decreased with the addition of an increasing quantity
of EDTA. Finally, the ﬂuorescence intensity was
unchanged, which is identical to the emission spectrum of PADP (Figure S8, Supplementary Information). The results reveal that the PADP-Al3? complex
formation is completely reversible with EDTA. After
establishing the binding of PADP with Al3? ions, the
Job’s plot drawn from ﬂuorescence titration data was
utilized for binding stoichiometry (Figure S9, Supplementary Information). It can be seen that maximum
value is found at the mole fraction of 0.5 indicating 1:1
binding stoichiometry.
The formation of PADP-Al3? complex was further
conﬁrmed by spectral (IR, 1H-NMR and ESI mass)
studies. The IR spectrum of the aluminum complex
has been examined in comparison with that of the
PADP. The spectrum of free probe showed an intense
band in the 1,604 cm-1 characteristic of the C=N
imine group. This band shifted towards lower frequencies 1,564 cm-1 in probe aluminum complex
indicates coordination of probe with aluminum
through azomethine nitrogens. The band appeared at
the region 2,963 cm-1 in the probe spectrum was due
to the stretching frequency of two phenolic OH
groups. This band disappeared in PADP aluminum
complex shows that the binding of phenolic oxygen
with metal via deprotonation.
In the 1H NMR spectrum of the probe, a singlet
appeared at 9.5 ppm was assigned to phenolic OH
groups. This band is not found in the spectrum of
probe aluminum complex, which is consistent with
deprotonation of the probe upon metal coordination.
The spectrum of the probe has shown a peak for
azomethine protons (–CH=N–) at 8.4 ppm, which is
shifted slightly to the downﬁeld and appeared at
8.6 ppm in probe aluminum complex, conﬁrms the
coordination of probe with aluminum through
azomethine nitrogens. Moreover, peaks due to
methylene and methyl groups also appeared in the
expected region (Figure 5). Furthermore, the mass
spectrum of PADP-Al3? ensemble exhibited the
molecular ion peak at m/z, 561.1 which was assigned
to [PADP ? Al3? ? NO3 ? H2O]?conﬁrms the formation of PADP-Al3? complex (Figure S10, Supplementary Information).
To evaluate the activity of newly designed probe,
selectivity and interference are two important
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H NMR spectra of probe PADP with Al3? ions.

parameters. A selective response towards the target
over various competing species is needed. Therefore,
the selectivity study of probe to Al3? over various
metal ions (K?, Ag?, Ca2?, Mg2?, Cu2?, Co2?, Ni2?,
Mn2?, Zn2?, Cd2?, Hg2?, Pb2 and Fe3?) was conducted. Moreover, interference from all above metal
ions with the Al3? detection by the probe was also
investigated. The ﬂuorescence results (Figure 6) show
that most of the metal ions did not interfere with the
detection of Al3? ion by the probe PADP. Therefore,
the probe shows excellent selectivity and interference
for Al3? detection among the above mentioned metal
ions.

Figure 6. Relative ﬂuorescence of ligand PADP and its
complexation with Al3? in the presence of various metal
ions. Response of Al3? was included as controls. [1.
PADP ? Al3? ? K?, 2. PADP ? Al3? ? Na?, 3.
PADP ? Al3? ? Ni2?, 4. PADP ? Al3? ? Cu2?, 5.
PADP ? Al3? ? Zn2?, 6. PADP ? Al3? ? Fe3?, 7.
PADP ? Al3? ? Li?, 8. PADP ? Al3? ? Mg2?, 9.
LPADP ? Al3? ? Cd2?, 10. PADP ? Al3? ? Hg2?, 11.
PADP ? Al3? ? Pb2?, 12. PADP ? Al3? ? Cr3?, 13.
PADP ? Al3? ? Mn2?, 14. PADP ? Al3? ? Ag?] (left
to right). Conditions: PADP, 10 lM; Al3?, 10 equiv.; other
metal ions, 10 equiv.

To test the practical utilization of probe under
physiological medium, the emission spectra of PADP
and PADP-Al3? ensembles were recorded under different pH condition (1–14). The results show that the
receptor PADP could respond to the detection of Al3?
ions in 4–9 pH range (Figure S11, Supplementary
Information) which is ideal for any biological
application.
Based on the above spectroscopic results, a possible
mechanism for PADP-probe to sense Al3? ions has
been proposed in Scheme 2.
3.3 Detection of Al3? ions in water samples
The sensing property of the probe PADP for the
determination of the spiked amount of Al3? ions in
river water and tap water samples were performed.
The collected river water and tap water samples are
spiked with different concentration levels of Al3? ions
(2, 4 and 6 lM). The results are shown in (Table S2,
Supplementary Information) which indicate that the
recovered amount of Al3? ions are in good agreement
with the spiked value of Al3? ions. From the results, it
is conﬁrmed that the probe PADP detect the Al3? in
real samples with high accuracy.
3.4 Detection of Al3? in living cells
Based on its encouraging ﬂuorescence properties,
PADP probe was exposed for biological ﬂuorimetric
detection, in vitro cell imaging-based recognition
using NCCS cells. Before cell imaging studies, cytotoxicity of PADP up to 250 lM concentration was
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Scheme 2. Plausible mechanism for PADP-probe to sense aluminum ion.

investigated on living NCCS cells by MTT assays. The
results indicate that PADP does not impose high
cytotoxicity on the cells even at 250 lM concentration
(Figure S12, Supplementary Information). Therefore,
cell imaging studies were done using the non-toxic
probe PADP by ﬂuorescence microscopy. Owing to
the weak ﬂuorescence nature, the probe does not
exhibit any substantial ﬂuorescence when NCCS cells
were incubated with 10 lM of the probe (Figure S13,
Supplementary Information). When the cells were
treated with 20 lM solution of Al3? ions, cell ﬂuorescence turned ‘‘ON’’ which is imaged through a
ﬂuorescence microscope. This result reveals that the
probe PADP is cell-permeable and quantitatively
applicable for detecting Al3? ions through the formation of intracellular PADP-Al3? complex in living
cells.

Mass spectrum of PADP (Figure S2), 1H NMR spectrum of
PADP with Al3? (Figure S3), UV-Vis titration for PADP
with Al3? (Figure S4), UV-Vis reversibility with EDTA
(Figure S5), Benesi-Hilderbrand plot for calculating binding constant (Figure S6), ﬂuorescence reversibility plot
(Figure S7), ﬂuorescence reversibility titration (Figure S8),
Job’s plot (Figure S9), mass spectrum of PADP with Al3?
(Figure S10), pH study (Figure S11), cytotoxicity assay
(Figure S12), cell imaging (Figure S13), comparison
table (Table S1) and real water sample analysis (Table S2)
are available at www.ias.ac.in/chemsci.

4. Conclusions
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A simple Schiff base chemosensor was derived from
condensation between 4-(diethylamino)salicylaldehyde and o-phenylenediamine moieties and has been
characterized using analytical and spectral methods.
The emission spectrum of PADP Schiff base shows
signiﬁcant enhancement in the emission intensity at
500 nm in the presence of Al3? in MeOH-H2O (1:9
(v/v) HEPES buffer, pH 7.4). The detection limit and
binding constant (Kb) of PADP towards Al3? were
found to be 0.104 lM and 3.0 9 106 M-1 from the
ﬂuorescence titration experiments. The 1:1 binding
stoichiometry was further determined by Job’s plot
and further established from ESI-MS spectroscopy.
The probe is found to be biocompatible as it possesses
none or negligible cytotoxicity. The PADP was utilized in vitro cell imaging studies.
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Experimental procedure for cell culture, cytotoxicity assay,
cell imaging, 1H NMR spectrum of PADP (Figure S1),
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