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Fluorescence Chemosensor for Detection of AI**, Fe?*, Cu** Ions and its
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A Schiff base compound E-2-(((4-aminophenyl)imino)methyl)-5-(difluoromethoxy)phenol was synthesized and characterized by FI-IR,
'H and “"C NMR, ESI-mass spectroscopy. The synthesized compound also selectively detects Al**, Fe** and Cu** without any interference
of other metal ions. Fluorescence titrations carried out to find the selectivity of Al**, Fe** and Cu** in turn-on system, with binding modes
of 2:1 complex, confirmed by Job’s plot. The presence of metal ions Al**, Fe** and Cu** with receptor conformed by ESI-MS spectrum,

high value of 5.7 x 10* M compared to Fe** and Cu** metal ions. Prominently, the cytotoxicity activities of probe with HeLa cells were

also calculated.
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INTRODUCTION

Among different heavy metal ions, aluminium is a neces-
sary element which is highly abundance in nature and used in
each sphere of life such as building equipments, water treatment,
packaging utensils, food additives, occupational dusts,
pharmaceutical products, electrical components of different
gadgets, efc. Aluminum is a recognized neurotoxin to organisms
[1], causing osteomalacia [2], Alzheimer’s disease [3-5] and
breast cancer. Consequently, it is essential to adopt highly
accurate analytical methods for the detection and control the
concentration levels of Al** in the environmental and biological
systems. Available techniques have limitations due to their poor
selectivity and sensitivity. Fluorescent sensors are very pretty
apparatus for the sensing and recognition of metal ions present
in biological environment. These sensors show simplicity, high
sensitivity, excellent selectivity and response time [6-10]. The
WHO recommended regular human intake of aluminum is
around 3-10 mg only [11-13] beyond this limit causes above
mentioned diseases.
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Iron is an important transition metal ion present in plants
and animals. It plays essential role in enzyme catalysis, cellular
metabolism, as an oxygen carrier in hemoglobin and as cofactor
in few enzymatic reactions [14-16]. However, lesser amount
of iron in human body connected to liver and kidney damage,
anemia, diabetes, and heart diseases [ 17]. Hence, various methods
to identify the presence of iron in environmental and biological
fields get much more attention [18]. Inspite of the human body
has control over iron amount, recognition and investigation of
bioactive iron represents a frightening healthcare challenge.
Therefore, researches continuously attempt to increase discovery
methods to monitor elemental iron, which include absorption
spectra [19,20], magnetic resonance imaging [21], electro-
chemistry [22,23], HPLC [24] and fluorescence [25-27].

Copper(Il) ion plays an essential role in different biol-
ogical processes. However, high level of copper even for a little
period of time may cause gastrointestinal disturbance and long-
term consumption able to cause liver or kidney damage [28,29].
In point of weight of the copper ion in biological system, Cu**
ion selective sensors have been progress in recent times [30-
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36]. The copper metal ion available in trace amount is essential
to human body, it is necessary for few organisms for normal
physio-logical processes. For example, enzymes concerned in
mitoch-ondrial electron transport and melanin production
depend on copper ion [37]. In short period, efforts have been
dedicated to the progress of high selective and sensitive
fluorescent chemo-sensors for sensing and detecting copper
ions, and different Cu*" selective fluorescent chemosensors
have been reported [38-42]. Most of the model and recently
reported Cu®* sensors normally showed low sensitivity [43,44].
In addition, important chemosensors are based on single
emission intensity change such as enhancement [45,46] or
fluorescence quenching [47,48], it tend to be a affected with a
different factors such as probe molecule concentration,
instrument efficiency and micro-environment [49].

In this work, a Schiff base of (E)-2-(((4-aminophenyl)-
imino)methyl)-5-(difluoromethoxy)phenol (R) has been synth-
esized and successfully applied as fluorescence sensor for Al**,
Fe?* and Cu*. The cyotoxicity activity of synthesized comp-
ound with HeLa cells was aslo carried out.

EXPERIMENTAL

All the chemicals and solvents were purchased from Sigma-
Aldrich (India) and used without further purification. 'H NMR
and C NMR spectra recorded on a Bruker-400 MHz spectro-
meter using TMS as internal standard. Infrared measurements
calculated at 4000-400 cm™ region on a Agilent Carry 630 FT-
IR spectrometer. Fluorescence measurements conducted on a
Hitachi F-4600 fluorescence spectrophotometer with a scan rate
of 1200 nm at room temperature.

Synthesis of E-2-(((4-aminophenyl)imino)methyl)-5-
(difluoromethoxy)phenol (R): 1,4-Diaminobenzene (0.30 g,
1.00 mmol) and 4-(difluoromethoxy)-2-hydroxybenzaldehyde
(0.45 g, 1.00 mmol) were dissolved in DMSO (20 mL). Then
the solution was refluxed for 6 h and cooled at room temperature,
a yellow precipitate was filtrated and purified using ethanol to
obtain a desired product (Scheme-I). Yield: 0.5 g, 60 %. m.p.:
219 °C; IR (KBT, Vi, cm™): 3440 (O-H), 3338 (N-H), 2965
(Ar-C-H), 2842 (aliph. C-H), 1601 (C=N), 1499 (C=C), 1445
(C-H), 998 (N-H), 863-678 (C-H). 'H NMR (400 MHz DMSO-
ds: 10.34 (s, OH), 9.97 (s, NH), 8.82 (s, 1H), 7.62-7.63 (t, J =
1.0 Hz), 7.41-7.40 (d, J =4.0 Hz), 7.39-7.34 (d, J =2.0 Hz),
7.29 (s, 1H), 7.19 (s, 1H), 6.97 (s, 1H), 5.49 (s, 1H) . “C (100
MHz, DMSO, § ppm): 158.23, 157.16, 152.99, 140.90, 138.53,

F

L

NH, F o

EtOH

129.78,124.75,123.44, 122.10, 120.77, 117.98, 115.52, 112.38,
112.07, 79.12. ESI-MS m/z: Anal. calcd. (found) for C;sH; 6N,
[M+H]": 377.42, (376).

Fluorescence titrations: A stock solution of synthesized
compound (probe R) (0.005 mmol, 2.05 mg) was prepared in
dimethyl sulfoxide (1 mL). A sensor solution (12 puL, 5 mM)
was diluted with 2.98 mL methanol to obtain 20 uM. Then, 6-
66 UL (20 mM) of AI(NOs), (0.02 mmol) dissolved in ethanol
(1 mL) solution were transferred to probe R (20 uM, 3 mL).
After stirring for 5 s, fluorescence spectra were measured. The
similar experimental methods were also applied for Fe** and
Cu* solutions.

UV-visible analysis: Synthesized compound was dissolved
in 10 mL ethanol. Various metal ions solutions such as Cu*",
Fe3+’ C02+, Niz+’ Ca2+’ Sn2+’ SI'2+, Ti3+’ V3+, Ti3+, Mn2+’ Pb2+’ Zn2+’
Cd*, Hg*, AI**, Ag* and Cr** (1 x 10 M) were prepared and
added 50 mL of water solution. Finally, added 0.1 mL these
metal ions solution to a test tube containing 0.1 mL of probe R,
1:4 ratio of EtOH:H,O and pH was maintained at 7.0. After few
min, spectra were recorded in room at temperature.

Fluorescence spectra: Synthesized compound (probe R,
1 x 10° M) mixed in ethanol and few min later, 0.1 mL added
to each test tube. The fluorescence measurements with various
metal ions such as Cu*, Fe*", Co**, Ni**, Ca**, Sn*, Sr**, Ti*,
V¥, Ti**, Mn**, Pb*, Zn*, Cd*, Hg**, AI*, Ag* and Cr** (1x 107
M) were performed with the 1:4 ratio of EtOH:H,O at pH 7.0.

Job’s Plot: A stock solution of R (0.005 mmol, 1.65 mg)
was prepared in ethanol (10 mL). A 100 pL (5 mM) of probe R
was diluted to 50 mL ethanol to get 20 uM. A 1.6-0.1 mL in a
regular interval of the diluted probe R were piptted out and
added to quartz cells. A 40 uL (10 mM) of AI(NOs), solution
was diluted to 50 mL in ethanol then, 0.1-1.6 mL of a diluted
AI** solution was added to each probe R. Each cell was filled
with ethanol to afford a total volume of 2 mL. After stirring for
10 s, fluorescence spectra were measured. The similar experi-
mental methods were also applied for Fe** and Cu** solutions

Cell culture and cytotoxicity assays: HeL.a cells were grown
in Dulbecco’s modified Eagle’s medium (DMEM) supplemented
with 10 % FBS. All cells were supplemented with an antibiotic
antimycotic solution (100 units mL penicillin, 0.1 mg mL" strepto-
mycin and 0.25 mg mL"' amphotericin B) and grown at 37 °C
in standard cell culture conditions (5 % CO,, 95 % humidity).
HelLa cells were cultured in culture media (DMEMC, high glucose)
in an atmosphere of 5 % CO, and 95 % air at 37 °C. The cells

F
O
HO

N~

+ Redlux 6 h

OH

NH, N

0]

HoN

Scheme-I: Synthesis of E-2-(((4-aminophenyl)imino)methyl)-5-(difluoromethoxy)phenol (R) as fluorescence chemosensor
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were seeded into 96-well plates at a density of 4 x 10° cells per
well in culture media and then 0, 7.8, 15.6, 31.2, 62.5, 125, 250,
500, 1000 uM (final concentration) of the synthesized comp-
ound. The cells were incubated at 37 °C in an atmosphere of 5 %
CO; and 95 % air for 24 h. The absorbance of cells was measured
by ELISA.

RESULTS AND DISCUSSION

Compound R was synthesized from 1,4-diaminobenzene
and 4-(difluoromethoxy)-2-hydroxybenzaldehyde to form E-
2-(((4-aminophenyl)imino)methyl)-5-(difluoromethoxy)
phenol (R) and characterized by FT-IR, 'H & “C NMR, ESI-
Mass spectroscopy.

Absorption and fluorescence studies of compound R
to AI**: First of all, to start with fluorescence enhancement
studies of compound R selectivity (20 uM) to various metal
ions such as Cu*, Fe*, Co*, Ni**, Ca®*, Sn**, Sr**, Ti**, V**,
Ti**, Mn*, Pb*, Zn™, Cd*", Hg* and Ag* (10 equiv) in EtOH:H,0,
(1:4, v/v, pH=7.0) with HEPES buffer solution with excitation
at 368 nm shown in Fig. 1. Itis evident that a remarkable enhance-
ment of fluorescence can be detected for AI** by emitting light
yellow fluorescence intensity largely at 478 nm. Furthermore,
presence of Fe** and Cu® ions with less intensity than Al** ion
with some fluorescence enhancements along with green-yellow
fluorescence. Fe** and Cu** displayed a slightly red-shifted
fluorescence compared to AI**, which might be due to their
heavy mass. In difference, other metal ions displayed no major
spectral changes. It seems that the fluorescence enhancement
was due to formation of conjugated system after binding metal
ions. The fluorescence intensity progressively increased at 510
nm, while excitation value at 385 nm as shown in Fig. 2. The
photo-physical property of R (20uM) was studied by variations
in UV-visible spectrum of R upon treatment with AI** (Fig. 3).
Various concentrations of AI** to probe R solution, an absor-
bance peak of R at 292 nm steadily shifted to 373 nm, which
accompanied with clear iso-sbestic points between 240 nm
and 343 nm.

The complexation method of R-Al"" was investigated using
the Job's plot [50,51], which showed a 2:1 ratio binding mode
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Fig. 1. Fluorescence spectral changes of R (20 uM) in the presence of
various metal ions (10 equiv.) with an excitation of 328 nm
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Fig. 2. Fluorescence spectral changes of R (20 uM) in the presence of
various concentrations of AI’* ions with an excitation of 368 nm
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Fig. 3. Absorption spectral changes of R (20 uM) in the presence of
different concentrations of AI** ions

of R-AI**. The 2:1 complexation between R and AI** was addi-
tionally supported by ESI-mass spectrum (Fig. 4), initial peak
at A = 278.25 nm was indicative of [2:1+AlI*-2H*]* (caled.
278.17). From fluorescence titration, a binding constant of R
with AI** was calculated and determined as 5.7 x 10* M [52].
The detection limit of R for AI** was found to be 13.38 uM
using 36/slope analysis [53]. When probe R (50 uM) solution
was treated with AI’* in the presence of various metal ions,
moreover, low and high capacity of fluorescence affected by
interference metal ions with probe R (Fig. 5). In difference
Mn?**, Ni** and Pb* inhibited 25-45 % of emission intensity of
AI**-2:1, therefore, a fluorescence intensity was still visible in
the presence of these metal ions, however, Ca*, Sn*, Sr*,
Cd* and Ag* quenched 74, 77, 64, 83 and 61 % of the fluore-
scence intensity.

Fluorescence studies of R toward Fe** and Cu**: The
excitation wavelength was changed at 439 nm in order to examine
further fluorescent variations of R to various metal ions such
as Cu*, Fe*, Ni*", Ca*, Sn**, Sr**, V**, Ti**, Mn*, Pb*, Zn**,
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Fig. 4. Positive-ion mass spectrum of R (50 uM) upon addition of 1.0 equiv.
of Al(NOz)z
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Cd*, Al*, Ag* and Hg** (10 equiv.). Enhancement of various
metal ions tested, R showed remarkable selectivity only for
Fe?* and Cu® by strong fluorescence enhancement at 521 nm
(Fig. 6). Furthermore any fluorescence response to other metal
ions was not observed. The fluorescence enhancement showed
R with "turn-on" process to Fe** and Cu** in presence of other
metal ions. Opportunely, it is possible to discriminate Fe** and
Cu** through colour change. Most sensors for Al**, Fe** and
Cu** generally showed nearly identical fluorescence change
at the same position and the same colour change.
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Fig. 6. Fluorescence spectral changes of R (20 uM) in the presence of
different metal ions

The fluorescence emission intensity at 497 nm constantly
increased up to 15 equiv. of Fe** while excitation wavelength
at 438 nm (Fig. 7). Upon gradual addition of Fe** to the probe
R, UV-visible titration showed a maximum absorbance
decreased at 214 nm, while a new band at 271 nm appeared
and saturated with 15 equiv. of Fe**. In addition, an isosbestic
point wavelength at 233 nm indicated the generation of a new
stable complex between R and Fe** formed (Fig. 8). To establish
abinding stoichiometry of R-Fe** complex, a Job’s plot analysis
was carried out [50,51], which indicated a 2:1 complex formation
between R-Fe?*, a maximum absorbance obtained for mole
fraction 0.5 UM for a stable complex (Fe**/(R+Fe*"). To confirm
the coordination of binding mode of R to Fe** ESI-mass
analysis of probe R in the presence of Fe** was also performed.
As shown in Fig. 9, a peak at m/z 610.10 could be assigned to
[2:1+ Fe?*-2H*]* (caled. 610.09). The association constant (K)
of Fe**-2:1 complex was found to be 5.0 x 10* M? using the
fluorescence titration data. The recognition of Fe** not inter-
ference other metal ions, so still not enhancement any change,
and next low intensity may be attributed Ca**, V** and Hg**
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1000
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Fig. 7. Emission spectrum of R (20 uM) in the presence of different
concentrations of Fe’* ion
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Fig. 8. Absorption spectrum changes of R (20 uM) in the presence of
different concentrations of Fe** ion
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particular metal ion longer wavelength and also not changed
binding of Fe** with probe R for Ti**, Zn** and Ag* ions (Fig.
10).
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Fig. 10. Competitive selectivity of R (20 uM) toward Fe** in the presence
of other metal ions

A fluorescence titration experiment was performed to
examine the detecting ability of probe R toward Cu* ions.
When probe R was titrated with Cu* ions, a fluorescence emis-
sion intensity at 545 nm steadily increased and was saturated
at 15 equiv. of Cu* ions, with excitation value at 473 nm (Fig.
11). To further investigate the interactions between R and Cu*,
a UV-vis absorption titration was also examined (Fig. 12). Upon
titration with increasing concentration of Cu® (15 equiv.) to
probe R solution, absorbance at 340 nm decreased, while a
novel red-shifted absorption band at 367 nm gradually appeared.
Beyond 15 equiv. Cu®, the absorbance was saturated with one
isosbestic point at 276 nm, indicating a definite binding of R
with Cu** ions. An absorbance gradually increases by the gradual
addition of Cu® ions and saturated with increase of 15 equiva-
lents of Cu** to a fixed concentration of R (20 mM). To deter-
mine a binding ratio of probe R with Cu®, a Job’s plot was
constructed and the maximum absorbance was found to be at
mole fraction 0.5 uM of (Cu**/(R-Cu*) indicating a 2:1 binding
ratio between probe R and Cu** [21]. This result was consistent
with the ESI-mass analysis (Fig. 13). The positive-ion mass
suggested the formation of [2:1+Cu*-2H*T* based on the presence
of a peak at m/z = 605.02 (calcd. 604.57). The association
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Fig. 11. Emission spectrum of R (20 uM) in the presence of different con-
centrations of Cu** ions
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Fig. 13. Positive-ion mass spectrum of R (50 uM) upon addition of 1.0 equiv.
of Cu(NO:3),

constant was determined to be 5.4 x 10* M for Cu** ions [39].
However, Ca*, V** and Pb** ions to some extend may interfere,
which can probably be due to the fluorescence quenching of
these metal ions.

Cytotoxicity with HeLa cells analysis: The cytotoxicity
analysis with probe R was carried out with HeLa (liver cancer)
cell line. HeLLa cell treatment with ligand at various concentra-
tions and cell viability were evaluated. HeLa cells were applied
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Fig. 14. Cytotoxicity of R: (A) before and; (B and C) after treatment with R of Hella cell examined by fluorescence microscopy

on the compound and changed their original stability. The
cytotoxicity analysis of HeLa cell line with various concentra-
tions such as 0, 7.8, 15.6, 31.2, 62.5, 125, 250, 500 and 1000
UM (final concentration) of ligand was carried out. Moreover,
live-cell images before and after treatment incubated at 37 °C
in an atmosphere of 5 % CO, and 95 % air for 24 h are displayed
in Fig. 14. HeLa cells cell viability (%) increased orderly with
good response with the ligands. The total concentration of
graphical plot of cell viability (%) with different concentration
and displayed in Fig. 15. Property of ligands binding with ICs,
value with short time intervals show good relationship.

Cell Viability

%

Fig. 15. ICs values of R against Hella cell lines

Conclusion

A novel Schiff base multifunctional fluorescent probe R,
which exhibited high selectivity for trivalent and bivalent ions
(AI**, Fe** and Cu®). The sensor could sense and distinguish
AI**, Fe” and Cu** through turn-on fluorescence at different
wavelengths. The 2:1 binding modes of probe R with Al**,
Fe?* and Cu* were confirmed by Job plots and ESI-mass. The
association constants of Fe**-R and Cu®*-R complex were
maximum reported for the chemosensors to date prominently,
as a first report that a chemosensor can selectively discover and
differentiate AI**, Fe** and Cu®** while several chemosensors
reported to date have difficulty in distinguishing AI** because
of their related behaviour. HeLa cell treatment with ligand at
various concen-trations and cell viability were also evaluated.
It was found that HeLa cells cell viability (%) increased orderly

with good response with the ligands and the ligands binding
with ICs, value with short time intervals showed a good relation-
ship.
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