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A novel Schiff base derivative of pyridoxal for the
optical sensing of Zn2+ and cysteine†

Thangaraj Anand, a Ashok S. K. Kumar b and Suban K. Sahoo *a

An easy to prepare novel vitamin B6 cofactor derivative 3-hydroxy-N’-((3 hydroxy-5-(hydroxymethyl)-2-

methylpyridin-4-yl)methylene)-2-naphthohydrazide (NPY) was synthesized by a one pot condensation

reaction of pyridoxal with 3-hydroxy-2-naphthoic hydrazide and applied for the optical detection of Zn2+

and cysteine in the aqueous DMSO medium. The addition of Zn2+ ions leads to a selective blue-shift in

the fluorescence emission spectrum of NPY from 530 nm to 475 nm, which allowed ratiometric detection

of Zn2+ ions down to 8.73 × 10−7 M without any interference from other tested metal ions. This system

was also successfully applied to detect intracellular Zn2+ ions in live HeLa cells. Further, when the in situ

generated NPY·Zn2+ complex was interacted with various amino acids, the addition of cysteine resulted in

an instantaneous colour change from light yellow to colourless and the absorbance at 435 nm of the

complex was quenched selectively. Also, the fluorescence of the NPY·Zn2+ complex was quenched,

which allowed the detection of cysteine down to 6.63 × 10−7 M.

1. Introduction

The development of new fluorescent chemosensors and trans-
porters for detecting ionic species and amino acids is continu-
ing to see an upsurge of interest in supramolecular chemistry.1

Next to iron, zinc is the second most abundant transition
metal ion in the human body and it appears in the enzymes
dispersed all over the human body.2 Zn2+ derived compounds
are extensively used in medical fields as tumor photosensiti-
zers, antibacterial/antimicrobial and anticancer agents, radio-
protective agents and antidiabetic insulin mimetics.3 In blood
serum, the total concentration of zinc is 10 μM.4 Yet, the exact
biological roles of zinc are still not entirely known. On the
other side, zinc dysbolism is the main cause for human dis-
eases.5 The scarcity of zinc in the human body causes intellec-
tual disability, digestive dysfunction, loss of brain function,
gene transcription, immune deficiency, mammalian reproduc-
tion disorder,6 etc., Also, the metal ions like Cu2+, Zn2+, and
Fe2+ play key roles in the aggregation of β-amyloid peptides
during the onset of Alzheimer’s disease7 and other neurologi-
cal diseases like Parkinson’s disease, cerebral ischemia and
epilepsy.8 Zinc pollution occurs from electroplating industries
and its toxicity has been found in both acute and chronic

forms. In addition, the soil microbial activity may be reduced
by Zn2+, a common contaminant in agricultural and food
wastes.9 Therefore, the detection of Zn2+ in biological and
environmental systems is of great importance.

Amino acids are building blocks for proteins. Cysteine
(Cys), homocysteine (Hcy), and glutathione (GSH) are the
important mercapto amino acids required for cell growth and
tissues in living organisms.10 Cysteine is very important
among the 20 essential amino acids because of its free thiol
moiety. Abnormal levels of thiols can reflect diseases like liver
damage, cancer, osteoporosis, AIDS, etc.11 Cys is used in neu-
rotoxins, biomarkers and physiological regulators.12 Precisely,
the lack of Cys causes many syndromes, for instance, slow
growth in children, hair depigmentation, edema, lethargy,
neurotoxicity, liver damage, loss of muscle and fat, skin
lesions, and weakness.13 Thus, it is important to develop
efficient, sensitive methods for the detection and quantifi-
cation of biothiols in physiological media for academic
research and clinical applications.

At present, a range of detection methods for Zn2+ ions
have been developed, such as electrochemical, inductively
coupled plasma mass spectrometry, and atomic absorption
spectroscopy methods.14 These analytical methods have both
advantages and disadvantages, whereas, the optical detection
methods such as colorimetry and fluorimetry15 opted in
chemosensor chemistry are most advantageous due to their
simplicity, high sensitivity, ready availability, low cost and
their applicability in living cells (in vivo) for the detection of
guest in designing such chemosensors possessing both a
light-emitting unit and a guest binding site. The Schiff base
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ligands are very useful in the designing of chemosensors
because of their high yield synthesis by a simple one pot con-
densation reaction16 and also the fascinating coordinative be-
havior toward the transition metal ions. Considering the
above facts, we have synthesized a new Schiff base receptor
NPY by reacting 3-hydoxy-2-naphthoic hydrazide with pyri-
doxal under reflux conditions (Scheme 1). The biological
importance of the non-phosphate form of vitamin B6 cofactor
i.e., pyridoxal and its derivatives, is well established along
with their fascinating coordination and optical properties,17

but very few reports on the development of chemosensors uti-
lizing the pyridoxal platform are present.18 The receptor NPY
recognizes Zn2+ with a significant blue-shift in the fluo-
rescence spectrum due to the formation of the NPY·Zn2+

complex. The resulting NPY·Zn2+ complex detects cysteine by
dual modes: the absorbance and fluorescence of the
NPY·Zn2+ complex were quenched selectively among the other
tested amino acids.

2. Experimental
2.1 Materials and instrumentations

Pyridoxal hydrochloride and 3-hydroxy-2-naphthoic hydrazide
were purchased from Sigma–Aldrich. All the solvents were of
analytical grade and used without further purification. Metal
salts of Cu2+, Co2+, Ni2+, Mn2+, Mg2+, Fe3+, Fe2+, Zn2+, Cd2+,
Hg2+, Pb2+, Al3+, and Cr3+ ions and the amino acids such as
aspartic acid (Asp), cysteine (Cys), alanine (Ala), arginine (Arg),
glycine (Gly), histidine (His), leucine (Leu), methionine (Met),
proline (Pro), serine (Ser), threonine (Thr), tryptophan (Trp),
lysine (Lys) and glutamic acid (Glu) were obtained from Merck.

The 1H and 13C NMR spectra were recorded on a Bruker
(Advance) 300 MHz instrument. The UV-Vis absorption spectra
were recorded on a Cary 50 Varian UV-Vis spectrophotometer
at room temperature using quartz cells of 1.0 cm optical path
length in the range of 300–700 nm. The fluorescence spectra
were obtained on a Cary Eclipse Fluorescent spectrophoto-
meter in the emission range of 380–800 nm by keeping the slit
width 5 : 5 nm and excitation wavelength 375 nm. The FT-IR
spectrum from 4000 to 600 cm−1 was recorded by using a
Shimadzu IR Affinity FTIR. The high resolution mass spectra
were recorded by using a Xevo G2-S Q TOF instrument in posi-
tive mode. Fluorescein (Φ = 0.79) in 0.1 M NaOH was used as a
standard for the quantum yield calculations.

For the various sensing experiments, the stock solution of
the receptor NPY (1 mM) was prepared in DMSO, whereas the
cations and amino acid (1 mM) solutions were prepared using
double distilled water. These solutions were used for all the
spectroscopy studies after appropriate dilution. The fluo-
rescence selectivity experiment was performed by taking
100 µL of NPY (1 mM, DMSO) in a series of vials and then was
diluted with 1850 µL DMSO followed by the addition of 50 µL
of the different metal ions (1 mM, H2O). Then, the fluo-
rescence spectra were recorded at λexc = 375 nm. The same
vials were also used to record the UV-Vis spectra. This solvent
condition was used because of the insolubility of NPY in
aqueous medium and to obtain the proper selectivity for the
target analyte.

2.2 Synthesis of NPY

Ethanolic solution containing 3-hydoxy-2-naphthoic hydrazide
(0.154 g, 0.74 mmol) and pyridoxal hydrochloride (0.080 g,
0.74 mmol) with the adjustment of pH to 7 by using NaOH
was refluxed for two hours. The excess solvent was distilled off
under reduced pressure. The lime yellow powder was obtained
and washed with diethyl ether. Recrystallization with hot
ethanol gives a lime yellow powder product. Yield: 73%.
ATR-FTIR (cm−1): 3218, 3053, 1691, 1665, 1551. 1H NMR
(300 MHz, δ, ppm, DMSO-d6): 12.69 (s, 2H), 11.30 (s, 1H), 9.02
(s, 1H), 8.50 (s, 1H), 8.06 (s, 1H), 7.94 (d, J = 8.3 Hz, 1H), 7.78
(d, J = 8.3 Hz, 1H), 7.66–7.45 (m, 1H), 7.53–7.11 (m, 2H), 5.58
(s, 1H), 4.69 (s, 2H), 2.50 (s, 3H). 13C NMR (75 MHz, δ, ppm,
DMSO-d6): 164.59, 154.61, 152.12, 147.03, 146.92, 146.83,
143.71, 136.90, 131.82, 129.50, 129.36, 127.61, 126.70, 124.75,
122.97, 120.52, 111.46, 58.83, 17.99; HRMS: calculated:
351.122 (M + H)+, found: 352.007.

2.3 In vitro cellular imaging

Localization of NPY and the ability of NPY for Zn2+ recognition
were investigated in live HeLa cell lines. Briefly, HeLa cells (7 ×
103 cells per well) were seeded on to 96 well cell carrier micro-
plates (PerkinElmer, US). When the cells reached 80% conflu-
ence, the media were changed. Cells were then treated with
10 µM of NPY alone and supplemented with Zn2+ (10 µM) and
the plate was incubated for 30 minutes in a humidified incu-
bator at 37 °C with 5% CO2. The cells were washed twice with
PBS buffer, and then the fluorescence images of the cells were
recorded by using an Olympus SV 1000 confocal fluorescence
Microscopy.

Scheme 1 Synthetic route of the receptor NPY.
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3. Results and discussion
3.1. Synthesis and characterization

The receptor NPY was prepared by a one pot condensation
reaction of 3-hydroxy-2-naphthoic hydrazide with pyridoxal in
ethanol under refluxing conditions, which furnished the
product NPY in an excellent yield of 73% (Scheme 1). The
structure of NPY was confirmed by 1H NMR, 13C-NMR, FT-IR
and HRMS spectroscopy (Fig. S1–S4†). The ATR-FTIR spectral
analysis indicates that the νNH2 and νOH peaks of NPY were
observed respectively at 3053 cm−1 and 3218 cm−1 whereas the
νCvO band appeared at 1691 cm−1. The imine νCvN stretching
band was observed at 1665 cm−1. In 1H NMR, the naphthyl-OH
and amide-NH give a singlet peak at 12.69 ppm, and a pyri-
doxal-OH peak at 11.30 ppm, whereas the characteristic imine
proton peak was observed at 9.02 ppm. A sharp singlet at
8.50 ppm was characterized for the pyridoxal aromatic proton
whereas other naphthyl aromatic peaks were observed between
6 ppm and 8 ppm. The alcoholic-OH gives a sharp peak at
5.58 ppm, whereas the peak for the methyl group was observed
at 2.50 ppm. In 13C NMR, the carbonyl carbon was observed
around 164.59 ppm. The imine carbon was observed at
146.92 ppm and all the aromatic carbons peaks were observed
in the range of 110–140 ppm. Methyl and methylene carbons
were observed at 58.83 ppm and 17.99 ppm, respectively.
Finally, the structure of NPY was confirmed by using the mass
data and then applied for the detection of cations.

3.2. Fluorescence studies of NPY with metal ions

The probe NPY (2 mL, 5 × 10−5 M, DMSO) displays a broad
emission band (Φ = 0.13 compared to fluorescein Φ = 0.79)
with maxima at ∼530 nm on excitation at 375 nm due to the
extended π-electronic structure and push–pull effect of
naphthyl and pyridoxal units, and shows the light yellow fluo-
rescent colour under UV-light (365 nm). The fluorescence
response of NPY was investigated with various cations (50 μL,
1 × 10−3 M, H2O) such as Cu2+, Co2+, Ni2+, Mn2+, Mg2+, Fe2+,

Fe3+, Zn2+, Cd2+, Hg2+, Pb2+, Al3+ and Cr3+ (Fig. 1a and
Fig. S5†). When Zn2+ was added to the solution of NPY, the
probe emission intensity decreased and selectively blue-shifted
to 475 nm (Φ = 0.02). However, the addition of other metal
ions induced either negligible change or quenching in the
fluorescence profile of NPY, but the blue-shifted emission
band was observed only in the presence of Zn2+ that allowed
selective ratiometric detection. The bar representation of the
emission ratio I475/I530 of NPY in the presence of different
metal ions clearly supported the high selective nature of NPY
as a ratiometric fluorescent sensor for Zn2+ ions (Fig. 1a).

To elicit the interaction between NPY and Zn2+ ions, the
fluorescence titration of NPY (2 mL, 5 × 10−5 M, DMSO) was
performed by the incremental addition of Zn2+ (5 μL, 1 × 10−4

M, H2O) ions (Fig. 1b). Upon the successive addition of an
incremental amount of Zn2+ to the probe NPY solution, the
emission band at ∼530 nm started decreasing and instan-
taneously a new blue shifted band was observed at 475 nm
with the formation of an isosemissive point at 492 nm. This
result supported the formation of a new complex species in
solution due to the complexation reaction that occurred
between the probe NPY and Zn2+ presumably via the pyridoxal-
OH, carbonyl-O and imine-N. Upon complexation, the ICT of
receptor NPY was affected due to the chelation of receptor NPY
with Zn2+, which ultimately resulted in blue shifting of the
emission spectrum of the receptor.19

To further investigate the tolerance of NPY (2 mL, 5 × 10−5

M, DMSO) with Zn2+ (50 μL, 1 × 10−3 M, H2O) with other com-
petitive metal ions (50 μL, 1 × 10−3 M, H2O) such as Cu2+, Co2+,
Ni2+, Mn2+, Mg2+, Fe2+, Fe3+, Cd2+, Hg2+, Pb2+, Al3+ and Cr3+,
the cross sensitivity experiments were conducted (Fig. 2a). The
competition experiments revealed that the Zn2+ induced fluo-
rescence enhancement at 475 nm was unaffected, even in the
presence of other tested interfering metal ions. This result
confirms that NPY is highly specific and can be applied for the
fluorescent ratiometric detection of Zn2+ ions. From the fluo-
rescence titration data, the limit of detection (LOD) of the

Fig. 1 (a) Selective emission spectra (I475/I530) of NPY (2 mL, 5 × 10−5 M, DMSO) upon the addition of Zn2+ ions (50 µL, 1 × 10−3 M, H2O) and other

metal ions (inset shows the fluorescent vials observed under UV light). (b) Fluorescence titration of NPY (2 mL, 5 × 10−5 M, H2O) with a successive

incremental addition of Zn2+ (5 μL, 1 × 10−4 M, H2O).
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probe NPY for Zn2+ was estimated down to 8.73 × 10−7 M by
applying the standard IUPAC method of 3σ/slope (where σ rep-
resents the standard deviation of the blank sample (Fig. 2b)).
The estimated detection limit for Zn2+ was far better than the
acceptable limit of 76 × 10−6 M of Zn2+ suggested by the
US-EPA and World Health Organization (WHO) for drinking
water.20 Also, the novelty of NPY was checked by comparing
with the analytical results of some reported naphthyl based
sensors (Table S1†) and other reported official methods
(Table S2†), which revealed that the probe NPY showed com-
parable/superior analytical performance.

The binding constant Ka was evaluated from the fluo-
rescence titration profile by using the Benesi–Hildebrand
equation21 i.e., 1/(F

∞
− F0) = 1/(F

∞
− F0) K [G] + 1/(F − F0).

Where, F0 represents the fluorescence intensity in the absence
of the analyte, F represents the fluorescence intensity in the
presence of the analyte, F

∞
represents the fluorescence inten-

sity after titration and [G] represents the concentration of the
analyte. The binding constant of 6.1 × 105 M−1 was estimated
from the Benesi–Hildebrand plot for the complex species
formed between NPY and Zn2+ (Fig. S6†). The Benesi–
Hildebrand plot fitted well for the 1 : 1 binding stoichiometry
between NPY and Zn2+. To further confirm that the complex
formation occurred between the NPY and Zn2+ ion, the zinc
complex was isolated in the solid state and characterized. The
solid complex was obtained as orange-yellow colored flakes
and showed the absorbance maxima at λabs = 317 nm, 332 nm,
408 nm and 435 nm (Fig. S7a†) whereas the emission maxima
were (λexc = 375 nm) at λem = 475 nm and 525 nm (Fig. S7b†).
The observed spectral data of the isolated NPY·Zn2+ complex
showed good agreement with the complex species formed in
the solution state (Fig. S7†). Furthermore, the 1 : 1 complex for-
mation between NPY and Zn2+ was confirmed by the HRMS
data which revealed the molecular ion peak at m/z = 450.29
assigned for the species (Zn(NPY-H+)Cl−, Fig. S8†).
Furthermore, the effect of pH for the detection of Zn2+ ions by

NPY was tested by recording the fluorescence spectra at
different pH values from 2 to 12 (Fig. S9†). The results revealed
that the receptor NPY can be applied to detect Zn2+ above pH =
∼6.5. At lower pH, the protonated form of NPY restricts the
complexation with Zn2+ and therefore no significant fluo-
rescence changes of NPY were observed in the absence and
presence of Zn2+.

3.3. Intracellular live cell imaging

Considering the biological importance of Zn2+ and its detec-
tion in intracellular components, the potential utility of NPY
for monitoring Zn2+ in living cells was examined. The fluo-
rescence imaging studies in live HeLa cells with the probe NPY

were performed in the presence and absence of Zn2+ ions by
using the confocal fluorescence microscopy (Fig. 3). In the
present study, the HeLa cells were first incubated with probe
NPY (10 µM) for 30 minutes at 37 °C and washed with PBS
solution, and then the cells were exposed to fluorescence
imaging which shows cell permeability and fluorescence.
Further Zn2+ (10 µM) ions were added into the probe NPY

treated cells for 10 min at 37 °C, and images were taken. The
images summarized in Fig. 3 indicate that the yellow fluo-
rescent cells in the presence of NPY were changed to blue fluo-
rescent cells in the presence of Zn2+ due to the complex for-
mation that occurred between Zn2+ and the probe NPY within
the HeLa cells. These results confirm that the probe NPY is
cell permeable and can be applied as a sensor to detect Zn2+

in living cells.

3.4. Complexation studies of NPY with metal ions

The Zn2+ ion recognition ability of NPY (5 × 10−5 M, DMSO)
was investigated by recording the UV-Vis absorbance spectra.
The probe shows a broad absorption between 300 nm and 450
due to the mixed π to π* and n–π* transitions. After the
addition of Zn2+ (50 μL, 1 × 10−3 M, H2O), an obvious decrease
in the absorbance at 385 nm occurred and concomitantly the

Fig. 2 (a) Fluorescence intensity ratio I475/I530 of the receptor NPY (2 mL, 5 × 10−5 M, DMSO) after adding Zn2+ (50 µL, 1 × 10−3 M, H2O) ions and

equimolar concentration of other competitive cations (50 µL, 1 × 10−3 M, H2O). (b) Calibration curve for calculating the limit of detection of NPY

with Zn2+.
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intensity of the peak at 435 nm increased (Fig. S7†). The spec-
tral changes associated with the naked eye detectable colour
change from colourless to yellow (Fig. S10†) supported the for-
mation of the NPY·Zn2+ complex in the ground state. Further,
to get fuller insight into the possible binding modes of NPY

with Zn2+ ions, 1H-NMR titration was performed in DMSO-d6
(Fig. 4). The 1H NMR spectrum of NPY displayed characteristic
amide NH and hydroxyl OH protons at 12.69 ppm, and the
other aliphatic and aromatic protons in their respective posi-
tions. In the 1H NMR titration experiments, the increasing

Fig. 3 (a) Bright field image of HeLa cells with NPY (10 µM), (b) confocal fluorescence image of cells incubated with NPY alone without Zn2+, (c)

merged image of NPY, (d) Bright field image HeLa cells with NPY (10 µM) and Zn2+ (10 µM), (e) confocal fluorescence image of cells with NPY and

Zn2+ and (f ) merged image of NPY with Zn2+.

Fig. 4 1H-NMR spectrum of NPY with an incremental addition of Zn2+ ions in DMSO-d6 [equivalents of Zn2+ with respect to NPY: 0 (i), 0.2 (ii), 0.4

(iii), 0.6 (iv), 0.8 (v) and 1.0 (vi)]. *The peak appeared because some pyridoxal-N may be under protonated conditions.
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addition of zinc to a solution of NPY results in the dis-
appearance of phenolic hydroxyl protons at 11.30 ppm. At the
same time, imine protons at 9.02 ppm show a negligible shift
in the presence of zinc ions. These results suggest that the
imine and hydroxyl group interactions are a crucial driving
force for the complex formations along with the carbonyl-O
which can be ascertained from the downfield shift of the peak
at 12.69 ppm.

Based on the experimental evidence, the possible 3D struc-
ture of NPY and its complex with Zn2+ was proposed theoreti-
cally by applying the density functional theory (DFT) method.
The DFT optimization of the structure was performed by using
the B3LYP exchange–correlation functional and the basis sets
6–31G** for the N, O, C, and H atoms whereas LANL2DZ for
the Zn atom. All calculations were performed by using the
computational code Gaussian 09 W.22 As shown in Fig. 5a, the
receptor NPY preferred a planar structure with a strong intra-
molecular hydrogen bonding between the pyridoxal-OH and
imine-N of length 1.755 Å. Based on the obtained optimized
structure of NPY, no apparent conformation changes are
required to coordinate the Zn2+ ion (Fig. 5b). Also, the calcu-
lated interaction energy (Eint = Ecomplex − Ereceptor − 2EZn2+) for
the complexation between NPY and Zn2+ was lowered by
−109.55 kcal mol−1, which supported the formation of a stable
complex. Further analysis of the band gap (ΔE = ELUMO −

EHOMO) between the highest occupied molecular orbital
(HOMO) and lowest unoccupied molecular orbital (LUMO) of
NPY (0.1386 eV) on complexation with Zn2+ (0.1115 eV) com-
plemented well the red-shift in the absorption band upon
complexation (Fig. S7†).

3.5 Fluorescence studies of zinc complex with amino acids

The biomolecules such as amino acids can snatch the co-
ordinated metal ions from the receptor conducing the recovery
of the fluorescence of the receptor which allowed us to develop
a sequential sensor with the same receptor. With this
approach, the NPY·Zn2+ complex solution was prepared by
mixing NPY (2 mL, 5 × 10−5 M, DMSO) and Zn2+ (50 µL, 1 ×
10−3 M, H2O), and then the fluorescence response was
checked by adding different amino acids (50 μL, 1 × 10−3 M,
H2O) such as aspartic acid (Asp), cysteine (Cys), alanine (Ala),
arginine (Arg), glycine (Gly), histidine (His), leucine (Leu),
methionine (Met), proline (Pro), serine (Ser), threonine (Thr),
tryptophan (Trp), lysine (Lys) and glutamic acid (Glu) (Fig. 6a).
Only after the addition of Cys into the NPY·Zn2+ complex solu-
tion was the fluorescence was quenched completely. Such fluo-
rescence quenching was not observed with other tested amino
acids, which clearly shows that the NPY·Zn2+ complex is selec-
tive towards cysteine. To study the sensitivity of the Zn2+

complex for the detection of cysteine, the fluorescence of the
NPY·Zn2+ complex was recorded after each incremental
addition of cysteine (4 µL, 1 × 10−4 M, H2O). Upon incremental
addition of cysteine, the fluorescence of the zinc complex
started decreasing, but does not revert back to the NPY fluo-
rescence (Fig. S11†). This quenching of fluorescence may be
due to the further complexation of cysteine with the additional
coordination sites present at the zinc atom in the NPY·Zn2+

complex, because cysteine also has more affinity towards metal
ions due to the presence of multiple donor atoms like S, O and
N atoms. Due to the formation of a stable complex between

Fig. 5 DFT computed optimized structures of NPY (a) and NPY·Zn2+ (b) and two views of the NPY·Zn2+·Cys complex (c and d).
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Fig. 6 (a) Fluorescence spectra of the NPY·Zn2+ complex (2 mL, 5 × 10−5 M, DMSO) upon the addition of Cys and other amino acids (50 µL, 1 × 10−3

M, H2O). (b) Bar diagram of fluorescence intensity of the NPY·Zn2+ complex (2 mL, 5 × 10−5 M, DMSO) after adding Cys (50 µL, 1 × 10−3 M, H2O) and

equimolar concentration of the other competitive amino acids (50 µL, 1 × 10−3 M, H2O).

Fig. 7 (a) UV-Visible absorbance spectra of the NPY·Zn2+ complex (2 mL, 5 × 10−5 M, DMSO) upon the addition of different amino acids (50 μL, 1 ×

10−3 M, H2O) (b) NPY·Zn2+ complex (2 mL, 5 × 10−5 M, DMSO) upon incremental addition of Cys (5 μL, 1 × 10−5 M, H2O). (c) B–H plot of the fluor-

escence curve of the NPY·Zn2+ complex in the presence of addition of Cys. (d) Bar diagram of absorbance intensity changes of the the NPY·Zn2+

complex (2 mL, 5 × 10−5 M, DMSO) after adding Cys (50 µL, 1 × 10−3 M, H2O) and equimolar concentration of the other competitive amino acids

(50 µL, 1 × 10−3 M, H2O).
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cysteine and NPY·Zn2+, the solution becomes non-fluorescent
either due to the electron or charge transfer from the cysteine
to the NPY·Zn2+. The fluorescence changes of the zinc complex
upon addition of cysteine show good selectivity and sensitivity.
Using the fluorescence titration data, the association constant
of the zinc complex with Cys was found to be 4.02 × 107 M−1

and the detection limit down to 6.63 × 10−7 M (Fig. S12a and
b†). Further, the interference of the NPY·Zn2+ complex towards
the sensing of cysteine (50 µL, 1 × 10−3 M, H2O) with various
amino acids (50 µL, 1 × 10−3 M, H2O) was examined (Fig. 6b).
No significant changes in the fluorescence profile of the
NPY·Zn2+ complex in the presence of Cys were observed with
the addition of the interfering amino acids.

3.6 UV-visible absorption studies of zinc complex with amino

acids

To scrutinize the ability of the NPY·Zn2+ complex as a colori-
metric sensor for amino acids, the absorbance changes of the
complex solution were analysed with various amino acids. The
absorbance response of the NPY·Zn2+ complex was explored in
the presence of different amino acids (50 μL, 1 × 10−3 M, H2O)
such as Asp, Cys, Ala, Arg, Gly, His, Leu, Met, Pro, Ser, Thr,
Trp, Lys and Glu. As shown in Fig. 7a, the Zn2+ complex shows
absorption bands at 330 nm and 435 nm. Interestingly, upon
the addition of Cys into the Zn2+ complex solution, the absorp-
tion peak at 435 nm completely vanished and the formation of
a new peak was observed at 348 nm along with the change of
colour of the solution instantaneously from light yellow to col-
ourless. However, the addition of other amino acids led to no
significant change in the ground state and no colour change
of the complex was observed. To further understand the
binding nature of the Zn2+ complex with cysteine, the concen-
tration dependent absorbance changes were monitored by UV-
visible studies. Continuous titration of the Zn2+ complex with
a subsequent addition of Cys (5 μL, 1 × 10−5 M, H2O) revealed
a continuous intensity decrease in the absorption bands at
435 nm and a new broad band appeared at 348 nm (Fig. 7b).
The change in the broad band at 435 nm is because of
cysteine, which forms a stable complex with NPY·Zn2+ through
the thiol and amine groups of cysteine. To support that the
complex formation occurred between Cys and NPY·Zn2+, the
complex NPY·Zn2+·Cys was isolated in the solid state and
characterized. The HRMS analysis showed that the molecular
ion peak at m/z = 537.64 was assigned for the ((NPY-H+)
Zn·Cys)+ species (Fig. S13†). Also, the recorded UV-Vis absor-
bance and emission spectra of the synthesized NPY·Zn2+·Cys
complex were similar to those observed in the solution state
(Fig. S7†). Further, the 3D structure of the NPY·Zn2+·Cys
complex was obtained by DFT calculations and is shown in
Fig. 5c and d. Using the UV-Vis titration data, the association
constant and the limit of detection of the NPY·Zn2+ complex
for Cys were estimated to be 1.5 × 107 M−1 (Fig. 7c) and 2.86 ×
10−7 M (Fig. S14†), respectively.

To further check the selectivity of the zinc complex with
cysteine, the competitive binding experiments were performed.
Zn2+ complex was pre-treated with Cys and competitive amino

acids (Fig. 7d). No significant variation was observed in the
presence of other competing amino acids in comparison with
a solution containing only Cys. The zinc complex performed
well in the presence of other amino acids and selectively
senses cysteine in a competitive environment.

4. Conclusions

In summary, we have introduced a new Schiff base derivative
NPY of pyridoxal by reacting with 3-hydroxy-2-naphthoic hydra-
zide. The receptor NPY showed a distinct and instantaneous
ratiometric fluorescence response in the presence of Zn2+ ions
due to the coordinative interactions of NPY with zinc ions via

imine-N, pyridoxal-OH and carbonyl-O of naphthyl units. The
proposed binding interactions of NPY with Zn2+ ions were con-
firmed by 1H-NMR titration experiments, and the probe was
utilised for the detection of intracellular Zn2+ ions in live HeLa
cells. The in situ generated NPY·Zn2+ complex was further used
as a sequential sensor to detect the bioactive Cys. With the
addition of Cys, the absorbance of the NPY·Zn2+ complex
decreased and also the fluorescence was quenched which
allowed two different optical modes for the selective detection
of Cys. The detection of Zn2+ by NPY and the detection of Cys
by the NPY·Zn2+ complex were not affected in the presence of
other interfering metal ions and amino acids, respectively.
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