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A B S T R A C T

A Schiff base centered chemosensor namely (2E,NE)-N-(2,4-dihydroxybenzylidene)-2-(quinolin-2-ylmethylene)
hydrazinecarbothioamide i.e. SB has been synthesized and further utilized for the selective and sensitive de-
tection of four metal ions through dual channels based on absorption and fluorescence properties. The distinctive
recognition of Ni2+, Cu2+, Co2+, and Cd2+ in an aqueous solution was achieved by observation with the naked
eye rapid color change, analyzing the absorption and fluorescence spectrum of chemosensor SB in the absence
and presence of specific metal ion at respective concentration. The synthesized chemosensor SB offered ex-
tremely lower detection limit of nano molar level employing either the absorption or fluorescence method. The
strong binding constant values such as 9.02× 105 M−1 for Ni2+, 11.21× 105 M−1 for Cu2+, 7.52×105 M−1

for Co2+ and 6.73× 105 M−1 for Cd2+ indicate strong complexation between chemosensor SB and respective
metal ion. The mechanism for change in the absorption and fluorescence properties of SB involves the inter-
action of respective metal ion with sulfur and oxygen functionality in SB molecule followed by the formation of
ground state non-fluorescent complex via static quenching process. The TD-DFT studies for the theoretical cal-
culations are in support of experimental interpretations. Pleasingly, the present approach allows quantitative
determination of said metal ions in water samples at nano molar level.

1. Introduction

The current era of the 21st century with the massive scale of in-
dustrialization and the more than that of scientific technology demand
the healthy lifestyle and pollution-free nature for the human being. The
industrial boom that mainly concerns with chemical factories and
mining projects throughout the world led to damage a peaceful nature
which became a threat to the good health of the human being. The
ejection of heavy metal ions through such pathways are extremely
poisonous, which severely influences the environment and healthy
human body [1–3]. Even though some heavy metal ions are crucial in
human metabolism and play a pivotal role in the human body, excess
intake of such metal ions can be injurious in variety of non-curable
complications [4–6]. For this reason, acute quantitative and qualitative
detection of such heavy metal ions in an aqueous medium is challenging
research task before the scientists working in the fields of sustainable
environment sciences.

It is well known that heavy metal ions perform an essential role in
the human body as far as several metabolism process and development

is concerned. Amongst the series of heavy metal ions, nickel (Ni2+),
copper (Cu2+), cadmium (Cd2+) and cobalt (Co2+) are significant
metal ions because these are widely used in acting and protecting the
particular processes at certain stages in the process of human body or in
industrial sections for the production of variety of goods those are
useful to the human being [7–10]. For instance, Ni2+ is nutritionally
vital trace metal ion commonly present in a microorganism, plants, and
enzymes. However, the excess or low intake of Ni2+ can disturb the
working mechanism at the site which simultaneously affects the re-
spiratory tract, immune system, and disfunction in body portions [7,8].
On the other hand, Cu2+ is an essential micronutrient for human being
and plants. It has a significant role in the processes including me-
talloenzymes, human nervous system, gene expression, protein func-
tioning, and biological systems of plants. However, neurological dis-
orders such as amyotrophic lateral sclerosis, Parkinson’s, Alzheimer’s,
Wilson’s and Menke’s diseases may arise due to consumption of a higher
dose of Cu2+ in the human body [10]. Moreover, damage of kidney,
anemia, arteriosclerosis and gastrointestinal disorders may be caused
by inadequate intake of Cu2+. The highly unsafe and carcinogenic
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metal ion widely used in agriculture phosphate fertilizers, electroplated
steel, and ceramic enamels in industries is Cd2+. The occurrence of
toxicity in lungs, bones, kidney, and central nervous system through
cancer are some of the damaging causes due to excess consumption of
Cd2+ in human being [8]. Also, an essential element in the nutrition of
animals and plants is Co2+. The overdose of Co2+ can produce dis-
orders such as asthma, flushing, and mutilation of thyroid [9]. There-
fore, considering the hazardous scenario of said heavy metal ions in
ecology, a selective and sensitive method for their independent detec-
tion is highly demanded in present day.

Nowadays, several analytical methods and a variety of molecular
probes were widely used for the detection of heavy metal ions in aqu-
eous solution. Those molecular probes were specifically based on me-
talloproteomics, 2, 2′-dihydroxyazobenzene, rhodamine, methylthymol
blue complexes on naphthalene, nitrogen doped carbon thin films,
mercury embedded oligonucleotide, and luminescent water-soluble
CdTe nanowires following the analytical methods such as inductively
coupled plasma mass spectroscopy [11], absorption spectroscopy [12],
fluorescence spectroscopy [13], atomic absorption spectroscopy [14],
voltammetry [15], electrochemical [16] and chemiluminescence [17]
processes, respectively. However, each of these proposed methods often
offered their own set of either advantages or disadvantages. On the
other hand, development in fluorescent based analytical probes which
offer naked eye colorimetric detection of more than one heavy metal
ions remains an enthusiastic research content in the field of biology,
environment samplings, and pharmaceutical chemistry. Considering
the ability of thiosemicarbazide to form a chelate with transition metal
ions, we aimed to design and synthesize thiosemicarbazide based
fluorescent probe. The compounds of thiosemicarbazides are sig-
nificantly used because of their pharmacological activities and bioi-
norganic properties [2,18]. The attachment of thiosemicarbazide with
suitable fluorophore can develop a fluorescent signaling system when it
is in contact with one or more metal ions in the aqueous solution.

In the present research work, we have developed an easy and cost-
effective method for the detection of multi-metal ions (Ni2+, Cu2+,
Cd2+ and Co2+) in the aqueous solution using thiosemicarbazone based
fluorescent signaling unit. To the best of our knowledge, very few re-
search reports were claimed for the multi-ion recognition assay in the
aqueous solution through an optical approach [2,19]. Therefore, it
could be the first report, which proposes the independent four metal
ions detection present in one aqueous system using fluorescent che-
mosensor namely (2E,NE)-N-(2,4-dihydroxybenzylidene)-2-(quinolin-2-
ylmethylene)hydrazinecarbothioamide i.e. SB. The selectivity order in
case of said four metal ions was found to be in order of
Cu2+>Ni2+>Co2+>Cd2+. The rapid naked eye colorimetric de-
tection, simple operational method, negligible interference of com-
peting metal ions and extremely low detection limit for each metal ion
are the advantages of the proposed method. The quantitative determi-
nation of Ni2+, Cu2+, Cd2+, and Co2+ from environmental samples
collected nearby university is an additional benefit of the proposed

assay.

2. Experimental

2.1. Materials

The precursors for the synthesis of SB were procured from com-
mercial suppliers. Thiosemicarbazide, quinoline 2-carboxaldehyde and
2,4-dihydroxy benzaldehyde were obtained in analytical grade from
Sigma-Aldrich, Korea. The solvents such as ethanol and methanol were
purchased from Samchun Chemicals, Korea. The double-distilled water
was used throughout all experiments.

2.2. Methods

The spectral characterization of synthesized compound SB was
executed by using different analytical techniques such as FT-IR
(Frontier IR, Perkin Elmer), NMR (Bruker Avance 400MHz spectro-
meter, Germany and DMSO-d6 solvent) and GC–MS (2795/ZQ2000,
waters) analysis. While optical properties of SB in the absence and
presence of particular metal ion were investigated with UV–Vis spec-
trophotometer (UV-2600, Shimadzu, Japan), and fluorescence spec-
trophotometer (FS-2, Scinco, Korea). Fluorescence lifetime values were
obtained using a time-correlated single photon counting (TCSPC)
spectrophotometer (HORIBA-iHR320, Japan) employing a nanosecond
diode laser operating at its excitation wavelength. The structures of the
SB and its complexes with respective metal ions i.e. Ni2+, Cu2+, Cd2+,
and Co2+ were optimized by TD-DFT using Gaussian 09 software.

2.3. Synthesis and spectral characteristics of (2E,NE)-N-(2,4-
dihydroxybenzylidene)-2-(quinolin-2-ylmethylene)
hydrazinecarbothioamide i.e. SB

The condensation route [2] was employed to synthesize the desired
target compound SB. Scheme 1 shows two-step synthetic approach for
the synthesis of compound SB. For this purpose, the first step involves a
reaction between quinoline 2-carboxaldehyde 1 (6.3mmol, 1 g) with
thiosemicarbazide 2 (6.3 mmol, 0.58 g) in ethanol at refluxed condi-
tions for 4 h. The progress of the reaction was monitored using TLC
techniques. After the completion of the reaction, the mixture was al-
lowed to cool at ambient temperature. The distilled water was added to
it and the respective quinoline thiosemicarbazone (QTS) was filtered.
The practical yield of first step compound was found to be 88.12%. To
achieve the synthesis of desired compound SB, the second step of the
reaction was performed through the reaction of quinoline thiosemi-
carbazone QTS (3.03mmol, 0.7 g) and 2,4-dihydroxybenzaldehyde 3
(3.03mmol, 0.42 g) for 5 h in refluxed ethanol followed by monitoring
the TLC till the completion of the reaction. The obtained hot solution
was allowed to cool and poured on ice-cold water with vigorous stir-
ring. The yellowish colored solid for the desired compound SB was

Scheme 1. Synthetic approach for the synthesis of compound SB.
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received in 79.68% yield. Yellowish powder; M.P.: 247–249 °C; IR (ESI,
Fig. S1): 3750, 3393, 2969, 1738, 1606, 1526, 1501, 1360, 1322, 1260,
1230, 925, 902, 866, 838, 769, 749 cm−1; 1H-NMR(ESI, Fig. S2,
400MHz, DMSO-d6): δ 11.80 (s, 1H, -NH), 8.47 (s, 1H, −OH), 8.45 (s,
1H,=CH), 8.44 (s, 1H, −OH), 8.37-8.36 (s, 2H, Ar-H, J = 4 Hz), 8.32
(s, 1H, Ar-H), 8.24 (s, 1H,=CH), 7.98–8.02 (q, 2H, Ar-H), 7.76–7.79 (t,
2H, Ar-H, J=4 & 8Hz), 7.61–7.64 (t, 2H, Ar-H, J=8 & 4Hz) ppm;
13C-NMR(ESI, Fig. S3, 100MHz, DMSO-d6) : δ 179.11, 153.98, 147.98,
143.27, 136.46, 130.60, 129.25, 128.44, 127.70, 118.34 ppm; MS (ESI,
Fig. S4): 351 (M+1) m/z. Elemental analysis calcd (%) for
C18H14N4O2S: C 61.70; H 4.03; N 15.99; O 9.13; S 9.15; found: C 61.68;
H 4.04; N 15.99; O 9.14; S 9.15.

2.4. General procedure for the absorption and fluorescence measurements

To examine the characteristic colorimetric and fluorometric sensing
of respective metal ion using SB, the stock solution of a solvent mixture
using methanol and water at 7:3 ratio was prepared. The solution of SB
(5× 10−5 M) in methanol: water (7:3 v/v) system and various metal
ions (100 nM) in double-distilled water were prepared. 1mL stock so-
lution of SB was added to 10mL volumetric flask followed by addition
of a known volume of respective metal ion solution (1mL) and solution
of pH 7 (1mL). Then the series of the solution was diluted up to the
mark (10mL) so that the effective concentration of the metal ion is
10 nM. These solutions were thoroughly shaken, mixed and allowed to
keep at room temperature for 10min. The absorption and fluorescence
emission spectra of all these solutions were recorded and compared
with the spectra of SB as reference. Remarkably, instant naked eye
colorimetric alteration was observed for SB (colorless) with the addi-
tion of respective metal ion viz. Ni2+ (yellow), Cu2+ (yellow), Cd2+

(pale yellow) and Co2+ (dark yellow) in very short reaction time
(3–5min).

3. Results and discussion

3.1. Effect of pH

The pH of solution plays a pivotal role in the performance of any
fluorescent chemosensor used for detection of an analyte in aqueous
solution. To optimize the best working pH for present fluorescence-
based assay, a systematic experiment was carried out in the vicinity of
different pH solutions within the range of 1-12. The required solutions
were prepared in addition to each pH solution with chemosensor SB in
a separate test tube and subjected to scan for the fluorescence emission
intensity output. Fig. 1 shows the fluorescence intensity response of
chemosensor SB in different pH solutions. From the results, it was
concluded that maximum fluorescence intensity was seen in the pH

range of 6-8. The experiment was repeated three times for consistency,
which revealed that the optimization of each solution at pH 7 could be
the best choice and ideal condition to perform further experiments. The
extreme low (acidic) and high (basic) pH value may disturb the stability
of chemosensor in designed methanol: water system and thus decreases
fluorescence intensity [20,21]. The effect of pH solutions on fluores-
cence intensity of chemosensor SB in presence of metal ions such as
Cd2+, Co2+, Ni2+, and Cu2+ of 10 nM concentration was examined and
results are given as Fig. S5 (ESI). This study showed that fluorescence
intensity was found to be maximum in the range of pH 6–8 for the
complexation between respective metal ion with chemosensor SB. This
observation led us to conclude that complexation between a metal ion
and designed chemosensor SB at neutral pH found to be a stable one
and most importantly biocompatible for experiments.

3.2. Naked eye colorimetric detection of respective metal ions

The functionalities present in chemosensor SB encourage us to se-
lect the series of metal ion for the analysis of change in spectral char-
acteristics such as naked eye color change, absorption, and fluorescence
response. Initially, chemosensor SB in methanol: water (7:3, v/v) was
colorless. 1mL (100 nM) various metal ion solutions viz. Ag+, Na+,
Fe2+, Ni2+, Pb2+, Al3+, Hg2+, Zn2+, Ba2+, Mn2+, Cu2+, NH4+, K+,
Ca2+, Mg2+, Cd2+, Cr3+, Co2+, and Cr6+ of 10 nM was added to
chemosensor SB (5 × 10-5 M, 1mL) and solutions (effective con-
centration of metal ion was 10 nM) were allowed to stand at ambient
temperature. Pleasingly, the color change of solutions was seen within a
short reaction time of 3–5min for respective metal ion from colorless to
yellow for Ni2+ and Cu2+, pale yellow for Cd2+, and dark yellow for
Co2+ which can easily identify by the naked eye. Fig. 2 shows color
change digital photograph of a solution with chemosensor SB in the
absence and presence of various metal ion. Thus, the present method
serves the sensitive and selective color change behavior for multi-ion
detection in aqueous solution. This naked-eye colorimetric detection
was further supported by studies on absorption and fluorescence
characteristics of chemosensor SB in the absence and presence of each
metal ion.

3.3. Analysis of absorption titration

In order to investigate the discriminating sensing of metal ions in
aqueous solution, absorption spectra of chemosensor SB (5× 10−6 M)
was executed in the presence of each metal solution having a con-
centration of 10 nM. The different metal ion solutions namely Ag+,
Na+, Fe2+, Ni2+, Pb2+, Al3+, Hg2+, Zn2+, Ba2+, Mn2+, Cu2+, NH4+,
K+, Ca2+, Mg2+, Cd2+, Cr3+, Co2+ and Cr6+ was used to investigate
the effect on absorption properties of chemosensor SB. None of the

Fig. 1. Fluorescence intensity response of chemosensor SB in different pH solutions.
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metal ion shows significant absorbance change and any spectral shift
for chemosensor SB except Ni2+, Cd2+, Cu2+ and Co2+. Fig. 3 shows
the absorption spectra of chemosensor SB in the absence and presence
of various metal ion solutions. It seems that the absorption properties of
chemosensor SB were considerably changed in terms of absorption in-
tensity and spectral shift. Initially, chemosensor SB shows absorption
spectrum at 338 nm, which can be assigned to the conjugated π bond
system present in the chemosensor structure. The addition of Ni2+,
Cd2+, Cu2+, and Co2+ distinctly produce the changes in the absorbance
value with a respective bathochromic spectral shift of 84, 61, 86 and
58 nm in the absorption spectrum of chemosensor SB. Remarkably, it
was observed that the bathochromic spectral shift of four metal ions in
absorption spectrum distinguish them from each other and other metal
ions too. The studies on spectrophotometric titration of chemosensor SB
was performed independently with a corresponding metal ion (Ni2+,
Cd2+, Cu2+, and Co2+) to inspect the effect on absorption properties of
chemosensor SB. The absorption spectra of chemosensor SB in the
presence of a variable amount of Ni2+, Cd2+, Cu2+ and Co2+ is given
as Fig. 4a, b, c, and d, respectively. Figure illustrates that absorption
spectra of chemosensor SB at 338 nm was decreased along with the
appearance of new bathochromically shifted absorption band at their
representative wavelength for said metal ions viz. Ni2+, Cd2+, Cu2+

and Co2+. The increasing amount of metal ion Ni2+, Cd2+, Cu2+ and
Co2+ shifts absorption band of chemosensor SB from 338 to 422 nm, to
399 nm, to 424 nm and to 396 nm, respectively. The change in ab-
sorption value with the addition of an increasing quantity of respective

metal ion solution was also noted. These observations led us to consider
that strong interaction might be present in between the respective metal
ion (Ni2+, Cd2+, Cu2+ and Co2+) and functionality such as sulfur (-S)
and hydroxyl (−OH) groups in chemosensor SB. The digital photo-
graphs of the addition of a varying amount of individual metal ion
solution to chemosensor SB were presented in Fig. 5a, b, c and d for
Ni2+, Cd2+, Cu2+, and Co2+, respectively. All these colorimetric and
spectrophotometric results demonstrate that Ni2+, Cd2+, Cu2+, and
Co2+ exhibits distinguish properties when in contact with chemosensor
SB as compared to other metal ion solutions. Hence, such character-
istics can be useful to discriminate these four metal ions from each
other and a series of metal ion solution at a particular concentration
level in sensing applications.

3.4. Analysis of fluorescence titration

The effect of each metal ion on the fluorescence response was stu-
died by executing spectrofluorometric titration. The series of solution
containing chemosensor SB with and without addition of metal ions
(10 nM) such as Ag+, Na+, Fe2+, Ni2+, Pb2+, Al3+, Hg2+, Zn2+, Ba2+,
Mn2+, Cu2+, NH4+, K+, Ca2+, Mg2+, Cd2+, Cr3+, Co2+, and Cr6+ was
examined for change in fluorescence properties. Fig. 6 shows the
fluorescence emission spectrum of chemosensor SB recorded at its ex-
citation wavelength of 340 nm and in the vicinity of various metal ion
solutions having 10 nM concentration. Only Ni2+, Cd2+, Cu2+ and
Co2+ showed quenching in fluorescence intensity of chemosensor SB.

Fig. 2. Digital photograph of solution with chemosensor SB in the absence and presence of various metal ion.

Fig. 3. Absorption spectra of chemosensor SB in the absence and presence of various metal ion solutions.
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While other metal ions failed to produce significant change in either
way of fluorescence quenching or enhancement of chemosensor SB.
Cu2+ induces 10.5 fold quenching for the initial fluorescence intensity
of chemosensor SB among these sensitized four metal ions. However,
other metal ions Ni2+, Co2+ and Cd2+ introduced 9.2, 8.6 and 8.1 fold
fluorescence quenching to the original value of chemosensor SB, re-
spectively. These observations led us to consider that strong com-
plexation between chemosensor SB and representative metal ion
through -S (sulfur) and -O (oxygen) may responsible for the fluores-
cence quenching process. The ability of strong complex formation
through binding of chemosensor and the metal ion is found to be in the
order of SB-Cu2+> SB-Ni2+> SB-Co2+> SB-Cd2+.

3.5. Effect of foreign metal ions

The successful sensor application of any fluorescent chemosensor

can be achieved by systematically minimizing or eliminating the effect
of foreign metal ions present in the same aqueous system. Hence, in
order to investigate the effect of foreign metal ions on the binding
ability and fluorescence response, simple spectrofluorometric titration
was performed followed by recording the emission spectrum of each
solution understudies. The fluorescence emission spectrum of chemo-
sensor SB was recorded in the presence of Ni2+, Cd2+, Cu2+, and Co2+

(10 nM) separately. The equimolar concentration (10 nM) of foreign
metal ions such as Ag+, Na+, Fe2+, Pb2+, Al3+, Hg2+, Zn2+, Ba2+,
Mn2+, NH4+, K+, Ca2+, Mg2+, Cr3+, and Cr6+ was added in compo-
site holding the solution of chemosensor SB and respective metal to
examine the change in fluorescence response. Fig. 7a indicates
quenching of fluorescence by the addition of Cd2+ was affected by
addition of Co2+, Ni2+, and Cu2+ while remaining metal ions do not
affect the output. The most pronounced effect on fluorescence intensity
was seen in case of Co2+ about 8.5 fold, Ni2+ about 9.1 fold and Cu2+

Fig. 4. Absorption titration profiles of chemosensor SB with Ni2+ (a), Cd2+ (b), Cu2+ (c) and Co2+ (d) at variable concentrations.

Fig. 5. Digital photographs of addition of varying amount of individual metal ion solution to chemosensor SB.
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about 10.4 fold which were significant features of respective metal ions
when subjected to independent fluorescence titration. Further, Fig. 7b
illustrates that only Ni2+ and Cu2+ ions affect the fluorescence in-
tensity quenched by Co2+ to chemosensor SB. It was noted that 9.2 fold
and 10.4 fold quenching seen in case of addition of Ni2+ and Cu2+ ions
to composite holding chemosensor SB and Co2+ solution. Nevertheless,
almost all metal ions exhibit a negligible effect on fluorescence intensity
of chemosensor SB quenched by Ni2+ except Cu2+ as presented in
Fig. 7c. The equimolar addition of Cu2+ to the same solution containing
chemosensor SB and Ni2+ introduce immediate 10.5 fold fluorescence
quenching in initial value which is characteristics property posed by
Cu2+ ion seen during fluorescence titration experiment. In contrast,
Fig. 7d shows all metal ion solutions failed to affect the fluorescence
intensity induced by the addition of Cu2+ to chemosensor SB. These
results reveal that chemosensor SB possesses strong binding affinity

towards metal ions in the ascending order as
Cd2+<Co2+<Ni2+<Cu2+. This means that Cu2+ can expel out the
other metal ion from their respective complex with chemosensor SB.
Furthermore, Ni2+ can remove Co2+ and Cd2+ from their complex with
SB. In addition, Co2+ can able to remove only Cd2+ metal ion from
their respective complex with SB. This selective and sensitive behavior
can be utilizing and quantitatively analyzing to discriminate these four
metal ions in aqueous solution. Satisfyingly, these results indicate the
stability order of respective metal ion with chemosensor SB to be SB-
Cu2+> SB-Ni2+> SB-Co2+> SB-Cd2+, which was further supported
by evaluation of binding parameters and computational analysis
through time-dependent density functional theory (TD-DFT). Scheme 2
illustrates schematic interpretation for plausible competing sensing
behavior of designed chemosensor SB towards Ni2+, Cd2+, Cu2+ and
Co2+ ion. Further, all these experimental observations imply the

Fig. 6. Fluorescence emission spectrum of chemosensor SB in the vicinity of various metal ion solutions [10 nM] recorded at λex= 340 nm.

Fig. 7. Effect of foreign metal ions on detections of respective metal ions – Cd2+ (a), Co2+ (b), Ni2+ (c) and Cu2+ (d).
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maximum stability for the formed complexes with chemosensor SB by
the Irving William stability order which deals with the divalent first-
row transition metal ions [22]. According to the Irving William stability
order, the stability of complexes formed by divalent first-row transition
metal ions generally increase across the period and found to be re-
semblance in present investigations as SB-Cu2+> SB-Ni2+> SB-Co2+

excluding SB-Cd2+.

3.6. Evaluation of binding parameters

To investigate the binding stoichiometry between chemosensor SB
and representative metal ion, Job’s method [23–25] was utilized. In this
method, the sum of concentration of the specific metal ion and che-
mosensor SB was kept constant followed by variation in the only mole
fraction of metal ion under studied from 0.1 to 0.9. The Job’s plot de-
rived from fluorescence and absorption output for respective metal ions
shown in Fig. 8a-d. From the figure, it seems that absorbance and
fluorescence emission intensity reached maximum when mole fraction
of each metal ion found to be 0.5. This observation concludes that in-
teraction mode of specific metal ion i.e. Ni2+, Cd2+, Cu2+, and Co2+

with chemosensor SB results in 1:1 binding stoichiometry. In addition,
binding constant was evaluated using modified Benesi-Hilderbrand
(B–H) equation based on fluorescence output. Eq. (1) given below is
known as modified Benesi-Hildebrand (B–H) equation [26–28] used to
estimate the binding constant (KB) of complexation between chemo-
sensor SB and specific metal ion under study.

= + +
1

F F
1

(F F )
1

K (F F )
1

[M ]0 0 m B 0 m
2 n (1)

where, Fm, F0, and F denotes the minimum fluorescence intensity of
chemosensor SB with metal ion, initial fluorescence intensity and
fluorescence intensity at respective concentration for the metal ion
under studies, respectively. The number of metal ion bound per che-
mosensor SB unit is represented as ‘n’. The modified Benesi-Hildebrand
(B–H) plot is given as Fig. 9a-d for representative metal ions. Figure
illustrates a straight line nature with respective slope values. The esti-
mated value of binding constant for each metal ion Ni2+, Cd2+, Cu2+,
and Co2+ with chemosensor SB was calculated and given in Table 1.
The higher binding constant value indicates the strong and efficient

binding between target metal ion and chemosensor SB. From these
calculations, it was concluded that chemosensor SB forms most stable
complex with Cu2+ and least stable complex with Cd2+, whereas other
metal ions Ni2+ and Co2+ shows comparative complexation with
characteristics binding constant value. The binding between functional
groups having -S and -O atom in chemosensor SB with respective metal
ion was examined by performing IR and 1H NMR titrations. Figs. 10 and
11 illustrate the results for the IR and 1H NMR titration between che-
mosensor SB and metal ion (1:1 equivalent) understudies, respectively.
The experiment for IR titration (Fig. 10) clearly indicates the dis-
appearance of stretching frequencies of −OH (3750 cm−1) and -C= S
(1225 cm−1) functional groups when respective metal ion is in contact
with the chemosensor SB. This observation proves the interactions
between -S and -O atoms in chemosensor SB with a metal ion. Fur-
thermore, 1H NMR titrations also supports the interaction pattern at -S
and -O site of chemosensor SB. Fig. 11 shows a partially expanded 1H
NMR spectrum of chemosensor SB along with the addition of respective
metal ion. The appearance of two singlets at δ 8.44 and 8.47 in 1H NMR
spectrum of chemosensor SB (Fig. 11a) were assigned to protons be-
longs to −OH at ortho position (*) and −OH at para position (**) of
phenyl ring, respectively. The addition of metal ion Cu2+, Ni2+, Co2+

and Cd2+ (Fig. 11b-e) to equivalent quantity of chemosensor SB clearly
shows the absence of one −OH peak at δ 8.47 along with a shift in δ
value for aromatic and other protons present in the compound. The full
and partially expanded spectrum for the 1H NMR titrations between
chemosensor SB and the metal ion is given as supporting information
(Figs. S6-S9, ESI).

3.7. Stern-Volmer plot and limit of detection

The fluorometric titration was carried out for the examination of
consequent change in the fluorescence intensity of chemosensor SB
with the incremental addition of a specific metal ion solution within the
range of 0–10 nM. Fig. 12a-d shows fluorescence quenching of che-
mosensor SB with the addition of Ni2+, Cu2+, Co2+, and Cd2+ for the
concentration of 0–10 nM, respectively. Figures illustrate that the
fluorescence intensity of chemosensor SB decreases regularly without
any spectral shift when in contact with target metal ion. The

Scheme 2. Schematic interpretation for plausible competing sensing behavior of designed chemosensor SB towards Ni2+, Cd2+, Cu2+ and Co2+ ion.
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Fig. 8. Job’s plot derived from fluorescence and absorption output for respective metal ions.

Fig. 9. Modified Benesi-Hildebrand (B–H) plot for representative metal ions.
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fluorescence quenching data was subjected to analyzed for the eva-
luation of fluorescence quenching efficiency through conventional the
Stern-Volmer equation. It was evaluated by the Stern-Volmer plot
[29–31] using Eq. (2),

= +F
F

1 K [Q]0
SV (2)

Where, F0, F, and KSV represents initial fluorescence intensity of che-
mosensor SB, the fluorescence intensity of chemosensor SB after the
addition of a particular concentration of quencher [Q] and the Stern-
Volmer constant, respectively. Fig. 13a-d shows the Stern-Volmer plot
for each metal ion understudies with chemosensor SB. The values of
Stern-Volmer constant for metal ions such as Ni2+, Cd2+, Cu2+, and
Co2+ with chemosensor SB are given in Table 1. Further, absorption
titration was carried out with and without the addition of an increasing
amount of metal ion (0–10 nM) to the solution containing chemosensor
SB. Fig. 4a-d demonstrates consistent raise in absorption value of
chemosensor SB with the addition 0–10 nM of Ni2+, Cd2+, Cu2+ and
Co2+, respectively. The absorption titration profiles were used to plot
the changes in the absorbance value versus specific concentration of the
metal ion. Fig. S10a-d (ESI) served as a calibration plot based on ab-
sorption titrations for chemosensor SB with the addition of Ni2+, Cd2+,
Cu2+ and Co2+, respectively. Fig. 13a-d and Fig. S10a-d (supporting
information, ESI) were used as calibration plots for the estimation of
limit of detection (LOD) for corresponding metal ions based on fluor-
escence and absorption method, respectively. The limit of detection
(LOD) [32–34] for said metal ions was calculated using Eq. (3) and
given in Table 1.

=LOD 3.3
K (3)

Where, standard deviation and slope of the calibration curve denoted
by σ and K, respectively. The comparatively analogous LOD values for
Ni2+, Cd2+, Cu2+ and Co2+ metal ion through both methods (fluor-
escence and absorption) signifies its selectivity and sensitivity towards
detection approach. The obtained values of LOD were extremely lower
than that of the LOD values reported by other methods for these metal
ions. The comparison syntax between obtained LOD value using pro-
posed analytical approach and LOD value claimed by previous reports
for these representative metal ions namely Cd2+, Co2+, Ni2+, and Cu2+

is given as supporting information (Tables S1-S4, ESI).

3.8. Mechanism of fluorescence quenching of SB by respective metal ions

The functional groups having hetero atoms -S and -O are responsible
to interact with the respective metal ion results in changes for ab-
sorption and fluorescence properties of chemosensor SB. The studies on
the effect of foreign metal addition to the solution containing chemo-
sensor SB and specific metal ion reveals that Cu2+ imposed strong in-
teraction with chemosensor SB. Meanwhile, other metals show weak
and strong interactions in comparison to each other. The plausible in-
teraction of metal ion and chemosensor SB results in decreasing the
radiative pathways from its excited state and further quenching in
fluorescence [35]. Scheme 2 illustrates the binding nature of chemo-
sensor SB with target metal ion responsible for the fluorescence
quenching process. The nature of fluorescence quenching process was
investigated by experimental observations of absorption titration, the
Stern-Volmer plot and estimation of fluorescence lifetime values in the
absence and presence of metal ion in the solution of chemosensor SB.
The absorption titration profiles (Fig. 4) indicates a change in max-
imum absorption wavelength to longer wavelength with the addition of
various concentration of the metal ion. Also, observation of the linear
Stern-Volmer plot (Fig. 13) for each metal ion understudies indicates
the nature of fluorescence quenching process can be static rather than
dynamic. The fluorescence quenching process is static when the inter-
action between chemosensor and analyte must occur at ground state
levels. To support our conclusion of static type fluorescence quenching
process, estimation of fluorescence lifetime was employed. If the in-
teraction between chemosensor and analyte is static, then fluorescence
life remains constant even if variation in concentration of analyte mo-
lecule and vice-versa for dynamic type [29,33,36,37]. This is because of
contribution to the lifetime comes only from the unassociated fluor-
escent probe once in contact with analyte molecule [29,33]. The
average fluorescence lifetime values of chemosensor SB with and
without the addition of particular metal ions solutions having specific
concentration given as Table 2. In the present investigation, the fluor-
escence lifetime value of chemosensor SB with and without the addition
of target molecules remains unchanged which clearly signifies the
nature of fluorescence quenching process was purely static. The for-
mation of a non-fluorescent complex between chemosensor SB and
metal ion at ground state follows a static quenching process. In this
process, the complex of chemosensor SB with metal ion absorbs the
energy from light followed by immediate returns to ground state
without photon emission results in fluorescence quenching. Scheme 3
illustrates a pictorial presentation of static type fluorescence quenching
of chemosensor SB with a particular metal ion.

3.9. Computational analysis through Time-dependent density functional
theory (TD-DFT)

The studies on theoretical calculations were performed through a
computational approach based on time-dependent density functional
theory (TD-DFT) using the Gaussian 09 program [38]. This study was
accessed to determine the coordination behavior and investigate the
theoretical characteristics of chemosensor SB and it’s complexation
with metal ions viz. Ni2+, Cd2+, Cu2+ and Co2+. The Becke-3-
Lee–Yang–Parr (B3LYP) functional and lanl2dz basis set was used to

Table 1
Estimated binding constant, Stern-Volmer constant and Limit of detection va-
lues for chemosensor SB with respective metal ion.

Metal ion Binding
constant (K)
× 105 M−1

Stern-Volmer
constant (Ksv)
× 108 M−1

Limit of detection (LOD) in nM

via absorption Via fluorescence

Ni2+ 9.02 4.94 0.656 0.637
Cu2+ 11.21 5.27 0.224 0.184
Co2+ 7.52 4.17 1.047 1.053
Cd2+ 6.73 3.82 1.043 1.070

Fig. 10. IR spectrum of chemosensor SB without and with addition of re-
spective metal ion (1:1 equivalent).
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Fig. 11. 1H NMR titration of chemosensor SB with respective metal ion (1:1 equivalent) in DMSO-d6.

Fig. 12. Fluorescence quenching of chemosensor SB with addition of Ni2+(a), Cu2+(b), Co2+(c) and Cd2+(d) within the concentration range of 0-10 nM.
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optimize the structures of target complexes of metal ions with com-
pound SB. The calculated energy-optimized stable structures along with
the plausible mode of the binding interaction between chemosensor SB
and each metal ion understudies are shown in Fig. 14, which char-
acterizes electron distribution of highest occupied molecular orbital
(HOMO) and lowest unoccupied molecular orbital (LUMO) energy le-
vels of chemosensor SB and it’s complexation with the respective metal
ion. Fig. 14 shows HOMO-LUMO diagram of chemosensor SB in which
the electron distribution of HOMO is mainly over the dihydroxybenzyl-

thiosemicarbazone backbone, while the LUMO is primarily over the
quinoline part. The HOMO side of chemosensor SB provides the most
binding impact for metal ions. The changes in HOMO-LUMO energies
occurred due to the complexation between chemosensor SB and re-
spective metal ion. The strong electrostatic interactions via functional
groups posing hetero atoms like -S and -O of chemosensor SB was ac-
countable to form complex with metal ions. The energy values of
HOMOs and LUMOs for corresponding complex and free chemosensor
SB are given in Table 3. It was found that the energy values of HOMOs
and LUMOs for the complexed form were lower than that of chemo-
sensor SB. The higher stability of complexed form of chemosensor SB
with metal ions was concluded by observing the lower values of total
energies of complexed form than free SB. Thus, TD-DFT calculations
imply the complex with lower stabilization energy will have higher
stability. In the present case, the decreasing order of stabilization en-
ergy for the complexes of metal ions with chemosensor SB are found to
be SB-Cd2+> SB-Co2+> SB-Ni2+> SB-Cu2+. While, the increasing
stability order for complexes are found to be in the order of SB-
Cd2+< SB-Co2+< SB-Ni2+< SB-Cu2+. Hence, these observations are
in support of our experimental observations during absorption and
fluorescence studies.

Fig. 13. Stern-Volmer plot for each metal ion under studied with chemosensor SB.

Table 2
Fluorescence lifetime values of chemosensor SB with addition of target metal
ion at particular concentration.

Concentration of Metal ion
added (nM)

Fluorescence lifetime value of SB (τ) after addition of
metal ion (ns)

Ni2+ Cu2+ Co2+ Cd2+

0 4.61 4.61 4.61 4.61
4 4.62 4.62 4.64 4.66
6 4.59 4.64 4.63 4.62
10 4.58 4.61 4.60 4.57

Scheme 3. Pictorial presentation of static type fluorescence quenching of chemosensor SB with particular metal ion.
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3.10. Application of proposed fluorescence quenching method for river
water sample analysis

The successful demonstration of developed fluorescence-based
analytical method for the quantitative determination of metal ions in
aqueous solution is a key factor of the present study. The real water
sample was collected from a local river near the university for applying
the proposed method. The collected sample was filtered and boiled to
avoid the solid impurities and dissolved gases if any. The target solu-
tions have been prepared by spiking the standard respective each metal
ion (Ni2+, Cu2+, Cd2+, and Co2+) with particular concentration levels
to the solution of chemosensor SB and diluted by collected river sample.
Thus, Fig. 13a-d was used as a calibration curve to estimate the re-
covery of a spiked quantity of respective metal ion. The investigated
outcomes thus obtained for each metal ion is presented in Tables 4 and
5. From the results, it is clear that the observed experimental values fell

within the very close range of expected values. This research observa-
tion highlights the selectivity, sensitivity, swift and naked-eye colori-
metric methodology for the fluorescence-based quantitative estimation
of four heavy metal ions in aqueous solution using chemosensor SB.

4. Conclusions

The selective and sensitive detection of four metal ions at one time
was successfully achieved by using Schiff base as chemosensor SB.
Amongst the tested series of metal ion in the aqueous solution, che-
mosensor SB showed sensitive response towards only Ni2+, Cu2+,
Cd2+, and Co2+. The selective binding ability of the metal ion with
chemosensor SB was found to be in the order of Cu2+, Ni2+, Co2+ and
then Cd2+. The effect of foreign analytes on the performance of present
analytical approach was performed and discussed in detail. The stoi-
chiometry between chemosensor and respective metal ion was eval-
uated by using Job’s method. In the meantime, the binding constant
was estimated by plotting fluorescence output based on the modified
Benesi-Hilderbrand equation. The absorption studies offer the detection
limit of 0.224 nM, 0.656 nM, 1.047 nM and 1.043 nM for Cu2+, Ni2+,
Co2+, and Cd2+, respectively. Meanwhile, limit of detection through
the fluorescence method for Cu2+, Ni2+, Co2+ and Cd2+ was found to
be 0.184 nM, 0.637 nM, 1.053 nM and 1.070 nM, respectively. The
sensitive and selective detection of said metal ions was demonstrated
through absorption spectrum, fluorescence spectrum, interference stu-
dies, estimation of fluorescence lifetime and TD-DFT calculations. The
plausible complexation mode and binding interaction of chemosensor

Fig. 14. Electron distribution of highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) energy levels of chemosensor SB and
it’s complexation with respective metal ion.

Table 3
Comparison syntax of theoretical HOMO-LUMO energies of chemosensor SB in
the absence and presence of individual metal ions.

Chemosensor System Energy of HOMO (eV) Energy of LUMO (eV) ΔE (eV)

SB −0.20751 −0.08297 0.12454
SB-Cd2+ −0.21630 −0.11834 0.09796
SB-Co2+ −0.21367 −0.12540 0.08827
SB-Ni2+ −0.18722 −0.10899 0.07823
SB-Cu2+ −0.18301 −0.10955 0.07346

Table 4
Quantitative determination of spiked quantity of Cd2+ and Co2+ in the river sample using proposed method.

Samples Studied Amount of standard Cd2+

ion added (nM)
Total Cd2+ ion found
(nM) (n= 3)

Recovery of added
Cd2+ ions (%)

Amount of standard Co2+

ion added (nM)
Total Co2+ ion found
(nM) (n=3)

Recovery of added Co2+

ions (%)

River water 3 2.98 99.33 3 2.99 99.66
6 5.99 99.83 6 5.99 99.83
9 8.98 99.77 9 8.97 99.66

*n = Average of three determinations.
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SB with respective metal ion were supported by IR and 1H NMR titra-
tions. The prospective application of designed chemosensor SB involves
the quantitative determination of said metal ion in water samples at
nano molar concentration. Hence, all the experimental and theoretical
results distinctly revealed that designed Schiff base centered chemo-
sensor SB offers a modern approach for the detection of Cu2+, Ni2+,
Co2+, and Cd2+ metal ions in aqueous solution through either ab-
sorption or fluorescence method.
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