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Abstract
We report the simple synthesis of zinc sulfide nanoparticles (ZnS NPs) by a co-precipitation method using Schiff base, 
(2-[(4-methoxy-phenylimino)-methyl]-4-nitro phenol) as a capping agent. Here, Schiff base is also used as N, O-donor 
ligand to control the morphology of NPs and fluorescence interactions. The formation of ZnS NPs and their optical, 
structural, thermal properties and morphologies were studied by means of UV–vis DRS, fluorescence, FTIR, XRD, 
SEM, TEM, zeta potential and TGA. The optical properties and quantum confinement effect of the products were con-
firmed by means of spectroscopic measurements. XRD and TEM image shows that the synthesized ZnS NPs have cubic 
structures with a diameter of about less than 10 nm. The prepared ZnS NPs exhibited as a selective probe detection 
of Fe3+, Cr2+ and Cd2+ ions by fluorometrically and the emission band which disappears in the presence of increasing 
concentrations of Fe3+, Cr2+ and Cd2+ ions. Based on the fluorescence quenching of the NPs in the presence of metal 
ion of interest, the feasibility of their determinations was examined according to the Stern-Volmer equation. Our work 
suggested that Schiff base capped ZnS NPs could be a potential selective sensor in the detection of heavy metal ions.
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1. Introduction

Nanostructure-based semiconductor materials are of gre-
at importance for several technological applications due 
to their optical and thermal properties. The design and 
fabrication of metal sulfide nanoparticles with tunable 
properties for advanced applications have drawn a great 
deal of attention in the field of nanotechnology due to the 
quantum size and surface effects. These unique properties 
make them suitable for many applications. Wide direct 
band gap semiconductor materials like ZnS have gained 

special notice due to their size-dependent properties and 
widespread technological applications. The semiconduc-
tor-based NPs and composites such as ZnS, CdS, CdSe, 
CdS/Fe3O4, CdS/TiO2, CdIn2S4, Ag2S, Ag2S/SiO2, Ag2S/
TiO2, Bi2S3, NiS, CoS, CuS, HgS and PbS with varied 
band gap have been studied due to their wide use in op-
toelectronics, electronics, light-emitting diodes, elec-
troluminescence, flat panel displays, infrared windows, 
sensors, lasers, bio-devices and catalytic applications 
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[1–13]. In II–VI semiconductor NPs, ZnS is considered 
an important material due to its structural stability with 
potential applications in optoelectronics, luminescence, 
photocatalysis, displays, sensors, and absorption studies 
[14–17]. It is known that bulk ZnS is an important binary 
semiconductor with a direct, wide band gap (~3.6 eV), 
high refraction index, and high transmittance in the visi-
ble range [18].

In recent years, many methods have been developed 
to prepare semiconductor NPs using physical and chemi-
cal techniques. Physical methods such as liquid micro-
wave irradiation [19], reverse micelles [20], chemical 
vapor deposition [21], solid-liquid chemical reactions 
under co-precipitation [22], and hydrothermal techniques 
[23] have been used to synthesize ZnS NPs. These metal 
sulfide materials have tremendous luminescence activi-
ty with wide band gaps has been investigated for a long 
time [24], because, these measurements yield information 
about the energetic positions of the electronic states in the 
gap [25]. ZnS is an important luminescence material with 
a wide band gap, widely used in fluorescence applicati-
ons. In addition, many works have explored the lumines-
cence properties of ZnS NPs, with various experimental 
methods: photoluminescence [26], thermo-luminescence 
[27], electro-luminescence [28], optical absorption [29] 
and so on. In spite of this, the processes involved in lu-
minescence are still not very clear. The use of semicon-
ductors as fluorescence probes has increased in recent 
years along with their applications in different areas such 
as medicine, chemistry, and engineering. This interest is 
related to their broad absorption spectra and strong and 
tunable fluorescence [3–6].

Development of novel fluorescent sensors has attrac-
ted significant interest for selective and sensitive detecti-
on of metal ions in environmental and biological samples 
[30–31]. In the recent years, semiconductor nanoparticles 
or quantum dots (QDs) have developed as luminescent 
probes for sensing events [16]. In the case of semiconduc-
tor nanoparticles, ZnS NPs, with wide band gap energy 
is particularly suitable for the sensing and detection of 
heavy metal ions. Presently, the development of modern 
industry, agriculture and transport, heavy metal pollution 
has become increasingly serious and an important aspect 
of environmental pollution. Heavy metal pollution is wi-
de-ranging contamination with long duration and is diffi-
cult to eliminate due to its persistent characteristic in bio-
logical material recycling and energy exchange, resulting 
in the transmission and enrichment of heavy metal through 
food chains ultimately endangering human health.

In the aspect of environmental pollution includes va-
rious heavy ions such as cations (Pb2+, Cd2+, Hg2+, Fe3+, 
Cr2+ and Cu2+ etc.) and anions (X−, IO3

−, ClO4
−, NO2

−, 
S2

−, CN− and N3
− etc.) in different media was harmful 

to the environment as well as human health. Therefore, 
the detection of heavy ions is owing to their biological 
importance or environmental harm, have attracted more 
and more attention. There are many kinds of qualitative 
and quantitative methods for detection of various cations 

and anions in different media, using various techniques 
such as titrimetry, voltammetry, flow-injection analysis, 
inductively coupled plasma atomic emission spectro-
scopy, electrochemical methods, chromatography, che-
miluminescence, colorimetry and fluorescence spectro-
metry [32–38]. Among the various reported techniques, 
fluorescent sensors present many appealing advantages, 
including high sensitivity, low cost, easy detection, and 
remote control. Many of these methods suffer from the 
need for extensive sample manipulation, subtraction 
of large numbers from each other, and relevant analy-
sis time [39–40]. However, among the metal ions, iron, 
cadmium and chromium; and solutions of its compounds 
are extremely toxic even in low concentrations, because 
the excess amounts of Fe3+, Cr2+ and Cd2+ ions can cau-
se damage to cellular lipids, nucleic acids, and proteins. 
Furthermore, these heavy metal ions damaged to the li-
ver and the kidney; and causes of the diabetes and heart 
disease. Therefore, the detection of Fe3+, Cr2+ and Cd2+ 
ions has become a matter of considerable interest in en-
vironmental and biological samples.

Schiff bases, derived from the condensation of pri-
mary amines and aldehydes or ketones are characterized 
by the anil-linkage –HC=N–, possess structural similari-
ties with natural biological substances. They have a wide 
variety of applications in biological, inorganic, clinical 
and analytical fields [41–42]. They are known to exhibit 
potent antimicrobial (antibacterial, antiviral and antifun-
gal), anticonvulsant, anti-inflammatory and insecticidal 
activities [41–43]. In addition, some Schiff bases show 
pharmacologically useful activities like anti-cancer (ra-
dical scavenging activity), antihypertensive, anti-fertility, 
analgesic, anthelmintic, and hypnotic activities [43]. So 
far, however, the studies on the synthesis of nanosized 
structures with Schiff bases or Schiff base derived metal 
complexes as precursors have been less reported [3]. Es-
pecially, much fewer studies on the preparation of semi-
conductor NPs have been performed on different Schiff 
bases and their metal complexes. The way using Schiff 
bases as precursors may be helpful to manipulate the 
structure, purity, morphology, optical and luminescent 
properties of ZnS NPs.

We report in this paper, the synthesis of Schiff base 
capped ZnS NPs using a simple co-precipitation method. 
The prepared ZnS NPs were characterized by several 
physicochemical techniques such as UV–vis DRS, PL, 
FTIR, XRD, SEM, TEM, and TGA. The prepared ZnS 
NPs exhibited simple cubic structure with the average 
size of the NPs is about 10 nm. The synthesized ZnS NPs 
were used as fluorescent sensors for detection of metal 
ions such as Mn2+, Ba2+, Al3+, Cd2+, Cr2+, Cu2+, Fe3+, Ni2+, 
Co2+ and Ag+. But Fe3+, Cr2+ and Cd2+ metal ions caused a 
significant fluorescence quenching of ZnS NPs. The pre-
pared ZnS NPs as selective probes for the detection of 
several heavy metal ions, especially Fe3+, Cr2+ and Cd2+ in 
μM range of concentrations. Furthermore, the proposed 
NPs as sensors were employed for the determination of 
metal ions with satisfactory results.
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2. Experimental

2.1. Materials and methods

Zinc acetate dihydrate, sodium sulfide, cadmium acetate, 
copper acetate, nickel acetate, chromium chloride and co-
balt chloride chemicals were purchased from Sigma-Ald-
rich (97%, Bangalore Bonded Warehouse, India); man-
ganese chloride, barium chloride and aluminium chloride 
were obtained from SD Fine-Chem Limited (Worli Road, 
Mumbai, India); ferric nitrate and silver nitrate were 
purchased from Finar Limited (Ellisbridge, Ahmedabad, 
India). Double distilled water was used throughout this 
experiment. All the reagents were analytical grade and 
used without further purification.

2.2. Synthesis of Schiff base capped ZnS NPs

ZnS NPs were synthesized by co-precipitation method 
by adding an equal amount of Zn2+ solution and S2– as 
precipitating anion formed by decomposition of sodium 
sulfide nonahydrate. To prepare Schiff base capped ZnS 
NPs, 25 ml of 0.25 M zinc acetate and an equal quanti-
ty of 0.25 M sodium sulfide were dissolved separately 
in double distilled water. The solutions were stirred for 
30 min using magnetic stirrer. The prepared 2-[(4-me-
thoxy-phenylimino)-methyl]-4-nitrophenol was used as a 
capping agent to prevent agglomeration of ZnS NPs. In 
a separate beaker, 5×10−3 M of Schiff base was dissolved 
in 10 ml of methanol and was stirred. To the stirred solu-
tion of zinc acetate, a solution of Schiff base was poured 
drop by drop. After 30 min, the solution of sodium sulfide 
was poured drop by drop similarly. A very fine precipi-
tate appeared soon after the addition of sodium sulfide. 
After formation of a white colored precipitate, the resul-
ting ZnS precipitate was collected, filtered, washed with 
double distilled water and absolute ethanol several times 
to remove the unreacted chemicals, and finally dried in a 
furnace at 80 °C for 5 h. The probable reaction mecha-
nism of formation of Schiff base capped ZnS NPs by the 
co-precipitation method is shown as follows in Fig. 1. Fu-
rther, the nanoparticles were subjected to characterization 
for their morphology, stability and particle size.

2.3. Characterization techniques

X-ray diffraction (XRD) pattern was recorded on X’Pert 
PHILIPS, 30 kV, 40 mA using nickel-filtered CuKα ra-
diations (λ = 1.5406 Å). The UV–vis diffuse reflectance 
spectra (UV–vis DRS) were recorded using a Shimadzu 
3600 spectrophotometer in the spectral range of 200–
800 nm. Transmission electron microscopy (TEM) was 
performed on TECNAI G2 and the microscope was ope-
rated at 200 kV. Samples were prepared by dispersing the 
powder in water. Imaging was recorded by depositing 
few drops of suspension on a carbon coated 400 mesh 
Cu grid. The solvent was left to evaporate before ima-

ging. Scanning electron microscopy (SEM) images of 
fabricated ZnS NPs were obtained using ZEISS EVO18 
electron microscope. Fourier transforms infrared (FTIR) 
spectra on KBr pellet were measured on a Shimadzu 
spectrophotometer in the range of 4000–400 cm−1. The 
photoluminescence (PL) spectrum was measured with an 
RF–5301PC spectrofluorometer (Shimadzu, Japan). The 
thermal behavior and degradation of the ZnS NPs were 
investigated by thermogravimetric analysis (TGA) in the 
temperature range of 40 to 800 °C at a heating rate of 10 
°C min−1, under the nitrogen atmosphere. Zeta potential 
measurements were determined with the Zetasizer Nano 
ZS (Malvern Instruments, UK).

2.4. Fluorescence sensing procedure

Fluorescence spectroscopy studies were carried out in order 
to evaluate the ability of the receptors to operate as cation 
sensors. As most of the tested metal ions are highly toxic 
and have adverse effects on human health, all experiments 
involving heavy metal ions and other toxic chemicals were 
performed with protective gloves. The waste solutions 
containing heavy metal ions were collectively reclaimed 
to avoid polluting the environment. The nitrate, acetates 
and chloride salts of the metal (Mn2+, Ba2+, Al3+, Cd2+, Cr2+, 
Cu2+, Fe3+, Ni2+, Co2+ and Ag+) were dissolved in double 
distilled water to prepare 1×10–3 M stock solutions. A solu-
tion of Schiff base capped ZnS NPs was prepared in double 
distilled water. Titration experiments were carried out in 
1 cm quartz cuvette at room temperature. 2mL of ZnS NPs 
solution was placed in the quartz cell and the fluorescence 
spectrum was recorded. It was then titrated by successive 
additions in small portions (10 mL) of the solution of cor-
responding metal salt (1×10–6 M) and fluorescence intensity 
changes were recorded at room temperature. Various con-
centrations (10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 
400, 500 μM) of Fe3+, Cr2+ and Cd2+ (0.5 ml) were added 
to the ZnS solution (2.5 ml) to test the sensitivity limits of 
Schiff base capped ZnS NPs. The mixtures were measured 
within seconds after adding metal ions by a fluorescence 
spectrophotometer (at λem = 430 nm, λex = 340 nm).

3. Results and discussion

3.1. UV–vis DRS analysis

The optical methods take advantage of observing the essen-
tial characteristics of the nanomaterials without significant-

Figure 1. The possible schematic mechanism of the Schiff base 
capped ZnS NPs by co-precipitation method.
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ly modifying or permanently damaging them due to their 
non-contact and non-invasive nature. Nanoparticles are 
ideal for ultrasensitive and multiple applications in optical 
sensing, so there is a need to explore the optical properties 
of these nanoparticles [44]. To understand the performance 
of semiconductor nanocrystals, the study of their optical ab-
sorption is important. The optical properties of the samples 
were studied by DRS in the UV–vis region. Fig. 2 shows 
the UV–vis DRS recorded at room temperature in the wa-
velength range of 200–800 nm. From this spectrum, it may 
be observed that the absorption edge of the synthesized 
ZnS NPs is slightly shifted to lower wavelength compared 
to the bulk ZnS. The absorption peak of the synthesized 
ZnS NPs appeared in the spectral range of 300–330 nm wa-
velength (311 nm, Eg = 3.98 eV). It showed a characteris-
tic shift in the absorbance band edge to lower wavelength 
relevant to the bulk ZnS materials (345 nm, Eg = 3.6 eV) 
[45]. The interception of the tangent on the descending part 
of the absorption peak of the wavelength axis gives the va-
lue of diffuse absorption edge (nm). Band gap values were 
calculated from the following equation: Eg = 1240/λ, where 
λ is the wavelength of the absorption edge. The nature and 
the value of optical band gap can be determined from the 
fundamental absorption values, which corresponds to elec-
tron excitation from valence band to conduction band. This 
methodology was based on the transformation of diffuse 
reflectance measurements to estimate Eg from the Fig. 2; 
the band gap value obtained was 3.98 eV.

3.2. PL analysis

One of the most important optical properties of the ZnS 
NPs is their PL emission, which depends on the size, shape, 
and surface energetic states, which are further influenced 
by surface passivation [46]. PL spectrum is an effective 
tool to evaluate the defects and optical properties of ZnS 
NPs as a photonic material. Also, PL spectrum is sensitive 
to synthetic conditions, size, and shape of NPs. Broadening 
of the emission peak could be attributed to both size dis-
tribution and an increase in the surface states owing to the 

increase in surface to volume ratio for ZnS NPs [47]. From 
literature, it can be noticed that the PL of uncapped ZnS 
NPs shows only a broad peak between 350 and 550 nm 
[48]. Fig. 3 shows the PL spectra of ZnS NPs at an ex-
citation wavelength of 340 nm and the emission peak is 
noted at 432 nm. This PL spectrum exhibits size-dependent 
quantum confinement effects with abroad peak at 432 nm 
indicating surface irregularity attributed to the presence of 
sulfur vacancies in the lattice [49]. Further, it can be incur-
red that the emissions correspond to the electron or holes 
hollow traps which act as recombination centers for photo-
generated charge carriers and this phenomenon may be due 
to photo-oxidation process which occurs on the surface of 
ZnS NPs in the presence of UV light [50].

3.3. FTIR analysis

FTIR spectrum of the Schiff base capped ZnS NPs is 
shown in Fig. 4. In the FTIR spectrum of the ZnS NPs 
(Fig. 4), 3448, 1641, 1437 and 1141 cm−1 are assigned 
to O–H stretching in phenols, N=O stretching in nitro 
compounds, C–C stretching in aromatics, C–N stretching 
and C–O stretching respectively. Previously reported [3] 
that the characteristic peaks of Schiff base appear at 1516, 
1641 and 1248 cm−1 corresponding to the absorptions of 
C=N, C=C, and C–O, which proves that the organic com-
ponent is mainly Schiff base coordinated onto the ZnS 
NPs surface. The new weak bands observed at 874, 617 
and 458 cm−1 which are not seen in the spectrum of Schiff 
base can be attributed to υ(Zn–O), υ(Zn–N) and υ(Zn–S). 
The wavenumbers of these characteristic peaks are higher 
than those appearing in Schiff base sample. This is proba-
bly because of the coordination bond between the Schiff 
base and zinc ions, which makes the vibration of the car-
bonyl and hydroxyl groups move to higher wavenumber. 
These results indicate that Schiff base plays an important 
role in enhancing the polydisperse nature of the nanopar-
ticles by the formation of coordinate interactions between 
the Schiff base and the Zn2+ ions, thereby lowering their 
surface energies.

Figure 2. UV–vis DRS of Schiff base capped ZnS NPs. Figure 3. PL spectrum of Schiff base capped ZnS NPs.
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3.4. XRD analysis

XRD analysis was carried out to determine the crystalline 
nature of the Schiff base capped ZnS NPs and shown in 
Fig. 5. The diffraction peaks at 28.65, 47.56 and 56.44° 
correspond to (111), (220), and (311) planes of cubic ZnS 
(Fig. 5). The typical broadening of the diffraction peaks 
is also observed, implying that the size of the ZnS NPs 
is very small. XRD pattern of the Schiff base capped 
ZnS NPs confirms the crystallinity of the systems cor-
responding to cubic zinc blende (JCPDS 05–0566). The 
size of the ZnS NPs was calculated by following the De-
bye-Scherrer’s equation:

cos
kD .λ=

β θ
	 (1)

where k = 0.95, D is the particle size, λ is the wavelength 
of CuKα radiation and β is the corrected full width at half 
maximum of the diffraction peak. From the XRD pattern, 
the observed size of the Schiff base capped ZnS NPs is 
14 nm at the high intense peak of (111) plane. The lattice 
parameters are calculated by the formula:

1/d2 = 1/a2(h2 + k2 + l2),

where a is lattice parameter, dhkl is the interplanar sepa-
ration corresponding to Miller indices (h, k and l). The 
estimated value of the lattice constant (a) is 5.26 Å.

3.5. Morphology analysis

The morphology and size of the ZnS NPs were analyzed 
by SEM, energy-dispersive X-ray spectroscopy (EDX), 
TEM and selected area electron diffraction (SAED) as 
shown in Fig. 6a–d. The low magnification SEM image 
(Fig. 6a) shows that the ZnS NPs have rough surfaces 
composed of nanoparticles with an average diameter of 
about 60 nm which indicates the nanocrystalline nature 
of the ZnS NPs. The presence of some larger particles 
is attributed to the aggregation or overlapping of smal-

ler particles. Fig. 6b shows the energy-dispersive X-ray 
spectrum of the fabricated ZnS NPs, confirming the ele-
mental Zn and S signals without peaks from any impuri-
ties. Other elemental signals including C, O, and N are 
possibly due to capping agent present within the Schiff 
base. The TEM image of the Schiff base capped ZnS NPs 
is shown in Fig. 6c. TEM image of the Schiff base capped 
ZnS NPs show monodisperse particles with average sizes 
of 8±2 nm. From TEM image, the synthesized ZnS NPs 
exhibit nearly spherical shape with a narrow size distribu-
tion due to the Schiff base donor atoms interacted with the 
surface of the NPs. TEM image showed that the ZnS NPs 
appear a slight agglomeration due to the ZnS was compo-
sed of agglomerated and isolated particles and it reveals 
that small particles aggregate into secondary particles be-
cause of their extremely small dimensions and high surfa-
ce energy. The agglomeration is the most general hurdle 
in the field of nanoparticles preparation. The SAED pat-
tern of the ZnS NPs showed concentric rings, indicating 
polycrystalline nature of the material as shown in Fig. 6d. 
These fringes were indexed to (111), (220), and (311) pla-
nes of cubic ZnS phase width d(111) = 3.09 Å, d(220) = 
1.93 Å and d(311) = 1.58 Å, respectively, confirming the 
presence of cubic ZnS. These results are corroborated by 
the XRD pattern of the synthesized ZnS NPs.

3.6. Zeta potential analysis

Zeta potential measurements have been carried out to 
check the stability of dispersed nanoparticles. Nanopar-
ticles with less than 20 nm diameter have high mobility 
in solution due to the Brownian motion which highly af-
fects the stability of particles. These electrostatic repulsi-
ons between particles depend on the pH. To attain higher 
zeta potential, nanoparticles should be away from the 
isoelectric point, therefore the zeta potential values are 
recorded for optimized pH. The negative zeta potential 
of ZnS suspensions in aqueous solution changes to posi-
tive and negative in the presence of cationic and anionic 
surfactants, respectively. These transformations in zeta 

Figure 4. FTIR spectrum of Schiff base capped ZnS NPs.
Figure 5. XRD spectrum of Schiff base capped ZnS NPs.
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potential sign can be crucial in defining the adsorption 
modes of surfactant aggregates at the NP surface in an 
aqueous medium. The adsorbed cationic and anionic sur-
factant aggregates have been thought to generate positi-
vely and negatively charged slipping plane respectively, 
by forming nearly bi-layer structure over the nanoparticle 
surface. The value of zeta potential for Schiff base cap-
ped ZnS NPs at pH 9 is −26.7 mV. These results are on 
par with zeta potential values of aqueous ZnS suspensi-
ons reported by Mehta et al. [51]. It reveals that aqueous 
suspensions are quite stable because of the electrostatic 
repulsions between the same charged species.

3.7. Thermo gravimetric analysis

To determine the thermal stability and crystalline conditi-
ons of the synthesized Schiff base capped ZnS NPs, ther-
mogravimetry analysis (TGA) was investigated as shown 
in Fig. 7. The sample was heated from room temperature 
to 800 °C with an increment of 10 °C/min under inert at-
mosphere. The TGA curve showed some distinct weight 
losses arising for bare ZnS from desorption of water (be-
low 200 °C), the decomposition of organic species (200–

300 °C), the phase transformation of ZnS (300–500 °C), 
and the above 500 °C, there is a sharp downward trend in 
TGA curve with significant weight loss; this may be due to 
release of residual sulfur ions from the sample [52]. ZnS 
NPs begin to decompose at about 245 °C due to the exis-
tence of the unstable Schiff base on ZnS particle surfaces 
(where the decomposition temperature is defined as 5% 
weight loss of sample). Notably, in TGA data curve is gi-
ven in Fig. 7, it is revealed that the weight loss of the ZnS 
NPs up to 800 °C. The final weight loss was intense with 
approximately 58.72% mass change. It can be found that 
the high percentage of weight loss as obtained by TGA is 
due to the mass of organic molecules capped on the ZnS 
surface.

3.8. Fluorescence analysis

3.8.1. Fluorescence sensing of heavy metal ions

The fluorescence detection of various aqueous metal 
ions was performed at room temperature. For an effec-
tive sensor, the high selectivity for the target analyte over 
potentially competitive species is required. Competition 

Figure 6. (a) SEM mage, (b) EDX spectra, (c) TEM image and (d) SAED of the Schiff base capped ZnS NPs.
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experiments were carried out by recording the changes 
of the fluorescence intensity before and after adding the 
metal ions into the probe solution. To test the selectivi-
ty of Schiff base capped ZnS NPs for the metal ions; we 
investigated the fluorometric response in the presence of 
various metal ions at the concentration of 1 µM. The ad-
dition of 10 mL of 1×10-6 M of an aqueous solution of 
Mn2+, Ba2+, Al3+, Cd2+, Cr2+, Cu2+, Fe3+, Ni2+, Co2+ and Ag+ 
ions to the ZnS NPs, did not produce significant fluores-
cence intensity changes. Nevertheless, upon the addition 
of Fe3+, Cr2+ and Cd2+ ions to the solution containing ZnS 
NPs and other metal ions, immediate decrease in fluores-
cence emission was observed. The fluorescence intensity 
of probe towards the surveyed metal ions is displayed in 
Fig. 8a and the bar diagram for the selectivity of the sen-
sor among various metal ions was shown in Fig. 8b. The-
refore, the sensor has a better selectivity for Fe3+, Cr2+ and 
Cd2+ ions over other metal ions tested under the similar 
conditions.

 3.8.2. Fluorescence quenching study

Fluorescence quenching of the ZnS NPs is also strongly 
affected by the concentration of some metal ions. This 
phenomenon arises from binding metal ions of interest to 
the surface of NPs as an acceptor and changing the sur-
face state of NPs, which can be described clearly by the 
well-known Stern-Volmer equation:

0 1 [ ].SV
F

K Q
F

= + 	 (2)

Where, F0 and F are the fluorescence intensity in the 
absence and presence of the quencher (for example, Fe3+ 
ions), KSV is the Stern-Volmer quenching constant, and 
Q is the concentration of the quencher. The linear relati-
onship (R2 = 0.98) of the Stern-Volmer plot of F0/F versus 
the metal ion concentration suggests that only one type 
of quencher is available and affects the fluorophore. In 
other words, the phenomenon of PL quenching can be 
used for the determination of quencher if a linear regres-
sion is found between the concentration of metal ion of 
interest and PL quenching just according to Stern-Volmer 
equation. In this case, the slope of the linear relationship 
is proportional to KSV if the intercept is on level with 1. 
Evidently, obtaining higher KSV values implies that the 
measurement is carried out with greater sensitivity. With 
regards to this criterion, PL quenching of Schiff base cap-
ped ZnS NPs was investigated in the presence of several 
heavy metal ions including Fe3+, Cr2+ and Cd2+ with diffe-
rent concentrations.

3.8.3. Fluorescence selective probe for detection of 
Fe3+, Cr2+ and Cd2+ ions
To understand the interaction between metal ions (Fe3+, 
Cr2+and Cd2+) and ZnS NPs, the response characteristics 
of nanoparticles to metal ions were systematically studied 
by fluorescence spectroscopy. As shown in Fig. 9a–c, it 

Figure 7. TGA curve of Schiff base capped ZnS NPs.

Figure 8. (a) fluorescence spectra and (b) normalized fluorescence intensity of ZnS NPs alone and in the presence of several differ-
ent metal ions, λex = 340 nm, λem = 432 nm.
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can be seen that a significant fluorescence quenching of 
ZnS NPs and the emission spectra at 432 nm decreases 
in the presence of Fe3+, Cr2+ and Cd2+ ions (10–500 µM) 
were observed without any significant shift in the emis-
sion peak due to the aggregation‐induced fluorescence 
quenching. Therefore, we speculated that the experimen-
tal phenomenon can be explained in the terms of strong 
affinity of these metal ions (Fe3+, Cr2+ and Cd2+) to nitro-
gen atom, which lead to facilitating non-radiative excited 
electrons (e−) in the conduction band and holes (h+) in 
the valence band recombination on the surface of NPs 
through an effective electron transfer process between 
surface functional imine group and metal ions (Fe3+, Cr2+ 
and Cd2+). In the stage of when 500 μM of Fe3+ was ad-
ded to the NPs solution, the fluorescence intensity of ZnS 
NPs at 432 nm decreased by about 85%. Similarly, when 
500 μM of Cr2+ and Cd2+ were added separately into the 
ZnS solution, the fluorescence intensity of ZnS NPs at 
432 nm decreased by about 62% and 41%, respectively. 
This indicates that the reaction between the surface func-
tional groups of Schiff base capped ZnS NPs and Fe3+ is 
very fast and stable, suggesting a promising application 
for quick sensing of Fe3+ without any strict time control 
than Cr2+ and Cd2+ ions. These results revealed the excel-
lent selection of the ZnS NPs as a fluorescence probe for 
Fe3+ detection as well as Cr2+ and Cd2+ ions compared to 
other metal ions.

The bar diagram of the different concentrations (10–
100 µM) of these metal ions (Fe3+, Cr2+ and Cd2+) shows 
that the fluorescence intensity of ZnS NPs as a concentra-
tion dependent and it was shown in Fig. 9d. The titration 
of different concentrations of these metal ions (Fe3+, Cr2+ 
and Cd2+) into the ZnS NPs solution resulted in a gra-
dual decrease in fluorescence intensity with increasing 
concentration of metal ions in the range of 10–500 μM 
(Fig. 9e). Fig. 9f shows the linear responses of the fluo-
rescence intensity (F0/F) with the increasing concentrati-
on of these metal ions (Fe3+, Cr2+ and Cd2+) in the range 
of 10–100 μM, showing a correlation coefficient of 0.98. 
From the quenching study, the corresponding KSV values 
for the metal ions conformed to Eq. (2) in the presence of 

Fe3+, Cr2+ and Cd2+ were 3.64×105, 3.11×105 and 2.55×105 
respectively. The obtained selective sensing in the detec-
tion of metal ions in the range of detection limit values 
were 10.24 μM, 31.48 μM and 64.56 μM for Fe3+, Cr2+ 
and Cd2+ ions, respectively. The variations were associa-
ted with the nature of binding between the metal ions and 
synthesized Schiff base capped ZnS NPs. The compari-
son of the previously reported methods, the concentration 
range of corresponding metal ions and their detection li-
mits with this work in the selective detection of Fe3+, Cr2+ 
and Cd2+ ions were listed in Table 1.

4. Conclusions

In summary, we report a simple method to fabricate and 
stabilize ZnS NPs using Schiff base by co-precipitation 
method. HR-TEM analysis showed that the synthesized 
NPs were less than 10 nm in size. The cubic phase of 
synthesized Schiff base capped ZnS NPs was observed 
from the XRD. The optical properties of the ZnS NPs 
were investigated by UV–vis DRS and PL spectroscopy. 
The obtained ZnS NPs showed a band gap of 3.98 eV, 
which is in agreement with published literature for cu-
bic zinc blende structure. The interactions among ZnS 
NPs and metal ions were investigated using fluorescence 
studies. Under optimal conditions, the developed sensor 
was successfully employed to determine Fe3+, Cr2+ and 
Cd2+ ions in real samples and proved to be selective and 
as well as sensitive. The ZnS NPs exhibited good flu-
orescence quenching selectivity to Fe3+, Cr2+ and Cd2+ 

ions. Concentration experiments showed that there exis-
ted two parts of a linear relationship between fluorescen-
ce intensity and concentration of Fe3+, Cr2+ and Cd2+ ions 
in the range of 10–500 μM. The limit of detection (LOD) 
was estimated to be 10.24 μM, 31.48 μM and 64.56 μM 
for Fe3+, Cr2+ and Cd2+ ions, respectively. The output of 
this study clearly suggests that synthesized Schiff base 
capped ZnS NPs can be used as a promising nanomate-
rial for efficient fluorescent material for quenching and 
sensing applications.

Table 1. Comparison of the previously reported methods with this work in the selective detection of Fe3+, Cr2+ and Cd2+ ions.

S. No. Samples Metal ion Concentration Detection limit Mode of detection Ref.
1 Carbon NCs Fe3+ 0.01–100 μM 0.001 μM Fluorometric [53]
2 B,N,S-co-doped CDs Fe3+ 0.3–546 µM 90 nM Colorimetric,Fluorometric [54]
3 Au NPs Fe3+ 0–180 µM 11.3 nM Colorimetric [55]
4 Eu3+-Gd2O3 NPs Fe3+ 0–10 ppm 1.48 ppm Fluorometric [56]
5 Schiff base-ZnS NPs Fe3+ 10–500 µM 10.24 µM Fluorometric Present study
6 Au NPs Cr6+ 10–200 nM 0.9 nM Electrochemical [57]
7 CdS NPs Cr3+ 0.016–0.260 M 16×10−9 M Fluorometric [58]
8 Rhodamine based sensor Cr2+ 0.07–3.5 mM 64 μM Fluorometric [59]
9 Schiff base-ZnS NPs Cr2+ 10–500 µM 31.48 µM Fluorometric Present study
10 Fe3O4 NPs Cd2+ 1–15×10–8 M 1.5×10-8 M Fluorometric [60]
11 MoS2 NSs Cd2+ 0–11.5 µM 7.2×10-8 M Optical [61]
12 Ag2S QDs Cd2+ 0–100 µM 546 nM Fluorometric [62]
13 Schiff base-ZnS NPs Cd2+ 10–500 µM 64.56 µM Fluorometric Present study
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Figure 9. The fluorescence response of Schiff base capped ZnS NPs; in the presence of carious concentrations of (a) Fe3+, (b) Cr2+ 
and (c) Cd2+ ions; (d) bar diagram of the effect of Fe3+, Cr2+ and Cd2+ concentrations (10 to 100 μM) in the ZnS fluorescence intensity; 
(e) the relationship between relative concentrations (10 to 500 μM) of Fe3+, Cr2+ and Cd2+ with ZnS fluorescence intensity; (f) the 
relation between fluorescence response (F0/F) of ZnS NPs and the concentration of Fe3+, Cr2+ and Cd2+ from 10 to 100 μM.
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