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ABSTRACT: The modern epoch of semiconductor nanotechnology focuses on its application in biology, especially in medical
sciences, to fetch direct benefits to human life. Fabrication of devices for biosensing and bioimaging is a vibrant research topic
nowadays. Luminescent quantum dots are the best option to move with, but most of them are toxic to living organisms and hence
cannot be utilized for biological applications. Recent publications demonstrate that surface treatment on the nanoparticles leads to
enhanced luminescence properties with a drastic reduction in toxicity. The current work introduces surface-modified CdS, prepared
via a simple green chemical route with different medicinal leaf extracts as the reaction media. Lower toxicity and multiple emissions
in the visible region, observed for the CdS-O.tenuif lorum hybrid structures, make them a better option for future biological
applications. Furthermore, the hybrid structure showed enhanced electrical properties, which promises its use in modifying the
current optoelectronic devices.

■ INTRODUCTION

Toxicity of nanoparticles supplanted most of the known
semiconductors from biological research activities. Finding an
excellent alternative material is still a demanding topic for
scientists. Among the wide varieties of equipment in the
biomedical field, imaging tools attract special attention due to
their ability to view the living cells and tissues from a range of
living frameworks. Even though imaging is possible in this
small size range, live bioimaging needs continuous monitoring
of the system and careful recording of the images, which
demands improvisation of the available instruments already
existing in the field. Even sophisticated tools such as field-
emission scanning electron microscopy (FESEM) is not
enough for live bioimaging as the number of living organisms,
such as bacteria, will be significantly less at the final
multiplication stage due to the exposure of the electron
beam1 and is being one of the biggest challenges persisting in
the field of bioimaging.2 Expressing the biological data/
medical data in digital form is always a convenient option for
the easy diagnosis of diseases. Thus, an efficient imaging tool is
required for the tracking of cellular imaging. As the imaging
field is concerned, the usual synthetic fluorescent dye has an
inherent drawback of getting photobleached.3−5 Hence,
quantum dot (QD)-based fluorescent materials can be a wise
choice. QDs possess grain size-dependent fluorescence, which
can be exploited effectively for their applications in nano-
biotechnology. CdS is one of the most widely researched
fluorescent materials that is explored already for in vitro
cellular imaging.6,7 However, the high level of toxicity limits
their application in in vivo applications. Positively charged
nanoparticles are more toxic than negatively charged and
neutral nanoparticles8,9 because the positively charged nano-
particles can more effectively penetrate through the cell
membrane and cause damage to the negatively charged DNA

by binding them firmly. Besides, positively charged nano-
particles are rapidly absorbed by the cells in more massive
amounts. Thus, protecting them by modifying the surface will
reduce the toxicity of nanomaterials.
Here, green chemistry-based synthesis was introduced for

CdS to reduce the toxicity, which can be used for exploring its
potential in bioimaging and related applications. Three
different leaf extracts were used as the media for the growth
of CdS nanoparticles. For this purpose, nonseasonal medicinal
plant leaves (Chromolaena odorata, Plectranthus amboinicus,
and Ocimum tenuiflorum) were chosen, which are widely
available over the country. The simple boiling method was
opted for the solvent preparation of different medicinal
leaves.10 The compounds such as alkaloids, flavonoids,
aglycones, tannins, saponins, etc.,11 known as the phytochem-
icals present in the leaf, can act as covering shells over CdS,
which can reduce the effect of surface charges around CdS and
hence the toxicity, too.

■ EXPERIMENTAL TECHNIQUES

Sample Preparation. About 20 g (approximate) of the
aforementioned cleaned leaves was crushed and boiled with DI
(deionized, 200 mL) water and was filtered and collected after
cooling to room temperature. For the further synthesis of CdS-
GS (green synthesis) hybrid structures, the as-prepared leaf
extract solution was used as the medium for the growth of
nanoparticles.
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The hybrid nanoparticles were prepared as per the schematic
shown in Figure 1. For CdS, the usual 1:1 stoichiometry was

opted with CdSO4 and CH4N2S as precursors. For the
synthesis of a sample with a 6% leaf extract, about 3 mL of leaf
extract was poured into two beakers followed by the addition
of 22 mL of DI water. The precursors were then added to the
beaker and stirred well. Liquid ammonia was added to the
beaker containing CdSO4 until the white residue disappeared.
0.5 M CH4N2S solution was then poured into the blend
solution. The total solution was then made into 100 mL. The
powder samples were then filtered out and washed thoroughly
before drying in an oven to remove the unconjugated contents
of the leaf extract. In order to avoid sulfur vacancies in the
hybrid sample, all the nanopowders (after the drying process)
were treated with the sulfur precursor separately. The
experimental procedure was repeated with 10, 20, and 50%
of leaf extract. The samples were labeled as LT (CdS-O.
tenuif lorum), LC (CdS-C. odorata), and LP (CdS-P.
amboinicus) for convenience (details are tabulated in Table
1). For comparison, CdS nanoparticles were also synthesized
without any leaf content.

Material Characterization. The samples were structurally,
chemically, and morphologically characterized by X-ray
diffractometry (Rigaku Miniflex-600), high-resolution TEM
(JEOL, JEM-2100), FT-IR spectroscopy (PerkinElmer Spec-
trum Two), and Raman spectroscopy (WITec GmbH, Ulm,
Germany, Alpha 300RA AFM & RAMAN). Thermal stability
of the samples was analyzed by thermogravimetric analysis
(PerkinElmer STA 6000). Cytotoxicity of the samples was
evaluated with a Multi-mode plate reader (PerkinElmer,
Enspire at 570 nm) using human cervical cancer cells
(HeLa). For the elemental analysis of the sample LT4, the
FESEM setup (Zigma, Zeiss) was employed. A PerkinElmer
UV−vis spectrophotometer (Lambda 35) and fluorescence
spectrometer (LS 55) were utilized for capturing the

absorbance and emission spectra. A Floid Evos imaging system
was used to record the cellular imaging of the samples at 20×
magnification. Electrical properties of the samples (in the form
of pellets of 10 mm diameter prepared using a KBr automatic
pelletizer) were checked in the frequency range of 100 Hz to
10 kHz using a Wayne Kerr-LCR impedance analyzer (6500
B).
To evaluate the toxicity of CdS and CdS-GS hybrid

nanostructures, an MTT assay was carried out.12−16 The
colorless MTT dye is converted into a purple color (known as
formazan crystals) by the NADH-dependent oxidoreductase
enzyme present in the mitochondria of the live cells. The color
of the dye and the toxicity of the material are inversely
proportional. The HeLa cells with 90% confluency were
collected and seeded at 1 × 104 cells/well in a 96-well cell
culture plate and 37 °C/5% CO2. After 24 h, the medium was
aspirated and treated with CdS or CdS-GS hybrid structures at
various concentrations. To the well, which contained HeLa
cells and the samples (CdS, LT4, LP4, LC4, and CdSO4), 20
μL of MTT dye was added after 24 h. The plates were then
incubated for 3 h. After removing the medium, 100 μL of
DMSO (dimethyl sulfoxide) was added to dissolve the
formazan crystals that were formed by the conversion of
MTT by the live cells. The absorbance was read at 570 nm
using a multi-mode plate reader.

■ RESULTS AND DISCUSSION
For leaf solvent preparation, different methods are adopted by
researchers, which vary depending on their application.
Typically, the powdered form of the leaf residue suspended
in water, or any other solvents like methanol, ethanol, acetone
ethyl acetate, hexane, chloroform, and butanol, is used for the
extraction of pigments or phytochemicals from the leaf. For the
current synthesis, the method of direct boiling of the leaf was
opted without making it in the powder form. The filtered part
of the supernatant solution prepared in DI water was directly
used further for the hybrid-nanoparticle synthesis. No alcohol
treatment was done before or after the leaf extract preparation.
This method allows direct attachment of the phytochemical to
the nanoparticles compared to other external components.
Previous phytochemical studies have shown that almost all

the leaf extract contains common chemical constituents like
alkaloids, flavonoids, glycosides, tannins, saponins, carbohy-
drates, steroids, and proteins.17,18 Among them, phenolic
metabolites (phenolic acid, polyphenols, flavonoids) have
extensive research potential owing to their dietary applica-
tions.19 These are the components that protect plants from
oxidative damage and serve as good antioxidants for living
animals. Historical stories point out that humans have been
using these medicinal plants through food intake 5000 years
back for curing and preventing diseases like cancer and
cardiovascular issues.20 Since the extraction of leaves is water-
based, there are only a few active phenolic compounds
compared to alcohol-based leaf extracts.19 The degrading
temperatures of the active chemical constituents of the leaves
are different. Thus, a part of the active components is assumed
to be covering the nanoparticles as a protective covering.
Synthesis with a higher concentration of precursors at low

temperature (RT ∼28−30 °C) can lead to the growth of nuclei
in such a way as to achieve minimum surface energy by
forming spherical nanoparticles. Since the adopted growth
method is solution-based, most of the particles form aggregates
to reduce the enormous surface energy of the tiny nano-

Figure 1. Schematic for the synthesis of the hybrid-nanoparticle of
CdS-GS.

Table 1. Details of the Samples Synthesized Using the
Extract of the Leaves of C. odorata (C), P. amboinicus (P),
and O. tenuiflorum (T)

sample name LX (X = C, P, T) total volume of leaf solution in 100 mL (%)

LX1 6
LX2 10
LX3 20
LX4 50
CdS 0
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particles. Due to the presence of phytochemicals of the leaf
extracts, monomer availability could be controlled (not all the
Cd, or the S complex will participate in the reaction), which
limits the growth rate. Final nuclei of CdS or the aggregated
structure CdS is expected to be covered by the phytochemicals
of the leaf extracts. These hybrid structures are entirely
protected against oxygen attack, leading to the formation of a
stable CdS-leaf hybrid structure.
All the hybrid samples, along with the unmodified CdS

nanoparticles, were structurally analyzed with an X-ray
diffractometer. The recorded patterns are shown in Figure 2.

Both the CdS and the CdS-GS hybrid structures demonstrate
the hexagonal crystal structure. The samples with a higher
volume of leaf extract showed broad hexagonal peaks, which is
an evidence for the presence of smaller nanoparticles in the
samples LT4, LP4, and LC4. The interpretation of the result
can be as follows: the phytochemicals present in the leaf extract
impede fast growth of the CdS nanoparticles, and a slight
modification in the peak value arises from the surface
modification induced by the components of the leaf extract.
Researchers already explored the leaf extract as a reducing
agent21 for metal nanoparticle synthesis22,23 and as a surfactant
to reduce the nanoparticle growth rate. Here, the leaf extract
with different unknown phytochemicals is expected to behave
like a surfactant due to the decrease in growth kinetics of the
CdS-GS hybrid structure. There is a large number of
unidentified phytochemicals in the leaf extract, which may
cover the surface of the CdS nanoparticle like a shell. Deviation
observed in the lattice parameter values (Table S1) suggests
internal stress inside the material,24 which is then evaluated by
the W-H analysis. The plot derived from the W-H analysis is
provided in Figures S1−S4. From the study, strain values are
obtained as negative, which can be attributed to compressive

stress within the material.25 Crystallite sizes calculated from
both the Debye−Scherrer method and W-H analysis
demonstrate that their results are comparable, and the
crystallite sizes are found to be below 50 Å for all the samples.
The TEM micrographs of the CdS and CdS-O. tenuif lorum

hybrid (LT4) nanostructures are depicted in Figure 3. Both
the samples are agglomerated, and the identification of
individual particles is difficult. From the ring-like electron
diffraction patterns of the sample, hexagonal phase formation is
confirmed and is indexed as the (102) h and (110) h planes.
Instead of the usual dots, the bright rings in the ED pattern
authenticate the formation of smaller particles in both the
samples.
Energy-dispersive X-ray analysis was performed to verify the

hybrid formation and to understand the stoichiometry ratio of
Cd to S. The spectrum of the selected area elemental analysis is
demonstrated in Figure 4. The elements identified in the study
are carbon (C), oxygen (O), cadmium, and sulfur. The ratio of
Cd to S remains to be 1:1. The weight percentages of C and O
authenticate the presence of phytochemicals from the leaf
extract. Thus, the elemental analysis is a confirmation test for
the attachment of different contents of the leaf extract with the
CdS nanoparticles.
The Fourier transform infrared spectra of the three CdS-GS

hybrids are illustrated in Figure 5. The vibrations around
3150−3350 and 1594 cm−1 are attributed to the stretching of
the −OH group, which indicates the presence of water content
on the surface of the CdS nanoparticle. The peak at 1464 cm−1

is evolved from the vibration of carbon (C) with hydrogen
(H). The phytochemicals of the leaf extract consist of C, H,
and O as the elements in their structure, and then the vibration
of C and H is a signature for the presence of phytochemicals
on the surface of CdS. Thus, the FT-IR results agree well with
the elemental analysis. The vibrations of Cd−S bonds are
obtained at 795, 614, 559, and 464 cm−1. Thus, the
modification of the surface of the CdS nanoparticle is evident
from the IR spectra of the hybrid samples.
The Raman spectra of the samples are depicted in Figure 6a.

The peak at 294 cm−1 indicates the fundamental longitudinal
phonon-vibration. The overtones are observed at 588 and 893
cm−1. Compared to the bulk CdS, the actual vibration is
shifted26,27 to a lower-energy region. Compared to the peaks of
CdS, the peaks of CdS-GS hybrids are less intense and broad,
which is due to the presence of smaller particles. Peaks other
than the optical vibration originate from multiphonon
scattering.28 From Figure 6b, the shift in the first overtone is
evident with peak broadening arising from the surface
modification induced by the phytochemicals of the leaf extract.
From the crystallite size calculation, the size of CdS is larger
than that of the hybrid structure; the intensities of the peaks in
the Raman spectra support these results.
The thermograms of all the samples are depicted in Figure

7a. It is evident from the thermal analysis that decomposition
of CdS has three different stages. The first one is the
evaporation of volatile compounds from the surface, which is
observed in the temperature below 200 °C (see the derivative
of TGA in Figure 7b) for the hybrid structure. The other two
stages include the removal of sulfur from the surface and the
transition of CdS to CdSO4 or CdO. The unmodified CdS
experienced an initial weight loss at a temperature of 250 °C.
Figure 7b shows the derivative of the thermogram,
representing the peak at which a different transition takes
place. Unmodified CdS has thermal stability up to a

Figure 2. X-ray diffraction patterns of CdS and different CdS-GS
hybrid structures with P. amboinicus (LP), C. odorata (LC), and O.
tenuiflorum (LT) leaf extracts.
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temperature of 580 °C, and the hybrid structure follows a
similar nature. The total weight loss values of all the samples

are approximately the same (∼70%). This result shows that the
stability of the nanoparticle remains unaffected even in the
presence of the leaf content. When compared to the hybrid
structures, CdS-O.tenuif lorum has lower weight loss than
others, showing enhanced thermal stability.
The MTT assay results are plotted with the concentration

on the X-axis and cell survival (in %) on the Y-axis (Figure 8).
The cell viabilities of the CdS and CdS-GS hybrids are
demonstrated in Figures 8,b and 9a−ca. For a comparative
study, the toxicity of the cadmium precursor (CdSO4) is also
evaluated. The LD50 values, the concentration of the sample
required to kill 50% of the cells, are calculated from the graph.
A large LD50 value is indicative of lower toxicity. Here, the
LD50 value is the highest for the CdS-O. tenuif lorum hybrid
(0.0691 mg/mL), while it is the minimum for CdSO4 (0.0027
mg/mL).
The LD50 value of the unmodified CdS is 0.0070 mg/mL

(values are tabulated in Table 2). A histogram illustrated in
Figure 10a presents the toxicity of each sample calculated from
the LD50 values (they are inversely proportional) and cell

Figure 3. TEM images of (a,b) CdS and (c,d) CdS-O. tenuif lorum hybrid and their corresponding electron diffraction patterns (e,f) representing
the hexagonal planes as concentric rings.

Figure 4. Selected area elemental analysis of the CdS-O. tenuif lorum hybrid (LT4) representing the existence of the Cd-to-S ratio as 1:1 with
carbon and oxygen percentages.

Figure 5. Infrared spectra of CdS and different CdS-GS hybrid
structures.
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viability at a concentration of 0.125 mg/mL (Figure 10b),
which clearly shows the improved biocompatibility for the
CdS-O. tenuif lorum hybrid sample. Reyes-Esparza et al.7

reported improved biocompatibility in dextrin-capped CdS.
According to them, a concentration less than 1 μg/mL is not at
all toxic to HeLa cells. Here, the concentration is very much

higher than those in the published research works. The
approximate LD50 values reported

29 for CdS nanoparticles on
HeLa cells are in between 3 and 4 μg/mL. Thus, using the O.
tenuiflorum leaf extract as the protective cover of the surface of
CdS, its toxicity can be tailored. Further tailoring can be done
by varying the shell thickness to reduce the toxicity of CdS,

Figure 6. (a) Raman spectra of CdS and CdS-GS hybrid structures and (b) the part of the Raman spectra show the shifts in the values of
longitudinal optical vibration.

Figure 7. (a) Thermograms and the corresponding (b) differential plots of CdS and CdS-GS extract hybrid, containing maximum concentration of
the leaf extract (50%).

Figure 8. Percentage of survival of the cells obtained from the MTT assay for (a) CdSO4 and (b) CdS.
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which can finally bring the toxicity levels down to the
acceptable range for cellular studies. With the strong inherent
PL in the visible range, this improved biocompatibility can
make CdS one of the most promising candidates for
bioimaging especially for in vitro cellular imaging. Here, a
simple green chemical route is suggested for the synthesis of
CdS, which makes the CdS biocompatible.
All the samples were dispersed in DI water and then

sonicated. The solution was then subjected to UV−vis

spectroscopy. The recorded data of absorbance is then plotted
against the wavelength (Figure S5A(a−c)). The absorption
peak values of all the samples are blue-shifted with the increase
in leaf extract content. The shift in the peak is attributed to the
quantum confinement effect, which results from the tiny
particles in the CdS-GS hybrid. The peak values are 455, 454,
and 440 nm, respectively, for the samples LT4, LP4, and LC4.
The corresponding band energy values are 2.72, 2.73, and 2.81
eV, respectively, showing drastic enhancement compared to
the band gap of bulk CdS. Thus, analysis of the absorbance of
the CdS-GS hybrid shows clear evidence for the presence of
tiny particles, and the result supports the XRD analysis.
The emission spectra of the CdS-GS hybrid structures are

shown in Figure S5B(a−c) at an excitation of 400 nm. Since
the samples are treated separately with the sulfur source,
defect-mediated emission is absent here. In all the cases, the
peaks are seen below 550 nm. In the case of the CdS-C.
odorata hybrid (Figure S5B(a)), all the samples exhibit

Figure 9. Cell viability of the CdS-GS hybrid structure with different concentrations of the nanopowders: (a) CdS-P. amboinicus (LP4), (b) CdS-O.
tenuif lorum (LT4), and (c) CdS-C. odorata (LC4).

Table 2. LD50 Values of All the Samples Evaluated by the
MTT Assay

sample LD50 (mg/mL)

CdSO4 0.0027
CdS 0.0070
LC4 0.0311
LP4 0.0064
LT4 0.0691

Figure 10. Histogram that presents (a) toxicity comparison in CdSO4, CdS, and CdS-GS extract hybrid as well as their (b) percentages of survival
at a concentration of 0.25 mg/mL. Toxicity is indicated as the inverse of LD50.
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multiple emissions at an excitation of 400 nm. The peaks are
centered at 460, 480, and 530 nm. All of them represent the
band-to-band emission of CdS, from the different-sized CdS
nanoparticles. Since the method followed here is chemical
precipitation, the size distribution of nanoparticles is expected
to be broader, especially smaller particles (below 5 nm). As the
density of the particle distribution varies, the intensity of
emission also changes. Thus, from the emission spectrum, it is

evident that, as the leaf extract concentration increases, the
density of smaller particles increases, and the peak at 460 nm
enlarges. For the CdS-P. amboinicus hybrid nanostructure
(Figure S5B(b)), except LP4, all the samples have an intense
peak at 530 nm due to emission from the direct recombination
of CdS (band-to-band emission). Here also, an enhancement
in the intensity of the higher energy peak is observed with the

Figure 11. Multipeak emission in the less toxic CdS-O. tenuif lorum hybrid at different excitations: (a) 300, (b) 350, and (c) 400 nm.

Figure 12. Bright-field and fluorescence images of the cells in the presence of (a,b) CdS and (c,d) CdSO4; cell death is visible by the round shape
of the cell.
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increase in leaf solvent concentration due to the contribution
from small-sized particles.
The emission spectra of the CdS-O. tenuif lorum hybrid

structure is evaluated at three different excitation energies, 300,
350, and 400 nm, and are shown in Figure 11a−c. All the
graphs show multiple emissions in the visible region.
Compared to the excitation of 350 and 400 nm, the peak at
the excitation wavelength of 300 nm is broad, and the emission
peaks at 372, 421, and 468 nm are equally distributed. Other
peaks are centered at 396, 436, 466, and 535 nm for the

excitation of 350 nm, and other peaks are centered at 455, 495,
524, and 555 nm for the excitation of 400 nm. Thus, the hybrid
sample can be utilized for the fabrication of multicolored light-
emitting devices by the careful tailoring of the size distribution.
As the application of CdS or CdS-GS for cellular imaging is

an essential aspect of the current study, the cells were treated
with CdS or CdS-GS and viewed under a fluorescence
microscope. There exists a double-layered lipid known as the
cell membrane, which separates the content of the cell
(cytoplasm) from the surroundings. The cell membrane does

Figure 13. Bright-field (a) and fluorescence images (b) of the cells in the presence of the CdS-O. tenuif lorum hybrid structure showing green
fluorescence.

Figure 14. Normalized electrical conductivities of CdS and different CdS-GS hybrid structures concerning CdS, (a) LC series (b) LT series, and
(c) LP series.
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not allow all the materials to enter into the cell (selective
permeability of the cell membrane). Here, the nanoparticle
enters into the cell via the pinocytosis/endocytosis process.30

Figure 12a,c, Figure S6a,c, and Figure 13a present the bright-
field and fluorescence images of the HeLa cells treated with
CdS or CdSO4. The cells are visible in the bright-field images.
Round-shaped cells represent cell death. It is evident from the
figure that pure CdS results in fast cell death. A similar
behavior is obtained for the CdS-P. amboinicus and CdS-C.
odorata hybrid structures. However, for the CdS-O. tenuif lorum
hybrid, which already showed lower toxicity in MTT assays,
the percentage of cell death is comparably lower. The
corresponding cellular fluorescence of the hybrid is demon-
strated in Figure 13b. The cells showed bright green
fluorescence showing clear evidence for the cellular imaging
property of the biocompatible CdS evolved from the green
synthesis method.
The green synthesis of CdS using O. tenuiflorum enhances

the biocompatibility of CdS by reducing the cytotoxicity
without comprising its imaging potential. CdS nanoparticles
are known to induce cytotoxicity because of the free surface
charges around the NPs while inside the cells.31 The O.
tenuiflorum leaf derived organic compounds might have a role
in the detoxification of CdS-induced free charges inside the
cells. This observation needs to be further investigated.
The electrical conductivity of the sample is obtained from

the conductance measurement (after including its possible
error corrections). The sample in the form of a pellet acts as a
dielectric between the two parallel plates (contacts). The
charges inside the material are separated due to the applied
field. As a result of this, the material is polarized. Only low-
frequency dependence of conductivity is discussed here since
the graph shows a saturated behavior after 10 kHz. Due to the
large space charge polarization, which is a function of the
surface area, the expected trend was not obtained. Here, the
electrical conductivity studied in very small-sized nanoparticles
and even a minute change in particle size will drastically
modify the surface area at this regime.
The normalized electrical conductivities of the CdS-GS

hybrid structures are illustrated in Figure 14. All the hybrids
demonstrated huge enhancement in conductivity compared to
the unmodified CdS nanoparticles. The hybrid system did not
follow any specific order for the enhancement in electrical
conductivity, which may be attributed to the variation in the
size and structure of the hybrid sample. By increasing the leaf
extract concentration, monodispersed CdS NPs can be
synthesized where the phytochemicals prevent the fast growth
of CdS nanoparticles. Even though the samples were treated
separately with the sulfur source, there may be defects (∼1−
2%) in the system. These can be another reason for the
irregularity in the obtained conductivity values.

■ CONCLUSIONS
Green synthesis was successfully employed for the growth of
CdS nanoparticles using a simple wet chemical route. The
three different leaf extracts, which were used for the surface
modification of the CdS nanoparticle, are medicinal plants and
are available throughout the year. A facile boiling method was
implemented for the solvent preparation from the leaf, which
was used in the reaction without any further modification. The
growth dynamics of the CdS nanoparticles can be controlled
by varying the leaf solvent concentration. The cytotoxicity of
the hybrid, assessed via the MTT assay, revealed that the CdS-

O. tenuif lorum hybrid is less toxic than the unmodified CdS
and other hybrid structures. The EDAX analysis of the hybrid
structure confirmed the attachment of phytochemicals of the
leaf extract with CdS. The stoichiometric ratio of Cd/S was 1:1
as evident from the elemental analysis, suggesting the absence
of vacancy-mediated emission in the fluorescence spectra.
Multiple emission peaks in the visible region of the absorption
spectra for the CdS-GS hybrid are attributed to the
contribution from different-sized nanoparticles. The results
project their potential in the fabrication of biocompatible light-
emitting devices. Their in vitro cellular imaging applications
are also tested and proven.
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