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Abstract

A novel and facile biogenic method has been developed to synthesize small sized and highly fluorescent zinc sulfide (ZnS)
quantum dots (QDs) from the latex of plant Calotropis gigantea. Extraction of milky white latex was done during the early
morning hours by cutting the green stems. Quantum dots prepared by this one step method were found to be water soluble
and highly stable. The optical properties of ZnS QDs were analyzed by UV—Vis absorption and fluorescence spectroscopy.
Fourier transform infrared (FTIR) spectroscopy confirmed the synthesis of ZnS QDs as sharp peak is observed at 693 cm™!
that corresponds to the Zn-S stretching. Size of ZnS QDs was found in the range of 2-3 nm in diameter, and they were
spherical in shape. This was further confirmed by the high-resolution transmission electron microscopy (HR-TEM) as well
as by X-ray powder diffraction (XRD) studies. Also, sharp and strong diffraction peaks of XRD indicated the excellent
crystallinity of the ZnS QDs. The results signify that the proposed ZnS quantum dots could be exploited for bio-sensor, bio-

imaging, and drug delivery applications.
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Introduction

Nanotechnology represents a revolutionary path for tech-
nological development that concerns the management of
material at the nanometer scale (one billion times smaller
than a meter). In recent years, nanotechnology has emerged
as a multidisciplinary field, in which gaining a funda-
mental understanding of the electrical, optical, magnetic,
and mechanical properties of nanostructures promises to
deliver the next generation of functional materials with wide-
ranging applications [1]. The concept of QDs was developed
in solid (glass crystals) and liquid state by Alexie Ekimov
(1981) and Brus (1985), respectively. Term “Quantum dots”
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was coined by Mark Reed (1988). Quantum dots (QDs) are
semiconductor, roughly spherical colloidal particles with
nanometer dimension. A single quantum dot generally has
hundreds to thousands of atoms [2]. QDs possess outstand-
ing optical properties, such as high quantum yields, high
extinction coefficient, broad absorption spectra, narrow and
symmetric size-tunable emission, fluorescence intermittency
(blinking), and strong resistance to photobleaching, which
make them advantageous over traditional fluorophores for
biosensing applications [3, 4]. Restricted motion of electrons
due to reduction of their size to nanometer level in all dimen-
sions leads to distinct atom like electronic structure along
with the size dependent energy levels [5].

Various chemical, physical, and biological techniques
are used to synthesize quantum dots. Most of the chemical
and physical methods employed for the synthesis involve
lethal and flammable organic solvents and harsh reaction
conditions such as high temperature and pressure [6]. Fur-
thermore, biologically synthesized quantum dots have supe-
rior biocompatibility in comparison to chemically prepared
quantum dots. Quantum dots prepared by green synthesis
approach have the benefit of being environment friendly,
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reproducible, and does not involves use of chemicals, unsafe
solvents, and surfactants [7].

Calotropis gigantea is a familiar weed plant and xero-
phytic shrub which is also recognized as giant milk weed.
This plant can be found in different parts of world such as
Asia (India, China, Malaysia, Thailand, Pakistan, Bangla-
desh, Philippine, Sri Lanka, and many more), South Amer-
ica (Brazil, Chile, Colombia, Peru, and many more), and
Africa. In India, it has diverse vernacular names such as
Aak, Arka, Ekka, Erukku, Ganarupa, Mandara, Sadapushpa,
Svetapushpa, Vasuka, and so on [8]. The plant has oval, light
green leaves, milky stem, and clusters of waxy flowers that
are either white or lavender in color. Calotropis gigantea
is frequently available in India and used for several medi-
cation purposes in traditional medicinal system. Calotro-
pis gigantea belongs to the family Asclepiadaceae and is
an ayurvedic plant also known as ‘Sweta Arka” which has
important medicinal properties [9] (Table 1).

In this paper, simple, green, and environment friendly
method has been presented for the synthesis of zinc sulfide
(ZnS) quantum dots from the latex of plant Calotropis
gigantea and characterization was done.

Experimental Details
Materials

Milky white latex was collected from plant Calotropis
gigantea (shown in Fig. 1) at early morning hours by cutting
the green stems [15]. Latex is produced in higher amount at
the morning time, and collected latex was stored at—35 C
till further studies.

Table 1 Reported bioactive molecules present in the latex of plant
Calotropis gigantea

Bioactive Chemical Molecular References
molecules character formula
Calotropins DI Proteinases CyoHyg0g [10]
Calotropins DII  Proteinases C,oH 40y [10]
Lupeol Triterpenoid C;0H;5,0 [11]
Caoutchouc Isoprene (CsHg)n [12]
Calotoxin Cardenolide CyoH 00 [12]
Calactin Cardenolide CyoH 009 [12]
Voruscharin Proteinases C3 H3NOgS [12]
3’-methylbu- Triterpene esters  CsH;,0, [13]
tanoates of
a-amyrin
y-taraxasterol Triterpene esters  C;,Hs,0 [13]
Trypsin Serine protease  C;3sHy7N,0,, [14]
Uzarigenin Cardenolide C,3H3,0, [14]
Syriogenin Cardenolide C,3H3,05 [14]
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Fig.1 Calotropis gigantea plant (latex was extracted by cutting the
green stems of plant during early morning hours)

Zinc acetate analytical grade was purchased from HiMe-
dia, and deionized water was used for the preparation of all
the aqueous solutions.

Methods

Synthesis of ZnS Quantum Dots from Latex of Plant
Calotropis gigantea

Zinc sulfide (ZnS) quantum dots were prepared by simple,
one pot method of synthesis. First of all, 3 mL of the crude
latex was diluted to 100 mL by using deionized water to
make a solution of 3% v/v [16]. This solution was centri-
fuged for 5 min at 8000 rpm. The resulting supernatant
was used for the synthesis of quantum dots. Then 20 mL of
this supernatant was boiled to 50-70 ‘C. When temperature
reached near to 70 °C, 2 gm of zinc acetate was added to the
boiling supernatant [17]. After 20—-25 min, creamish brown
color precipitates can be observed. Mixture was boiled till
it was reduced to a creamish brown paste. This paste was
collected in a ceramic crucible and was heated in an oven
for 4-5 h at 50 °C. Finally, fine powder was collected, and
attained powder was very much soluble in water. This was
first time that latex of Calotropis gigantea was used for the
synthesis of ZnS quantum dots. This stoichiometric quan-
tity was determined based on the preliminary testing with
UV-visible spectrophotometer.
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Characterization Studies

The synthesized ZnS quantum dots were characterized by
using different techniques. UV-visible absorbance spectrum
of ZnS QDs was recorded at different time intervals using
Chemito Spectrascan UV 2600 double beam UV-Vis spec-
trophotometer. The quantum dots were diluted in deionized
water, and measurements were carried out at room tempera-
ture in the absorption range of 200600 nm. The fluores-
cence spectrum of ZnS quantum dots was recorded by single
beam spectrofluorometer, Cary Eclipse (Agilent) at room
temperature. The prepared sample was diluted in deionized
water. The crystallinity of ZnS QDs were also studied by
X-ray diffraction (XRD) method by means of X-ray dif-
fractometer (Rigaku Smart lab) with CuK alpha radiation
k=1.5404 A° and theta range from 10° to 90°. High-res-
olution transmission electron microscope (HR-TEM) was
employed for the structural and morphological analysis of
the synthesized QDs by using JEOL-JEM 2100 Plus instru-
ment with tungsten as a source of electron. Firstly, suspen-
sion was put through ultrasonication in order to separate the
individual particles, and copper grid was layered with drop
of ZnS QDs solution and was desiccated in chamber.

Results and Discussions

The shape and structure of biogenic ZnS quantum dots was
confirmed by using spectroscopic as well as by sophisti-
cated microscopic analysis. Reduction of zinc (Zn**) ions
and formation of ZnS quantum dots was recognized by the
color change of the reaction mixture from white to creamish
brown. Furthermore, quantum dots synthesis was confirmed
by exposing them to UV light after preparing the solution in
deionized water (Fig. 2).

Optical properties of the prepared ZnS quantum dots were
analyzed by UV-visible absorption spectrum. It was per-
formed by scanning the wavelength from 200 to 600 nm by
preparing the aqueous solution, and the typical absorbance
peak was found at the wavelength of 204 nm as shown in
Fig. 3a. Comparable results have been provided by Neelam
et al. for the synthesis of ZnS quantum dots [18, 19]. High
fluorescence nature of ZnS quantum dots was confirmed by
the emission spectrum. The emission peak was observed at
335 nm as shown in Fig. 3b. It was due to radiative prop-
erty, quantum effect, emission traps, and high surface area
of quantum dots. Additionally, X-ray diffraction method was
employed to determine the crystal lattice as well as phase
purity of ZnS quantum dots. Three distinguished peaks of
homocentric zinc blende composition or sphalerite arrange-
ment were observed correspondingly at 26 of 11.9098°,
19.5118°, and 24.2468°. The X-ray diffractogram as well as
20 values were close to that of JCPDS Card No: 89-2425,

Fig. 2 Fluorescence observed from ZnS quantum dots when placed in
the UV chamber

and graph is shown in Fig. 3c [20]. It was found that ZnS
quantum dots have excellent crystallinity as indicated by
the sharp as well as strong diffraction peaks. Also, it was
inferred that quantum dots synthesized have high purity as
additional peaks were not observed in the XRD graph. The
wurtzite along with sphalerite structural forms of ZnS have
previously been described and were biosynthesized by green
methods such as from Fusarium species, Penicillium species
in addition to chemical co-precipitation techniques [21, 22].
Scherrer’s equation was used for the estimation of size of
ZnS quantum dots, and it was found that the results obtained
from XRD and HR-TEM were reasonably comparable. Dy,
that is the mean crystalline size of ZnS quantum dots can be
determined by means of Scherrer’s equation [23]:

kXA

D, =—=2"
hk1
B X €08y

D, Particle size that is perpendicular to normal line of
(hkl) plane

k Constant

A Wavelength of X-ray

B Full width at half maximum of the (hkl) diffraction
peak

0, Bragg angle of (hkl) peak

Fourier transform infrared spectroscopy was used for

the measurement of absorption of infrared radiations (IR)
by the sample, and the results are shown by the means
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Fig.3 a UV-Vis spectra of
ZnS QDs (Aex =204 nm) at

two different concentrations

(3 ppm and 5 ppm), b Fluo-
rescence spectra of ZnS QDs
(Aemm =335 nm), ¢ XRD
pattern of the synthesized

ZnS QDs and three peaks of
homocentric zinc blende com-
position or sphalerite arrange-
ment can be observed with 20
values of 11.9098°, 19.5118°,
and 24.2468°, d FTIR spectra
of ZnS QDs shows variation in
stretches that evidently attrib-
utes to interaction of ZnS QDs
with protein fractions present

in latex of plant Calotropis
gigantea, e HR-TEM image of
ZnS QDs (high magnification
image) which indicates that ZnS
QDs are spherical in shape, f
selected area electron diffraction
(SAED) pattern of ZnS QDs
with concentric rings represents
polycrystalline character of ZnS
QDs
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of a wavelength [24, 25]. The broad band at 3097 cm™!
is observed due to O-H stretching and small peak at the
2883 cm™! corresponds to the C-H stretching vibration [26].
The principal band at 1547 cm™! can be allocated to the
symmetric as well as to asymmetric stretching of COO-
subsequently. This proves that acetate group is retained in
the prepared ZnS quantum dots since zinc acetate was used
as a precursor for zinc ions [27]. Another sharp peak can be
seen at 1449 cm™' which can be assigned to the methylene
group and its bending vibrations representing C-H bonds.
An additional band that confirms the formation of ZnS quan-
tum dots is observed at 693 cm™! which correspond to Zn—S
stretching as shown in Fig. 3d [28]. FE-TEM micrograph
depicts that the synthesized ZnS quantum dots are uniformly
distributed and are spherical in shape. The average size of
quantum dots ranges from diameter 2—3 nm as depicted in
Fig. 3e.

Conclusion

We have developed a green, novel, simple, efficient, and low
cost method for synthesis of ZnS quantum dots from the
latex of plant Calotropis gigantea that are highly fluorescent
and possess good stability. These plant-based quantum dots
have typical absorption and emission peaks at 204 nm and
335 nm, respectively. The results from HR-TEM and XRD
studies indicate that ZnS QDs have crystalline nature with
a size of 2-3 nm. Furthermore, an important band in FTIR
at 693 cm™' confirms the formation of ZnS QDs that cor-
responds to Zn-S stretching. Also, selected area electron
diffraction pattern represents concentric rings instead of
sharp spots, and they signify polycrystalline nature of ZnS
QDs. The crystalline and fluorescent ZnS quantum dots can
provide excellent potential for the fabrication of sensors,
imaging as well as for drug delivery.
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