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Abstract

A green synthesis approach to the fabrication of zinc sulphide (ZnS) nanoparticle is carried out using the extract of button
mushroom (Agaricus bisporus), a naturally occurring edible mushroom. The XRD analysis show that ZnS nanoparticles are
of cubic structure with average crystallite size of 2.9 nm — 2.1 nm which is in good agreement with the data found from TEM
analysis. Direct band gap of the samples is estimated from UV-Vis absorption and found to lie in the range of 4.9¢V-5.3¢eV.
Photoluminescence (PL) of the samples is due to the presence of zinc vacancies and recombination of electron-hole pair at
the surface traps of the materials. The FTIR study confirms the presence of protein, the guiding material for biosynthesis of
nanomaterial. The thermal stability of the samples is studied with thermogravimetric analysis (TGA). Impedance analysis of
the samples reveals the potential applications of the materials in nanotuned devices.
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Introduction

Nanotechnology has attracted global attention because the nano-
materials have properties unique from their bulk equivalents.
Among the various class of nonmaterial, semiconductor ZnS are
witnessing extreme attention due to their interesting properties
and applications'?. ZnS nanoparticles can be synthesized using
various physical and chemical methods®*. However, most of
these methods are based on high-temperature, and/or high
pressure, radiation and on the use of toxic chemicals, namely
H,S as the sulphide source or evolve toxic materials. Currently,
there is a growing need to develop environment friendly
nanoparticles that do not produce toxic wastes in their synthesis
protocol. Biological methods for nanoparticle synthesis using
microorganisms, enzyme and plants or plant exudates have been
suggested as possible ecofriendly alternatives to chemical and
physical methods’. Biological synthesis of semiconductor Zn$S
nanoparticles using bacteria has been carried out by several
earlier workers. To name a few, H.J.Bai et al.’ prepared ZnS
nanoparticles using immobilized Rhodobacter sphaeroides
while C. Malarkodi et al.” used Serratia nematodiphila for this

purpose.

Compared to bacteria, fungi are known to secrete much higher
amount of proteins, thus might have significantly higher
productivity of nanoparticles in biosynthesis approach’.
Mushrooms are the fleshy, spore-bearing fruiting body of a
fungus, typically produced above ground on soil or on its food
source. Mushrooms are known to have antioxidant,
antimicrobial, anti-inflammatory, antitumor and anticancer
activities®. It is well known that mushrooms are rich in proteins,
vitamins and amino acids. There are reports on the synthesis of
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nanoparticles using edible mushroom. For example, D.
Dhanasekaran et al.” have used Agaricus bisporus extract for the
synthesis of silver nanoparticles, D.Philip® has used Volvariella
volvacea extract for the synthesis of Au, Ag and Au-Ag
nanoparticles and R.Bhat et al.'’ have used Pleurotus florida
extract for the synthesis of gold nanoparticles . Though
biosynthesis of ZnS nanoparticles is very much the need of the
hour, extensive work in this area is yet to be done. In our earlier
work® we have studied the structural and optical properties of
synthesized ZnS nanoparticles using Pleurotus ostreatus (oyster
mushroom) extract. In this present work, we have studied the
structural, optical and the variation of admittance (impedance)
with frequency of the synthesized ZnS nanoparticles using a
new fungus namely A. bisporus (button mushroom). To the best
of our knowledge button mushroom is not used for the synthesis
of ZnS nanoparticles. The importance of this button mushroom
over oyster mushroom is that button mushroom is the most
common and is cultivated worldwide and totally accounts for
38% of the world edible mushroom''. We also compare the
present work results with our earlier work > results.

Material and Methods

Materials used for the synthesis of ZnS nanoparticles in the
present work are mushroom, ZnCl, and Na,S. Fresh button
mushroom (A. bisporus) is obtained from Millanjyoti Firm,
Guwahati (SSI Reg. No: 180610838). ZnCl, and Na,S are Zinc
source and Sulphur source respectively. These are obtained
from Merck Specialities Private Ltd. and Qualigens fine
chemicals respectively and used without any further
purification.
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For the purpose of mushroom extract similar process has been
followed as has done in our recent work for oyster mushroom®.
To be particular, 100g fresh button mushrooms are washed
repeatedly with distilled water to remove any organic impurities
present on it. The cleaned mushrooms are then cut to small
pieces with a sterilized knife. The small pieces of mushrooms
are then boiled for 10min in 500ml distilled water and filtered.
The filtrate is cooled to room temperature. The resultant filtrate
is the extract of mushroom and used as capping agent and
stabilizer for the preparation of ZnS nanoparticles.

For the preparation of ZnS nanoparticles a solution of 1M ZnCl,
is prepared in 100ml of deionised water and solution of 1M
Na,S is prepared in 100ml deionised water. The solution of
Na,S is added drop wise to the prepared ZnCl, solution and then
mushroom extract is added drop wise to the mixture, which is
kept on stirring at 70°C. The resultant solution is kept at room
temperature overnight to complete the reaction which results in
formation of ZnS nano colloids. The amounts of mushroom
extract used are 50ml, 100ml and 150ml to obtain three varieties
nanocolloids. The nano particles are collected after
centrifugation of the colloid at 2,000 rpm for 15min. The
resultant product is dried at 120°C for 2 hours and then crushed
to fine powder with the help of mortar and pestle. We name
these samples obtained for different volume of the extract (50,
100 and 150 ml) as A, B and C respectively.

Characterization of ZnS nanoparticles: Prepared ZnS
nanoparticles are examined by XRD technique using an X-ray
diffractometer (Philips X’pert-with CuKa radiation) of
wavelength 0.154 nm over 20 range of 20°-80°. The purity and
elemental analyses of the samples are examined by EDAX
(Oxford, INCA-7587). SEM images are obtained using JEOL,
JAPAN-JSM-6360. TEM micrographs are obtained in JEOL
JEM 2100 using an accelerating voltage of 200 KV. UV-Visible
spectra are recorded in a Hitachi U-3210 spectrometer, PL
spectra are recorded by Hitachi F-2500 and FTIR spectra are
recorded by Perkin Elmer Spectrum RXI FTIR system.
Impedance analysis of the samples is examined by LCR Hitester
HIOKI 3532, TGA analysis is carried out by perkin Elmer SDT
600.

Results and Discussion

Structural analysis: Figure-1 shows XRD patterns of samples
A, B and C synthesized by using various amount of A. bisporus
extract. Three broad peaks are observed in the diffractrogram at
around 28.54°, 47.73°, 56.28° for Sample A. These peaks
correspond to cubic lattice structure of ZnS and assigned to the
planes (111), (220) and (311) respectively. With increase of the
amount of mushroom extract (samples B and C), these peaks are
seen to be shifted marginally with increase of peak broadening
suggesting decrease of particle size with increasing mushroom
extract. It is also to be noted that no diffraction peaks from other
crystalline forms are detected, indicating high purity and well
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crystalline of the obtained ZnS particles. Also, the broadening
of the XRD patterns indicates the nanocrystalline nature of the
samples. The crystallite size is calculated using Debye-Scherrer
formula®:

_ Ed
= frose

Where D is the crystallite size, K is the geometric factor (0.98),
J is the X-ray wavelength (1.54A°), B is the full with at half
maxima (FWHM) of the diffraction peaks (radian) and 6 is the
diffraction angles. The average crystallite size is found to vary
in the range of 2.9 nm- 2.1 nm for these samples with
decreasing trend as the amount of extract is increased.

The value of interplanar spacing (d) is calculated using the
expression':

d :iﬂ..l

Rkl 2zind

cubic zinc blend is calculated using the relation'*:

and the lattice constant (a) of the synthesized

a=dvh +EkT+ 1%,

Where h, k and 1 are the Miller indices for the respective planes.
The calculated lattice constants are slightly different for
different orientations of the same sample. The deviation in the
values of the lattice constant from the bulk value (5.42A°)
indicates the presence of strain in the samples. Hence, an
attempt has been made to estimate the average strain (g,) of the
ZnS nanoparticles using Stokes-Wilson equation®:

g

bar = dtant
Where f is the FWHM and 0 is the diffraction angle.

The strains in turn are related to the dislocations developed in
the crystals. The dislocation density (J) which represents the
amount of defects in the sample is determined using the formula
suggested by Williamson and Smallman®:

1
o=z

Where D is the average crystallite size.

The structural properties are displayed in table-1 to have ready
comparison. It is clear from this table that average crystallite
size decreases with increase of the volume of A. bisporus
extract. This decrease in crystallite size in turn leads to increase
of dislocation density and average strain. It indicates smaller
crystallites incorporate more imperfections as dislocations are
nothing but one form of imperfection'’.
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Figure-1
XRD Patterns of ZnS nanoparticles

Table-1 Structural Properties of ZnS nanoparticles

£str 16

Sample | 20(") | D(nm) (:0) a(A’) x130' lﬁls?mz
28.54 313 | 543

A 4773 | 29 | 190 | 537 | 43 11.8
56.28 1.63 | 5.40
28.47 3.13 | 5.43

B 4791 | 25 | 189 534 | 45 16.0
56.51 1.62 | 537
8.47 3.14 | 543

C 755 | 2.1 | 191 540 | 46 22.6
6.51 1.63 | 5.40

Elemental analysis: For elemental analysis of the synthesized
ZnS nanoparticles, we have carried out EDAX study of one
representing sample (A) as the study reveals similar nature for
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all the samples. This is shown in figure-2. This confirms the
presence of Zinc and sulphur. Along with these other elemental
signals C and O are recorded, these have possibly come from
unreacted proteins or enzymes of the A. bisporus extract.
Similar results have been obtained in our earlier work” as well
as by M.Hudlikar et al."*. The average atomic percentage ratio
of Zn:S is found to be 48.78:50.63 which is very close to the
theoretical expectation of 1:1.

Zn
Gl
5
5 =
-l':l"
i
12
-
In
RJ ” In
LELELE P SRR T R R LR LIRS FLELELLIT LSS UL FLILISL R TR 7R 5 LSRR P G O |
1] 2 4 G ] 10 12
Energv (KeV)
Figure-2
EDAX Pattern of sample A

Morphology analysis: The morphology of the samples is
studied from SEM images. These images for the three samples
are shown in figure-3. It is clear that the volume of A. bisporus
extract has an obvious effect on the surface morphology of the
samples. SEM results reveal that the particles are agglomerated
in samples A, B and C. But it is evident from the SEM image
that the agglomeration as well as particle size is decreasing with
the increase of the A. bisporus extract volume (from sample A
to C). With high extract volume (150 ml) the SEM image of the
sample C shows almost spherical shaped nanoparticles.

However, the actual size cannot be determined by SEM due to
resolution  of

the limitation of the the instrument.

Figure-3

SEM images of samples A, B and C
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TEM study: Figure-4 shows the TEM images of samples A, B
and C. These indicate that the samples are composed of a large
quantity of nanoparticles with spherical shape. The average
particle size is found to vary from 3.5 nm — 2.1 nm and it is
found to decrease gradually as the volume of extract increases.
This is in good agreement with that calculated from XRD. The
presence of A. bisporus extract causes strong interaction
between the protective bio molecules and the surfaces of the
nanoparticles preventing ZnS nanoparticles from sintering’.
With larger quantity of extract the interaction is intensified,
leading to size reduction of spherical nanoparticles®. The
Selected Energy Diffraction (SAED) patterns (insets of figure-
4) show concentric rings instead of sharp spots. These diffuse
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rings indicate the polycrystalline nature of the material. The
rings have been indexed to (111), (220) and (311) planes of the
cubic ZnS phase (JCPDS File n0.5-0566) that are corresponding
tod (111) =3.1114A°, d (220) =1.904A° and d (311) =1.6277
A°, respectively, confirming the presence of cubic ZnS'.

UV-Visible Spectra: Figure 5(a) shows the UV-Visible
absorption spectra of ZnS nanoparticles A, B and C. The
absorption peaks exhibit blue shift and strong intensity. Such a
strong peak is known to arise due to quantum confinement
effect, which occurs when the particle size becomes comparable
with or smaller than the Bohr radius of excitation'”.

Figure-4
TEM image of samples A, B and C
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(a) UV-Vis spectra and (b) Calculation of optical band gap from UV-Vis
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The relation between the incident photon energy (hv) and the
absorption coefficient (a) is given by the relation'®:
1

(ahv)m = C(hv — E;), where C is constant and E, is the band
gap of material and exponent m depends on the type of
transition. For direct allowed transition m= Y2, for indirect
allowed transition m = 2, for direct forbidden m=3/2 and for
indirect forbidden m = 3. Direct band gap of the samples are
calculated by plotting (ahv)® vs hv and then extrapolating the
liner portion of the curve on hv axis at a = 0, shown in Figure 5
(b). The optical band gap of the samples is found to lie in the
range of 4.9 eV- 5.3 eV. The obtained band gap values are
higher than that of the bulk value (3.7¢V) owing to quantum
confinement effect'>. From the blue shifted absorption edge, the
particle size has been calculated using the formula’:

(H jz
- 2 2
E, , =sqri| E + 2h°E ”

Where, R is the radius of the particle size, E,, is the band gap
of the bulk material, E,, is the band gap of the nano material, &
is the Planck’s constant and m* is the effective mass of the
specimen (3.64x10°" kg for ZnS). The estimated particle size of
the samples is found to be 7.2 nm-6.1 nm. It is seen that the
partice size is decreasing with increasing volume of the A.
bisporus extract. This is in good agreement with that calculated
from XRD, SEM and TEM. The refractive index of the samples
A, B and C are calculated using the relation'’:

n4Eg=59 ev,

Where n is the refractive index and E, is the band gap of the
sample.

The optical properties are given in table-2. It is observed that
with increasing volume of the extract the band gap increases
whereas the refractive index decreases.

Table-2
Optical properties of ZnS nanoparticles
Sample Band Particle Refractive
gap(eV) Size(nm) Index
A 4.9 7.2 1.86
B 5.2 6.3 1.83
C 5.3 6.1 1.81

Photoluminescence (PL) Study: Figure-6 shows the room
temperature photoluminescence spectra of ZnS nanoparticles A,
B and C for excitation wavelength of 280 nm. These shows
peaks centred at 358 nm. In the previous studies of colloidal
ZnS nanoparticles the authors reported that higher electrons
levels are expected for zinc vacancies’. Therefore, we attribute
the 358 nm peaks to zinc vacancies. The PL spectra of all the
ZnS samples show a weak shoulder at around 440 nm. The
origin of this shoulder at lower energy compared to the main
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peak can be attributed to the recombination of electron-hole pair
at the surface traps, which arises for higher surface to volume
ratio of the nanoparticles due to their small size'®.
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Figure-6
Photoluminescence spectra of ZnS nanoparticles A, B and C

FTIR Study: FTIR measurements are carried out to identify the
possible biomolecules responsible for capping and efficient
stabilization of the ZnS nanoparticles. For comparison we show
the spectra for the pure A.bisporus extract (figure-7(a)) and for
one representing sample (sample A) (figure-7(b)). The intense
broad band in figure-7(a) at 3294 cm TisduetoN-Hand O —
H stretching mode in the linkage of the proteins'’, the medium
intense band at 1638 cm ' arises from the C = O stretching
mode in amide- I group which is commonly found in protein®,
the band at 1538 cm ' is due to -N — H stretching vibration in
the amide-II linkage of protein® and the band at 2356 cm ™ is
due to O = C = O stretching vibration®. Figure-7 (b) displays
all the functional groups present in the A. bisporus extract. A
close comparison of the vibrational bands in these two figures
reveals band shifting in figure-7(a) with respect to figure-7(b).
The shift of these stretching frequencies indicates a bonding of
the biomolecules to the ZnS nanoparticles through these groups.
Thus the FTIR study has confirmed the presence of proteins as
capping agent for ZnS nanoparticles which increases the
stability of the nanoparticles synthesized. The peak appearing at
488 cm ' in figure-7(b) is due to Zn-S stretching vibration
assigned to the ZnS band’ ( corresponding to sulphide). The
FTIR peak assignments of these two samples are listed in table-
3. In the mechanism of formation of ZnS, initially zinc sulphide
is formed. When ZnS grows to a particular nano size it binds to
protein and the latter is acting as a shield and prevents further
growth and thereby every particle has to remain in the nano size.
A. Ahmad et al.” have reported that proteins can bind to metal
nanoparticles through the free amine groups or carboxylate ion
of amino acid residues.
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Figure-7
FTIR spectra of (a) Agaricus bisporus extract and (b) sample A
Table-3 It is clear from the figure that with increase of frequency the

IR Peaks and their assignments

A. bisporus extract 7ZnS nanoparticles
Position . Position .
(em™) Assignment (em™) Assignment
O-H, N-H
3294 gth EH 3505 Stretching
2356 Ore_g_‘gg 2353 0=C=0
1638 S tre_tcl:'n 1618 Stretching
1525 'ne 1404 C=0 Stretching
C=0 Stretching .
N-H Stretchin 488 -N-H Stretching
o g Zn-S Stretching
Thermogravimetric study: Figure-8 shows the

thermogravimetric (TGA) results of samples A, B and C. The
8% weight loss for sample A and 30% for samples B and C up
to 300°C is due to the evaporation of residual moisture or
solvent absorbed to the surface or inner of the samples. From
300°C — 500°C for sample A and from 300°C- 504°C for
samples B and C there is no weight loss.

Impedance Study: Quantum dots are associated with
capacitance and quantum dot admittance (or impedance) is
basically due to capacitance present in the specimen?'. Thus,
capacitance (hence capacitive admittance) is a function of
quantum dot size, shape and material’>. To explore possibility of
any such correlation in our samples, we carried out impedance
analysis. To be particular, the variation of admittance (S), a
parameter linked to inductance, with applied frequency at room
temperature has been studied. These plots are shown in figure 9.
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Figure-8
TGA spectra of samples A, B and C

admittance value is seen to rise first and then decrease after a
critical frequency value. This nature is same for all the three
samples. The critical frequency for these samples is 299.24
KHz. The reason for the fall in admittance is due to the loading
effect of charge carriers. This is the property of electronic tuned
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circuit and the frequency at which maximum admittance is
attained may be compared to the resonant frequency of a
conventional tuned circuit and this frequency may be called
‘equivalent resonant frequency’>'. It has been reported™ that
bulk ZnS does not show any variation in admittance. Therefore,
these ZnS nanocrystals might have some application potential in
nanotuned devices.

Comparisons of A.bisporus extract capped (present work)
and P.ostreatus extract capped (our reported work®) ZnS
nanoparticles: Table 4 shows a comparison between the
A.bisporus extract capped ZnS nanoparticles (present work) and
the P.ostreatus extract capped ZnS nanoparticles (our reported
work?). It is observed from this table that crystallite and particle
size of button mushroom extract capped ZnS nanoparticles are
smaller than oyster mushroom extract capped ZnS
nanoparticles. Also, the optical band gap values of button
mushroom extract capped ZnS nanoparticles are much higher
compared to oyster mushroom extract capped ZnS
nanoparticles. It is to be noted that in both cases same amount of
mushroom extract are being used. From the FTIR study of
present work and our earlier work® it is found that protein
containing in the mushroom extract is responsible for capping
and stabilizing the ZnS nanoparticles. Md.A.Khan et al.” have
reported that percentage of protein containing in oyster
mushroom is 23.5% whereas F.Nasiri et al.'' have reported that
button mushroom contains 34.5% protein. Due to the presence
of higher percentage of protein in button mushroom the
interaction between the spherical ZnS nanoparticles and
biomolecules present in the button mushroom extract is higher
compared to spherical ZnS nanoparticles obtained by using
oyster mushroom extract. Therefore, different properties ZnS
nanoparticles are being obtained using same amount of button
and oyster mushroom extract.

Conclusion

ZnS nanoparticles have been successfully synthesized at room
temperature by a green chemical route using fresh A. bisporus
extract. XRD patterns confirm the cubic crystalline structure of
ZnS. Flemental analysis of ZnS nanoparticles confirms the
presence of Zinc and Sulphur. The morphology of the particles
has been identified from the SEM and TEM analysis reveals
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spherical shape particles with average particle size of 3.5-2.1
nm. The UV-vis. absorption peaks exhibit large blue shift and
strong intensity. PL spectra show a broad peaks centred at 358
nm and weak shoulder at around 440 nm. The FTIR study
confirms the presence of amide groups of protein which could
bind with ZnS nanoparticles stopping agglomeration. TGA
analysis show that samples B and C are more stable compared
to sample A. Impedance analysis shows that admittance of
samples A, B and C changes with change in frequency.
Moreover, impedance analysis demonstrates that samples A, B
and C can act as electronic tuned circuits with an equivalent
resonance frequency of 299.247 KHz. A comparative study
shows that the presence of different percentage of protein in
button and oyster mushroom plays an important role in the
properties ZnS nanoparticles.
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Figure-9
Variation of admittance of samples A, B and C with
frequency

Table-4
Comparison of A.bisporus capped ZnS nanoparticles (present work) with P.ostreatus capped ZnS nanoparticles (our

reported workz)

Crystallite Size (nm) Particle Size (nm) Band Gap (eV)
Extract
Volume (ml) ZnS NP (Present | ZnS NP (rip‘med (ZPnrisl;i (%:psorlj:d ZnS NP (%:psorl\g:d
work) work”) work) workz) (Present work) workz)
50 2.90 3.10 3.5 4.04 4.90 4.68
100 2.50 2.94 3.0 3.12 5.20 4.74
150 2.10 291 2.1 2.30 5.30 4.75
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