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ABSTRACT: Biosynthesis of silver nanoparticles (AgNPs) was achieved by treating the aqueous extract of shoots and
seeds of Asphodelus tenufolius Cav with 1 mM silver nitrate solution at 30 °C. The synthesized AgNPs were characterized
through UV-Vis spectroscopy, Fourier Transform Infra-Red Spectroscopy and Scanning Electron Microscopy. The
absorption maxima of shoot AgNPs was 444 nm and seed AgNPs was 448 nm. The FTIR spectral analysis showed
a distinct peak stretching at 1380 cm™! was clearly visible for both seed and shoot extract mediated AgNPs, and this
was not present initially in crude extract of both samples. The SEM analysis confirmed the size (shoot = 58.2 nm and
seed = 51.6 nm) of extract mediated AgNPs and shape (spherical and poly-dispersed) of the synthesized AgNPs. Both
the synthesized AgNPs were stable at acidic pH 5.5 to fairly basic pH 9. Increase in acidity to pH 3.5 caused complete
decomposition. The Metal (Cu, Ni, Co and Zn) sensing of different metal salt solutions (1 mM) confirmed the effect
of copper salts (250 pl/ml of AgNP solution) on both shoot and seed AgNPs while shoot AgNPs showed effect against
Zn salt. This research can open a new domain for the detection of various heavy metals in aqueous solution through
simple colorimetric determination.

KEYWORDS: green synthesis of nanoparticles, eco-friendly silver nanoparticles, heavy metal detection, colorimetric

analysis

INTRODUCTION

Nanotechnology is a versatile field of the modern
research era. It deals with smaller size of particles
(except viruses) ranging approximately from 1 to
100 nm following a proper strategy and manip-
ulation of their structural chemistry [1]. Within
this size range, all the properties (chemical, phys-
ical and biological) of an atom or their combine
molecular form bring fundamental changes. Novel
applications of nanoparticles and nanomaterials in
various chemical, physical and biological industries
are growing rapidly [2] due to their completely new
and/or enhanced physical and chemical properties
based on size, distribution and morphology. Metal
nanoparticles have enhanced functions as compared
to bulk particles and have been investigated due to
enhanced catalytic [3], optical [4], electronic [5],
water treatment [6] and various biomedical [ 7] and
biological [8] properties including antimicrobial [9]

and enzymatic [10] activities. Recently, superpara-
magnetic iron oxide nanoparticles were synthesized,
and surface modification was performed for a better
interaction with cells in diagnostic or therapeutic
applications [11]. Benyettou and coworkers have
developed target specific silver nanoparticles for
dual drug delivery of doxorubicin and alendronate
to control cancer cells [12].

Biocompatibility of metal nanoparticles synthe-
sized via chemical methods is an issue as it leads
to the NP with toxic materials adsorbed on the
surface and may have an adverse effect in appli-
cation [13]. The green synthesis of metal nano
particles has attained much attention recently as an
ecofriendly and cost effective alternate to chemical
and physical methods [14-17]. This process in-
volves the reduction of ionic metal through various
biomolecules and enzymes present in living cells
and later the stabilization of NPs by both inter
and intracellular biomolecules [18]. Biogenic syn-
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thesis of silver nanoparticles using various fungal
extracts has also shown appreciable effects against
plant pathogenic microbes [19]. Researchers have
used various plant extracts for the biosynthesis of
a variety of metal nanoparticles. Sharma and co-
workers have reported AgNPs using polysaccharides
as capping and stabilizing agents with potent an-
timicrobial activities [17]. Abalkhil et al [20] have
reported the synthesis of bactericidal AgNPs using
Aloe vera, Portulaca oleracea and Cynodon dactylon.
Asphodelus tenuifolius also known as onion
weed is commonly available in agricultural fields.
It is known to possess various potent metabo-
lites such as triterpenoid glycoside [21], various
sterols [22], naphthalene and anthraquinone [23].
We can utilize these biomolecules as both reducing
and stabilizing agents towards the synthesis of sil-
ver nanoparticles. This could generate ecofriendly
nanomaterial with very minimum toxicity. We hy-
pothesize the use of these AgNPs for the estima-
tion of heavy metals present in aqueous medium
through colorimetric determination. Heavy metals
are of major concern for the environment and conse-
quently for living organisms. These metals are read-
ily soluble in aqueous medium and can enter food
and feed chain of human and animals. Their early
estimation is of prime importance to avoid health
issues and various fatal diseases. Determination
of heavy metals requires expensive equipment such
as atomic absorption spectrophotometer and induc-
tively coupled plasma spectrophotometer. Besides
this, sample pretreatment and preparation is also
of major concern to the environment as it requires
energy and the use of various toxic chemicals. This
work was designed to develop robust and cost ef-
fective method for the determination of heavy met-
als in aqueous medium using silver nanoparticles
prepared via green synthesis through the shoot and
seed extracts of Asphodelus tenuifolius. The results
of this research could help in the development of
biosensors for determination of heavy metals.

MATERIALS AND METHODS

All chemicals used in the research were of analytical
grades. Freshly prepared double distilled deionized
water was used for the preparation of various salt
solutions as well as for the synthesis of AgNPs.

Collection and pre-treatment of Asphodelus
tenuifolius

The mature plant samples of Asphodelus tenuifolius
Cav were collected during April 2017. The aerial
part (shoots) and seeds of Asphodelus tenuifolius
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Cav were selected for silver nanoparticle synthesis.
Both shoots and seeds were washed with 2% aque-
ous mercuric chloride solution and distilled water
to remove microbial load and dirt particles. The
plant samples were oven dried at 70°C for 48 h
and ground using an electric grinder (THOMAS-
Wiley LABORATORY MILL, Model no. 4) to obtain
a powder.

Extraction and fractionation of Asphodelus
tenuifolius Cav

The powdered sample (250 g) of shoots and seeds
was subjected separately to cold extraction with
absolute ethanol at room temperature for 72 h,
followed by filtration initially using muslin cloth
to separate bigger particles and later using filter
paper (Whatman no. 1) to obtain the clear liquid
extract. The extracts of both shoots and seeds were
concentrated under reduced pressure using rotary
evaporator to obtain crude extract (30 g each). The
non-polar fractions were excluded through fraction-
ation using n-hexane.

Synthesis of silver nanoparticles

Syntheses of silver nanoparticles were carried out
at room temperature by treating 1 mM aqueous
silver nitrate (AgNO,) solution separately in dif-
ferent ratios (v/v; 1:1, 1:2, 1:10, 6:1 and 10:1)
with the ethanol extracts of both shoots and seeds.
The biomolecules present in the extract served as
reducing (Ag™ to Ag®), capping as well as stabilizing
agent for the synthesis of AgNPs [24]. The change
in colour of reaction solution was observed within
1 h from light to dark brown, which is a primary
indication of AgNP formation.

Characterization of silver nanoparticles

The absorbance spectra of synthesized AgNPs from
both shoots and seeds of Asphodelus tenuifolius
were analyzed using UV-Vis spectrophotometer (Op-
tima sp3000+, Japan) through wavelength scan
(200 nm-1000 nm) at a resolution of 1 nm, and
scanning electron microscopy images were taken
using JEOL JSM 5910 SEM instrument. The
AgNP samples were extracted through centrifuga-
tion (10000 rpm for 10 min), followed by loading
onto aluminium plated coated with gold grids and
drying at reduced pressure. FTIR measurements
of synthesized AgNPs were studied by (Prestige-21
spectrophotometer; Shimadzu, Japan) in the range
of 400-4000 cm™* at a resolution of 4 cm™ using
KBr pellet method.
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Metal sensing through colorimetric properties
of AgNPs

The cationic effect of various heavy metals as fol-
lows: Cobalt (Co?"), Zinc (Zn?*"), Copper (Cu?")
and Nickel (Ni*") on synthesized silver nanoparti-
cles (1 mM solution) of these metals were added
separately (0-250 wl/ml) to both shoot and seed
AgNP solution under continuous stir. Their effect
was studied through UV-Vis spectra by taking pure
extracts of shoots and seeds as blank. The effect was
also compared by examining distilled water against
synthesized AgNPs through UV-Vis spectrophotome-
ter.

Stability of silver nanoparticles

The stability of synthesized AgNPs was evaluated
by exposing them to various pH (2-14) for 10 min
using 0.1 M HCl and 0.1 M NaOH aqueous solutions,
varying temperature (30°C, 50°C and 60°C) for
30 min and varying concentration of 1 mM aqueous
NaCl solution (0-250 pl/ml) for 72 h. The effect
of each parameter was monitored through UV-vis
spectrophotometer by comparing the spectra.

RESULTS AND DISCUSSION
Synthesis of nanoparticles

The ethanolic extract obtained from the shoots and
seeds of Asphodelus tenuifolius were subjected to sil-
ver nanoparticle synthesis using 1 mM aqueous sil-
ver nitrate solution. Different ratios (v/v; 1:1, 1:2,
1:10, 6:1 and 10:1) of shoot and seed extracts with
1 mM aqueous silver nitrate (AgNO,) were mixed
at room temperature. The shoot and seed extract of
Asphodelus tenuifolius Cav acted initially as reducing
agent (Ag* to Ag®) and then as stabilizing agent
through capping the AgNP with the biomolecules
present in the extract. For both reactions, 1:1
(v/v) ratio of extracts and 1 mM aqueous AgNO, at
30°C have the better conversion of AgNPs, and the
optimum pH for shoot and seed extracts are 5 and
6.4, respectively. The change in colour from yellow
to dark brown was noticed, and UV-Vis absorption
band peak of AgNPs at 444 nm (sharp) was observed
for shoot extract mediated AgNPs while the seed ex-
tract mediated AgNPs gave absorption band (wide)
at 448 nm (Fig. 1). The absorption band of syn-
thesized AgNPs are in-line with the results obtained
by Bar and co-workers [25]; they synthesized silver
nanoparticles using seed extract of Jatropa curcas
with characteristic surface plasmon absorption band
at 425 nm. Similarly, Song and Kim [26] have
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UV-Vis spectrum of shoot extract mediated AgNPs A

444.0

Wavelenght (nm)
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Fig. 1 UV-visible spectra of AgNPs synthesized using
Asphodelus tenuifolius. (A) Shoot extract mediated AgNPs
and (B) seed extract mediated AgNPs.

reported the absorption spectrum band at 430 nm
of AgNPs using various plant extracts.

Fourier transform infrared spectroscopy

The FTIR spectra of the AgNPs synthesized using
shoot and seed extracts from Asphodelus tenuifolius
were recorded to identify the possible biomolecules
responsible for Ag* reduction and capping for stabi-
lization of resulted silver phyto-nanoparticles. The
FTIR spectrum of shoot mediated AgNPs (Fig. 2B)
showed prominent absorption bands at 3297, 2932,
2874, 1632, 1370, 1040 and 838 cm™! as major
peaks, similar to that of the seed extract mediated
AgNPs (Fig. 2D) showing major absorption bands
at 3312, 2928, 2857, 1740, 1652, 1569, 1386,
1153,1050, 999 and 841 cm™' . For FTIR data,
the comparison of both shoot and seed organic ex-
tracts showed an olefinic peak at 2150 cm™! which
disappeared in spectrum of shoot and seed extract
mediated AgNPs. The absorption peak of 3350
em ! and 3312 em™! in the shoot and seed extracts,
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Fig. 2 FTIR spectra of Asphodelus tenuifolius: (A) shoot extract, (B) shoot extract mediated AgNPs, (C) seed extract

and (D) seed extract mediated AgNPs.

respectively, indicated the O—H stretching vibration
which shifted to 3297 cm™! for both AgNPs. The
absorption peaks in both organic extracts at 2858
cm™! contributed to the O—H stretching vibrations
of the -COOH functional group, shifting to 2874
cm™! and 2557 cm™! for the shoot and seed extract
mediated AgNPs, respectively. It is evident from the
spectrum that biomolecules with hydroxyl, alkene
and carboxylic acidic functional groups took part
in the synthesis of AgNPs. The shifting of bands
indicated the interaction and participation of metal
NPs with both seed and shoot extracts of Asphodelus
tenuifolius and is presented in Table 1. The FTIR
study provides evidence for the presence of vari-
ous functional groups that are responsible for the
bioreduction of silver ions. These groups are also
responsible for the capping as well as stabilization
of silver nanoparticles [27].

Scanning electron microcopy

The SEM images of AgNPs synthesized using shoot
(Fig. 3A) and seed extracts (Fig. 3B) depict the
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morphology and distribution of nanoparticles. The
slight aggregation of AgNPs of shoot extract was
noticed while more singularly dispersed seed ex-
tract mediated AgNPs were observed. The scanning
electron microscopy of shoot and seed extract medi-
ated nanoparticles was explained by using ImageJ
software. The particle size distribution (Fig. 3C) of
shoot extract mediated AgNPs shows that the size
of particles lies between 20-100 nm with average
size of 58.2 nm, where 55% particles were observed
below 60 nm and 44% particle size was from 70-
100 nm. The average size of seed extract mediated
AgNPs was found to be 51.6 nm, where 60% par-
ticles were found to be below 60 nm and 40% NPs
were found to be above 60 nm. Both shoot and seed
extract mediated AgNPs were found to have 98%
cycloid. These outcomes can be explained by the
fact that the biomolecules including polyphenols,
alcohols, amines and aromatics play an important
role towards the reduction of Ag* to Ag’ and later
stabilizing the AgNPs by capping them in situ [18,
19].
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Table 1 FTIR data comparison of shoot and seed extracts and their AgNPs.
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SHOOT
Extract AgNP Extract AgNP
3350(b,s); 3350(b,s); 3312(b,s); 3297 (b,s);
OH stretch, OH stretch, OH stretch, OH stretch,
H-bonded alcohols/phenols H-bonded alcohols/phenols H-bonded alcohols/phenols H-bonded alcohols/phenols
2932 (m) 2932 (m) 2932 (m) 2928 (m)
C—H stretch, C—H stretch, C—H stretch, C—H stretch,
alkanes alkanes alkanes alkanes
2858 (m) 2874 (m) 2858 (m) 2557 (m)
O—H stretch, O—H stretch, O—H stretch O—H stretch
Carboxylic acid Carboxylic acid Carboxylic acid Carboxylic acid
2150(w) 2150(w)
C = C stretch C = C stretch
alkyne alkyne
1652 (m), 1623 (m) 1715 (s) 1740 (s)
C=C stretch, C=C stretch, C=0 carbonyls C=0 carbonyls
alkenes Metal coordination effect
1430 (m) 1370 (m) 1653 (m), 1652 (m),
C—C stretch, C—H rock C=C stretch, C=C stretch,
aromatic alkanes Alkenes Metal coordination
1284 (s) 1040 (s) 1422 (m), 1568 (s)
C—O stretch C—O stretch C—C stretch, aromatic Metal coordination effect
1067 (s) 838 (s) 1283 (s) 1371 (m)
C—O stretch =C—H bend, alkenes C—O stretch C—H rock, alkanes
1155 (s) 1153 (s)
C—O stretch C—O stretch
1080 (s) 1050 (s)
C—O stretch C—O stretch
1000 (s) 999 (s)
=C—H bend, C—O stretch
alkenes Metal coordination effect
941 (s) 841 (s)

=C—H bend, alkenes

=C—H bend, alkenes

Effect of metallic salt solution on synthesized
AgNPs

Heavy metals are considered highly toxic to living
organisms and can cause various fatal diseases such
as cancer of various types, brain tissue damage,
etc. They also cause serious damage to the envi-
ronment by degrading soil, air and water quality.
Development of simple, easy and robust procedure
is of prime importance to tackle problems associated
with heavy metals. To study the effect of different
heavy metals, selected metal salt solutions: Cobalt
(Co?"), Zinc (Zn*), Copper (Cu?*) and Nickel
(Ni*") were added in different volumes i.e. (50—
200 pl) to the AgNPs. The mixture was kept for
30 min, and their surface plasmon resonance (SPR)
was recorded. The shoot extract mediated AgNPs
(Fig. 4A) were found to be affected by copper and
zinc salts at 250 ul. The decrease in the concentra-

tion of AgNPs was clearly noticed when 250 pl of
1 mM Cu and Zn salt solution was treated with 1 ml
of AgNPs while the seed extract mediated AgNPs
(Fig. 4B) were affected by 1 mM Cu and Ni salts at
250 wl/ml of AgNPs. It is to mention here that the
concentration of Cu, Ni, Co and Zn solution below
200 wl/ml of AgNPs did not affect the absorbance
SPR of AgNPs. Due to strong electron donating
ability which is responsible for the complex forma-
tion of Cu, Cd, and other metals with silver, the
instability in silver nanoparticles was profoundly
noted as compared to Zn and Ni [28-30].

Stability of the synthesized silver nanoparticles
Effect of pH

The AgNPs of both seeds and shoots having initial
(starting) pH 6.4 and 5, respectively, were subjected
to various acidic and basic pH using aqueous 0.1 M
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Fig. 3 SEM images of (A) shoot extract mediated AgNPs,
(B) seed extract mediated AgNPs, (C) size distribution
histogram of shoot extract mediated AgNPs and (D) size
distribution histogram of seed extract mediated AgNPs.
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Fig. 4 Effect of different metal salts on (A) shoot extract
mediated AgNPs and (B) seed extract mediated AgNPs.

solutions of acid (HCI) and base (NaOH), respec-
tively. The shoot extract mediated AgNPs were
found to be stable from pH 4.5 to 11. Decreasing
pH below 4.5 caused decomposition, and at pH 3.5,
the shoot AgNPs were completely lost (Fig. 5A) even
after 10 min. At high pH values, although the shoot
extract mediated AgNPs were fairly stable, their con-
centration started to decrease with the appearance
of surface plasmon resonance peak above 463 nm.
At highly basic pH (14), the concentration of shoot
extract AgNPs reduced appreciably (Fig. 5B). This is
due the presence of different bioactive molecules in
both seeds and shoots. These molecules took part
in capping and stabilization of AgNPs, resulting in
different kinetic interactions towards pH conditions.
Both low and high pH has effects on the stability and
dissolution of silver nanoparticles. At low pH, disso-
lution of silver increases which in turn decreases the
stability of silver nanoparticles while in case of high
pH, the dissolution of silver decreases which pro-
vides stability to the silver nanoparticles [31, 32].
The seed extract mediated AgNPs started degrading
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Effect of Acid on Shoot extract mediated AgNPs A

444

—pH=5
—pH=45
pH=3.5

Absorbance

3371

300 350 400 450 500 550 600 650

Wavelength (nm)

Effect of Acid on Seed extract mediated AgNPs

448

Absorbance

0
300 350 400 450 500 550 600 650
Wavelength (nm)

Effect of Base on Shoot extract mediatated AgNPs

——pH=5
—pH=6.5
—pH=7.5
—pH=9.5
—pH=11
—pH=14

Absorbance

300 350 400 450 500 550 600 650
Wavelength (nm)

Effect of Base on Seed extract mediated AgNPs B

Absorbance

300 350 400 450 500 550 600 650

Wavelength (nm)

Fig. 5 Effect of (A) acidic pH on shoot extract mediated
AgNPs and (B) basic pH on shoot extract mediated AgNPs.

with a decrease in pH below 4.5, and at pH 3.5,
complete degradation was observed (Fig. 6A). At
high pH (basic conditions), the seed extract medi-
ated AgNPs were more stable as compared to shoot
AgNPs although the decrease in the concentration of
NPs was visible from UV-Vis spectrum (Fig. 6B).

Effect of Temperature

Both shoot and seed extract mediated AgNPs were
subjected to various temperatures for 30 min, and
with the increase in temperature above 30°C, the
AgNPs started losing their stability. When the tem-
perature was raised to 60°C, both shoot and seed
extract mediated AgNPs completely decomposed.
The effect of various temperatures on AgNPs was
determined through SPR of shoot AgNPs (Fig. 7A)
and seed AgNPs (Fig. 7B), and their stability was
maintained at 30°C. It could be due to the loss
of interaction between the silver and the capping
biomolecules (alkaloids, phenols, tannins, saponins,
etc.) present in the extract of Asphodelus tenuifolius.

Fig. 6 Effect of (A) acidic pH on seed extract mediated
AgNPs and (B) basic pH on seed extract mediated AgNPs.

Temperature affects the aggregation mechanism
and kinetics of the chemical reaction according to
LaMer mechanism. Both type and concentration of
the reducing agent as well as availability of excess
silver ions affect the temperature factor. According
to literature, an increase in temperature shifts the
SPR of AgNPs to shorter wavelength (blue shift)
by speeding the reaction kinetics. This causes a
decrease in size of the silver nanoparticles while at
low temperature due to low activation energy or
Brownian motion of reactants, an increase in the
wavelength (red shift) is recorded. Same pattern
was observed in this study [33-35].

Effect of NaCl salt solution

Sodium chloride concentration affects the surface
plasmon resonance peak of the silver nanoparticles.
With the increase in concentration of NaCl, the
SPR peaks start shifting towards longer wavelength
i.e. red shift, thus causing the aggregation and
instability of silver nanoparticles while the reverse
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Effect of Temperature on Shoot mediated AgNPs A
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Fig. 7 Effect of (A) temperature on shoot extract mediated
AgNPs and (B) temperature on seed extract mediated
AgNPs.

is observed in decreased concentration of NaCl [36].
To investigate the stability effect of AgNPs towards
NaCl solution, 50-250 pl/ml of 1 mM NaCl of
AgNP solution was added and kept for one week
with periodical measurement of resonance plasmon
through UV-Vis spectrometer. The SPR data was
recorded from day 1-day 7, but no significant effect
was observed. This clearly indicates the stability of
AgNPs towards a NaCl aqueous solution.

CONCLUSION

The environmental friendly synthesis of silver nano-
particles was achieved successfully using seed and
shoot aqueous extract of Asphodelus tenuifolius.
These particles were stable at room temperature.
The AgNPs were fairly stable at basic pH but de-
composed quickly at acidic pH below 4. Both shoot
and seed extract mediated AgNPs were successfully
employed for the sensing of various heavy metal
ions where Cu, Zn and Ni could be easily estimated
by the use of these NPs in aqueous medium. It was

www.scienceasia.org

ScienceAsia 46 (2020)

concluded that silver NPs prepared from both shoots
and seeds gave characteristic absorption. Thus, it
could be concluded that phyto-synthesis of AgNPs
using aqueous extract of A. tenuifolius is cost ef-
fective and environmental friendly, which excludes
the use of harmful and toxic chemicals as reducing
and stabilizing agents. Moreover, this process could
easily be scaled up for industrial production of heavy
metal detection kits at micro level detection.
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