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Abstract
In this study, antioxidant activity as well as preparation of silver nanoparticles (Ag NPs) were investigated by spathe of 
Phoenix dactylifera L. extracts. Excellent antiradical activity was found for the methanolic extract. Also, catalytic activity of 
the bio-synthesized Ag NPs was evaluated in the presence of DPPH. Ag nanoparticles were bio-synthesized through an 
environmental friendly and cost-effective method using aqueous solution of P. dactylifera L. extract. The bio-synthesized 
Ag NPs were characterized by different techniques including Fourier transform infrared spectroscopy, ultraviolet–visible 
spectroscopy, transmission electron microscopy, X-ray diffraction, energy-dispersive X-ray spectroscopy, and dynamic 
light scattering. Then, we focused on optimization of the reaction parameters including pH,  AgNO3 concentration, inter-
action time, temperature and mixing ratio on the bio-synthesis of Ag NPs according to surface plasmon band for Ag NPs 
around λ = 425 nm. Finally, catalytic ability of the NPs was investigated toward reduction of 4-nitrophenol in the presence 
of  NaBH4, as a model reaction, the results indicated excellent catalytic ability of the NPs for the reduction of 4-nitrophe-
nol for short reaction time. The bio-synthesized Ag NPs demonstrated well recyclability toward 4-nitrophenol reduction 
without any significant reactivity loss. The recovered NPs were studied by some analytical and spectroscopic methods.

Keywords Silver nanoparticles · Spathe of Phoenix dactylifera L. extract · Antioxidant · 4-Nitrophenol reduction · Green 
catalyst

1 Introduction

In recent years, Ag nanoparticles have received a large 
volume of attention from scientists due to of their out-
standing properties in various fields of application. Well 
conductivity, low toxicity, chemical stability and cata-
lytic property are some intrinsic properties of Ag NPs [1]. 
These noble metal nanoparticles have unique biological 
activities such as antimicrobial, anti-viral, anti-fungal, 
anti-inflammatory, anti-bacterial, antiseptic, disinfectant, 
cancer diagnosis and treatment [2–4]. From this point of 
view, they can be incorporated into a variety of materials 
in order to nail a specific goal [5] such as topical cream, 

antiseptic sprays, wound dressing, pharmaceutical prepa-
rations, medical implant coatings etc. [6–11]. They are able 
to change the three-dimensional structure of proteins in 
microorganisms (viruses, bacteria and fungi) by interaction 
with their disulfide bonds (thiol groups) and subsequently 
block functional operation and inactivation of them [12]. 
Also, they are well known as a promising tools for the cata-
lytic reduction of 4-nitrophenol in the presence of  NaBH4 
[13–16].

As a result, due to continues demand for Ag NPs over 
the two recent decades, a wide range of physical and 
chemical methods have been developed for preparation 
of these nanoparticles [17]. Conventional chemical and 

Received: 17 April 2019 / Accepted: 8 July 2019 / Published online: 13 July 2019

 * Milad Kazemnejadi, miladkazemnejad@yahoo.com; miladkazemnejadi@birjand.ac.ir; Mahsa Nanaei, mahsa.nanaei@gmail.com; 
Mohammad Ali Nasseri, manaseri@birjand.ac.ir; Ali Allahresani, a_allahresani@birjand.ac.ir | 1Department of Chemistry, Faculty of Sciences, 
University of Birjand, Birjand, Iran.

http://crossmark.crossref.org/dialog/?doi=10.1007/s42452-019-0895-4&domain=pdf
http://orcid.org/0000-0002-5424-9640


Vol:.(1234567890)

Research Article SN Applied Sciences (2019) 1:853 | https://doi.org/10.1007/s42452-019-0895-4

physical approaches for the synthesis of silver nanopar-
ticles often involve expensive and toxic materials and 
solvents, using toxic reducing agents and stabilizers to 
prevent unwanted agglomeration of NPs and are non-
environmentally friendly [18]. So, there is a widespread 
interest for finding a new green and reliable approach 
to synthesis of silver nanoparticles [19], that efficiently 
controls the shape, size, stability and physiochemical 
properties of NPs [20, 21].

In recent years, the use of plant extract has fascinated 
scientists for the preparation of Ag NPs. These interest 
arise from its eco-friendly, economical, rapid and non-
pathogenic nature of this approach for the bio-synthesis 
of NPs through a simple single step, that is potentially 
advantageous over the previously reported chemical or 
physical methods. The plant extract plays a dual func-
tions involves reduction and stabilization (capping) of 
the NPs [22]. There are a lot of reports to date on plant 
extract-mediated bio-synthesis of Ag NPs that some 
recent reported plant come as follow: Ficus benghalensis 
[23], Aloevera [24], Talinum triangulare [25], Cressa Cre-
tica [26], Azadirachta indica [27], onion [28], basil [29], 
Shikakai and Reetha [30], Tamarind fruit [31], Ipomoea 
asarifolia (Convolvulaceae) [32], Syzygium aromaticum 
[33], Radix Puerariae [34], Vaccinium macrocarpon [35], 
and alliandra haematocephala [36].

Phenol and its derivatives are one of the most widely 
used compounds in the industry and due to its relative 
stability in the environment, the ability to dissolve in water, 
high toxicity and health problems, its removal from indus-
trial wastewater is of great importance in protecting the 
environment. Silver nanoparticles are one of the most 
effective catalysts to reduces these compounds and sub-
sequently remove them from wastewater. For this reason, 
the bio-synthesized Ag nanoparticles are a good option 
for the reduction of nitrophenol compounds. Several 
plants have been reported to catalyze this reaction using 
the bio-synthesized Ag nanoparticles [37–40].

Phoenix dactylifera L. (P. dactylifera) which belongs to 
the Arecaceae family, is widely cultivated in Middle East 
and America for nutritional values and is considered as one 
of the valuable source of natural medicinal products which 
acts against various diseases [41]. Therefore, this fruit is 
mainly used and have pharmacological properties such 
as anti-inflammatory, anti-microbial, angiogenesis, which 
used as astringent, vermicide, detersive, febrifuge and 
aphrodisiac in Persian traditional medicine [42]. It contains 
anthocyanins, tannins, phenolic acids, sterols, carotenoids, 
and flavonoids [43]. In addition, the spathe of P. dactylif-
era L. (which is called Tarooneh by Persian folk) contain 
steroids, triterpene steroids, oils and flavonoids and used 
as tranquilizer, sedative, nerve tonic and for rheumatoid 
arthritis [44].

Herein, we have reported the bio-synthesis of Ag NPs 
using the spathe extract of P. dactylifera L. as a reducing 
and capping agent. The reaction parameters including pH, 
temperature, interaction time,  AgNO3 and plant extract 
concentration and its mixing ratio were studied in this 
article. Then, the efficiency of the bio-synthesized Ag NPs 
was evaluated for the catalytic reduction of 4-nitrophenol 
using sodium borohydride at room temperature. Also, the 
antioxidant activity of the spathe extract of P. dactylifera L. 
was evaluated by DPPH assay.

2  Experimental

2.1  Plant and materials

Fresh spathe of the P. dactylifera L. was collected from 
Khozestan, Iran and were rinsed with deionized water, 
air-dried at room temperature and finely fine powdered 
and kept in a dark closed container. All the chemicals were 
of analytical reagent grade purchased from Sigma Aldrich 
and used as received without further purification.

2.2  Instruments

Electronic spectra were performed on a UV Spectrolab BEL 
photonics over the 200–900 nm wavelength range. FTIR 
spectra were recorded on a JASCO FT/IR 4600 instrument 
in the range of 450–4000 cm−1. The crystal structure of 
the Ag NPs was studied by Bruker AXS D8-advance X-ray 
diffractometer using Cu-Kα radiation. TEM image of the 
bio-synthesized Ag NPs was obtained on a JEOL-2010 
transmission electron microscope with an accelerating 
voltage of 200 kV. HRTEM image of the biosynthesized Ag 
NPs were obtained with a HR-TEM FEI TEC9G20 instrument 
with an accelerating voltage of 200 kV. Size distribution of 
NPs were measured by DLS analysis on a HORIBALB550 
instrument. The NMR spectra (1H and 13C) were recorded 
DMSO-d6 using a 300 MHz instrument. The Mass spec-
troscopy was performed on a Bruker autoflex speed mass 
spectrometer. EDX spectroscopy was recorded on a field 
emission scanning electron microscope (FESEM, JEOL 
7600F), equipped with a spectrometer of energy disper-
sion of X-ray from Oxford instrument.

2.3  Synthesis of silver nanoparticles

Preparation of plant extract: 5 g of the plant powder was 
added to 100 mL of deionized water. The mixture was then 
mechanically stirred for 20 min in reflux conditions, then 
cool to room temperature and finally filtered through a 
Whatman No.1 filter paper. The filtrate immediately is used 
for the bio-synthesis of Ag NPs.
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25 mL of aqueous solution of  AgNO3 (0.025 M) was 
added dropwise into 25 mL of spathe of P. dactylifera L. 
extract. The resultant mixture was mechanically stirred at 
80 °C for 20 min. The silver nanoparticles were obtained 
by centrifugation of the mixture (5500 rpm) for 20 min 
followed by re-dispersion in deionized water in order to 
elimination of any uncoordinated biological molecules 
[45]. The Ag NPs were isolated by centrifugation followed 
by drying under vacuum at room temperature.

2.4  Catalytic reduction of 4‑nitrophenol by Ag NPs

Briefly, in a 1 cm path length standard quartz cuvette, 
an aqueous solution of 0.01  M 4-nitro phenol (30  μl) 
was added to the 0.3 mL of the freshly prepared  NaBH4 
(0.1 M). Then, 0.3 mL of aqueous solution of the bio-syn-
thesized Ag NPs (dispersed in water) were added to the 
mixture. The resultant mixture was shaken and quickly 
placed to the UV–Vis instrument. Progress of the reaction 
was monitored spectrophotometrically by consecutive 
recording of UV–Vis spectra every minute in a scan range 
of 200–550 nm at ambient temperature.

For isolation and characterization of 4-aminophenol, 
in a typical run, 4-nitrophenol (1.0 mmol) and the freshly 
prepared  NaBH4 (2.0 mmol) were added to 5 mL of aque-
ous solution of the bio-synthesized Ag NPs (dispersed in 
water). Progress of the reduction was monitored by thin 
layer chromatography (TLC). Upon reaction completion, 
10 mL EtOAc was added to the mixture and Ag NPs were 
separated by centrifugation. Then, the organic layer was 
separated and the aqueous layer was further extracted by 
2× 10 mL EtOAc. The organic layers were combined and 
the solvent was removed under reduced pressure to give 
the crude 4-aminophenol. The product was recrystallized 
from ethanol to afforded pure 4-aminophenol (98% iso-
lated yield). 4-aminophenol was characterized by 1H NMR, 
13C NMR and Mass spectroscopy (Fig. 1a–c).

4-aminophenol: Reddish-yellow crystal, m.p 188 °C, 1H 
NMR (300 MHz, DMSO-d6): δ(ppm): 4.36 (s, 2H,  NH2), 6.40 
(d, 2H, J = 6.5 Hz, C–H Ar), 6.47 (d, 2H, J = 6.5 Hz, C–H Ar), 
8.23 (s, 1H, OH), 13C NMR (75 MHz, DMSO–d6): δ(ppm): 39.5, 
115.2, 115.5, 140.7, 148.2. MS (m/e) = 109  [M+].

2.5  Antioxidant activity of P. dactylifera L. extract

For antioxidant assays, a methanolic extract according 
to the following procedure was provided: in a test tube, 
0.15 g of dried powder was added to 3 mL of 80% metha-
nol. The resulting mixture was extracted by ultrasound for 
45 min. The extract was placed in the dark for 15 min, after 
which it was centrifuged for 15 min (5000 rpm) and kept 
at 4 °C until the test was performed. Various concentra-
tions (0.0008, 0.0016, 0.0032, 0.0064 mg/mL) of methanolic 

extract of P. dactylifera L. were prepared. DPPH solution 
was prepared by dissolution of 4.63  mg DPPH in 80% 
methanol (100 mL). Then, 75 μL of different concentra-
tions of extract was mixed with 3.9 ml of DPPH and after 
storing the tubes for 30 min in darkness, their absorbance 
was read at 517 nm. Control includes DPPH and solvent. 
According to the calibration curve, antioxidant activity was 
calculated using the following formula (1):

The results of the antioxidant activity of the extract was 
reported based on  IC50 in mg/ml of the extract.  IC50 is said 
to be a concentration in a extract, that could be quenched 
50% of the free radicals in a reaction medium [46, 47].

3  Results and discussion

To find optimum conditions for the bio-synthesis of Ag NPs 
by aqueous extracts of spathe of P. dactylifera L., the reac-
tion parameters were investigated. In this way, the effect of 
pH, interaction time, temperature, mixing ratio and extract 
concentration were studied. In all of the experiments, the 
formation of Ag NPs was monitored by recording UV–Vis 
spectra according to the surface plasmon resonance (SPR) 
around 450 nm (Fig. 2) [48].

3.1  Optimization of reaction parameters

The bio-synthesis of Ag NPs was performed at different 
pH in the presence of spathe of P. dactylifera L. extract. 
Figure 2a shows the absorption spectra of the resulting 
solution at the pHs of 4, 5, 6, 7, 8, 9 and 11. As shown in the 
Fig. 2a, increasing of pH from 4 to 11, increases the intense 
absorption at the corresponding wavelength (about 
450 nm). This behavior could be attributed to the increase 
of colloidal silver nanoparticles and reduction rate [49]. It 
is well known that the particle size is expected to be larger 
in acidic medium than in basic, because, in basic medium, 
hydroxide ions charging the surface of NPs and thus maxi-
mum electrostatic repulsion occurs [50, 51]. Moreover, it 
is well known that, the position of the nanoparticles SPR 
peak will have shifted with varying the reaction conditions. 
This shift indicated that the nanoparticle size is altered [17, 
44]. The results suggest that pH is one of the main and 
effective factors in the bio-synthesis of Ag nanoparticles. It 
was found that the pH 9 is ideal for the bio-synthesis of Ag 
NPs by P. dactylifera L. extract. Furthermore, the observed 
single absorption band proposed that the prepared parti-
cles are nearly spherical in shape; because deviation from 

(1)Inhibition (% ) =
AbsControl − AbsSample

AbsControl
× 100
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spherical shape, provide another excess absorption band 
in the UV–Vis spectra in high pH values [21].

Various concentrations of  AgNO3 were tested in the 
synthesis of Ag NPs using spathe of P. dactylifera L. extract 
(Fig. 2b). The results indicated that the most absorption 
intensity correspond to Ag NPs was obtained with 25 mM 
aqueous solution of  AgNO3. Generally, with higher con-
centrations the absorption intensity decreases. As a result, 
didn’t find any satisfactory results at lower concentrations.

Temperature also had an impressive impact on the 
absorption intensity of Ag NPs and the efficiency of them. 
As shown in Fig.  2c, the most SPR band intensity was 
observed at 40 °C. The intensity of SPR band decreases at 
higher or lower temperatures.

The effect of interaction time is also investigated on the 
synthesis of Ag NPs using aqueous extract of spathe of P. 
dactylifera L. extract (Fig. 2d). The electronic spectra were 
recorded at the time interval of 3, 15, 30, 45, 60 and 90 min 

while temperature and pH are kept constant at 40 °C and 
9, respectively. The absorption band at λ ~ 450 nm corre-
spond to SPR of Ag NPs, increased as a function of time 
during 90  min time interval. The results suggest that 
reduction of silver ions efficiently take place for 30 min. 
No change was detected in the SPR band intensity after 
more time of the reaction, which indicates the completion 
of the reduction of silver ions.

Due to direct relationship of ratio of the extract, as 
reducing and stabilizing agent, to size of Ag NPs, dif-
ferent mixing ratio of plant extract and silver salt were 
examined (different ionic strength of silver nitrate) [52]. 
A strong absorption bands were observed in all mixing 
ratios but the ratio of 1:3.5 (v/v) exhibited the highest 
intensity (Fig.  2e). No trend is observed at higher or 
lower ratios, but in general, the absorption intensity 
slowly decreased in higher mixing ratios (Fig. 2e). How-
ever, Dubey et al. also reported the decreasing trend in 

Fig. 1  a 1H NMR, b 13C NMR, and c mass spectra of 4-minophenol
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the formation of silver nanoparticles with the increase 
of silver ion concentration [20].

In the following, in order to achieve the complete 
reduction of silver ions, we investigated the effect of 
the plant extract concentration. The experiments were 
conducted in various concentration of the plant extract 
from 2 to 20% in 0.025 M silver nitrate solution. Various 
concentrations (2, 5, 10, 20%) of aqueous extract of P. 
dactylifera L. were prepared by boiling different amounts 
of the plant in deionized water (100 mL) for 20 min. The 
absorption spectra of Ag NPs were obtained with chang-
ing the concentration of plant extract at the optimized 
conditions, i.e., 40 °C, pH 9 for 30 min. The result indi-
cated that 7% extract concentration give the highest 
possible absorption correspond to Ag NPs SPR band (Not 
shown in the Figure). With an enhancement in concen-
tration of the plant extract, the peak intensity decreases.

3.2  Characterization of the bio‑synthesized Ag NPs

The FTIR spectrum of the bio-synthesized Ag NPs was 
shown in Fig. 3. As shown in Fig. 3, the absorption bands 
at 1603 cm−1 and 1035 cm−1 were assigned to stretching 
vibration of C=C and C–O groups respectively [53]. A broad 
band at 3420 cm−1 may corresponds to the stretching 
vibration of O–H of alcohol and phenolic compounds [54]. 
The band at 1282 cm−1 is corresponds to the stretching 
vibration of amines (C–N). These absorptions are responsi-
ble for the bio-synthesis [55] of Ag NPs and show the pres-
ence of biomolecules in plant extract and consequently 
possible interactions between Ag and the bioactive mol-
ecules that could be efficiently bind to metal. In this way, 
the biomolecules play a role of capping, stabilization and 
reduction for NPs that retards their aggregation and leads 
to the stabilizing of silver nanoparticles [56].

Fig. 2  UV–Vis spectra obtained from spathe of Phoenix dactylifera L. extract-mediated preparation of Ag NPs after at different: a pH values of 
the reaction mixture; b  AgNO3 concentration; c temperature; d interaction time intervals; and e plant extract:  AgNO3 mixing ratio
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The bio-synthesized Ag NPs using spathe of P. dactylif-
era L. extract were characterized by X-ray powder diffrac-
tion in order to confirm their crystalline nature. As shown 
in Fig. 4 there are four main peaks in the XRD pattern of Ag 
NPs at 2θ = 38.17°, 44.17°, 63.52° and 78.32° correspond to 
the indices (111), (200), (220), and (311) respectively, which 
was completely in agreement with the facets of face cen-
tered cubic crystal structure of silver [57] and the reported 
standard of Joint Committee on Powder Diffraction Stand-
ards (JCPDS) file No. 84-0713.

TEM and HRTEM images from the bio-synthesized Ag 
NPs revealed that the particles are nearly spherical in 
morphology with the average size of 15 nm (Fig. 5a, c). 
The lattice fringe spacing indicated in the HRTEM image 
is 0.243 nm, which correspond to (111) plane of Ag NPs 
(Fig. 5c) [29, 57, 58]. Also, DLS analysis of the NPs proposed 

that size distribution of the particles was between 15 and 
20 nm (Fig. 5b).

Preparation of Ag NPs was confirmed by the presence 
of Ag Lα and Ag Lβ peaks at about 3.0 keV and 3.2 keV 
respectively [50, 53, 58]. Other peaks represent C, O, N 
elements (totally about 33% wt), which belong to the 
extracted biomolecules (Fig. 5d). The values for the ele-
ments are shown in the inset table of Fig. 5d.

3.3  Catalytic reduction of 4‑nitrophenol

Catalytic activity of the bio-synthesized Ag NPs was inves-
tigated using a model reaction, based on the reduction 
of 4-nitrobenzene in the presence of  NaBH4 in aqueous 
medium [22]. The reaction was conducted in a quartz 
cuvette cell of UV–Vis instrument. The reaction progress 
could be readily monitored by UV–Vis; because, when 
excess  NaBH4 was added to the substrate 4-nitrophenol, 
a red shift occurred due to the formation of 4-nitropheno-
late ion and the color turned from colorless to yellowish 
with absorption band at ~ 400 nm; while 4-aminophenol 
(the product), is colorless without any chromophore in 
the aqueous solution with absorption peak about 300 nm 
(Scheme 1). Moreover, phenolate ion that is formed by 
the treatment of  NaBH4 with 4-nitrophenol caused shift 
of the absorption peak at about 318–400 nm, which pro-
moted spectrophotometric sensitivity of the method that 
can be monitored by a simple UV–Vis spectrophotom-
eter (Scheme 1). The reaction is kinetically not favora-
ble, but thermodynamically favorable with activation 
energy ~ 44 kJ mol−1 [22, 58].

It was proved that both substrate and reductant could 
be adsorbed on Ag NPs to electron transfer take place [1, 
59]. Thus, with progress of the reaction, the absorbance of 
4-nitrophenol (λmax ~ 410 nm) is reduced and at the same 

Fig. 3  FTIR spectrum of phyto-
synthesized Ag NPs by spathe 
of Phoenix dactylifera L. extract

Fig. 4  XRD pattern of phyto-synthesized Ag NPs by spathe of Phoe-
nix dactylifera L. extract
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time the absorbance of 4-aminophenol (λmax = 308 nm) 
developed with time. So, this model reaction allows the 
efficiently monitoring of 4-nitrophenol reduction as well as 
its kinetics spectrophotometrically. Figure 6a showing the 
catalytic activity of the bio-synthesized Ag NPs towards 
4-nirophenol reduction. Reduction of 4-nitrophenol start 
after 40 min (induction time) of addition of  NaBH4. This 
time period is due to the required diffusion time in order 
to adsorption of 4-nitrophenol onto the Ag NPs surface, 
then the reduction take place [60]. The reduction was pro-
ceeds after the reduction time at  t0 = 40 min. Complete 
conversion takes place in 7 min. From Fig. 6a, it was obvi-
ous that the absorbance of the new peak with center of 
300 nm, correspond to 4-aminophenol [59, 60], increases 
with increase in time, completely confirmed the activity of 

the bio-synthesized Ag NPs as a catalyst for the reduction 
of 4-nitrophenol. Furthermore, the reaction in absence of 
the Ag NPs didn’t proceed and the color of the mixture 
remains yellow. Also, the absorption spectra didn’t change 
with addition of freshly prepared  NaBH4 (0.1 M) even after 
2 days in absence of the catalyst. A new peak appeared 
at ~ 390  nm shows the silver plasmon referring to the 
intermediate stage of the reduction, which is covered by 
4-nitrophenol absorption band and was not visible before 
its complete reduction [14].

Because the reaction was performed under an excess 
amount of  NaBH4, thus its concentration could be con-
sidered as constant, and consequently the kinetics can 
be described by a quasi-first order rate law [22, 58]. With 
recording the absorption of 4-nitrophenol at different 

Fig. 5  a TEM image, b their size distribution determined by DLS analysis, c HRTEM image, and d EDX analysis of the phyto-synthesized Ag 
NPs by spathe of Phoenix dactylifera L. extract

Scheme 1  Representation of 
reduction of 4-nitrophenol 
catalyzed by the bio-synthe-
sized Ag NPs
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time intervals after an induction time t0 = 40  min (in 
which no reduction takes place) at ~ 408 nm, the cata-
lytic rate constant (k) for the reduction reaction can be 
defined by Eq. (2) [60]:

where  A0 is the initial absorbance of 4-nitrophenol, A is 
the absorption of 4-nitrophenol at time t (sec.) and k is 
constant. Figure 6b demonstrates kinetic curve for the 
reduction of 4-nitrophenol as decreasing absorbance at 
wavelength of 408 nm. The value of 0.004 s−1 for the rate 
constant was measured by Eq. (2).

According to Langmuir–Hinshelwood mechanism for 
a heterogeneous catalyzed reduction, firstly, borohy-
dride ions are adsorbed on the surface of Ag NPs and 
give them electrons [58]. This is induction period that 
takes place before any reduction. Then, 4-nitrophenol 
molecules adsorbed on Ag NPs surface by this electron 
and reduction take place. After reduction, the product 
4-aminophenol is desorbed from the Ag surface and Ag 
NPs regenerated for the next cycle. Scheme 2 represent 
the plausible reaction mechanism for the reduction of 
4-nitrophenol catalyzed by the bio-synthesized Ag NPs.

To show the recyclability of the bio-synthesized 
Ag NPs for the reduction reaction of 4-nitrophenol to 
4-aminophenol, the recovered NPs were used for seven 
consecutive runs. In each cycle, the NPs were separated 
by centrifugation followed by washing with deionized 
water (2×20 mL). Figure 7 shows the results for recycla-
bility of the Ag NPs, which an insignificant loss in effi-
ciency was observed until 7th run. These results suggest 
that the bio-synthesized Ag NPs are stable during the 
reduction reaction and preserve their catalytic activity 

(2)ln

(

A

A0

)

= −kt

Fig. 6  a Successive UV–Vis absorption spectra for the reduction of 
4-nitrophenol to 4-aminophenol acquired after  t0 = 40 min of addi-
tion of  NaBH4. The UV–Vis spectrum was recorded every minute 
until full conversion. For more clarity, the recorded spectra before 
 t0 were removed. Reaction conditions: 4-Nitrophenol aqueous solu-
tion (1.2 × 10−3 M), aqueous  NaBH4 (0.1 M, 50 μL), aqueous Ag NPs 

(0.3  mL), 25  °C. With progress of the reduction, the main peak at 
410 nm correspond to nitrophenolate ions (black arrow) decreases, 
and consequently, the second peak at 308 nm, related to the prod-
uct aminophenol, gradually increases (green arrow). b Plot of ln[A] 
versus time for the reduction of 4-NP introduced after 40 min of the 
introduction of  NaBH4 of variable concentrations

Scheme  2  Catalytic reduction of 4-nitrophenol by the bio-synthe-
sized Ag NPs

Fig. 7  Recyclability of the bio-synthesized Ag NPs over the reduc-
tion reaction of 4-nitrophenol to 4-aminophenol
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for long tme. Furthermore, the recovered Ag NPs after 
7th run, was studied by the analytical and spectroscopic 
methods. The FTIR spectra of the recovered NPs con-
firmed their structure (Fig. 8a). There is not found any 
agglomeration in the nanoparticles and/or deviation 
from shape as shown in the TEM image of the recovered 
NPs (Fig. 8b). Also, the size distribution of the NPs is as 
same as the corresponding fresh catalyst with mean size 
of 16.6 nm (Fig. 8c). Finally, the crystal structure of the 
NPs remains intact during reactions with four charac-
teristic peaks at 2θ = 38.17°, 44.17°, 63.52° and 78.32° 
correspond to the indices (111), (200), (220), and (311) 
respectively (Fig. 8d).

Finally, to show uniqueness and advantage of the bio-
synthesized Ag NPs by P. dactylifera L. extract, its catalytic 
performance was compared with those reported for 4-NP 
reduction using plant-mediated Ag NPs. The results were 
summarized in Table 1, which the reasonable size, low con-
centration of  NaBH4, recoverability for several times, low 
amount of Ag NPs, homogeneous morphology are some 
advantages of the catalytic activity of P. dactylifera L. over 
the most of the plants (Table 1).

3.4  Antiradical activity of P. dactylifera L. extract

Antiradical activity of the P. dactylifera L. extract was 
determined by DPPH assay. DPPH is a stable free radical 
with a single electron on N atom. Its methanolic solu-
tion is purple with a absorption at λmax = 515–520 nm. 
DPPH could be reduced in the presence of an antioxi-
dant, in which the maximum absorption undergoes a 
red shift to 400 nm (Scheme 3). Therefore, by measuring 
the reduction in the absorption intensity by a spectro-
photometer, one can find the antioxidant properties of 
the extract. Figure 9 shows the antioxidant activity of 
the extract as a function of extract concentration as  IC50 
(mg/mL). An excellent antiradical activity was observed 
for the extract, which most of the DPPH radicals were 
quenched at 0.0064  mg/mL extract concentration 
(Fig. 9). The results demonstrated a linear relationship 
between the inhibition percentage and extract concen-
tration in agreement with the literature [64]. This small 
 IC50 reflects the high antiradical activity, which can be 
attributed to the presence of high levels of phenols and 
flavonoids in the extract [65].

Fig. 8  a FTIR spectrum, b TEM image, c DLS analysis, and d XRD pattern of the recovered bio-synthesised Ag NPs after seven consecutive 
recycling for the reduction reaction of 4-nitrophenol to 4-aminophenol
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4  Conclusions

In this study we have reported a simple, fast and eco-
friendly green process for the bio-synthesis of Ag NPs 
using aqueous solution of spathe of P. dactylifera L. 
extract in mild conditions. The silver nanoparticles 
were characterized with some techniques. The aver-
age size of the nanoparticles was obtained approxi-
mately 15–20  nm. The highest possible efficiency of 

the preparation of the Ag NPs were obtained in pH 9 at 
40 °C for 30 min with mixing ratio of extract:  Ag+ of 1: 
3.5 in the presence of 25 mM  AgNO3. The results demon-
strated that the plant extract not only act as stabilizers, 
but also modified the size of the bio-synthesized NPs, 
which nearly homogeneous in size were obtained for 
the Ag NPs. Ag NPs were shown high catalytic activity 
towards reduction of 4-nitrophenol to 4-aminophenol 
in a short reaction time. The bio-synthesized Ag NPs 
could be readily recycled from the reaction mixture and 

Table 1  Comparison of the catalytic performance of Ag-NPs prepared by Phoenix dactylifera L. extract with previously reported plants for 
reduction of 4-nitrophenol

RGO reduced graphene oxide

Plant Type (amount) Size (nm) Shape and 
morphology

[NaBH4] Time (min) Recover-
ability

References

Cerasus serrulata Ag-NPs (NA) 10–50 Spherical 0.1 M NA – [37]
Punica granatum Ag-NPs (NA) 30 Spherical 1 mM NA – [38]
Lotus Garcinii Ag/RGO/Fe3O4 (5.0 mg) 40 Spherical 0.25 M 3 + [39]
Lotus Garcinii Ag-NPs (5.0 mg) 7–20 Spherical 0.25 M 17 – [39]
Coleus forskohlii Ag-NPs (25 μL) 30–50 Spherical 0.5 mM 30 – [40]
Cylindrocladium floridanum Mycogenic Ag NPs 

(4.6–27.8 × 10−4 mol/
dm3)

25 Spherical 6.6 mM NA – [61]

Hamamelis virginiana Ag NPs/perlite (12 mg) 8–25 Sheet 0.25 M 4 + [62]
Thymbra spicata Ag NPs (2.0 mg) 7 Spherical 0.25 M 1 + [63]
Phoenix dactylifera L. Ag NPs (0.3 mL) 15–20 Spherical 0.1 M 7 + This work

Scheme 3  Reduction of 
2,2-diphenyl-1-picrylhydrazyl 
using plant extract

Fig. 9  a Linear relationship between inhibition percentage of the extract and extract concentration (mg/mL). b Interaction of Phoenix dac-
tylifera L. extract on DPPH solution versus time



Vol.:(0123456789)

SN Applied Sciences (2019) 1:853 | https://doi.org/10.1007/s42452-019-0895-4 Research Article

used as several consecutive runs while retaining its cata-
lytic activity. The method suggests efficient alternative 
method for the bio-synthesis of nanoparticles to the 
previously reported chemical and physical methods. The 
methanolic extract of the plant demonstrated high level 
of antioxidant activity and suggests that it could poten-
tially be used as an additive in medicines and nutrients.
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