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Herein, silver nanoparticles (Ag NPs), as an effective catalyst for the reduction process of nitrobenzene

derivatives to non-hazardous and useful aniline derivatives, are conveniently synthesized on an

inherently magnetic substrate. For this purpose, an efficient combination of volcanic pumice (VP), which

is an extremely porous igneous rock, and a chitosan (CTS) polymeric network is prepared and suitably
used for the stabilization of the Ag NPs. High magnetic properties of the fabricated Ag@VP/CTS
composite, which have been confirmed via vibrating-sample magnetometer (VSM) analysis, are the first

and foremost advantage of the introduced catalytic system since it gives us the opportunity to easily

separate the particles and perform purification processes. Briefly, higher yields were obtained in the
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reduction reactions of nitrobenzenes (NBs) under very mild conditions in a short reaction time. Also,

along with the natural biocompatible ingredients (VP and CTS) in the structure, excellent recyclability has

DOI: 10.1039/d0ra08376¢

rsc.li/rsc-advances

1. Introduction

Recently, the design and development of heterogeneous cata-
lytic systems has attracted much attention because they have
a great potential advantage of recyclability over the homoge-
nous types." By immobilization of metallic particles into various
combinations of organic and inorganic materials like polymers
and clay resources, the scope of the heterogeneous catalytic
systems has been amazingly developed.>* Chitosan (CTS) as
a natural polysaccharide with alkaline substances is extracted
from chitin shells of crustaceans.” So far, CTS has been widely
used for medicinal applications like controlled drug release
systems,® skin substitutes,” vaccine delivery,® antibacterial
agents,” and wound dressings.’® Also, it is a conventional
natural metal ion absorbent and is a great candidate for cata-
lytic applications.” Through the addition of some other
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been observed for the fabricated Ag@VP/CTS catalytic system, which convinces us to do scaling-up and
suggests the presented system can be used for industrial applications.

characteristic properties like magnetism, recyclability of the
heterogeneous catalyst will be significantly facilitated.™ By only
applying an external magnet from the outside part of the flask,
the catalyst could be conveniently separated and reused.
Previously, so many magnetic catalytic systems in which iron
oxide nanoparticles play the crucial role as the magnetic core of
the whole structure have been reported by our research
group.>* Also, we have used the mentioned particles as the
drug delivery systems with high efficiency,***® due to its non-
toxicity and biodegradability.*®

Pumice is a volcanic stone that includes numerous voids in
its structure, and since it is fallen into the category of the light-
weight materials, it can be well dispersed/submerged in the
reaction mixture.”” The volcanic pumice (VP) consists of
internal particles, totally separated from outside, and external
particles linked to the surface resembling a sponge.*® Generally,
porous compounds such as metal-organic frameworks, pumice
particles, carbon nanotubes, and graphene oxide are promising
materials in the catalytic applications due to their broad surface
area, which increases the catalytic performance and effi-
ciency.”>*® In the case of the VP, the noticeable inherent
magnetic property makes it more distinguished from other
types of the porous materials applicable for the catalytic aims.**
As discussed above, inherent magnetic property of the VP
provides ultra-affluence in the separation as well as the purifi-
cation processes. Hence, we decided to continue our previous

This journal is © The Royal Society of Chemistry 2020


http://crossmark.crossref.org/dialog/?doi=10.1039/d0ra08376c&domain=pdf&date_stamp=2020-12-02
http://orcid.org/0000-0002-6511-9411
http://orcid.org/0000-0001-5490-3350
http://orcid.org/0000-0002-3424-1609
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d0ra08376c
https://pubs.rsc.org/en/journals/journal/RA
https://pubs.rsc.org/en/journals/journal/RA?issueid=RA010071

Open Access Article. Published on 08 December 2020. Downloaded on 10/30/2025 3:57:58 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Paper

studies on the VP by using that as an appropriate substrate for
metal ion stabilization and further catalytic purposes.**™* In
this work, we intend to prepare another efficient catalytic
system based on a completely natural matrix (including VP and
CTS), and apply that for the reduction reaction of the nitro-
benzene (NB) derivatives. In addition, the NB derivatives are
widely used in the pharmaceutical processes or in producing
dyes.*® These derivatives are extremely hazardous compounds
toward humans and other environmental organisms, and they
are barely degraded in the biological processes.’’** So far, so
many various strategies have been designed and reported for
the reduction pathway of the NB derivatives to converted them
to their aniline analogues.*’ To name a few, the electrochemical
approach,* photocatalyst technique,** and the catalytic systems
based on the noble or transition metals*® are the most common
strategies. All of the mentioned strategies included few draw-
backs that needed to be modified and improved. For instance,
in order to apply catalytic system based on transition metals for
reduction reactions, elevated pressure and temperature is
required.** Moreover, low current efficiency is the main disad-
vantage of electrochemical approach.*®

So far, it has been revealed that silver nanoparticles (Ag NPs)
are among the best competent candidates in the catalytic
processes due to including impressive electronic and optical
properties.** Moreover, the Ag NPs have a considerably high
surface to volume ratio that changes their chemical, biological
and physical properties.*® According to the literature and as our
previous experiences disclosed, the Ag NPs include high surface
energy that leads them to be quickly aggregated.”*” This
property makes the Ag NPs as a significant reducing agent in the
catalytic applications. Additionally, the immobilization of the
Ag NPs on a polymeric substrate like CTS, enhances their
agglomeration.**-°

Herein, a novel heterogeneous catalyst is prepared by using
of the VP particles and the CTS strands, as a natural-based
substrate for the stabilization of the Ag ions, and conversion
to the pure metallic NPs. From the architecture aspect, this is
demonstrated that the Ag NPs are uniformly synthesized (equal
in size and morphology) and finely distributed onto the VP/CTS
substrate, via an in situ process. Then, the magnetic behavior
and other critical characteristic properties of the prepared
Ag@VP/CTS catalytic system such as average size, porosity,
chemical state of the present, metallic elements, and thermal
stability are carefully investigated by using different analytical
methods. Next, the catalytic performance as well as the

Volcanic pumice (VP) VP nanoparticles

a) 1)Ball-milling (50 Hz, 1 h)
2)400°C,5h

b) 1)HCI(0.1M, 12 h)
2) CTS solution (0.33 mg/mL)/ r.t.
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reusability behaviors of the Ag@VP/CTS catalytic system are
carefully monitored in the reduction reactions of the NB
derivatives. In summary, it was revealed that more than 95% of
the reaction yield is obtained during only 8 minutes reaction
time, at room temperature, through applying the Ag@VP/CTS
catalytic system. Besides, this is exhibited that the presented
catalytic system is reused for 12 successive runs (by magnetic
separation). Ultimately, a feasible mechanism aimed at the
catalyzed reduction of the NB derivatives is suggested.

2. Result and discussion

2.1. Preparation of the Ag@VP/CTS catalyst

The preparation route of the Ag@VP/CTS catalyst is given in
Fig. 1. Initially, the VP is well grinded and converted to a very
fine powder via ball-milling technique. For enhancing and
depleting the pumice pores from the unwanted fillers, the
calcination process was applied using a furnace.** Afterward,
the uniformed pumice particles were washed with hydrochloric
acid, and dispersed in a solution of the concentrated CTS via
ultrasonication, under a mild condition. The mixture was
washed for removing the excess CTS, and the silver nitrate salt
was added to the mixture, which was stirred at room tempera-
ture. Finally, the obtained magnetic particles were collected
together and washed with distilled water for several times and then
dried in the oven for 1 h. The synthesized composite is founded to
be exceptionally stable as a result of the presence of numerous
-OH groups on both VP and CTS structures, resulting in the
powerful H-bindings. Previously, so many methods have been re-
ported in which the Ag ions were stabilized and reduced to the Ag
NPs by using of the different polymeric species such as polyvinyl
alcohol,** polyethylene glycol,” and polyvinyl chloride.**

2.2. Characterization

In order to perform the characterization stage, Fourier-
transform infrared (FT-IR) spectra of the neat VP, and Ag@VP/
CTS nanocomposite catalyst were provided. As Fig. 2a shows,
the peaks related to the stretching vibrations of Si-O-Si and
O-H bands at ca. 1100 and 3400 cm ™", respectively, have been
appeared sharper after the calcination process. It can be
attributed to the removal of the unwanted fillers in the pores of
the VP.** After combination of the CTS, a sharp peak appeared at
about 2900 cm ™!, which origins from the C-H bonds with
hybridization state sp>. This peak proves successful composition

VP/chitosan (VP/CTS) Ag@VP/CTS

c) 1)AgNO, (0.3 M)/ 5 h stir
2) Magnetic separation

Fig. 1 Schematic diagram of the synthetic route of the Ag@VP/CTS nanocomposite.
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Fig. 2

(@) FT-IR spectra, (b) EDX spectra, (c) TGA curves, and (d) VSM curves (at room temperature) of the individual VP nanoparticles (blue line),

VP/CTS (green line), and the prepared Ag@VP/CTS nanocomposite (red line).

of the CTS, as the organic component in the structure. Also, the
peaks appeared at ca. 3400 cm™ ' and 1650 cm ™" are belonging to
N-H and C=O bonds, respectively, which present in the CTS's
structure.” The confirmation of the existence of all the essential
elements was done by energy-dispersive X-ray (EDX) spectroscopy
(Fig. 2b). Furthermore, in comparison to the individual VP, the
synthesized VP/CTS and Ag@VP/CTS composites have shown
sharper peak for the carbon element that approving the successful
addition of the CTS to the structure. Also, the EDX spectrum of the
Ag@VP/CTS nanocatalyst verifies the presence of the Ag element in
the final composition structure.

Moreover, the thermal stability of the Ag@VP/CTS nano-
catalyst was associated with the neat VP via thermogravimetric
analysis (TGA), under the air atmosphere in a thermal range of
50 to 600 °C (Fig. 2c). As the TGA curves demonstrate, in all
three curves, between ca. 60 and 120 °C, a gradual weight loss
has emerged that is attributed to the separation of the captured
water molecules in the silica network of the VP, which perfor-
mances as an excessive molecular sieve.>® In the range of 120 to
500 °C, an excellent weight loss has been appeared for the curve
related to the VP/CTS and Ag@VP/CTS composites, which is
accredited to the loss of the -OH groups present in the CTS
structure. According to the literature, at this range, the hydroxyl
groups of the polymeric chains are removed as the hydrate
molecules.” Afterward, in the curve of Ag@VP/CTS, the Ag NPs
and then the VP start to decomposition. The inherent magnetic
performance of the neat VP particles, VP/CTS, and Ag@VP/CTS

43672 | RSC Adv, 2020, 10, 43670-43681

composite was also measured via vibrating-sample magne-
tometer (VSM) machine. As is observed in Fig. 2d, the hysteresis
curves of the Ag@VP/CTS nanocatalyst demonstrates about ca.
10.0 emu g * decrease in the magnetic saturation, which is
quite reasonable since all constitutes of the nanocatalyst don't
have magnetic properties. As is observed in the magnetic-
hysteresis curves, the magnetic behavior of the VP/CTS
composite has not been significantly reduced after addition of
the Ag particles. Through this great magnetic property, the
Ag@VP/CTS particles could be collected without difficulty
through applying of a magnet, and reapplied for several times.

Microscopic images were checked by scanning electron
microscopy (SEM) and transmission electron microscopy (TEM)
for exploring the morphology as well as the size of the synthe-
sized Ag@VP/CTS composite (Fig. 3). Image (3a) is appointed to
the VP powder and image (3b) is related to the VP NPs after
grinding vie ball-milling. It was evident that the plates are
detached and well-dispersed, while they are in agglomerated
form before grinding process. Image (3c) is related to the
Ag@VP/CTS nanocomposite. As shown, the spherical Ag NPs
and the combined CTS strands with VP particles are easily
identified. Finally, the TEM image illustrates the formation of
the Ag NPs appeared by dark spots in the image. Also, well
distribution of these metallic particles on to the VP/CTS
surfaces is verified (images 3d-f). Generally, this is clearly
observed in the SEM and TEM images that the dominant phase
onto the surfaces is formed by the Ag NPs.

This journal is © The Royal Society of Chemistry 2020
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Fig. 3 SEMimage of: (a) VP powder, (b) VP nanoparticles (prepared via ball-milling), and (c) Ag@VP/CTS nanocomposite, and TEM images of the

Ag@VP/CTS nanocomposite (d—f).

Hence, it is quite reasonable to expect that the X-ray
diffraction (XRD) pattern of the Ag@VP/CTS nanocomposite
be similar to the individual Ag NPs. In this regard, the XRD
pattern of the Ag@VP/CTS nanocomposite was prepared and
compared with the pattern of the individual Ag NPs, based on
the database of JCPDS (PDF#87-0597) (Fig. 4a).”” Accordingly,
the peaks emerged at 38.07, 44.26 are attributed to the Ag NPs
signing by their Miller indices of (1 1 1), and (2 0 0), respectively.
The broad peak appeared at ca. 25-30° is related to the amor-
phous structure of the silica network present in the VP's struc-
ture."” Also, peaks are observed in the pattern at ca. 32°,43°, 51°,
53°, and 54° are assigning to the (Ca,Na)(5i,Al),0;.%

For confirming the porosity of the synthesized composite via
adsorption/desorption of N, gas Brunauer-Emmett-Teller
(BET) surface area analysis was detected in Fig. 4b and c. The
physisorption isotherms of the VP after calcination and Ag@VP/
CTS composite is shown. The VP NPs curve Fig. 4b indicates
type IV isotherm of mesoporous materials. As shown in the
curves, although some internal pores are filled after the addi-
tion of CTS and Ag, there are still large internal pores for
incorporating the catalytic reaction of the NB reduction. Based
on the curves, the pore size range has decreased from 40 nm for
pumice powder to 20 nm belonging to Ag@VP/CTS composite.
Moreover, the specific surface area also follows the same trend.
Results confirmed the occupation of some of the internal pores
after composition with CTS and Ag nanoparticles.>*® Also, X-ray
photoelectron spectroscopy (XPS) was employed to characterize
the valence state of the Ag element (Fig. 4d and e). As expected,
two peaks related to Ag (3d;,,) and Ag (3ds/,) were detected at ca.

This journal is © The Royal Society of Chemistry 2020

368 and 374 eV, respectively, indicating Ag’ state (metallic
nanoparticles).®

2.3. Application

2.3.1. Optimization of the catalytic system in the reduction
of NB derivatives. For reaching the optimized condition, the
catalytic performance of the prepared Ag@VP/CTS was
explored. For this purpose, different catalytic amounts of the
nanocomposite, and amount of the used hydrazine in the
reduction reaction of the nitrobenzene were precisely moni-
tored. The detailed information of this experiment is reported
in Table 1. As claimed by the table, to reveal the importance of
the VP porous structure in the catalyst, the sole Ag/CTS was also
applied under the same conditions during the reduction reac-
tion. As can be detected in Table 1 (entry 11), the obtained
reaction yield is reduced after removing the VP particles from
the catalytic system. Moreover, since Ag is the main catalyst site
of this catalytic system it is estimated that by removing Ag from
the catalytic system, yield of the reaction would be significantly
deducted (see Table 1 entry 2). From the table, it has been
revealed that the optimum conditions were provided by using
0.03 g of the Ag@VP/CTS catalyst during 5 min stirring, at room
temperature (Table 1, entry 5).

2.3.2. Catalyzed synthesis of the aniline derivatives. The
catalytic efficiency of the prepared Ag@VP/CTS composite was
also investigated by utilizing the various NB derivatives as founded
in Table 2. Surprisingly, in a brief period by using Ag@VP/CTS in
the reaction, high yield was obtained. Comparing the results to
other synthesized catalysts, the results reveal that the prepared

RSC Adv, 2020, 10, 43670-43681 | 43673
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(a) XRD pattern of the Ag@VP/CTS nanocomposite, (b) BET curves, (c) the average pore volume of the individual VP nanoparticles and the

fabricated Ag@VP/CTS nanocomposite, via adsorption/desorption of N,, under ambient conditions, and (d and e) XPS spectra of the Ag@VP/CTS

nanocomposite.

Ag@VP/CTS is a great candidate for NB reduction reactions.
Additionally, the NMR data of all of the synthesized aniline
derivatives are founded in Fig. S1-510, in the ESL{

2.3.3. Suggested mechanism. Based on the knowledge
from the current report, Ag NPs are the leading catalytic site of
the magnetic Ag@VP/CTS composite. They can facilitate the
reduction reaction in a short reaction time. The catalytic
process is described through the electron transfer system. The
foremost advantage of the Ag NPs is their significant electronic
interactions with the heteroatoms like oxygen. Hydrazine
hydrate is an electron reducing agent with a significant supply
of electron.” Thus, the leading reason of the reduction of the
NB derivatives is the dehydration process, which occurs because
of the electron transfer between the hydrazine hydrate and the
Ag NPs. After the electron transfer process occurred, the

43674 | RSC Adv, 2020, 10, 43670-4368]1

hydrogen atoms of the hydrazine hydrate spontaneously attack
nearby NB molecules and produce the reduced non-hazardous
form.”™ In our previous report, a schematic of the plausible
mechanism has been submitted that can properly justify the
passing route by the Ag@VP/CTS catalytic system.*!

2.3.4. Recyclability effect of the nanocomposite catalytic
system. In order to explore reusability of the fabricated Ag@VP/
CTS catalytic system, the particles were magnetically collected
from the reaction mixture, and prepared for further reactions.
After separation of the particles, they were well washed with the
distilled water for several times and dried in an oven. The
fabricated Ag@VP/CTS was applied for the eight successive
times in the model reaction, which is the reduction of nitro-
benzene. As depicted in Fig. 5a, monitoring the catalytic process
confirms that the reaction yield has not been significantly

This journal is © The Royal Society of Chemistry 2020
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Table 1 Reaction optimization by utilizing different amounts of nanocatalyst and N,H4-H>O, in ethanol and reflux conditions in reduction

reaction of NBs

Entry Cat. Cat. amount (mg) N,H, (mol%) Time (min) Yield” (%)
1 — — 5 15 Trace
2 VP@CTS 30 5 5 20

3 Ag@VP/CTS 10 5 5 85

4 Ag@VP/CTS 20 5 5 91

5 Ag@VP/CTS 30 5 5 95%*

6 Ag@VP/CTS 40 5 5 95

7 Ag@VP/CTS 50 5 5 95

8 Ag@VP/CTS 30 4 5 92

9 Ag@VP/CTS 30 2 5 85

10 Ag@VP/CTS 30 1 5 70

11 Ag/CTS 30 5 5 94

4 *Optimum condition using the Ag@VP/CTS nanocomposite (30.0 mg), nitrobenzene (1.0 mmol), N,H,-H,O (5.0 mol%), and ethanol (2.0 mL), at

70 °C.

changed. Fig. 5b indicates the FT-IR spectrum of the recovered
Ag@VP/CTS composite comparing with the spectrum of the
fresh particles. As can be seen, emerging the sharp peak at
~1100 cm ™' proves that the internal networks of the VP parti-
cles (silica and alumina) have not been damaged during the
recycling process. Only, the intensity of the peak appeared at
~1650 cm ™' (belonging to C=0) has been a bit reduced that
may be due to separation of a part of CTS network. From the
SEM imaging (Fig. 5¢), it is figured out that particles agglomeration
is occurred after an 8-time recycling. As discussed, since the VP
particles are inherently magnetic, they are prone to attract each
other and make bigger masses. This happening may be the main
contributor to the reduction of the catalytic performance during
the eight times recycling. The EDX analysis shown in panel (d) of
the Fig. 5 proved that all of the essential elements were present
after recycling. Also, the XRD pattern of the recovered Ag@VP/CTS
catalytic system was prepared (Fig. 5e) to investigate any possible
changes in the structural phases. As is observed, there was no
noticeable change in comparison with the fresh catalyst (Fig. 4a),
only the intensity of the appeared peaks has a bit changed. To
investigate the particle size of the combined Ag NPs after the
recycling process, the TEM image of the recovered Ag@VP/CTS was
prepared. As Fig. 5f illustrates, the spherical morphology of the Ag
particles with the mean size of ca. 17 nm has been maintained
during the recycling processes. In comparison with the fresh
particles (Fig. 3e), the number of the Ag NPs distributed on the VP/
CTS substrate seems to be reduced. It may be another reason for
the observed reduction in the catalytic performance after an 8-time
recycling. To obtain more confirmation on this claim, the induc-
tively coupled plasma optical emission spectroscopy (ICP-OES) was
performed on a sample of the supernatant after eighth time of the
particles usage, and it was revealed that 0.423 ppm of Ag element
exist in the sample. It means that the leaching of the Ag element
from the catalytic system is an inevitable event, but this partial
leaching does not have any significant effects on the catalytic
performance.

2.3.5. Comparison of the prepared Ag@VP/CTS with other
catalytic systems. In this section, we intend to make a quick
comparison between our presented nanocatalyst and some of

This journal is © The Royal Society of Chemistry 2020

the previously reported systems that included Ag NPs and have
been utilized for the conversion of the NBs to their aniline
analogues. As Table 3 demonstrates, there are several advantages
for the prepared Ag@VP/CTS composite in comparison with the
other species: (1) generally, magnetic systems are highly preferred
due to their convenient separation process. As discussed in the
previous sections, VP component inherently includes the magnetic
property due to the presence of the iron element in its structure. (2)
Significant conversion (95%) of the NB derivatives has been
observed during a short contact time (5 min), whereas in the most
cases (Table 3, entries 1, 2, 3, and 5) the reaction time exceeded 2
hours. (3) In the design and preparation stage, this is important to
use the low cost materials with high degrees of biocompatibility
and biodegradability. In comparison with the system reported in
Table 3 (entry 4), although the obtained results by the reported
catalytic system are great, but exploitation of the abundant natural
materials (like VP rock) has always been preferred due to its
economic advantage. In addition of the mentioned excellences, the
use of the light-weight substrates with the porous structure causes
the catalyst particles to be well dispersed in the reaction medium,
and as a result the total performance will be increased.

3. Experimental section

3.1. Materials and physical characterizations

Altogether, the applied chemicals as well as the utilized appa-
ratuses in the current report are listed in the ESI{ part.

3.2. Practical approaches

3.2.1. Synthesis of VP. First, 2.5 g of the obtained pumice
powder was grinded by ball-milling technique for 1 h in 50 Hz.
Afterwards, grinded pumice was added to the crucible and went
through the calcination procedure for 5 h at 400 °C. After cooling
down to room temperature, 1.5 g of the obtained pumice was
moved to the round bottom flask (50 mL) and by utilizing an
ultrasonic bath, it was dispersed in prepared HCI solution at room
temperature (0.1 M, 20 mL). Under the same condition, the bottom
flask was stirred for another 12 h. Employing an external magnet,

RSC Adv, 2020, 10, 43670-43681 | 43675
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Table 2 Gained yields after the reduction of NB derivatives to aniline analogues under optimized condition
Mp (°C)
Entry NB structure Product Time (min) Yield (%) Found Reported
NO, NH,
1 ©/ ©/ 6 95 Liquid sample®?
OH OH
NO, NH,
2 8 96 136-137 136-138 (ref. 63)
Cl Cl
OoN NO, HoN NH>
3 U \©/ 12 88 64-66 65-66 (ref. 64)
NO, NH,
4 /©/ /©/ 14 98 145-146 144-146 (ref. 65)
O,N HoN
OH OH
5 @/ NO, @/ NH, 3 99 172-174 171-173 (ref. 63)
N02 NH2
6 HO\H/©/ HOY©/ 5 96 186-189 186-188 (ref. 62)
0] O
NO, NH,
7 /©/ /©/ 9 95 184-186 185-187 (ref. 66)
HO HO
HO.__O HO.__O
8 10 94 209-212 208-210 (ref. 67)
N02 NH2
NO, NH,
NOZ NH2
9 10 84 52-54 52-53 (ref. 68)
N02 NH;
10 /©/ /©/ 6 97 41-44 42-43 (ref. 69)

VP was separated, and washed for a couple of times with distilled
water. Finally, it was dried over oven heat (60 °C) for 24 h.

3.2.2. Preparation of VP/CTS. VP/CTS was synthesized by
0.01 g of CTS powder and 30 mL of deionized water to the round
bottom flask (100 mL) and stirred at room temperature till a clear
bleached solution was gained. Afterward, 1.0 g of the prepared VP

43676 | RSC Adv, 2020, 10, 43670-43681

was dispersed in the flask viag the ultrasonication process, and the
reaction mixture was stirred continuously at room temperature for
an additional 5 h. VP/CTS was magnetically collected, washed with
distilled water, and dried (at 60 °C) for 24 h.

3.2.3. Preparation of Ag@VP/CTS composite. Obtained VP/
CTS (0.6 g) was dispersed in deionized water (20 mL) and transferred

This journal is © The Royal Society of Chemistry 2020


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d0ra08376c

Open Access Article. Published on 08 December 2020. Downloaded on 10/30/2025 3:57:58 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

View Article Online

Paper RSC Advances
(a) (b)
100 | 95 95
%0 93 92 92 92 gg gg Erash
80 X catalyst
a
i 2
<60 IS
o p}
50 €
=40 a Recovered
30 l‘_E catalyst
20
10
0
1 23 4506 7 8 3400 2400 1400 400
Run Wavenumber (cm™)
(d) (e) (f)
Si Kot 800
700
= | DK 600
> >
< 3500
E || Allko E 400
2 3
g 8 300
K 200
Ag La
AgLp 100
Aubinesad 0
0.0 2.5 5.0 7.5 10 25 30 35 40 45 50 55
Energy (keV) 20 degree
Fig. 5 (a) Recyclability diagram, (b) the FT-IR spectra of fresh and recovered catalyst, (c) SEM image (d) EDX spectrum, (e) XRD pattern, and (f)

TEM image of the recovered Ag@VP/CTS nanocatalyst.

Table 3 Previously reported nanoscale catalytic systems based on the Ag element, applied for the conversion of the NB derivatives to their

aniline analogues

Entry Catalyst Condition Cat. amount” (mg) Time (min) Conversion (%) Ref.
1 Ag-Ni core/shell NPs 80 °C, KOH, IPA? 50 150 95 72
2 Ag-rGO° composite Visible light irradiation 50 240 98 73
3 Ag—MPTA-ld composite 80 °C, NaOH, under N, 250 600 97 74
4 Ag-SBA-15° composite NaBHy, r.t. 10 6 95 75
5 Ag-mNG” composite NaBH,, r.t. 5 150 97 76
6 Ag-VP/CTS® composite N,H,-H,0, 70 °C 30 5 95 —

“ Per 1.0 mmol of the NB compound. ? Isopropyl alcohol (IPA). ¢ Reduced graphene oxide. ¢ Poly-triallylamine (MPTA-1). ° SBA-15 is a mesoporous

silica. Mesoporous melamine-N-doped carbon (mNC). ¢ This work.

to a round bottom flask (50 mL). AgNO; (1.0 g, 5.9 mmol) was
dispersed in the flask via ultrasonic at room temperature. By
maintaining the same condition, it was stirred for 5 h. The magnetic
composite was separated by an external magnet, washed with
distilled water, and dried (as mentioned in the previous section).

3.3. Spectral information aimed at the selected composites

4-Aminophenol (Table 2, entry 7): white solid, "H NMR (500 MHz,
DMSO): 6 (ppm) = 4.38 (2H, s, NH,), 6.42-6.44 (2H, d, J = 10 Hz,
H-Ar), 6.48-6.50 (2H, d, J = 10 Hz, H-Ar), 8.37 (1H, s, OH).

4. Conclusions
In this report, a heterogeneous organic-inorganic catalytic system

was introduced and applied successfully in the conversion of

This journal is © The Royal Society of Chemistry 2020

hazardous NBs to nontoxic aniline derivatives. Overall, Ag NPs
were successfully stabilized on the surface of biocompatible
ingredients. This catalytic system contains natural components,
VP with inherently significant magnetic property and CTS poly-
meric strands. Ag NPs are the main catalyst sites. They can facili-
tate the reduction reaction of NB derivatives with significant yield,
in short reaction time under mild condition. The foremost
advantage of magnetic catalysts is that they can be conveniently
isolate from the reaction mixture. VP has great magnetic property
along with structural stability, which results in significant reus-
ability. This well-designed catalyst is based on green principles
since all the ingredients are from natural components.

Conflicts of interest

There are no conflicts of interest.

RSC Adv, 2020, 10, 43670-43681 | 43677


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d0ra08376c

Open Access Article. Published on 08 December 2020. Downloaded on 10/30/2025 3:57:58 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

RSC Advances

Acknowledgements

This work was financially supported by the research council of
the Iran University of Science and Technology (IUST). Further-
more, AES thanks the National Research grants from MINECO
“Juan de la Cierva” [FJCI-2018-037717].

References

1 J. Baloyi, T. Ntho and J. Moma, Synthesis and application of
pillared clay heterogeneous catalysts for wastewater
treatment: a review, RSC Adv., 2018, 10, 5197-5211.

2 H. M. Fahmy, R. E. Salah Eldin, E. S. Abu Serea,
N. M. Gomaa, G. M. AboElmagd, S. A. Salem, Z. A. Elsayed,
A. Edrees, E. Shams-Eldin and A. E. Shalan, RSC Adv., 2020,
10, 20467-20484.

3 R. Taheri-Ledari, J. Rahimi, A. Maleki and A. E. Shalan,
Ultrasound-assisted diversion of nitrobenzene derivatives
to their equivalents through heterogeneous
magnetic Ag/Fe;O,-IT nanocomposite catalyst, New J.
Chem., 2020, 44, 19827-19835.

4 R. Taheri-Ledari and A. Maleki, Antimicrobial therapeutic
enhancement of levofloxacin via conjugation to
a cell-penetrating peptide: an efficient sonochemical
catalytic process, J. Pept. Sci., 2020, 26, €3277.

5 H. Liu, C. Wang, C. Li, Y. Qin, Z. Wang, F. Yang, Z. Li and
J. Wang, A functional chitosan-based hydrogel as a wound
dressing and drug delivery system in the treatment of
wound healing, RSC Adv., 2018, 14, 7533-7549.

6 A. Yousfan, N. Rubio, A. H. Natouf, A. Daher, N. Al-Kafry,
K. Venner and H. Kafa, Preparation and characterisation
of PHT-loaded chitosan lecithin nanoparticles for
intranasal drug delivery to the brain, RSC Adv., 2020, 48,
28992-290009.

7 X. Tang, X. Gu, Y. Wang, X. Chen, J. Ling and Y. Yang, Stable
antibacterial polysaccharide-based hydrogels as tissue
adhesives for wound healing, RSC Adv., 2020, 29, 17280~
17287.

8 B. Prasanth Koppolu, S. G. Smith, S. Ravindranathan,
S. Jayanthi, T. K. S. Kumar and D. A. Zaharoff, Controlling
chitosan-based encapsulation for protein and vaccine
delivery, Biomaterials, 2014, 14, 4382-4389.

9 X. Huang, X. Bao, Y. Liu, Z. Wang and Q. Hu, Catechol-
functional chitosan/silver nanoparticle composite as
a highly effective antibacterial agent with species-specific
mechanisms, Sci. Rep., 2017, 1, 1-10.

10 W. A. Sarhan, H. M. Azzazy and 1. M. El-Sherbiny, Honey/
chitosan nanofiber wound dressing enriched with Allium
sativum and Cleome droserifolia: enhanced antimicrobial
and wound healing activity, ACS Appl. Mater. Interfaces,
2016, 10, 6379-6390.

11 M. Demirelli, E. Karaoglu, A. Baykal, H. Sozeri and E. Uysal,
Synthesis, characterization and catalytic activity of CoFe,0,-
APTES-Pd magnetic recyclable catalyst, J. Alloys Compd.,
2014, 582, 201-207.

12 A. Maleki, R. Taheri-Ledari and M. Soroushnejad, Surface
functionalization = of magnetic = nanoparticles via

aniline

43678 | RSC Adv, 2020, 10, 43670-4368]1

13

14

15

16

17

18

19

20

21

22

View Article Online

Paper

palladium-catalyzed Diels-Alder approach, ChemistrySelect,
2018, 46, 13057-13062.

R. Taheri-Ledari, J. Rahimi and A. Maleki, Synergistic
catalytic effect between ultrasound waves and pyrimidine-
2,4-diamine-functionalized magnetic nanoparticles:
applied for synthesis of 1,4-dihydropyridine
pharmaceutical derivatives, Ultrason. Sonochem., 2019, 59,
104737.

S. Rostamnia, B. Zeynizadeh, E. Doustkhah, A. Baghban and
K. O. Aghbash, The wuse of «k-carrageenan/Fe;O,
nanocomposite as a nanomagnetic catalyst for clean
synthesis of rhodanines, Catal. Commun., 2015, 68, 77-83.
A. Maleki, M. Niksefat, J. Rahimi and Z. Hajizadeh, Design
and preparation of Fe;O,@ PVA polymeric magnetic
nanocomposite film and surface coating by sulfonic acid
via in situ methods and evaluation of its catalytic
performance in the synthesis of dihydropyrimidines, BMC
Chem., 2019, 1, 19.

A. Maleki, J. Rahimi, Z. Hajizadeh and M. Niksefat, Synthesis
and characterization of an acidic nanostructure based on
magnetic polyvinyl alcohol as an efficient heterogeneous
nanocatalyst for the synthesis of o-aminonitriles, J.
Organomet. Chem., 2019, 881, 58-65.

R. Taheri-Ledari, A. Maleki, E. Zolfaghari, M. Radmanesh,
H. Rabbani, A. Salimi and R. Fazel, High-performance
sono/nano-catalytic system: Fe;0,@Pd/CaCO;-DTT core/
shell nanostructures, a suitable alternative for traditional
reducing agents for antibodies, Ultrason. Sonochem., 2020,
61, 104824.

R. Taheri-Ledari, J. Rahimi and A. Maleki, Method
screening for conjugation of the small molecules onto
the vinyl-coated Fe;O,/silica nanoparticles: highlighting
the efficiency of ultrasonication, Mater. Res. Express,
2020, 1, 015067.

A. Maleki, R. Taheri-Ledari and R. Ghalavand, Design and
fabrication of a magnetite-based polymer-supported hybrid
nanocomposite: a promising heterogeneous catalytic
system utilized in known palladium-assisted coupling
reactions, Comb. Chem. High Throughput Screening, 2020,
23, 119-125.

R. Taheri-Ledari, S. M. Hashemi and A. Maleki, High-
performance sono/nano-catalytic system: CTSN/Fe;O0,-Cu
nanocomposite, a promising heterogeneous catalyst for the
synthesis of N-arylimidazoles, RSC Adv., 2019, 69, 40348-
40356.

R. Taheri-Ledari, M. S. Esmaeili, Z. Varzi, R. Eivazzadeh-
Keihan, A. Maleki and A. E. Shalan, Facile route to
synthesize = Fe;O,@acacia-SOz;H  nanocomposite  as
a heterogeneous magnetic system for catalytic
applications, RSC Adv., 2020, 10, 40055-40067.

A. Maleki, R. Taheri-Ledari, R. Ghalavand and R. Firouzi-
Haji, Palladium-decorated o-phenylenediamine-
functionalized  Fe;0,/SiO,  magnetic  nanoparticles:
a promising solid-state catalytic system used for Suzuki-
Miyaura coupling reactions, J. Phys. Chem. Solids, 2020,
136, 109200.

This journal is © The Royal Society of Chemistry 2020


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d0ra08376c

Open Access Article. Published on 08 December 2020. Downloaded on 10/30/2025 3:57:58 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Paper

23 A. Maleki, M. Niksefat, J. Rahimi and R. Taheri-Ledari,
Multicomponent synthesis of pyrano [2,3-d] pyrimidine
derivatives via a direct one-pot strategy executed by novel
designed copperated Fe;O,@ polyvinyl alcohol magnetic
nanoparticles, Mater. Today Chem., 2019, 13, 110-120.

24 W. Zhang, R. Taheri-Ledari, Z. Hajizadeh, E. Zolfaghari,
M. R. Ahghari, A. Maleki, M. R. Hamblin and Y. Tian,
Enhanced activity of vancomycin by encapsulation in
hybrid magnetic nanoparticles conjugated to a cell-
penetrating peptide, Nanoscale, 2020, 6, 3855-3870.

25 R.  Taheri-Ledari, W. Zhang, M. Radmanesh,
S. S. Mirmohammadi, A. Maleki, N. Cathcart and V. Kitaev,
Multi-stimuli nanocomposite therapeutic: = Docetaxel
targeted delivery and synergies in treatment of human
breast cancer tumor, Small, 2020, 16, 2002733.

26 S. Parvaz, R. Taheri-Ledari, M. S. Esmaeili, M. Rabbani and
A. Maleki, A brief survey on the advanced brain drug
administration by nanoscale carriers: with a particular
focus on AChE reactivators, Life Sci., 2020, 240, 117099.

27 M. Kitis, E. Karakaya, N. O. Yigit, G. Civelekoglu and A. Akcil,
Heterogeneous catalytic degradation of cyanide using
copper-impregnated pumice and hydrogen peroxide, Water
Res., 2005, 8, 1652-1662.

28 L. Cavaleri, N. Miraglia and M. Papia, Pumice concrete for
structural wall panels, Eng. Struct., 2003, 1, 115-125.

29 Y. Zhang, P. Zhu, L. Chen, G. Li, F. Zhou, D. D. Lu, R. Sun,
F. Zhou and C. P. Wong, Hierarchical architectures of
monodisperse porous Cu microspheres: synthesis,
growth mechanism, high-efficiency and recyclable
catalytic performance, J. Mater. Chem., 2014, 30, 11966-
11973.

30 X. Zhang, Z. Chen, X. Liu, S. L. Hanna, X. Wang, R. Taheri-
Ledari, A. Maleki, P. Li and O. K. Farha, A historical
overview of the activation and porosity of metal-organic
frameworks, Chem. Soc. Rev., 2020, 49, 7406-7427.

31 S. S. Soltani, R. Taheri-Ledari, S. M. F. Farnia, A. Maleki and
A. Foroumadi, Synthesis and characterization of a supported
Pd complex on volcanic pumice laminates textured by
cellulose for facilitating Suzuki-Miyaura cross-coupling
reactions, RSC Adv., 2020, 39, 23359-23371.

32 A. Maleki, S. Gharibi, K. Valadi and R. Taheri-Ledari,
Pumice-modified cellulose fiber: an environmentally
benign solid state hybrid catalytic system for the synthesis
of 2,4,5-triarylimidazole derivatives, J. Phys. Chem. Solids,
2020, 142, 109443.

33 K. Valadi, S. Gharibi, R. Taheri-Ledari and A. Maleki,
Ultrasound-assisted  synthesis of 1,4-dihydropyridine
derivatives by an efficient volcanic-based hybrid
nanocomposite, Solid State Sci., 2020, 101, 106141.

34 R. Taheri-Ledari, K. Valadi, S. Gharibi and A. Maleki,
Synergistic photocatalytic effect between green LED light
and Fe;04/ZnO-modified natural pumice: a novel cleaner
product for degradation of methylene blue, Mater. Res.
Bull., 2020, 130, 110946.

35 A. Maleki, K. Valadi, S. Gharibi and R. Taheri-Ledari,
Convenient and fast synthesis of various chromene
pharmaceuticals assisted by highly porous volcanic micro-

This journal is © The Royal Society of Chemistry 2020

36

37

38

39

40

41

42

43

44

45

46

47

48

View Article Online

RSC Advances
powder with nanoscale diameter porosity, Res. Chem.
Intermed., 2020, 9, 4113-4128.

Y. Wu, M. Song, Q. Wang, T. Wang and X. Wang, A highly
selective conversion of toxic nitrobenzene to nontoxic
aminobenzene by Cu,O/Bi/Bi,M0Os, Dalton Trans., 2018,
26, 8794-8800.

I. Mantasha, M. Shahid, H. A. Saleh, K. M. Qasem and
M. Ahmad, A novel sustainable metal organic framework
as the ultimate aqueous phase sensor for natural hazards:
detection of nitrobenzene and F~ at the ppb level and
rapid and selective adsorption of methylene blue,
CrystEngComm, 2020, 22, 3891-39009.

W. Q. Kan and S. Z. Wen, A fluorescent coordination polymer
for selective sensing of hazardous nitrobenzene and
dichromate anion, Dyes Pigm., 2017, 139, 372-380.

X. Z. Shen, Z. C. Liu, S. M. Xie and J. Guo, Degradation of
nitrobenzene using titania photocatalyst co-doped with
nitrogen and cerium under visible light illumination, J.
Hazard. Mater., 2009, 2-3, 1193-1198.

M. A. Andrade Jr and L. H. Mascaro, Photoelectrocatalytic
reduction of nitrobenzene on Bi-doped CuGaS, films,
Chemosphere, 2018, 212, 79-86.

Y. Sang, Y. Cui, Z. Li, W. Ye, H. Li, X. S. Zhao and P. Guo,
Electrochemical
derivatives on glassy carbon electrode modified with
MnFe,0, colloid nanocrystal assemblies, Sens. Actuators, B,
2016, 234, 46-52.

S. Filldner, P. Pohla, H. Bartling, S. Dankesreiter, R. Stadler,
M. Gruber, A. Pfitzner and B. Konig, Selective photocatalytic
reductions of nitrobenzene derivatives using PbBiO,X and
blue light, Curr. Green Chem., 2011, 3, 640-643.

S. Pina Jr, D. M. Cedillo, C. Tamez, N. Izquierdo,
J. G. Parsons and ]J. J. Gutierrez, Reduction of
nitrobenzene derivatives using sodium borohydride and
transition metal sulfides, Tetrahedron Lett., 2014, 40,
5468-5470.

A. H. Qusti, R. M. Mohamed and M. A. Salam, Photocatalytic
synthesis of aniline from nitrobenzene using Ag-reduced
graphene oxide nanocomposite, Ceram. Int., 2014, 4, 5539~
5546.

W. Griinert, A. Briickner, H. Hofmeister and P. Claus,
Structural properties of Ag/TiO, catalysts for acrolein
hydrogenation, J. Phys. Chem. B, 2004, 18, 5709-5717.

X. F. Zhang, Z. G. Liu, W. Shen and S. Gurunathan, Silver
nanoparticles: synthesis, characterization, properties,
applications, and therapeutic approaches, Int. J. Mol. Sci.,
2016, 9, 1534.

Y. Zhou, S. Maharubin, P. Tran, T. Reid and G. Z. Tan, Anti-
biofilm AgNP-polyaniline-polysulfone composite
membrane activated by low intensity direct/alternating
current, Environ. Sci.: Water Res. Technol., 2018, 10, 1511—
1521.

P. Zhang, C. Shao, Z. Zhang, M. Zhang, J. Mu, Z. Guo and
Y. Liu, In situ assembly of well-dispersed Ag nanoparticles
(AgNPs) on electrospun carbon nanofibers (CNFs) for
catalytic reduction of 4-nitrophenol, Nanoscale, 2011, 8,
3357-3363.

reaction of nitrobenzene and its

RSC Adv, 2020, 10, 43670-43681 | 43679


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d0ra08376c

Open Access Article. Published on 08 December 2020. Downloaded on 10/30/2025 3:57:58 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

RSC Advances

49 Y. Guo, J. Chen and H. Kameyama, Promoted activity of the
selective catalytic reduction of NO, with propene by H,
addition over a metal-monolithic anodic alumina-
supported Ag catalyst, Appl. Catal., A, 2011, 1-2, 163-170.

50 Y. Guo, M. Sakurai and H. Kameyama, Temperature
programmed desorption/surface-reaction study of an
anodic alumina supported Ag catalyst for selective catalytic
reduction of nitric oxide with propene, Appl. Catal., 2008,
4, 382-393.

51 B. Demirel and O. Kelestemur, Effect of elevated
temperature on the mechanical properties of concrete
produced with finely ground pumice and silica fume, Fire
Saf. J., 2010, 45, 385-391.

52 M. Kumar, L. Varshney and S. Francis, Radiolytic
formation of Ag clusters in aqueous polyvinyl alcohol
solution and hydrogel matrix, Radiat. Phys. Chem., 2005,
1, 21-27.

53 N. Fleitas-Salazar, E. Silva-Campa, S. Pedroso-Santana,
J. Tanori, M. R. Pedroza-Montero and R. Riera, Effect of
temperature on the synthesis of silver nanoparticles with
polyethylene glycol: new insights into the reduction
mechanism, J. Nanopart. Res., 2017, 3, 1-12.

54 B. Sadeghi, Preparation of ZnO/Ag nanocomposite and
coating on polymers for anti-infection biomaterial
application, Spectrochim. Acta, Part A, 2014, 118, 787-792.

55 S. Yasmeen, M. K. Kabiraz, B. Saha, M. R. Qadir, M. A. Gafur
and S. M. Masum, Chromium (vi) ions removal from tannery
effluent using chitosan-microcrystalline cellulose composite
as adsorbent, Pure Appl. Chem., 2016, 10, 1-14.

56 R. Eivazzadeh-Keihan, K. K. Chenab, R. Taheri-Ledari,
J. Mosafer, S. M. Hashemi, A. Mokhtarzadeh, A. Maleki
and M. R. Hamblin, Recent advances in the application of
mesoporous silica-based nanomaterials for bone tissue
engineering, Mater. Sci. Eng., C, 2020, 107, 110267.

57 A. Maleki, R. Taheri-Ledari, J. Rahimi, M. Soroushnejad and
Z. Hajizadeh, Facile peptide bond formation: effective
interplay between isothiazolone rings and silanol groups at
silver/iron oxide nanocomposite surfaces, ACS Omega,
2019, 6, 10629-10639.

58 S. B. Aziz, M. H. Hamsan, W. O. Karim, M. F. Z. Kadir,
M. A. Brza and O. G. Abdullah, High proton conducting
polymer blend electrolytes based on chitosan: dextran with
constant specific capacitance and energy density,
Biomolecules, 2019, 7, 267.

59 A. M. Venezia, L. F. Liotta, G. Deganello, Z. Schay, D. Horvath
and L. Guezi, Catalytic CO oxidation over pumice supported
Pd-Ag catalysts, Appl. Catal., A, 2001, 2, 167-174.

60 A. Brito, F. Garcia, C. Alvarez, R. Arvelo, J. L. G. Fierro and
C. Diaz, High surface area support/catalyst derived from
natural pumice. Study of pretreatment variables, Ind. Eng.
Chem. Res., 2004, 7, 1659-1664.

61 A. ]. Ruiz-Baltazar, S. Y. Reyes-Lopez, M. L. Mondragon-
Sanchez, M. Estevez, A. R. Hernandez-Martinez and
R. Pérez, Biosynthesis of Ag nanoparticles using Cynara
cardunculus leaf extract: evaluation of their antibacterial
and electrochemical activity, Results Phys., 2018, 11, 1142-
1149.

43680 | RSC Adv, 2020, 10, 43670-4368]1

View Article Online

Paper

62 V. Kandathil, T. S. Koley, K. Manjunatha, R. B. Dateer,
R. S. Keri, B. S. Sasidhar, S. A. Patil and S. A. Patil, A new
magnetically recyclable heterogeneous palladium (u) as
a green catalyst for Suzuki-Miyaura cross-coupling and
reduction of nitroarenes in aqueous medium at room
temperature, Inorg. Chim. Acta, 2018, 478, 195-210.

63 A.K. Shil, D. Sharma, N. R. Guha and P. Das, Solid supported
Pd(0): an efficient recyclable heterogeneous catalyst for
chemoselective reduction of nitroarenes, Tetrahedron Lett.,
2012, 36, 4858-4861.

64 M. Rajabzadeh, H. Eshghi, R. Khalifeh and M. Bakavoli,
Generation of Cu nanoparticles on novel designed
Fe;0,@SiO,/EP.EN.EG as reusable nanocatalyst for the
reduction of nitro compounds, RSC Adv., 2016, 23, 19331~
19340.

65 S. L. Arora, J. L. Fergason and A. Saupe, Two liquid crystal
phases with nematic morphology in laterally substituted
phenylenediamine derivatives, Mol. Cryst. Lig. Cryst., 1970,
3, 243-257.

66 S. Sobhani, F. O. Chahkamali and J. M. Sansano, A new
bifunctional heterogeneous nanocatalyst for one-pot
reduction-Schiff base condensation and reduction-
carbonylation of nitroarenes, RSC Adv., 2019, 3, 1362-1372.

67 J. B. Wright, C. M. Hall and H. G. Johnson, N,N'-(Phenylene)
dioxamic acids and their esters as antiallergy agents, J. Med.
Chem., 1978, 9, 930-935.

68 T. Maejima, Y. Shimoda, K. Nozaki, S. Mori, Y. Sawama,
Y. Monguchi and H. Sajiki, One-pot aromatic amination
based on carbon-nitrogen coupling reaction between aryl
halides and azido compounds, Tetrahedron, 2012, 6, 1712-
1722.

69 J. Li, E. D. Inutan, B. Wang, C. B. Lietz, D. R. Green,
C. D. Manly, A. L. Richards, D. D. Marshall,
S. Lingenfelter, Y. Ren and S. Trimpin, Matrix assisted
ionization: new aromatic and nonaromatic matrix
compounds producing multiply charged lipid, peptide,
and protein ions in the positive and negative mode
observed directly from surfaces, J. Am. Soc. Mass
Spectrom., 2012, 10, 1625-1643.

70 J. W. Larsen, M. Freund, K. Y. Kim, M. Sidovar and
J. L. Stuart, Mechanism of the carbon catalyzed reduction
of nitrobenzene by hydrazine, Carbon, 2000, 5, 655-661.

71 P. S. Kumbhar, ]J. Sanchez-Valente, J. M. M. Millet and
F. Figueras, Mg-Fe hydrotalcite as a catalyst for the
reduction of aromatic nitro compounds with hydrazine
hydrate, J. Catal., 2000, 2, 467-473.

72 M. B. Gawande, H. Guo, A. K. Rathi, P. S. Branco, Y. Chen,
R. S. Varmad and D. L. Peng, First application of core-
shell Ag@Ni magnetic nanocatalyst for transfer
hydrogenation reactions of aromatic nitro and carbonyl
compounds, RSC Adv., 2013, 3, 1050-1054.

73 A. H. Qusti, R. M. Mohamed and M. Abdel Salam,
Photocatalytic synthesis of aniline from nitrobenzene
using Ag-reduced graphene oxide nanocomposite, Ceram.
Int., 2014, 40, 5539-5546.

74 N. Salam, B. Banerjee, A. Singha Roy, P. Mondal, S. Roy,
A. Bhaumik and S. M. Islam, Silver nanoparticles

This journal is © The Royal Society of Chemistry 2020


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d0ra08376c

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

Open Access Article. Published on 08 December 2020. Downloaded on 10/30/2025 3:57:58 PM.

(cc)

Paper

embedded over mesoporous organic polymer as highly
efficient and reusable nanocatalyst for the reduction of
nitroarenes and aerobic oxidative esterification of alcohols,
Appl. Catal., A, 2014, 477, 184-194.

75 B. Naik, S. Hazra, V. S. Prasad and N. N. Ghosh, Synthesis of
Ag nanoparticles within the pores of SBA-15: an efficient

This journal is © The Royal Society of Chemistry 2020

View Article Online

RSC Advances

catalyst for reduction of 4-nitrophenol, Catal. Commun.,
2011, 12, 1104-1108.

76 X. Cui, H. Li, M. Yuan, J. Yang, D. Xu, Z. Li, G. Yu, Y. Hou and
Z. Dong, Facile preparation of fluffy N-doped carbon
modified with Ag nanoparticles as a highly active and
reusable catalyst for catalytic reduction of nitroarenes, J.
Colloid Interface Sci., 2017, 506, 524-531.

RSC Adv, 2020, 10, 43670-43681 | 43681


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d0ra08376c

	Convenient conversion of hazardous nitrobenzene derivatives to aniline analogues by Ag nanoparticles, stabilized on a naturally magnetic pumice/chitos...
	Convenient conversion of hazardous nitrobenzene derivatives to aniline analogues by Ag nanoparticles, stabilized on a naturally magnetic pumice/chitos...
	Convenient conversion of hazardous nitrobenzene derivatives to aniline analogues by Ag nanoparticles, stabilized on a naturally magnetic pumice/chitos...
	Convenient conversion of hazardous nitrobenzene derivatives to aniline analogues by Ag nanoparticles, stabilized on a naturally magnetic pumice/chitos...
	Convenient conversion of hazardous nitrobenzene derivatives to aniline analogues by Ag nanoparticles, stabilized on a naturally magnetic pumice/chitos...
	Convenient conversion of hazardous nitrobenzene derivatives to aniline analogues by Ag nanoparticles, stabilized on a naturally magnetic pumice/chitos...
	Convenient conversion of hazardous nitrobenzene derivatives to aniline analogues by Ag nanoparticles, stabilized on a naturally magnetic pumice/chitos...
	Convenient conversion of hazardous nitrobenzene derivatives to aniline analogues by Ag nanoparticles, stabilized on a naturally magnetic pumice/chitos...
	Convenient conversion of hazardous nitrobenzene derivatives to aniline analogues by Ag nanoparticles, stabilized on a naturally magnetic pumice/chitos...
	Convenient conversion of hazardous nitrobenzene derivatives to aniline analogues by Ag nanoparticles, stabilized on a naturally magnetic pumice/chitos...
	Convenient conversion of hazardous nitrobenzene derivatives to aniline analogues by Ag nanoparticles, stabilized on a naturally magnetic pumice/chitos...

	Convenient conversion of hazardous nitrobenzene derivatives to aniline analogues by Ag nanoparticles, stabilized on a naturally magnetic pumice/chitos...
	Convenient conversion of hazardous nitrobenzene derivatives to aniline analogues by Ag nanoparticles, stabilized on a naturally magnetic pumice/chitos...
	Convenient conversion of hazardous nitrobenzene derivatives to aniline analogues by Ag nanoparticles, stabilized on a naturally magnetic pumice/chitos...
	Convenient conversion of hazardous nitrobenzene derivatives to aniline analogues by Ag nanoparticles, stabilized on a naturally magnetic pumice/chitos...
	Convenient conversion of hazardous nitrobenzene derivatives to aniline analogues by Ag nanoparticles, stabilized on a naturally magnetic pumice/chitos...
	Convenient conversion of hazardous nitrobenzene derivatives to aniline analogues by Ag nanoparticles, stabilized on a naturally magnetic pumice/chitos...
	Convenient conversion of hazardous nitrobenzene derivatives to aniline analogues by Ag nanoparticles, stabilized on a naturally magnetic pumice/chitos...

	Convenient conversion of hazardous nitrobenzene derivatives to aniline analogues by Ag nanoparticles, stabilized on a naturally magnetic pumice/chitos...
	Convenient conversion of hazardous nitrobenzene derivatives to aniline analogues by Ag nanoparticles, stabilized on a naturally magnetic pumice/chitos...
	Convenient conversion of hazardous nitrobenzene derivatives to aniline analogues by Ag nanoparticles, stabilized on a naturally magnetic pumice/chitos...


