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A B S T R A C T

In this study, a silver/microporous carbon (Ag@MC) nanocomposite was synthesized using cherry
tree gum as a carbon precursor via a hydrothermal method. The catalytic performance of Ag@MC
was evaluated for the reduction of nitroaromatic derivatives under solvent-free and microwave-
assisted conditions, achieving yields higher than 90 % in just 5 min, significantly shorter than
many comparable studies. Comprehensive characterization confirmed the structure and stability
of Ag@MC, with silver nanoparticles effectively trapped within its microporous matrix. The
nanocomposite demonstrated excellent reusability, maintaining high catalytic activity over six
cycles, thereby adhering to green chemistry principles. These findings highlight the potential of
using sustainable natural polymers for high-efficiency catalytic applications.

1. Introduction

Water pollution is a critical environmental issue with significant implications for ecosystems, human health, and sustainable
development globally. The degradation of water quality affects all forms of life, disrupts ecological balances, and poses direct threats to
human health through contaminated drinking water and food sources [1]. Addressing water pollution requires comprehensive stra-
tegies that include upgrading and expanding wastewater treatment infrastructure. Such improvements can effectively remove pol-
lutants from sewage and industrial discharges before they are released into the environment [2–4].

Catalysts play a crucial role in enhancing the efficiency and effectiveness of water treatment processes [5,6]. Various catalysts have
been employed in the treatment of water pollution, including metal oxides, zeolites, noble metals, enzymes, and biochar. Each of these
catalysts offers unique properties that contribute to their effectiveness in different water treatment processe [7–11]. Porous carbon
materials are renowned for their exceptional porosity and surface area, making them highly effective in various industrial applications,
including gas storage, separation processes, and catalysis [12–14]. These materials offer several advantages over other catalysts, such
as enhanced adsorption capacity and catalytic activity due to their extensive network of pores [15,16]. They can be derived from
various organic precursors, including natural polymers and biomass, making them versatile and sustainable. Porous carbon materials
exhibit excellent chemical and thermal stability, making them suitable for a wide range of environmental conditions. Additionally, the
use of abundant and renewable resources like natural polymers reduces production costs, making these materials economically
attractive [17,18]. The synthesis of porous carbon involves the carbonization of organic precursors, such as natural polymers or
biomass-derived materials, followed by activation to enhance the porosity and surface properties.
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Traditional literature often relies on non-renewable or less sustainable sources, whereas cherry tree gum offers an environmentally
friendly alternative. Cherry tree gum, derived from the exudate of cherry trees, represents a unique and sustainable source of natural
polymer for the synthesis of porous carbon materials [19,20]. Traditional literature often relies on non-renewable or less sustainable
sources, whereas cherry tree gum offers an environmentally friendly alternative [21]. Additionally, the carbons produced from cherry
tree gum exhibit a high surface area and well-developed porosity, which are critical for applications in adsorption and catalysis [22].
By incorporating cherry tree gum as a precursor for porous carbon synthesis, researchers align with the principles of green chemistry
by utilizing a renewable resource, reducing carbon footprint, and promoting the circular economy.

To enhance the properties of porous carbon, various composites with metals such as aluminum, magnesium, titanium, and silver
can be synthesized [23,24]. Silver nanoparticles, known for their unique optical, catalytic, and antimicrobial properties, have garnered
significant attention in nanotechnology and biomedicine [25,26]. The synergistic combination of silver nanoparticles and porous
carbon not only expands the applications of these materials but also offers novel opportunities for tailored properties in areas such as
sensing, catalysis, and environmental remediation.

Nitroaromatic derivatives are relatively uncommon and are mainly released into the environment through human activities [27].
These compounds are widely used in industries such as dyes, polymers, and pesticides, leading to soil and groundwater contamination
and posing health risks like hepatotoxicity, skin sensitization, and mutagenicity. The stability and electron-withdrawing nature of the
nitro group make nitroaromatics resistant to oxidative degradation [28,29]. However, they can be reduced to non-toxic aromatic
amines, which are valuable in agrochemicals, dyes, herbicides, pharmaceuticals, chelating agents, and photographic chemicals [30,
31]. The reduction of nitroaromatics has been achieved using various catalysts, including CuNi bimetallic nanoparticles, Rh-Fe3O4,
Pd/C, Au nanocatalysts, Pd/SiO2, and gum-acacia/Pt [32–36]. Despite their efficacy, there is still a need for more efficient and sus-
tainable methods to reduce nitroaromatic compounds.

Performing reactions under solvent-free conditions can reduce the problems associated with chemical reactions, such as high re-
action times, high energy consumption, and waste production. Conventional heating methods often result in poor temperature control
and uneven heat distribution within the reaction vessel. Microwave irradiation offers an efficient alternative, directly affecting in-
dividual molecules and eliminating the need for solvents. The reduction of nitroaromatic compounds to their corresponding amines is a
critical reaction in both industrial and environmental contexts due to the widespread use of these compounds in pharmaceuticals,
agrochemicals, and dyes. Despite advancements in catalytic methodologies, several challenges remain prevalent in current catalytic
systems. One significant issue is selectivity; many traditional catalytic methods lack the necessary selectivity to differentiate between
nitroaromatic compounds and other reducible functionalities within the same molecule, leading to undesirable side reactions and low
yields of the target amine products [37]. Another challenge is the toxicity and environmental impact of commonly used catalysts, such
as palladium, platinum, and rhodium. These catalysts are effective but not environmentally benign, and their synthesis, usage, and
disposal pose significant environmental and health risks [38]. Additionally, the solvents often used in these reactions can be hazardous
and contribute to the overall environmental footprint of the process [39]. Lastly, traditional catalytic methods often require harsh
reaction conditions, including high temperatures and pressures, which not only increase energy consumption but also limit the types of
substrates that can be processed, as some may degrade or react undesirably under these conditions [36].

Our study focused on the reduction of hazardous nitroaromatic compounds using an innovative method that employs Ag@MC
under microwave-assisted conditions. This method provided several benefits, including short reaction times, high yields, and solvent-
free conditions. By aligning with green chemistry principles, we successfully converted nitroaromatics to their corresponding aromatic
amine derivatives. The aim is to demonstrate that this innovative approach not only enhances the efficiency and yield of the reduction
process but also aligns with green chemistry principles by utilizing renewable resources and minimizing environmental impact.

2. Materials and methods

2.1. Experimental materials

All chemicals were purchased by Sigma–Aldrich and Merck companies. Many analyses have been performed, including Fourier
Transform Infrared Spectroscopy (FT-IR) by Tensor27, Thermal Gravimetric Analysis (TGA) under argon atmosphere was taken by STA
504, Nuclear Magnetic Resonance (NMR) with Varian-Inova 500 MHz, X-Ray Powder Diffraction (XRD) by Dron-8, Energy-Dispersive
X-ray (EDS) by Numerix DXP–X10P, Nitrogen adsorption analysis (BET) with ASAP™ micromeritics 2020, and Field Emission
Scanning Electron Microscopy (FE-SEM) by TESCAN-MIRA.

2.2. Preparation of cherry tree gum extract

Cherry tree gum (Mw: >5000, from Damavand region of Iran [20]) was collected from the cherry tree, dried in sunlight for two
days, and a uniform powder was obtained using a ball mill (2 balls, 30 Hz, 20min, Retsch Ball-mill). The color of the gum changed from
dark yellow to white during this process. Furthermore, the white powder was washed with ethanol several times to remove the im-
purities and dried completely at 60 ◦C.

2.3. Preparation of MC

Initially, 2 g of gum powder was carefully added in small increments to a 50 mL round bottom flask containing water. The mixture
was stirred continuously until a homogeneous, pure, and clear gel was formed. This gel was then transferred to a 100 mL autoclave
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flask and subjected to a high temperature of 180 ◦C in an oven for a duration of 12 h. Following this thermal treatment, the gel
transformed into a dark-colored solution. The solution was subsequently filtered to remove any solid impurities and then washed
multiple times with water and ethanol to eliminate any residual contaminants. The resulting material was then dried in a vacuum oven
at 60 ◦C for 8 h to remove any remaining moisture and solvents. Then, the obtained powder was carefully mixed with potassium
hydroxide in a specific ratio of 1:3. Potassium hydroxide acts as an activating agent crucial for reducing particle size and increasing the
surface area of the catalyst. The powder-KOHmixture was then transferred to an oven and exposed to a high temperature of 800 ◦C for
1 h under a nitrogen atmosphere. Subsequently, the activated powder was thoroughly washed with hydrochloric acid solution (1M)
followed by rinsing with water. The washed microporous carbon was then carefully dried in an electric oven at a lower temperature of
110 ◦C.

2.4. Preparation of Ag@MC

Initially, 0.1 g of silver nitrate (AgNO3) was dissolved in water to prepare a 5 mL solution in a round bottom flask. Subsequently,
0.1 g of MC, was added to the silver nitrate solution. The mixture was then stirred for 2 h under a nitrogen (N2) atmosphere. Following
the stirring period, NaBH4, a potent reducing agent, was gradually added to the mixture in a specific molar ratio of 6:1 (NaBH4: silver
nitrate). The addition of NaBH4 initiates the reduction process, converting Ag(II) ions from the silver nitrate into elemental silver
nanoparticles (Ag(0)). The mixture containing NaBH4 was further stirred for 6 h to allow complete reduction of the silver ions into
metallic silver nanoparticles. The reaction mixture containing the synthesized Ag@MC nanocomposite was carefully filtered to
separate the solid material from the liquid phase. The filtered material was then washed sequentially with methanol to remove any
residual impurities and unreacted components, followed by rinsing with water to ensure cleanliness. The washed Ag@MC nano-
composite was then subjected to drying at a controlled temperature of 60 ◦C.

2.5. Reduction of nitroaromatic derivatives

4-chloronitrobenzene (1 mmol) and hydrazine hydrate (10 mmol, 0.972 mL) were accurately measured and combined in a flask.
Additionally, 0.03 g of the synthesized catalyst was added to the mixture. The flask containing the reactants and catalyst was then
placed in a microwave operating at 100 W. The progress of the chemical reaction was continuously monitored using Thin Layer
Chromatography (TLC). Upon reaching the desired reaction endpoint (5–8 min), the catalyst was separated from the reaction mixture
by filtration using ethanol. The intended product was then isolated from the reaction mixture either through a simple filtration process
or by promoting crystallization.

2.6. Selected spectra data

4-aminoacetophenone (12a): FT-IR (KBr): 3398, 3333, 3223, 1652, 1589, 1440, 1282, 1178 cm− 1. NMR (DMSO-d6): 2.37 (s, 3H,
CH3), 6.03 (s, 2H, NH2), 6.57 (d, 2H, Ar-H), 7.68 (d, 2H, Ar-H) ppm. (See full images in Supplementary material file)

2-aminobenzophenone (13a): FT-IR (KBr): 3435, 3318, 3166, 1631, 1553, 1448, 1249, 1147, 1024 cm− 1. NMR (DMSO-d6): 6.5
(t,1H, Ar-H), 6.88 (d,1H, Ar-H), 7.13 (s,2H, NH2), 7.25–7.30 (m, 2H, Ar-H), 7.48–7.59 (m, 5H, Ar-H) ppm. (See full images in

Fig. 1. FT-IR spectrum of (a) cherry tree gum and (b) Ag@MC
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Fig. 2. EDS analysis of Ag@MC

Fig. 3. XRD patterns of a) MC and b) Ag@MC
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Supplementary material file)

3. Results and discussion

3.1. Characterization of MC and Ag@MC

The functional groups present in cherry tree gum (Fig. 1-a) and Ag@MC (Fig. 1-b) were identified through FT-IR analysis. In Fig. 1-
a, a broad peak about 3408 cm− 1 was observed, which corresponds to the stretching vibrations of hydroxyl (-OH) groups. Additionally,
the stretching vibrations of aliphatic carbon-hydrogen (C-H) groups were observed around 2917 cm− 1. The peak at approximately
1608 cm⁻1 corresponds to the stretching vibration of the carbonyl group (C=O), while the peaks at 1456 and 1059 cm⁻1 are attributed
to the stretching vibrations of C–O groups. In Fig. 1-b, the infrared spectrum shows a broad peak centered around 3368 cm− 1 which is
indicative of the presence of -OH groups, possibly from adsorbed H2O molecules. The spectrum also demonstrates the stretching vi-
brations of aliphatic C-H groups at around 2875 and 2965 cm− 1. Moreover, the peaks observed at 1680, 1500, and 1470, as well as at
748 cm− 1 correspond to stretching vibrations of C=C, Ar C-C, methylene groups, and out-of-plane C-H bending vibrations, respectively
[13,40]. These results provide valuable insights into the chemical composition of cherry tree gum and Ag@MC, which may have
important implications for their potential applications in various fields.

Although FT-IR analysis is a powerful technique for identifying functional groups, it may not be sensitive enough to detect Ag in a
nanocomposite. Therefore, in this research, EDS analysis was employed to confirm the presence of Ag in the prepared nanocomposite
(Fig. 2). The high percentage of carbon illustrates that microporous carbon is well prepared, and the washing step leads to removing
the potassium. Also, there is an upright percentage of Ag, which means Ag ions are well composited with MC. A small ratio of Na is
observed due to the reduction of AgNO3, and it was not washed completely very well after many times.

X-ray diffraction (XRD) analysis was conducted to examine the crystallographic structure of MC (Fig. 3-a) and Ag@MC nano-
composite (Fig. 3-b). In Fig. 3-a, a broad peak centered around 24◦ is observed, which indicates the amorphous structure of MC, in
agreement with the findings reported in the literature [41]. On the other hand, Fig. 3-b displays the wide-angle XRD pattern of
Ag@MC, which exhibits a well-crystallized structure. The diffraction peaks observed at 37.9◦, 44.1◦, 64.3◦, and 77.1◦ correspond to the

Fig. 4. FE-SEM images (a–c) MC, (d–f) Ag@MC
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(111), (200), (220), and (311) diffraction reflection planes, respectively [42]. The broad peak typically associated with amorphous
carbon may not appear in the XRD pattern of the catalyst due to the dominance of highly crystalline phases in the catalyst, such as
metals. These crystalline phases produce strong and sharp diffraction peaks that can overshadow the weaker and broader signals of
amorphous carbon, making it less detectable in the XRD pattern [43].

In Fig. 4, we can observe the MC (Fig. 4-a,b) and Ag@MC nanocomposite (Fig. 4-c,d) morphologies, which were analyzed using FE-
SEM. The surface of the MC, as shown in Fig. 4(a and b), appears to be agglomerated and rough, with small visible holes that allow
Silver with a diameter of 0.133 nm to enter [44]. However, after introducing silver ions into the micro-cavities, the MC structure
remained unchanged, and the surface roughness increased, as seen in Fig. 4(c and d). These observations suggest that the introduction
of silver ions did not alter the overall structure of MC, but it did affect the surface morphology, which may have implications for the
performance of the nanocomposite in various applications.

The surface area, pore size, pore volume, and the type of isotherm were measured by N2 adsorption-desorption analysis. According
to Fig. S1, the N2 adsorption-desorption isotherm of MC and Ag@MC nanocomposite is type (I), which proves the synthesized
nanocomposite has micro pores [45]. The isotherm is relatively flat, and no hysteresis loop is witnessed, suggesting no mesopores are
present in the material [46]. The pore size distribution is shown in Table 1, and it is obvious that most of the pores have a diameter of
less than 2 nm. Ag@MC has a lower surface area (681.95 m2 g− 1) than MC (1551.73 m2 g− 1) due to the existence of Ag in the pores of
MC. However, the pore diameter of Ag@MC (1.923 nm) is larger than MC (1.445 nm) due to the existence of Ag on the pore apertures
of MC.

TGA analysis was performed to evaluate the thermal stability of Ag@MC nanocomposite in the range of 30 ◦C–800 ◦C as shown in
Fig. 5. Before 100 ◦C, the mass loss stage may be due to the H2O adsorbing by synthesized nanocomposite. Ag@MC nanocomposite
exhibited excellent thermal resistance and did not experience significant mass reduction up to 350 ◦C. However, around 600 ◦C, a
significant weight loss was observed, which can be attributed to the decomposition of the synthesized nanocomposite.

3.2. Experimental conditions for the preparation of Ag@MC

The choice of experimental conditions, particularly the temperature and duration for the hydrothermal method, was based on
several critical factors aimed at optimizing the synthesis of microporous carbon and ensuring the effectiveness of the resulting catalyst.
The hydrothermal treatment at 180 ◦C for 12 h was selected to ensure the complete conversion of the cherry tree gum into a
carbonaceous gel with well-developed porosity. This temperature and duration balance the need for sufficient thermal energy to
facilitate the carbonization process while preventing the degradation of the material that could occur at higher temperatures or longer
durations. Previous studies have demonstrated that hydrothermal processes at this temperature range are effective in converting
natural polymers into porous carbon materials with high surface areas and desirable structural properties [47].

The activation step involving potassium hydroxide (KOH) at 800 ◦C for 1 h under a nitrogen atmosphere was chosen to maximize

Table 1
Specific surface area calculated by analysis, total pore volume, and pore diameter size of MC and Ag@MC

Sample SBETa /m2g− 1 Vpb/cm3g− 1 Dp
b/nm

MC 1551.73 0.974 1.445
Ag@MC 681.95 0.975 1.923

Fig. 5. TGA analysis of Ag@MC
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the surface area and porosity of the microporous carbon. The high temperature promotes the activation process, which enhances the
material’s adsorption capacity and catalytic activity by developing a well-connected network of micropores. KOH is a widely used
activating agent that effectively creates a porous structure through chemical activation, and the specified ratio of 1:3 (carbon to KOH)
has been shown to produce optimal results in terms of pore development and surface area enhancement [48].

By using a 6:1 M ratio of NaBH4 to AgNO3, this study ensures the efficient production of stable, well-dispersed silver nanoparticles
within the microporous carbon matrix, thereby enhancing the catalytic properties of the Ag@MC nanocomposite for the reduction of
nitroaromatic compounds [42].

The subsequent washing and drying steps at 60 ◦C and 110 ◦C, respectively, ensure the removal of residual activating agents and
moisture, preserving the structural integrity of the microporous carbon. These temperatures are sufficient to achieve thorough drying
without causing thermal damage to the material, which is crucial for maintaining the high surface area and porosity required for
effective catalytic performance [21].

Fig. 6. Effect of the amount of catalyst on the yield of model reaction. Model reaction: 4-chloronitrobenzene (1 mmol), hydrazine hydrate (10
mmol), microwave conditions (100 W), 5 min.
The yields related to the isolated product.

Fig. 7. Effect of the amount of hydrazine hydrate on the yield of model reaction. Model reaction: 4-chloronitrobenzene (1 mmol), catalyst (0.03 g)
microwave conditions (100 W), 5 min.
The yields related to the isolated product.
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3.3. Microwave-assisted reduction of nitroaromatic derivatives

Our study demonstrates the effective use of cherry tree gum-derived silver/microporous carbon (Ag@MC) nanocomposites for the
reduction of nitroaromatic compounds under microwave-assisted, solvent-free conditions. The reduction of these compounds has been
carried out with exceptional efficiency using a microwave-assisted approach (100 W) in the presence of 4-chloronitrobenzene (1
mmol), hydrazine hydrate (10 mmol), and the synthesized nanocomposite as a catalyst (0.03 g), which was used as a model reaction.
Various parameters were studied to identify the optimal reaction conditions, including reaction time, catalyst and hydrazine hydrate
amounts, and diverse reaction conditions. The progress of the reaction was monitored by TLC, and the intended product was easily
obtained by simple filtration.

A series of experiments were conducted to determine the optimal amount of catalyst required for the reaction (Fig. 6). Initially, the
reaction was carried out without any catalyst, and no product was observed, highlighting the significance of the catalyst in the re-
action. Subsequently, the reaction was performed with varying amounts of catalyst, including 0.02, 0.03, and 0.05 g. It was observed
that the reaction efficiency increased with the addition of catalysts up to 0.03 g, and there was no further increase in efficiency beyond
this point. Therefore, it can be concluded that the optimal amount of catalyst for this particular reaction is 0.03 g.

Several amounts of hydrazine hydrate were tested during the experiment to identify the ideal quantity for the reaction (5, 8, 10, and
12 mmol). The obtained results, displayed in Fig. 7, clearly indicate that the reaction efficiency increases as the amount of hydrazine
hydrate increases until it reaches a maximum of 10 mmol. The data suggests that beyond this amount, further increases in the amount
of the catalyst do not have any significant impact on the reaction efficiency. As a result, it can be concluded that 10mmol is the optimal
amount of hydrazine hydrate for this specific chemical reaction.

Finally, to determine the most effective reaction time, a study was conducted where different reaction times were tested, including
2, 5, 6, and 7 min (Fig. 8). The experiment aimed to identify the optimal reaction time that would enhance the efficiency of the re-
action. After analyzing the results, it was found that the most effective reaction time was 5 min. Interestingly, the study also found that
longer reaction times did not improve the reaction efficiency. Hence, it was concluded that 5 min is the optimal reaction time for the
studied reaction.

Following the optimization of the reaction, which involved the precise determination of the appropriate amount of catalyst (0.03 g)
and hydrazine hydrate (10 mmol), as well as the optimal reaction time (5 min), we went ahead to test different reaction conditions,
which included reflux (180 min, 60 % yield) and sonication (30 min, 40 % yield). From the obtained results, as presented in Table 2, it

Fig. 8. Effect of reaction time on the yield of model reaction. Model reaction: 4-chloronitrobenzene (1 mmol), hydrazine hydrate (10 mmol),
microwave conditions (100 W).
The yields related to the isolated product.

Table 2
Comparison of different reaction conditionsa,b.

Entry conditions N2H4.H2O (mmol) Catalyst (g) Time (min) Yield (%)

1 Microwave 10 0.05 5 97
2 Reflux 10 0.03 180 50
3 Sonication 10 0.03 30 40

a Reaction conditions: 4-chloronitrobenzene (1 mmol), hydrazine hydrate (10 mmol).
b The yields related to the isolated product.

H. Ghafuri et al.



Heliyon 11 (2025) e41961

9

is evident that the best reaction conditions were achieved using microwave conditions. This indicates that microwave conditions
significantly impact the reaction yield, and it is a better alternative to reflux and sonication.

3.4. Catalytic reduction of various 4-nitroaromatics

In order to showcase the advantageous catalytic properties of Ag@MC, several nitroaromatic derivatives were subjected to
experimentation using the optimized conditions. The experiment results revealed that the intended products were produced with a
yield ranging from 91 % to 97 % (as indicated in Table 3). This indicates that Ag@MC is a highly effective catalyst for these reactions
and can be utilized to produce intended products with a high degree of efficiency.

The leaching study was conducted to evaluate the heterogeneity of the solid catalyst. After 2 min of reaction, the active catalytic
species were separated by hot filtration. Monitoring the reaction progress revealed that Ag leaching was negligible (Fig. 9).

3.5. Comparision with other published literature

In comparing the performance of the provided study on cherry tree gum-derived silver/microporous carbon (Ag@MC) for the
reduction of nitroaromatic compounds with similar research, it is evident that the provided study exhibits superior performance. The

Table 3
Reduction of nitroaromatic derivatives with optimized reaction conditions.a.

Entry R product Time (min) Melting point [Ref.] Yieldb

1 H 1a 5 – Oil
2 2-OH 2a 5 171-173 [49] 97
3 4-CH3 3a 5 51-53 [50] 96
4 4-CH3OH 4a 5 63-65 [51] 97
5 2-NH2 5a 5 101-103 [51] 96
6 3-NO2 6a 7 65-67 [52] 95
7 3-CH3OH 7a 5 90-93 [49] 96
8 4-NH2 8a 5 142-144 [51] 96
9 4-OH 9a 5 191-193 [53] 95
10 4-Cl 10a 7 70-71 [54] 94
11 4-COOH 11a 8 187-189 [55] 91
12 4-COCH3 12a 6 104-106 [51] 93
13 2-COPh 13a 5 111-113 [56] 90

a Reaction conditions: nitrobenzene (1 mmol), hydrazine hydrate (10 mmol), catalyst (0.03 g), microwave (100 W).
b The yields related to the isolated product.

Fig. 9. Hot filtration test to assess catalyst heterogeneity.
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study achieves a significantly shorter reaction time, successfully reducing nitroaromatic compounds in just 5 min under microwave-
assisted, solvent-free conditions, while many comparable studies report longer reaction times. For instance, the study by Xu et al.
requires 15 min for the reduction process.

Furthermore, the provided study reports yields exceeding 90 %, which is notably higher than those achieved in other studies. For
example, Hasan et al. reported a yield of 90 % under similar conditions. The reusability of the Ag@MC nanocomposite is another
critical advantage. It maintained high catalytic activity over six cycles, whereas many other nanocomposites showed reduced effi-
ciency after fewer cycles. Ling et al. demonstrated that their nanocomposite maintained activity after ten cycles, but this still reflects
the robust performance of the Ag@MC nanocomposite.

Additionally, the use of sustainable natural polymers, such as cherry tree gum, aligns with green chemistry principles, offering an

Table 4
Comparision the reduction reaction conditions of 4-nitrophenol with other published literature.

Entry Catalyst Reaction conditions Time (min) Yielda (%) Reductant Ref.

1 Fe3O4/CS-Ag Water, RT 15 98 NaBH4 (0.5 mM) [57]
2 Fe3O4@CS@MS@A Water, RT 10 98 NaBH4 (1 mM) [58]
3 QCRAg nanocomposite Water, RT 30 95 NaBH4 (0.03 M) [59]
4 Ag@MC Solvent-free, microwave (100 W) 5 95 hydrazine hydrate (10 mmol) This work

a Isolated yield.

Fig. 10. Mechanism of reduction of nitroaromatic derivatives.
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environmentally friendly alternative to the non-renewable resources used in many other studies. This sustainable approach not only
reduces the carbon footprint but also promotes the circular economy, providing a distinct advantage over traditional methods.

Overall, the provided study demonstrates superior efficiency, higher yields, greater reusability, and sustainable resource utiliza-
tion, making it a significant advancement in the field of catalytic reduction of nitroaromatic compounds (See Table 4). This highlights
the potential of natural polymer-based nanocomposites in sustainable catalytic applications, setting a benchmark for future research in
this area.

3.6. Mechanism

Based on the results of this study and previous literature, the proposed mechanism (Fig. 10) explains the reaction process step-by-
step [60,61]. The first step involves the attachment of hydrazine hydrate to Ag NPs. In steps II and III, the oxygens of nitrobenzene
bond with hydrogens to form hydroxyl groups. In step IV, a water molecule is eliminated, and a double bond is formed, leading to the
production of nitrosobenzene in step V. Moving on to step VI, the nitrogen and oxygen bond with hydrogens of hydrazine hydrate to
form hydrogen bonds. Steps VII and VIII involve the hydroxyl group reacting with hydrogen atoms, releasing water. Once water is
eliminated, Aniline is produced, and the composite can be reused in the next step. Overall, the proposedmechanism provides a detailed
explanation of the reaction process and sheds light on the underlying chemistry behind it.

Fig. 11. Reusability of Ag@MC nanocomposite.

Fig. 12. FE-SEM images of reused Ag@MC
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3.7. Reusability

One of the fundamental principles of green chemistry is the ability to recover and recycle materials. In line with this principle, the
reusability of the nanocomposite Ag@MC was studied to reduce nitroaromatics to aromatic amine derivatives. The process involved
extracting Ag@MC from the reaction through a simple filtration, washing with water and ethanol, and drying at 70 ◦C. This process
was repeated six times under unchanged conditions. Although the yield gradually decreased after each reaction, the decrease was still
within an acceptable range. This study highlights the potential of Ag@MC to be used as an efficient and sustainable catalyst in various
chemical reactions (Fig. 11). The FE-SEM, EDS, XRD, and FT-IR analysis of reused catalyst were shown in Figs. 12–15, respectively.

Fig. 13. EDS analysis of reused Ag@MC

Fig. 14. XRD patterns of a) Ag@MC and b) reused Ag@MC
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4. Conclusion

In conclusion, the Ag@MC nanocomposite, synthesized using cherry tree gum, was effectively applied as a catalyst for reducing
nitroaromatic compounds in the presence of hydrazine hydrate under microwave and solvent-free conditions. The Ag@MC nano-
composite exhibited high conversion efficiency for reducing various nitroaromatic compounds to aromatic amine products, thereby
neutralizing their hazardous effects. The cherry tree gum, after being subjected to high temperatures in a furnace, proved to be an
excellent carbon precursor for synthesizing microporous carbon due to its various monosaccharide compounds. Additionally, Ag@MC
demonstrated impressive reusability, with no significant decrease in efficiency after being reused six times. These results highlight the
potential of Ag@MC as a promising catalyst in various chemical applications.

CRediT authorship contribution statement

Hossein Ghafuri: Visualization, Supervision, Methodology, Investigation. Fariba Gholipour: Investigation, Formal analysis.
Peyman Hanifehnejad:Writing – review & editing, Writing – original draft, Investigation, Data curation. Fatemeh Bijari:Writing –
original draft, Data curation.

Data availability

Upon reasonable request, the corresponding author can provide access to the datasets utilized and/or analyzed during the course of
this research.

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.heliyon.2025.e41961.

Fig. 15. FT-IR spectrum of (a) reused Ag@MC and (b) Ag@MC
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