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Abstract 

In this study, for the first time, hydrothermal treatment of Eleusine indica leaf extract and silver 
nitrate produced nanosilver immobilized in hydrothermal carbon synthesized at different reaction times 
(RT) - 6, 12, 24 and 48 h. The surface morphology of nanosilver hydrochar (AgNP@hydrochar) 
composites was studied using SEM, while their chemical functionalities were investigated using FT-IR, 
UV-Vis, XRF and EDX spectroscopy. The AgNP@hydrochar were observed to be agglomerated 
spherical particles with size ranges from 128 to 171 nm. Varying C=O and C=C IR absorption peaks at 
different RT suggested that the plant extract reduced Ag+ into Ag0 in solution. Elemental analysis using 
EDX showed that Ag is dominant in the composite (84.07 %) supported by the Ag spatial distribution as 
demonstrated by the EDX elemental mapping. 
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Introduction 

As one of the most commonly synthesized nanomaterials, silver nanoparticles (AgNPs) are used in a 
wide range of applications such as antimicrobial properties [1,2], anticancer effects [3,4], antimalarial 
properties [5], dental agent [6], and sensing and imaging [7,8]. Therefore, both physical and chemical 
pathways have been developed for producing AgNPs. These synthetic procedures include evaporation-
condensation, laser ablation, chemical reduction, microemulsion techniques, microwave-assisted 
synthesis, and green synthesis [9]. Many AgNPs have been produced using green synthesis because of 
their secure, reliable, and environmental-friendly approach. Furthermore, extracts from biological 
organisms (plant, bacteria, and fungi) are used as reducing agents in synthesizing AgNP [10,11]. 
Moreover, another advantage of green synthesis is the production of eco-friendly AgNPs [12].  
 Hydrothermal carbonization is a green, versatile process in producing sustainable carbon materials 
known as hydrothermal carbon or hydrochar [13,14]. This technique has been used to synthesize AgNPs 
and AgNP carbon micro/nanocomposites. Sun and Li [15] reported tunable-sized AgNP encapsulated in a 
carbonaceous shell produced through hydrothermal carbonization of glucose. While poly(N-vinyl-2-
pyrrolidone) as a reducing agent and carbon precursor produced polyhedral AgNPs via the hydrothermal 
route [16]. Combining both hydrothermal carbonization and green synthesis using biological extract is a 
good avenue in developing nano/microparticles with exciting properties. Plant extracts can act as a 
reducing agent and carbon source in producing AgNP - carbon nano/micro composites. Reports show that 
green hydrothermal synthesis of AgNPs is produced using plant extracts from gambier leaf [17], red 
cabbage [18], Pelargonium/Geranium leaf [19], tobacco stem [20], aloe vera [21,22] and blushwood berry 
[23] and bacterial extract from Streptomyces sp. GUT 21 [24]. Moreover, the employment of the 
hydrothermal method accelerates the activity of plant-based reducing agents in the production of AgNPs 
and Au-Ag nanocomposites [25]. 
 Eleusine indica, also known as wiregrass and goosegrass, is an endemic invasive grass in tropics 
and subtropical regions. The decoctions of the boiled plant are used as a traditional remedy for treating 
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anti-helminthic, diuretic, diaphoretic and febrifuge problems [26]. The hexane extract from Eleusine 
indica shows remarkable activity towards methicillin-resistant Staphylococcus aureus and Pseudomonas 
aeruginosa, while the methanolic extract shows free-radical good scavenging activity using DPPH assay 
[27]. The plant extract also exhibits anthelmintic activity against Strongyloides stercoralis [28]. 
Cytotoxicity against Vero cells and antiviral activity towards Herpes Simplex Virus type 1 were reported 
elsewhere [29]. Besides, in vivo studies shows that decoction of Eleusine indica has a protective effect 
against CCl4- induced hepatic oxidative damage in rats [26] and also inhibits the inflammation of the 
lipopolysaccharide-induced mouse lung [30]. These bioactive attributes of Eleusine indica are associated 
with the presence of secondary metabolites, including flavonoids, phenols, phenolic glycosides, saponins, 
cyanogenic glycosides, unsaturated lactones and glucosinolates [26]. In addition, metabolites such as 
sterol glucosides [31] and C-glycosylflavones [30] were isolated.  
 From a material science perspective, Syafiuddin et al. [32] firstly use the Eleusine indica as a 
reductant in reducing Ag+ ions to form AgNPs. Moreover, using Eleusine indica shows the highest 
synthesis efficiency in producing AgNPs compare to other weed extracts. While, to the best of our 
knowledge, there is no report on the production of AgNP carbon composite using wiregrass extract as the 
bioreductant and carbon precursor via green hydrothermal synthesis. Moreover, these nanoparticles - 
hydrochar composites may be utilized as functional materials for environmental remediation and 
antibacterial applications [33-35]. Herein, in this study, a facile 1-pot hydrothermal carbonization of 
aqueous Eleusine indica leaf extract and silver precursor was utilized in fabricating AgNPs immobilized 
on hydrochar.  
 
Materials and methods 

Preparation of the aqueous Eleusine indica leaf extract 
Fresh leaves of Eleusine indica were collected from Bacoor City, Cavite. First, the leaves were 

washed thoroughly 3 times with tap water and distilled water to remove any impurities. Then, the samples 
were then air-dried for several days to minimize moisture content. The resulting dried leaves were 
powdered using a coffee grinder, then sieved using a 100-mesh sieve. Finally, 5.0 g of the powdered 
leaves were boiled for 1 h in 100 mL distilled water and filtered through Whatman no. 1 filter paper. The 
filtered extract was stored in the refrigerator at 4 ℃ until further use. This aqueous extract was used as the 
reductant for Ag+ in the AgNP synthesis. 
 
 Synthesis of AgNP@hydrochar composite 
 For the hydrothermal synthesis, 15 mL of the plant extract was added to 15 mL of 10 mM silver 
nitrate. The mixture was enclosed in a hydrothermal reactor, incubated at 180 ℃, and observed through 
different reaction times of 6, 12, 24 and 48 h. The change in color from light yellow to black solution was 
observed, indicating the carbonization of plant extract and the formation of silver nanoparticles (Figure 
1). Then, the mixture was filtered to obtain the AgNP@hydrochar composite. The formation of black 
carbon material was attributed to the hydrothermal carbonization (HTC) of carbon precursors, which in 
this study were the phytochemicals present in the aqueous extract. Moreover, these carbon precursors 
may act as reducing agents and stabilizers in AgNP synthesis [36]. Several studies reported similar 
observations in synthesizing AgNP under hydrothermal treatment using tobacco stem [20], 
Pelargonium/Geranium leaf extract [19] and aloe vera leaf extract [21,22,37] 

 
 

 
Figure 1 The raw sample A), the hydrothermal carbonization (before B) and after C)) of Eleusine indica 
aqueous extract, C) AgNP@hydrochar composite suspension and D) residues left after filtration.  
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 Morphological and elemental composition of AgNP@hydrochar composite 
 The morphology of hydrothermally synthesized nanosilver composite in different reaction times 
was observed using scanning electron microscopy (JSM, 5310, JEOL SEM) at 20 kV. Samples were 
manually snapped, mounted on aluminum studs using carbon tape, and sputter-coated with gold. 
Magnifications of 10,000× and 35,000× were obtained to observe the shape and size of the synthesized 
composites. The average size of the composites was measured using ImageJ software. Energy dispersive 
x-ray spectroscopy (EDX) analysis (Phenom XL 2015 LR1) was performed to determine and map the 
elemental composition of synthesized composite. 
 
 Spatial distribution elemental components of AgNP@hydrochar composite  
 The formation of AgNPs was monitored at regular intervals by scanning the reacting mixture under 
the spectrophotometer due to their surface plasmon resonance (SPR). The absorption spectra of the 
solutions were taken using a UV-Vis spectrophotometer (Hitachi U-2900) in a 1-cm optical path quartz 
cuvette. Fourier transform infrared spectroscopy (FT-IR) Analysis (Nicolet 6700) was used to determine 
the functional groups of synthesized AgNP@hydrochar composite. The samples were prepared in KBr 
power (1:10) and recorded in the 4000 - 400 cm-1 region.  
 
Results and discussion  

 Morphological features using scanning electron microscopy 
 The surface morphology of synthesized AgNP@hydrochars was imaged using scanning electron 
microscopy, as shown in Figure 2. All products exhibited similar structures having highly agglomerated 
particles with spherical shapes (less than 1 micron) and non-spherical irregular shapes (more than 1 
micron). Ten AgNP@hydrochar particles were measured by ImageJ software, giving approximate particle 
sizes of 169.32 ± 55.94, 128.37 ± 15.65, 162.50 ± 42.90 and 171.87 ± 36.65 nm for 6, 12, 24 and 48 h 
treatment, respectively (shown in Table 1). No significant change in particle diameter was observed in 
the sizes of AgNPs for different reaction times, indicating that the size of particles has no distinct trend in 
increasing reaction time. In comparison, other plant extracts produced similar spherical AgNPs (65 - 100 
nm) through hydrothermal treatment of aqueous red cabbage extract [18] and Pelargonium/Geranium leaf 
extract [19]. At the same time, another shape was also produced during green hydrothermal treatment, 
like oval-shaped AgNPs from Laminaria japonica extract [38]. 
 
 

  
Figure 2 SEM images of AgNP@hydrochar composites at 6, 12, 24 and 48 h hydrothermal treatment. 
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Table 1 Size of AgNP@hydrochar composites. 

Reaction Time (h) Size (nm) 
6 169.32 ± 55.94a 

12 128.37 ± 15.65a 

24 162.50 ± 42.90a 

48 171.87 ± 36.65a 

Mean ± SD: Values with a different letter in the same column are significantly different (p < 0.05). 
 
 

FTIR analysis  
Surface functional group changes in the AgNP@hydrochar at increasing hydrothermal reaction time 

were studied using FT-IR spectroscopy. Figure 3 compares the FTIR spectra of synthesized 
AgNP@hydrochar at different reaction times of 6, 12, 24 and 48 h. Furthermore, all hydrochar products 
at different reaction times have similar characteristic peaks of the hydroxyl group (O-H stretching), 
carbonyl (C=O, stretching) and aromatic (C=C stretching). The O-H peak was observed around 3430 cm-1 
having a broad absorption band corresponding to stretching vibration [20]. The peak at 1647 cm-1 was 
associated with the C=O stretching vibration of the carboxylic group [39]. Peaks at 1566 [40], 1411 and 
1384 cm-1 [20] could be attributed to the C=C stretching of the aromatic group. These reported functional 
groups were associated with the present metabolites in the aqueous Eleusine indica extract. Qualitative 
analysis of methanolic Eleusine indica extract showed alkaloids, steroids, flavonoids, tannins and 
glycosides [41]. Besides, sterol glucosides [31] and C-glycosylflavone [30] were isolated. The -OH and 
C=O groups present in these phytochemicals were involved in reducing Ag+ and the formation of AgNPs 
during HT. In comparison, the aromatic peaks were innately present and produced during hydrothermal 
carbonization of phytochemicals present in the aqueous Eleusine indica extract. The decrease in the 
intensity bands at 3430 and 1647 cm-1 upon increasing HTC time suggests that the C-O and C=O 
functional groups reduced Ag+. In a related study by Li et al. [39] and Liang et al. [20] on hydrothermal 
carbonization of Arabic gum and tobacco stem, respectively, these relative decrease in IR absorption of 
C-O and C=O indicates agglomeration because of AgNP binds on these functional groups, essentially 
decreasing the IR absorption of C-O and C=O overall.  
 
 

 
Figure 3 FT-IR spectra of synthesized AgNP@hydrochar composites in increasing reaction time 
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UV-Vis analysis 
Figure 4 shows the overlaid UV-Vis scan of AgNP@hydrochar solutions treated at different 

reaction times. AgNPs are generally known to display a UV-Visible absorption maximum ranging from 
400 to 500 nm due to their surface plasmon resonance [42]. However, no peaks were detected in these 
UV-Vis ranges for the synthesized AgNP@hydrochar. This attenuation of surface plasmon resonance is 
due to the low concentration of Ag nanoparticles suspended in the solution, suggesting that most Ag 
nanoparticles were bound to the heavier hydrochar residues [43]. This observation was supported by 
black precipitate (Figure 1C) in the solution after filtration.  

 

 
Figure 4 UV-Vis Spectra of nanosilver hydrochar composites obtained at different synthesis times. 

 
   

Elemental compositions using X-ray Fluorescence Spectroscopy 
Energy-dispersive X-ray spectroscopy (EDX) analysis was done to determine the elemental 

composition and relative amounts of AgNP@hydrochar synthesized after 48 h (shown in Figure 5). 
Silver (Ag) was the most abundant element (84.07 %) in the structure. Major emission energy 
identification peaks for silver displayed to correspond with peaks in the spectrum at approximately 3 keV, 
thus attesting that silver has been correctly identified in AgNPs. While carbon (C) and oxygen (O) were 
detected in AgNP@hydrochar, accounting for 6.22 and 4.03 %, respectively. The C and O were attributed 
to the plant metabolites present in the extract and supported with the C-O functional groups found in the 
FTIR spectra. While the other elements such as Cl and K found in the EDX analysis were associated with 
the metals or ions innately present in the plant extract before the AgNP synthesis. The distribution of 
elements in the nanostructure was mapped using the SEM-EDX technique shown in Figure 6. Ag 
distribution further confirmed that AgNPs were evenly dispersed in the material. Like Ag, C and O were 
also evenly distributed on the AgNPs. 
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Figure 5 EDX spectrum of nanosilver hydrochar composite and its elemental composition 
 
 

 
Figure 6 Silver, Carbon and Oxygen Distribution of AgNP@hydrochar composite. 
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Conclusions 

AgNP@hydrochar composites were successfully synthesized using an aqueous extract of Eleusine 
indica leaves through the hydrothermal route for the first time. Characterization of the composite showed 
spherical shapes with 128 - 171 nm as measured in SEM images. AgNP@hydrochar has functional 
groups of carbonyl (C=O) and aromatic (C=C) peak, indicating the plant extract's hydrothermal 
carbonization. The decrease in intensity bands at 3430 and 1647 cm-1 and absence of absorption band 
indicate the aggregation of AgNP@hydrochar. Moreover, Ag is the most abundant and well distributed in 
AgNP@hydrochar, as shown in the EDX results. This synthesized composite may be utilized as 
functional materials for future applications such as environmental remediation and antibacterial 
applications.  
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