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ABSTRACT 

The synthesis of nanoparticles from plant extracts has become an interesting line of research in recent years. The purpose of the study was the synthesis of silver 

nanoparticles (AgNPs) from silver nitrate, aqueous and ethanol 80% extracts obtained by ultrasound-assisted extraction, as well as fractions of chloroform, ethyl 

acetate and water, of flower petals and leaves of Hibiscus rosa-sinensis L. The ethanolic extract of petals of H. rosa-sinensis L. was analyzed by UHPLC-ESI-Q-

Orbitrap- MS/MS identifying pelargonidin, petunidin, kaempferol, and orientin. Characterization of AgNPs by UV-Visible spectrophotometry gave a max at 400,631 

nm and 389,411 nm for AgNPs obtained with ethanolic extract of flower petals and leaves, max at 402,270 nm and 391,057 nm for AgNPs of aqueous extracts of 

flower petals and leaves respectively. FTIR confirmed the reduction of Ag+ ions to Ag0 ions in AgNPS. Dynamic light dispersion (DLS) showed an effective diameter 

of the AgNPS from extracts, less than 80 nm and for AgNPs from fractions was less at 53 nm and near-zero polydispersity indices. Electron field emission scanning 

microscopy (FE-SEM) showed a particle size between 17 - 32 nm for AgNPs from extracts, and 15 - 26 nm for AgNPs from fractions, which showed a spherical 

structure. X-ray Diffraction (XRD) and Energy Dispersive Spectroscopy (EDS) analysis confirmed the elemental composition of AgNPs showing mostly silver 

(60.44%), oxygen (32.48%) and potassium (4.97%). This study revealed that the compounds from the extracts of Hibiscus rosa-sinensis L. are good reducing and 

stabilizing agents for the synthesis of silver nanoparticles, being pH 9 optimal for synthesis. 
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INTRODUCTION 

In recent years the area of nanotechnology has had a great environmental and 

health impact due to its applications for the removal of heavy metals in water [1] 

and its antimicrobial activity [2]. 

The synthesis of silver nanoparticles has been extensively studied using 

chemical and physical methods, however, such methods have a considerable 

environmental impact, are technically laborious and economically costly [3]. 

At present, the great challenge for chemistry is the synthesis of compounds 

generating the minimum possible environmental impact, since most of the 

reagents used for synthesis are organic compounds that produce toxic wastes for 

the environment and health, such as excess carbon dioxide in the atmosphere, 

water pollution, damages that directly affect the population and are high impact 

[4]. 

The current trend is to develop green preparation technologies and reduce the 

emission of harmful substances in the production process [5] "green" ecological 

processes in chemistry and chemical technologies are becoming increasingly 

popular and much needed due to global environmental problems [6]. The 

application of natural products is taking relevance in this aspect since they 

promote a green synthesis, are eco-friendly with the environment, have low 

toxicity, are low cost and are very efficient. 

The benefit of using Hibiscus rosa-sinensis L is to obtain stable Ag0 

nanoparticles by an eco-friendly technique.  

EXPERIMENTAL 

A. Chemicals 

Silver nitrate (Sigma; purity >99%), 96% ethanol, ultrapure water, and 

potassium hydroxide (Sigma; purity >90%) were used. 

B. Samples 

Plant samples of leaves and petals of Hibiscus rosa-sinensis were collected in 

the gardens of the Universidad Nacional Federico Villarreal, Peru in August 

2019. The taxonomic identification of the plant material was carried out at the 

Natural History Museum of the Universidad Nacional Mayor de San Marcos, 

Lima, Peru (UNMSM) with the constancy N° 406 - USM - 2019. 

C. Instruments 

The UV/VIS UV single-beam spectrophotometer was used for the 

identification of possible flavonoids in raw extract and the characterization of 

AgNPs obtained from extracts and fractions. The infrared spectrophotometer 

(FTIR) was used to identify the links formed by the AgNPS with the extracts 

obtained, both teams are in the Laboratory of Experimental Chemistry of the 

National University Federico Villarreal. 

The identification of organic compounds was carried out with the UHPLC- 

ESI-Q-Orbitrap-MS/MS reverse phase C-18 equipment and the Thermo 

Scientific SIEVE software used for data collection, both located in the laboratory 

of Natural Products of the University of Antofagasta, Chile.  

D. Extract preparation 

The plant material (leaves and flowers) of Hibiscus rosa-sinensis L was 

selected [7] washed, disinfected [8], dried at 40°C [9] and was pulverized with a 

blade mill obtaining 20.7 g of leaves and 16.3 g of flower petals. 

The dried and ground leaves and petals (5 g) were extracted separately with 50 

mL of 80% ethanol (EtOH) [10], by ultrasound at 25° C for 10 minutes three 

times [9], [11]. The aqueous extracts were obtained from 5 g of leaves and petals 

of H. rosa-sinensis L. and 100 mL of ultrapure boiling water [12], [13]. The 

extracts obtained, ethanolic and aqueous, were filtered with Whatman filter paper 

[10] and concentrated in a range of 37 to 39°C. 

E. Fractionation of EtOH extracts of leaves and petals of H. rosa-sinensis L. 

EtOH extracts of leaves and flowers were defatted with petroleum ether [14], 

[15] and fractionated with solvents in increasing polarity: chloroform (C), ethyl 

acetate (AE) and water (A) [16] 

F. Phytochemical analysis and TLC 

The dried plant material powder of leaves and petals of H. rosa-sinensis L. was 

analyzed by phytochemical screening to detect the presence of polyphenolic 

compounds, tannins, flavonoids and terpenoids [17]. 

Thin-layer chromatography (TLC) was also performed on ethanolic extracts 

and fractions obtained using silica gel-coated chromatoplates 60 as stationary 

phase and BAW (BuOH - AcOH - H2O, 3:1:1), as mobile phase. The plates were 

visualized with vanillin-H2SO4 heated at 110°C. 
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G. Analysis of EtOH extract by UHPLC-ESI-Q-Orbitrap-MS/MS 

An aliquot of the EtOH extract of H. rosa-sinensis L. was analyzed by an Ultra-

High-Performance Liquid Chromatography- Electrospray ionization - 

Quadrupole -Orbitrap - Mass Spectrometry (UHPLC-ESI-Q-OrbitrapMS-MS) 

Reverse Phase C-18, coupled to a Mass Spectrophotometer (THERMO Q-

Exactive) with quadrupole precursor, operated in Electro-Spray mode with 

positive ionization (ES+) [18]. 

The flow of the mobile phase - 1mL/min and the stroke time for 35 min, the 

volume of the injected sample being 10 μL. The composition of the mobile phase 

was 95% water and 5% acetonitrile.  

H.  Green synthesis of AgNPs 

AgNPs - Ag from extracts 

The EtOH and aqueous extracts (12 mL)  obtained from leaves and petals of 

Hibiscus rosa-sinensis L., were carried at different pH (7, 9, 11 and 13) with a 

solution of KOH 2 M, under agitation [8]. Subsequently, the AgNO3 solution was 

added in different concentrations (0.08 mmol L-1 and 0.8 mmol L-1) and stirred 

until colour variation was displayed.  

AgNPs - Ag from fractions 

Each of the fractions of chloroform (C), ethyl acetate (AE) and aqueous (A) 

obtained from of leaves and petals of Hibiscus rosa-sinensis L. were taken to 

dryness (0.2 g) and dissolved in 20 mL of ultrapure water [19]. An aliquot of 12 

mL was carried at pH 9 using KOH 2 M [8] and a solution of AgNO3 0.8 mmol 

L-1 was added under permanent agitation until colour variation.  

I. Characterization of AgNPs 

The AgNPs were analyzed by UV-VIS spectroscopy using a quartz cell, at 

room temperature (25°C), in a range of 200-600 nm [8]. Then Dynamic Light 

Scattering (DLS) analysis was performed to obtain the effective diameter of  

AgNPs [1]. 

Field Emission Scanning Electron Microscopy (FE-SEM) was used to 

determine the shape and size of AgNPs. This technique allows obtaining results 

of topology, chemical composition and crystalline structure [20]. Additionally, 

the analysis was performed by X-ray Diffraction (XRD) and Energy Dispersive 

Spectroscopy (EDS) technique, which is a complement to FE-SEM and allows 

determining the elemental composition of AgNPs [21]. Finally, infrared 

spectrometry with Fourier Transform Infrared Spectroscopy (FTIR), to identify 

the bonds formed by the functional groups present in the extracts and the synthesized 

AgNPs [22], [23]. 

RESULTS AND DISCUSSION 

In the research, the AgNPs were synthesized using extracts and fractions from 

leaves and petals of Hibiscus rosa-sinensis L., which can act both as reducing 

agents and as stabilizing agents [24]. 

Phytochemical analysis 

The results for the detection of polyphenolic compounds, tannins, flavonoids 

and terpenoids with preliminary phytochemical screening are presented in Table 1.  

Table 1. Preliminary phytochemical analysis of Hibiscus rosa-sinensis L. 

Test A B C D 

FeCl3 + + + + 

Shinoda Test - - + + 

Liebermann-Burchard 

Test 
+ + + + 

Gelatin-Salt test + + + + 

(+) = Positive; (-) = Negative 

Aqueous extract of leaves (A) and petals (B); ethanolic extract of leaves (C) 

and petals (D) 

Flavonoids and polyphenolic compounds were detected in ethanolic extracts 

of leaves and petals, which was verified by thin layer chromatography (TLC) with 

silica gel 60, BAW (BuOH - AcOH – H2O, 3:1:1) and vanillin-H2SO4 developer. 

In the ethanolic extract (EtOH) of the petals, dark green spots were observed 

at 365 nm, with Rfs between 3.5 and 5.5, characteristic of isoflavones, flavonols 

and flavones, which coincided with those found in another species of the genus 

Hibiscus, then it was analyzed EtOH extract by UHPLC-ESI-Q-Orbitrap- 

MS/MS.[25] 

Analysis by UV-Vis spectrophotometry extracts 

A preparative TLC was performed with the ethanolic extracts of leaves and 

petals, the fractions obtained were analyzed in UV-visible, giving max 327.041 

nm with a shoulder of 269.019 nm for leaves extract and  max of 345.035 nm 

with a shoulder of 264.695 nm, for the extract of petals. The signals in the 

spectrum appear between 250 and 370 nm, a typical region of phenolic groups 

[26], confirming the reducing capacity of both extracts due to the presence of 

phenolic groups [27], [28]. 

Analysis by UHPLC-ESI-Q-Orbitrap-MS/MS 

Analysis by UHPLC-ESI-Q-Orbitrap MS-MS of the EtOH extract of the 

flower petals of Hibiscus rosa-sinensis L provided the molecular weight of the 

structures present.  

Table 2. Secondary metabolites identified in UHPLC-ESI-Q-Orbitrap-MS-MS. 

Possible 

compound 

Comp. 

elemental 

[M-H] 

Rt. 

(min.) 

Theoretical 

mass (m/z) 

Reference 

mass 

Mass exp. 

(m/z) 

Peonidin C16H13O6
- 9.94 301.0706 301* 301.0749 

Pelargonidin C15H11O5 9.31 271.0600  271.0595 

Kaempferol C15H8O7
- 13.24 285.0404 285* 285.0405 

Gossypin C21H19O13
- 13.37 479.0827  479.0825 

Astilbin C21H21O11
- 14.41 449.1086 449.1089** 449.1083 

Orientin C21H19O11
- 16.70 447.0931 447* 447.0927 

*[29], ** [30] 

The flavonoids pelargonidin [31], [32], peonidin [33], kaempferol [34], [35], 

orientin [36], astilbin [37], [38], gossypin [39], were identified in the ethanolic 

extract of the petals of H. rosa-sinensis L (Table 2). Compound 3 showed a fragment 

of m/z 285, which corresponds to the mass of kaempferol as aglycone, while the difference 

(308) corresponds to the loss of a rutinoside (glucose-nose disaccharide), which indicates the 

presence of the kaempferol rutinoid, which has already been notified [35]. Although this 

information does not rule out the possibility that aglycone is luteolin rather than kaempferol. 

These compounds be reducing and stabilizing agents in the formation of the 

nanoparticles [8], [13], [40], [41]. 

Green synthesis of AgNPs 

The synthesis of AgNPs with the extracts of Hibiscus rosa sinensis L. at pH 7, 

9 and 11 formed the AgNPs from S1 to S12 (Table 3). At pH 13 there was 

precipitation [43] due to the possible formation of larger particles 

Table 3. AgNPs synthesized from extracts of leaves and petals at pH 7, 9 and 11. 

Extracts Vegetal drugs pH Code 

Ethanolic 
Petals 

7 

S1 

Leaves S2 

Aqueous 
Petals S3 

Leaves S4 

Ethanolic 
Petals 

9 

S5 

Leaves S6 

Aqueous 
Petals S7 

Leaves S8 

Ethanolic 
Petals 

11 

S9 

Leaves S10 

Aqueous 
Petals S11 

Leaves S12 
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Figure 1. The probable mechanism of bio-reduction and stabilization to form nanoparticles [42]. 

Table 3 shows all the AgNPs obtained with the extracts at pH 7, 9 and 11. At 

pH 13, precipitation [43] was demonstrated due to the possible formation of 

larger particles, so they were not analyzed further. 

The formation of AgNPs by reduction of Ag+1 to Ag0 (Figure 1) when 

combined with the reducing compounds of the extracts (leaves or petals) was 

evidenced by the immediate change from pale yellow to intense orange (leaves) 

and orange yellow (petals) [41]. The intensity of the final color also varied 

according to pH. 

The AgNPs obtained (S13 to S18) from the chloroform (C), ethyl acetate (AE) 

and aqueous (A) fractions of leaves and petals are shown in Table 4. The AgNPs 

S13, S15, S17 and S18, presented a color change from pale yellow to yellow-

orange, similar to the AgNPs obtained with the extracts. However, the AgNPs 

S14 and S16 showed a color from pale yellow to intense yellow and with time 

the yellow color disappeared, this may be due to the fact that most of the phenolic 

compounds, in the leaves, are found in the aqueous fraction of higher polarity 

[44]. 

Table 4. AgNPs synthesized from fractions of leaves and petals at pH 9. 

Fraction Vegetal drugs 

Chloroformic (C) 
Petals 

Leaves 

Ethyl acetate (AE) 
Petals 

Leaves 

Aqueous (A) 
Petals 

Leaves 

Characterization of AgNPs 

UV-Vis spectrophotometry was used to determine the presence of 

chromophore groups and aromatic rings in the extracts, measuring the electronic 

transition of π bonds, σ bonds and free electron pairs. 

Table 5. UV Vis spectral assignment of the aqueous and ethanol extracts of 

leaves and petals of Hibiscus rosa-sinensis L. 

Samples (max) nm Abs 

S1 408.713 0.320 

S2 - - 

S3 401.060 0.309 

S4 409.10 0.439 

S5 400.631 0.725 

S6 389.411 1.240 

S7 402.270 0.614 

S8 391.057 0.601 

S9 397.419 0.262 

S10 - - 

S11 402.006 0.294 

S12 383 0.366 

The plasmon surface for the absorption bands of AgNPs is between 300 to 600 

nm [45], but the closer to the extremes, the more easily AgNPs could precipitate, 

the optimal range being 390 to 450 nm. Plasmon resonance values between 390 

and 410 nm were obtained for AgNPs synthesized from Hibiscus rosa sinensis 

L. extracts (Table 5), which would confirm the reduction of Ag+1 to Ag0 [13], 

[41] The Surface Plasmon Vibration (SPR) is presented by the resonance 

phenomenon that occurs in metallic nanoparticles [46], and also evidences the 

stability of AgNPs. 
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Table 6. UV Vis spectral assignment of the AgNPs from C, AE, A fractions 

of leaves and petals of Hibiscus rosa-sinensis L. to pH 9. 

Samples (max) nm Abs 

S13 209.606 4.073 

S14 - - 

S15 407.033 1.628 

S16 - - 

S17 402.696 2.232 

S18 386.068 1.280 

The SPR in the UV-Vis region of the spectrum originates from the resonant 

collective oscillations of conduction electrons along the transverse direction of 

the electromagnetic field. The maximum intensity of the SPR band and the 

bandwidth are influenced by the shape of the particles, the narrower the 

bandwidth, the more stable they will be and will present a smaller size [47]. 

Tables 6 show the (max max) nm and absorbences of AgNPs synthesized with 

extracts and leaves fractions and petals of H. rosa-sinensis L. respectively. 

The shape and size of the nanoparticles cause more intense and narrow 

absorption bands, if they are close to monodispersion (defined size of 

nanoparticles), however, if the band is wider and less intense, it is closer to 

polydispersity (nanoparticles). of different sizes). The most intense and narrow 

absorption band obtained was for AgNPs S5 (Figure 2) at pH 9, which would be 

the most suitable pH for AgNPs synthesis. 

 

Figure 2. UV-visible spectra of AgNPs (S1, S5 and S9) and ethanolic extract 

of Hibiscus rosa sinensis L. petals. 

From the analysis of the AgNPs obtained at pH 9 with the fractions of 

chloroform (C), ethyl acetate (AE) and water (A) from leaves and petals of 

Hibiscus rosa sinensis L. (Figure 3), it was observed that the band of more intense 

absorption was for the AgNP S17 unlike the AgNPs S13 and S15. 

 

Figure 3. UV-visible spectra of AgNPs (S13, S15 and S17) of Hibiscus rosa 

sinensis L. petals. 

 

Figure 4. UV-visible spectra of AgNPs (S14, S16 and S18) of Hibiscus rosa 

sinensis L. leaves. 

The AgNPs S14 and S16 (Figure 4) do not show signals in Uv-Vis due to the 

fact that possibly the chloroform (C) and ethyl acetate (AE) fractions of Hibiscus 

rosa sinensis L. leaves do not have the presence of reducing agents. Most of the 

reducers and stabilizers of AgNPs (polyphenols) are found in the aqueous 

fractions of leaves and petals [48]. 

 

The effective diameters and polydispersity indices of the AgNPs (Tables 7 and 

8) were obtained with the dynamic light scattering (DLS) method. 

Table 7. Effective diameters (nm) and polydispersity index by the dynamic 

light scattering method of AgNPs (S1 to S12) of leaves and petals of Hibiscus 

rosa- sinensis L. 

Samples Effective diameter (nm) Polidispersity Index 

S1 32.1 0.301 

S2 108.3 0,311 

S3 66.1 0.317 

S4 152.6 0.317 

S5 52.5 0.346 

S6 49.9 0.285 

S7 39.8 0.270 

S8 75.4 0.368 

S9 63.5 0.354 

S10 86.0 0.290 

S11 229.1 0.386 

S12 108.5 0.315 

AgNPs S6 and S7 have mono dispersion and can be observed in the size of 

NPS giving a diameter less than 50 nm, demonstrating that synthesis is more 

efficient at a medium alkaline pH, due to the ability of the medium to change the 

electrical charges of biomolecules, improving the reducing and stabilizing 

capacity of polyphenolic compounds present in extracts and fractions [13], [49]. 

Table 8. Effective diameter (nm) and polydispersity index by the dynamic 

light scattering method of AgNPs (S13 to S18) of leaves and petals of Hibiscus 

rosa- sinensis L. 

Samples nm Polidispersity Index 

S13 271.1 0.224 

S14 - - 

S15 262.0 0.306 

S16 - - 

S17 25.7 0.281 

S18 42.0 0.227 
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The analysis of the nanoparticles (S13 to S18) synthesized at pH 9 gave an 

effective diameter in a range of 25.7 nm to 272 nm (Table 8). The smallest 

effective diameter was identified in S17 with 25.7 nm; however, it can be 

observed that for S18 the variation in size is considerable with 42.0 nm. The size 

of the AgNPs of S13 and S15 showed a size of 271.1 nm and 262.0 nm, 

respectively.  

The AgNPs (S14 and S16) did not present a signal in DLS, possibly because 

their size is greater than 500 nm [50]. It also confirms that the highest amount of 

polyphenols are found in the extract and in the petal fractions of Hibiscus rosa-

sinensis [11], [51]. In the leaves, the highest concentration of polyphenols is 

found in the aqueous fraction (A) [48]. 

The polydispersity indices close to zero, according to Alvear et al., 2017, show 

that the AgNPs probably present homogeneity in size, which would prevent them 

from agglomerating and precipitating. [22], [53]. 

The FE-SEM analysis allowed us to determine that the AgNPs synthesized 

with Hibiscus rosa-sinensis L. individually present a spherical morphology 

(Figure 5), as reported by several authors [8], [41]. FE-SEM reveals too that the 

AgNPs S5 are in a range of 17-32 nm, the larger AgNPs may be due to the 

aggregation and agglomeration of the smaller ones as shown in Figure 5. The 

smallest size found was 17.4 nm. 

 

Figure 5. FE-SEM of the AgNPs S5 of petals of Hibiscus rosa-sinensis L. 

The polydispersity of AgNPs S17 is of the individual spherical type (Figure 6) 

and its size is between 15 - 26 nm, the smallest size being 15.25 nm. 

 

Figure 6. FE-SEM of the AgNPs S17 of petals of Hibiscus rosa-sinensis L. 

 

Figure 7. Elemental mapping of Energy Dispersive X-ray Spectroscopy (EDS) 

of AgNPs synthesized with petal extracts from Hibiscus rosa-sinensis L. 

EDS analysis at S5 confirmed their elemental composition (Figure 7) showing 

that silver is the main component, followed by oxygen and potassium in the 

elemental composition of the AgNPs (Table 9). 

Table 9. Identification and percentage of the elemental composition of the S5 

AgNPs. 

Atomic element 
No. 

Atomic 
Neto 

Mass 

[%] 

Mass Normal 

[%] 

Atom 

[%] 

Oxygen 8 49572 22.06 32.48 72.55 

Silver 47 27504 41.05 60.44 20.02 

Silicon 14 2115 0.93 1.37 1.74 

Sodium 11 2350 0.50 0.73 1.14 

Potassium 19 2571 3.38 4.97 4.55 

  Sum 67.92 100.00 100.00 

The FTIR spectra of AgNPs S5 and S6 (Figures 8 and 9) allowed to identify 

the functional groups present. 

 

Figure 8. FTIR obtained from AgNPs S5. 
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Table 10. Signals obtained by FTIR of S5. 

N° cm-1 

1 3219.92 

2 2594.60 

3 1589.70 

4 1366.05 

5 1004.15 

6 974.57 

7 827.88 

 

Figure 9. FTIR obtained from AgNPs S6. 

Table 11. Signals obtained by FTIR of S6. 

N° cm-1 

1 3351.94 

2 1762.58 

3 1624.39 

4 1343.01 

5 1005.85 

6 843.82 

7 661.46 

The signals at 3219.92 cm-1 and 3351.94 cm-1 (-OH) and the signals at 1589.70 

cm-1 and 1624.39 cm-1 (C=C of aromatic), indicate that no all polyphenols 

formed nanoparticles during the synthesis. The signals at 1366.05 cm-1 and 

1343.01 cm-1 correspond to the (N-O) bond of AgNO3 [41], [54]. The results 

confirm that polyphenols are reducers and stabilizers of the synthesized AgNPs. 

CONCLUSIONS 

Flavonoids were identified from the extract S5 of Hibiscus rosa-sinensis L. by 

UHPLC-ESI-Q-Orbitrap-MS/MS as pelargonidin, petunidin, kaempferol, and 

orientin, this to the comparison of MS/MS fragmentation with the literature. 

Extracts of leaves and flowers (aqueous and ethanolic) proved to be good 

reducing and stabilizing agents that allowed the synthesis of nanoparticles at 

different pH, the DLS analysis allowed to determine the polydispersity of the 

AgNPs synthesized providing agglomeration data and possible precipitation in 

time, being very useful when selecting the AgNPs for the analysis in FE - SEM. 

By FE-SEM analysis, the smallest size of the AgNPs synthesized (17.4 nm) 

with the ethanol extract of Hibiscus rosa sinensis L. petals was determined. The 

AgNPs synthesized with the aqueous fraction (A) had the smallest size  

(15.25 nm), demonstrating that the polyphenols present in this fraction are good 

reducing and stabilizing agents. This technique also allowed to determine the 

topology of the AgNPs formed (spherical). 

AgNPs with a probable size of 42.0 nm were synthesized only with the aqueous 

fraction of leaves of Hibiscus rosa sinensis L. 

By IR spectroscopy, the formation of bonds between Ag and the polyphenols 

present in the ethanol extracts of petals and leaves of Hibiscus rosa sinensis L. 

was confirmed, which supports the probable mechanism of the reaction, it was 

evidenced as the -OH group coming from the structure of polyphenols is the one 

that traps the Ag+1 ion, reducing it to Ag0. 
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