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Abstract


Nanosized metal particles are very significant due to their chemical, physical and biological applications which emphasizes the need to design more efficient, economical, rapid, eco-friendly processes. Herein we report the use of medicinal plant, Litchi chinensis for synthesis of silver(AgNPs) and gold nanoparticles (AuNPs). Synthesis of AgNPs and AuNPs was completed within 5 h which showed prominent peaks at 430nm and 540nm respectively. Higher temperature of 50 °C and 5mM concentration of respective salt solution facilitated a faster rate of synthesis. AgNPs synthesized by LCPE were found to be mostly spherical ranging from 10 to 20nm while diversity in shapes of AuNPs included nanohexagons, pentagons and trapezoids in a range of 30 to 60nm. Particles were further characterized and confirmed using EDS, DLS and XRD. FTIR analysis revealed broad peak at ~ 3350cm‒1 indicating the hydroxyl (-OH) group of phenols/alcohol in LCPE. Phytochemical analysis confirmed the presence of polyphenols, starch, reducing sugars, ascorbic acid and citric acid that might play in a vital role in reduction and stabilization process. GCMS/MS fingerprinting exhibited the presence of diverse phytochemicals in LCPE like erucic acid, geranyl isovalerate, 2-hexadecanol, α‒acorenol and tetradecane. Both AgNPs and AuNPs showed significant catalytic potential in conversion of 4-nitrophenol to 4-aminophenol by NaBH4 following a pseudo-first order rate kinetics with the apparent rate constant (k) 2.369 x 10‒4 min‒1 and 1.356 x 10‒4 min‒1, respectively.
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Introduction


Development of green synthetic process for nanoparticles has gained attention recently due to the increase in applications of nanoparticles, particularly nanomedicine [1-4]. Available chemical processes involved chemicals which are toxic and hazardous to the environment. Among various nanoparticles gold and silver nanoparticles have got wide attention owing to their immense utility. Gold nanoparticles (AuNPs) are widely used in electronics, sensors, catalysis, drug delivery, diagnostics, medicine due to their unique optical, physical, chemical, and magnetic properties [5-8]. Similarly, silver nanoparticles (AgNPs) are studied most extensively as antimicrobial agent and are reported as most potent antibacterial and antiviral nanomaterial [9]. Hereby, novel biological routes for synthesis of metal nanoparticles using bacteria, fungi and plants needs to be explored to assure its biocompatibility and reduced toxicity. Medicinal plants are considered to be rich source of diverse groups of phytochemicals which not only help in the reduction procedure of the metal ions but also help in stabilization of the bioreduced nanoparticles [10-15]. Medicinal plants like Dioscorea bulbifera, Gnidia glauca, Plumbago zeylanica, Gloriosa superba, Barleria prionitis and Dioscorea oppositifolia are reported to synthesize metal nanoparticles with various biomedical applications [16-21].

Similarly, Litchi chinensis is a medicinal plant which is reported to possess various medicinal properties like antioxidant, antidiabetic, anti-inflammatory, analgesic and antipyretic activities [22,23]. However, till date there are no reports on the catalytic potential of the AuNPs and AgNPs synthesized by L. chinensis peel extract (LCPE). In view of this background, herein we report for the first time an optimized process for synthesis of AgNPs and AuNPs employing LCPE. Further, the bioreduced nanoparticles were characterized using UV-visible spectroscopy, high resolution transmission electron microscopy (HRTEM), energy dispersive spectroscopy (EDS), dynamic light scattering (DLS), X-ray diffraction spectroscopy (XRD). We also report the phytochemical constituents present in LCPE that might me responsible for both reduction and stabilization of AgNPs and AuNPs. Further, the catalytic potential of the biogenic nanoparticles were evaluated by motoring the chemical reduction of 4 nitrophenol (4-NP) to 4 aminophenol (4-AP).

Materials and Methods 

Plant material and preparation of extract

L. chinensis peel were collected and dried in shade at room temperature for 2-3 days. The dried peels were pounded into fine powder in an electric blender. LCPE was prepared by boiling 5g of peel powder in 100mL distilled water for 5min. After centrifugation at 3000 rpm for 10min the supernatant was filtered through Whatman No.1 filter paper. The filtrate was collected and stored at 4 °C for further use [19].

Synthesis and characterization of silver and gold nanoparticles

5mL of LCPE was added in 95mL of 1mM AgNO3 to initiate the synthesis of AgNPs. Thorough mixing was confirmed by shaking the reaction mixture at 40 °C for 5 h in a shaker incubator. Reduction of Ag+ ions to AgNPs was indicated by visible colour change followed by UV-visible spectrometry at regular intervals. Similarly, 5mL of LCPE was added into 95mL of 1mM HAuCl4 solution for synthesis of AuNPs. Conditions were optimized to achieve maximum synthesis of both AgNPs and AuNPs. Temperature optimization was carried out in a water bath at 4 °C-50 °C with reflux while concentration optimization was done by varying the respective salt concentration from 0.3 to 5mM. The bioreduced nanoparticles were characterized employing high resolution transmission electron microscopy (HRTEM), energy dispersive spectroscopy (EDS), X-ray diffraction (XRD) and fourier transform infrared spectroscopy (FTIR) as per our earlier reports [20].

Phytochemicals analysis

Total phenolic, starch, reducing sugar, ascorbic acid and citric acid in LCPE were estimated using biochemical assays reported earlier. Similarly, identification of the principle phytochemicals present in LCPE was carried out using GC-MS/MS fingerprinting [21].

Catalytic activity

The catalytic reduction of 4 nitrophenol (4-NP) to 4 aminophenol (4-AP) was carried out using UV-vis spectroscopy at 25 °C in a quartz cuvette with an optical path length of 1cm and volume 4.5ml. To the aqueous solution of 4-NP (2mL, 0.1mM) was added freshly prepared, 1.0mL of NaBH4 (0.1M) solution. Thereafter, 50μL of suspension containing metal nanoparticles (10 mM) were added to the solution and the absorbance was measured. The change in absorbance was measured in situ to obtain the successive information about the reaction. Completion of reaction was indicated by the change in color from yellow to colourless [18-20].

Results

 UV-visible spectroscopy

Synthesis of nanoparticles was indicated by the visible colour change in the reaction mixture on addition of the LCPE in the respective salt solution. AgNO3 solution first turned into pale yellow which gradually turned into intense brown on incubation till 5 h. Further UV-visible spectrometry showed a gradual peak build up at 430nm from 0 to 5h beyond which no further increase in the intensity was observed which indicated that synthesis of AgNPs completes at 5 h (Figure 1A). Similarly in case of AuNPs, initially the reaction mixture turns pale red followed to which it gradually changed to intense ruby red in colour. The synthesis was very fast and the colour started developing instantly on addition of LCPE to HAuCl4 solution. The reaction almost completed by 2 h as maximum increase in the peak intensity at 540 nm was observed from 0 to 2 h followed to which very less increase at 3 h, 4 h and 5 h actually observed (Figure 1B). Temperature optimization studies revealed that till 30 min no difference was observed in the rate of synthesis of the AgNPs at different temperature, while after that a sharp increase in the rate of synthesis was evident at 50 °C (Figure 2A). Similarly, even for synthesis of AuNPs, higher temperature of 50 °C was found to be optimum for synthesis (Figure 2B). In case of concentration optimization among various concentrations of AgNO3, 5mM was found to be optimum followed by 3mM for synthesis of AgNPs (Figure 3A). Likewise, for AuNPs as well, 5mM of HAuCl4 was found to be optimum for synthesis using LCPE (Figure 3B).
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Figure 1:  UV-vis spectra recorded as a function of reaction time for nanoparticle formation using LCPE at 40°C with (A) 1mM AgNO3 solution and (B) HAuCl4 solution.
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Figure 2:  Time course of nanoparticle synthesis using LCPE at different reaction temperatures with (A) 1 mM AgNO3 and (B) 1 mM HAuCl4.
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Figure 3:  Time course of nanoparticle synthesis using LCPE at 40°C with (A) different concentrations of AgNO3 and (B) HAuCl4.

 



HRTEM, EDS, DLS analysis

HRTEM analysis showed that majority of the AgNPs synthesized by LCPE are monodispersed and spherical in shape. The bioreduced AgNPs ranged between 10 to 20nm. The particles were found to be fairly stable with no larger aggregates. AgNPs were well dispersed either as single particles or were found in a group of 2 to 4 particles (Figure 4A & Figure 4B). Anisotropic AuNPs with exotic shapes were visible in HRTEM. Nanospheres, hexagons, trapezoids and pentagonal nanoparticles were observed (Figure 5A and Figure 5B). The particles were discrete, separate and well dispersed with no visible agglomeration. This indicates the stability and polydispersity of the AuNPs bioreduced by LCPE. EDS spectra confirmed the presence of elemental silver and gold in the AgNPs and AuNPs, respectively (Figure 5A & 5B). Particle size distribution recorded using dynamic light scattering for AgNPs and AuNPs synthesized using LCPE was found to be well in agreement with the HRTEM results (Figure 6A & 6B). Figure 7A & Figure 7B represent the XRD pattern of AgNPs and AuNPs, respectively. The obtained data was compared with the standard powder diffraction data released by Joint Committee for Powder Diffraction Standards (JCPDS). The peak positions for the standard lattice planes (111), (200), (220) and (311) of Ag and Au nanoparticles were matching with their respective standard values as mentioned in the JCPSD data card no. 04-0783 and 04-0784, respectively, confirming the phase formation of the nanoparticles. The cubic structure of the AgNPs and AuNPs indicate the standard lattice constant to be 4.086A0 and 4.078 A0, respectively. In an attempt to understand the chemistry behind the reduction of metal salt with the help of LCPE, the FTIR spectra, before and after reduction of the salts Ag+ and Au3+, respectively, were recorded (Figure 8). The shift/ disappearance of characteristic peaks of the original LCPE, after the reduction of metal salts into the nanoparticles could indicate the possible group active in reduction. The broad peak at ~ 3350 cm-1 indicates the hydroxyl (-OH) group of phenols/alcohol. The peaks at ~ 1610 cm-1 did not show any prominent shift which is attributed to the C=C group. The peak of the LCPE at 2923cm-1 (C-H stretch) is seen to be diminished while new peaks appeared at 1739cm-1. 
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Figure 4:  High-resolution transmission electron micrographs of nanoparticles synthesized by LCPE. (A) AgNPs bioreduced by LCPE, inset bar representing of 100nm; (B) Magnified image of very small spherical AgNPs bioreduced by LCPE, inset bar representing of 20nm; (C) AuNPs synthesized by LCPE, inset bar representing of 200nm; (D) Magnified nano-hexagons and trapezoids synthesized by LCPE, inset bar representing of 100nm.
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Figure 5:  Representative spot EDS profile of (A) AgNPs and (B) AuNPs bioreduced by LCPE.
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Figure 6:  Histogram of size distribution of nanoparticles synthesized by LCPE. (A) AgNPs and (B) AuNPs.
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Figure 7:  Representative X-ray diffraction profile of thin film AgNPs (A) and AuNPs (B) synthesized by LCPE.
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Figure 8:  Fourier transform infrared absorption spectra of LCPE before bioreduction (a) and after complete bioreduction of AgNPs (b) and AuNPs (c).

 



Phytochemical analysis

Phytochemical estimation using various biochemical assays indicated the presence of diverse groups of phytoconstituents like phenolics, starch, reducing sugars, ascorbic acid and citric acid (Table 1). Very high amount of reducing sugars and citric acid was observed in LCPE followed by starch, ascorbic acid and phenolics. 



Table 1:  Phytochemical composition of LCPE
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Table 2:  Main compounds detected by GCMS/MS.
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GCMS/MS fingerprinting

Presence of diverse phytochemicals was detected in LCPE which actually might play a role in reduction and stabilization of AgNPs and AuNPs. Thirty two different major compounds in LCPE included erucic acid, geranyl isovalerate, α-hexadecanol, a-acorenol, tetradecane (Table 2).
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Figure 9:  Chemocatalytic activity of AgNPs synthesized by LCPE. (A) UV-vis absorption spectra during the reduction of 4-nitrophenol by AgNPs. (B) Plot of In (At/A0) versus time for the reduction of 4-NP. 
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Figure 10:  Chemocatalytic activity of AuNPs synthesized by LCPE. (A) UV-vis absorption spectra during the reduction of 4-nitrophenol by AuNPs. (B) Plot of ln (At/A0) versus time for the reduction of 4-NP 

 


Catalytic activity

The catalytic performance of AgNPs and AuNPs nanoparticles was investigated by studying the reduction of 4-nitrophenol to 4 -aminophenol by NaBH4. The reaction was found to be completed in 25min with 50μL of AgNPs. As seen from the Figure 9A, the absorption peak at 400nm gradually decreased in intensity as the reaction proceeded. At the same time, a new peak of 4 aminophenol at 295nm appeared with increasing intensity indicated the reduction of 4-NP. Thus, a linear relation between ln(At/A0) versus time t has been obtained as shown in Figure 9B. The reactions followed pseudo-first order rate kinetics as the concentration of NaBH4 used exceeded that of 4-NP and the AgNPs. This demonstrates a strong catalytic potential of AgNPs. The apparent rate constant (k) determined from this plot was 2.369 x 10-4 min-1, for AgNPs.

Gold nanoparticles

After addition of NaBH4, the absorption of 4-NP undergoes red shift from 317 to 400 nm due to formation of 4-nitrophenolate anion under alkaline condition that can be monitored spectrophotometrically. Reduction of -NO2 group is possible only after the addition of catalytic amount of AuNPs. The addition of AuNPs to the solution causes a decrease in peak intensity at 400nm peak with appearance of a new peak at around 300nm which was attributed due to the synthesis of 4-AP as shown in Figure 10A. The reduction reaction was completed in 25min. The reactions followed pseudo-first order rate kinetics as the concentration of NaBH4 was in excess. Thus, a good linear correlation was obtained between ln(At/A0) vs time as seen in Figure 10B (At: absorbance at 400nm at time t, A0: absorbance at 400 nm at t = 0). The apparent rate constant (k) determined from this plot was 1.356 x 10-4 min-1, for AuNPs. Thus it was evident that the AuNPs possessed a strong catalytic potential.

Discussion

Among various active areas of material science, nanotechnology has received prime attention owing to the newer applications of nanomaterials. Similarly, their self assembly and reaction parameters are monitored closely which reflects effectively. As a part of our constant efforts to study and develop environmentally benign processes, the present study demonstrated a rapid and effcient synthesis of AgNPs and AuNPs using LCPE. The synthesis was completed within 5h which was indicated by the visible colour change as well as the UV-visible spectra which was found to be faster as compared to Cinnamomum camphora leaf extract reported earlier [24]. Optimization studies indicated that salt concentration and reaction temperature has pronounce effects on the rate of synthesis of the nanoparticles. Our results are well in agreement with the report stating high temperature showed sharp increase in the synthesis of AgNPs and AuNPs using leaf extract of Chenopodium album [25]. Bioreduced AgNPs and AuNPs showed exotic shapes as revealed by HRTEM which were confirmed of their elemental composition using the EDS profile. Similar results were reported in case of synthesis of AuNPs and AgNPs using Gnidia glauca, Plumbago zeylanica and Cinnamomum camphora leaf extract [17,18,24] LCPE was found to contain polyphenols, reducing sugars, citric acid and ascorbic acid which may help in the bioreduction procedure while starch present in it might help in the stabilization. Our results are well supported by the earlier reports confirming the rich and diverse phytochemistry of L. chinensis [26] Unique phytochemistry of medicinal plants like D. bulbifera, P. zeylanica, G. superba and B. prionitis are reported to play a major role in the synthesis, stabilization and shape evolution of the nanoparticles. FTIR studies showed the existence of the peaks specific to various functional groups present in the diverse phytochemicals that may play a vital role in the bioreduction process. Appearance of the new peak indicates the O-H stretch [27-31]. This indirectly suggests the oxidation of the LCPE, reducing the metals salts into the respective metal nanoparticles. Further, GCMS studies have provided a strong rationale behind the synthesis of AgNPs and AuNPs by identifying various compounds present in LCPE [12,17,19-21] Bioreduced AgNPs and AuNPs exhibited superior chemocatalytic activity indicated by efficient reduction of 4-nitrophenol to 4-aminophenol. The reactions followed pseudo-first order rate kinetics as the concentration of NaBH4 was in excess which was in agreement with previous reports on Gnidia glauca and Breynia rhamnoides [18,32] It is reported that such catalytic behaviour of nanomaterials are size and shape dependent [33-36]. Thus, it was observed that the AgNPs and AuNPs synthesized by LCPE can be of utmost industrial importance as well as can be used as novel nanobiotechnological model system to study various reaction parameters in order to achieve industrially significant metal nanoparticles using an eco-friendly rapid route.

Conclusion

In the present study, AgNPs and AuNPs were synthesized using L. chinensis peel extract which is a rapid, low cost and eco- friendly process. This single step procedure led to synthesis of stable and well dispersed nanoparticles which can further be used for large scale production owing to the optimization of reaction conditions like salt concentration and temperature. Interestingly, both AgNPs and AuNPs exhibited excellent chemocatalytic activity by reduction of 4-nitrophenol to 4-aminophenol at comparatively low concentration following a pseudo-first order rate kinetics. Based on the present findings, it can be concluded that AgNPs and AuNPs synthesized by LCPE are of immense industrial importance.
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