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Abstract— The synthesis of metal nanoparticles has attracted substantial attention of researchers due to its extensive application in 

various fields. The use of harmful reductants during physical and chemical synthesis leads to high cost and hazardous byproducts, 

which cause danger to the ecosystem and incompatible in biomedical applications. Hence, there is an urgent need for replacement of 

toxic chemical procedures and to develop an environmentally friendly and biocompatible technique for the synthesis of silver 

nanoparticles. In the present study, the aqueous extract of Elettaria Cardamomum seed is used for the synthesis of silver 

nanoparticles at 373K. These nanoparticles have been characterized by UV-visible, XRD and TEM techniques. Moreover, the study 

on the catalytic activity of the synthesized silver nanoparticles on the degradation of an aromatic nitro compound 4-Nitrophenol is 

carried out.  
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I. INTRODUCTION 

 
  The scientific and technological significance of noble metal nanoparticles has entered into the focus of intensive 

research since they exhibit unique specific properties [1].  Among the several noble metal nanoparticles, silver nanoparticles 

(SNPs) have attained special focus in view of their potential applications, especially in the fields of catalysis, biosensing, 

electronics, optics, cancer diagnosis and therapy [2].  Generally SNPs have been fabricated by a variety of techniques 

including photochemical reduction, chemical reduction, micro emulsion, gamma ray irradiation and laser ablation [3].  

Unfortunately, many of these methods have several drawbacks, including surface imperfection, consumption of high energy, 

use of harmful solvents and toxic byproducts [4]. There has been a resurgence of interest in plant derived products for the 

synthesis of SNPs which can potentially eliminate the hazardous effects by making nanoparticles more biocompatible, non 

toxic and environmentally friendly. Herein, we are using the dried Elettaria cardamomum (EC) seed extract possessing 

biologically active compounds, which are capable of reduction and stabilization that motivate the investigator to employ it in 

the fabrication of SNPs. Also, the applicability of SNPs as a nanocatalyst in the reduction of 4-Nitrophenol (4-NP) is 

explored. 

 

II. MATERIALS AND METHODS 

 

                 Silver nitrate (AgNO3) purchased from Sigma–Aldrich is used as the precursor. An aromatic nitro compound 4-

NP is of analytic grade and is used without further purification. All glass wares are sterilized using aqua-regia and 

demineralized (DM) water is used throughout the experiment. Dried EC seeds have been washed thoroughly with DM water 

to remove the adhering impurities. The seeds are air dried under sunlight to remove the moisture completely. Two gram of 

the seeds are boiled in 100mL DM water for 3 minutes and filtered to get the aqueous extract is used as the bioreductant. 
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  For the reduction of silver nitrate, 1mL EC extract is added to 30mL AgNO3 at 373K, the appearance of a light 

yellow shade within 1 minute indicates the rapid formation of SNPs (S1). The procedure is repeated with 5mL, 10 mL, 

15mL and 20mL of the bioreductant to get the colloids S2, S3, S4 and S5, respectively. 

  A  Instrumentation 

  UV–visible absorption spectrum of the biosynthesized SNPs is recorded on Perkin Elmer Lambda-35 

spectrophotometer. TEM observations are performed on Tecnai G2 30 transmission electron microscope. An XPERT-PRO 

diffractometer with Cu Kα radiation (λ = 1.5406 Å) is also used to record the XRD pattern. 

 

   B  Catalytic activity 

  The catalytic performance of phytosynthesized SNPs (S3) is studied choosing the degradation of 4-NP as model 

systems. To about 1mL of 1mM constantly stirred 4-NP solution, 1mL of 100 mM NaBH4 is added. 15mL DM water is 

added to the reaction mixture and then followed by 2mL of silver colloid (S3) with stirring continued for 10 minutes. In the 

typical catalytic reaction, a decline in absorption wavelength corresponding to maximum absorption is monitored by using 

UV-visible spectrophotometer with regular time interval. 

 

III. RESULTS AND DISCUSSION 

  UV–vis spectrophotometry is an efficient technique to ascertain the formation and stabilization of aqueous metal 

nanoparticles [5]. As the quantity of extract increased, the absorbance was observed to increase up to 10mL of the extract 

and then decreased in the case of colloids S1–S5. In the case of SNPs (S1–S5) the λmax of SPR band ranging from 429 to 448 

nm (Figure 1(a)) and the sample S3 shows high intensity. Beyond the limit of 10mL of extract, the growth of nanoparticles is 

favored over the nucleation at 373K. TEM analysis (Figure 1(b)) is carried out to understand the morphology and size 

distribution of synthesized SNPs, which are highly sensitive to the temperature variation. 

 

 

Fig.1 (a) UV-vis absorption spectra (b) TEM images and (c) XRD pattern of the sample S3 

 

  The particles formed are predominantly spherical in shape and the average particle size measured for colloid S3 is 

found to be around 23.5nm. The pattern (Figure 1(c)) shows characteristic diffraction peaks which corresponds to reflections 

from (111), (200), (220), (311) and (222) sets of lattice planes respectively, which may be indexed based on face centered 

cubic structures of silver (JCPDS file no: 89 - 3722).The average crystallite size of  S3 calculated using Debye-Scherer’s 

equation (D = cosθ) is found to be around  21.4nm. 
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Fig: 2 UV-vis spectra showing degradation of 4-NP on addition of sample S3 

 

 The catalytic performance of biogenic metal nanoparticles has tempted much attention in environmental 

renovation as a green and tenable technology. A higher level of fermi potential exhibited by SNPs leads to the decrease of 

reduction potential and makes them useful in catalyzing electron transfer reactions [6]. The degradation of 4-NP is chosen as 

representative compound to demonstrate the chemocatalytic potency of SNPs (S3). 4-NP shows the characteristic absorption 

peak at 317 nm. On the addition of NaBH4, the initial absorption band of 4-NP is red shifted to 400nm due to the formation 

of 4-nitrophenolate ions under alkaline conditions. In the absence of a nanocatalyst, the intense band at 400nm remains 

unaltered for several hours [7]. But, after the addition of S3 (Figure 2) the absorption intensity rapidly reduced with time and 

a new characteristic peak at 300nm appeared concurrently indicating the reduction of 4-NP to 4-aminophenol. 

  The entire degradation is substantiated by a concomitant color change from yellow to colorless. In aqueous 

medium, the degradation of organic pollutants by NaBH4 is kinetically hindered due to the large potential difference between 

donor and acceptor molecules. In the presence of SNPs, both the substrates will be adsorbed on the surface of particle and 

the nanoparticles facilitate electron transfer from the reductant borohydride to the oxidant molecules. Here, it is evident that 

the synthesized SNPs acts as efficient redox catalysts by decreasing the activation energy of the chemical reaction, via 

electron relay effect [8, 9]. The result demonstrate that the synthesized NPs play an important role in the catalytic reduction 

of 4-NP. 

 
CONCLUSIONS 

  In this study, we have synthesized stable SNPs at 373K by using a low cost biological reducing agent, dried EC 

seed extract. TEM image shows an average particle size of approximately 23.5nm. The biosynthesized SNPs shows excellent 

catalytic activity on the reduction of 4-nitrophenol to 4-aminophenol. 
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