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Abstract 

The purpose of this research was to find eco-friendly nanoparticles synthesized from the leaf extract 

of Tradescantia pallida and to find their antimicrobial activities. Phytochemical investigation of 

these plants reveals the occurrence of flavonoids, alkaloids, sterols, terpenoids, tannins, saponins, 

proteins, carbohydrates phenols, etc. Nanoparticle confirmation was done by UV/Visible 

spectroscopy which gives a peak at 429 nm for Ag-NPs and 532 nm for Au-NPs. The morphology 

of the nanoparticle was checked by spectroscopic techniques. The average size of the nanoparticles 

was established by using SEM analysis. The antibacterial activity of synthesized nanoparticles was 

checked against gram-positive and gram-negative bacterial strains like Escherichia coli, 

Staphylococcus aureus, Salmonella typhimurium, and Pseudomonas aeruginosa and for antifungal 

activity two fungal strain Candida albicans and Aspergillus niger were used. The results 

demonstrate that the synthesized nanoparticles have promising activity against all used strains and 

can be used as antimicrobial agents. 
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Introduction 

Nanotechnology is an evolving interdisciplinary field of research interposing material 

science, nano-science and technology. Nanotechnology is science, engineering, and technology 

conducted at the nano-scale, which is about 1 to 100 nanometres. Nano-science and nanotechnology 

are the study and application of extremely small things and can be used across all the other science 

fields, such as chemistry, biology, physics, materials science, and engineering. Nanotechnology 

deals with matter at the scale of 1 billionth of a meter (i.e., 10 − 9 m = 1 nm), and is also the study of 

manipulating matter at the atomic and molecular scale. 

 Today, many novel materials with high strength, light weight, and greater chemical 

resistance have come into existence and are grouped under nano-materials (A. Ahmad et al., 2003) 

nanotubes (carbon nanotubes CNTs), nanowires (light emitting diodes LEDs), nano-crystals and 

nano-catalysts. The synthesis of metal and semiconductor nanoparticles is a vast area of research 

due to its potential applications which was implemented in the development of novel technologies. 

Metal nanoparticles have a high specific surface area and a high fraction of surface atoms 

(Goncearenco et al., 2022). Because of the unique physicochemical characteristics of nanoparticles, 

including catalytic activity, optical properties, electronic properties, antibacterial properties, and 

magnetic properties. they are gaining the interest of scientist for their novel methods of synthesis. 

Over the past few years, the synthesis of metal nanoparticles is an important topic of research in 

modern material science. Nano-crystalline silver particles have been found tremendous applications 

in the fields of high sensitivity bio-molecular detection, diagnostics, antimicrobials, therapeutics, 

catalysis and micro-electronics. However, there is still need for economic commercially viable as 

well as environmentally clean synthesis route to synthesize the silver nanoparticles. Silver is well 

known for possessing an inhibitory effect toward many bacterial strains and microorganisms 

commonly present in medical and industrial processes (Qi et al., 2004). 

 In medicines, silver and silver nanoparticles have an ample application including skin 

ointments and creams containing silver to prevent infection of burns and open wounds (Durán et al., 

2005) medical devices and implants prepared with silver-impregnated polymers(Ribeiro et al., 

2014). In textile industry, silver-embedded fabrics are now used in sporting equipment (Langer et 

al., 2023). 

 Nanoparticles can be synthesized using various approaches including chemical, physical and 

biological. Although chemical method of synthesis requires short period of time for synthesis of 
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large quantity of nanoparticles, this method requires capping agents for size stabilization of the 

nanoparticles. Chemicals used for nanoparticles synthesis and stabilization are toxic and lead to 

non-eco-friendly by products (A. U. Khan et al., 2023). The need for environmental non-toxic 

synthetic protocols for nanoparticles synthesis leads to the developing interest in biological 

approaches which are free from the use of toxic chemicals as by products. Thus, there is an 

increasing demand for “green nanotechnology”(Ganaie et al., 2023). Many biological approaches 

for both extracellular and intracellular nanoparticles synthesis have been reported till date using 

microorganisms including bacteria, fungi and plants (Carrapiço et al., 2023). Plants provide a better 

platform for nanoparticles synthesis as they are free from toxic chemicals as well as provide natural 

capping agents. Moreover, use of plant extracts also reduces the cost of micro-organisms isolation 

and culture media enhancing the cost competitive feasibility over nanoparticles synthesis by 

microorganisms(Carrapiço et al., 2023). Utilization of nontoxic chemicals, environmentally benign 

solvents, and renewable materials are some of the key issues that merit important consideration in a 

green synthetic strategy (Gul et al., 2023). Plant mediated biological synthesis of nanoparticles is 

gaining importance due to its simplicity, cost effective and eco-friendliness. Plant mediated 

synthesis of nanoparticles is a green chemistry approach that interconnects nanotechnology and 

plant biotechnology (K. Ahmad et al., 2023). 

 Jose-Yacaman and co-workers first reported the formation gold and silver nanoparticles 

by living plants. Plants provide a better platform for nanoparticles synthesis as they are free from 

toxic chemicals as well as provide natural capping agents (Restrepo et al., 2021). Plant crude extract 

contains secondary metabolites such as phenolic acid, flavonoids, alkaloids and terpenoids in which 

these compounds are mainly responsible for the reduction of ionic into bulk metallic nanoparticles 

formation (Roopashree et al., 2019). Moreover, use of plant extracts also reduces the cost of 

microorganism isolation and culture media enhancing the cost competitive feasibility over 

nanoparticles synthesis by microorganisms. Use of plant extract for the synthesis of nanoparticles 

could be advantageous over other environmentally benign biological processes by eliminating the 

elaborate process of maintaining cell cultures (Adeyemi et al., 2022). 

Tradescantia pallida: 

The genus Tradescantia is innate to the New World tropics and comprises about 70 species 

dispersed from Canada to northern-Argentina (Plants Database | US Forest Service, n.d.). 
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Tradescantia pallida is a much common garden plant which is generally used as a bioindicator  

(Rhoden et al., 2008). 

 

Fig. 1 Tradescantia pallida 

It is persistent herb with shoots climbing with stretch decumbent and flowering sub-erect 

branches. This specie contains numerous compounds as a secondary metabolite which are not 

involve directly in growth and development. Although not necessary for survival but plays their role 

in defence rivalry and species communications. 

Existence of alkaloids, mainly significant in the treatment of pain and inflammation, tannins, 

notable antimicrobial and antitumor agent, saponins, therapeutically significant species having the 

ability of antihepatoxic, antiulcerogenic, anticoagulant, anticarcinogenic agent, notable inhibitor of 

dental caries and platelet aggregation, (Huq, 2015) flavonoids, the vital  group of polyphenols 

having significant anticancer characteristics, anti-inflammatory and antibacterial action (Ahmed et 

al., 2022), hepatoprotective ability and more significantly the set of natural antioxidants that show 

important part in free radical scavenging, metal ion chelation and prevention of lipid peroxidation 

(Saxena et al., 2013). All such compounds are identified as secondary plant metabolites. 
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Research Methods 

1.1 Materials 

Silver nitrate AgNO3, auric chloride AuCl3 and ethanol of analytical grade, taken from 

Sigma-Aldrich©, Germany. Plant was collected from local area of Haripur, KPK, Pakistan. 

Doubly distilled water was used throughout the procedure. 

2.2 Preparation of Tradescantia pallida extract 

The leaves and stems of plants were profusely wash away with tap water and then by 

distilled water to remove any dust particles or unwanted materials. They were shredded and 

shade dried for minimum two weeks. The dried material was crushed to a fine powder. 5g of 

the plants powder were added to 100 ml of demineralized water to form 5% w/v stock solution. 

The mixture was boiled for 2hrs. The solutions were decanted after cooling and filtered. The 

filtrate was centrifuged for 20min at 10,000 rpm to remove any suspended biomass. The 

centrifuged solutions were refrigerated for further experimental usage. 

2.3 Synthesis of Silver Nanoparticles by using Tradescantia pallida 

Solution of 1Mm AgNO3 was prepared in demineralized water. AgNO3 solution and 

Tradescantia pallida extract were mixed and stirred for one hour. After 1 hour, the mixtures 

changed their colour to golden brown. To get the optimized ratio a number of reactions with 

different ratio of metal and plant i.e. (1:1, 1:2, 1:5, 1:10, 1:15, 1:20, 1:40, 1:50, 1:80) were 

carried out keeping the concentration of one constant and varying the other. By using 

spectrophotometer absorption spectra of the synthesized nanoparticles were taken and 

absorption band was recorded in UV-Vis region. The ratio 1:40 was optimized as evident 

through prominent change of colour and best absorption spectrum peak value 3.25 at 429 nm.  

2.4 Synthesis of gold Nanoparticles by using Tradescantia pallida: 

1mM solution of AuCl3 was prepared in demineralized water. The plant extract and 

freshly prepared metal salt solution were mixed together in different ratios i.e. (1:1, 1:2, 1:5, 

1:10, 1:15, 1:20’ 1:40, 1:50). The solution was stirred for an hour, until change in colour was 

observed. The colour changes to ruby red. The ratio 1:10 was optimized as evident through 

prominent change of colour and best absorption spectrum peak as shown below. The optimum 

ratio was chosen because of intense colour change and showing absorption intensity value 3.3 

at 532 nm.  

2.5 Antibacterial activity 
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Agar well diffusion method is used to determine the antibacterial properties of 

silver and gold nanoparticles against E. coli, P. aeruginosa, S. typhimurium and S. aureus. 

Bacterial cultures were spread on agar nutrient petri dishes with swab and well duged 

with sterile borer. Suspension of silver and gold nanoparticles were prepared by 

ultrasonic dispersion of 1mg in 2 ml deionized water. The prepared suspensions were 

loaded in each well and were incubated at 37℃. The inhibition zones were measured 

in millimeter after 24 hours of incubation. 

2.6 Antifungal activities 

 Antifungal activities of silver and gold NPs were checked against two fungal strain 

Candida albicans and Aspergillus niger. 

2.7 Characterization of NPs 

UV/Visible spectra were recorded on UV-1800, Shimadzu, Kyoto, Japan at a resolution 

of 1 nm.  Philips XL-30 SEM at 12-16 kV were used for SEM analysis 

 

Discussion 

3.1 UV/Visible spectroscopy 

The change in colour of aqueous solution of plants and metal salts indicate the synthesis of 

Ag-NPs and Au-NPs (Karthika et al., 2017) which were confirm by using spectrophotometer 

absorption spectra of the synthesized nanoparticles of silver and gold were taken and absorption 

band was recorded in UV-Vis region at 429 and 532 respectively. UV/Vis Spectra of silver and gold 

nanoparticles is given in Fig: 1 and 2 respectively.   

 

 

 

 

 

Fig.2 UV/Visible spectra of Ag-NPs and Au-NPs 

3.2 SEM analysis: 
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SEM analysis were done to find size, structure and form of nanoparticles. It was observed 

through SEM images that green synthesized nanoparticles of silver and gold were spherical in 

shape(M. Khan et al., 2011). The size silver nanoparticles were 11.4nm and that of gold 

nanoparticles was 11.8nm respectively as shown in Fig. 3 and 4. Uniform distribution and small 

size of synthesized nanoparticles shows that plant extract reasonable amount of reducing and 

stabilizing agents (Tausif Ahmad et al., 2018). 

 

  

Fig. 3 SEM image of Ag-NPs 

  
                                                            Fig.4 SEM image of Au-NPs 

4 Stability assessment Ag-NPs and Au-NPs 

4.1 Effect of temperature: 

Green synthesized nanoparticles of silver and gold show quite stability when subjected to 

temperature of 25Cᵒ, 50Cᵒ, 75Cᵒ and 100Cᵒ each for one hour as no noticeable change in UV-Vis 

spectra. This very high stability is may be due to protective effect of plant materials on 

nanoparticles surfaces (Sadeghi et al., 2015). Temperature is one of the important factors that affect 

the stability and physio-chemical properties of materials (Liu et al., 2011). 
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Nanoparticles are used as a coating agent for reactive substances to protect reactive therapeutic 

agent from environmental effect and increased shelf-life.                                                                                             

  

Fig-5. Effect of temperature on green synthesized nanoparticles of silver and gold 

4.2 Effect of pH: 

It was observed that the silver and gold nanoparticles were stable under acidic condition as 

negligible change was recorded in UV-Vis absorption spectra but in basic environment peak 

broadening was noted which is due to aggregation of nanoparticles. Thus, in basic medium gold 

nanoparticles show aggregation due to which particles increases and peak broadening was observed. 

In the formation of stable nanoparticles as well as in stabilization of re- dispersed nanoparticles pH 

plays vital role (Cao et al., 2019). Interfacial free energy of nanoparticles, protonation of the ionic 

species unconfined by the dissolution of nanoparticles and the dissociation equilibrium of a 

complexing agent (Zhang et al., 2010). 

 

Fig-6. Effect of pH on green synthesized nanoparticles of silver and gold 
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4.3 Effect of storage: 

Silver and gold nanoparticles were found to be stable on storage for six months at room 

temperature(Costa et al., 2020). As no change in colour and UV-Vis spectra was observed during 

storage period. It confirms the stability of green synthesized nanoparticles for long duration of time 

and this long-term stability is useful in biomedicine (Thanh et al., 2010). 

 

Fig-7. Effect of storage on green synthesized nanoparticles of silver and gold 

4.4 Effect of sodium chloride: 

Stability of plants synthesized nanoparticles were checked against 1M NaCl solution. 5 ml 

solution of silver nanoparticles were taken in separate test tubes and UV-Vis absorption spectra 

were taken by adding 20, 40 and 60 µl of NaCl solution. No change was observed by adding 

various concentration of salt solution. The minor decrease in intensity of peaks were actually due to 

dilution of water in salt solution which was confirmed by adding distilled water. As the stability of 

nanoparticles mainly depends upon the nature of ligands and surface charge. Stability of 

nanoparticles extensively enhanced by raise in stearic hindrance and electrostatic repulsion. A 

minor decrease in the surface charge of particles was monitored by enhancing electrolyte 

concentration (NaCl), which causes aggregation and decreases the electrostatic repulsion of 

particles. The biological activities of nanoparticles based on stability and decrease in stability 

causes accretion and results in cost of nanoscale (Iqbal et al., 2019).  
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properties. 

 

Fig-8. Effect of NaCl on green synthesized nanoparticles of silver and gold 

5. Antimicrobial activities: 

5.1 Antibacterial activities: 

Silver nanoparticles synthesized from the aqueous extract of Tradescantia pallida  

(Shahzadi et al., 2022) were checked against Staphylococcus aureus, Salmonella typhimurium, 

Pseudomonas aeruginosa, Escherichia coli. Agar well diffusion method was applied to find the 

antibacterial activity of silver and gold nanoparticles. As it is clear from the literature that silver 

possess antimicrobial activities but due larger size their use was limited. In the recent past 

researcher were interested to prepare nanoparticles of silver to use them as antimicrobial agents. It 

was observed that the use of silver as nanoparticles was more effective but later on toxic effect of 

chemical-based nanoparticles was proved (K. Ahmad et al., 2023). Therefore researcher focused to 

synthesize nanoparticles through plants extract which is eco-friendly, cost effective as well as non-

toxic. Keeping this in mind, in present study nanoparticles of silver and gold were prepared from 

the extract of Tradescantia pallida. From the result it is clear that nanoparticles are more effective 

against gram positive bacteria as compared to gram negative bacteria (Abbaszadegan et al., 2015). 

This may be due to electrostatic interaction of silver nanoparticles with the bacterial cell membrane 

and causes death. 
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Table 1. Antibacterial activities of silver and gold nanoparticles 

(Zone of inhibition in millimetre) 

Sample 
Staphylococcus       

aureus 

Salmonella 

typhimurium 

Pseudomonas 

aeruginosa 

Escherichia 

coli 

Ag-NPs 11.2 ± 0.3 17.1 ± 0.5 13.5 ± 0.6 16.1 ± 0.9 

Au-NPs 16.52 ± 0.3 18.1 ± 0.8 15.3 ± 0.7 19 ± 0.9 

Streptomycin 22.5 ± 0.5 21.6 ± 0.5 15 ± 0.3 20.2 ± 0.3 

 

5.2 Antifungal activities: 

Antifungal assay was checked against two fungal strain Candida albicans Aspergillus niger 

and excellent results were shown by NPs synthesized by Tradescantia pallida having smallest size 

and highest surface area among all, however good result were shown by all the Ag-NPs and Au-

NPs similar with (Tokeer Ahmad et al., 2013). 

Table 2. Antifungal assay of plant synthesized Ag-NPs and Au-NPs 

S. No Sample Candida albicans Aspergillus niger Miconazole 

1 Ag-NPs 60.3 ± 0.3 67.3 ± 0.2 108.2 

2 Au-NPs 80.4 ± 0.4 85.3 ± 0.9 108.2 

 

Conclusion 

The green synthesis of silver and gold nanoparticles from Tradescantia pallida. The 

reported method is easy, economical and eco-friendly. The phytochemicals of the plant play their 

role as reducing and capping agent. The size of synthesized nanoparticles was 11.4nm and 11.8nm 

for silver and gold nanoparticle respectively. Antibacterial and antifungal assay shows their 

effectiveness against all tested strain of bacteria and fungi. Further research can be done for the 

production of nanoparticles on commercial scale to overcome the toxic effect of chemical which are 

used as antimicrobial agent. 
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